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o�Z�[�C*G&D�MzG*C*[\I�ZYX�M�C*M�X�K�X¢I�Z�EkZ�I�GJC*I�W8C*L�Z�Z�DqI�Z�X¶M�C*M�X�K�X¢I�Z�DFEkGJK*[ [NZ�p
]Z�Ci]Z�ENW�hzMO[NZ�C8D�a·WjL�MOhOZ�X�Z�C&D�W8K*^ºEJ]Z�[NZ�W8K*^
E*]Z�pJK*hOMOZ�Ek[�t*h�W&C*[�GJKPI�ZY�8G&h�K�X�Z¤vW_L�GJC*I�MODNMOGJC(I�Zg[�Z�hOM�X�MODNZ�EºvW_I�Z�[ awG*ENX�Z�[Q[NM�XYt*hOZ�[�I�Z5E*]Z�[NZ�W&K*^9�REkZ�L�DFW&C*p&hOZ�[RGJK
t�W8ENWjhOhF]Z�hF]Z�t*M�t+vZ�I�Z�[ �
L�GJXYX�Z)C*GJK*[YhOZ_acZ�EkGJC*[�I�W&C*[�h�WP[FK*MODNZ&@�V
Wj[Yt*h�K*[u¬�K*Z)I�W&C*[�hOZ)L�Wj[YhOM�C�]Z�W�M�EHZ �iMOhxC+`~Z�^*Mz[�DNZ)I�Z
EHZ�h�W�DNMOGJC�acGJK�ENC*MO[N[­W&C&D �1vWRGJK*�&Z�EkD­K�EkZxI�GJC�C�]Z�Z �JhOZQC*GJX�y�EkZQCi]Z�L�Z�[N[FW�M�EHZ�C*M�h�W�E*]Z�t�W&EkDNMODNMOGJC¶I�Z�[xL�W&t*DNZ�K�Ek[�L�GJC*I�K*MO[FW&C8D�vW
K�C�E*]Z�[�Z�W&K_GJt*DNM�XYWjhc@q¼,GJK*D�Z­awG&MO[;��I�W&C*[qhOZ�L�Wj[qI�Z�[�E*]Z�[�Z�W&K*^§vWuX�M�C*M�X�K�X¢I�ZYEkZ�I�GJC*I�W8C*L�Z ��MOh
Z�^*Mz[�DNZ�I�Z�K*^�Ds«�t�ZRI�Z
[�DFENK*L�DFK�EkZ�[xt�W&EHDNMOL�K*hzMcvZ�EkZ�[\¬�K*M+acGJK�ENC*MO[N[NZ�C8DqI�Z�[xL�W&C*I�MOI�WjDN[qM�C&D�]Z�EkZ�[N[FW8C&DN[�@

o�Z�[5t�EkZ�X¶MzZ�EH[;�ÃW8t�t�Z�hF]Z�[ ��L�EkG&[N[gt�EHGJI�K*L�D �/�c�xVi��t�W&EuViK�XYt�µ�EkZ�« *�A�} + ��[NGJC8D�L�GJC*[NDFE�K*MzD�[¤vW9t�W&EkD�M�ERI,`UK�Cm�;GJK
t*h�K*[NMOZ�K�Ek[­�\E*]Z�[NZ�W&K,�;^��
hOM�C�]Z�W�M�EHZJ�;[F��©9fQ@  qC)E*]Z�[NZ�W&K_�xV L�W&E�EJ]Z\t�W8E�Z�^JZ�Xut*hzZ�t�GJK�E�ENW �Z�D­EkZ\L�G*C*[NDFENK*MOD�vW�t�W&EkD�M�E I,`UK�C
X �Z�X�Z�E*]Z�[NZ�W&K_hOM�Ci]Z�WjM�EkZ�©9f Z�D\W&K�ENW_K�C)L�W&t*D�Z�K�ExZ�C ��� ���*�i[�M,L�ZYEJ]Z�[NZ�W8K_hzM�C�]Z�WjM�EkZ�©§fmWYK�C�L�W&t*DNZ�K�E Z�C ��Z�DQK�C
L�W8t*DNZ�K�E�Z�C �P�;L­aH@ <>=@?BAU?�@´}J��@
²QCºt¹Z�K*D�y*MOZ�C)[­K�E\K*DNMOhOMO[NZ�E I�Z�[�E*]Z�[NZ�W&K*^YhOM�C�]Z�W�M�EHZ�[\I�M � ]Z�EkZ�C8DN[�@

