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S�TVU'WYX�Z\[ ]_^`W�aVbdcfeg^dhjikX�elhjmneo^`WY^`pqc�eo^`hji

r X�pgs_pgeoU'WYX'put'hjWYmVb`X�vnX�p
wyxoh{z|X�e}]F^diFa6p

~uc{mVm�hjx�e r X�xoX�t�T6X'xgt�T6X�i��F�f�{Z���[ �{an^`b�bdX�e��D�j�j�,[ �j�\m�c{�{X'p

�$�������8���{��� � XL^di�eoxoh r a6t'Xkc{i r�r ^`pot�a6pop"c�t'hjW��V^`i�cfeo^`hji�h{�uW�X�eqT6h r p�c{i r hjmVeg^dh{i6p\eqT�c�e
cf^`W�cfe�eqTVX$c{X�xoh r s_i�c{W�^dt'cfb hjmVeg^dW�^`¡Dcfeg^dhji¢h{�
c�£�h�¤+c{xoh{a6i r cfi�c{xg�V^`eoxqc{x�sAcf^`xot'xocf�¥e,poT�cfm�Xf¦
S�T6X,£�h�¤§^dpu�jh�¨jX�xoi6X r ��s©eoT6X�ªyaVb`X'x«X'¬Fa�cfeg^dhjiVp'­ r ^dpgt'xoX�eo^`¡'X r �Fs©c%®k^�vnX r ªyb`X'WYX�iFe�¯±°Rh{b`a6WYX
WYX�eoT6h r hjiLc�²VvnX r a6iVpgeqxga6t�eoa6xoX r eqX�eoxqc{TVX r x�^d¡'cfeo^`hji³¦ S�T6X�pgT�c{m;X}m�c{xoc{WYX�eqx�^d¡'cfeo^`hjiLxgX�b�^dX�p�hji
eoT6X%pg´F^`iµh{��eoT6XLc{�;h�¨jX"W�X�poTµeqTVxohja6�{T�c¶TV^`X'xoc{xot�Tn^dt'cfb�xgX'm6xgX'poX�i�e�cfeg^dhji·¦�¸«X'pgt'X�iFe�¯±e¹s_m;X©cfi r
º i6X»¯�]nT6hfe(c�bd�jh{xg^�eqT6WYp¼c{xoX r X�¨_^`poX r c{i r c r c{mVeoX r eqh,eqT6Xlpoh{b`aVeg^dhji�h{��c��½X�¤¾W�h r X�b�mVxohj�Vb`X'WYp�¦
¿©ÀFÁ�ÂoÃ�Ä ��Å��{� Æ h{W�mVaVe�cfeg^dh{i�cfb«£6aV^ rÇr s_i�cfWY^`t'p$¯"]_T�c{m;XÈhjmVeg^dW�cfb r X'p�^d�ji¾¯"É�xqc r ^dX�i�e
WYX�eoT6h r ¯«]nT6c{m�X�m�c{xoc{WYX�eoxg^`¡Dcfeg^dhji�¯«]_eoX'X'm;X'p�e r X�pot�X'i�e�¯ º mVeg^dW�^`¡Dcfeg^dhjiÊ¯«®©aVb�eo^�bdX�¨jX�b�hjmVeg^�¯
W�^`¡Dcfeg^dhjiL¯¼ªyaVb`X'x
X'¬Fa�cfeg^dh{i6p
¯¼Ëli6pgeoxoa6t�eqa6xgX r W�X�poT�¯¼S�xoc{i6pomn^dxocfeo^`hjikt'hji r ^`eg^dhjiVp
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 	 � � hjaVp�m6xohjm;hjpghji6p�X�e r ^dpgt'aVeohji6p�a6i6X�t�hjW��n^di�c�^dpghji r X\W���eqTVh r X�p�X�e r�� hjmVeg^dh{i6p
r X�pgeg^di���X'p���b � h{mVeo^`W�^dpocfeo^`hji�c���xoh r s_i�c{W�^d¬Fa6X r X«büc,�½hjxoWYX r�� a6i�cD¨F^`hjiLmVb`hji6��� r c{i6p�a6i���t'hja_¯
b`X'WYX'i�e r�� cf^`x'¦�� � �'t'h{aVbdX�WYX'i�e
X'p�e
W�h r ��b`^`p���m�cfx¼b`X'p��'¬Fa�c�eo^`hji6p r�� ªyaVbdX�x'­ r ^dpgt'x���eo^`p���X'plm�c{x(aVi6X
W���eoT6h r X�W�^�v_eqX���b���W�X�i�e! �¨{h{bdaVW�X,poaVxlaVi6X}e"��eqxqc#� r x�^dpocfeo^`hji�i6hji�pgeoxoa6t�eqa6x$�'Xf¦%��c\m�c{xoc{W���eoxg^ ¯
pocfeo^`hji r X}bdc��½h{xoWYX�p � c{m6m6an^dX,poa6x�b`X�W�cf^`b�bdc{�jX r X�m;XDc{a�m�c{x�b � ^di�eqX�xoW�� r ^ücf^`xoX r�� a6i6X�xoX�m6x���poX�in¯
eqcfeo^`hji¶Tn^���xqc{xgt�TV^d¬Fa6Xf¦�¸«X�p�cfb`�jhjxg^�eqTVW�X�p r X,e¹s_m�X r X'pot�X'i�eqX�X�e�&¹hji6X»¯¹poTVh{e$',pghji�e�c r c{mne"�'p(��bdc
pgh{bdaneo^`hji r X,¬Fa6X�bd¬Fa6X�p«m6xghj�Vb`U'WYX'plWYh r U�b`X'p'¦
)§Ä �8� Â �+* 	 � W��'t'c{iV^`¬_aVX r X'p�£�aV^ r X'p�iFa6W���xg^`¬_aVXY¯
h{mVeo^`W�^dpocfeo^`hji r X��½hjxgWYX�¯
W���eqTVh r X r X
�jxoc r ^`X'i�e�¯³w�c{xqcfW,��eqx�^dpocfeo^`hji r X �½hjxgWYXR¯�mVb`a6p��jxqc{i r X r X'pot�X'i�eqX ¯·h{mVeo^`W�^dpocfeo^`hji,¯�hjmneo^`WY^`pqc�eo^`hji
W�aVb`eg^�¯±iV^�¨jXDcfan¯-�'¬Fa�cfeg^dhjiVp r�� ªyaVb`X'x�¯ W"c�^`b�bücf�jX�i6hjin¯±pgeoxoa6t�eqa6x$��¯ t�hji r ^�eo^`hji6p r X�eqxoc{i6pgmV^dxocfeo^`hji
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@ A = ÀCB 
 ;yÄ �����ED�� ÀLÄF< � � Ä D�� B D�� Ä ����
 À ��� B ��� G
�n¦�� Æ hji�eg^diFa6hjaVp«c{i r©r ^`pot�xoX�eqX,W�X�eqx�^dt�pµ¦�¦,¦�¦,¦,¦�¦,¦�¦�¦,¦�¦,¦,¦�¦,¦�¦,¦,¦,¦,¦,¦ H
�n¦ê� Ëli6pgeoxoa6t�eqa6xgX r W�aVb�eo^�bdX�¨jX�b�hjmVeg^dW�^`¡Dcfeg^dh{i ¦,¦,¦�¦,¦�¦�¦,¦�¦,¦,¦�¦,¦�¦,¦,¦,¦,¦,¦ �

I J � Ä 
 K©��Å���
 �V�fÅ � Ä ��= ÀML �8��Å B½À D;� 
 À �&= Ä Å 9ON
7V¦�� w�c{xqc{WYX�eqxg^`¡Dc�eo^`hji¶cfi r©r ^QP�X'xgX'i�eo^dc{�V^�b`^�e¹s ¦,¦,¦�¦,¦�¦�¦,¦�¦,¦,¦�¦,¦�¦,¦,¦,¦,¦,¦ �"R
7V¦ê� S�hjxgW"c�b r X'x�^`¨fcfeg^dh{i©h{��eqTVX,�{xqc r ^`X'i�e
�½hjx
ªyaVb`X'x ¦,¦�¦�¦,¦�¦,¦,¦�¦,¦�¦,¦,¦,¦,¦,¦ ���
7V¦T7 � TV^`t�T¶mn^`¨{h{elpom�c{t�X,�½h{x
c"É�xqc r ^dX�i�euWYX�eqT6h r>U ¦�¦�¦,¦�¦,¦,¦�¦,¦�¦,¦,¦,¦,¦,¦ �"7

? ) � *¥� B * ÀWV;À *y� * LMÄ � B ��= 
 � <±Ä �L�"=�� ;yÀ�ÄF; � B 
 B�X �n� B=Ä D 9�I
Z6¦�� ®©anb`eg^`b`X�¨{X�b�m�c{xqcfW�X�eqx�^d¡'cfeo^`hji��½hjx�7j¸ poT�c{m;X'p ¦�¦,¦�¦�¦,¦�¦,¦,¦�¦,¦�¦,¦,¦,¦,¦,¦ �"7
Z6¦ê� S�T6X,W�anb`eg^`b`X�¨{X�b9cfbd�{hjxg^�eqT6WYpZY¼É�xqc r ^`X'i�e'­ º iVX�¯�]_T6h{e ¦,¦�¦,¦,¦�¦,¦�¦,¦,¦,¦,¦,¦ �'Z

G � ;5; * B �j�n� B=Ä Dµ� Ä IE[ � À � Ä Å Á D�� 
 B ��� 9 G
Hn¦�� É}bdh{��cfb�c{mVm6xoh�cft�T¶¦,¦�¦,¦�¦,¦,¦,¦,¦,¦�¦,¦�¦,¦,¦�¦,¦�¦�¦,¦�¦,¦,¦�¦,¦�¦,¦,¦,¦,¦,¦ ��H
Hn¦ê� \§�½X�¤ X�vVc{WYmVb`X'p ¦,¦�¦,¦�¦,¦,¦,¦,¦,¦�¦,¦�¦,¦,¦�¦,¦�¦�¦,¦�¦,¦,¦�¦,¦�¦,¦,¦,¦,¦,¦ ���

] ^ Ä D��+* ��� B=Ä D @ G
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º mVeg^dW�cfb9poT�c{m;X r X�pg^`�ji�^diÊcfX'xoh r s_i�c{W�^`t'p}^`p}�jX�eoeo^`i6�LW�cfeoa6xg^�e¹s�c{i r ¤�^`b�b xgXDc{t�T�^`iÈeqT6X\iVX�v_e
²6¨{X�sjXDcfxopyeqT6X
m;h{^`iFey¤
TVX'xoX
�;X'p�e c{i�cfb�s_pg^`p¼t�h r X�p�� � c�¨F^`X'x|¯�]_eohj´{X�p
	 ¤�^`b�bM��X�^`i�¨jh{b�¨jX r ^`i"c}b`hnh{m
hjmneo^`WY^`¡�^`i6�YeqT6h{a6pqc{i r p
poT�c{m;X,m�c{xqcfW�X�eqX�xop'¦
]_^`i6t�Xl�;h{eoT�m6c{xqc{WYX�eqX'xgp c{i r £�h�¤ ¨fc{xg^dc{�Vb`X'py¤�^�b`bM�;X�xoX�m6xoX�poX�iFeoX r ��sYc}bdc{xo�{X�i_aVW��;X'x h{�·aVi6´j¯
i6h�¤
i6p�­�^`eu��X�t'hjWYX�pl^`WYm�hjx�e�c{i�eleqh r X'x�^`¨{X�X���t�^`X'i�e}pgh{bdaneo^`hji  fhjmneo^`WY^`¡Dc�eo^`hji¶WYX�eoT6h r pl¤�^�eqT¶c
WYh r X'xocfeqX�t�hjWYmVbdX»v_^`e¹s�¤
T6X�i©eqTVX,iFa6W���X�xuhf��¨fc{x�^üc{�nbdX�p
^`p�^diVt'xoX'c{poX r ¦

� X$hj�6pgX'xg¨{XLeqT�cfe�eqT6XLt�hjWYmVbdX»v_^`e¹sµ¬Fa6X�pgeg^dhji ^`pYc r6r xgX'popgX r �½hjx�£6h8¤ pohfbdaVeg^dh{i���s W"cfiFs
¤¼hjxo´Fp�­�¤�^`eoT¾pohjWYX©poa6t�t'X'pgp$¤
T6X'i.®kaVb`eg^�¯|É�x�^ r �±®ÈÉ�	Ycfbd�{hjxg^�eqT6WYp%c{xoXka6poX r�
 eoT6X'pgXÈcfb`�jhf¯
x�^`eoT6WYp r ^dpgmVbdc�s�c}t'hji�¨jX�xo�jX�i6t'Xlxqc�eqX(eoT�cfe r h_X'p iVh{e r X'�{xqc r X�¤
TVX'i�eqT6X�iFa6W���X�xRh{�;a6i6´Fi6h�¤
i6p
^`p}^diVt'xoX'c{poX r ¦ � X�t�hji6t'X�i�eqxqc�eqXY^di�eqTn^dp�m�c{m;X'x�h{iÊeoT6XYhjmVeg^dW�^`¡Dcfeg^dhjiAm6xghj�Vb`X'W c{i r ¤¼X�bdh_hj´
�½hjx�cfb`�jhjx�^`eoT6WYp�eqT�c�e�¤¼hjaVb r cfbdpghÈT�cD¨jX�ckt'hji�¨{X'xo�{X'i6t�XkxocfeqX�^diVpoX'iVpg^�eo^�¨jXLeqh¶eoT6X$iFa6W���X�x\h{�
hjmneo^`WY^`¡'X r m6c{xqc{WYX�eqX'xgp'¦

