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U�V<W�XGY[Z'\ ].^_X�`<acb:de^gfih�Y�d$fij<dk^_XG^mleb:de^_fnh
o Y�lqp<lqdeW�X#Y:l�rsfnXGj<agY�tuYvl
wCxef:yeY�d[z|{n}
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l�^gX¨`IacbMdk^_fnh ¤ U�V<Y[^_hPr+fiXGj<xkY:lelq^_�<agY$}�b���^_Y�xq�e] defi¡.Yvl�lqfia_�.Y�xC^clC�Pbnl�Y o fih�ª«V<fixk^_h�¬lCj<xef:yeYvrsde^gfih
XGY�dkV<f o%¤ �$^_deV�®Ph<^_dkY�Y�agY�XGY�h�d o ^cler+xeY�dk^_¯:b:de^_fnh ¤ U�VIY�rsfiX#j<`<d�b:de^gfihGf:��^_h�deY�xkXGY o ^mbMdeY°�.Y�a_f�r��
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U�V<Y�w�fn^clkl�fih²j<xkfi�<agY�X¸�Efix�j<xkY:lelq`<xeY'^ml�l�fna_�.Y o `�l�^_hI��rsfihvye`<�.b:deY'�ix�b o ^gY�h�d�deY:r�V<h<^m¢£`IY ¤ ´¹h
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	���G����h'h<fn`<�.Y:bM`#l�fna_�.Y�`IxCjPfi`<x°a_Y:l��v¢£`Pb:de^gfihPl o Y¿}�b��u^gY�x��k].dkfi¡.Y:l�^_hPr+fiXGj<xkY:lelq^_�<agY:l
Y�h²dexkfi^cl o ^_X#Y�hPl�^gfihPl¿b���d�� o Y��.Y�a_fnj<j�� ¤�� YGX#f o W�a_Y ¥G¦ § lqd�b:h o bMx o b���d��'^_XGj<a���XGY+hud��
jPfi`<x¿acbGlq^_X�`<acb:de^_fnh o Y:l��:rsfi`Ia_Y�XGY�hud�l1de`Ixe�<`<agY�h�d�l ¤�� Y�lqfia_�.Y�`<x$Y:l�d¿�Pbil���l�`<x[acb¨X���deV<f o Y
o Y�jIxef:yeY:r+de^_fnh o Y�ª«VIfixe^gh�ÂuY�hG`<de^ga_^mlebMh�d«`<h<Y o ^cler+xeY�dk^cleb:de^gfihGjPb:x���a���XGY�h�d�l�®Ph<^cl ¤�� Y)r�b:acrs`<a
o Y[acb���^_deYvlel�Y$^ghudkY�xeX#Y o ^cb:xeY.Â ¥ Y�d § Y:lqd«Y�tujIa_^cr+^_deY ¤�� b�lqd�bM�I^_a_^mleb:de^_fnh o `¨dkY�xeXGY o ¬áb o �.Y:rsdk^_fnh
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w�fn^clelqfih6j8fn`<x�amb�j<xkY:lelq^_fnh�Yvl�d[x#�:lqfia_`6jPbMx[acb�X���deV<f o Y o Y:l±�nx�b o ^_Y�h�d�l$r+fih:ye`<�7�:l ¤ ��Y:l$a_fi^ml
o Y�jPbMxkfi^³l�fih�d�`Ide^_ag^cl���Y:l�jPfi`Ix�a_Y#r�b:acrs`<a o Y:l�rsfi`�r�V<Yvl ag^_XG^gdeY:l$de`Ixe�<`<agY�h�d�l ¤8� Y:l�r�bil dkY:l�d�l
j<x��:l�Y�h�d#�vl�l�fnhud:9Camb j<ambi¢.`<Y�j<ambMh<Y Âuacb'r�bv��^_d��.Â.acb�X�bMx�r�V<Y[Y�d°a_Y�rsp�a_^gh o xkY�rs^gx�rs`IacbM^gxeY$Y�h�¾i��Â
Y�d$amb'r�b��u^gdeY�Y�d$amb�X�bMx�r�VIY�Y�h6{n� ¤
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U�V<Y'XGfnde^g�ib:de^gfihG�Efix�dkV<Y o Y��.Y�a_fnj<XGY�h�d�f:�³b¨h<Y�� lqfiag�.Y�x±�Efnx�{i�-^ghPrsfnXGj<xeYvlel�^g�<a_Y }�b��u^gY�x��
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l�^gX¨`IacbMdk^_fnhPl��$^_deV deV<Y�r+fiXGj<xkY:lelq^_�<agY�l�fna_�.Y�x } ]<ª°¾1����á¾  ��¹¤ U�VIYGh<Y�Y o �Efix�b0r+fiXGjPbnrsd�Â
l�^gXGj<agY0µEY�tujIa_^cr+^_ds· {i��^_hPrsfnXGj<xkY:lelq^_�<agYGlqfia_�.Y�x�bMj<jPY:b:xeY o �$^gdeVRfi`<x�^_h�deY�hudk^_fihRf:��deY:lqde^gh<�
o ^��%Y�xeY�h�dCde`Ixe�<`<agY�hPrsY$X#f o Y�acl��Efix°{i�-µ¼¢£`�bil�^E·qlqd�bMdk^_fnhPbMxkp¨^ghPrsfiX#j<xeY:lkl�^g�<a_Y«de`Ixe�<`<agY�h�d½©�fM�[l ¤
´¹hGdeV�bMd[l�Y�hPl�Y.Â���Y�`�l�Y o �$^ o Y�agp¨dkV<Y�Y�t�jPY�xe^gY�hPrsY:lÁbir�rs`IX¨`<ambMdkY o dkV<xefn`<�iVIfi`<d$dkV<Y o Y��.Y�agfiju�
XGY�h�d°bMh o `<de^ga_^g¯:bMdk^_fih#fM�«j<xkY���^_fi`�l�a_p�XGY�h�de^gfih<Y o rsfnXGj<xkY:lelq^_�<agY±©Pf:�
l�fna_�.Y�x ¤
U�V<Y�h<Y��
l�fna_�.Y�x°^cl��Pbnl�Y o fih�dkV<Y�j<xef:yeYvrsde^gfihGXGY�deV<f o µ�á¾ � Â�{ � · ¤ U�V<Y�lqd�b:h o bMx o0¥'¦ §

de`Ixe�<`<agY�hPrsY$X#f o Y�aP^clC^_X#j<a_Y�X�Y�h�dqY o �Efnx�de`Ixe�<`<agY�h�d�©Pf:�Al�^gX¨`<ambMdk^_fih ¤ U�VIY�lqd�bM�I^_a_^g¯:bMdk^_fnh¨f:�
deVIY[rsfih��.Y:rsdk^_fih)deY�xkX�l�^cl���^cb�w�]�´«µ¹w�f.l�^gde^g�.Y�].dkxeY:b:X¨�$^ml�Y$´¹h��nbMxe^mbMh�ds·ÀxeY:lq^ o `�bMa o ^ml�dkxe^_�I`<de^gfih
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Y:¢.`PbMdk^_fnhPl�·�^_h�b�rsfnXGj<agY�deY�agp�Y�tuj<ag^crs^gd%�¼bilqV<^_fnh�Â.a_Y:b o lCdef)bMh�Y�t�dexeY�XGY�aÌp�l�X�bMa_aÌ�¹X#Y�X'fixkp£�Òl�^g¯�Y
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� � � ��/ � ;X[ � � O A / � M0� u EF[ � I ;�12� T M [ � A / � . 354)M � j ��w µ¹�:Zu·

/<`<xedkV<Y�xeX#fixeY Â£agY�d$��Y¿^_h�dexef o `PrsY�deV<Y�h<fnd�b:de^_fnh

E76 A98 I ��:�;=< 6,S 8 S A 6 A>8 M@? o EF[ � I Q A µ¹� $£·

bMh o
E7A A � I � :�; <BA S T � S T A A A � M@? o EL[ � I QDC�Q w µ¹�n�£·

´¹h deV<Y0�Efna_a_f:�$^gh<�Ëlq`<�PlqY:rsde^gfih �°Y|�$^_a_a o ^mlers`Plkl¨deVIY0®Ph<^_dkY0Y�agY�XGY�h�d �EfnxeX�`<acb:de^gfihË�Efix
deVIY0lqfiag`<de^gfihRfM��jIxefi�Ia_Y�X µ¹{n{£·¶��µ¹{n�£·�Â±^ ¤ Y ¤ deV<Y�^gXGj<a_Y�X¨Y�h.d�bMdk^_fih²fM�¿j<xkf:yeY:rsdk^_fihRXGY�deV<f o Â
bMag�ifnxe^_dkV<X!��^_h�jPb:xede^mrs`<ambMx�Âi�Efnx$~$Y�puhIfia o l1b��.Y�x�bM�nY o }�b���^_Y�xq�e].dkfi¡.Y:l�Y:¢£`�bMde^gfihPl«�$^_dkV ¥�¦0§
XGf o Y�a<b:h o �³bMaga»�¼acb��[l ¤ U�V<Y¿bMag�ifixk^_dkV<X �EfnxCdeV<Y[lqfiag`<de^gfih�fM�Àj<xefn�<a_Y�X¸µe�:·¶��µ¹�.·Cr�bMh'�PY�Yvbil�^ga_p
xeYvrsfihPlqdexk`PrsdeY o%¤

� �
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6 	 � � � Ç � �P�:Å�� �RÅ�Ê$�E�u�:Å �%Å+<EÉ�� �Ø��Æ ����Ê � 	��:��	�<EÅ#���.Å��P�<���¶�I��<EÅu�)�.É�� �	��:�u���EÉ��1�
� Y�d �,u�l � � ��� � M � Q� A � � ���'fih_i j � A � � � � � � �'fih_i � � � A µ¹� � ·�\u � � � h � M � � A h � � �'fih_i j � q i � � ��w µ¹�  ·

´¹hudkxef o `Pr+^_h<�'�E`<a_agpGY�t�j<a_^mrs^_d°de^gXGY o ^cler+xeY�dk^_¯:b:de^_fnh���Y)r�bMh|�$xk^_dkY dkV<Y �Efna_agfM�$^gh<��w�Y�dkxef:�.�
�¿bMagY�xe¡�^_h��EfixeX�`<ambMde^gfih��Efix�deV<Y'^ghudkY�xeX#Y o ^cb:deY��.Y�a_f�rs^gd�p�bMh o de`<xk�<`<agY�hud[�nbMxk^cbM�Ia_Y:l�rsfnXGj<`u�
d�b:de^gfih 9
/�^gh o �� l � j� lq`Pr�V�dkVPbMd�Â 1�� � M��,u�l �

E ��
l � j� ¦ � l�
` A � � I : E � l� �=< � l� A � � I : E�> l, � A <�� � I ¦ : � � <5> l, � � � ��� �

: 	3 V 3�
 ; < : 3� �� l � j� ¦ � l�
` : � l� �=< � l� ¦ <���> l, ��� � � 3j E � l� A � � I ��� A µ¹�n�£·

bMh o �� l � j� ¦ h �� M��,u�l � A µ � !£·
�$V<Y�xkY h �� ^ml�bMh bMjIj<xef:t�^_X�b:de^_fnh0f:�4h ��^_h �eQ� Â�bMh o h ��^ml�bMh|Y�t�deY�h�l�^_fnh|fM� h ^_h�� j EL[ I Qleb:de^mlÒ�Ep�^_h<� h �������'fih_i

�
¤

/�^gh o�¥ l � j� A §
l � j� l�`Pr�V�deVPb:d�Â 1nh � M��fu �

E ¥
l � j� ¦R¥ l�
` A h � I : E � l� �=< ¥ l� A h � I : E04 5 E ¥

l� I o
§ l � < ¥ l� A < h � I ¦ Ek> l7 � A h � I :

	3 V 3�
 ;=< : 3 � ¥ l � j� ¦R¥ l�
` : � l� �=< ¥ l� ¦ < �,E04/5 E ¥

l� I o
§ l � < ¥ l� I ¦ > l7 ��� � 3o E � l� A ¥ l� A h � I � � A

µ � �M·
E §
l � j� ¦Ë§ l �
` A h � I : E � l� �=< § l � A h � I : E:4 8 E ¥

l� I o
§ l � < § l � A < h � I ¦ Ek> l8 � A h � I :

	3 V 3�
 ; < : 3� § l � j� ¦Ë§ l �
` : � l� �=< § l � ¦ <��,E:4 8

E ¥ l� I o
§ l � < § l � I ¦ > l8 � � � 3o E � l� A § l � A h � I ��� A

µ � ¾£·
bMh o

¥ l � j� ¦R¥ �� M��\u � A § l � j� ¦ § � � M��fu � A µ � {£·
�$V<Y�xkY ¥ �� bMh o0§ � � b:xeY�dkV<Y�bMjIj<xef:t�^_X�b:de^_fnhPl$fM�«�E`<hPrsdk^_fnhPl ¥ � bMh o § � ^gh � � Â8�$VIY�xeY ¥ � bMh o§ �PbMxkY�deV<Y��E`<hPr+de^_fnhPl�^_h�� j EL[ I«deV�bMd[leb:de^mlÒ�Ep ¥ � � ¥�� fnh~i j Â ¥ � � ¥ �|fih i

�
Â<bMh o�§ �2� §��

fih_i j Â § �2� § �0fih_i
�
Â<xeY:lqjPY:rsde^g�.Y�a_p ¤

�  



} ]�´���� �1bMh0^ghPrsfnXGj<xeYvlel�^g�<a_Y[}¿bv��^_Y�x��k].defn¡.Y:l�lqfia_�.Y�x��Efix$`<hPlqdexk`Prsde`IxeY o XGY:lqV<Y:l ���

��^ �ÀY�xkY�h�d'l�d�bM�<^ga_^g¯�Y o ®PhI^_deY#Y�a_Y�X#Y�hud[XGY�dkV<f o l�VPb��.YG�PY�Y�hËj<xefnjPf.l�Y o l�f|�¼bMx ¤ ]+�¿w �
µ�] dexeYvbMXGag^_h<Y:�[ju�$^gh o w�Y�dkxef:�£� �¿bMagY�xe¡�^_h%·«X#Y�deV<f o l&_�+Z � Â _� $ � b:h o deV<Y)xeY:rsY�hud[Y�t�deY�hPlq^_fnhPl
_��� � Â�_� �"� VPb��.Y��PY�Y�h���Y�a_a%`Ih o Y�x�l�def.f o b:h o �$^ o Y�agpGb:hPbMagpu¯�Y o%¤

� hGdeV<Y[fidkV<Y�x°VPbMh o Âu^_h#deV<Y¿rsfih�deY�tud«fM��xkY:l�^ o `Pb:a o ^ml�dexk^_�<`Ide^_fnhGlkr�VIY�XGY:l«µ¶dkV<Y�l�f:�qr�bMa_agY o
©P`Pr+de`Pb:de^_fnhËlqj<a_^gdedk^_h<��b:j<j<xkf.bir�V _��¾ � Â g��{ � ·�Â�b¨h�`<X��PY�x�f:�[lkr�V<Y�XGY:l��$bnl o Y��.Y�agfijPY o Â%Y ¤ � ¤
� �[�-µ � f:�
��^ �À`Plq^_fihÀ·°bMh o w�]�´$µ¹w�f l�^gde^_�.Y�].dkxeY:b:X¨�$^ml�Y[´¹hu�nb:xe^cb:hud+·«lkr�V<Y�XGY:lsÂnd�bM¡�^_hI�'r�b:xeY
fM�[dkV<Y#ler�V<Y�XGY)j<xefnj8Y�xede^gY:l�a_^g¡.Y��64 "%$ 0 $ �
$ 0���bMh o , $'5  �*)�1$ 0 ��� �! #"  1� �
*-0 $'4)5 ¤ U�V<Y�xeY�acbMdk^_fnh f:�
deVIY:l�Y�lkr�VIY�XGY:lC�$^_dkV�l�d�bMh o bMx o l�d�bM�<^ga_^_¯�Y o ®�h<^_dkY�Y�a_Y�XGY�h�d �EfnxeX�`<acb:de^_fnhPlC^cl��PY�Y�h�bMhPb:a_p�¯�Y o
bMh o l�fiX#Y�^_h�deY�xej<xkY�de^gfihPl%VPb��.Y°�8Y�Y�h�j<xkfijPf.lqY o _�  � Â2g��� � Â2¾1! � ÂM�$VIY�xeY$dkV<Y��nY�h<Y�x�bMa�xeY:lq^ o `Pb:a
o ^ml�dexk^_�<`Ide^_fnh6ler�V<Y�XGY:l°bMxkY xkY��$xe^gdedkY�h6bil[bGw�Y�dkxef:�£� �¿bMagY�xe¡�^_h¨�EfnxeX�`<acb:de^gfihG�$V<Y�xeY�deV<Y l�d�bv�
�<^ga_^_¯�^_h<�$�E`<hPrsdk^_fnhPl�� 3 j b:h o � 3o bMxkY�b:j<j<xkfij<xk^cbMdkY�a_p r�VIf.l�Y�h ¤ ´¶���°Y[r�VIf.l�Y � 3j ��� 3 � l� ��< � �bMh o � 3o ��� 3 � l� �=< h � ��Y�xeY:r+fM�.Y�x1dkV<Y¨] ��w � µ�] dexeYvbMX��$^cl�Y¿`<ju�$^gh o w�Y�dkxef:�£� �¿bMagY�xe¡�^_h%·XGY�dkV<f o l ¤ � f:�°Y��.Y�x�ÂP��Y)�$^_aga«r�VIf.l�Y'dkV<Y�l�d�bM�<^ga_^g¯:bMdk^_fih|��^cb#w³]£´�lkr�V<Y�XGY.ÂPbMh o dkV<Y�r�VIfi^cr+Y
fM� � 3 j bMh o � 3o �$^ga_a%�PY o ^mlers`Plkl�Y o ambMdeY�x ¤
6 	 � � � Ç � �MÅ����
	��:Å0�.É����	��:�u���¶É��«�
� Y�d

� u � � ��/ � M � � A / � � �'fih1iJo � ��w µ � Zu·
U�V<Y �¿bMagY�xe¡�^_hG®Ph<^gdeY�Y�a_Y�XGY�hud��EfnxeX�`<acb:de^gfihGf:�«deV<Y)w�fn^clkl�fih6j<xefn�<a_Y�X �Efnx �Ë^cl19
/�^gh o � l � j� M � u � lq`Pr�V�dkVPbMd�Â 1B/ � M � u �

: ;=< <�� l � j� �=< / � � ¦ : ;=< < � �� l � j� / � w µ � $£·

6 	 � � % Ç���Å+<¶É�� �c��Æ 	�1Ê��u�:ÅP�
/�^gh o � l � j� l�`�r�V�deV�bMd�Â 1 � � M��Xukl �

E � l � j� A � � I � E �� l� A � � I ¦ EL< � l � j� A � � I µ � �£·

bMh o �� l � j� ¦ h �� M��,u�l � A µ � � ·
�$V<Y�xkY h �� ^ml�bMh bMjIj<xef:t�^_X�b:de^_fnh0f:�4h ��^_h �eQ� Â�bMh o h ��^ml�bMh|Y�t�deY�h�l�^_fnh|fM� h ^_h�� j EL[ I Qleb:de^mlÒ�Ep�^_h<� h �������'fih_i
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� Y�d ��/ S � j � � b �PY dkV<Y��Pbnl�^ml�fM� ��u � � ��/ � M � � A / � ���'fih i j � ��Â<bMh o agY�d����9SWV T!� j � � b V j � � Q �PYdeVIY ��bil�^ml±f:���Xukl � o Ys®Ph<Y o bnl �9SWV j � �cS / S�9SWV o � 1 jS / S�9SWV

�
� 1 oS / S

� ��
��
^»� � S M1i

� � µ �  ·

�cSWV T � / S�aT A � � � A w w A Y Y�acl�Y��$V<Y�xeY µ � �£·
�$^_dkV 1 � 1 j : 1 o Â 10�PY�^_h<� deV<Y6`<h<^_d�d�b:h<�iY�hud o Ys®Ph<Y o �PYs�EfixkY.Â$bMh o �$� A 1

j
A 1
o �²�PY�^gh<�

deVIY agf�r�bMa�fixkdeV<fnh<fixkX�bMa�r+f.fix o ^_hPb:deY'lqp<lqdeY�X �$^_deV6jPf.l�^gde^g�.Y�fixk^_Y�h�d�b:de^_fnh�Â o Ys®�h<Y o �Efix[Y:bir�V
h<f o Y � S ¤ U�V<Y o Ys®Ph<^gde^gfih�f:�Àh<f o bMaIh<fixkX�bMa�b:h o d�b:h<�iY�h�dÁr�bMh'jPf.lqY$j<xefn�<a_Y�X�l%Y:l�jPY:r+^cbMaga_p$�Efix
o fnX�bM^ghPl$rsfih�d�b:^_h<^gh<��rsfnxeh<Y�x�l$bMh o deV<^ml�j<xefn�<a_Y�X¸^cl�Y�X#j<VPbilq^_¯�Y o ^gh0{n� ¤ #²Y V�bv�.Y)r�V<f.lqY�h
def#rsfnXGj<`<dkY dkV<Y�h<f o b:aCh<fixkX�bMaml�µ¹b:h o rsfixkxeY:lqjPfih o ^gh<��d�bMhI�iY�h�d�l�·[bil[b��°Y�^_�nVudkY o b��.Y�x�b:�iY
fM�Àh<fnxeX�b:acl�f:��bMa_aIY o �iYvl�µØ�¼bnrsY:l�·�VPb��u^gh<��deVIY�h<f o Y � S<^gh�rsfiX#XGfih�µ¶�°Y�^_�nVudkY o ��p�deV<Y$agY�h<�ndeV
fM��Y o �iY�^gh�¾i�)Â<bMh o ��p'deVIY�bMxkY:b f:���¼birsY�^gh�{i��· ¤ U�VI^cl1�$^ga_aP�PY�Y�t�j<acb:^_h<Y o ^ghGXGfixkY o Y�d�bM^_aml
�$V<Y�h Y�tujIacbM^gh<^_hI��dkV<YG�³bMa_aÌ�¹amb��[l ^_X#j<a_Y�X�Y�h.d�bMde^gfih ¤ �$ T ��^ml dkV<Y�r�b:h<fih<^mr�bMa«�Pbnl�^ml�fM� O Q Â
bMh o �� � r�b:h��8Y��$xk^_dedkY�h�^_h�deVI^cl��Pbnl�^cl[bil

�� � � 	S�� j � � b 	T�� j � � Q �� SWV T � S V T : h �� w µ  !£·

/<fix o Y�deY�xeXG^gh<��dkV<Y�lqp<lqdeY�X f:��Y:¢.`PbMdk^_fnhPl½�Efnx�deVIY�rsfnXGj<`<d�bMdk^_fih�fM��hIf o bMaÀ�ib:a_`<Yvl �� l � jS ��Y
d�b:¡.Y�deVIY�b:�PfM�.Y��Pbnl�^ml³�E`<h�rsde^gfihPl°bil � � ^_h�deVIY �EfnxeX�`<acb:de^gfih6µ¹�i�.· ¤ # Y��$^ga_a%hIfid[bMjIj<a_pGdkV<Yl�d�bM�<^ga_^g¯:bMdk^_fih���^cb � 3j �E`<hPrsdk^_fih�fih#deV<Y[h<fih�l�d�b:de^gfihPb:xep�deY�xkX|Â.bMh o deVPb:d«�$^_a_aIdefi�nY�deVIY�x��$^gdeV
deVIY'X�bilkl ag`<XGj<^gh<�6µ¶deVIY���b:`Plelq^cb:hËjPfi^_h�d�l�f:�$h�`<XGY�xk^cr�b:a�^_h�deY��nx�bMdk^_fnh²rsfi^ghPrs^ o Y��$^_dkV dkV<Y
Y�agY�XGY�h�d�h<f o Y:l�·[�$V<^ga_Y�^ghudkY��ix�bMdk^_h<�GhIfihPlqd�bMdk^_fnhPbMxkp|deY�xkX agY:b o dkfGdeVIY o Y:rsfn`<j<a_^gh<�Gf:��dkV<Y
o ^mlersxkY�deY�Yv¢£`Pb:de^gfihPl1�Efnx �� l � jS ¤
/�^_h�bMa_agp.Â�deVIY1�E`<hPr+de^_fnh � 3j o Ys®PhI^_h<�[deV<Y³l�d�bM�<^ga_^_¯vbMde^gfih�^cl�r�V<f.lqY�h'bnl � 3j � 
 3 E � l� A � � I ¦� � Â��$V<Y�xkY 
 3 ^ml'b �E`<hPrsdk^_fnhS�i^g�.Y�hR�up w³]£´'ler�V<Y�XGY ¤ /<`<xedkV<Y�xkXGfixkY.ÂC��Y6�$^_a_a°`Pl�Y|fnh<Y�¿bM`Plkl�^mbMh0jPfn^_h�d�h�`<XGY�xk^cr�b:au^ghudkY��ix�bMde^gfih¨�Efnx[bMaga o ^��%`�l�^_fnh�deY�xkX�l�^_h�µ¹�i�.·°bMh o dkV<xeY�Y¿h<f o Y:l

bil$^_h�deY��ix�b:de^gfih�jPfi^_h�d�l1�Efnx�r+fih��.Y:rsde^gfihGdkY�xeX ¤
U�V<^cl$a_Yvb o l�dkf'deV<Y��Efiaga_f:�$^_hI��ler�V<Y�XGY$�Efix¿bMaga%h<f o Yvl±h<fnd�fnh1i j � q i � � ¤
�� l � jSWV T �
� lSWV T ¦ ` S. ��S . 	3 V 3�
 ; < E 
 3SWV T Q � j	 	 � j E � l
 V T �=< � 	 V TaI � l	 V T . ��. : >

l, 3 � <��9SWV T 3 . ��. I|w µ  �M·

� hRi�j � �°Y'bMjIj<a_p���^_xk^cr�V<a_Y�d$�Pfn`<h o b:xep²rsfnh o ^_dk^_fnhPl�µ �� S ��h �� E7� S Ie·[b:h o fnhRi � � �°Y�VPb��.YdeVIY �Efna_agfM�$^gh<��ler�V<Y�X#Y�µ!E �� � ��I l � jS � �uÂ<�$^_dkV0dkV<Y�h<Y:r+Y:lelq^_dqp¨dkVPbMdeE �� � �(I uS ���.·
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E �� � 1�I l � jS �DE � � 1�I lS ¦ ` S. ��S . 1 lS �,E 	3 V 3 
 ; < E 
 3S Q � j	 	 � j E � l
 �=<�� 	 I � l	 . ��.