o�Z�[�[NZ�L�GJC*I�[RGJC8Dº]Z�D�]Z�t�EkGJt�G8[�]Z�[�t�W&E
,REkZ�Z�C*Z�Z�D 	9G*G*I � , 	 � *!A�| +iZ�C�DFW&C8DQ¬�K*Z_EJ]Z�[NZ�W8K*^)L�W&ENE*]Z�[�@QlQZ�a·W"!L�GJC
p
]Z�C�]Z�E�WjhOZQh�W�t�G&[�MzD�MzG*C2�����	� �	
&��I,`UK�C�L�W&t*D�Z�K�EqI,`UK�CPDNZ�h
E*]Z�[�Z�W&K)L�K�y*MO¬�K*ZgI,`~G*K*�&Z�EkDFK�EkZ�� � ?_�i]Z�EkM ��Z)�4� .�euGJK
� . e�GJK 
 . e�GJK � . � . 
 . T �&�&�/� � ����
 . eYt¹GJK�ExK�C�EJ]Z�[NZ�W8KYL�W&E�EJ]ZqL­aH@ <>=@?BAU?�@´}g��@

o�W < =@?%Ab?�@~} t�E*]Z�[NZ�C8DNZ�I�Z�[PZ�^*Z�XYt*hOZ�[�I�Z E*]Z�[NZ�W&K*^ L�W&E�EJ]Z�[�vW/X�M�C*M�X�K�XnI�Z2EkZ�I�GJC*I�W&C*L�Z I�Z�[(I�Z�K*^ Dk«�t¹Z�[
t�E*]Z�L+]Z�I�Z�C8DN[�GJK)GJy*D�Z�CJK*[\t�W8ExEkZ�L�µ*Z�EkL¸µ*ZQZ�^�µ�W&K*[ND�Mz�8Z�t�G*K�ExI�Z�[xG*K*�&Z�EkDFK�EkZ�[qWjhOh�W8C&DxI�Z�TºvWYª�@

M = 9   R = 24
(cross product array)

M = 12   R = 52
(Greene-Wood array) M = 15   R = 90

M = 16   R = 72
(cross product array)

M = 7  R = 18
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hOM�C�]Z�W�M�EHZ�[;�iMOh\C+`´Z�^JMO[NDNZºt�W�[gCi]Z�L�Z�[N[­WjM�EkZ�X�Z�C8D�I�Z)[�G&h�K*DNMOGJC GJt*D�M�XuWjhOZºt�GJK�E�L�µ�Wj¬�K*Z)�®WjhOZ�K�EuI�Z ��@�o,W9EkZ�L�µ*Z�EkL�µ*Z



� � � � � � � � � �8� 
 ���������

 	��
��� �
�$� ����� ��� 
 � �������
� 
 �

 � � 
-� � �����8�
� T&?

M = 6   H = 18

M = 8    H = 32

M = 9   H = 48
M = 11   H = 58

M = 12   H = 92

M = 5  H = 4

< =@?%A�?�@U|¹� � �^�6��������
����,�����

�1��)���/1���!����6
.*������#�����)�� ���, !�
	�)�
7�&5$��/,���7#�	$� � �!�����,/1���� !�6)��!
�� � ���� ����7#�	�� � �
�7���, !�
	�)�

� � ����


!	�/��&���
&;

I�Z�[Q[�G&h�K*DNMOGJC*[�GJt*D�M�XuWjhOZ�[�L�GJC*[NMO[ND�ZYI�GJC*L �<t¹GJK�E�K�C*ZuGJK*�&Z�EkDFK�EHZ�I�G*C�Ci]Z�Z �ivW_I�]Z�D�Z�ENX�M�C*Z�EqhOZgC*GJX�y�EkZYI�Z�L�W&t*DNZ�K�EH[
C�]Z�L�Z�[N[FWjM�EkZ�[�Z�DYhOZ�K�E��w[F�YE*]Z�t�W&EkDNMODNMOGJC,�;[­��@9��GJXYX¶Z5C*GJK*[uhzZPX�GJC8DFEkZ�EkG*C*[¶W8K�t�W&E�WjpJENW&t�µ*Zº?¹@~}¤EkZ�h�WjD�MzG*C��;}�@!A�����hOZ�[
G*K*�&Z�EkDFK�EkZ�[ � ¯ � � �PZ�D �  PI,`UK�C/E*]Z�[NZ�W&K t�W&ENWjhOhF]Z�h­]Z�t*M�t�]Z�I�Mz¬�K*Z9I�W&C*[_L�µ�WjL�K�C*Z9I�Z�[)I�M�X�Z�C*[NMOGJC*[;�qhOZ�C*GJX�y�EkZ�I�Z
L�W8t*DNZ�K�Ek[ � ��h�WYEkZ�I�GJC*I�W8C*L�Z:9mZ�DxhOZ�C*G*X�y�EHZQI�Z�DFEkG*K*[�� �i]Z�EkM ��Z�C8Dxh�WYEkZ�h�WjDNMOGJC