º i6XY²�xop�e�X�popoX�i�eo^dcfb�hjmneo^`hjiA^`p�eqhkt�T6hnh{poX"eoT6XY¤�cDsÊeqhkm�c{xoc{WYX�eqx�^d¡�X�eoT6X�poT�c{m;X{¦�¸ua6X�eoh
eoT6X�i6X't�X'pgpg^�e¹s�eqh��=c{t'X�W�c{i�s�i_aVW�X�xg^`tDcfb r ^���t'anb`eg^dX�p��=pgb`h8¤ t'hji�¨{X'xo�{X'i6t�X{­_hjpot�^`b�büc�eo^`hji6p
	»­Fi_aVW�X»¯
xghja6p�c{aVeqTVhjxop�T�cD¨jX"m6xoX��½X'xgxoX r eqT6XY^di�eoxoh r a6t�eg^dh{i h{� Æ \}¸l¯þe¹snm;X%m6c{xqc{WYX�eqxg^`¡Dc�eo^`hji6p��?pomnb`^`i6X'p�­
¦�¦`¦�	�¦©S�TV^`p�cfb�bdh�¤
p�poWYhnhfeqT�pgT�c{m;X'p�c{i r �=c{pge�t'h{iF¨{X'xg�jX'i6t�X�W"c�^diVb�sA��X�tDc{aVpoX%eoT6X%iFa6W���X�x\h{�
X
P·X�t�eo^�¨jX�m�cfxqc{WYX�eoX'xgp
^`p�poW�cfb�b?¦ Æ hji�¨jX'xgpoX�b`s{­;¤
T6X�ikeoT6X�iFa6W��;X'x�hf��eoT6X'pgX�pomVb�^diVX,m6c{xqc{WYX�eqX'xgp
^`p
pg^`�jiV^�²�tDc{i�egb`sLbdc{xo�{X'x'­Vhjpot�^`b�büc�eo^`hji6puc{m6m;XDc{x�¦
� h8¤�­�eqT6XYbdc{xo�jX�iFa6W��;X'x�h{��m�cfxqc{WYX�eoX'xgp�^`p�pghjWYX�eo^`WYX'p��½X�b`e�c{p�c©i6X�t'X�popg^�e¹s eohk²6i r poT6c{m�X�p
pocfeo^`pg�¥sF^`i6��eoT6X�¤
T6h{b`X�poX�euh{��t'hjiVpgeqxocf^`iFeop'¦
�¹iYeqTV^`p m�c{m;X'x'­�¤¼Xut�hji6i6X�t�e¼m�c{xoc{WYX�eqx�^d¡'cfeo^`hji�¤�^`eoT"pgh{bdaneo^`hji$cfb`�jhjx�^`eoT6W�c{i r pgT6h�¤¾eqT�c�e¼pghjWYX
�½a6iVt�eo^`hji�c�b�c{i�cfb�s_pg^`puW�cDs�T6X�bdm�eqhY�6aV^�b r cYxoX��jaVbdc{x�W�aVb�eo^�b`X�¨jX�b9m6c{xqc{WYX�eqxg^`¡Dc�eo^`hji³¦

º i6X(pgX't�hji r X'pgpoX'i�eg^ücfbVhjmVeg^dhji�^dp9eoh«t�hjWYm6aVeqX(poX'iVpg^�eo^�¨_^�e¹sj­FeqT6cfe9^`p r X�xg^�¨fcfeo^�¨jX�hf��^dWYm;hjxgeqc{i�e
¬Fa�c{i�eg^`eg^dX�p��þc�e�b`XDc{p�e�eoT6X"�½aVi6t�eg^dhji6cfbReqhkWY^`iV^`W�^d¡�X�	,¤�^�eqT¢xoX'pgm�X�t�e�eqh¶m6c{xqc{WYX�eqX'xgp 
 ^`i¢�=cft�eD­
WYhjp�eRWY^`iV^`W�^d¡'cfeo^`hjiYm6xoh_t'X�popgX'p xoX�b�s\h{i�poX'iVpg^�eo^�¨_^�e¹s 
 �6aVey¤
T6X�i�eoT6X�¨fc{xg^dcfeg^dhjiVpyc{xoX�t�hjWYm6aVeoX r
��s r ^�¨F^ r X rÈr ^�P�X'xoX�i6t'X�p'­MeqT6X�t�hjWYm6aVe�c�eo^`hji�cfb�t'h{pgela6poa6cfb`b�s�X�vnt�X'X r p��Êeo^`W�X�pleoT6X�t'hjp�elh{� hjiVX
�½a6iVt�eo^`hji�c�bHX�¨fcfb`a�cfeg^dhji�¤
T6X�xoX��Ê^`p�eqT6X�iFa6W���X�xuh{��m�c{xoc{WYX�eoX'xop�¦
Æ hji�eoxqc{x�^`b�sj­�poh{b�¨F^diV�Èc{i¢c r z|h{^`i�e,pgs_pgeoX'W��½hjx�t'hjWYm6aneo^`i6�©eoT6X"�{xqc r ^`X'i�e�h{� eqT6XY�½a6i6t�eo^`hji�cfby^`p
i6h©WYhjxoX�t'hjp�eob�sÊeqT�c{i t'hjWYm6aVeg^diV�¶hjiVb�sAhji6XY�½a6i6t�eo^`hji�cfb(c{i r s_^`X�b r p�� ^`iV�½hjxoW�cfeg^dh{i6p'¦kS�TV^`p
m;h{^`iFe�h{��¨F^dX�¤+^dp\iVh{e�¨{X'xgs¢i6X�¤��=poX�X%�½hjx�X»vVc{WYmVbdX��Î��R���	»­ �6aVe��{X'i6X�xqcfeoX'p\t�X'xgeqcf^`iµm6xqc{t�eo^`tDcfb
m6xghj�Vb`X'WYp�¤
T6X'iA¤
xg^�eo^`i6�©eoT6X r ^QP�X'xgX'i�eo^dcfeqX r t�h r X 
 h{i6X%cfi6pg¤¼X'x�^dp�c{aVeohjW�cfeqX r h{x�cfpopg^`pgeoX r
r ^�P�X'xoX�i�eo^dcfeo^`hji���� � �þ­!� ��R��"	�¦
� ^�eqT r ^QP�X'xgX'i�eo^dcfeo^`hji#�?c{aVeqh{W"c�eqX r hjx"��s�T�c{i r 	�­�bdc{xo�jX�7j¸ �jX�hjWYX�eoxg^`X'p%^`iÇªyaVbdX�xg^dc{i £�h�¤
t�hjaVb r ��X�T�cfi r b`X r ^diAc$�jxoc r ^`X'i�e�b`hnhjm 
 h{i6X�e¹s_mV^`tDcfbRX»v6cfW�mnbdX�^`p}�{^�¨jX'iA��s$�Î�����?¦!\�¦H�jc{WYX»¯
pghji � p,h{mVeo^`W�^d¡'cfeo^`hjiAW�X�eqT6h r m6xoX�poX�iFeop\cL�jh_h r t�hji�¨jX�xo�jX�i6t'X��½hjx}xqc�eqT6X�x,TVXDcD¨FsÊW�X�poT6X�p�cfi r
�½hjx
c\bdc{xo�{X�i_aVW��;X'xlh{�9t�hji�eqxgh{b�m�c{xoc{WYX�eqX�xop 
 ¤¼X r ^`pot�a6pop
eqTn^dplpgeoxqcfeoX'�{s$^`iLeqT6X�pgX'¬Fa6X�b?¦
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\+poX�t'hji r m�cfeoTÊeohkb`X'pgp�t�hjpgegb`sÈhjmVeo^`W�^d¡'cfeo^`hji cfb`b`h�¤(X r ��s�eoT6X r X'x�^`¨fcfeg^dhjiAh{�(c{i¢c r z|h{^`i�e
p�snp�eqX�W ^dp}eoh�poh{b�¨jXYpg^`W�anb`eqc{i6X'h{a6pgb�s�eqT6X�t�hjW��n^di�c�eo^`hji¢hf�¼p�e�cfeoX�pgs_pgeoX'W �½eqT6X\£�h�¤ 	»­�c r z|h{^`i�e
p�snp�eqX�Wk­_c{i r hjmVeg^dW�cfb�^`e¹s�X'¬Fa�cfeg^dh{i�xoX�bdcfeoX r eqhueqT6X��{xqc r ^`X'i�eyhf���½a6i6t�eg^dh{i�cfb?¦yS�TV^`p9^dpypga6�j�jX�pgeoX r
��s�S�c � c{pqc{ikX�eucfb?¦Rc{plc &|hjiVX�¯¹pgT6h{e '�WYX�eoT6h r � � �þ¦
º i6t'X}eoT6X�m6xghj�Vb`X'W ^`p(�½hjxgW�aVbdcfeoX r c{p
c\W�^din^dW�^`¡Dcfeg^dhji�m6xghj�Vb`X'W ¤�^`eoTk�{xqc r ^`X'i�e'­6hjx�c{p�c{i

hjmneo^`W"c�b`^�e¹s�pgs_pgeoX'W�­6^`e ^`p�m�h{popg^`�Vb`X«eqh�t'hjW��V^`i6X}eqT6Xl^`eoX'xocfeo^�¨jX}pgXDc{xgt�T$�½hjxReqT6Xua6i6´Fi6h�¤
i6p�¤�^�eqT
c�W�anb`eg^�¯±�jxg^ r hjxRc�W�aVb�eo^�bdX�¨jX�b·WYX�eoT6h r ¦ �¹iYeqT6X
poX�¬Fa6X�bM¤¼Xlt'cfb�bMW�aVb�eo^ ¯¹�jx�^ r c�WYX�eoT6h r ^`i�¤
TV^`t�T
c«b`X'pgp¼t�hjWYmVbdX»vYpgs_p�eqX'W ^`pR�6aV^�b`e'­���c{pgX r hjiYt'h�c{xgpoX�x �{xg^ r cfm6m6xohDv_^`W"c�eo^`hji 
 ^`i�t'hji�eqxoc{pge'­j^diYeqTVX
W�aVb`eg^`b`X�¨{X�b9W�X�eqT6h r eoT�cfel¤(X�m6xoh{m�hjpgX{­;t'hjxgxoX�t�eo^`hji6p«c{xoX�cfb�¤�cDs_p«t�hjWYm6aVeoX r �½xghjW eqT6X�a6iV^`¬Fa6X
²�iVX,�{xg^ r ­�c{i r W�anb`eg^`b`X�¨{X�b�b`^`i6�%^`p
hjm�X�xqcfeoX r eqT6xghja6�jT�m6xgX't�hji r ^�eo^`hjiV^`i6�6¦

