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¾ �l¿|���������P���M�#�|�M���

À Á*Â¥Ã�Ä¹Å�Æ�ÇkÈ(Ã¹ÉpÅ¥ÂËÊNÊTÊNÊNÊTÊlÊNÊTÊNÊTÊNÊNÊTÊNÊTÊNÊlÊTÊNÊNÊTÊNÊTÊNÊNÊTÊNÊlÊTÊNÊTÊ À
Ì � Ì Í [rUX)^Y+$&'��eg�ÎÏ�!dZÐ��T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ

Ò Ó�ÇÔÄ�Õ¥Ön×FÅ�Ø�Ù
ÉÚÃ�ÖnÄ�ÛÃ¹ÇkÄ¹Ö>ÊlÊNÊTÊNÊTÊNÊNÊTÊNÊTÊNÊlÊTÊNÊNÊTÊNÊTÊNÊNÊTÊNÊlÊTÊNÊTÊ Ü
� � Ì Ý dXb(ijU»b()^ �N�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Þ
� � � uY+',dZa&Y^$& ZÐnYÔu�Y+',�('ß�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ì��
� �áà Ý dXb(ijU»b()������!a��N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ì¹�
� �ãâ ä��i»W/å�Y+a¥�!)^'æ�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ì¹�
� �çÑ Ý dXb(ijU»b()w�kdZ','* �N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ì à
� �áè Ý dXb(ijU»b()w"MdZdZb�x� é�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ì â

ê Ó�ÉhëPÇ�ìpÛrÃ¹ÉpÅ¥ÂFíVÖoÃ¹îÔÅ�ÆkïæÊlÊNÊTÊNÊTÊNÊNÊTÊNÊTÊNÊlÊTÊNÊNÊTÊNÊTÊNÊNÊTÊNÊlÊTÊNÊTÊ À�ð
àr� Ì st�!]D'*$oUMst'jUXW&��_ �l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ì Ñ

àr� Ì � Ì s/�!]�',$oU�s/',UXWr�_�u�!)^[rUXY^�!$ñgp�!d#v Ý ��v �N�T�N�T�N�N�T�N�l�T�N�T� Ì Ñ
àr� Ì � � s/�!]�',$oU�s/',UXWr�_�u�!)^[rUXY^�!$ñgp�!d���W&Y^$/ÎòY^dZ'l��b(_&Y+beUX�!d� �T�N�T� Ì¹ó
àr� Ì �çà u�[&d�ghb(i,'Nb($&_`ÎòY+dZ'l��b( ZY^ Ý [r$&i,UZY+�!$& H�N�N�T�N�T�N�N�T�N�l�T�N�T� Ì�ô
àr� Ì �áâ u��![&dZi,'Tst�_r'*)+Y^$&% �T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ì�ô
àr� Ì �õÑ Ý b(d Ý Y+'*)^_ � b()+i,[&)�b�UXY+�($& �T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� �(�

ö ÷�Û&ø�Ä�ÉhÈ!ÛrÃ¹ÉpÅ¥Â9íVÖnÃ�îkÅ�Ækï ÊNÊTÊNÊTÊNÊNÊTÊNÊTÊNÊlÊTÊNÊNÊTÊNÊTÊNÊNÊTÊNÊlÊTÊNÊTÊ Ò�Ò
â&� Ì å�'* �Y+%!$ù�T�N�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� �!�
â&� � s�beUZ'*dZY+b()+ �T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� � Ñ

Y^�



â&�áà ú1dZ��i*'* � #�T�N�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� � Ñ
â&�ãâ ��', �UZY+$&%t�T�N�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� � Ñ

ð ÷�Ä�Û&È(Ã�ÛcìqÙKÅwÅ�ûòü¨Â¬Ã�Ö�ÂkÂkÛcïJÊTÊNÊTÊNÊNÊTÊNÊTÊNÊlÊTÊNÊNÊTÊNÊTÊNÊNÊTÊNÊlÊTÊNÊTÊ Ò�ý
Ñ� Ì u]�b()+)f�Ô���!a& H�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� � Þ

Ñ� Ì � Ì Ý dZb(i,UXb()Ô��'*$&',dXbeUZY+�!$ �N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� � Þ
Ñ� Ì � � "M$oUX'*$r$cbD"M$cb()�x �Y+ æ�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� à Ì
Ñ� Ì �çà �#'* �[&)^UZ ��N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� à(â

Ñ� � ��', Z�!$&b($oU������!a& Ï�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� à ô
Ñ� � � Ì Ý dZb(i,UXb()Ô��'*$&',dXbeUZY+�!$ �N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� à ô
Ñ� � � � "M$oUX'*$r$cbD"M$cb()�x �Y+ æ�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� à!Þ
Ñ� � �çà å�', ZY^%!$ � [&d��('* D�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� â �
Ñ� � �áâ �#'* �[&)^UZ ��N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� â �

þ ÷�Ä�Û&È(Ã�Ûcìqÿ`Épû1Å¬ìpÖtü¨Â¬Ã�Ö�Â�ÂÔÛcï�ÊNÊTÊNÊNÊTÊNÊTÊNÊlÊTÊNÊNÊTÊNÊTÊNÊNÊTÊNÊlÊTÊNÊTÊ ö¬ý
èr� Ì ä��i»Wtst�!$r�!a¬�()+' �T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� â ô

èr� Ì � Ì Ý dZb(i,UXb()Ô��'*$&',dXbeUZY+�!$ �N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� âoÞ
èr� Ì � � "M$oUX'*$r$cbD"M$cb()�x �Y+ æ�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ �
èr� Ì �çà "M$oUX'*$r$cb � W&b(dXb(ijUX',dZY+ �UXY^i* �N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ Ì
èr� Ì �áâ ��UZ'*dZbeUXY^�!$tuiSb()^Y+$&% �T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ �

èr� � Ý dXb(ijU»b()w�kdZ',' �N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñeâ
èr� � � Ì Ý dZb(i,UXb()Ô��'*$&',dXbeUZY+�!$ �N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ!Ñ
èr� � � � "M$oUX'*$r$cbD"M$cb()�x �Y+ æ�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ(è
èr� � �çà "M$oUX'*$r$cb � W&b(dXb(ijUX',dZY+ �UXY^i* �N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ ó

�



èr�áà ��W&dZ','Nå�Y+]D'*$& �Y+�!$cbe) Ý dXb(ijU»b()f��d�'*'��N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� è �
èr�áàr� Ì Ý dZb(i,UXb()Ô��'*$&',dXbeUZY+�!$ �N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� è �
èr�áàr� � "M$oUX'*$r$cbD"M$cb()�x �Y+ æ�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� è �
èr�áàr�çà "M$oUX'*$r$cb � W&b(dXb(ijUX',dZY+ �UXY^i* �N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� è!à

èr�ãâ Ý dXb(ijU»b()�å�Y^a¬�()+' � �(]�acbedZY+ ��!$& �N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� è(â