�cT � ¯ 0 A����ÏT � � 0 A����cT �  0 A�� .�� � È 0 � 0 A�� 0 � 0 9 �
l�W8C*[<hOZ�L�Wj[
I�Z�[iE*]Z�[NZ�W&K*^Q©9f���vWqGJK*�&Z�EkDFK�EHZ�[���^i]Z�Z�[;�&X¶M�C*M�X�MO[NZ�E 9 [NGJK*[=h�WqL�G*C&DFE�WjM�C&DNZ�� . e Z�[ND
I�GJC*LY]Z�¬�K*MO�jWjhOZ�C&D
vW_XYWj^*M�X�MO[NZ�E � [NGJK*[qL�Z�DNDNZ�X �Z�X¶ZQL�GJC&D­ENWjM�C&D�Z&@xlQZQa·W"!L�GJCPW&C�W�hzG8pJK*Z ��I�W8C*[\hOZ�L�Wj[QI�Z�[QEJ]Z�[NZ�W8K*^�vWgX�M�C*M�X�K�X¢I�Z
D­EkGJK*[;��X�M�C*M�X�MO[NZ�E�� [�GJK*[xh�WYL�G*C&DFE�WjM�C&DNZ39 . e¶Z�[ND)]Z�¬�K*MO�®WjhOZ�C8D¶vWuX�M�C*M�X¶Mz[�Z�E�� [NG*K*[xL�Z�DNDNZQL�GJC8DFENW�M�C8DNZ&@

o3`UK�CYI�Z�[qt�EkM�C*L�M�t�W8K*^)M�C8D�]Z�E��Z�DN[=I�Z�[\E*]Z�[NZ�W&K*^YE*]Z�pJK*hOMzZ�EH[ C*G*C8rsK�C*MUacGJENX¶Z�[ÃZ�[�DÃI,`bW&X�]Z�hOMOGJEkZ�E3hOZ�[\t�Z�E7acGJENXuW&C*L�Z�[�I�Z�[
W�hzp8GJEkMODFµ�X�Z�[YI�Z�l�² � Z�C2t¹G&[N[NM�y*MOhOMOD�]ZPI�ZºI�]Z�DNZ�L�DNMOGJC�Z�D 9�GJK�Z�C2t�E*]Z�L�MO[NMOGJC I,`~Z�[�DNM�XYWjDNMOGJC+@/o,W([NZ�L�DNMOGJC [­K*Mz�jW&C8DNZ
t�E*]Z�[NZ�C8DNZQK�C*Z�[N«�C&D­µ1vZ�[NZq[FK*L�L�M�C*L�DNZ�I�Z�[)]Z�D­K*I�Z�[\X�Z�C�]Z�Z�[qt�W&E � y�ENW&X�Gj�*MzL�µ *�-�$ � �"*´} +,I�W&C*[\L�Z�y�K*D�@