: >
l, 3 �=<��9S 3 . ��.UI : �Pfi`<h o bMxep�^ghudkY��ix�bMa�fih i � � Iaw µ  ¾£·

U�V<Y¿rsfiX#j<`<d�b:de^gfih�f:��dkV<Y$�Pfi`<h o bMxep�^_h�deY��ix�b:a<fihvi
� � �$^ga_a��PY o ^mlers`�lel�Y o ^_h'deVIY�lq`<�Pl�Yvrsde^gfihdeV�bMd¿rsfihPlq^ o Y�x�l�deVIY �³bMaga»�¼acb��[l�^_XGjIa_Y�X�Ysh�d�b:de^gfih ¤

´¹hGdeV<Y o ^mlersxkY�deY$�EfixkX¨`IacbMdk^_fnhPl$µ  �:·°bMh o µ  ¾£· � l
 ^cl«deV<Y�XGY:b:h¨Y�a_Y�XGY�hud��.Y�a_f�r+^_dqp��ExefnXdeVIYGj<xeY��u^gfi`Pl)l�deY�j$> l, 3 ^cl >+,$dkY�hPlqfix�Y�a_Y�XGY�hud[�nbMa_`IY¨�ExefnX dkV<YGj<xkY��u^gfi`Pl)l�dkY�j ¤ ´¹h o Y�t +
^_h o ^cr�b:deY:l�a_f�r�b:a$Y�a_Y�XGY�h�d�h<f o Y6hu`<X��PY�xe^gh<�6bMh o deV<Y�rsfixkxeY:lqj8fnh o b:hPrsY +�� � ^cl o Ys®�h<Y o�$^_dkV�deV<Y�dexk^cb:h<�i`<ambMdk^_fih [ � ¤
U�V<Y��nbMa_`IY:l±f:� 
 3SWV T r�bMh��PY �Efn`<h o ^_h g��¾ � 9
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´¹h¨dkV<Y�®PhI^_deY[Y�agY�XGY�h.d��EfixkX¨`<ambMdk^_fih'f:�Á~±Y�puh<fna o l«b��.Y�x�bM�iY o }�b���^_Y�xq�e] defi¡.Yvl�Y:¢.`PbMdk^_fih�lsÂudkV<Y
�Efiaga_f:�$^_hI�'�8fn`<h o b:xep�^_h�deY��ix�b:a�bMj<jPY:b:x�l19
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�$V<Y�xkY;> l, � �tELC : C ,LIaEF< �
l� : EL< � l� I G I ¤ > l, � � � � ^ml o Y:rsfnXGjPf.lqY o f:�.Y�x E � A 1 � I

> l, � � � � �tE�> l, � � � � � � � I � � : E�> l, � � � � � 1 �� I 1 �� w µe�"!n¾£·
U�V<Y0®Px�l�dGdkY�xeX fnh deV<Y6xe^_�nVud�VPb:h o lq^ o Y6fM�)deVIY|bM�Pf:�.Y|Y:¢.`PbMdk^_fnhS^cl�^_hSdkV<Y|j<xkY:l�Y�h�deY o
^_X#j<a_Y�X�Y�h�dkbMde^gfih�h<Y��na_Y:rsdkY o ÂIbMa_dkV<fi`I�iV0^gd[r�bMh��PY)r�bMamrs`<ambMdeY o Y�tuj<ag^crs^gdeY�agpGµ¼l�Y�Y ¾  �� Â�á¾n� � · ¤
´¹hudkxef o `Pr+de^_fnh�fM�«dkV<Y��$bMaga»�¼acb��[l�^_h�dkV<Y��EfixeX�`<ambMde^gfih�a_Y:b o l�def
: � � <,Ek>+,LI
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l � � � � � 1 �� I 1 �� ��� � � ¦ : � � <,E 2 3=I o 1 �� ��� � A µe�"!n{£·

¾MZ



} ]�´���� �1bMh0^ghPrsfnXGj<xeYvlel�^g�<a_Y[}¿bv��^_Y�x��k].defn¡.Y:l�lqfia_�.Y�x��Efix$`<hPlqdexk`Prsde`IxeY o XGY:lqV<Y:l ¾1$

bMh o Â8®PhPb:a_agp.Â<defGdkV<Y'b o<o ^gde^_fnh0f:��dkV<Y �Efna_agfM�$^gh<��deY�xkX ^gh0dkV<Y�h�`<XGY�xk^cr�b:aÀler�V<Y�XGY'µ  ¾.·��Efix
deVIY hIf o Y:l � S M1i
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� fidkV
2 �3 bMh o 1 �� b:xeY)rsfnXGj<`<dkY o �Efix¿bMaga%dkxe^cb:h<�iagY:l$l�^ o Y:l��Ã�PY�a_fnh<�i^gh<�'defvi � � ^_h6¾n��ÂPbMh o�Efix°b:a_aPdeY�dkx�b:V<Y o x�b¿�¼bnrsY:l��A�PY�a_fnh<�i^gh<��dkf i
� � ^ghG{n� ¤ ´¹h¨dkV<Y:l�Y[r+fiXGj<`Id�bMdk^_fnhPlC��Y$d�b:¡.Y�dkV<YXGY:b:hG�nbMag`<Y�fM� � l� fih�Y:bir�V	�'Â � l� Â<b:h o �°Y)l�fiag�.Y

�JE 2 �3 I �
� l� � 1 �� ¦ 2 �3 ? E 2 �3 I ��� A µe�"! $£·

�$V<Y�xkY 1 �� ^cl o Ys®Ph<Y o bnl
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� l� ¦ E � l� � � � I � �
. � l� ¦ E � l� � � � I � � . w µe�"!n�£·

~±Y��.bMx o ^_hI�ËdeV<Y6�$b:a_a»�¼acb��[l��Efix ¥ l � jS bMh oS§ l � jS Â[l�^_h�rsY
2.36^cl�rsfiX#j<`<deY o �Efnx¨dkxe^mbMh<�na_Y
l�^ o Y:l�^gh|¾i�)Â%b:h o dkY�dex�bMV<Y o x�b��¼birsY:l�^gh|{n��Â8dkfGr+fiXGj<`IdeY�dkV<Y�h<f o bMaÁ�ib:a_`<Yvl µc�Efix[deV<Y�h<f o Y� S ·[��Y�rsfnXGj<`<dkY'deV<Y#b��.Y�x�b:�iY��ib:a_`<Y'f:� 2 3��Efix'b:a_a«dexk^cb:h<�iagY�l�^ o Y:l�fihËdkV<Y¨�Pfn`<h o b:xep i

� �VPb���^_h<�)deV<Y�hIf o Y � S bil$rsfnXGXGfnh'^_h#¾i� µ¶�°Y�^_�nVudkY o ��p�dexe^mbMh<�na_Y¿l�^ o Y�a_Y�h<�iV�d�l�·�Â�bMh o �Efnx$bMaga
deY�dex�b:V<Y o x�b±�¼bir+Y:l fnh'deV<Y$�Pfn`<h o b:xepBi

� � VPb��u^gh<�[deV<Y°h<f o Y � S bilCrsfnXGXGfnh�^_h�{n�?µ¶��Y�^_�iV�deY o��pGdeY�dkx�b:V<Y o x�b �¼birsY)bMxkY:bil�·!9

¥ l � jS �
� 3 V 3 
 ;=< � � 
�� � 3 � V � 	 
 � .
���fi

� � . ¥ l � j�
� 3 V 3�
 ; < � � 
�� � 3 � V � 	 
 � .����fi

� � . A µe�"! � ·

§ l � jS �
� 3 V 3 
 ;=< � � 
�� � 3 � V � 	 
 � .
���fi

� � . § l � j�
� 3 V 3 
 ; < � � 
�� � 3 � V � 	 
 � .����fi

� � . A µe�"!  ·
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U�V<Y�h<fnh<a_^gh<Y:bMx$Yv¢£`Pb:de^gfihG�Efix 2 3-9

� E 2 3=I � ��� 1 ¦ 2.3 ? E 2 3�I ��� A µe�"!n�£·

^cl�xkY:l�fna_�.Y o bMj<j<agpu^gh<�'deVIY�}[Y��$defnh�X#Y�deV<f o Â
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� 	 E 2 3 I � w µe�i� !£·

U�V<Y�^_hI^_de^mbMag^_¯:b:de^_fnhGfM�ÁdeVIY�b:a_�nfixe^gdeV<Xº�Efix 2.3¿�$bil[r�V<f.lqY�h6bil 2 u3 � � ���� m� ¤
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¾i� � ¤ z0Y o ^��¿bMh o���¤ z0fiV�bMXGX�b o ^
� ��	 � � � � ��� � �Ã�?� � � �%� ��� � �%���
� �¸���!��� �

#²Y�VPb��.Y�r�b:xexe^gY o fi`<d[b�h�`<X��8Y�x1f:��deY:lqd[r�bilqY�rsfnXGj<`<d�bMde^gfihPl«^_hGambMXG^ghPbMx«xkY��i^gXGY.Âi�PfidkV�^_h
¾i�ÃbMh o ^_h6{i� ¤
U�V<Y�dkY:l�d[r�bil�Yvl�b:hPbMagpu¯�Y o ^gh|¾n� ��Y�xeY)9�©Àb:d�jIacbMdkY�©Pf:��Â�©Pf:�?^gh6b¨r�b���^_dqp.Â.©Pf:�?f:�.Y�x$b

�Pbnr�¡��$b:x o �¼birs^gh<��l�dkY�j|b:h o ©Pf:�?jPbnl�d¿b'rs^_x�rs`<acb:x[rsp�a_^_h o Y�x ¤
´¹hS{n��ÂC��Y6b:hPbMagpu¯�Y o dkV<YG�Efiaga_f:�$^_h<�6deY:lqd�r�bilqY:l 9G©Pf:�º^_h b|r�b��u^gdqpËb:h o ©Pf:�ºf:�.Y�x'b

�Pbnr�¡��$b:x o �¼bnrs^_hI��l�deY�j�Â8�$VIY�xeY�deVIY'¾i� o fiX�bM^_h��³bil�Y�t�deY�h o Y o ^gh�� ¦¿o ^_xkY:rsde^gfih|µE��Y�VPb��.Y
`PlqY o x�bMdkV<Y�x[deV<^gh o fiX�b:^_hPl�·C�$^gdeV�^_XGjPf l�^_hI�'deV<Y)l�p�XGXGY�dexep)�Pfi`<h o bMxep6rsfnh o ^gde^_fnhPl 9

2�� ��� � A > � ������w µe�i�n�M·

� bilq^cr�b:a_agp.Â$deV<Y:lqY|deY:lqd�r�bnl�Y:l�l�Y�xe�.Y o dkf �.Y�xe^»�EpRdkV<Y²{i��rsf o Y²^_h fn�<d�b:^_h<^gh<�SdkV<Y|xeY:lq`<a_d�l
^ o Y�hudk^cr�b:aPdef�deV<f l�Y �ExkfiX�¾n�-rsfnXGj<`<d�bMdk^_fih�l ¤
U�V<YG®Px�lqd'deY:lqd�l��°Y�xeY#rsfih o `PrsdkY o �Efix'deVIYG�Pbilq^cr�¾i�¸ambMXG^ghPbMx�deYvl�d�r�bnl�Y:l ¤ � Y�xkY.Â�dkV<Y

�PY�VPb���^_fix$f:�CdkV<Y)rsf o Y��$bnl$bMhPb:a_p�¯�Y o �Efix$dkV<Y�©Pf:�[l$�$^_dkV�VI^_�iV6~$Y�p�h<fia o l1h�`<X��8Y�x1�nb:a_`<Y:l+Â
bil[b'j<xeY�j�bMx�b:de^gfihG�Efix$�E`<xedkV<Y�x$dk`<xe�<`Ia_Y�h�d1©Pf:� r+fiXGj<`Id�bMdk^_fnhPl ¤
U�V<Y ©8bMd�j<ambMdkY ©Pf:�ÃrsfiX#j<`<d�b:de^gfihPl$��Y�xkY��.Y�xe^Ì®PY o rsfiX#jPbMxk^_h<�'dkV<Y �Exk^crsdk^_fih�bMagfih<�GdkV<Y

j<ambMdeY'�$^gdeV²deV<Y � ambilq^_`Pl�amb�� bMh o dkV<Y¨�.Y�a_f�rs^gd�p#j<xef:®Pa_Y�^_h|dkV<Y'�Pfi`<h o bMxep²acb�p.Y�x[�$^_dkV dkV<Y
� acbnl�^g`Pl$l�fna_`<dk^_fih  $u� �¹¤ U�V<Y'~$Y�p�h<fia o l�h�`<X¨�PY�x°r�V<f.lqY�h��$bnl±x�bMdeVIY�x$V<^_�nV�Â�O� �}Z�Z��$��� ¤
U�V<Y#r�b��u^gd�pG©Pf:��Â��PY:r�b:`Pl�Y�fM�³X¨`<agde^gj<a_Y)l�Y�jPbMx�bMde^gfih²^_h²deV<Y�r+fixehIY�x�l��$V<Y�h²^_h�rsxeY:bnl�^gh<�

~$Y�puhIfia o l±h�`<X��8Y�x�Âu^ml�x�b:deV<Y�x o ^���r+`<a_d$dkf�rsfiX#j<`<deY� $  � Â  $i� �¹¤�� Y�xkY �°Y�VPb��.Y rsfiXGj�bMxeY o
deVIY xkY:l�`Ia_d�l��$^gdeV�deVIY xkY:l�`Ia_d�l$b��nbM^gacb:�<a_Y�^gh�deV<Y�a_^gdeY�x�bMdk`<xeY�`Ij0def O  � � �$���$� ¤
U�V<Y�©Pf:�?f:�.Y�x$b'�Pbnr�¡��$b:x o �¼birs^gh<��l�dkY�j��$^_dkV�dkV<Y�xeY:r+^_x�r+`<acb:de^_fnhPl�b:j<jPY:bMxk^_h<���PfidkV0fih

deVIY �PfndedefnX!bMh o `<j<jPY�x[�$bMaga��$V<Y�h�^_h�rsxeY:bnl�^gh<��~±Y�puh<fna o l$h�`<X¨�PY�x�Â.j<xeY:lqY�h�d�l�deVIY �E`IxedeVIY�x
XGfnxeY6rsfiX#j<a_Y�t l�deY�j ^_hSambMXG^ghPbMx'VI^_�iVA~$Y�p�h<fia o l�©Pf:�[l�lq^_X�`<acb:de^gfihPl ¤ � Y�xeY.Â°deV<Y6X�bM^gh
xeYvrs^_x�rs`<acb:de^gfihGagY�h<�iV�d�^ml$rsfiX#jPbMxkY o �$^_deV�Y�t�jPY�xe^gXGY�h�d�b:a<xeY:lq`<a_d�l  $n� � `<j�defvO� � ����� ¤
/�^_h�bMa_agp.Âi�°Y�rsfiX#j<`<deY o deV<Y�lqdeY:b o p'acb:XG^_h�bMxC©Pf:� f:�.Y�x°b�rs^gx�rs`<ambMx«r+puag^_h o Y�x$µ  $MZ � Â g�i� � ·

bil[b'j<xeY�j�bMx�b:de^gfihG�Efix$�E`<xedkV<Y�x$`<h�l�deYvb o p�r+fiXGj<`Id�bMdk^_fnhPl ¤
{i�Ãr�b��u^gd�p'©Pf:�?^ml�b:hPbMagpu¯�Y o �Efnx O  � � ���#bMh o rsfiXGj�bMxeY o �$^gdeV6b o Y:¢£`�bMdeY ¾i�Ãl�^_X�`u�

acb:de^gfih ¤
/<fix6{i��©Pf:��f:�.Y�x�bË�Pbnr�¡��$b:x o �¼bnrs^_h<� lqdeY�j�Â[��Y|VPb��.Y²r�V<f.lqY�htO� � � #��Ë�$V<Y�xkY.Â

bir�rsfix o ^_h<�¿def�Y�t�jPY�xe^gXGY�h�d�l+ÂsdeVIY�©Pf:� ^ml�lq`<j<jPf.lqY o def�lqd�b�p�dq��f:� o ^_XGY:lqh<^_fnhPbMa ¤ ´¹h�dkVPbMd«�$b�p.Â
��Y)rsfn`<a o rsfnXGjPb:xeY�^gd$�$^_deV�fn`<x$j<xeY��u^gfi`Plqa_p�rsfnh o `Pr+deY o dq��f:� o ^gXGY�hPlq^_fnhPbMaÀl�^gX¨`IacbMdk^_fnh ¤
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U�V<Y�©ÀbMd[j<acb:deY�deYvl�d¿r�bilqY xkY�j<xkY:l�Y�h�d�l$b'�.Y�xkpGlq^_XGj<agY�deYvl�d[r�bnl�Y.ÂÀbMh o deV<Y�xeY)bMxkY���Y�a_a o f�rs`u�
XGY�h�deY o Y�tujPY�xk^_XGY�hud�bMa<xkY:l�`<agd�l+Â<bil��°Y�a_aÀbnl�b:hPbMagpudk^cr[l�fiag`<de^gfihPl��Efix°deV<Y��Exk^crsdk^_fih#rsf.Y���rs^gY�hud
o ^ml�dexk^_�<`Ide^_fnh6bMh o �.Y�a_f�rs^gdqp'j<xef:®Pa_Y:l+Â o Y��.Y�agfijPY o ��p � acbilq^_`Pl�µ¼l�Y�Y� $u� � · ¤
U�V<Y�j<xefn�<a_Y�X�rsfihu®��i`<x�bMde^gfih ^cl�lqV<f:�$hR^_h /�^g�i`<xkY�{uÂ°rsfnxexeYvl�jPfih o ^_h<�|dkf²b�©Pf:�º^_hRb

xeYvrsd�b:h<�i`<ambMx o fiX�b:^_h;[ � � ¦ ��w ! A � w � ] � � A ��w � � ÂnbMh o deVIY$�8fn`<h o b:xep�rsfnh o ^gde^_fnhPlCb:xeY o Ys®�h<Y obil$^_h�dkV<Y�®P�n`<xeY.Â<�$VIY�xeY���Y�^gXGjPf.l�Y bMh�`<h<^Ì�EfixeX ^_h<agY�d�j<xkfM®PagY�2�� �tE � w A ��w I�Â<fih�dkV<Y�j<acb:deY��Y�l�Y�d 2 � ��Â�b:h o deV<Y�l�p�XGXGY�dkxep��Pfi`<h o bMxep rsfnh o ^gde^_fnhË^cl)l�d�bMh o b:x o 9�2 � � � �|bMh o
> � � � ��Â$bil'��Y�aga$bnl�^_d'^cl�dkV<Y�fi`<dq©Pf:�¸�Pfi`<h o bMxkp rsfnh o ^_dk^_fnhPl )�l � �|bMh o )nm ��� ¤
~$Y�puhIfia o l�hu`<X��PY�x o Ys®PhI^_h<��deV<Y�©Pf:�A^cl O� �������� � Z�Z$���$� ¤

s

1.0.2

0.1 u=uP boundary layer

symmetry
plate

F = 0

F = 0
n

x

y

/�^_�n`<xeY){+9«w½xkfi�<agY�X o Yvlersxk^_j<dk^_fih ¤

# Y�VPb��.Y�deYvl�deY o lqY��.Y�x�bMa�`<h<^Ì�EfixkX�bMh o h<fih�`<h<^Ì�EfixkX X#Y:l�V<Yvl�µ¹lqY�Y�/�^_�n`<xeY�Z�· ¤ U«puj<^mr�bMa
©Pf:�?jPb:dedkY�xeh²µ¶^ml�f:�nbMag`<Y:l�fM� . 2�.�b:h o /P·$b:xeY)l�V<f:�$h6^_h
/�^_�n`<xeYvl'$'bMh o � ¤
U�V<Y�xeY:lq`<a_d�l�j<xeYvl�Y�h�deY o b:xeY�deV<Y)rsfnXGjPb:xe^clqfih�fM�ÁdeVIY�r+fiXGj<`IdeY o �nb:a_`<Y:l�f:�«deVIY �Exk^crsdk^_fnh

rsf.Y���rs^gY�hud
4�� � 3���
��	 � � � � � �

� d  l  m�
��	 � � � � � �

fihRdeVIY�jIacbMdkY��$^_deVRdkV<Y��ib:a_`<Yvl��i^_�.Y�hË�$^_dkV dkV<Y
� acbnl�^g`Pl�acb��Ãµ¶deVIY�b:hPbMagpudk^cr�b:a�lqfia_`Ide^_fnh%·!9 4 � � u	� 
�
 �� � ���

�Efix o ^ �ÀY�xeY�hud$XGYvl�V<Y:l ¤

� fixk^_¯�fnhud�bMa��.Y�a_f�r+^_dqp�j<xkfM®PagY:l�^_h'dkV<Y[rsxkf.lel¹�qlqY:rsdk^_fih�l o Ys®PhIY o �$^_dkV K ����w ! b:h o K � ��w��
rsfnXGj<`<dkY o fnh dkV<Y'XGY:lqV o Y�hIfideY o ��p|z ��] � {6µ¹l�Y�Y�/�^_�n`<xeY'Z�·�b:xeY�b:acl�f6rsfnXGjPb:xeY o �$^gdeV
deVIY � ambilq^_`Pl$lqfia_`Ide^_fnh��ib:a_`<Yvl ¤
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MESH1 - 90 x 10, uniform
MESH2 - 180 x 20, uniform

MESH3 - 180 x 20, non-uniform
Blasius law

/�^_�n`<xeY�Z 9+/<xk^crsdk^_fih�rsf.Y���rs^_Y�h�d 4 � b:a_fnh<�¨dkV<Y�j<acb:deY)rsfnXGj<`<dkY o �$^gdeV o ^ �ÀY�xkY�hud°XGY:lqV<Y:l ¤
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deVIfi`<�nV�Â�dkV<YG{n� o fnX�bM^gh|^cl�fn�<d�b:^_h<Y o �ExefiX dkV<Y�¾i� o fiX�b:^_h|Y�t�deY�h o ^_hI�GdeV<Y o fnX�bM^gh|^_h
deVIY¨¯s� o ^gxeY:rsdk^_fnh0�Efix�dkV<Y��$^ o dkV 8 ����w � ÂCbMh o ^_XGjPf l�^_hI��dkV<Y#l�a_^gj �Pfn`<h o b:xep rsfih o ^_de^gfihPl19
2 � ��� �¨b:h o > � ������^_h�deVIY jIacbMhIY:l � ���'b:h o � � 8 ¤
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/�^_�n`<xeY �  9°{i� o fiX�bM^_h ¤

# Y'V�bv�.Y�r�V<f l�Y�h²def o f�dkV<Y#rsfiXGjI`<d�b:de^_fnhPl±�Efnx O  � � �����$VIY�xeY'fn`<x)¾i�ºrsfiXGjI`<d�b��
de^gfihPl�^gXGj<a_^gY o x�b:deV<Y�x)lqd�bM�Ia_Y'©Pf:�-�$V<^mr�V|�Pb:xeY:l)l�fnXGY�rsfiX#j<a_Y�t��EY:bMdk`<xeY:l'µEdeV<Y�Y�t�^cl�d�bMhPr+Y
fM�1l�Y��.Y�x�bMaÀxeY:rs^gx�rs`IacbMdk^_fnhPl1^gh��PfndeV0agf:��Y�x³rsfixkh<Y�x�l�· ¤
U�V<Y�X#Y:l�VGY�XGj<a_f:p.Y o ^_h�dkV<Y)l�^_X�`<ambMde^gfih�r+fihPlq^cl�dkY o ^_h ��{1! !1$¨hIf o Y:lsÂÀ�1! !1! !�Y�a_Y�XGY�h.d�l

bMh o �i���1! !¨�Pfi`<h o bMxepG�¼bnrsY:l[bMh o ^cl�jIxeY:lqY�hudkY o ^_h
/�^g�i`<xkY'��� ¤
��l1Y�tujPY:rsdkY o deV<Y�r+fiXGj<`Id�bMdk^_fnhPlCxeY:lq`<a_dkY o ^ghGdeVIY�©Pf:� deVPb:d$^clCdq��f o ^gXGY�hPlq^_fnhPbMa�µ¹r+fi^_h��

rs^ o Y:l�^_hRY:bnr�VRj<ambMh<Y � � 4�- ��1 8 · ¤�� `PbMag^_d�bMde^g�.Y�a_p Â�deVIY0lqdexkY:bMXGag^_h<Yvl¨µ¶^ghRj<acb:h<Y � � ��wÌ·
l�VIfM�$h#^_h /�^_�n`<xeY¿¾1!)rsfixkxeY:lqj8fnh o �.Y�xkp��°Y�a_a<dkf�dkV<f.lqY±�ExkfiX ¾i�?rsfnXGj<`<d�bMdk^_fih�l�µ¹lqY�Y*/�^_�i`IxeY
�i�:· ¤(� Y:l�^ o Y:lsÂ<dkV<Y�jPf l�^_dk^_fnhPl�fM�½deV<Y rsY�h�deY�x�l�fM�°deV<xkY�Y�jIxe^_h�rs^_jPb:a�xeY:r+^_x�r+`<acb:de^_fnhPl1�ExefnX�d��°f
rsfnXGj<`<d�bMde^gfihPl�µ¹¾n�¸bMh o {n� ·)rsfi^ghPrs^ o Y'^_h E ��w # � A ��w�� � #,I �Efnx�deVIYGj<xe^gX�bMxkp|xeY:r+^_x�r+`<acb:de^_fnh�ÂE ��w��$��# A ��w �"! �,I«bMh o E ��w �	��� A ��w � ����I��EfnxCdeV<Y[lqY:rsfnh o bMxkp'xeY:r+^_x�r+`<acb:de^_fnhPl�^_h��PfndedefnX xe^g�iV�d«bMh oa_Y+�Ed$rsfnxeh<Y�x ¤
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�)��� ��� � � � ��'N���P%��,-/���
U�V<xkY�Ys� o ^_XGY�hPl�^gfihPb:a�©�fM�Af:�.Y�x°b'l�dkY�j��$bil$r+fiXGj<`IdeY o dkf'�.Y�xe^Ì�Ep�dkV<Y){i� rsf o Y�µ¶ag^_¡.Y[^_hGdkV<Y
r�bnl�Y[fM�Ár�b���^_dqp ©Pf:��ÂIbMaclqfu· ¤�� ^_¡.Y$deVIY�{n�?r�b��u^gdqp�deYvl�d°r�bilqY.Âu^gd«^clCh<fid°xeY:b:a_agp'b�{n� j<xkfi�<agY�X|Â
�PY:r�b:`Pl�Y'dkV<Y o fnX�bM^gh0^ml�fi�<d�bM^gh<Y o ��p�Y�tudkY�h o ^gh<�¨dkV<Y'¾n� o fiX�b:^_h�^_h�defG¯+� o ^gxeY:r+de^_fnhG�Efix�b
�$^ o deV 8 ����w # � o�Â%�E`<xkdeV<Y�x�fnh o Y+®Ph<^_hI��dkV<Y��8fn`<h o b:xep rsfih o ^_dk^_fih�l ^gh dkV<Y'j<ambMh<Y:l � ���
bMh o � � 8 bnl�l�ag^_j'�Pfi`Ih o bMxkpGr+fih o ^gde^gfihPl$µ¶fnx°l�p�XGXGY�dkxep��Pfi`Ih o bMxkpGr+fih o ^gde^gfihPl�·!9 2 � � ���bMh o > � ��� � ¤
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/�^_�n`<xeY ¾u�-9°{i� o fiX�bM^_h ¤