º a6x,t'hji�eqx�^d�VaVeo^`hji¢^`p�eqh¶�VaV^`b r ckW�aVb�eo^�b`X�¨jX�b�WYX�eoT6h r xoX�b`sF^`i6�¶h{i�c��jxqc r ^dX�iFe\c{m6m6xgh�c{t�T³­
c{mVmVb`^`tDcf�VbdXueqh�eoT6X �5D������ ���{� ��� À Å xgX'm6xgX'poX�i�e�cfeg^dhji�h{��c�poT�c{m;X�c{p eqT6X«po´�^diLhf��c 7j¸�eoX�eqxoc{T6X»¯
r x�^d¡'cfeo^`hji³¦ S�hjx«eqTn^dp�m6aVxom;hjpoXf­�¤¼X�c{m6mVb�s¶eoT6X�¨jh{b`a6WYX�¯¹c{�j�{b`hjWYX'xocfeo^`hjiÊm6x�^di6t�^dmnbdX�^`iFeoxoh r a6t�X r
^`i�� ���H�½h{x�a6i6pgeoxoa6t�eqa6xgX r W�aVb�eo^ ¯¹�jx�^ r pohfbdaVeg^dh{i©h{�9ªyaVb`X'x�£�h�¤
p'¦
S�T6XlxoX�büc�eo^`hji%�;X�e¹¤¼X'X�i$bdX�¨jX�b`p¼^`p(xgX�¨F^`pg^�eqX r 
 i6X�¤ eqxoc{i6pg�½X�x¼h{m�X�xqcfeohjxop c{xgX r X�xg^�¨jX r �½hjx¼c,t�T6X'c{m
t�h�c{xopgX�¯þbdX�¨jX�b�m6xgh{z|X't�eo^`hji³¦Rwyxohjm;X'x�eo^`X'p¼h{�·eoT6X«m6xghjm;hjpoX r WYX�eoT6h r c{xoXuc{i�c�b`s_poX r ^`iLc,p�^dWYmVb�^�²�X r
t�hji�eqX�v_e��=�½hfb`b`h�¤�^di6� � Z ��	¼�½h{x�¤
TV^dt�T©eqT6X�W�cf^`ik�½X'cfeqaVxoX'plh{��eqT6X�WYX�eoT6h r cfxoX�xoX�tDcfb�bdX r ¦
S�T6X"W�aVb�eo^�b`X�¨jX�b�WYX�eoT6h r ^dp�^`i�eqxgh r aVt'X r X�^�eqT6X�x�^di�c{i hjmneo^`WY^`¡Dc�eo^`hji b`hnhjm¢hjx�^`iµckhji6X�¯±poT6hfe
^�eqX�xqcfeg^dhji·¦��±eqp�^di�eoX'xoX�pge�^dp r X'WYhji6p�eqxocfeqX r ��s cfi c{mVmVb`^`tDc�eo^`hji¢eoh>7j¸ c{X'xgh r s_i�cfWY^`tDc�b¼pgT�c{m;X
hjmneo^`WY^`¡Dc�eo^`hji�^di�¤
TV^`t�T"eoT6X
poT�c{m;X�¨fc{xg^dcfeg^dhji�^`p c{t't�hja6i�eqX r �½hjxy��sYc«eoxqc{iVpomV^`xqcfeg^dh{i"�;hja6i r c{xgs
t�hji r ^�eo^`hji³­nc{p xoX't�hjWYW�c{i r X r ��s%¸�¦�� hjaVi6�\c{i r t'h�¯±¤¼hjxo´fX'xop ^di � ���þ­nc{i r ¤
TV^dt�T%X'i6pga6xoX�p(eqT�c�e
eoT6X��½a6i6t�eg^dh{i�cfb³^`p
xg^`�jhjxoh{a6pgb�s�c r ^QP�X'xgX'i�eo^dc{�Vb`X,hji6X{¦
S�T6X
m�cfm�X�xR^`p hjxo��cfiV^d¡�X r c{py�½h{b�bdh�¤
p�Y9^`i%c}²�xgpge¼poX't�eo^`hji³­F¤(X r ^`pot�a6pop eqT6X
^`iFeoX'xgX'pge¼h{��t�T6h_hjpg^`i6�
c\�½a6i6t�eo^`hji�cfb�hjx�t�hji�eo^`iFa6hja6puW�X�eqx�^dt�pu�½hjx�hjmneo^`WY^`¡Dc�eo^`hji 
 eoT6X�W�aVb�eo^�bdX�¨jX�b hjmVeg^dW�^`¡Dcfeg^dh{i¶cfb`�jhf¯
x�^`eoT6W ^`p�^di�eqxgh r a6t'X r �½hjx�cLpg^`WYmVb�^`²�X r WYh r X�bRm6xghj�Vb`X'W�¦ �¹i¢c�pgX't�hji r pgX't�eo^`hjiA¤¼X�h8¨{X'x�¨_^`X�¤
eoT6X}W�cf^`iL¬_aVX'pgeg^dh{i6plc{xg^`pg^`i6�\^`i$eqT6X r X�xg^�¨fcfeo^`hjiLh{��eqTVX}�jxqc r ^dX�i�e�h{��eqT6X«poh{b`aVeo^`hji�h{��c�w�c{xgeg^ücfb
¸u^�P�X'xoX�i�eo^dcfb ªy¬Fa�cfeg^dh{i³¦ �¹i¶eoT6X,eoTV^`x r pgX't�eo^`hji³­M¤(X,^di�eqxgh r a6t'X�eqT6X,W�anb`eg^`b`X�¨{X�bRc{�{�{bdh{W�X�xqcfeg^dh{i
WYX�eoT6h r �½hjx,poT�cfm�X�hjmVeg^dW�^`¡Dcfeg^dhji·¦ �¹iAeqT6X�bücfpge�poX't�eo^`hji³­9¤¼X%mVxoX'pgX'i�e�pghjWYX%c{mVmVb`^`tDc�eo^`hji6p�eoh
7j¸ c{X�xoh r s_i�c{W�^`t'p'¦

� � 1L	 �'� * �,�����,��&(	����Ç� &¼�������'���L����2 � 	������'&(2
���
	 �
�������
�������������������
��� �"! �"!$#%! �"�&�'� �
�HX�eua6p
¤
xg^�eqX�c�pgX't'h{i r ¯¹h{x r X�x«X�b�b�^dmVeg^dt�t'hji�eg^diFa6hjaVp��)( iVh{e r ^dpgt'xoX�eo^`¡'X r 	«w9cfxgeo^dcfb�¸u^�P·X�xoX�iFeg^üc�b
ªy¬Fa�cfeg^dhji©c{p��½h{b�bdh�¤
p Y *

+-, .0/ �21 �g��	
c{i r ^�eqp r ^`pot�xoX�eo^`¡Dcfeg^dhji Y *

3 + 3 , . 3 / �
154 �±� 	
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\§i�c�eqa6xocfbH^ r XDc\�½hjx�pohfb`¨F^`i6� �þ� 	¼^dp�eoh�mVaVe$Y

+�� ���3 , +�� 3�� �
	 * 3 + 3 � . 3���
 ��7 	

\ui©c�büc{xgW�^di6��xoX�W�c{xo´%�½h{x ��7 	¼^`p�eqT�cfe
^�e
T�c{p
i6hYxoX'c{poh{i�c{�Vb`X�t�hji�eo^`iFa6hja6plt'hjaViFeoX'xgm�c{xgelp�^di6t�X

+ � ��� , + � � �
	 * + � . � �?Z 	
¤¼hjaVb r iVh{e
m6xoh r a6t�X�c�pgW�h_h{eoTkX�i6hja6�{T + � ��� �½hjx�t�hjWYm6aVeo^`i6� * + � ��� ^`ikeoT6X�i6X�v_e
^�eqX'xocfeo^`hji³¦� X}i6h{eoX«^`iLm�c{pop�^diV�YeoT�cfe�eoTV^`p�´�^di r h{��cft't�^ r X�iFelT�cfp�WYh{eo^�¨fcfeqX r eqT6X r X�¨jX�bdhjmVW�X�i�euhf��pgWYhnhf¯
eoTV^diV�¶hjm;X'xocfeqhjxgp�a6pgX r ^`i eqTVX � cfpoTn¯|®©hjpoX�x�eqTVX'hjxgX'W �?pgX'X �Î�����"	 
 c{iVh{eqT6X�x,¤(cDs¢eohÈ�6aV^�b r c
0 ��� ���	� �F����� �	� 

�1����������^`pReqh�^di�eoxoh r a6t'Xuc)46�	����� ��

������0���­ r X�²�i6X r ��s�c�]nhj�;h{bdX�¨Ypom�cft'X�� � cfi r
^�eqp
pot'cfbdc{x�m6xoh r a6t�e$Y

� +���������� , �! #"�$ + 4 $%�'& 1 (  )"�+��'& 1 
 � H 	

*lX'xoXf­�eoT6XYxoX'cfbRm�h{pg^�eo^�¨jX�m�c{xqcfW�X�eqX�x � ^dp�^di�eoxoh r a6t'X r �½hjx�pgT6h�¤�^diV�©eqT6cfe,W"cfiFsÊWYX�eqxg^`t'p�c{xgX
m;hjpop�^d�nbdX��½hjx�� � ­Mc{i r ¤(X�poT6cfb`b�mVaVe
^di�eqT6X�pgX'¬Fa6X�b � , + ¦

S�hjx pg^`W�mnb`^`t�^�e¹sj­6¤¼X�c{pgpoa6WYX}eqT6cfe ����	y^`i�¨jh{b�¨jX�pl¸u^dx�^dt�TnbdX�e
��hjaVi r c{x�s"t�hji r ^�eo^`hji6p(hji-, 1.pgh
eoT�cfeD­M^`iFeoxoh r a6t�^di6�"eqT6X�poa6�6pgm�c{t�X%� �. h{�y�½aVi6t�eg^dhjiVp«h{�/� � eqT�c�eu¨fc{iV^`poT�h{i©eqTVX��;hja6i r cfxgskh{�1}­6¤¼X�T�cD¨jX Y * 0 � �. ��1 	 � �. �32 �þ� 	
¤
T6X�xoX 	 � �. � 2 ^`p
eoT6X�eqhjm;h{b`hj�{^`tDcfb r a�cfb�h{�4� �. ¦ � h�¤�­6eqT6X�xoX�X�v_^`pgeqp«c�tDc{i6h{iV^dt�^`pohjWYhjxgm6TV^`poW Y

5 0 	 � �. �62 ��1 � �. �±� 	
r X�²�i6X r c{p��½h{b�b`h8¤
p$Y 	87 � + �69 � �:<;>=@? � �: , � 5 7 � +A�B� � � � 	
c{i r X»vnmVb`^`t�^�eob�skt'hjWYm6aneqX r ��sLpoh{b�¨F^diV��eoT6X!�)���@������� 
DC,�E���������MY

EF5 7 , 7 / � 1 � 5 7 , G / �H, 154 �þ� 	
S�T6X�i³­6¤¼X�t'c{i©t�hji6p�^ r X�xleoT6X 0 ��� ���	� � ������cfb`�jhjx�^`eoT6W Y

+�� ��� , +�� � � 5 	 * + � . � 4 �g��R 	
�¹i eoT6X$t'c{poX$¤
T6X�xoX

*
^dp\p�s_W�WYX�eqxg^`t{­ �g�"R 	�^`p�c>S�a6i6t�eo^`hji�cfb �HXDc{p�e�]n¬Fa�c{xgXLcfb`�jhjxg^�eqTVW IC���

É}bdh�¤�^`i6po´�^5

�5��� � � 7��_�½hjx�W�^diV^`W�^d¡�^diV���Fs�cu�{xqc r ^`X'i�e ^�eqX�xqcfeg^dh{i�eqTVX(�½a6i6t�eo^`hji�cfb_¤
T6hjpgX��jxqc r ^dX�i�e
^`p
*
+ � . ¦
S�T6XY^di�eoX'xoX�pge�^di¢�6aV^�b r ^`i6��cfi cfb`�jhjx�^`eoT6W �½hjx�eoT6X"t�hji�eo^`iFa6hja6p\WYh r X�bR^`p,eoT�cfe�eqTVX"t�hji�eo^ ¯

iFa6hjaVp\cfb`�jhjx�^`eoT6W T�c{p�c©t�hji�¨jX'xg�jX'iVt'XLxqc�eqXYeqT�cfe�tDcfi6i6h{e���X�^din£�a6X'iVt'X r ��sÊeqTVX"WYX'pgTµpg^`¡'Xf¦
S�T6X�i¢¤¼X"t'c{i¢eoxgs�eoh©�6an^`b r pghjWYX"t�hji6pg^`pgeoX'i�e r ^dpgt'xoX�eo^`¡Dcfeg^dh{i eqT�c�e,¤�^�b�b¼TVhjm�X��½aVb�b`sÊt�hji�¨jX'xg�jX
cfe«c%xocfeqX�i6h{e}pgh r ^�P·X�xoX�iFe«�½xohjW eoT6X\t'h{iFeg^diFa6h{a6p}xqc�eqX{¦«S�TV^`p}WYXDc{i6pueqT�cfe 
�����

� �������	��- ��
���J
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� �3����� 
���c{xgX,c{i�eo^`t�^`m�cfeqX r ¦
Æ hji�¨{X'xopgX�b�sj­F�½hjxyc}e¹s_mV^`tDcfb r ^dpgt'xoX�eqX
^`eoX'xocfeo^`hji�poaVt�T%c{p���7 	�­f^`ey^`p ¤(X�b`bM´Fi6h�¤
iYeqT�c�e eqTV^`p �jc{t�hj�V^ ¯
b�^d´fX�^`eoX'xqc�eo^`hji©T6c{plcYp�eqxghji6�{b�sLWYX'pgTn¯ r X�m�X�i r X�iFe«t'hji�¨{X'xo�{X'i6t�X\xqcfeoX{¦

®©hjxgX��jX'i6X�xqcfb�b�sj­6eqTVX,W�^`iV^`WY^`¡Dc�eo^`hji¶h{�9c\�½a6i6t�eo^`hji�cfb�� Y

�
0 � �. ��1 � � �g�j��	

t'c{i���X r hjiVX,��skc��jxoc r ^`X'i�e
^`eoX'xqc�eo^`hji�xoX�b�sF^diV�%hjiLeqTVX��½aVi6t�eg^dhji6cfb�hjm;X'xqc�eqhjx 5 Y

+�� ��� , +�� � � 5 � 2 	 +�� � 4 �g�8� 	
� XÊxoX't'cfb�b,eoT�cfe¶c{m6mVb�sF^diV���g��� 	"¤
TV^�bdX¢xoX'mnbüc{t�^diV� 5 ��s eqT6XÊ^ r X'i�eo^�e¹sÇ^dpkm�h{popg^`�Vb`X hjinb`s ^`i
r ^`pot�xoX�eo^`¡'X r ¨jX�xopg^`hji6p �?��s$^ r X'i�eg^`�¥sF^`i6�"e¹¤¼h%ªya6t�b`^ r X'c{i¶pgm�c{t'X�p
	ZY