� I � =C!DL95��6\ ,;/21 L 1�< 4 / ? ,.- (+*,.-�, L95�c T < / *, L < ( ,3-�/ 4 /�' 5 /R< YV4 (]\ ,3-
�����#��� {��� u � t � � v
�Z���3x�%� ��� � ��� � t ��$ � ��� � t��.x � u
l�W8C*[,hOZiL�Wj[=I�ZiL�Z�[
E*]Z�[�Z�W&K*^\[­W&C*[,DFEkG*K � � y�ENW&X�Gj�*MOL¸µ�*�-"$ � � *~} +JI�MO[NDNM�C*pJK*Z�C8DiT�[NMODFK�W�DNMOGJC*[Ã��hOZiL�Wj[ �NL�GJC8�&Z�C8DNMOGJC�C*Z�h �
G,vK)hOZYC*GJX�y�EkZ�I�Z�[�GJK�EkL�Z�[QC*GJC8r·L�GJENE*]Z�hF]Z�Z�[@H Z�[NDqM�C8aj]Z�EHMzZ�K�EQW8K¤C*G*X�y�EHZ � I�Z�L�W&t*D�Z�K�Ek[\I�KPE*]Z�[NZ�W&K h�W�L�K�C�WjM�EkZYZ�D
hOZRL�Wj[ �N[FK�t�]Z�EkMOZ�K�E �YG,vK � � H 
	�
	 � ��	)EkZ�t�E*]Z�[NZ�C8DFW&C8D�hzZYC*GJX�y�EkZQI�ZRL�W&t*DNZ�K�Ek[ I�KºE*]Z�[NZ�W&K_�*M�EHDFK*Z�h ��hOM�Ci]Z�WjM�EkZ
K�C*MbacGJENX�Z ��W�«*W&C&D�hOZ�X �Z�X�ZqL�GjrsE*]Z�[NZ�W&Ku¬�K*ZRhzZ�E*]Z�[�Z�W&KYh�WjL�K�C�W�M�EHZ&@
� L�Wj[xL�GJC8�&Z�C8DNMOGJC�C*Z�h � H 
	�m�
o
`k]Z�D­K*I�ZYI�Zgh�WPy�G*ENC*ZgI�Z)�xENW8X�Z�E7rsfxWjG �c���xfx�Rt�Z�ENX�Z�D�I,`~Z�C8�*Mz[­Wjp&Z�E�K�C*Zºy¹GJC�C*Z)t�EJ]Z�L�MO[NMOGJC �iX �Z�X�ZYt�G*K�E
I�Z�[)�®WjhOZ�K�Ek[)I�Z9ENW&t�t¹GJEkD_[NMOpJC�WjhYvW�y�E�K*MzD��Ï¿$9&����Z�DgI�Z�[)D­WjMOhzhOZ�[�I,`~GJy*[NZ�Ek�jWjDNMOGJC � EkZ�h�WjDNMO�&Z�X�Z�C8D_a·WjM�y*hzZ�[�@
¼,GJK*D�Z­awG&MO[;�8Z�D
Z�C�I�]Z�t*MOD
I,`UK�C*Z GJt*DNM�XYWjhOMOD�]ZxWj[�«�XYt*D�G&DNMO¬�K*Z �jL�G*XYX�ZxhOZ\X�G*C&DFEHZih�W1< =@?%Ab?�@Uª$�jhOZ�[�t�Z�E7acGJENXYW8C*L�Z�[
I�Z�[ºX�]Z�DFµ*G*I�Z�[_I�K2[�Z�L�GJC*I GJEkI�EHZºL�h�Wj[N[NMO¬�K*Z�[º[NG*C&D)Wj[N[NZ�½m]Z�hzG8Mzp*Ci]Z�Z�[_I�Z¤h�W ���xf¢I�W&C*[ºK�C I�GJXYWjM�C*ZPI�MOD
�Ft�E*]Z�W�[N«�Xut*DNG&DNMO¬�K*Z��9G�vK [�]Z�t�W8ENWjDNMOGJC W&C*pJK*h�WjM�EkZ �Q¿$9&� Z�D �n[�GJC&D_[NM�X�K*hODFW&C�]Z�X¶Z�C&D_a·WjM�y*hOZ�[�@�BchQZ�[�DºWjhOGJEk[