U�V<Y|~$Y�p�h<fia o l'hu`<X��PY�x'r�V<f l�Y�hR�Efix�deV<Y��.Y�xk^»®Àr�b:de^gfihRfM�)r+f o Y0^ml¨r�V<f.lqY�hSdkf V�bv�.Y6b
xeY��i^_X#Y��$V<Y�xeY�deV<Y�©Pf:�?^ml�dq��fM� o ^gXGY�hPlq^_fih�bMa�µ¹bnr�rsfix o ^_hI�¨dkf'Y�tujPY�xk^_XGY�hud�l�· ¤
# Y°VPb��.Y�`PlqY o deVIY$leb:XGY���bil�^mr1dq��f:� o ^_XGY�h�l�^_fnhPbMa.X#Y:l�V�Â:bnlC`Pl�Y o ^_h ¾i�ArsfiXGjI`<d�b:de^_fnhPlsÂ

deV�bMd�� b��.Y¨fn`<x'{n�¸rsfiX#j<`<d�b:de^gfihPb:aCXGY:lqV|�$^_deV � � #$#0h<f o Y:l+Â ! � ���$� Y�a_Y�XGY�h.d�l[bMh o � ! � �
�Pfi`<h o bMxkp��¼bnrsY:l+Â<j<xeY:lqY�h�deY o ^gh
/�^_�n`<xeY)¾i¾ ¤
U�V<Y¿rsfiXGj�bMxe^ml�fnh'fM��{n�?rsfnXGj<`<d�bMde^gfihPl��$^_deV�deVIY�¾n� rsfnXGj<`<d�bMdk^_fih�l �Efix«deVIY�~$Y�p�h<fia o l

h�`<X¨�PY�x;O� � � #��Ëb:xeY�j<xkY:l�Y�h�deY o �E`<xedkV<Y�x)fih ¤ � bilq^cr�b:a_a_p Â���Y#��Y�xkY�^ghudkY�xeYvl�deY o ^gh dkV<Y
X�b:^_hGxkY:rs^_x�rs`<ambMde^gfih�bnl�b:h�^_h�deY��nx�bMa�j�bMx�b:XGY�dkY�x�dkVPbMd$^ml$r�VPb:x�bnrsdeY�xk^_¯�^gh<��dkV<Y�©Pf:� ¤
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/�^g�i`<xkY�¾i{+9±].dkxeY:b:XGa_^gh<Y:lC^_h�dkV<Y�j<acb:h<Y � ����w_Â�O� � � #$� ¤

��lC^_hGdkV<Y¿r�bilqY�f:�Á{i�?r�b���^_dqp ©�fM� �°Y�fn�<d�b:^_hGjPY�xq�EY:rsdka_p�dq�°fM� o ^_XGY�hPl�^gfihPb:au©Pf:��Âu�$V<Y�xeY
deVIY xkY:rs^gx�rs`<ambMdk^_fih#a_Y�h<�ndeV6rsfnxexeYvl�jPfih o l±dkf¨dkV<Y�fih<Y)rsfnXGj<`<dkY o ^_h�dq��f o ^_XGY�h�l�^_fnhPl ¤

U�V<Y�rsf.fnx o ^ghPbMdkY:l�fM�ÁdeVIY�rsfiX#j<`<deY o xkY:bMdkd�bir�V<Y�X#Y�hud�jPfi^ghud�µEfix�ag^_h<Yn·Cb:xeY'µ¼{ ¤ � � Â !£·«dkVPbMd
rsfn^_hPrs^ o Y�b:a_XGf l�d�Y�t<bnrsdeagp¨�$^gdeV�deV<Y�fnh<Y:l��ExefiX ¾i�-r+fiXGj<`Id�bMdk^_fnhPl�µ¹{ ¤ �i��Â !.· ¤
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´¹h�de`<xk�<`<a_Y�hud$xkY��i^gXGY.Âi�°Y V�bv�.Y)r�b:xexk^_Y o fi`Id�lqY��.Y�x�b:a%dkY:l�d[r�bnl�Y)rsfnXGj<`<d�bMde^gfihPl ¤ ´¹h|¾i�)Â<��Y
bMh�bMa_p�¯�Y o 9½©Àb:d�jIacbMdkY�©Pf:� bMh o ©Pf:�?f:�.Y�x[b'�Pbir�¡u�³bMx o �¼bir+^_h<��lqdeY�j ¤ ´Òh6{n��Â8�°Y)bMhPb:a_p�¯�Y o
deVIY�©Pf:� f:�.Y�x¿b¨�Pbnr�¡��$b:x o �¼bnrs^_h<��l�deY�j ¤ �¿l±^gh|deV<Y�r�bnl�Y'f:��ambMXG^ghPbMx[{n� dkY:l�d r�bilqY:lsÂ%dkV<Y
¾i� o fiX�b:^_hS�³bil¨Y�tudkY�h o Y o ^gh � ¦�o ^_xeYvrsde^gfihR�$^_dkVS^_X#j8f l�^gh<� dkV<Y|lqpuX#XGY�dexkp|�Pfi`<h o bMxep
rsfnh o ^_dk^_fnhPl 9

2�� ��� � A > � ������w µe�i��{£·

U�V<Y²xeY:lq`<a_d�l��°Y�xeY²r+fiXGjPb:xeY o �$^gdeV
b��ib:^_ambM�<agY|Y�tujPY�xk^_XGY�hud�bMa$xeYvl�`<agd�l�bMh o Â�^_h
l�fiX#Y
r�bnl�Y:l+Â<�$^_deV�dkV<Y�xeY:lq`<a_d�l�fi�<d�bM^_hIY o �$^_deV6deV<Y)rsfnXGj<xkY:lelq^_�<agY�rsf o Y�}�]<ª°¾1���*á¾  �¼¤
/<fix�dkV<Y�©Àb:d�j<ambMdkY�©Pf:� deV<Y[�Exe^cr+de^_fnhGr+f.Y���r+^_Y�h�d°bMa_fnh<��dkV<Y�j<ambMdkY��$bnl1�.Y�xk^»®PY o bM� bM^ghPl�d

deVIY�Y�t�jPY�xe^gXGY�h�d�b:aixeYvl�`<agd�lsÂ�bnl½�°Y�a_a�bil o ^ �ÀY�xkY�h�dC�nbMxe^mbM�<agY:lCj<xef:®Pa_Yvl½^gh'deV<Y[�Pfi`<h o bMxkp¨ambvp.Y�x ¤
U�V<Y)rsfnXGj<`<d�bMde^gfihPl��°Y�xeY r�bMxkxe^_Y o fn`<d$�Efix�O� � ! w���� � � � 
 ¤
U�V<Y6l�d�bMh o b:x o deYvl�d�r�bnl�Y|µ�á¾ � � Â {1! � ·�Â ©Pf:�ºf:�.Y�x'b0�Pbnr�¡��$b:x o �¼bnrs^_hI�²l�deY�jRbMd O� �

��� ���$��^ml$bMhPb:a_p�¯�Y o �E`<xkdeV<Y�x[fih�Â%rsfnXGjPb:xe^_hI��deVIY�fi�Id�bM^gh<Y o xeY:rs^gx�rs`IacbMdk^_fnhGa_Y�hI�ideV��$^gdeV0dkV<Y
xeYvl�`<agd�l$b��nbM^_ambM�<agY�^_h�ag^_deY�x�bMdk`<xeY Â<bil$��Y�a_a�bnl±fndeV<Y�x$�ib:xe^mbM�<agY ®�Y�a o l ¤
/�^_h�bMa_agp.ÂP��Y�rsfnXGj<`<dkY o dkV<Y�{i�-©Pf:�-f:�.Y�x�b��Pbir�¡u�³bMx o �¼bnrs^_h<��l�deY�j²bMd;O��� ��� �$��� ¤

U�V<Y'xkY:l�`<agde^gh<�¨©Pf:�-^ml�dq��f:� o ^gXGY�hPlq^_fnhPbMa¼ÂPbMh o ��Y�rsfnXGjPb:xeY o deV<Y'fn�<d�b:^_h<Y o xeYvl�`<agd�l��$^gdeV
deVIY fnh<Y:l��ExefnX�¾i�ÃrsfiXGjI`<d�b:de^_fnhPl ¤

�	��
 ��� � %5- ��"!%5-��
U�V<Y�rsfnhu®P�n`<x�b:de^_fnh f:��©Àb:d�j<ambMdeY'dkY:l�d r�bilqY'^cl�Y�tIbir+dea_p#deV<Y�lkbMXGY bil��Efix�¾n� ©8bMd�j<ambMdkY'^_h
acb:XG^_h�bMxCxkY��i^gXGY[l�V<f:�$hG^gh5/�^_�i`IxeY�{�Â£Y�t<rsY�j<d«deVPb:d�fih#deV<Y�jIacbMdkY��°Y�^gXGjPf.lqY�dkV<Y��³bMaga»�¼acb��[l
^_h�l�deYvb o f:�°��^gxe^cr�V<agY�d«�8fn`<h o b:xep�rsfih o ^_de^gfihPl ¤ #²Y V�bv�.Y)r�V<f.lqY�h6l�X�b:a_aÀ^_hu©Pf:�?�nb:a_`<Y:l��Efix ¥
bMh o�§ XGY:b:h<^_h<��dkVPbMd[deV<Y�xeY�^ml1h<f'^gXGjPfixed�bMh�d�agY��.Y�aPfM�Áde`<xk�<`<agY�hPrsY¿bMd[deV<Y¿Y�hudkx�b:hPrsY.Â��$V<^_agY
bMd#deV<Y6Y�tu^gd0µ¼bMh o b:dGdeVIY|l�p�XGXGY�dexep|�Pfn`<h o b:xepP·¨�°Y0^gXGjPf.l�Y6V<fiX#fi�iY�h<Y�fi`�l¨}�Y�`<X�bMhIh
�Pfi`<h o bMxkp0r+fih o ^gde^gfihPl1�Efnx ¥ b:h o�§�¤ #²Y)rsfiXGjI`<deY o deVIY ©�fM� �Efix O� � � � �

�
� ! w ��� � � � 
 ¤

´¹hËfi`<x rsfiX#j<`<d�b:de^gfihPl���Y#VPb��.Y¨`PlqY o l�Y��.Y�x�bMa«XGY:lqV<Y:l19�z ��] � �6µ¹{  !u�GhIf o Y:lsÂ � ¾1! !
Y�agY�XGY�h�d�l+Â8h<fnxeX�b:a o ^ml�d�b:hPrsY'f:�[deV<Y'®Px�lqd�acb�p.Y�x�f:�$h<f o Yvl �ExefnX deV<Y��Pfi`<h o bMxkp �$V<Y�xeY���Y
^_X#j8f l�Y|�³bMa_aÌ�¹amb��[l¨Y:¢.`PbMa�def � � � � ?1·�Â�z ��] � ¾ µ¹{  !u�²h<f o Y:l+Â � ¾1! ! Y�agY�XGY�h�d�l+Â�h<fixkX�bMao ^ml�d�b:hPrsY # � � � � ?«·�bMh o z ��] � { µEZiZ.� $�h<f o Y:l+Â  �i{n{ Y�a_Y�XGY�hud�lsÂshIfixeX�bMa o ^clqd�bMh�rsY � � � � ?1· ¤
#²Y�b:j<j<ag^_Y o�o ^ �ÀY�xeY�hudÀ�ib:a_`<Yvl%fM�PjPb:x�b:XGY�deY�x 	1^gh��$bMaga»�¼acb��[l%�nbMxkpu^gh<���ExefnX � � � � ?#def � � � � ?°ÂxeYvl�`<agde^_hI�'^_h � ��� �  �� �ib:a_`<Yvl$bMxefn`<h o � ����bMh o � �uÂPxeYvl�jPY:rsdk^_�.Y�agp ¤
U�V<Y�©�fM��jPb:dedkY�xeh
µ¶^clqfiag^_h<Y:l'fM� . 2�.áÂ / bMh o ¥ ·�rsfnXGj<`<dkY o fihAz ��] � { ^ml¨lqV<f:�$h ^_h

/�^g�i`<xkY:l$¾1$�Â%¾n�¨b:h o ¾ �.¤
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/�^_�n`<xeY)¾MZ 9±ª«fnXGj<`<d�bMdk^_fih�bMa�XGY:lqV�z ��] � {�Â ��� ��#¨hIf o Y:lsÂ ��� Z�Z¨Y�a_Y�XGY�hud�l ¤

/<xe^cr+de^_fnh�rsf.Y���rs^gY�hud 4 � o ^clqdexk^_�<`<dk^_fnh�bMagfih<�[deV<Y«j<ambMdkY�r+fiXGj<`IdeY o �$^gdeV o ^��%Y�xeY�h�d%XGYvl�V<Y:l
^cl)l�V<f:�$hR^_h /�^_�n`<xeY�¾  u¤ /<`<xedkV<Y�x)fih�ÂC�°YGj<xeYvl�Y�h�d�dkV<YGh<fnh o ^_X#Y�hPl�^gfihPb:a_^g¯�Y o j<xkfM®PagY:l f:�
V<fnxe^_¯�fih�d�bMaÁ�.Y�a_f�rs^gdqp"�)Â%¡�^_h<Y�de^cr�Y�h<Y�xk�ip�fM�°dk`<xe�<`Ia_Y�hPr+Y ¥ bMh o de`<xk�<`<a_Y�hud[�u^mlersf l�^gd�p\C ,��Efix
K ����w�� ? µ¶dkV<Y¨�.Y�xede^mr�bMa½rsf.fix o ^_hPb:deY �0^_h²deV<Y�j<xkfM®PagY¨^ml hIfih o ^gXGY�hPlq^_fnhPbMag^_¯�Y o `Pl�^gh<�0dkV<Y
�Pfi`<h o bMxkpËacb�p.Y�x�dkV<^cr�¡�h<Y:lel�	�����Â�^ ¤ Y ¤ deVIYG�nbMa_`IY¨f:� ���Efnx��$V<^mr�V²deV<Y�V<fnxe^_¯�fih�d�bMa°�.Y�a_f�r+^_dqp
Y:¢.`PbMaml �����*f:�C^ghu©Pf:�A�.Y�a_f�rs^gdqp8· ¤
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/�^_�n`<xeY)¾  9 /�xk^crsdk^_fnh�rsf.Y���rs^_Y�hud 4 �)bMa_fnh<��deV<Y�j<ambMdeY)rsfnXGj<`<dkY o �$^gdeV o ^ �ÀY�xkY�h�d�XGY:lqV<Y:l ¤
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} ]�´���� �1bMh0^ghPrsfnXGj<xeYvlel�^g�<a_Y[}¿bv��^_Y�x��k].defn¡.Y:l�lqfia_�.Y�x��Efix$`<hPlqdexk`Prsde`IxeY o XGY:lqV<Y:l Z $