+ � ���3 , + � 3 � � � 3 2 	 + � 3 � 4 �g��7 	
t�hji�¨jX'xgpoX�b`s{­
^`i eoT6X©t�hji�eo^`iFa6hja6p$t'c{poXf­ 5 ­(T�c{pYeqh �;X©c¢W�c{m6mV^`i6�A�½xohjW 	 � �. � 2 hji�eqh � �. cfpr X�²�i6X r ^`i��þ� 	�­ � � 	¼�½hjx��{^�¨F^diV�%c�WYXDc{in^di6�Yeqh ���8� 	�¦
\u��cf^`iÈ¤(XYt�bdcf^`W eoT�cfe r ^`pot�xoX�eo^`¡'X r ¨jX�xopg^`hji6p,h{� �g��� 	l¤�^�b`byT6c�¨{XY��X�eoeqX�x�t�T�c{i6t�X'p�eqhLt�hji�¨jX'xg�jX
cfe(c�xocfeqXl^di r X'm;X'i r X�i�e
h{��WYX'poTLp�^d¡�X«eqT6c{i �g�"7 	�¦yS�TVX«büc�eoeqX�x(hjmneo^`hji%^`p(pgeg^`b�b³aVpoX r �½xgX'¬Fa6X�iFegb`s{­
¤
TV^�b`X�eoT6X��½h{xoWYX'x�¤(c{p�t�TVhjpoX�i �½hjx�X�vVc{WYmVb`X%��s \�¦��jc{WYX�pohji � ��� � c{i r�� ¦�®©hjT�c{WYW�c r ^R^`i
�Î�DZ��?¦
\uiYcfb`eoX'xgi�cfeo^�¨jX
hjmneo^`hji\^dpyeoh�poh{b�¨jX�eqTVX�m6xohj�nbdX�W ��s�c�W�anb`eg^`b`X�¨{X�b;WYX�eqTVh r a6p�^diV��c{iYc r X'¬Fa�cfeoX
�½a6iVt�eo^`hji�c�bHi6hjxgWk¦

���)� � �����"�&��� �����"! � # ��� ���	�
!�
 !�� ��
����
# ��� � ���
���
� Xyeqa6xgi�i6h�¤�eohleoT6X¼W�cf^`i��½hnt�a6p�hf�VeqTn^dp�m�c{m;X'x�­�� J 
���4W46����01�����������  � �/�������	��

��

�E�*46���	�/�������������
�����������	� JO��¦ \«��c�^di$eoT6X«^ r X'i�eo^�²�t'cfeo^`hjikh{��c{i�c r X�¬Fa�cfeqX�t�hji�eo^`iFa6hja6p
WYX�eoxg^`t'p�^dp(h{��m�c{xqcfW�h{a6i�e
^`WYm�hjx�e�c{iVt'X{¦uS�TV^`p}m;h{^di�eu^dp«c{i�cfb�s_poX r ^`i r X�e�cf^�b`pu^`i$� Z����½hjx
eqTVX�W�^din^dW�^`¡Dcfeg^dhji�hf� eqT6X�c{�;h8¨{X
¬Fa�c r xqcfeg^dt'cfb��½aVi6t�eg^dhji6cfb �½eqT6X\w�h{^`popghji�m6xoh{�VbdX�W�	l^di©eqT6X�tDc{pgX\h{�Ra6i6p�eqxga6t�eoa6xoX r WYX�poT6X�p'¦ � X
pga6WYW"cfxg^`¡'X,i6h�¤ eqTVX,W�cf^`ikxoX'pgaVb�eqplh{��eoT�cfe
p�eqa r s{¦

� X,t�hji6p�^ r X�xleoT6X�W�^diV^`W�^d¡'cfeo^`hjikm6xoh{�VbdX�W Y

S�^di r �+���� poaVt�T©eqT6cfe �+ ,
*
� 7�������! !" � 	 + � �g�DZ 	

¤
T6X�xoX � ^`pRc *
^`b`�;X'xgeRpgm�c{t�X �=eqTn^di6´�h{��c�]_hj��hfbdX�¨\pom6c{t'X 	Rcfi r ¤
T6X'xgX�eqT6X
t'h{pgey�½a6i6t�eo^`hji�cfb#��^`p
t�hji�eo^`i_aVhja6p��½hjx(eoT6X«�½a6iVt�eo^`hji�c�b³i6hjxgW hf� � c{i r t'h{xoxoX�pom;hji r p�eoh\eqT6X��{¸§w�h{^`popghji�X'¬Fa�cfeg^dh{i Y

� 	 + � ,   " 	 +$�% $ + %'& � . + � &#( &*) 4 �g�&H 	

� X}^di�¨{X'pgeg^d�jcfeqX�eqTVX�c{m6mVb�^dt'cfeo^`hji�h{��eqTVX�W�aVb�eo^�bdX�¨jX�b�h{mVeo^`W�^d¡'cfeo^`hjiLeqh�wyxohj�nbdX�W �g�'Z 	 ^`ikh{x r X�x
eoh�mVaVe
^di�X�¨F^ r X'iVt'X�eoT6X���c{p�^dt,hjmVeg^dhjiVp�eqT�cfe
¤�^�b`b�c�b`b`h�¤§c{i�X ��t�^dX�iFe«W�aVb�eo^�b`X�¨jX�b9pgh{b`aVeo^`hji³¦

Û�Û öba'Þ»ï�à�ï



� ���5�C��� 0 ������+ '�� % 

������

���

S�T6X�W�aVb`eg^`b`X�¨{X�bRhjmneo^`WY^`¡Dc�eo^`hji�WYX�eqTVh r i6X�X r p�pgX�¨jX�xqcfbRt�h�c{xgpoX�b`X�¨{X�b`p'¦ S�hjxleqTV^`p}m6aVxom;hjpoXf­
�½xghjW c{i�s}eoxg^dc{i6�janbücfeg^dh{i�� 3 ­�¤¼X ^`i�eqxgh r aVt'X c r a�cfbj²�in^`eoX ¨{h{bdaVW�X m�c{x�eo^�eo^`hji��6aV^�b`e�¤�^�eqT,WYX r ^dc{it�X�b�bdp�¦ �¹iMS�^`�ja6xgX\�j­�c�t'X�b`b �=hjx�¨jhfbda6WYX�t'h{iFeoxoh{b"	¼^`plmVxoX'pgX'i�eqX r ¦ �±e�^dp
hj�Veqcf^`i6X r ��sLt'h{i6i6X't�eo^`i6�
eoT6X�WY^ r m;h{^`iFeopuhf�9p�^ r X�p«c r z�c{t'X�i�eleoh"iVh r X��y¤�^�eqT�eqT6X�t'X�i�eqxohf^ r plh{��eqT6X�eqx�^ücfi6�{b`X'p
poa6t�TkeqT�c�e
� ^`plcY¨{X'xgeoX�v�¦

node

Cell   C

i

i

S�^`�ja6xgX�� Y Æ X�b�b�t'hji�eqxgh{b?¦

S�T6X�i³­Hc"t�h�c{xgpoX'xu²�iV^�eqX�¨{h{bdaVW�X�^dp}h{�Ve�cf^`i6X r ��s¶�jxghja6mV^`i6�$h{x«c{�{�{bdh{W�X�xqcfeg^diV�%eqT6X�c{�;h8¨{X
t�X�b�bdp�¦ S�hjx«eoTV^dp�mVa6xom;hjpoXf­�c$t'h�cfxopoX�iV^`i6�¶c�bd�jh{xg^�eqT6W �?pgX'X � ��� �½hjx}WYhjxgX r X�eqcf^�bdp�	u^dp r X�²�i6X r ^`i
eoT6X��½h{b`b`h�¤�^diV��mVxoh_t'X'pgp!Y

���O0�J>0 
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�¹i S�^d�{a6xoX"�n­H¤¼X��f^`¨{X%c{iAX�vVc{WYmVb`X�h{�¼eoT6XYt'hjiVpgeqxga6t�eg^dh{i h{�¼t'h�cfxopoX�WYX'pgT6X'p��½xohjW cL²6i6X
WYX'pgT©hf� c"�{¸§m6xohf²6bdX�h{� c � \ Æ \ R�RV�8��cf^`xg�½h{^�bþ¦

�HX�ela6p�¤
xg^�eqX,c�0 �,������
 ��

��

� 0 �����*
 0
�������"c{p��½h{b�bdh�¤
p Y
+�� ���
& 3 , +��

& 3�� ������� �"!#!%$��&$ � 2 	 +�� & 3 � 4 �g��� 	
�¹i��g��� 	»­ ! ^`puc�t'c{i6hjiV^`tDc�b�m6xoh{b`hji6�jcfeo^`hji�hjm;X'xqc�eqhjx��½xghjW t�h�c{xopgX�bdX�¨jX�b�eoh�²�iVX�b`X�¨{X�b Y

' +
& 3 ���

& 3 ! + & 3 , +
& 3 � � 3 �g�8� 	

¤
T6X�xoX � 3 ,)(+*-, � � , +/.0.0. � 321#3 +54#687�9 �;: � �=< 6?> � > . + �A@CBD� / � >FE ^dpReqTVX r ^dpgt'xoX�eqXl²�i6Xlpom�c{t�Xc{i r �
& 3 ,G(+H5I �KJ , +/.0.0. �

& 3L1 H5I , M,  ONQP
*-,RE � � I ­��½hjx�c©�{^�¨jX�i J ­�^dp�c¶poa6�VpoX�e\h{��eqTVX

²�iVX�^`i r ^`t'X�p�poX�e 	�^dp�eqT6X r ^`pot�xoX�eoX%t�h�c{xopgX%pgm�c{t'Xf¦ ! $ ­�eqTVX�eoxqc{i6pgm�h{poX�h{� ! ­�^`p\c�xoX�pgeqx�^dt�eo^`hjihjm;X'xocfeqh{x
�½xghjW ²�i6X,bdX�¨jX�b9eqh�t'hjc{xopgX�b`X�¨jX�bþ¦ � ^`p}cfiÈcD¨jX�xqc{�jX�poWYh_h{eqTV^`i6�"hjm�X�xqcfeohjx�� � $ ^dpl^`eop
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�HX�¨jX�b + Y�� + +�� t'X�b`b`p �HX�¨{X�b $ Y�� G G t'X�b`b`p ��X�¨jX�b�� Y $ $ + t�X�b�bdp

�HX�¨{X�b � Y����Yt�X�b�bdp �HX�¨{X�b�	 Y $ G t'X�b�b`p �HX�¨jX�b
� Y��\t'X�b�b`p
S�^`�ja6xgX,��Y S�T6X�poa6t�t'X'pgpg^�¨jX�b`X�¨{X�b`p«h{�9c{i�^din^`eg^ücfb·²�i6X,W�X�poTkh{��� + +�� i6h r X'p�¦

eoxqc{i6pgm�h{poX�	 r X�²�i6X r ��sCY

	�� + 3)� , , 	 + �
� � 	 + 3�� , ( �

M
�  �� 9 , ;���� ,��

*
� 9O6 	 � � 	 + 3�� �

M
�  �� 9 , ;���� ,��

*
� 9O6 	 � � �g� � 	

^`i�¤
TV^`t�T
*
� 9O6 ^dp�eqT6XkWYXDc{pga6xoX¶h{�}eqTVX©²�iV^�eqX»¯±¨{h{bdaVW�X�p$t'X�b`b`p$�6an^`b�eLc{xghja6i r ¨jX�xgeo^`t'X�p%¤�^�eqT

WYX r ^üc{iVp'¦

\ ´fX�s t'hji r ^`eg^dhji¾�½h{x"X��"t�^dX�i6t�s ^dp%eoT�cfe"eqT6X¶²nvVX r m�hf^di�e + $& 3
h{� ����� 	�¤
TV^dt�T pocfeo^`pg²6X'p

�"!#! $ � $ � 2 	 + $& 3 � , G ­���X,c>0 ��� ��

� ��

� � ��4W46�*� � �	� ����������hf�
*
� 7�� � � �"¤
T6X�i©eoT6X�W�X�poTÈp�^d¡�X

^`p�^di6t�xoX'c{poX r 
 ^`i©hfeqT6X�x
¤¼hjx r p Y
+ $& 3 ��1 �+��� : �g��� 	
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\ i6X�t'X'pgpqc{x�s.t'hji r ^`eg^dhjiÇ�½hjx ����� 	�^`pLeqT�cfeLeoT6X�eqxoc{i6pg�½X�x�hjm�X�xqcfeohjx ! $ � $ ^dpL°l¯¹xoX��jaVbdc{x'­c{t�t'hjx r ^`i6��eqhYeqT6X��½h{b�bdh�¤�^`i6� r X�²6iV^`eg^dh{i Y
[ 	�� D B � B=Ä D @�� 9 ! $ � $ �@����� �*
 � ������� �  ' � ���/� '	� � G ��
 � 3 ��� 3 �
�F0�J � J ���

% ! $ � $ � 3 � � % " � � �

�±e�^dp,poTVh8¤
iA^di � Z�� c{i r � �j� �yeqT�cfe,a6i r X'x,t'X�xge�c�^diAt'hji r ^`eg^dh{i6p'­�eqT6XYeqxoc{i6pg�½X�x �"! c{i r ^`eopeoxqc{i6pgm�h{poX � ! $ � $ 	\cfxoX � � xoX��jaVbdc{x'¦�S�T6X'i³­¼pg^`W�^`bdc{xgb�s�eohÊeoT6XLpgeqc{i r cfx r W�aVb�eo^`�jxg^ r eqT6X�hjxgs�=poX'X�� H �"	�­6^`ik¤
TV^`t�T©eoT6X�pohf¯±tDcfb�b`X r &|c{m6m6xghDvn^`W�cfeo^`hji�m6xghjm�X�xge¹s+'�X�i6poa6xgX'pleqT6X,c r X�¬Fa�c{t�s�hf�9eqTVX
t�h�c{xopgX%�jx�^ r t'hjxgxoX�t�eo^`hji6p�­ywyxohjm;X'x�e¹s �g��� 	�cfb�bdh�¤
p,eqh r X'xg^�¨jX$ck°u¯±t�s_t�b`X%p�eqxocfeqX��{sj­ xgX�b�sF^di6�¶hji
����� 	�c{m6mnb`^`X r eqh r ^QP�X'xgX'i�elbdX�¨jX�b`p'­;�½hjx�¤
TV^`t�TÈt'h{iF¨{X'xg�jX'i6t�X\pom;X'X r ^`puWYX�poTn¯±pg^`¡'X�^`i r X�m�X�i r X�iFe'¦
S�TV^`pY^dp�po´fX�eqt�TVX r hji S�^d�{a6xoXM7Ê�½h{xYeoT6XkW�aVb�eo^�bdX�¨jX�b}WYX�eoT6h r �g��� 	\�½h{xYeoT6Xkpoh{b`aVeo^`hji�h{�}eqTVX
w�h{^dpgpohji©X'¬Fa�cfeg^dh{i©hji�pgX�¨jX�xqcfb�a6iVpgeqxga6t�eoa6xoX r WYX'pgT6X'p�¦
�¹i�eqTV^`puc{tDc r X'W�^dt,X�vVc{WYmVb`X{­�eoT6X�mn^`¨{h{elpom�c{t�X,^`plt�b`XDc{x�b`s � , � � 	 1 � cfi r ¤¼X�T6c�¨{X��VaV^`b�eucW�aVb`eg^`b`X�¨{X�b�WYX�eqTVh r eqT�c�e�^dp
xoX��jaVbdc{x��½hjx�eoT6X'pgX�WYX�eoxg^`t'p�¦
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V-cycles

Meshes with :

800 nodes

3114 nodes

12244 nodes

S�^`�ja6xgX 7 Y�®kaVb`eg^`b`X�¨{X�b�h{mVeo^`W�^d¡'cfeo^`hji��½hjx,poh{b�¨F^diV�ÈeqT6XLw�h{^`popoh{iµX'¬Fa�cfeg^dhji �=t'hji�¨{X'xo�{X'i6t�XkTn^dp|¯
eohjxgsµhf�«eqTVX©�jxoc r ^`X'i�e��½hjxYpoX�¨{X'xocfb«aVi6pgeoxoa6t�eqa6xgX r ²�iVXkb`X�¨{X�b`p 
 �½hjxYXDc{t�T�tDc{pgXÈcfeYb`XDc{p�e"²6¨{X
c{�{�{bdh{W�X�xqcfeoX r t'hjc{xopgX�b`X�¨{X�b`p 	»¦

- �%����� 
���!��,� ����! ��� ��1L	������,!k��	
�Y� � 	���1���!

S�T6X,�½a6i6t�eo^`hji�cfb�t'h{i6pg^ r X'xgX r ^`iÈc�poT�c{m;X�h{mV^dW�^`¡Dcfeg^dh{i¶m6xghj�Vb`X'W ^dpui6h{eu¬Fa�c r xocfeo^`t{¦
S�T6X�m6a6x|¯
m;hjpoX
h{��eqT6Xlm6xgX'poX�i�e�poX�t�eg^dhji�^dpReqh,h�¨jX�xg¨F^dX�¤ eqT6XucD¨fcf^`bdc{�Vb`X�^din�½hjxoW�cfeg^dhji�TV^ r6r X�i%^diYeqTVXut�hji�eo^ ¯
iFa6hjaVplpgT�c{m;X�¯±hjmVeo^`W�^d¡'cfeo^`hji��½a6i6t�eo^`hji�cfbH�½hjx��;X�egeqX�xlaVi r X'xgpgeqc{i r ^`i6�"eoT6X r ^`pot'xgX�eoX�t�hji�eqX�v_e'¦

� �
	 � � ����# ! �����	� � �&�'���%�������5��� ! ��! �����'����� �
�)���
� X�p�e�c{x�e
�½xohjW pghjWYX�´Fi6h�¤
i r ^�P�X'xoX�i�eo^dc{�V^�b`^�e¹s¶xgX'pgaVb`eop}c{mVmVb`^`tDcf�VbdX,eqh-��J ��4F
 4F

�����O� � ��������� �  
� J 
 � ���@������� 46�*� �,��

� 
 eqT6X�poX,xoX'pgaVb�eqpltDc{ik��X��½hjaVi r ^dikW�c{i�s�m6a6�Vb�^dt'cfeo^`hji6p
pga6t�TÈc{p��Î�8� �?¦
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� X}X'WYm6T�cfpg^`¡'X}eqT6cfe(eoT6X�c{�;h�¨jX«eoT6X'hjx�s"^`p(eoh r cDs�i6h{e �
� �����*�����
��-«cfm6mVb�^dt'c{�Vb`X«eqh�eoT6X}t�hjW\¯
m6xgX'pgpg^`�VbdX"ªyaVb`X'x,hjx � cD¨F^dX�x�¯|]_eqhj´fX'p,pgs_pgeoX'WYp'¦ � T6X'iÊ¤¼X"pgT�cfb�bRi6X'X r c�t'hjWYmVb`X�eoX�eqT6X�hjxgs��½hjx
r ^`pot�a6pop�^dh{i³­�¤¼X�pgT�cfb�b9xgX��½X'x
eqh�eqT6X�w�hf^dpgpohji�m6xghj�Vb`X'W 
 ¤
T6X'i©¤(X�poT�cfb�b�eqxgsLeoh r X�xg^�¨jX�T6X'a6x�^dp|¯
eg^dt'cfb`b�s�c{i6cfbdh{�jhja6p�xgX'W�c{xo´Fp
�½hjx�eqTVX�ªyaVb`X'x
p�snp�eqX�Wk­M¤¼X,pgT�cfb�b�a6poX,poh{W�X  "����� ��� r X'x�^`¨fcfeg^dhji·¦

� X�m6c{xqc{WYX�eqxg^`¡'X�c"pgX�e}hf�ypg^`WYmVb`s©t'h{i6i6X't�eqX r �=�½hjxlpg^`WYmVb`^`t�^�e¹s 	u�jX�hjWYX�eqx�^dt'cfb r hjW�cf^`i6p«��s�^di_¯
eoxoh r a6t�^`i6��eqTVX��½hfb`b`h�¤�^di6��i6h{eqcfeo^`hji6p Y
�HX�e51 . �;X\c$p�^dWYmVb�sÈt�hji6i6X�t�eoX r ²VvnX r hjm;X'i�pga6�6poX�e�h{� � � & ¤�^�eqTÊc$pgWYhnh{eoTÈ�;hja6i r cfxgsj¦ �±eop�;hja6i r c{xgs%t'a6x�¨_^�b�^di6X'c{xuc{�6pot�^dpgpqcY¨{cfxg^`X'p
�½xohjW G eoh $�� ¦
�HX�e��������;X¢c�poX�eÈh{�\m�c{xqcfW�X�eqX�xop©^`i6t�bda r X r ^`i	� � 	 ( G � $�� E � � � & � ­}eqT�cfek¤¼X�c{pgpoa6WYX eoh �;X�=pgeqx�^dt�eob�s 	%m�hjp�^`eg^`¨{X 
 �½hjxLc{i�s��½a6i6t�eo^`hji�
 h{�����
�8­l¤¼X r X�²6i6X21��¢c{p%eqTVX�xoX'�{aVbücfx r hjW�cf^`i
h{� � � & ­n¤
TVhjpoX��;hja6i r c{xgs"^dp�h{�Ve�cf^`i6X r �Fs%WYh8¨F^`i6�Y��h{a6i r c{x�s%m;h{^`i�eqp�h{� 1 . cfb`hji6�\^�eqp(i6hjxoW�cfb¨{X't�eohjx��� . �½hjx
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 � �?p�e�cfeoXX�¬_a6cfeo^`hji 	}c{i r�� , � 	 
 � �þc r z|h{^di�e�p�e�cfeoX�X'¬Fa�cfeg^dh{i 	�¦�S�T6X�m�c{xoc{WYX�eoX'x � ^dp�X�^`eoT6X'x}²VvnX r h{xr X�²�i6X r ��s�cL��¸ poXDcfxot�T³¦
S�TV^`plcfb`�jhjxg^�eqTVW xoX�poaVb�eqp
^`i¶c�´�^di r h{��pgeoX'X�m�X�pgeg¯ r X'pgt'X�iFe�cfbd�{hjxg^�eqT6W ¤
T6X'i 4 ^`plX»vVc{t�egb`s � 2 	 
 �c{i r ¤(X�xoX��½X�x«eqh"^`e}c{p�c 
 � *¥� B * ÀWV;À * L �8��Å B=À D�� 
 À �&= Ä Å �Î�j� � 
 t'hji�¨{X'xopgX�b�sj­³¤
T6X�i ' cfi r
� c{xoX,hj�Veqcf^`i6X r �Fs¶c{m6mnb`sF^`i6�%hjinb`s©c��½X�¤ ^�eqX'xocfeo^`hji6puh{�Rc{ik^`eoX'xocfeo^�¨jX�poh{b`aVeo^`hji¶cfbd�{hjxg^�eqT6W eoh
p�e�cfeoXucfi r c r z|h{^di�e�¯¹pgeqcfeqX
X�¬_a6cfeo^`hji6p�­_eoT6X'i 4 ^dp i6h{eReqTVXu�jxoc r ^`X'i�e¼h{� ��­F�6aVe¼cf^`WYp eoh�t�hji�¨jX'xg�jX
eoh8¤(c{x r p�� 2 	 
 � ¤
TVX'iLeqT6X}¤
TVh{bdX}b`h_hjm$^dp(t'hji�¨jX�xo�{^`i6� 
 ¤¼X�xoX��½X�x(eqh\eoTV^`p
cfbd�{hjxg^�eqT6W c{p�c\Ä D ÀjÂ�"= Ä �,
 À ��= Ä Å �?c{t't�hjx r ^`i6��eqh � � �"	¼�½hjx�pgh{b`¨F^`i6��eqT6X�h{mVeo^`W�cfb`^�e¹sLp�snp�eqX�W h{��eqT6X�hjmneo^`WY^`¡Dc�eo^`hji
m6xghj�Vb`X'W�¦ S�T6X�m�X�xg�½hjxgW�c{i6t'X�h{��eqTn^dpuc{m6m6xgh�c{t�T��½hjxl�{¸ c{m6mnb`^`tDcfeg^dh{i6pl^`p r ^`pot'aVpopoX r ^`i �Î�8���?¦

� � *�* �'��&���������� ��� -�/ �,	�����!L#%����� ��&�2

���
	 � �
� ����� ��
�
���� � � �
S�T6X�iFa6WYX'x�^dt'cfb(WYX�eqT6h r c{mVmVb`^`X r �½hjx�m6xoX r ^dt�eo^`i6�¶p�eqX'c r s¢ªyaVbdX�x,£6h8¤
p�­9^`p�c�W�^�vnX r X�b`X'WYX'i�e
¨{h{bdaVW�X$c{m6m6xgh�v_^`W�cfeo^`hji�^`iF¨{h{b�¨_^`i6�ÈeoT6X%¤¼X�b�b�¯±´_iVh8¤
iµ° c{i �HX'X'x�£�anv¢¨jX't�eqhjx�pomVb�^`egeo^`i6�6¦¶S�T6X
h�¨jX�xqcfb�b r ^QP�X'xgX'i�eo^dc{�V^�b`^�e¹s�h{�ReoT6X\m6xghnt�X'pop}¤�^�b�bycfb�bdh�¤ eqh�cfm6mVb�sÈc{i�X»vVc{t�e�¯¹�jxoc r ^`X'i�e,c{m6m6xgh�c{t�T³¦
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S�T6X©c{m6mnb`^`tDcfeg^dh{i�h{�}cApgT�c{m;X r X'pg^`�ji�bdh_hjm poT6h{aVb r ^di�¨{h{b`¨{X¶eqTVXkxgX'm;XDcfeoX r xoX'¡�hjiV^`i6� hf�«eqTVX
WYX'pgTkeoh%cft't'h{a6i�el�½h{x�eqT6X�WYh r ^`²�t'cfeo^`hjikh{��eqT6X�poT6c{m�X�h{��eqTVX�c�^dxgt'xqc��¥eD¦
�¹i�eqTV^`p�¤(hjxg´M­f^`i6pomV^`xoX r ��s�eqT6X¼c{m6mVxoh�c{t�T,a6pgX r ��s5� hja6iV� 

� ��� � � � ����	»­f¤¼X(cfxoXRt'hjiVpg^ r X'x�^di6�u^di�c
²�xgpge�m6T�cfpoXReqT6XRhjmVeg^dh{i�h{�VxoX�m6xoX�poX'i�eg^di6�ueqT6XRpoT6c{m�XRWYh r ^`²6tDcfeg^dhji���s,c{m6mVb�sF^di6�uc�eqxqcfi6pomV^`xqc�eo^`hji
t�hji r ^�eo^`hji 
 eqTV^`p
WYXDc{i6p�eoT�cfe�eqTVX�t'a6xgxoX'i�eupoT�cfm�X}^`p r X�²�iVX r ¤�^�eqTkxoX�pom;X't�eleoh�eqT6X�WYX'pgT¶pg´F^`i
c{p"c¢m;X'x�eqa6xg��cfeg^dhji�pg^`W�aVbdcfeoX r ��s eqxoc{i6pomn^dxocfeo^`hji��=poX�X©�½hjx�X�vVc{WYmVb`X �Î�&H �"	�­�xgX��½X�xoxoX r ^`i eqTVX
pgX'¬Fa6X�b�cfp�eqT6X &����1��� � 46�	�*
1+ 4F