t�G&[N[�M�y*hOZ�I�ZgDNM�EkZ�E�t�W&EHDNM
I�Z�[Yt�EkGJt�EkM­]Z�D�]Z�[�I�Z�[YE*]Z�[NZ�W&K*^�L�GJXYt*hwvZ�DNZ�X¶Z�C&DYW&K*pJX¶Z�C&DFW8y*hzZ�[�t�GJK�E�W&X�]Z�hOMOGJEkZ�ERhOZ�[
t�Z�E7acGJENXYW8C*L�Z�[xI�Z�©� q¿�B·����C*G8DFW&XYX�Z�C8D�I�W&C*[qL�ZQI�GJXYWjM�C*Z�t�E*]Z�Wj[N«�XYt*DNG8DNMO¬�K*Z&@
o+Z�t�EkM�C*L�M�t�Z�I�ZRh�W¶IÃ]Z�XYW&EHL¸µ*Z�t�EkG*t�G&[�]Z�Z\I�W8C*[�*~} +<Z�[�DxI�W&C*[\K�C)t�EkZ�X¶MzZ�E DNZ�XYt*[ I�Z�L�GJC*[ND­ENK*M�EkZ �<vWYt�W&EHDNM�E�I�Z
h�W�XYW�DFEkMOL�ZxI�ZxL�Gj�®W8EkM�W&C*L�Z\Z�Xut*M�EHMz¬�K*ZqacGJK�ENC*MOZ�t�W8E
hOZ\E*]Z�[NZ�W&K�h�WjL�K�C�WjM�EkZ .
� �����. �� , �� $ � P � P �� �&h�W�XYW�DFEkMOL�Z
¼,G*Z�t*hOMzD�½�I�]Z��1C*MzZ t�G8[NMODNMO�&Z �wI,@Ut+@U� �, � I,`~G*EkI�EkZ � 	 I�GJC&D�hOZ9[Ft�Z�L�D­EkZ�I�K XYWj^*M�X�K�X I,`~Z�C8DFEkG*t*MzZ/�;©9¾i�
[NG&MODº]Z�pJWjh
W&Kºt*[�Z�K*I�Gjr·[Ft�Z�L�D­EkZY©� \¿�B7�mI�Z . � I�W&C*[QhOZ�I�GJXYW�M�C*Z_Wj[N«�XYt*DNG&DNMO¬�K*Z&@Q��Z�DNDNZ�t�EkZ�X�MwvZ�EkZ9]Z�DFW8t�Z �
IÃ]Z�C*GJXYX�]Z�Z �N©� \¿�B7��r·©9¾ Z�¬�K�WjhOMO½�WjDNMOGJC����w©¤©9¾�¾i� ��acGJK�ENC*MOD�K�C*ZºXuWjDFEkMOL�Zg¼�GJZ�t*hOMODN½)I,@Ut+@ I�GJC&DRhOZg[NG*K*[kr
Z�[Ft�WjL�Z_[NMOpJC�WjhiC+`~Z�[NDRDNGJK*DNZ­acG&MO[�t�W�[�C�]Z�L�Z�[�[FWjM�EkZ�X�Z�C8DQI�ZgI�M�X�Z�C*[�MzG*C H�@g²QC�EkZ�X�]Z�I�MOZ¤vW)L�Z�DRM�C*L�G*C&�i]Z�C*MOZ�C8D
I�W&C*[gK�C�I�Z�K*^*MwvZ�X�Z)DNZ�XYt*[Yt�W&E�K�C*Z)DFEHGJC*L�WjDFK�EkZ_I�Z)hc`~Z�[Ft�WjL�Z)[�Mzp*C�Wjh��c¿�¿�¼x�RGJy*DNZ�C*K*Zºt�W&E�K�C*ZºX�]Z�D­µ*GJI�Z
MzD�]Z�ENWjD�Mz�8Z�I�Z_t�EkG �kZ�L�DNMOGJC*[�W�hzD�Z�ENCi]Z�Z�[;�+I,`bK�C*Zgt�W&EkDQ[FK�E hc`~Z�[Ft�WjL�ZYI�Z�[�XYWjDFEHMzL�Z�[ �xZ�E�X�MODNMOZ�C�C*Z�[�I,@bt+@YI�GJC8DQh�W