� í Ç�ìÚÃ¹Épø�ÛcÂkÆ9÷�Ä¹ÛcÈ(Ã�Ûcì�ü¨Â¬Ã�Ö�Â�ÂÔÛcï ÊNÊTÊNÊTÊNÊlÊTÊNÊNÊTÊNÊTÊNÊNÊTÊNÊlÊTÊNÊTÊ þ�ý
ó � Ì Ý dXb(ijU»b()Ô��'*$r'*dXb�UX�!d#b($r_���'*�!]D',UZd�x �T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� è!Þ
ó � � "�$oUX',$&$cbé"�$cbe)^x� ZY^ F�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ó(�
ó �áà "�$oUX',$&$cb � Wcb(dZb(i,UZ'*dZY^ �UZY+i* �T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ó!�
ó �ãâ u[&d�ghb(i*' � [&d�dZ'*$oUZ �l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ó è

ý ü;û�û�ìhÉ¡È!ÛrÃ�ÉhÅ¥Âkï7Å¥Ø�÷�Ä¹ÛcÈ(Ã�Ûcì�ü¨Â¬Ã�Ö�Â�ÂÔÛcï7ÊNÊTÊNÊlÊTÊNÊNÊTÊNÊTÊNÊNÊTÊNÊlÊTÊNÊTÊ � ý
ô � Ì Ý dXb(ijU»b()�v1)^'*]D'*$oUX �Y^$/"MdZdZb�x;"�$oUX',$&$cb( ��N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ó Þ

ô � Ì � Ì �#'*_r[&i*',_>st[rUZ[cb() � �![ra&)+Y^$&% �T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ó Þ
ô � Ì � � ��Y^%!WoUX',d�"�dZdZbSx`ú5b(i»ÐnY^$&% �T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ô à

Ü �TÅ¬ÂkÈoìhÇ�ïSÉpÅ¥Â ÊTÊNÊTÊNÊNÊTÊlÊNÊTÊNÊTÊNÊNÊTÊNÊTÊNÊlÊTÊNÊNÊTÊNÊTÊNÊNÊTÊNÊlÊTÊNÊTÊ ý�þ

� ÖnØ�ÖnÄ¹Ö�Â�È!Ö�ïtÊNÊNÊTÊNÊTÊNÊNÊTÊlÊNÊTÊNÊTÊNÊNÊTÊNÊTÊNÊlÊTÊNÊNÊTÊNÊTÊNÊNÊTÊNÊlÊTÊNÊTÊ ý�Ü
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Ì � Ì ��������������������������� "!$#&%('�#�)+* \nxT�#�!%!',d5���ç�r�e�qb(dZ�($-, Ì�. ����W&Y+ �)�b($r_& Zi*b(a¬'

 Zi,'*$&';��b( i*d�'SbeUZ'*_ [& �Y+$&%>b�gpdZb(i,UXb() � � )+�![&_r * 1i*�!b( �UZ)+Y+$r'* * =UZdZ','* * 
b($r_
',�('*$t��beUZ'*d# Z[&d�ghb(i*', Mi*b($/\¬'l]D�_&',)+',_;�#Y^UXW¨gpdZb(i,UXb()+ ,� �N�N�T�N�l�T�N�T� �

Ì � � "0/&x1/&x�Y^$&%�UX����b(dZ_r b�a&Y^'*i*'��(g#acb(a¥'*dNgpdZ�!] �('*d�xÏghb(dTb���bSx�d�',�('Sb()^ 
UXW&'li,�!$n[&$&_&d�[&] �(g�_&'32c$rY+$&%é_&Y^]�',$& ZY^�!$& *� �T�N�N�T�N�T�N�N�T�N�l�T�N�T� �

Ì �áà st'Sbe Z[&d�Y+$&%�UZW&'�)^'*$&%eUXW7�(grUXW&'qi,�ob( �UX)+Y^$&'
�(g54M�(d�UXW3"�]D'*dZY^iSb�'�6'*]Da&)+Y72c'* 
gpdXb(ijU»b()f%!'*�!]D',UZd�x�gp�![&$&_/Y+$`$cbeUZ[&dZ'e�V�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� à

Ì �ãâ " gp',dZ$;Y^ �bNi*�!]D]D�!$�'86rb(]�ar)+'��(gÔbT%('*�!]D',UZd�xéY+$�$cbeUZ[&dZ'�UXWcbeU|Y+ 
'Sbe ZY+)�x
]���_&',)+'*_¨[r ZY+$r%égpdZb(i,UXb()�%!',�!]�'jUXd�x!���N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� â

Ì �çÑ ��W&'|�eb(d�Y+�![r �gpdXbei,U»be)�%('*�!]D',UZdZY+', kUZWcbeU=b(dZ'| �UX[r_&Y+',_7Y+$NUXW&Y^ kUZW&'* �Y+ *�5��W&',x
ghb()+)�Y+$oUX�¨UZW&dZ','D]�b(Y^$�iSbeUZ'*%!�(dZY+', +9�gpdXbei,U»be)=_&Y+a¥�!)^'* * ¬gpdXb(ijU»b()=)^��(a& * Ôb($r_
]7[&)�UXY+\&b($&_ gpdXb(ijU»b()�_&Y+a¥�!)^'* *� "�)^ Z�& qb(a&a&)^Y+iSb�UXY+�($& é[rUXY^)+Y;:,Y+$&%>UZW&'* �'>%!'j�
�!]D',UXd�Y+', qWcbS�!'N\¬','*$t �UX[r_&Y+',_w���N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ó

àr� Ì �q���é�eb(dZY+beUXY^�!$& |�(gÔ�!�!)�U»b(%!'� ��![&d�i*'* �b( qgp','*_&Y^$&%é]���_&',)+ *�=b=<qå�'*)�U»b3%obea
�!�!)�U»b(%('�%!'*$&',dXbeUZ�!d#b($&_/\5< Ý dZY^)+)��!�!)�U»b(%!'� ��![&d�i*'(���T�N�T�N�N�T�N�l�T�N�T� Ì Þ

â&� Ì ú1dZY+$oUZ'*_òWcb()�gT)^��(aòb($oUX'*$r$cbË]D�![&$oUZ'*_ò���!'*d/%!d��![&$&_òa&)+b($&'(� "�i,UZ[cb()
b($oUX',$&$cbDb($&_/Y+]�b(%!'�Y^ �'*mn[&Y��(be)+'*$oU#UX�é)^��!a¨Y^$¨gpdZ'*'l �acb(i*'e�é�T�N�l�T�N�T� � à

â&� � stY+i,dZ�! �UXd�Y+a;UX�Di*����a&)+b($cb(dq �UXd�Y+a¨gp'*',_/gp�!d�ardZY+$oUZ'*_/)+���!a`b($oUX',$&$cb( ,���N�T� � â
â&�áà ú1W&�(UX�(%!dXb(arW/Y^$& ZY^_&'lb($&',i»W&�!Y^iNi»W&b(]7\¥'*d�beU�UXWr'N"M$oUX'*$r$cb��Ôb(\tbeU�¢ � �Ô"T� � è
â&�ãâ ú1W&�(UX�(%!dXb(arW Y+$& �Y+_&'>be$&'*i»W&�(Y+i>i»Wcb(]3\¬',d>:,��(]�',_ Y+$ �!$9gpdZb(i,UXb()�)+���!a

b($oUX',$&$cbé�!$`dZ�(UXbeUXY^$&% a¬',_&'* �U»b()¡�ß�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� �!ó