�����O� � ����������'q¦���X�e
a6p r X�i6h{eqX���s 
¶eqTVX�m�X�xgeqaVxo��cfeg^dh{i$�½a6i6t�eg^dh{i 

^�e�^dp�eoT6X,cfbd�{X'�6xocf^dt�b`X'i6�feqTkh{��eoT6X r ^`pomVbdc{t'X�WYX'i�e}h{��eqTVX,�;hja6i r c{xgsLcfbdh{i6��^`eopliVhjxoW�cfb?¦
� X�xoX't'cfb�bHeqT6X�eqxoc{i6pgmV^dxocfeo^`hji�t'h{i r ^�eo^`hjik�½h{x
ªRanbdX�xl£�h�¤
p Y
�HX�e\a6p r X'iVh{eqXL��s >�� 907�7 eoT6X$poT6c{m�X$eoh���X%X'W�anbücfeoX r ��s eqxoc{i6pgmV^dxocfeo^`hji c{i r �Fs ���� 3 � � � eqTVXi6h{xoW�cfbHh{��eqTVX,pgT6X�b�b?¦(S�T6X�p�b`^`m¶�;hja6i r c{xgs"eqX'xgW h{��eqT6X}£�a_v�� 	 ' � ^dp r X�²�i6X r c{p��½h{b�bdh�¤
p$Y

� 	 ' � � � , ��� � � � ���
� ��,	� ' (
��������

G/ 	 ' � � �/ 	 ' � � �/ 	 ' � ��
/ 	 ' � �

���������
¤�^�eqT Y

� , �� 4 	 �� � ���� 3 � ��� �¤
T6X�xoX �� ^`p«eoT6X�¨jX�bdh_t�^�e¹sÈhf�yeqT6X�£6aV^ r ¦�S�TV^dp�cfm6m6xohDv_^`W"c�eo^`hji�T�c{p}mVxoh�¨jX r cft't'aVxqcfeoX�X'i6hjaV�jT
�½hjx�xocfeqTVX'x�bdc{xo�jX�m;X'x�eqa6xg��cfeo^`hji6p
h{��eqTVX,�;hja6i r c{xgsLc{i r ¨jX�xgs�xoh{�6a6pge'¦

S�T6X�poX�i6pg^�eo^�¨F^`e¹s©c{i6cfb`s_p�^dp
T�c{p
�;X'X�i r X�xg^�¨jX r X�vVc{t�eob�sj­��6aneuh{iVb`s"�½hjx�eqTVX�²6xopge�¯¹hjx r X'x
cft't'a_¯
xocfeqX,a6m�¤�^di r pot�T6X�W�Xf¦}S�T6X,b`^`i6X'c{xg^`¡Dcfeg^dh{i �?��s r ^�P·X�xoX'i�eg^ücfeg^dh{i 	uh{� eoT6X�eqxqcfi6pomV^`xqc�eo^`hjiÈt'h{i r ^ ¯
eg^dhji�^`plp�eqxocf^d�{TFeg�½hjxg¤(c{x r c{i r c{i©c r z|hf^di�elpgeqcfeqX�^dp
X'c{pg^�b`s�t�hjWYm6aVeoX r ¦(S�T6X,¨fcfb�^ r cfeo^`hjikh{��eqTV^`p
pgX'i6p�^`eg^`¨F^�e¹s�^`p%m;X'x��½hjxoWYX r ��s c r ^`xoX't�e%t�hjWYm�c{x�^dpghji ¤�^�eqT r ^`¨F^ r X r r ^�P�X'xoX�i6t'X�p$h{�ueqT6X©t'hjp�e
�½a6iVt�eo^`hji 
 X'xgxohjxgp�^dik�jxqc r ^dX�i�eut�hjWYm�h{i6X'i�eqpuc{xgX�h{��eoT6X�hjx r X'x
h{� RV¦ R�RV�
�L¦

S�T6X}�fbdhj�6cfb·WYX�eqT6h r ^dp(X'popgX'i�eo^dcfb�b`s$W"c r X}h{�HeoT6xoX�X«bdh_hjm6p���S�^`�ja6xgX}� 	»¦RS�T6X}X»vneoX'xgi�cfb³b`hnh{m
^`p�c$xoX�WYX'poTn^di6�Lb`hnh{mÈ^diÈ¤
TV^`t�T¢c%i6X�¤ poT6c{m�X\^`p r X�xg^�¨jX r �½xghjW cfi�h{b r h{i6X\a6m r cfeoX r ��s¶eqTVX
eoxqc{i6pgmV^`xoX r m;X'xgeoa6xo�6cfeo^`hji 
 ¤¼X"p�eo^�b`b r hkiVh{e,a6poXY^`e�TVX'xoXf¦%S�TVX�WYX r ^daVW bdh_hjm�^dp,c��jxqc r ^dX�i�e
hjmneo^`WY^`¡Dc�eo^`hji�bdh_hjm ^`i�¤
TV^`t�TµeqT6X$t�hji�eqxgh{b(¨fc{x�^üc{�nbdX%^`p\eqTVX%eqxoc{i6pomn^dxgX r m�X�xgeoa6xo��c�eo^`hji 
 eqTV^`p
b`hnh{m¶^di�¨{h{b`¨{X'p�eqT6X�X�¨fcfb`a�cfeo^`hji�h{�yeoT6X��jxoc r ^`X'i�e�h{�ReqTVX\t'hjp�e}�½a6i6t�eo^`hji�cfb�eqT6xghja6�jTÊcfiÊc r z|h{^`i�e
p�e�cfeoX{¦
� X\T�cD¨jXf­³^diÈeoT6X�m6xgX�¨F^dh{a6p�poX�t�eo^`hji6p�­ r ^`pot'aVpopoX r ^`i r X�eqcf^�bdp}eoT6X�c{�V^�b�^`e¹s¶h{�ReqT6X\W�aVb�eo^�bdX�¨jX�byeoh
t�hji�¨jX'xg�jX�¤�^`eoTkc\pom;X'X r eqT6cfe�^`p�xqcfeoT6X'x�^`i6poX�i6pg^�eo^�¨jX�eqh�eoT6X�iFa6W��;X'x�h{��m�cfxqc{WYX�eoX'xgp 
 ¤(X�i6h�¤
p�eqxoX�popReqT�c�eD­_cfb�eqT6hjaV�jT"X'c{pg^�b�sYhj�Ve�c�^di6X r ��s�eqTVXlW�aVb�eo^�bdX�¨jX�b·WYX�eqTVh r ­�eoT6X
hjmVeo^`W�cfbMt'h{iFeoxoh{b;t'c{i
pgT6h�¤�pgm6a6x�^dhjaVpyTV^d�{T\�½xoX'¬Fa6X�i6t�^`X'p�¦ � X(eoTV^`i6´,eoT�cfe eoT6X�hjx�^d�f^di\hf�;c{i�h rVr ¯¹X�¨jX'i r X't'h{a6mVb�^di6��b�^dX�p
^`iÈeqT6X\�=cft�e}eoT�cfe�i6h{xoW�cfb ¨{X't�eohjxop�c�e�i6h r X'p�c{xgX �þc{x�^`eoT6WYX�eg^dt 	«W�X'c{i6p�h{� i6h{xoW�cfb9¨{X't�eqhjxgp�eoh
�=c{t�X'p�hf�HeqT6X}pgT�c{m;X{¦ S�xohjW�eoTV^dp(m�h{^`i�e�h{�H¨F^`X�¤�­VeoT6X�ªyaVb`X'x�£�h�¤Ç^dp(xqcfeoT6X'x(^`i6pgX'i6p�^`eg^`¨{X,eoh\TV^`�jT
�½xgX'¬Fa6X'iVt�s¢hjpot�^`b�büc�eo^`hji6p�hf��eqT6X"��h{a6i r c{x�sj¦kS�TV^`p r X��½X't�e\^dp�c{WYmVb�^`²6X r ��sÊeqT6X�eqxqcfi6pomV^`xqc�eo^`hji
�½hjxgW�aVbdcfeg^dhji�^`i�¤
TV^dt�T"TV^`�jT��½xoX'¬Fa6X�i6t�^`X'p(c.P�X't�e i6h{xoW�cfb`py�6aVe i6h{eRt�X�b�b�¨jh{b`a6WYX'p : º a6x c{i6p�¤(X�x
eoh¢eqTn^dp$mVxohj�Vb`X'W ^`p%eqh c�¨{h{^ r eqh�a6pgX¶eqTVX¶²�i6X�pge$b`X�¨{X�b �½¤
TV^dt�T¾^`i�¨jh{b�¨jX�pLeqT6X¶¤
TVh{bdX¶poX�e%h{�
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�;hja6i r c{xgs%i6h r X,t�hnh{x r ^`i�cfeoX'p
	»¦
S�T6X�WYhjp�e�^`iFeoX'xgi�cfb³b`hnh{m$^dp(eoT6X���¸ b`hnt'cfb³xgX'pgXDc{xgt�T©h{�HeoT6X�pgeoX'X�m�X�pge r X'pgt'X�iFelm�cfxqc{WYX�eoX'x ��� �C� ¦

3D  coordinates
triangles

j’(γ )optimality  conditions

Ψ(W γ, )Solve  state  equation  

Πadjoint-state

= 0 (Euler)

( )

( = 0)

3D  remeshing

3D   mesh 3D  coordinates

tetraedra

OPTIMIZATION METHOD

Transpiration  conditions  applied  on  the  skin  mesh 

Choice  of  a  level 

Find  the  steepest  descent       automatically

n+1 n
γ   =  γ  −  ρ 

ρopt

opt L P P* L*  j’( γ n )

About  10

iterations

(airfoil, aircraft)

External
loop

S�^`�ja6xgX���Y º xg��c{iV^`¡Dc�eo^`hji�h{��eoT6X�hjmVeg^dW�^`¡Dcfeg^dhji�b`hnhjm·¦

���)� � � !�� !�� ��# 
 �
! �
S�T6X��½h{b�b`h8¤�^`i6��X�vVc{WYmVb`X'p,xoX�b`sÈhjiÊpoX�¨{X'xocfby¨jX�xgsÊpg^`WYmVb�^`²�X r m6xghj�Vb`X'WYp'¦ �¹iÊm6xghjm;hjpg^`i6�LeqT6X�W�­
¤¼X,cf^dW eqhYpoT6h�¤§TVh8¤�eqT6X,c{mVmVb`^`tDc�eo^`hji©hf��eoT6X�W�X�eqT6h r eqh�c�i6X�¤ �jX'hjWYX�eqxgsL^`p
XDc{p�sj¦ �¹WYm6xoh�¯
¨F^`i6�\eqT6X«X ��t�^`X'i6t�sLh{�HeoT6X«£�h�¤�poh{b�¨jX�x�T�c{p�i6hfe��;X'X'i�t�hji6pg^ r X�xoX r X»vVt�X'mVe
��s%pohjWYX«eoa6iV^`i6��h{�
Æ hjaVxqc{i�eliFa6W��;X'xgp«c{i r iFa6W���X�xlhf�9b�^di6X'c{x�pg¤¼X'X�m6p r aVxg^`i6��eqT6X�^`W�mnb`^`t�^�eueg^dWYX�pgeoX'm6mn^di6�V¦

G � @�� 9 ) B D B 
 B�X �n� B=Ä D ÄF< �&= À �"= Ä ����Å���� L Ä D��	��
 � � ) ] Ã B D L ��� B D L + 	 � � G
D Ä Å À � �
S�T6X�po´�^`i¶WYX'pgT¶h{��eqTVX�¤�^`i6�Y^dp
t�hjWYm�hjpgX r �Fs � � +
� i6h r X'p�¦

S�T6X�t�hjpge
�½a6i6t�eo^`hji�cfbH¤¼X,T�cD¨jX�a6poX r ^`p
h{��eoT6X��½hjxoW Y

� 	 
 � ,�� � 	 ��� � � � �����
� �� � & ( � & 	 � � � � � �
� ��� �� � & ( � 
  � 	 3 � 3 � �����
� � � & &32
¤�^�eqT � � , +)G ���

&
,�+ ��� 
 ,�+ c{i r � � �
���
� �� , G ¦

S�T6X�^`iV^�eo^dcfbRt'hji r ^`eg^dh{i6p,c{xoX r X�²�i6X r ��sAc$�=c{xg²�X�b r ®¶c{t�TAiFa6W��;X'x,h{� G 4 � � c{i r c{i¢c{i6�{b`X�h{�
cfege�c{t�´%h{� �"4 G � r X��jxoX�X'p�­M¤
Tn^dt�T©�{^`¨{X'p$Y