T�} ��� � ��� ����� � � � �
�$� ����� ��� � � ��� ����� 
$�

 � 
 � ����� � ��� � �

$� ��� � ��� ����	�� �8��
-�$���

 
 �����

I�M�X¶Z�C*[NMOGJC�I�Zghc`~Z�[­t�WjL�Z)[NMOpJC�Wjh�Z�[ND9]Z�pJWjhOZ§vW HÐt�K*MO[Y[FK�ERhc`~Z�[Ft�WjL�Z_I�Z�[YXYWjDFEkMOL�Z�[�¼,G*Z�t*hOMzD�½&@9o
`UWjhOp&GJEHMzD­µ�X�Z
©  q¿�B·� Z�[NDxZ�C �1C�W&t�t*hOMO¬�K�]Z5vW�h�WYXYW�DFEkMOL�Z �, � WjM�C*[NM�GJy*DNZ�C*K*Z&@
o+Z�t�EkM�C*L�M�t�ZuI�ZQhw`bW&K*pJX�Z�C8DFWjDNMOGJC)t¹Z�K*D\I�G*C*L��Z�DFEkZQE*]Z�[FK�X�]ZQt�W&E�hOZR[NL¸µ�]Z�XYW_�

. � � �����0�0 0 0 0�� �, � ��� �0�0 0�� �, � �
lQZ�[Q[NM�X�K*h�WjD�MzG*C*[)*Uª +iX�GJC8DFEkZ�C8Dx¬�K*ZuL�Z�DNDNZ�X�]Z�DFµ*G*I�Z�t¹Z�ENX�Z�D�K�C*Z�I�M�X�M�CJK*DNMOGJC([NMOpJC*M ��L�WjDNMO�&ZuI�Kº[�Z�K*Mzh�L�W&E7r
WjL�D�]Z�EHMz[­W&C&D
h�WR½�GJC*ZQt�E*]Z�W�[N«�Xut*DNG&DNMO¬�K*ZxDNGJK*D
Z�C_t�E*]Z�[�Z�Ek�®W&C8DihOZ�[xt�Z�EsawGJE�XYW&C*L�Z�[�I�W&C*[ih�WR½�GJC*ZQWj[N«�XYt*DNG&D�Mz¬�K*Z&@
� L�Wj[x[FK�t�]Z�EkMOZ�K�E�� � � H�
	� 	 �
o
`k]Z�D­K*I�ZÃI�Z h�WQ���xfm�;L­aN@%< =@?%Ab?�@UªY�Ïy��N�<X¶GJC&D­EkZ�¬�K*Z �*X��Z�X�Z�[NM�hOZ\ENW&t�t¹GJEkDi¿$9&�(Z�[NDiEkZ�h�WjD�Mz�8Z�X�Z�C&D�y�GJC �jL�Z�D�DNZ
[NMODFK�WjDNMOGJC�EkZ�¬�K*McvZ�EkZ�K�C*Z�DFW�MzhOhOZ�I,`~GJy*[NZ�EH�®WjDNMOGJC_M�XYt¹GJEkDFW8C&DNZRZ�Dx¬�K*Z ��L�GJC8DFENWjM�EkZ�X�Z�C8D�vW�L�ZQ¬�K*M=[NZ�t�Wj[N[NZQI�W8C*[
hzZuL�Wj[QL�GJC8�&Z�C&D�MzG*C�C*Z�h �=K�C*ZYI�M�X�M�CJK*D�MzG*C9I�Z�h�W_DFWjMOhOhOZgI�Z�hc`~GJy*[NZ�EH�®WjDNMOGJC(C*Z¶t¹Z�K*D
�Z�DFEkZ�L�G*XYt�Z�C*[�]Z�ZYt�W&EQK�C*Z
W&K*pJX�Z�C8DFWjDNMOGJC_I�ZY¿$9&�q@�lQZ�t*h�K*[QMzh=Z�[ND\X¶GJC&D­EJ]ZqI�W&C*[ *�A�ª + ¬�K*Z �+X��Z�X�Z�W�[N«�Xut*DNG&DNMO¬�K*Z�X�Z�C&D ��h�WYDNZ�L�µ�C*MO¬�K*Z
I,`UW&K*pJX�Z�C8DFWjD�MzG*C�I�M�EHZ�L�DNZ2�;l �q� ��L�GJC*[NMO[NDFW8C&D9vW�acGJENX�Z�E�h�W XYW�DFEkMOL�ZºI�Z�L�G®�jW&EkM�W&C*L�ZP¼,G*Z�t*hOMzD�½9I�K2E*]Z�[NZ�W&K
�JM�EkDFK*Z�h
t�W&EqX�Gj«&Z�C�C�Wjp&ZQ[­K�ExL�µ�WjL�K�C*Z�I�Z�[qI�M�Wjp&GJC�W�hzZ�[QI�Z�[qDNZ�ENX¶Z�[xacGJK�ENC*MO[Qt�W&E�h�W)XYWjDFEHMzL�ZRI�Z�L�Gj�®W8EkM�W&C*L�Z
I�M�EHZ�L�DNZ�C*Z�t�Z�ENX�Z�D�DFENWjMODxI,`UW8t�t�EkGJL�µ*Z�E�h�W_�Ã� f ¬�K*ZQI�W&C*[qhzZRL�Wj[xI�ZR[NMOpJC�W&K*^uaÏWjM�y*hOZ�[g�c¿$9&� 
2e¶I��Ã��@�l�W&C*[
hzZRL�Wj[xI�ZR[NMOpJC�W&K*^_acGJEkDN[;�*h�WYt�E*]Z�L�MO[NMOGJC)GJy*D�Z�CJK*ZRZ�CºK*DNMOhOMO[FW&C8D\hc`UW&K*p*X�Z�C&D­WjDNMOGJC_I�M�EkZ�L�DNZRZ�[ND\y*MOZ�CPt*h�K*[ a·WjM�y*hzZ
¬�K*ZRL�ZQ¬�K*ZRh�W�Mz[�[NZ�Z�[Ft�]Z�EkZ�E�h�WY���xfQ@

-10 -5 0 5 10 15 20
10

-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

S/B (dB)

m
a

x(
B

C
R

)

zone pré-asymptotique zone asymptotique

(a)

-10 -5 0 5 10 15 20 25 30 35
10

-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

S/B (dB)

m
a

x(
B

C
R

)

K = 1
K = 2
K = 3

K = 4

K = 5

K = 6

(b)

< =@?%A�?�@Uª�� �k� � ��	�� ��
 �=

)��,�"�6

�+������F;,
!�2�� 1;,������� 
 
!	�)��!/���
&'4
���������������
����%: 	 ����(U'2��
! 
�"� �����
,����� ��������� �&5���/ )�#
�����
!�&��) � ��/6)�#������
�7��� � � 8�/1���� !��)��!

�!:$; D�; 
 �\/�	$������������@*��� �����'� � � ����#��k	$#�/� 
�"	$#���)%�?�����2	��
 
��� � ��$!� 
 	 	 ��;
� � �#� �������@)��S'&

)����R3 �6#�
!��� � �"�=����
�

	�)��
/���
1'2���,� �����'�N�2	�)������=�#"��� �������

�1��) �6 �)�#%#�	�� � �
�75����!� � � ���
�!� :%$'&(&'&�$)� ���


	�)��
/���
&;