�Y^Y



Ñ� Ì Ý '*'*_rY+$&%�i*�!$?2&%![&dXb�UXY+�($�gp�!d#U����;�eb(d�Y�beUZY+�!$& #�(g
bDgpdXb(ijU»b()k)+���!aw ¥b;ä���i»W
gpdXb(ijU»b()f)+���!a`b($&_tbDstY+$&Ðe���# ZÐnY�gpdXb(ijU»b()�)^��!af� �N�T�N�T�N�N�T�N�l�T�N�T� � Þ

Ñ� � u'*mn[&',$&i*';gp�(d3%!',$&'*dZbeUXY^$&%�b�ä���i»WH)+���!aw�/vKb(i»WHY^UZ'*dZbeUXY^�!$�Y^ T%!',$&'*dZbeU��
'*_Ë\oxHdZ',a&)�b(i,Y+$&%P'*b(i»WF �'*%!]D'*$oU��(g�UXW&'`a&d�',��Y+�![r DY�UX',dXbeUZY+�!$ �#Y�UXWHUXW&'
%!'*$r'*dXb�UX�!d,�9�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� à �

Ñ�áà ��',)�beUZY^�('ñ ZY@:*', �(g�UXW&'¨)^��(a�%!',�!]�'jUXd�Y+'* ,�BAK�!)+[&]D'D�i,i*[&a&Y^'*_H\ox \¥�(UZW
%!'*�(]�'jUXdZY^'* MY+ �Y^_&'*$oUZY+iSbe) ����Wr'7Y+$&ar[rU� Z�([&dZi,'7Y+ M ZW&���#$æbeU�UZW&'7\¥�(UZUZ�!]
�(gkUXW&'l)+���!a& ,�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� à �

Ñ�ãâ uY+]3[&)�beUZ'*_¨d�'Sb()wa&b(d�U��(gkUXW&'lY^$&a&[rU#Y^]�a¥'*_cbe$&i*'�gp�!dqUZW&'l)+���!a`b($oUX',$&$cb( ,� àoÑ
Ñ�çÑ uY+]3[&)�beUZ'*_7ghb(dC2&'*)+_éacb�UZUX',dZ$& Kgp�!d1)^��!aébe$nUZ'*$&$&b( |)�x�Y+$&%�Y^$D6�x ar)�b($&'e�1b=<6(:Tbe$&_/x�:li*[UX �\5<E6�x`i*[rU*�q�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� à!è
Ñ�áè u'*mn[&',$&i*'7gp�(d�%('*$&',dXbeUZY+$&%ñb;stY^$&Ð(���# ZÐnY=)^��(aw�#vKb(i»W�Y^UZ'*dZbeUXY^�!$`Y+ �%!'*$�

'*dZbeUX',_ \nx3dZ',a&)�b(i,Y+$&%M'Sb(i»Wé �'*%!]D'*$oUK�(gcUZW&'qa&d�',��Y+�![r =Y^UZ'*dXb�UXY+�($T�#Y^UZW7UXW&'
%!'*$r'*dXb�UX�!d,�9�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� à ô

Ñ� ó uiSbe)+Y+$r%Tghb(ijUX�!d�UZ� ]ñbeÐ('lb7 Zmn[cbedZ'l)+���!a�UZWcbeU#Y^ GFIH�â7a¬',d� ZY^_&'�dZ', Z�!$&b($oU
gp�!d�_&Y7Jf',dZ'*$oU�Y+$r_&'*$oU»b�UXY+�($;�#Y+_rUZW`�eb()^[&'* �gp�!d#bDstY^$&Ð(���# �Ð�YÔgpdXbei,U»be)w)+���!aw��â Ì

Ñ� ô ��',)�beUZY^�('/ �Y;:,'* ñ�eg�UXW&'/)+���!aË%!'*�(]�'jUXdZY^'* égp�!d UXW&'>2cdZ �UñU��|� Y^UZ'*dZbeUXY^�!$& 
�#Y^UZW�b($/Y+$r_&'*$oU»b�UXY+�($/�#Y^_rUXW/�(g � � ô ��vKb(i»W�)^��!a` �W&���#$�Y+ #dZ', Z�!$&b($oU�beU
UXW&'l Zb(]�'�gpd�'*mn[&',$&i,x(���N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� â �

Ñ�áÞ Ý b(dK2c'*)^_ acb�UZUX',dZ$ gp�!d`dZ'* ��!$cb($oUtgpdXb(ijU»b()�)^��!a b($oUZ'*$&$cbe tgp�!d¨�eb(dZY^�![& 
Y+$&_r'*$oU»beUZY+�!$¨�#Y^_rUXW& �b($r_/gpdZb(i,UXb()wY^UZ'*dZbeUXY^�!$& �b( �i*�(]�a&[UX'*_/\ox;UXWr'T]D�e�
]�',$oUl]�'jUXW&��_w� ��W&'DacbeU�UX'*d�$Ïi,[rUNY+ ��!d�UXW&�(%!�!$cb()�UX�¨UXW&'éa&)+b($&'é�(g
UXW&'
)+���!aw�`�N�T�N�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� âoà

Ñ� Ì�� Ý b(\&dZY^iSbeUZ'*_/)+���!atb($oUX'*$r$cb( *����W&'7)^��(a�b($oUZ'*$&$cbD�qb( M]��([&$oUX'*_��¹�('*d�b
%!dZ�([&$&_`a&)�be$&'(�K���eUXWtb($oUX'*$r$cb( Mb(dZ'�d�'* Z�($cb($oU�b�U�UXW&'l Xbe]�'�gpd�'*mn[&'*$ri,x!� ânÑ

��Y+Y^Y



Ñ� Ì!Ì Ý b(\&dZY^iSbeUZ'*_�)^��!a�b($oUX'*$r$cb( Ô[& ZY^$&%#b�]�Y^i*d��! �UZdZY+aMUX��i*����a&)+b($cb(d¬ �UXd�Y+a�UXdZb($�
 ZY�UXY+�($w�1���(UZW/b($oUX'*$r$cb( Mb(dZ'ldZ', Z�!$&b($oU�b�U�UXW&'l Xbe]�'�gpdZ',mn[&'*$&ijx!�¥�l�T�N�T� âoè

Ñ� Ì¹� ��$&a&[rU3]ñb�UXi»WÏgp�(dlghbe\&dZY^iSbeUZ'*_�)^��(aÏbe$nUZ'*$&$&b( *�/��W&'ñ �W&Y^gÚUTY+$ædZ', Z�!$&b($oU
gpdZ',m�[r'*$&ijx`Y+ qgpdZ�(] UXW&'l_&Y^'*)^'*i,UZdZY^i�\cb(i»ÐnY+$r%&� �N�N�T�N�T�N�N�T�N�l�T�N�T� âoè