� .� , + 4 ��� +09 � G $ c{i r � .� , � � �
���
� �� , G 4 +�� 	
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S�^`�ja6xgX,��Y ®¶��¯þ¤�^di6��hjmVeg^dW�^`¡Dcfeg^dh{i 
 ^`iV^�eo^dcfb�poT6c{m�Xf¦

S�^`�ja6xoX � Y ®¶��¯±¤�^`i6��hjmVeg^dW�^`¡Dcfeg^dhji 
 ²�i6cfb�poT�cfm�X,cf�¥eoX'x +)G hjmVeg^dW�^`¡Dcfeg^dhjiL^�eqX�xqcfeg^dhjiVp'¦
� XRT�cD¨jXRa6poX r c�pqcD¤�eohnh{eoT,°l¯¹t�snt�bdX�p�p�eqxocfeqX��{s��;X�e¹¤¼X'X'i�eqT6Xy�½hja6x�eqT�b`X�¨jX�bþ­�¤�^`eoT 	 � m6c{xqc{WYX�eqX'xgp
c{i r eoT6X�²�i6X�pgelbdX�¨jX�b?¦ \u�¥eqX�x +)G hjmVeo^`W�^d¡'cfeo^`hjiL^�eqX'xocfeo^`hji6p�­�eqT6X�hj�Veqcf^`i6X r�r xoc{��^`p

� � .� , G 4 	�� � .� c{i r � � .� , G 4 � � � � �����
� ��
S�T6X Æ wRË§eo^`W�X�^`plc{��h{aVe 	\T6hja6xgplh{i¶cY¸}ª Æ p�e�cfeg^dhji·¦
S�^`�ja6xgX'p,�Lc{i r � m6xgX'pgX'i�e�eoT6X�^din^`eg^ücfb poT�c{m;XYc{i r eoT6X�²�i�cfbypgT�c{m;X{¦ º i S�^`�ja6xgXY�V­³¤(XYpgX'X�c
xgX r a6t�eo^`hjikh{��eoT6X�poT6h_t�´LhjiLeqTVX�¤�^`i6�6¦

G � @ �	@ � ; � B 
 B X �V� B½Ä D Ä�< � D¾� B ���j�8� < � � J � *=� Ä D 	�Ã B �&= +)G + � � D Ä Å À � �
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�¹iV^�eo^dcfb��6¯±poT6h_t�´M¦ ~
X r a6t�eg^dhji©h{��eqT6X��V¯¹poTVhnt�´M¦
S�^`�ja6xgX�� Y ~lX r a6t�eo^`hji©hf��eoT6X�^diV^�eo^dcfb��V¯¹pgT6hnt�´$cf�¥eqX�x +)G hjmVeo^`W�^d¡'cfeo^`hji�^`eoX'xocfeo^`hji6p�¦

S�T6X�pg´F^`i¶WYX�poT¶hf��eoT6X,cf^dxgt'xocf�¥e�^dp
t�hjWYm�hjpgX r h{� � � + i6h r X'p�¦
S�T6X�t�hjpge9�½a6i6t�eg^dh{i�cfbVeoh���X(WY^`iV^`W�^d¡�X r ^dp eoT6X�pqcfW�X
cfp9eqT6X�h{i6X(�½hjx9eoT6X
®¶�«¤�^`i6�6¦ S�T6X�^din^`eg^ücfb
t�hji r ^�eo^`hji6plc{xgX r X�²�i6X r ��s�c\�=c{x�²�X�b r ®©c{t�T¶iFa6W���X�xlhf� G 4 � 	n­V¤�^�eqTki6h�^`i6t�^ r X'iVt'X{¦

�¹i$hjaVx¼WYh r X�b;pgeoa r s{­n¤¼X«²�xop�e(t�hji6p�^ r X�x�c�xocfeqTVX'x pg^`W�mnbdX�cfX'xoh r s_i�c{W�^`tDcfb�hj�Vz|X�t�eg^`¨{X«�½a6i6t»¯
eg^dhjiYeqT6cfeRWYXDc{pga6xoX�p¼eqTVXlpgWYhnh{eoT6i6X�pop(hf��eoT6XumVxoX'pgpoa6xgX r ^dp�eqxg^`�6aVeg^dh{i%hjiYeqT6Xucf^`xot�xqcf�¥ey�½a6pgX�bdc{�jXf¦
\�²�xgpge,£�h�¤�t'hjWYm6ane�cfeg^dhjiA^dp,W�c r X 
 eqTVX'i¢eoT6X�m6xoX�popoaVxoX r ^dp�eqxg^`�6aVeg^dh{i ^dp,xoX��jaVbdc{xg^`¡'X r ­ cfi r
eoT6X�xoX'�{aVbücfxg^`¡'X rkr ^`pgeoxg^`�6aVeo^`hjik^dp�e�cf´{X'i©c{plc\e�c{xg�jX�e
h{i6X{¦

�±e}^`p}^di�eoX'xoX�pgeg^di6�LeohLi6h{eqX�eqT�cfe«eqT6X\pgX'i6p�^`eg^`¨F^�e¹sAc{i�cfb�s_pg^`p�tDc{i��;X�poX�X'iÊ��s¶eoT6X\a6pgX'x'­�cfp�c
xghja6�jT�X'p�eo^`W"c�eo^`hji%h{��eqT6X�b`X�¨{X�b�h{� r X�pg^`xqc{�nbdX r ^dpgmVbdc{t'X�W�X�i�e�i6hjxgW�cfb`b�s�eqTVXl¤(cfb�b 
 ^�e ^`p m�hjp�^`eg^`¨{X
¤
T6X�i eqTVX%cf^`xot�xqcf�¥e�po´�^`i�poTVhjaVb r ��XYeqTVxoXDc r X r h{aVeD­�i6X'�jcfeo^�¨jX�¤
T6X'i ^�e�poT6hjanb r �;XY�½hjxot�X r ^`i
�=poX'XMS�^`�ja6xgX¢��R 	�¦ � XÈc�bdxgXDc r s h{�6poX�xg¨jXkeqT�c�e$cÊt'hjiVpge�cfiFe%��h r s pgX't�eg^dh{i�^`p%i6h{e�hjmneo^`W"c�b 

�½hjx�X�vVc{WYmVb`X{­yeqTVX%�;h r s¢poTVhjaVb r ��X$i6c{xoxgh8¤¼X'x\cfe�eoT6X%¤�^`i6�f¯üz|aVi6t�eg^dhjiµp�e�c{�{X �þc{p�^di�eqan^`eg^`¨{X�b�s
^`i r ^`tDcfeoX r ��sLeqT6X�pgeqc{i r cfx r &�c{xgXDc�bdc�¤ ' 	�¦
º a6x�m6a6xgm�hjpgX¼^`p�iVh8¤µeohu^�b`b`a6p�eqxqc�eqX¼eoT6X�cf�V^`b�^�e¹s�hf�6eqTV^`p�´F^`i r hf��WYX�eqTVh r ^`i�TVX�b`mV^diV�«eqhuhjmVeo^`W�^d¡�X
c�poT�c{m;X\��s©c{t't�hja6i�eo^`i6�$�½hjx
eqTVX�^`iFeoX'xoc{t�eg^dhji�hf� eqT6X r ^QP�X'xgX'i�e}m6c{xge«h{� eqTVX\�jX'h{W�X�eqx�sj¦ º mneo^ ¯
W�^`¡�^`i6�keoT6X�¤
T6h{b`X"pgT�c{m;XYh{��pga6t�T�cLt'h{W�mnbdX»vA�jX'hjWYX�eqxgs�¤¼hjaVb r r X'W�c{i r eqT6X�^`i�eqxoh r a6t�eo^`hji
h{��c�b`h{e
h{��t'h{i6pgeoxqcf^`i�eqp'¦ � X�poT�cfb�bHm6xgX��½X�x
b`h_tDcfb�^dWYm6xgh8¨{X'WYX'i�eop'­;�6aVe�¤�^�eqT©c\�{bdh{��cfb�c{i6cfb`s_p�^dp�¦
� X«t�T6h_hjpgXueqh�t'hjiVt'X'i�eoxqcfeoX}hji$cfi$X P�X't�e�xoX�büc�eqX r eqh�Tn^d�jTVX'x(mVxoX'pgpoa6xgX'p�­�i6XDc{x eqT6Xum�s_b`hjin¯±��h r s
z|a6iVt�eo^`hji³­Mcfi r hji6X�xoX�bücfeoX r eqh�b`h8¤¼X'xlm6xgX'popga6xoX�p'­�cf�¥eqX�x�eqT6X�t'c{�V^`i³¦

� Â �%À Å����{� B=Ä D Ä�< �&= À�; � À �'����� À>;yÀ � � B D �&= À � Ä Å Á·Â*;�Á * Ä D����5D��{� B=Ä D �
S�T6X�^`iV£�a6X�i6t'X\hf�9eqTVX��;h r sF¯±m�s_b`hji�z|a6i6t�eg^dh{i¶hjikm6xoX�popga6xoX�£6a6t�eoa�cfeo^`hji6p
^`pubdc{xo�jXf¦ � X�t�TVhnhjpgX
eoh�t'hji6t�X'i�eqxocfeqX�eoT6X�hjmVeo^`W�^d¡'cfeo^`hji�hjiLeqTVX���h r s$pgT�c{m;X�i6XDcfx�eqTV^`pyz|a6i6t�eg^dh{i³¦ �¹i�S�^d�jaVxoX��Yc{xgX
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S�^`�ja6xgXÈ��R Y"~
X'poX'c{xot�T ��s�pgT�c{m;XLhjmVeg^dW�^`¡Dcfeg^dhjiµhf�«cÈWYhjxgX$a6iV^��½hjxgW m6xgX'popga6xoX�hji c�S;c�bdt�hji
cf^`xot�xqcf�¥e Y ^`poh�¯¹�jxoc r ^`X'i�eqp
t'h{iFeohja6xgpuhjiLeoT6X���h r sj¦

r X�mV^`t�eqX r eoT6X�xoX�poaVb�eo^`i6�YpoT6c{m�X�WYh r ^�²�tDcfeg^dh{i6p'­�cfi r ^di S�^`�ja6xgX\��R�eqTVX}^dWYm6xgh8¨{X'WYX'i�el^di�m6xgX'p|¯
pga6xoXlxoX��jaVbdc{xg^�e¹sj¦/*lh8¤¼X�¨{X'x�­VeqT6Xlhj�Vz|X�t�eg^`¨{X«�½a6i6t�eo^`hji�cfb;WYXDc{pga6xg^`i6�,eqT6X L * Ä ����* poWYh_h{eqT6iVX'pop¼h{�
eoT6X�m6xoX�popga6xoX�po´�^`i r ^`pgeoxg^`�6aVeo^`hjiÊ¤�cfp,h{iVb`sÈxoX r a6t'X r �½xoh{W �"4 � � +)G � � eqh �"4 � � +)G � � ¦�S�TV^`p�T�cfp
�;X'X�i©hj�ne�cf^`i6X r ^`i©Z�^�eqX'xocfeo^`hji6plc{i r �{��W�^`i_aneqX'plh{� Æ wRË�¦
� Â�� D B <±Ä � 
 B X �V� B½Ä D ÄF< ��= ÀM; � À �D����� À D À �6�"�&= À �j�6� B D
\Çpg^`W�^`bdc{xRm6xghnt�X'popR^`p(c{mVmVb`^`X r ^`i"hjx r X'xyeoh�T�cD¨{X«c�WYhjxoX
a6iV^��½hjxgW m6xoX�popga6xoXlhjiYeqT6X
�;h r s�cf�¥eqX�x
eoT6X�t'c{�V^`i³¦�S�T6X�¤
T6h{b`X�pgX't�eo^`hjiÈh{��eqT6X,��h r s$^`pucfb`b`h�¤(X r eqh"t�T�c{i6�{X,�½xghjW eqTVX�t'c{�V^`i¶eqh�i6XDcfx
eoT6X\¤�^diV����S�^`�ja6xoXL�{��	 
 eqT6X �=pqc{WYX 	�h{�Vz|X't�eo^�¨jX��½a6i6t�eo^`hji�cfby^`p�c{��cf^`iÈ¤¼XDc{´�b�sÊxoX r a6t'X r ­H�½xohjW
�"4 � +)G � � eqh �"4 � +)G � � ¦ S�TV^dpRT�cfp �;X'X�i"h{�Ve�cf^`i6X r ^`iYZ�^�eqX�xqcfeg^dh{i6p c{i r Z � WY^`iFaVeqX�p¼hf� Æ wRË�­Fcfi r
eoT6X%WYhjxgX%a6iV^��½hjxgW m6xoX�popoaVxoX r ^`pgeoxg^`�6aVeo^`hji�t'c{i��;X%hj�VpoX'x�¨jX r ^di S�^d�jaVxoX¶�"7 
 ^`i S�^`�ja6xoXk��7V­
^`i r X�X r ­6¤¼X�h{�6poX�xg¨jX�eoT�cfe�eqTVX,mVxoX'pgpoa6xgX r ^dp�eqxg^`�6aVeg^dh{ik^`p�^dWYm6xgh8¨{X r cf�¥eqX�x�eqT6X�tDcf�V^di 
 ¤¼X,cfbdpgh
hj�VpoX'x�¨jX�eqT6cfe}eqTVX'xoX�^`p�c$pgeoxohji6�L^`iV£�a6X�i6t'XYh{�ReoT6X��jX'h{W�X�eqx�s�WYh r ^�²�t'cfeo^`hjiÊhjiÈeqTVX�m6xoX�popoaVxoX
i6X'c{x�¤�^diV�f¯¹�;h r sÈz|a6i6t�eo^`hji³­(¤
TV^`t�T³­(¤�^�eqTn^di�eqT6X�b`^`W�^`eop"hf�ueoT6X¶cft't'aVxqc{t�s h{�}hjaVx�p�^dWYmVb�^�²�X r
c{i r t�h�c{xopgX©t�hjWYm6aVeqcfeo^`hji³­9z|aVpgeo^�²�X�p�eoh¢t�hjWYm6aVeqXk¤�^`eoT�eoT6XL¤
T6h{b`X¶�jX�hjWYX�eqx�s�c{i r eqhÊe�c{´fX
^`i�eqhkc{t't�hja6i�e�eqTVX\¤
T6h{b`X�pg´�^diAm6xoX�popga6xoX�^`iAeoT6X\�½a6i6t�eo^`hji�cfb ^`i6p�eqXDc r hf�(t�hji6pg^ r X�xg^`i6�¶c$pgT�c{m;X
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c�¯ �¹iV^�eo^dcfb�pgT�c{m;X,hf��eoT6X,cf^dxgt'xocf�¥e
i6XDcfx
eoT6X�X'i6�f^di6X»¯¹m�sFbdh{in¯¹�;h r s�z|a6i6t�eg^dh{i³¦