� �1C I,`UW&X�]Z�hzMOGJEHZ�E�hOZ�[�t�Z�E7acGJENXYW8C*L�Z�[xI�Z�[�W�hzp8GJEkMODFµ�X�Z�[qI�K)[NZ�L�G*C*IºGJEkI�EHZQDNZ�hO[\¬�K*Z�©� q¿�B·����Z�Cºt�W&EHDNMOL�K*hzMOZ�E
I�W&C*[<hOZ�L�Wj[=I�Z�[NMOpJC�W&K*^Q[NGJK�EHL�Z�[=awGJEHDN[;��MOh�Z�[ND<W�hzG*Ek[ t�EHGJt�G&[�]ZiI�Z�hOZ�[=aÏWjM�EkZ�GJt�]Z�EHZ�E+[FK�E
K�C*ZÃXuWjDFEkMOL�ZxW&K*pJX�Z�C8D�]Z�Z
GJy*DNZ�C*K*Z�Z�C_I�Z�K*^/]Z�D­W&t�Z�[Q�

. �*),+-+0�0 0(� ., � �/� �0�0 0�� ., � �
 \C*ZQW&K*pJX�Z�C8DFWjD�MzG*C�I�M�EkZ�L�D�Z�W&t�t*hOMO¬�Ki]Z�ZYvW . � acGJK�ENC*MODxK�C*Z\XYWjDFEHMzL�Zq¼,G*Z�t*hOMzD�½ ., � C*GJCuCi]Z�L�Z�[N[FW�M�EHZ�X�Z�C&D�I,@Ut+@vWPh�Wj¬�K*Z�hOhOZPZ�[NDgW&t�t*hOMO¬�Ki]Z�Z¤K�C*Z�DFEkGJC*L�W�DFK�EkZ)I�Z)hc`~Z�[Ft�WjL�Z�[NMOpJC�Wjh ��DNZ�hOhOZº¬�K*ZºL�Z�hOhOZPIÃ]Z�L�EkMODNZºt�E*]Z�L1]Z�I�Z�XYX¶Z�C&D;�
awGJK�E�C*Mz[�[FW&C8DºWjM�C*[NM�K�C*Z�XuWjDFEkMOL�Z ., � I�G*C&D)hOZ�[Î� ��	�0 HP�)t*h�K*[¤t¹Z�DNMODNZ�[P�®WjhOZ�K�Ek[Pt�EkGJt�EkZ�[�[NGJC8D2]Z�pJWjhOZ�[�@



� � � � � ���

 ��� � �	��� ���
�����
�$� � � � � � � � 
 ��� ����� ��� ��
 � �	� 	�������� � � � T&|

o
`UWjhOp&GJEHMzD­µ�X�Z)©� \¿�B7��W8t�t*hzMO¬�Ki]Z vWºL�Z�D�DNZ5XuWjDFEkMOL�ZuawGJK�E�C*MzD_WjhOGJEk[�I�Z�[gt�EkZ�X�McvZ�EkZ�[�Z�[NDNM�XYWjDNMOGJC*[�I�Z�[YI�M�EkZ�L­r
DNMOGJC*[�Z�D�I�Z�[_t�K*Mz[�[FW&C*L�Z�[YI�Z�[Y[�GJK�EkL�Z�[�@9o,W�I�Z�ENC*McvZ�EkZ2]Z�DFW&t¹ZgL�GJC*[�Mz[�DNZºWjhOGJEk[�Z�C�K�C*Z)Z�[NDNM�XYWjDNMOGJC ��W&K9[�Z�C*[
I�K)XYWj^*M�X�K�X�I�Zq��ENW�Mz[�Z�X�y*h�W&C*L�Z �¹I�Z�[xI�M�EkZ�L�DNMOGJC*[xI,`UW8ENEkMO�i]Z�Z¶vWRt�W&EkDNM�E�I�Z�[x�jWjhOZ�K�Ek[xM�C*MODNM�WjhOZ�[�t�E*]Z�Wjh�W&y*hOZ�X�Z�C8D
GJy*DNZ�C*K*Z�[�@io,WRZ�C*L�GJEkZqI�Z�[�[NM�X�K*h�W�DNMOGJC*[ *Uª +wX�G*C&DFEHZ�C&D�¬�K*ZqhOZ�[ t¹Z�E7acGJENXYW&C*L�Z�[�I�ZqL�Z�DNDNZQX�]Z�D­µ*GJI�Zx[�GJC&Dxy¹Z�W&K8r
L�GJK�t�t*h�K*[�t�EkG*L¸µ*Z�[=I�Z�h�WQ���xf�¬�K*Z�L�Z�hOhzZ�[�GJy*DNZ�C*K*Z�[it�W&E=K�C*ZÃ[�M�Xut*hzZqW&K*pJX�Z�C8DFWjDNMOGJC I�M�EkZ�L�DNZ �&Z�C�t�W&EHDNMOL�K*hzMOZ�E
I�W&C*[xhOZ�L�Wj[ I�Z�[NMOpJC�W&K*^)[�GJK�EkL�Z�[�acGJEkDN[�@