Ñ� Ì àòst'Sbe Z[&d�'*_ ghb(dL2c',)+_ acb�UZUX',dZ$7gp�!d�UXW&'�)^��!a3b($oUX',$&$cb( 
beU1d�'* ��!$cb($&i,'(�=��Wr'
acbeU�UX'*d�$& �b(dZ'li*b()+Y^\&dXbeUZ'*_;gp�!d#be$tbei*i*[rdXbeUZ'T%obeY+$¨]D'Sb( �[&dZ',]�',$nU*� �T�N�T� â ó

èr� Ì �l',�!]D',UXd�x;�(g5béä��i»W/i*[&d��!'N[& Z',_�b( �b _&Y^a¬�!)^'�b($oUX',$&$cbr�¥�N�T�N�l�T�N�T� âoÞ
èr� � Ý Y+d� �U�Y�UX',dXbeUZY^�!'� �UX',a& �gp�(d�%!'*$&',dXbeUZY+$&%Dbéä��i»W/i*[rd��!'e���T�N�N�T�N�l�T�N�T� Ñ �
èr�áà uY+]3[&)�beUZ'*_ Y^$&a&[rU`]�beUXi»W �(gNUXW&'P �UXdXbeY+%!WoU`_&Y^a¬�!)^'Pb($&_ UXWr'M2cd� �U-2&�('

Y^UZ'*dXb�UXY+�($ñgp�!dqUXWr'Tä���i»Wt_rY+a¥�!)+'�be$nUZ'*$&$&b( M]�beUZi»W&'*_`UX��Ñ �ON � �l�T�N�T� Ñ Ì
èr�ãâ uY+]3[&)�beUZ'*_ Y^$&a&[rU7Y+]Da¬',_cb($&i,'ñgp�!d3UZW&'P2cdZ �UD2&�!'¨gpdZb(i,UXb()�Y�UX'*dZbeUXY^�!$& 7�eg

ä��i»W�_&Y+a¥�!)+', |ar)+[& |bT �UXdXbeY+%!WoU|_&Y+a¥�!)+'�gp�!d
i*�(]�acbedZY+ ��!$w�5b=<K��$ra&[rUqd�'* �Y+ ��
U»b($ri*'l\5<���$&a&[U�d�'Sb(ijU»b($&i,' �T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ �

èr�çÑ Ý b(dQ2c'*)^_F_rY+dZ',i,UZY^��Y^U�xHa&beUZUZ'*dZ$Ëgp�!déä��i»WF_&Y+a¥�!)^'* �(g�_&Y@J¬'*d�'*$oU�gpdZb(i,UXb()
Y^UZ'*dXb�UXY+�($& *�¨b�<l�!',dZ �[& DR/gp�(dQSUT ��V be$&_WSXT�Þ ��V  5\5<��!'*d� Z[& YS gp�!dRZT Þ � V �N�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ(à

èr�áè ��',)�beUZY^�('NWr'*Y+%(WnUZ ��(g1b�dZ', Z�!$&b($oU�ä��i»W�_&Y+a¥�!)+'�gp�(dM_&Y7Jf',dZ',$nUMgpdXb(ijU»b()ÔY�U��
'*dZbeUXY^�!$& *� Í $&)�x;Wcbe)^gk�(gkUXW&'l_&Y^a¬�!)^'�Y+ � �W&���#$�Y^$`UZW&'[2c%![&d�'(� �N�l�T�N�T� Ñ(à

èr� ó �l',�!]D',UXd�xñgp�!dqUZW&'�gp'*',_&Y+$&%é�(g5b gpdXb(ijU»b()fUZdZ','Tbe Mb _&Y^a¬�()+'(���T�N�l�T�N�T� Ñ!Ñ
èr� ô �l',�!]D',UXd�xñgp�!dqUZW&'�gp'*',_&Y+$&%é�(g5b gpdXb(ijU»b()fUZdZ','Tbe Mb _&Y^a¬�()+'(���T�N�l�T�N�T� Ñ!Ñ
èr�áÞ uY+]3[&)�beUZ'*_>Y^$&a&[rUlY^]�a¥'*_cbe$&i*'é]�beUXi»W&',_æUZ�tÑ �\N gp�!d�UXWr'O2&dZ �UZ2&�('�Y�U��

'*dZbeUXY^�!$& ��(g=b gpdZb(i,UXb()wUXd�'*'l_&Y^a¬�!)^'��#Y^UZWtbé Zar)+Y^U�be$&%!)+'��eg=è � V be$&_/gp�(d#b
 �UZdXb(Y^%!WoU#_&Y+a¥�!)+'e� �T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ ó
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èr� Ì�� uY+]3[&)�beUZ'*_¨Y^$&a&[rU#Y^]�a¥'*_cbe$&i*'�gp�!dqUZW&'[2cdZ �UG2&�!'NY^UZ'*dXb�UXY+�($& q�(g5bégpdZb(i,UXb()
UXd�'*'#_&Y+a¥�!)^'q�#Y^UXW�bl Za&)^Y^U
b($&%()+'��(gwè ��V b($&_�bN �UXdZb(Y+%!WoUK_&Y^a¬�()+'(�5b=<=��$&a&[rU
dZ', ZY+ �U»b($ri*'( c\"<���$ra&[rU�dZ'*b(i,UXb($&i*' �T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ ô

èr� Ì!Ì Ý b(d]2&'*)+_tacbeU�UX'*d�$��(gKbéU�x�a&Y+i*b()kgpdZb(i,UXb()�UXd�'*' b($oUZ'*$&$cb�M��W&Y^ ��!$r'3Y+ #gp�!d
bégp�([&d�UZW�Y^UZ'*dZbeUXY^�!$¨gpdXb(ijU»b()�UXd�'*'N�#Y^UXWtbñè ��V \rdXb($&i»W� Za&)^Y^US�qb=<�v5��úK)+b($&'
i*[rU UZWcbeUéY^ 7acb(dZb()+)^'*)KUX�Pa&)�be$&';�(g�\&dZb($&i»W&', * �\"<7v=��ú1)�b($&'¨i,[rU UXW&beUéY+ 
a¬',dZa¥'*$&_rY+i*[r)�b(dqUZ�Dar)�b($&'��eg5\&dZb($&i»W&', �N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ(Þ

èr� Ì¹� " UXW&d�'*'N_&Y+]D'*$r ZY+�($cb()¬gpdZb(i,UXb()fUZdZ'*'�gp',_�b( �b _&Y^a¬�!)^'(� �T�N�N�T�N�l�T�N�T� è �
èr� Ì à9��W&'3%('*$&',dXbeUZY+�!$/�(gKb UXW&d�'*'T_&Y+]D'*$& �Y+�!$&b()fgpdXbei,U»be)ÔUZdZ','(��"qU�'*b(i»W�Y�UX'*dZb��

UXY^�!$;UXW&'l\&dZb($&i»W&', M �a&)+Y�U#Y+$oUX� gp�![rd� Z'*%(]�',$nUZ MY^$;U������!d�UZW&�!%!�($cb()far)�b($&', *��è Ì
èr� Ì â "J_rY+a¥�!)+'Db($&_æUXW&'Y2cdZ �U^2&�('ñY�UX'*dZbeUXY^�!$& l�(g#b`gpdXb(ijU»b()1UZdZ'*'DY+$�bt_&Y^a¬�()+'

i*�!$(2c%![&dZbeUXY^�!$¨ ZY^]7[&)�b�UX'*_`[& �Y+$&% UZW&'l]��!]D'*$oU#]D',UZW&�_f� �N�T�N�l�T�N�T� è �
èr� Ì Ñ ��$&a&[rU3]ñb�UXi»W�gp�!dN�eb(dZY^�![& NY^UX',dXbeUZY+�!$r T�(g�btUXW&d�'*';_rY+]D'*$& �Y+�!$cbe)KgpdZb(i,UXb()

UXd�'*'l]ñb�UXi»W&',_/UZ�ñÑ �YN �r�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� è!à
èr� Ì è9��W&'� �Y+]7[r)�beUZ'*_D_&Y+d�'*i,UZY^��Y^U�xéa&beUZUZ'*dZ$r |gp�!dKUXW&'��eb(dZY^�![& 
Y^UX',dXbeUZY+�!$r 
�egwUXW&'

UXW&d�'*'T_&Y+]D'*$& �Y+�!$&b()wgpdXb(ijU»b()�UZdZ'*'3_&Y+a¥�!)+'e����W&'3a&beUZUZ'*dZ$�Y+ #U»b(Ðe'*$>Y+$/UXW&'SKT ��V i,[rU�Y+$¨UXW&'la&)+b($&'��(gkUXWr'Z:l_&Y^dZ',i,UX',_t_rY+a¥�!)+'�b�U#dZ'* ��!$cb($ri*'(�`�N�T� è(â
èr� Ì¹ó ��W&dZ','��(bedZY+�([& �gpdXbei,U»be)f%!',�!]�'jUXd�Y+'* qb(dZ'�i,�!$?2c%![rdZ'*_tb( �_&Y^a¬�()+'* , rY^$&i*)^[&_�

Y+$&%ñbñä���i»W�gpdXb(ijU»b()¡ ¬bDgpdXb(ijU»b()�UXd�'*'e wb($&_PbéUXW&d�'*'7_rY+]D'*$& �Y+�!$cbe)ÔgpdZb(i,UXb()
UXd�'*'(�1��Wr'� �U»bed�UXY^$&%3 �Y;:,'��(gÔ'Sbei»W/�eg�UXW&'�%('*�!]D',UZdZY+', qb(d�'�Y^_&'*$oUXY^iSb()¬ú � u
\cb($&_/_&Y^a¬�!)^'* ,� �N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� èoÑ

èr� Ì�ô ��W&'�d�'* ��!$cb($oUqgpd�'*mn[&'*$ri,xñgp�(d|'*b(i»W¨�(gwUZW&'MgpdZb(i,UXb()fbe$nUZ'*$&$&b( ��!',dZ �[& qUXW&'
$n[&]7\¥'*dq�(gkY�UX'*dZbeUXY^�!$& 
gp�!d�b ä��i»W;gpdZb(i,UXb()  b3gpdXbei,U»be)¬UXd�'*'e cb($&_`b3UZW&dZ','
_&Y+]D'*$r ZY+�($cb()ogpdXb(ijU»b()oUZdZ'*'�Y+$ b�_rY+a¥�!)+'
i*�!$(2c%![&dZbeUXY^�!$7b( 5 ZY+]3[&)�beUZ'*_N�#Y^UXW
UXW&'l]D�!]D'*$oU�]D',UXWr�_w���T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� è!è
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èr� Ì ÞòuY+]3[&)�beUZ'*_¨Y^$&a&[rU�dZ', ZY^ �U»be$&i*'l�!',dZ Z[r MUXWr'T$n[&]7\¥'*d#�(g5%!'*$r'*dXb�UXY+$r%�Y�UX'*dZb��
UXY^�!$& qgp�!dqUZW&dZ','lgpdZb(i,UXb()�b($oUZ'*$&$cbe *� �N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� è ó

ó � Ì uY+',dZa&Y^$& ZÐnYw �Y+'j�!'lgpdXb(ijU»b()fgp',_�be Mb _&Y^a¬�()+'(���T�N�N�T�N�T�N�N�T�N�l�T�N�T� è!Þ
ó � � �l',$&'*dZbeUXY^�!$¨�(g5bñu�Y+'*d�a&Y+$r ZÐnYw ZY^',�('( � �UXb(d�UZY+$&% �#Y^UZW/bé\¥����UXY^'Tbe$nUZ'*$&$&br��� ó(�
ó �áà ��',)�beUZY^�('� ZY@:*'* ��(g5b($oUX',$&$cb( #[& �'*_tgp�(d�]7[&)^UZY+\cbe$&_¨i*�!]Dacb(d�Y+ ��!$w� �T�N�T� ó(�
ó �ãâ ��d�Y�b($r%![&)�bed|ghb(i,',UX Mb($&_¨gp','*_`�#Y+dZ'�gp�!d�u�Y+'*d�a&Y+$r ZÐnY�b($oUX',$&$cbD ZY+]3[&)�beUZY+�!$r *� óÌ
ó �çÑ uY+]3[&)�beUZ'*_¨Y^$&a&[rU#]�beUXi»W`�(g5b($oUX',$&$cb( �]�beUXi»W&',_/UZ��Ñ �ON � �T�N�l�T�N�T� ó!�
ó �áè ��$&a&[rUK]�beUZi»WD�egfbe$nUZ'*$&$&b( K]ñbeUZi»W&'*_ UZ�NÑ �[N a&)^�(UZUZ'*_ �!$éb�)^�!%ob(d�Y^UXWr]�Y^i

 Zi*b()+'e���N�T�N�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ó à
ó � ó uY+]3[&)�beUZ'*_�ghb(d�2c',)+_NacbeUZUZ'*d�$3�(g&b($oUX'*$r$cb( =b�U_2&dZ �U�dZ', Z�!$&b($&i*'e�1b=<`S-T ��V

i*[rU�\5<aS-T Þ ��V i*[rU*�9�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ó â
ó � ô uY+]3[&)�beUZ'*_ ghb(dQ2&'*)+_ acb�UZUX',dZ$Ë�(g�b($oUX'*$r$cb( �beUé Z',i*�!$&_FdZ', Z�!$cbe$&i*'e�9b=<SKT ��V i,[rU�\5<GSKT�Þ ��V i,[rUS�9�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ó Ñ
ó �áÞ uY+]3[&)�beUZ'*_Dghb(d$2c',)+_¨acbeU�UX',dZ$`�(g�b($oUX',$&$cb( #beU�UXW&Y^dZ_¨dZ', Z�!$&b($&i*'e�
b=<bSKT

��V i*[UM\"<]SKT Þ ��V i*[US�¥�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ó Ñ
ó � Ì�� � [&dZd�'*$oUX é�!$FuY^'*d�a&Y+$& �ÐnYqà>_&Y+a¥�!)^';beUéb�<Z2cdZ �UédZ', Z�!$cbe$&i*'e �Ñ>�dce:( K\5<