�n¯ S�^di�c�b�poT�c{m;X �?hjmneo^`WY^`¡Dc�eo^`hji 	�¦ t�¯ S�^di�c�b�poT�c{m;X � º i6X»¯�]nT6hfe 	�¦
S�^`�ja6xgXY�j� Y º mVeo^`W�^d¡'cfeo^`hjikh{�9eoT6X�X'i6�{^`i6X»¯¹m�sFbdhji_¯¹�;h r s�z|aVi6t�eg^dhji·¦ S�hjx�eqTVX,h{mVeo^`W�^d¡'cfeo^`hji¶WYX»¯
eoT6h r ­ � ^`eoX'xqc�eo^`hji6plc{xoX,c{mVmVb`^`X r�
 + 	�^�eqX'xocfeo^`hji6plc{xgX�c{m6mVb�^`X r �½h{x�eqT6X º i6X�¯|]nT6h{e
WYX�eqT6h r ¦
hjmneo^`WY^`¡Dc�eo^`hji©mVxoh_t'X'pgplc{m6mVb�^dX r hjikc�m�c{x�elh{��eoT6X�£�h�¤�¦
�¹i S�^`�ja6xgX$�DZ�c{xgX r X'mV^`t�eoX r eqT6X\^`iV^�eo^dcfbRc{i r ²6i�cfbypgT�c{m;X'p}¤�^�eqT¢c{i r ¤�^�eqT6hjane,c{WYmVb`^�²�t'cfeo^`hji
h{��eqTVX,WYh r ^�²�tDcfeg^dh{i³¦
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�¹in^`eg^ücfb�mVxoX'pgpoa6xgX�t�hji�eqhja6xgp 
 i6h{eqX}eoT6X�TV^`�jT S�^di6cfb�m6xoX�popga6xoX,t'hji�eohja6xop 
 m6xgX'pgpoa6xgX
mVxoX'pgpoa6xgX'p«cfe�eqT6X��½xghji�eum6c{xge
h{��eqTVX,m�sFb`hji³¦ b`X�¨{X�b`p«hji�m�sFbdhji¶c{i r �;h r sLc{xoX�i6h�¤ b`h�¤(X�x'¦

S�^`�ja6xgX%�8�OY º mVeg^dW�^`¡Dcfeg^dhji�hf�yeqT6X\X�i6�{^`i6X�¯±m�s_b`hjin¯±��h r s"z|a6i6t�eg^dh{i 
 X P�X't�e�h{�yeqT6X�poT�c{m;X�hjmVeg^�¯
W�^`¡Dcfeg^dhjikhjiLeqTVX,mVxoX'pgpoa6xgX�t�hji�eqhjaVxop'¦
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c8¯¼wRxgX'pgpoa6xgX�t'h{iFeohja6xgp
�½h{x�eqT6X�^`iV^`eg^üc�b�poT�c{m;X 
 �_¯¼wRxgX'pgpoa6xgX�t�hji�eqhja6xgpl�½h{x�eqT6X�²�i�c�b�poT�c{m;X
iVh{eqX,c\bdh�¤¼X'x|¯¹m6xgX'popga6xoX�xoX��{^dh{i¶cf�¥eoX'x�eoT6X�tDc{�V^`i³¦ cf�¥eoX'x � ^�eqX'xocfeo^`hji6p
h{�9poT�cfm�X�hjmVeg^dW�^`¡Dcfeg^dh{i³¦

S�^`�ja6xgXu�"7 Y�~lX�poX'c{xot�T�h{�6cuWYhjxgX(a6iV^��½hjxgW§m6xoX�popoaVxoX�cf�¥eoX'x�eqT6X tDcf�V^di�Y�t�hjWYm�c{x�^dpghji\h{�Vm6xoX�popoaVxoX
t�hji�eqhja6xgp'¦

Û�Û öba'Þ»ï�à�ï
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c�¯ �¹iV^�eo^dcfb�poT�cfm�Xf¦ �n¯ S�^`i�cfb�pgT�c{m;X{¦

t»¯ \«WYmVb�^`²6tDcfeg^dhji©��s�c\�=c{t�eohjx � hf��eoT6X r X��½hjxgW�cfeo^`hji³¦
S�^`�ja6xgX��DZ Yy~lX�poX'c{xot�T�h{��c\WYhjxgX}a6iV^��½hjxoW m6xgX'popga6xoX�c��¥eqX'x eqT6X�t'c{�V^`iCY9^`iV^`eg^üc�bHc{i r h{mVeo^`W�^d¡�X r
pgT�c{m;X'p'¦

Ù¥Ú�Û�Ù½Ü



���������	��

��

������������

�����������������! "���$#&%(')

�*�,+�-.�����/��01���32546���	�/������������� ��H

� 8 ����&��'��2������

S�TV^`pL¤(h{xo´ ^`p�cµt'hji�eqx�^d�VaVeo^`hjiÇeqh cµi6X�¤ �jX'iVX'xqc�eo^`hjiÇh{��pgT�c{m;X�hjmVeg^dW�^`¡'X'xgpk^`i ¤
TV^`t�T�eqTVX
a6iV´_iVh8¤
i¾^`p"eoT6X¶iFa6WYX�xg^`tDcfb r X�²6iV^`eg^dh{i h{�}eqTVX¶poT6c{m�Xf­�^di�¨{h{b`¨F^`i6� cAbdc{xg�jX©iFa6W���X�x$h{��xgXDcfb
m�cfxqc{WYX�eoX'xgp'¦3\ub�eqTVhja6�jT�eqTV^`p¼^ r XDc�^dp¼i�cfeoa6xqcfb�c{i r h{b r ­F^`e¼T�c{p¼h{�¥eqX�i%�;X'X'i"^dWYmVb`X'WYX'i�eoX r ¤�^�eqT
r ^ ��t'aVb�e¹s%^`i%eoT6X«b�^`egeqX'xocfeqaVxoX{­6c{i r eoT6X}WYhjpge(�½xoX'¬Fa6X�i�e�hjmVeg^dhji$eoh r c�sY^`p(eqh�^di�eqxgh r a6t'X�c�poW�cfb�b
iFa6W���X�x}h{�ym�cfxqc{WYX�eoX'xgpueqh"¨{cfxgs�eqT6X�poT�cfm�X 
 ¤�^�eqT¶eoTV^dpupoW�cfb�b iFa6W���X�x}h{�ym�cfxqc{WYX�eoX'xgp'­³cfi r
^`iµt'hjW��V^`i�cfeo^`hji�¤�^�eqT t�T6X'c{m�c{i�cfb�s_poX'xgp'­RhjmVeg^dW�^`¡Dcfeg^dh{iµtDc{iµxgX�b�s�hji c¶pgX'i6p�^`eg^`¨F^�e¹s�c{i�cfb�s_pg^`p
hj�ne�cf^`i6X r ��s r ^�¨F^ r X r¶r ^�P�X'xoX�i6t'X�p'¦
S�T6X�m6xgX'pgX'i�e«t�TVh{^dt�X,^`p r ^�P·X�xoX'i�el¤�^`eoT©xgX'pgm�X�t�eleqh Y
¯�eoT6X �6���+���8��� Á B D+�"=�� ;yÀ xoX'mVxoX'pgX'i�e�c�eo^`hji ¤
TV^`t�T ^`p"c�b`b`h�¤(X r ��sµeqT6X�^di�eoxoh r a6t�eg^dh{i�h{�}c

 � *¥� B * ÀWV;À * 
 À �&= Ä Å c rVr xoX�popg^`i6�"m6xohj�nbdX�W�p
¤�^�eqTkW"cfiFs$a6i6´Fi6h�¤
i6p'­
¯ W�h{pge�^`WYm�hjx�e�c{i�egb`s{­neqTVX�c{�V^�b`^�e¹s$hf�HeqT6X«¤
TVh{bdX«pgs_pgeoX'W eohYc{m6mVb�s�eqh � D Á �"=�� ;yÀ r ^`pot�xoX�eg^d¡�X r
��s�c{i �5D����D�#���{� ��� À Å�� À ���8� = À Å�� B�X �V� B=Ä D ¦

S�T6X�bdc{pgelm6xghjm�X�xge¹s$^`p
t'xga6t�^dcfb��½hjx�pqcD¨F^`i6�"X�i6�{^`i6X'X�x � pleg^dWYX�c{i r poTVhjxgeoX'iV^`i6� r X�bdc�s_p�¦
º �Rt'h{a6xopgX{­³eqTVX\m6xoX�poX�iFe,pgX�e�h{�RWYX�eoT6h r p�pgeg^`b�b T�cD¨{X�pghjWYX r X�²�t�^`X'i6t�^dX�p,eoT�cfe�cfxoX r aVX\eqh$i6hfe
¤¼X�b�b�poh{b�¨jX rÈr ^ ��t'aVb�eo^`X'p�¦ � X�b`^`pgeli6h�¤ e¹¤¼h�h{��eoT6X'W Y
¯ReoT6X�poT�c{m;X�m�c{xoc{WYX�eqx�^d¡'cfeo^`hji�¤(h{xo´Fp�¤(X�b`b�hjiVb�s$^��9eoT6X�^diV^�eo^dcfbHpg´�^di©W�X�poTk^dp
xoX��jaVbdc{x�X'iVhja6�jT³¦
¯
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eoT6X�W�aVb�eo^�bdX�¨jX�b9WYX�eoT6h r ¦
�¹WYm6xgh8¨F^`i6�"�½aVxgeqTVX'x�eqT6X ; = Á � B �j� * 
 Ä Å À * * B D L%^`pucYiVhjikeoxg^�¨F^ücfb�¬Fa6X�pgeg^dhji·¦ � X��;X�b�^dX�¨jX�eqT�c�e
eoT6X�a6pgX�h{�MeqT6X�eoxqc{i6pgmV^`xqcfeg^dhjiYcfm6m6xohDv_^`W"c�eo^`hji�^dpyi6hfeym�h{popg^`�Vb`X�^diYt�hjW��V^`i�cfeg^dh{iY¤�^�eqT\eoT6X�i6X�X r
�½hjx,c�pgeoxoX�eot�T6X r WYX�poT Y�^`e�W�cDs¢�;XYm�h{popg^`�Vb`X"eoh¶a6pgX"TV^`�jT ~lX�sniVh{b r p : � � WYh r X�bdp�¤�^�eqT¤(cfb�b9bdc�¤ c{i r eqxqcfi6pomV^`xqc�eo^`hji³­³�6ane�eqTV^`p}xoX�W�cf^diVp}eqh$�;X\X�vnm;X'x�^dWYX'i�eoX r ¦ Æ hji�¨jX'xgpoX�b`s{­��½hjxlbdh�¤
~
X�s_i6h{b r p(�½h{xoW�anbücfeg^dh{i$c{i r pgeqxgX�eot�T6X r �;hja6i r cfxgsYbücDs{X'xop�­V¨fc{xg^dc{�Vb`X«WYX�poT6X�p�¤�^`b�b·�;X«xgX'¬FaV^`xoX r ­
c{i�hjmneo^`hjikcfb`b`h�¤(X r ��skc{aVeohjW�cfeqX r�r ^QP�X'xgX'i�eo^dcfeg^dhji � � �þ¦
�L� � D ÄnÃ * À Å LMÀ 
 À D��8�$�u� X,eqT�c{iV´¶�V¦ ¯�®A¦³®¶c�b���c{i r ];¦���c{i�eqX�xg^��½hjxueoT6X�^`x«TVX�b`m�cfeupoX�¨{X'xocfb
p�e�c{�jX�py^diYeqT6X r X�¨jX�bdhjmVW�X�i�e�h{�;eqT6X r X�W�h{i6pgeoxqcfeg^dhji·­Vc{i r ¸«c{popoc{aVb�e \�¨F^ücfeg^dh{i��½hjxysF^`X�b r ^diV��eqTVX
SMcfb`t'hji�WYX'pgT³¦
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