�	� � ��� � � � ��'N���P%��,-/���
U�V<Y²rsfnhu®P�n`<x�b:de^_fnh �EfnxGdeVIY�©Pf:��f:�.Y�xGb l�deY�j ^cl�l�^_X#^_acb:x'defËdkV<Y0dkY:l�d�r�bilqY|^_hSambMXG^ghPbMx
xeY��i^_X#Y ¤ U�V<Y|^gXGjPfixed�bMh�d o ^ �ÀY�xeY�hPrsY�^cl¨dkVPbMd#V<Y�xeY6fih dkV<Y|lqfia_^ o �$b:a_acl'��Y6^_XGjPf l�Y0dkV<Y
�$b:a_aÌ�¹ambv�[l�^_hPlqdeY:b o fM� ��^_xk^cr�V<a_Y�d'�8fn`<h o b:xepArsfnh o ^gde^_fnhPl ¤ � Yvl�^ o Y:lsÂ$b:d�deV<Y6^_hu©Pf:�!l�X�bMa_a
�nbMag`<Y:l��Efix ¥ bMh o�§ bMxkY�r�VIf.l�Y�h¨XGYvbMh<^gh<��deV�bMd�dkV<Y�xkY�^ml½hIf�^_X#j8fnxed�bMh�d1agY��.Y�a�fM��dk`<xe�<`Ia_Y�hPr+Y
bMd6deV<Y²Y�h�dex�bMhPrsY Â��$V<^ga_Y²bMd6deV<Y²Y�t�^_d²µ¹b:h o bMd0dkV<Y l�p�XGXGY�dkxepË�Pfi`Ih o bMxkp8·��°Y ^gXGjPf.lqY
V<fnXGfi�nY�h<Y�fn`Pl«}�Y�`<X�b:h<h'�Pfi`<h o bMxkpGrsfnh o ^gde^_fnhPl��Efix ¥ b:h o¨§�¤ #²Y�r+fiXGj<`IdeY o dkV<Y±©�fM�R�Efix
O��� ��� � �

�
� ��� �$��� ¤

h = 2

5 L

F =0

F =0s

nu=u
P

wall-laws

H = 1

/�^_�n`<xeY�{n¾ 9°wCxefi�Ia_Y�X o Y:lersxk^_j<dk^_fnh ¤

´¹h�fi`Ix«rsfiX#j<`<d�b:de^gfihPl���Y$VPb��.Y«`PlqY o l�Y��.Y�x�bMa.X#Y:l�V<YvlsÂ:�<`<dCV<Y�xeY��°Y�j<xkY:l�Y�hud�deV<Y°xeY:lq`<a_d�l
fi�Id�bM^gh<Y o �$^_dkV|x�bMdkV<Y�x)rsf bMx�lqY¨X#Y:l�V 9¿¾ � Z  hIf o Y:l�b:h o $u���n¾�Y�agY�XGY�h�d�l�µ¼l�Y�Y�/�^_�i`IxeY�{i{.· ¤
U�V<Y�hIfixeX�bMa o ^cl�d�bMhPr+Y�fM��dkV<Y�®Px�l�d$acb�p.Y�x«f:��h<f o Y:l1�ExkfiXºdeV<Y��Pfi`<h o bMxkpG�$V<Y�xkY���Y�^gXGjPf.lqY
�$b:a_aÌ�¹ambv�[l��ib:xe^gY:l��.^_h�deVIY$xeY��n^_fih¿ye`Plqd o fM�$h�l�dexkY:bMX f:��dkV<Y�lqdeY�j'^gd«^cl�agY:lelCdeV�bMh ��w � � �|ÂIbMh o
Y�aml�Y��$V<Y�xeY���Y)VPb��.Y `�l�Y o rsf bMx�l�Y�x[XGY:lqV ¤ U�V<Y)jPbMx�bMXGY�dkY�x 	'^_h0�³bMaga»�¼acb��[l±^ml�lqY�d[defG�nbMag`<Y
��w � � ��Â8p�^_Y�a o ^gh<� ���0�nbMa_`IY:l�fM�«agY:lel�dkVPbMh � � ¤
U�V<Y$r+fiXGj<`IdeY o ©Pf:�RjPbMdkdeY�xkh'^cl�l�V<f:�$h'^Ì� /�^_�n`<xeYvl�{:Z<Â.{ $�bMh o {n�uÂ.�$V<^ga_Y«deV<Y³rsfiX#j<`<deY o

�Exe^mrsde^gfih�r+f.Y���r+^_Y�h�d 4 � o ^clqdexe^g�<`<dk^_fih�^ml�l�V<f:�$h�^_h�/�^g�i`<xkY�{ � Â:defn�iY�dkV<Y�x��$^_dkV � � o ^ml�dkxe^_�I`<de^gfih
^_h�/�^_�i`IxeY¿{  µ¶h<fndeY[deV<Y o ^��%Y�xeY�hPr+Y$^_h)4���bMh o �����nb:a_`<Y:lCfnh¨dq��f��³bMa_aml � o `<Y[def)b o ^ �ÀY�xkY�hud
�Pfi`<h o bMxkp|acb�p.Y�x$XGY:lqV%· ¤ ´¹h /�^g�i`<xkY'{ � Â%�Exe^cr+de^_fnh|rsf.Y ��rs^gY�h�d$^cl$X¨`<agde^gj<a_^gY o �$^gdeV|dkV<Y'lq^_�ih
fM�½V<fixk^_¯�fnhud�bMa%�.Y�a_f�rs^gd�p�def'Y�XGj<VPbnl�^_¯�Y�dkV<Y�j8f l�^gde^_fnh0f:�«deV<Y�xkY:rs^_x�rs`<ambMde^gfih ¤
U�V<Y[j<xeY o ^crsdkY o X�b:^_h'xkY:rs^_x�rs`<ambMde^gfih)a_Y�h<�ndeV'^ml ��w�� ��Âu�$V<^ga_Y°��Y[VPb��.Y$rsfnXGj<`<dkY o b��.Y�xep

��YvbM¡�lqY:rsfih o bMxkpGxeY:r+^_x�r+`<acb:de^_fnh¨^gh�deV<Y��PfndedefnX�fM�ÁdeV<Y)l�dkY�j²µ¶Y��.Y�hG`Pl�^gh<�'deVI^cl��.Y�xkp�rsf.b:x�l�Y
XGY:lqV%· ¤
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/�^_�n`<xeY){MZ 9±] dexeYvbMXGag^_h<Y:l+Â�O��� � ��� ���$� ¤
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/�^g�i`<xkY){i� 9°´ql�fna_^_hIY:l1f:� ¥ Â�O��� � ��� �$��� ¤
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0

5

10

15

20

25

30

35

-4 -2 0 2 4 6 8 10 12 14 16

y+

x/H
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Z  � ¤ z0Y o ^��¿bMh o���¤ z0fiV�bMXGX�b o ^

�	��� ��� � � � ��'N���P%��,-/���
��lC^_h'ambMXG^ghPbMx�xeY��i^_X#Y.ÂMdkV<Y[deV<xkY�Ys� o ^_XGY�hPl�^gfihPb:ai©Pf:� fM�.Y�x«b�l�deY�j¨�³bil«rsfiX#j<`<deY o def��.Y�xk^»�Ep
deVIY'{i� r+f o Y.ÂPh<f:� ^gh�de`<xk�<`<a_Y�hud[xeY��n^_XGY ¤ � ^g¡.Y dkV<Y�fndeV<Y�x�{n�-deY:lqd�r�bnl�Y:l+Â%deVIY o fnX�bM^gh�^ml
fi�Id�bM^gh<Y o ��p'Y�t�deY�h o ^_h<��dkV<Y�¾n� o fiX�b:^_h'^ghudkf�¯s� o ^_xkY:rsdk^_fih��Efnx$b��$^ o dkV 8 ����w # �|Â£�E`IxedeVIY�xfih o Y+®Ph<^_hI��deVIY��Pfi`<h o bMxep�rsfih o ^_de^gfihPl�^gh¨dkV<Y�j<ambMh<Yvl � � �'bMh o �&� 8 bil$l�ag^_j��Pfi`<h o bMxeprsfnh o ^_dk^_fnhPl�µ¶fnx�lqpuXGX#Y�dexkp��Pfi`<h o bMxkp0r+fih o ^gde^gfihPl�·!9 2 � �����'b:h o > � ����� ¤

h = 2

zy

x

b

5 20

H = 1

/�^_�n`<xeY {i� 9°{i� o fiX�bM^_h ¤

# Y6VPb��.Y6r�V<f l�Y�h deV<Y6lkbMXGY��nbMag`<Y:l'fM� ~±Y�puh<fna o l�h�`<X��PY�x'bnl¨^_h ¾i��r+fiXGj<`Id�bMdk^_fnhPl
µkO �� � ��� �����.·[bil$��Y�a_a�bnl±dkV<Y��nbMa_`IY f:�«deVIY j�bMx�b:XGY�dkY�x�	�^_h��$b:a_a»�¼acb��[l�µ 	 ����w � � �6· ¤
U�V<Y|lkbMXGY��Pbnl�^mr�dq�°fM� o ^_XGY�hPl�^gfihPb:a�XGY:lqVR`Pl�Y o ^_h ¾i�!rsfiX#j<`<d�b:de^gfihPl'�.b��.Y�fi`<x#{i�

rsfnXGj<`<d�bMde^gfihPb:a�X#Y:l�V6�$^_deV � Z�� � ��hIf o Y:lsÂ � ! Z��	�0Y�agY�XGY�h�d�l°bMh o ��! ���$���Pfi`<h o bMxkp0�¼birsY:l+Â
j<xkY:l�Y�h�deY o ^_h
/�^g�i`<xkY Z ! ¤

INRIA-MODULEF

INRIA-MODULEF

INRIA-MODULEF

INRIA-MODULEF

/�^_�n`<xeY�Z ! 9$ª«fiXGj<`Id�bMdk^_fnhPbMa�XGYvl�V�Â � Z � � �¨h<f o Y:l+Â � ! Z$� �GY�agY�XGY�h�d�l ¤

Z  
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INRIA-MODULEF

INRIA-MODULEF

INRIA-MODULEF

INRIA-MODULEF

/�^g�i`<xkY ZI�-9$].dexkY:bMX#a_^_hIY:lC^_h�deV<Y�j<ambMh<Y � � ��w_Â�O� � ��� �$��� ¤

��l%�EfixCdkV<Y$fidkV<Y�xÁ{i�SdeYvl�d«r�bnl�Y:l«µ¶`�l�^_hI��deV<^ml�deVI^_h o fiX�b:^_hPl+ÂM�$^gdeV'lqpuX#XGY�dexkp$�Pfi`<h o bMxep
rsfnh o ^_dk^_fnhPl�·«dkV<Y�xeY:lq`<a_dk^_h<��©Pf:�?^ml�jPY�x��EY:r+dea_p'dq�°fM� o ^_XGY�hPl�^gfihPb:a ¤

U�V<Y$X�b:^_h�xkY:rs^gx�rs`<ambMdk^_fih)a_Y�hI�ideV'^ml ��w � ��Âur+fixexkY:l�jPfnh o ^_hI� dkf�deVIY$fih<Y$�ExefnX ¾i�ArsfnXGj<`u�
d�b:de^gfihPl ¤ U�V<Y o ^ml�dkxe^_�I`<de^gfih0f:�«deVIY��Exe^cr+de^_fnh6rsf.Y���rs^_Y�h�d$�nbMag`<Y:l$fih|deVIY�a_f:�°Y�x��³bMaga��PY�V<^gh o
deVIY�l�dkY�j6rsfiXGjI`<deY o �$^_dkV�¾i� b:h o {i� rsfiX#j<`<d�b:de^gfihPl[µ¶^_h#deV<Y�jIacbMhIY � ����w»·Á^cl�j<xkY:l�Y�h�deY o
^_h
/�^g�i`<xkY�Z.¾ ¤
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/�^g�i`<xkY'Z.¾ 9�/<xk^crsdk^_fih�rsf.Y���rs^_Y�hud 4 � o ^ml�dexk^_�<`Ide^_fnh|fih²deV<Y'�PfndedefnX �$b:a_aC�PY�V<^gh o deVIY�l�deY�j�Â
O��� � ��� �$��� ¤