 Z',i*�!$&_tdZ', Z�!$cbe$&i*'e  Ì(Ì �dce:e &i�<�UZW&Y+d�_/d�'* ��!$cb($&i,'(  � â��dce: �N�l�T�N�T� ó è
ó � Ì!Ì � [&dZd�'*$oUX ��!$�\¥�¹� àñ_rY+a¥�!)+'NbeU�b=<G2cd� �U�dZ'* ��!$cb($ri*'( �Ñ;�Zc]:( ¬\5<� �'*i*�($&_

dZ', Z�!$cbe$&i*'e  Ì(Ì �dce:e &i�<�UZW&Y+d�_/d�'* ��!$cb($&i,'(  � â��dce:7�N�T�N�N�T�N�l�T�N�T� ó!ó

ô � Ì "�d�dXbSxN�(g&U��|��gpdXb(ijU»b()n �m�[&b(dZ'q)^��(a& *�5u'*a&b(dXbeUZY+�!$T_&Y+ �U»b($ri*'�Y^ kUZW&'� �W&���#$
b( qUXWr'N_rY+ �UXb($&i,'N\¥',U��|'*',$�UXWr'N',_&%!', M�(gkUXWr'N',)+',]�',$nUZ *���N�N�T�N�l�T�N�T� ó Þ
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ô � � b=< Ý b(d
2c',)+_PacbeU�UX'*d�$& Tb($&_æ\5<�u Ì!Ì Y+$&ar[rUlY+]Da¬',_cb($&i,' ]ñb�UXi»W&',_æUZ��Ñ �N gp�!dTUZW&';)+���!aÏ'*)+',]�',$oUX 7[& �'*_ Y+$ÏUXW&'¨bedZdXbSx� 7�(g�UZW&Y+ 3i»Wcb(arUZ'*d*�>��Wr'
dZ',)�beUZY^�!'� �Y;:,'* #�(gkUXW&'�U��|��)^��!ar �Y+ �_&dZb��#$/Y+$r Z',U�Y^$gfhb=<j� �N�T�N�l�T�N�T� ô!�

ô �áà ��',)�beUZY^�('�%!',�!]D',UXd�x>gp�!dTUZW&'�U��|�Pb(d�dXbSx� 3[& �Y+$&%>b�<TstY^$&Ð(���# �Ð�Y� Zmn[cb(d�'
)+���!a>'*)^'*]D'*$oUX , kb($&_æ\5<�[& ZY^$&%t �U»b($r_cb(dZ_æ Zmn[cbedZ'D)+���!a>'*)^'*]D'*$oUX ,�D��Wr'
 Zacbei*'N\¬'jU���','*$�UZW&'T',)+',]�',$nUZ MY^ #Y+$&i,dZ'Sbe Z'*_/gp�!dqUXWr'3b(d�dXbSx¨�#Y^UZW/gpdZb(i,UXb()
'*)^'*]D'*$oUX ,�¬�N�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ôrÌ

ô �ãâ 4M�!d�]ñbe)+Y;:,'*_w Ô �Y+]7[&)+beUX',_Ï_rY+dZ',i,UZY^��Y^U�x>a&beUZUZ'*dZ$r Tgp�!d3Ñ/',)+'*]D'*$oU* =å��!)^a&W�
� W&'*\ox� ZWr',�¥  � �áà=F� Zacbei*'*_�)+Y+$r'Sb(dlb(d�dXbSxP Zi*b($&$&',_�UX� Ì Ñ �hV �ñ��Wr'DUZW&dZ','
a&)+�eUX Ô ZW&���#$7Y^$&i*)^[&_&'1UXWr'| �Y+]7[&)+beUX',_lacbeUZUZ'*d�$& 5[& �Y+$&%#gpdXbei,U»be)o Zmn[cb(d�'�'*)^'j�
]�',$oUX * n �m�[&b(dZ'�'*)^'*]D'*$oUX , rb($r_DUZW&'MY^_&'Sbe)&acbeU�UX'*d�$ñbe |'86ra¥'*ijUX',_ñ�#Y^UZW&�![rU
]7[rUZ[cb()wi,�![&a&)^Y+$&%&�ß�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ôo�

ô �çÑ uY+]3[&)�beUZ'*_ d�'*i*',Y^�('*_Da¬���|'*d
\nx3UXW&'#'*$r_ñ'*)^'*]D'*$oUK�(g¥UXW&'�b(d�dXbSx7�#Y�UXW UXW&'
�(UXWr'*d�âD'*)+',]�',$oUX #dXb(_rY�beUZY+$&%7$r�!dZ]�b()+)�x!�&�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ô à

ô �áè ��',)�beUZY^�('�%!',�!]D',UXd�x>gp�!dTUZW&'�U��|�Pb(d�dXbSx� 3[& �Y+$&%>b�<TstY^$&Ð(���# �Ð�Y� Zmn[cb(d�'
)+���!a>'*)^'*]D'*$oUX , kb($&_æ\5<�[& ZY^$&%t �U»b($r_cb(dZ_æ Zmn[cbedZ'D)+���!a>'*)^'*]D'*$oUX ,�D��Wr'
UX�(UXb()q�#Y+_UXW9�(gMUXW&'�b(dZdZbSx Y+ D]ñb(Y^$oU»b(Y^$&'*_ gp�!d UXW&'/U���� b(dZdZb�x� ,� ��Wr'
'*_&%('j��UZ�e��',_&%!'> �'*acb(dZbeUXY^�!$ò\¬'jU���','*$ UXW&'P'*)^'*]D'*$oUX `Y^ ¨ ZY+]DY+)+b(dégp�!d;UXW&'
U�����b(d�dXbSx� *���T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ô Ñ

ô � ó uY+]3[&)�beUZ'*_�_rY+dZ',i,UZY^��Y^U�xtacbeU�UX'*d�$& �gp�!d�b/Ññ',)+'*]D'*$oU*  � Ê Ñ�Fæ Za&b(i*',_�b(d�dXbSx
�(g1 �m�[&b(dZ'7',)+',]�',$nUZ �b($&_�b ó ',)+'*]D'*$oU*  � Ê àoÑ�F> Za&b(i*',_Pb(dZdZb�x/�(g1gpdZb(i,UXb()
'*)^'*]D'*$oUX , �\¬�eUXW  ZiSbe$&$&'*_ UX� Ì Ñ ��V  �[&$&Y�gp�!dZ]D)^xF'�6i,Y^UX',_w �b($r_ WcbS��Y+$r%
'*mn[cb()
UX�(UXb()
)+'*$r%(UXW& ,��"�)^ Z��ar)+�(U�UX'*_ b(dZ'DUXW&';Y^_&'Sbe)|acb�UZUX',dZ$& �eg�UXW&';Ñ
b($&_ ó '*)^'*]D'*$oUDb(d�dXbSx� 7�#Y^UXW [&$rY^gp�!d�]�'86ri,Y^UXbeUXY^�!$H$&'*%()+'*ijUXY^$&%�]7[rUZ[cb()
i*�![ra&)+Y^$&%&�=�N�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ô Ñ
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�3�Z��ù��� ¾ �l¿|���q�

� � Ì ��',)+'j�(be$nU#d�',gp',dZ'*$ri*'* �gp�!dqgpdXbei,U»be)�b($oUX',$&$cb( � Z�!d�UX',_t\ox¨i*beUX',%!�!d�x(�é�T�N�T� Ì��

â&� Ì v1)+'*ijUXd�Y+iSbe)wa&dZ�(a¬',d�UXY^'* ��(g� Z[r\& �UZdXbeUZ'* �[& Z',_��(gkgp�!dqghb(\&d�Y+i*beUXY^�!$ �l�T�N�T� � Ñ

Ñ� Ì å�Y+d�'*i,UZY^��Y^U�x _&beU»b�gp�!dDUXW&'>)^��(a b($oUX',$&$cb( ¨���!',d;�eb(d�x�Y+$r% Y+$&_r'*$oU»beUZY+�!$
�#Y+_rUZW& �be$&_�gpdXbei,U»be)kY�UX',dXbeUZY+�!$& ,�#"�)+)Ô�(g5UXW&'3b($oUX'*$r$cb( �b(d�'3d�'* Z�($cb($oUlbeU
UXW&'l Zb(]�'�gpd�'*mn[&',$&i,x(���N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� â!â

èr� Ì cM',Y+%!WoU�b($&_T)+'*$r%(UXWN�(gcä���i»WTgpdZb(i,UXb()nb($oUX',$&$cb( �Y+$lUX'*d�]� Ô�(g�qbS�('*)+',$&%(UZW& 
beU#dZ', Z�!$&b($&i*'e� �N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñeâ

èr� � ��'*$&%(UZWt�eg='Sbei»W� �UZdXb(Y^%!WoU# Z',i,UXY^�!$��eg�UZW&'NgpdZb(i,UXb()wUXd�'*'�gp�!d�UXWr'd2&dZ �U]2&�('
Y^UZ'*dXb�UXY+�($& *�Ë�T�N�N�T�l�N�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� Ñ(è

èr�áà ��'*$&%(UZW �(g#'*b(i»WH Z',%!]�',$oU �(g�UXWr'ñUXW&d�'*';_rY+]D'*$& �Y+�!$cbe)KgpdZb(i,UXb()KUXdZ','ñgp�!d
UXW&'[2cd� �UG2&�('TY�UX'*dZbeUXY^�!$& ,�t�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� è Ì

ô � Ì ua¥'*i*Y72ciSb�UXY+�($& =[& �'*_DY+$7UXWr'�_&'* �Y+%!$é�(g¬b(d�dXbSx� 1 ZW&���#Y+$r%Nd�'*_&[ri*'*_D]7[rUZ[cb()
i*�![ra&)+Y^$&%7�#Y^UZW`gpdZb(i,UXb()w',)+'*]D'*$oUZ *�k�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ôrÌ

ô � � ua¥'*i*Y72ciSb�UXY+�($& �[& �'*_`Y+$DUXW&'�_&'* �Y+%!$¨�(gkbedZdXbSx� q �W&���#Y+$&% _&',$& Z',d�acb(i»ÐnY+$r%
�#Y^UZW`gpdZb(i,UXb()w',)+'*]D'*$oUZ *�
�T�N�T�N�N�T�N�T�N�l�T�N�N�T�N�T�N�N�T�N�l�T�N�T� ô â
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ikj$l �l�bm ���onp�[q��
�����
�|�|�![&)+_`)^Y+Ð('�UZ� UXWcb($rÐ;]3x¨be_r��Y+ Z�(d* cú1dZ�egp'* Z ��!d��|b(WoxobD�Mb(Wr]ñbeU���urbe]�Y^Y  !gp�!d�W&Y^ �Y+_&'*b( * 
 Z[ra&a¬�(d�U
b($&_é%![rY+_cb($ri*'�UZW&dZ�![r%!W&�![rU1UZW&Y+ ����!d�Ð��1�k�|�![&)^_éb()+ ���)+Y+Ðe'�UX��UZWcb($&Ð7úKd��(gp'* � Z�!d� 
��beUX �[&����UZ�!Wtb($&_/v1)+)+Y^�(UZUq��dZ���#$`gp�!d� Z',d���Y+$r%��!$/]3xñ]ñb( �UX',dZ �UXW&', ZY^ �i,�!]D]�Y�UZUX','(�

�=b()^ Z��UZWcb($&Ð7]Tx i*�!)^)+'*b(%![&', =Y+$Dú1dZ�(gp', Z ��!d=�|b(WoxobN�Mb(Wr]ñbeU���urbe]�Y^Y�rã �d�'* Z'*b(dZi»W�%!dZ�([&a
beU�¢ � �Ô"T &gp�!d�UXW&',Y+d#b(_�Y^i*'lb($r_t_&Y^ Zi,[& Z �Y+�!$& ,�

ua¥'*i*Y+b()5UZWcb($&Ðn lY+ lb()^ Z�¨%!Y��!',$æUZ�/]Tx�acb(d�'*$oUX Nb($r_Pghbe]�Y^)^x`gp�!d�UXWr'*Y+d� Z[&a&a¥�!d�U3be$&_
'*$ri*�![&dZb(%!',]�',$nU#UZW&dZ�![r%!W�be)+)f�eg5]3x;a&[&dZ �[&Y^UZ #�¹�('*d#UXW&'�x('Sb(d� *�

"�)^ Z�& nUXW&Y^ 
�|�!d�Ðé��b( | Z[&a&a¥�!d�UX'*_¨Y^$�a&b(d�U|\oxDUZW&'�¢�u�"�d�]3xD�#'* Z'*b(dZi»W Íts i*'M[&$&_&',d
i*�($nUZdXb(ijUMå�"M"
c � âe��Þ!è¹� Ì � � à ô Þr�
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\ox

y�z|{�}�~����K}q�M�����rz|����z
stb( �UZ'*d#�(g=ui*Y^'*$&i,'NY^$/vK)^'*ijUXdZY^iSb()wvK$r%!Y+$&','*d�Y+$&%
¢�$&Y^�('*d� ZY^U�x;�(g � be)+Y^gp�(dZ$&Y+br r���! #"M$&%!'*)^'* ,  �(�!�!�
ú1dZ�(gp', Z ��!d#�|beWnx!b���b(W&]�beU���urb(]DY+Y¡  � Wcb(Y^d

r Ý dZb(i,UXb()+ 3rf��',dZ'O2cdZ �U3_r'32c$&',_�\oxæ��',$&�!Y^UTstb($&_&',)+\&d��(UNY+$ Ì Þ ó Ñ¨b( Nb;��b�xP�egqi*)+b( ��
 ZY�gÚx�Y+$&%� �UXd�[&i,UZ[&dZ', ��#W&�! �'7_&Y+]D'*$r ZY+�($& ��|'*d�' $&�(UM�#W&�!)+'T$n[&]7\¥'*dZ ,����W&', Z' %!',�!]�'jUXd�Y+'* 
WcbS�!'�\¥'*'*$�[& Z',_ña&d�',��Y+�([& Z)�x7UX�Ni»Wcb(dZb(i,UZ'*dZY@:*'�[&$&Y^m�[r'���i*i,[&dZd�'*$&i,'* |Y+$é$cbeUZ[&dZ'#UXWcb�U
�|'*d�'
_&Y s i,[&)^U�UX�¨_&'�2c$&' �#Y^UZWÏv1[&i,)+Y^_&'Sb($>%('*�!]D',UZdZY+', * �Y^$&i*)^[&_&Y+$r%�UXWr'D)^'*$&%eUXW>�(g
i*�!b( �UZ)+Y+$r'* * 
UXWr'N_r'*$& �Y^U�x`�(g�i*)^�![&_& , cb($&_`UXW&'l\&dZb($&i»W&Y^$&%D�(g�UZdZ','* *�

"�$oUX',$&$cb/_&'* �Y+%!$PiSbe$Ï\¥'*$&'�2&UNgpdZ�!]ù �UX[r_rx�Y+$&%`UXW&', Z'é%!',�!]�'jUXd�Y+'* ,�é����!ÐnY^$&%`beUl%!'¶�
�!]D',UZdZY+', q�#W&�! �'N_rY+]D'*$& �Y+�!$& #bedZ'l$&�(U#)^Y+]DY^UX',_ñUX�éY^$nUZ'*%!',dZ #]�b�xñ)+'*b(_¨UX� UXW&'l_&Y^ Zi,�¹�('*d�x
�(g#be$nUZ'*$&$&b( T�#Y�UXW�Y^]�ardZ���!',_�i»Wcb(dZb(i,UZ'*d�Y+ �UZY+i, 3���!',dTUXW&beUT�#WrY+i»W '86rY^ �UTUX��_cbSx!� Ý dXb(ijU»b()
b($oUX',$&$cb( MWcbS�!'7 �W&���#$�UXW&'Ta¬�( Z ZY^\&Y+)^Y^U�x�UX�ñ]DY+$rY�beUZ[&dZY@:*'�b($oUZ'*$&$cbe �b($&_/UX�ñY^]�ardZ���!'NY+$�
a&[rUN]�beUXi»WrY+$&%&� � ',d�UXb(Y+$æi*)+b( Z �'* N�(g|gpdZb(i,UXb()Kb($oUX',$&$cb( NiSbe$Ï\¥'éi*�!$?2&%![&dZ',_æUZ�t�(a¬',dXbeUZ'
'3J¬'*ijUXY��!'*)�x`beU��eb(d�Y+�![& qgpd�'*mn[&',$&i,x/\cb($r_& *�

��W&'*d�'7b(d�'�UXW&d�'*'3_rY+ �UZY+$&ijU�b(_r�eb($oU»be%!'* #�#W&Y+i»W�b(dZ'N �UZ[&_&Y^'*_/Y+$`UXW&Y^ #UZW&'* �Y+ �\ox`[& ZY^$&%
gpdXbei,U»be)#b($oUX'*$r$cb( *� Ý Y+d� �US 
gpdXb(ijU»b()�%('*�!]D',UZdZY+', iSb($F\¬'/Y+]Da&)^'*]D'*$oUX',_ UZ�Ï]DY+$rY�beUZ[&dZY@:*'
dZ', Z�!$&b($oUT)^��(a>b($&_P_&Y^a¬�!)^'7b($oUZ'*$&$cbe *�7"M)+ Z�r �_&'* �Y+%!$&Y^$&%;�#Y^UZW�gpdXb(ijU»b()5%!'*�!]D',UZdZY^'* �i*b($
���!',dZi*�(]�'K)+Y^]�Y�U»beUZY+�!$r &UX�#Y+]Da&dZ���('5UXW&'1Y^$&a&[rUÔd�'* �Y+ �UXb($&i,'1�(g&be$nUZ'*$&$&b( �UXWcbeU�b(dZ'=U�x�a&Y^iSb()^)^x
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Wcb(d�_�UZ�7]ñb�UXi»W�UZ�Tgp','*_&Y^$&%TUZdXb($& �]�Y^ Z �Y+�!$D)+Y^$&'* ,� Ý [&d�UZW&'*d�]��!d�'( oUXWr'� Z',)^g��� ZY+]DY+)+b(d=$cb�UX[&d�'
Y+$;UZW&'�gpdZb(i,UXb()f%!',�!]D',UXd�xñi*b($`\¬'�[rUXY^)+Y;:,'*_ñgp�(dq�!a¥'*dXb�UXY+$r% b3gpdXb(ijU»b()fb($oUX',$&$cbébeUq�eb(d�Y+�![& 
gpdZ',mn[&'*$&i,Y+', *�

Ý dXb(ijU»b()fb($oUX'*$r$cb( �iSbe$/\¥'�[rUZY+)+Y@:*',_ñY+$`b3�eb(d�Y+'jU�xñ�(g�b(ara&)+Y^iSbeUZY+�!$& , n'* Za¥'*i,Y�b()^)^xD�#W&'*d�'
 Za&b(i*'/Y+ é)+Y^]�Y�UX',_w�H"�$Ë'�6rb(]Da&)+'`�(g�'�6a&)^�!Y^UZY+$&%�UZW&'t\¥'*$r'32&UZ ñ�(g�gpdXb(ijU»b()^ éY+$Ëb($oUX',$&$cb
 �x� �UX'*]D Mb(dZ'la&Wcbe Z'*_�b(dZdZbSx , c�#W&'*d�'NgpdZb(i,UXb()+ qi*b($�d�'*_&[ri*'N]7[rUX[&b()wi*�([&a&)+Y^$&%Db($&_tb()+)^���
gp�!d�)^�¹�|'*d# �iSb($tb($&%!)^'* ,�
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Ý dXb(ijU»b()¥%!',�!]�'jUXd�Y+'* |WcbS�!'�gp�![r$&_`b($¨Y+$oUZdZY+i*beUX'�a&)+b(i*'�Y^$; Zi,Y+',$&i*'lb( �b7dZ',a&dZ', Z'*$oUXbeUXY^�!$¨�(g
 Z�(]�'��(gfUZW&'�[r$&Y+mn[&'�%!'*�(]�'jUXdZY^iSb()&gp'*beUX[rdZ'* 
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Dipoles

Increase Input Impedance
Minimize Heights

Loops

Increase Input Impedance
Minimize Size

Multiband

Separation Distance

Applications
Arrays
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Input Resistance for Fractal Loop and Circumscribed Loop�
Circular Loop
Fractal Loop
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0° 1± 2²
Fractal Iteration³0.60
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Scaling factor for resonance for square loop (width = λ/4)
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Indentation width = 0.333   Iteration = 1
À
Indentation width = 0.333   Iteration = 2
À
Indentation width = 0.500   Iteration = 1
À
Indentation width = 0.500   Iteration = 2
À
Indentation width = 0.666   Iteration = 1
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À
Indentation width = 0.800   Iteration = 1
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Indentation width = 0.800   Iteration = 2
À
Indentation width = 0.900   Iteration = 1
À
Indentation width = 0.900   Iteration = 2
À
Square loop
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Three Dimensional Fractal Tree¹
Far field pattern in primary cut in plane of dipoleº
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edge-to-edge separation = 0.026λ

a)

b)
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edge-to-edge separation = 0.13λ
λd = 0.3
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