Z.�



$1! � ¤ z0Y o ^��¿bMh o���¤ z0fiV�bMXGX�b o ^
� � �¸� � � 	 �¨���¸�
�Sh<Y�� l�fna_�.Y�x��Efnx°{i� ^ghPrsfiX#j<xeY:lkl�^g�<a_Y°}�b���^_Y�xq�e].dkfi¡.Y:l�Y:¢.`PbMdk^_fnhPlC�PbilqY o fnhGdeVIY$j<xef:yeYvrsde^gfih
ler�V<Y�X#Y�µ á¾ � Â á{ � ·Á^cl o Y��.Y�a_fnjPY o%¤ U�VIY�l�d�bMh o b:x o�¥�¦0§ dk`<xe�<`Ia_Y�hPr+Y�XGf o Y�aP^cl1^gXGj<agY�XGY+hudkY o
�Efix)de`<xk�<`<agY�hud�©Pf:�ºlq^_X�`<acb:de^_fnh ¤ U�V<YGxkY:l�fna_`<dk^_fih²fM�[dkV<YGj<xkfi�<agY�X��Efix�dkV<YG^_h�deY�xeXGY o ^cbMdkY
�.Y�agf�rs^_dqpRbnl��°Y�a_a¿bil¨�Efnx ¥ b:h o § ^cl¨YvrsfiXGjIa_Y�dkY�a_p²Y�t�j<a_^mrs^_d ¤ U�V<Y l�d�bM�<^ga_^_¯vbMde^gfih fM�'dkV<Y
rsfnhu�.Y:r+de^_fnhRdeY�xkX�l�^cl'�u^mb w�]�´Gµ¼w�f.lq^_dk^_�.Y|].dexkY:bMX��$^clqY6´Òh��nbMxk^cbMh�ds·�xkY:l�^ o `Pb:a o ^ml�dkxe^_�I`<de^gfih
ler�V<Y�X#Y µ�_��¾ � Â�¾1! � · ¤ U�V<Y²w�fn^clelqfihAj<xefn�<a_Y�X �Efix#j<xeY:lkl�`<xkY|^clGlqfiag�.Y o `Pl�^gh<�Rrsfnh:ye`<� bMdeY
�ix�b o ^gY�h�d1dkY:r�V<h<^c¢.`<Y ¤ ´¹hGdkV<Y�dk`<xe�I`<a_Y�h�dC©Pf:�Al�^gX¨`<ambMdk^_fih�lsÂidkV<Y��³bMaga»�¼acb��[l�b:xeY[`Pl�Y o �Efix�dkV<Y
l�fna_^ o �Pfn`<h o b:xe^_YvlsÂP�$^_deV�dkV<Y�xeY:¢.`<^_xkY�XGY�h.d 2��������'dexeYvbMdeY o ^gh�deV<Y)l�dkxefnh<�GlqY�hPlqY ¤
U�V<Y�xeY:lq`<a_d�l jIxeY:lqY�hudkY o �Efix)dqpuj<^mr�bMaÁdeY:lqd�r+fihu®P�n`<x�b:de^gfihPl)bMxeY��.Y�xkp|leb:de^mlÒ�¼bir+defixkpËr+fiX¨�

jPb:xeY o �$^gdeVGfndeV<Y�x�xeYvl�`<agd�l1^ghGdeVIY�a_^gdeY�x�bMde`IxeY.Âi^gh o ^mr�bMdk^_h<�)deVPb:d�deVI^cl�b:j<j<xkf.bir�V6r�bMh#�8Y�`PlqY o
rsfnXGjPY�deY�dk^_�.Y�agpG^_h deV<Y#{i� ¥�¦S§ de`<xk�<`<a_Y�hud)l�^gX¨`IacbMdk^_fnhPl ¤�� Y:l�^ o Y:lsÂ�deV<Y�rsfiXGjI`<d�b:de^_fnhPbMa
de^gXGY#l�d�b�pIl�xkY:bilqfihPb:�<a_Y�� bMhSf:�.Y�xkh<^_�nVud rsfiX#j<`<d�b:de^gfihË�Efix#{i��de`<xk�<`<a_Y�hud�©Pf:�¸j<xefn�<a_Y�X
�$^_dkVGb:hG`<hPlqdexk`Prsde`IxeY o XGY:lqV¨�$^gdeV#bMj<j<xkf:tu^gX�bMdkY�a_p�$1! !1! !�h<f o Y:l�fnhGb���fixk¡<lqd�b:de^_fnh o fn^_h<�
�"!�z /�agfijPl ¤
�CtudkY�hPl�^gfihPl%f:�<dkV<Y°l�fna_�.Y�xP�Efix o fnX�bM^ghPl8�$^gdeV�XGf:�u^gh<�«�Pfi`<h o bMxe^gY:l�`Pl�^gh<�$�PfideV)^_h:yeYvrsde^gfihu�

l�`�rsde^gfih��8fn`<h o b:xep#rsfih o ^_dk^_fih�l1b:h o � � � µ¹��xk�<^_dkx�bMxkp � b:�ix�b:h<�i^mbMhu� �C`<a_Y�xe^cb:h%·C�EfixkX¨`IacbMdk^_fnh
bMh o �Efix�©�fM�[l$^_h�rsa_` o ^_h<�)xefid�bMdk^_fih�bMa�Y��ÀY:rsd�l$b:xeY��PY�^_hI�¨xkY:bMag^_¯�Y oÀ¤
´¹h¨dkVPbMd³l�Y�hPlqY.ÂudkV<^cl«lqfia_�.Y�x1V�bil�b:a_xkY:b o p'�PY�Y�hGb:j<j<a_^gY o def o ^ �ÀY�xeY�hud°rsfnXGj<a_Y�t jIxefi�Ia_Y�X�l

^_h�rsa_` o ^_h<�|dk`<xe�<`Ia_Y�h�d�©Pf:��bMh�bMa_pIl�^mlsÂ$lq`Pr�V bil�fij<dk^_XG^g¯:bMdk^_fih µ¶Y�h<�n^_h<Y6rsf.fna_^gh<� �¼bMh �<acb o Y
o Y:lq^_�nh�Â á�u� � ·[b:h o ©P`I^ o �Òl�dkxe`Prsdk`<xeY'^ghudkY�x�bnrsde^gfih|j<xkfi�<agY�X�l�µ¹lqd�bM�I^_a_^gdqp0b:hPbMagp<lq^cl�fM�³�u^mb o `�rsd
rsxkf.lel¹�qlqY:rsdk^_fih�lsÂ�á�n¾ � · ¤
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� ��
 �,��� �J����� �������J���6�)-��!� 
U�V<Y²rsf o Y ^ml¨j<xefn�ix�bMXGXGY o `Plq^_h<� / � ~CU$~[��} �1� bMh o ^_d�r+fihPlq^cl�d�lGfM�#��¾Ë�Efixedkx�b:h ®PagY:lsÂ
rsfnhud�bM^_hI^_h<��{���lq`<�<xefn`<de^gh<Y:l ¤

g b:^_xeYvl ¤ ��9��³l�`<�<xkfi`<dk^_h<Yvl 9«bM^gxeY:lk¾uÂPb:^_xeYvle{ �
g r�b:a o dka ¤ ��9 �°lq`<�<xefn`<de^gh<Y)9°r�bMa o dea �
g rsagVPbM`Id ¤ ��9��³l�`<�<xkfi`<dk^_h<Yvl 9«rsagVPbM`<d�¾uÂPrsagVPbM`Id�{ �
g rsfnhu®P� ¤ ��9 �1l�`<�<xkfi`<dk^_h<Y 9«rsfihu®�� �
g �nx�b oÀ¤ ��9��³l�`<�Ixefi`Ide^_hIY)9C�ix�b o �
g ^gh<^_d ¤ ��9 �1l�`<�<xkfi`<dk^_h<Y 91^gh<^_d �
g agfi�iamb�� ¤ ��9��°lq`<�<xefn`<de^gh<Y:l191ambv�$ambMXG^ghPbMx�Â.a_fi�nacb��[¾ o Â<xeY�^mr�V<amb��[¾ o Â�a_fi�nacb��[{ o �
g X�b:^_agacb ¤ ��9%�°l�`<�Ixefi`Ide^_hIY:l 9«X�bM^ga_ambi¾uÂ.X�b:^_agacbi{�Â�rs�uhIfMtI¾uÂPr+�uh<f:tI{ �
g hPlq^_¡.Y ¤ ��9 �«X�bM^_h �
g xkY:l�`<agd ¤ ��9 �³l�`<�Ixefi`Ide^_hIY:l 9LxeY:lq`<a_d�Âuj<xk^_h�de^clqf.¾�Âu^clqf:�ib:d �
g lqfia_�.Y ¤ ��91�±l�`<�<xkfi`<dk^_h<Yvl 9$xeY:l¹�¹Y�tuj�Â<©P`<t.�¼jP¾uÂ8©�`<t£�¼jP{�Â8©P`<tÀÂ%xef o Y:r�¾uÂÀxef o Y:r�{uÂ�lqXGf.fidkV�Â
`<h��$b:a_am¾ o Â�`<hu�³bMagac{ o �

g �³bMa o bMd ¤ ��9��°l�`I�<xefn`<de^gh<Y)9«�$bMa o bMd�¾ o Â<�³bMa o bMd�{ o �
U�V<Y$jPb:x�bMaga_Y�ag^_¯:b:de^gfih�f:��rsf o Y$^cl�j<xkY��u^ml�Y o �EfixCdkV<Y$h<Y�t�d��.Y�x�lq^_fih�Â.bMh o dkV<Y�jIxefi�nx�b:X�bMdk^_fih

deYvr�V<hI^c¢.`<Y«^cl�ambMxe�nY�a_p)b o<o bMjIdeY o dkf dkV<Y1�E`Ide`<xkY$jPbMx�bMa_agY�a_^g¯:bMdk^_fnh ¤ U�V<Y[lqdexe`�rsde`<xkY$fM�ÀdeVIY$rsf o Y
^cl�X�bM^_hIa_p'deVIY �Efna_agfM�$^gh<�69
� X�b:^_h 9� r+fihu®P�IÂ X�b:^_agacbuÂL^_h<^gd�Ârsb:a o dka�µ¶^gh<^_dk^cbMag^_¯:b:de^gfih%·� xkY:l�Y�tuj²µ¹b:a_�nfixe^gdeV<X6·!9� ©P`<t²µExef o Y:r�¾�fix[xef o Y:r�{uÂ<�$b:a_aÌ�¹ambv�
l�`I�<xefn`<de^gh<Y:l�·� �ix�b o µc©P`<t.�¹jP¾�fnx±©�`<t£�¼jP{.·� r�b:a o dka«µ¶de^gXGY¿l�deY�j�`Ij o bMde^gh<�u·� xeYvl�`<agd�Â �³bMa o bMd�µExeY:lq`<a_d�l�fi`<dkj<`<ds·

$u�



$i¾ � ¤ z0Y o ^��¿bMh o���¤ z0fiV�bMXGX�b o ^

U�V<Y°rsf o Y«`PlqY:l�bMh o �nY�h<Y�x�bMdeYvl�l�Y��.Y�x�bMa:®Pa_Y:l19��[�1U���Â�z �³] ��¤ b:X o �PbCfix�z ��] �)¤ bMX o �Pbi{�Â
´q}�´qU ¤ � � Â�] � ��¤ � � Â �¿}�� ¤�� fix �.¤ biler+^_^c¾ o Â �.¤ bilkrs^_^m{ o Â #²� � ��¤ �[�«U��)ÂCr o a ¤áo b:d�b�Â�~ ��]�´¶�
����� ��¤ U�f l�d�b:xed�b l�^_X�`<ambMde^gfihRfihIa_pSdq�°f ®PagY:lGb:xeY0hIY�Y o Y o 9 �[�«U��¸®Pa_Y o Ys®PhI^_h<�ËdkV<Y
j<xkfi�<agY�X¸jPb:x�bMX#Y�deY�x�l�b:h o z ��] ��¤�� ®PagY o Ys®Ph<^gh<�'deVIY jIxefi�Ia_Y�X o fiX�b:^_h o ^mlersxkY�de^g¯:bMdk^_fnh ¤
��a_aÀ^_h<jI`<d�b:h o fn`<dejI`<d±®�a_Y:l�`PlqY o b:h o �nY�h<Y�x�bMdkY o �upGdkV<Y'r+f o Y'b:xeY�h<f:� o Y:lkrsxe^g�PY o ^_h

o Y�d�bM^gacl 9

g z ��] ��¤ bMX o �PbuÂPz ��] ��¤ bMX o �Pbi{ � �.¤ b:X o �Pb�Â � ¤ b:X o �Pbn{¨� ]Iª°´e´1�EfixkX�bMd�l�b:xeY'`PlqY o
�Efnx�XGYvl�V o Y+®Ph<^_dk^_fnhËµ¶hIf o Y:l[rsf.fix o ^_hPb:deY:l+Â8Y�a_Y�XGY�hud�bMaÀrsfihIY:rsde^g�u^gdqp.Â.h<f o Y�xkYs�EY�xkY�hPrsY:l
µc�Exefih�de^gY�xGdkxe^cb:h<�iagY:l���^ghA{i� r�bnl�Yi· ¤ ´¹hA¾i��Â$dkV<Y|XGY:lqVS�EfixeX�bMdG^ml¨deV<Y²lqd�b:h o bMx o
� ¤ bMX o �Pb��EfixeX�bMd�ÂÀbMagxeY:b o p�`Pl�Y o ^_h0dkV<Y'r+f o Y�} ]<ª°¾ ���$Â�b:h o deVIY�xefn`<de^gh<Y'xeYvb o ^gh<�
dkV<Y)¾i� X#Y:l�VG^ml�deV<Y��Efna_a_f:�$^gh<�69
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1.

´¹hA{i� l�^_dk`PbMdk^_fnh ^mlGl�ag^_�iV�deagpSXGfnxeY�rsfiXGjIa_^cr�bMdeY o Â��PY:r�b:`Pl�Y²fM� deV<Y0�¼bnrsd�deVPb:d�dkV<Y
agfi�i^mr¨fM� deV<Y¨�Exkfih�de^gY�x�^ml o Ys®Ph<Y o dkV<xefn`<�iVË�¼bnrsY:lsÂ«�<`<d'^gh �¼bir+d'deV<Y6rsf o Y�`PlqY:l'bMaml�f
dkV<Y¨agfi�n^cr'fM�$dkV<Y�h<f o Y:l ¤ #²YGb:xeY#l�`<�n�iY:lqde^gh<�0dkV<Y¨`�l�Y�x�def6�.Y�xe^Ì�Ep0dkV<Y¨agfi�n^cr�fM�[dkV<Y
h<f o Y:l³�Efnx$Y:bir�VGjPb:xedk^crs`<ambMx[r�bnl�Y.Â�Y:l�jPY:r+^cbMaga_p��$V<Y�h�`Plq^_h<�'�³bMa_aÌ�¹amb��[l$bMh o l�p�XGXGY�dexep
�Pfi`Ih o bMxk^_Y:l+Â<deV<xkfi`<�nV6b j<xkYs�¹jIxef�rsY:lkl�fnx ¤ ´Òh#deV<^ml1lqY�hPlqY.Âu�°Y�`Pl�Y¿deV<Y�z ��] �)¤ bMX o �Pbi{
�EfnxeX�b:d�deV�bMd$^cl«Y:¢.`<^_�nbMagY�h�d1dkf'deV<Y l�d�b:h o b:x oT� ¤ b:X o �Pbn{ �EfixkX�bMd°Y�tIrsY�j<d«deV�bMd[bMd$dkV<Y
Y�h o f:�«deVIY ®�a_Y��°Y xkY:b o dkV<Y)bMxex�b�p0r+fih�d�bM^gh<^_hI�'deV<Y�a_fn�i^mr�fM�°b:a_a�h<f o Y:l 9
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1.

U�V<Y$X#Y:l�V)VPbilCdef¿�8Y o Ys®Ph<Y o ^gh'XGY�dkY�x�l+Â�^_h�¾i� ��Y o fih�¬ d°bir�r+Y�j<d�deV<Y$dkxe^cb:h<�iagY:l��$^gdeV
XGfnxeY'dkVPbMhËfnh<Y#l�^ o Y¨�PY�agfih<�n^_h<�6def�deV<Y'�Exefnhudk^_Y�x;i � ¤�� Yvl�^ o Y:lsÂ%dkV<Y�fixe^gY�h�d�bMdk^_fnh f:�
h<f o Y:l�^_h'Yvbir�V�dexk^cb:h<�iagY�^cl�^_X#j8fnxed�bMh�d �Efnx�dkV<Y[rsfiX#j<`<d�b:de^gfih�fM�ÀdeVIY$h<fixkX�bMa.^gh'¾i�)Â.l�f
dkV<Y�h<f o Y:l�^_h b�dexk^cb:h<�iagY�r+fih<h<Yvrsde^g�u^gd�p[d�b:�<a_Y°VPb��.Y�dkf��PY$fix o Y�xkY o rsfn`<h�deY�xq�qrsagf�r�¡��$^clqY ¤

g �[�«U��Ë��l�^gX¨`IacbMdk^_fnh o Y�jPY�h o Y�h�d�jPbMx�bMXGY�dkY�x�l�bMxkY[b o ye`�l�deY o ÂihPb:XGY�a_p 9�ª / � h�`<X��8Y�x�Â
dk^_XGY«^_h�deY��ix�b:de^gfih'j<xkf�rsY o `<xkY.Â.^_h<^gde^mbMa_^g¯:bMdk^_fnh�dqpujPY.Â r�V<fn^crsY°fM��fi`<dkj<`<dC®Pa_YvlsÂ.~$Y�p�h<fia o l
h�`<X��8Y�x�Â�].dkfi¡.Y:l�fix6}�b��u^gY�x��k].dkfi¡.Y:l'lq^_X�`<acb:de^_fnh�Â�dk`<xe�<`Ia_Y�hPr+Y0XGf o Y�a�b:j<j<a_^mr�bMdk^_fnh�Â
�³bMa_aÌ�¹amb��?r�V<fi^mrsY ¤
��h Y�t<b:XGj<agY'fM�[deVIY����«U�� ®PagY¨^ml �i^g�.Y�hË�PY�agfM�:9�}�b���^_Y�xq�e] defi¡.Yvl�� ¥G¦ § XGf o Y�a
�
~$Y�^cr�VPbMx o d«�$b:a_a»�¼acb��R�Efix$deVIY�l�^gX¨`<ambMdk^_fih'f:��deV<Y¿�Pbir�¡u�³bMx o �¼birs^gh<�'lqdeY�j#deY:lqd��Òr�bilqY.Â
O� � ��� �����+9
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g ´q}�´qU ¤ � � �[^»�$`�l�Y o Â o Ys®PhIY:l�deV<Y�^_h<^gde^mbMa o b:d�bG�Efix'lq^_X�`<acb:de^gfih ¤ U�VIY¨XGf l�d��iY�h<Y�x�b:a
r�bnl�Y�^cl«deV<Y�dk`<xe�<`Ia_Y�h�d1©Pf:�
rsfiX#j<`<d�b:de^gfih�b:h o dkV<Y�xefn`<de^gh<Y��$V<^cr�VGxkY:b o l�dkV<Y�®Pa_Y¿^_h
dkVPbMd¿r�bilqY�^cl 9
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g ] �:��¤ � � �«dkV<Y�l�fna_`<dk^_fnhG^cl°leb��.Y o ^ghGdeV<^ml½®PagY.Â.^_hGdkV<Y�lkbMXGY$�EfixkX�bMd³bil$´q}�´qU ¤ � � Ânl�f
^gd[r�bMh��PY�`Pl�Y o6o ^_xkY:rsdka_p�bil[bMh6^_h<^gde^mbMa�r+fih o ^gde^gfihG�Efix$dkV<Y�h<Y�t�d$xe`<h

g �¿}�� ¤�� �«®PagY:l��$^_dkV�dkV<Y�fi`<dkj<`<d[xeY:b o p¨�Efnx$j8f l�dkj<xef�rsYvl�^_hI�G^_h �¿}���w � � U

g #²� � ��¤ ���«U�� �%®PagY��$^_dkV��nbMag`<Y:l�fM�Àj<xkY:lelq`<xeY[b:h o �Exe^mrsde^gfih)rsf.Y���rs^_Y�hud�l8�Efix«b:a_a�h<f o Y:l
fnh�dkV<Y)l�fna_^ o �$bMagaCµEVPb��u^gh<�'xeYs�EY�xeY�hPr+Y�{.· ¤ U�V<Y�®PagY�^cl«xeY:b o p¨�Efix$dkV<Y�jPf.lqdej<xkf�rsY:lkl�^_hI�
^gh ��}���w � � U�Â«�EfixGY�tIbMX#j<a_Y ¤ ´¹d�rsfih�l�^clqd�lGfM�)dkV<Y0�Efiaga_f:�$^_h<� $Ërsfiag`<XGhPl19_K Â �8Â
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deVIYG�$b:a_a»�¼acb��Ãd�p�jPY|µ¹r+fixexkY:l�jPfnh o ^_hI�0def|dkV<Y�V<fiXGfn�iY�hIY�fi`Pl)}�Y�`<X�bMh<h rsfih o ^_dk^_fih²�Efix�dkV<Y
d�b:h<�iY�hudk^cbMa��.Y�a_f�rs^gd�pP· ¤
� fi`Ih o bMxkp6rsfih o ^_de^gfihPl
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fM���Pfi`<h o bMxep�rsfih o ^_de^gfihPlC^ml o fih<Y[deV<xkfi`<�nVGdeVIY�agfi�i^mr±f:��dkV<Y�hIf o Y:l1^gh¨dkV<Y�®PagY o Y+®Ph<^_hI� dkV<Y
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g agfi�i^mr��¿{�9«l�fna_^ o �Pfi`Ih o bMxkpG�«^_h�deVIY�acb:XG^_hPb:x$r�bnl�Y�^_X#j<a_^gY:l 2 � �uÂ<^gh�dkV<Y�de`<xk�<`<agY�hud
r�bnl�Y.Â�deV<Y#�$bMaga»�¼acb�� ^_X#j8f l�Y o²o Y�jPY�h o l fnh dkV<Y#r�V<fn^crsY�fM�¿deVIY¨�³bMa_aÌ�¹amb�� ^_hËdkV<Y�®�a_Y
�[�«U��Aµ !���dq��fM�¼acb�p.Y�xÁl�^gX¨`IacbMdk^_fnh�Âu�«��a_fi�nacb���Â�¾±�Á~$Y�^cr�VPbMx o d�¬l amb���Âu{$�Á~±Y�^mr�V�bMx o d�¬ál
ambv� �$^gdeV0jIxeY:lkl�`<xkY'�ix�b o ^_Y�hud�b:h o rsfnhu�.Y:r+de^_fnh6rsfixkxeY:rsdk^_fnhPlsÂ $'�[l�ag^_j<jI^_h<���Pfi`<h o bMxep
rsfnh o ^gde^_fnh%·
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dk^_fih6^cl o Ys®PhIY o bil ¥ �S l � � � �� b:h o�§ �S l � � � �� ´¶�Áh<Y:rsYvleleb:xep.ÂPdeVIY �nb:a_`<Y:l$�i^g�.Y�hG�Efix
dkV<Y�hIf o Y:l1�$^gdeV'dkV<Y�agfi�n^cr�� $�r�bMh��PY�Yvbil�^ga_p r�VPb:h<�iY o ^gh¨dkV<Y�lq`<�<xkfi`<dk^_h<Y $'56$ 0EÂ£^gh¨dkV<Y
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g agfi�i^mr�� � Â  9�jPY�xk^_f o ^mr��Pfi`<h o bMxkp0r+fih o ^gde^gfihPl«^_h#¾i� µ¶jPY�xk^_f o ^mrs^_dqp'^cl«j<xefn�ix�bMXGXGY o ^_h
� o ^_xeYvrsde^gfih�ÂPlqf¨dkV<Y'rsf o Y'l�YvbMx�r�V<Y:l�dkV<Y'r+fixexkY:l�jPfnh o bMh�rsY�f:�«deV<Y)h<f o Y:l$�$V<^mr�V�VPb��.Y
dkV<Y�a_fi�n^cr�Yv¢£`Pb:a%dkf �)b:h o ���$^gdeV�deV<Y l�X�b:a_a_Yvl�d o ^cl�d�bMhPr+Y�^_h\K%·�ÂIbMh o ^_h6{n�*µ¹b:aclqf'^_h
� o ^gxeY:r+de^_fnh�Â.�<`<d°V<Y�xeY[deVIY�rsf o Y�lqY:bMx�r�VIY:l1dkV<Y�r+fixexkY:l�jPfnh o bMh�rsY�fM��deVIY�h<f o Y:l«�$V<^cr�V
VPb��.Y�dkV<Y�a_fn�i^cr � bMh o �'bMh o deV<Y)lqX�bMaga_Y:lqd o ^cl�d�bMhPr+Y ^gh\K0bMh o �u· ¤
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^_h
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o ^gXGY�hPlq^_fih�bMa o fnX�bM^gh�deV�bMd°rsfixkxeY:lqjPfih o dkf�lqpuX#XGY�dexqp[fixC�³bMaga»�¼acb��[l��Pfi`<h o bMxkp�rsfih o ^_de^gfihPl ¤
´¹h<^_dk^cb:a_^_¯vbMde^gfih
}�f:��Â<deV<Y�`PlqY�x[r�b:h�jIxef�rsY�Y o �$^gdeV�deVIY o Ys®Ph<^gde^_fnh�fM�ÁdeV<Y�j<xkfi�<agY�X¸jPb:x�bMX#Y�deY�x�l1^gh�dkV<Y

®PagY����«U�� ¤ U�VIY'h<Y�t�d�jPfi^_h�d�^ml�deV<Y�^_hI^_de^mbMag^_¯:b:de^_fnh ¤ ´¶�°deVIY�®Pa_Y�´q}�´qU ¤ � � ^cl[h<fid�j<xkY:l�Y�h�d�Â
deVIY$^_h<^gde^cb:a_^g¯:bMdk^_fih��$^ga_a��8Y o fih<Y$�$^gdeV'deVIY$`<h<^»�EfnxeX l�fiag`<de^gfih�rsfnxexkY:l�jPfih o ^_h<��dkf�deV<Y o Ys�¼bM`<agd
�nbMag`<Y:l�bMd�dkV<Y«h<f o Y:l��$^_dkV�deV<Y«a_fn�i^mr�� $uÂ��$^_dkV�deV<Y°leb:de^mlÒ�¼bir+de^_fnh�fM�PdkV<YC�Pfi`<h o bMxkp'rsfnh o ^_dk^_fnhPl
�Efix¿deV<Y l�fiag^ o �8fn`<h o b:xep µ¶^_h6deV<Y)acb:XG^_hPb:x[r�bilqY�2�� �uÂP^_h6deV<Y'dk`<xe�I`<a_Y�h�d[r�bnl�Y � � � � � ¤
� deV<Y�xe�$^clqY.Â%dkV<Y¨�nb:a_`<Y:l�b:xeY�xeY:b o �ExkfiX�dkV<Y'®Pa_Y�´q}�´qU ¤ � � ÂPbnr�rsfnx o ^gh<��def�deV<Y�jPb:x�bMX#Y�deY�x
�nbMag`<Y�^_h�deV<Y�®PagY��[�1U�� µe���«�Efix$ambMXG^ghPbMx«©Pf:�[lsÂÀ¾ �«�Efix$de`Ixe�<`<agY�h�d�©Pf:�[l�· ¤
}�`<X#Y�xe^mr�bMa<^ghudkY��ix�bMdk^_fih
/�^_h�bMa_agp.Â�deV<Y#jPbMx�bMXGY�dkY�x�l[xeY�� bMx o ^_h<�|dkV<Y¨h�`<XGY�xe^cr�bMa�^_h�deY��nx�bMdk^_fnhËVPb��.Y¨dkf0�PY�r�V<f.lqY�h

^_hG®PagY��[�1U�� ¤ U�V<Y�jPb:x�bMX#Y�deY�x o Ys®PhI^_h<�'dkV<Y�l�^g¯�Y�fM�ÁdeV<Y¿de^_X#Y�lqdeY�j 4 ? +qÂPr�bMh��PY�d�bM¡.Y�h�bil� ¤ Â8dkV<^cl$��fnxe¡Il±�Efix¿bMagaCr�bil�Yvl±j<xkY:l�Y�hudkY o Â<Y�tIrsY�j<d$�Efix[deVIY¨].dkfi¡.Y:l�©Pf:�Ãl�^_X�`<ambMde^gfihPl+Âu�$V<Y�xeY
^_d$V�bil�dkf¨�PY�l�Y�d[l�X�b:a_a_Y�x ¤ ~±Y�� bMx o ^_h<��deVIY'l�^gX¨`IacbMdk^_fnh�l�dkfij<j<^gh<�#rsxe^gdeY�xk^_`<XºdeV<xkY�Y'r�V<fn^crsY:l
r�b:h¨�PY[X�b o Y ÂMdkV<Y�X�bMt�^_X'`<X?h�`<X��PY�x�f:��^gdeY�x�bMde^gfihPl+ÂideVIY�X�b:tu^gX'`<X?�na_fi��bMaPde^gXGY$b:h o dkV<Y
a_fn�.b:xe^_dkV<X¸f:�«deV<Y�XG^gh<^_X#bMaIh<fixkX�bMag^_¯�Y o xeY:lq^ o `Pb:a%�nbMag`<Y ¤
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