�����#� � {��� u � t � � �.t:q � � � xfx � � ��� � t ��$ � �`�Z� t��3x � u
¿*M8hzZ�C*GJX�y�EkZ
I�Zi[�GJK�EkL�Z�[=Z�[ND,M�C8a®]Z�EkMOZ�K�E<W8KQC*GJX�y�EkZiI,`k]Z�L�W&EkDN[�L�GJC8DNMOpJK*[ � H 
 � ��� ¯ �+hOZ�[
DNZ�L¸µ�C*MO¬�K*Z�[�]Z��&G*¬�K�]Z�Z�[1I�W8C*[hOZºt�W&E�WjpJENW&t�µ*Z)t�E*]Z�L1]Z�I�Z�C8D�L�GJC*L�Z�ENC�W8C&D�hOZ�[gE*]Z�[NZ�W&K*^9L�GJXut*hwvZ�DNZ�X�Z�C8DYW&K*pJX�Z�C8DFW&y*hOZ�[Yt�Z�K*�&Z�C8D �Z�DFEkZ_I�M�EHZ�L�DNZ�X�Z�C8D
W8t�t*hzMO¬�Ki]Z�Z�[�@x¿*M�C*GJC ��[NM � ��� ¯ � H 
	� 	 ��I�Z�[\D�Z�L¸µ�C*MO¬�K*Z�[QI,`UW&K*pJX�Z�C8DFWjD�MzG*C_[NM�X�MOh�W�M�EHZ�[gvWYL�Z�[qI�Z�ENC*MwvZ�EkZ�[ GJC&D)]Z�D�]Z
t�EHGJt�G&[�]Z�Z�[�I�W&C*[ *US +s@

� I�� ��42( /R,3-FX 4�5�(�T ,.- (+*,.-�, L95�c T$L _ 5 / L < ( ,3-�X TaL /6- 465�? , jl49T 5�\ ,
o�W�EHZ�L¸µ*Z�EkL�µ*ZQZ�^�µ�W&K*[NDNMO�&ZqI�Z�E*]Z�[�Z�W&K*^�h�W�L�K�C�WjM�EkZ�[;�+t*h�W8C_GJKYI�Zq�&G&h�K�X�Z �¹GJt*DNM�XYW&K*^¤��vW�X¶M�C*M�X�K�X I�Z�EkZ�I�G*C*I�W&C*L�Z
G*K¤vWYX¶M�C*M�X�K�X I�Z�DFEkG*K*[F��Z�[ND\K�C)t�EkGJy*hcvZ�X�ZQI�Z�L�GJXut*hzZ�^*MOD�]ZQD­E¸vZ�[Y]Z�hOZ��i]Zg�;I�ZQhc`~GJEkI�EHZQI�Z�� � � + � ��� . t¹GJK�ExK�C)E*]Z�[NZ�W&Kt*h�W&C(I�Z � L�W&t*D�Z�K�Ek[;�
I,`~G*K*�&Z�EkDFK�EkZ � � �\� �3L�Zg¬�K*M�hzM�X�MODNZ�[NGJC(Z�XYt*hOG&M�vW I�Z�[gE*]Z�[�Z�W&K*^PI�Z_aÏWjM�y*hOZ)I�M�X�Z�C*[NMOGJC+@
BÏhxZ�[NDgW�hzG*Ek[YM�XYt�G*EkDFW&C8D�I�ZºI�MO[Ft�G8[NZ�EYI�ZPy�GJE�C*Z�[gt�GJEHDFW&C8DY[FK�E�hOZ¤C*G*X�y�EHZ)I�ZºL�W&t*DNZ�K�EH[gt�Z�ENX¶Z�DNDFW&C8D�I,`s]Z��jWjh�K*Z�E
h�W_t�Z�EkD�M�C*Z�C*L�Z_I�Z�[�G&h�K*DNMOGJC*[Q[NGJK*[kr·G*t*DNM�XYWjhOZ�[qawG*K�ENC*MOZ�[�t�W&E I,`UW&K*DFEHZ�[�X�]Z�DFµ*G*I�Z�[xI�ZYEkZ�L¸µ*Z�EHL¸µ*Zº�cEkZ�L�K*MODQ[NM�X�K*hF]ZRGJK
W�hzp8GJEkMODFµ�X�Z�[Rp ]Z�C�]Z�DNMO¬�K*Z�[)*�A�S +c��@YlQZYD�Z�hzhOZ�[Yy�G*ENC*Z�[�GJC&DP]Z�D�]ZYt�E*]Z�[NZ�C8D�]Z�Z�[Qt�W&E�o�M�C*Z�y�W8Ekp&Z�E�*�A&A�+ XuWjMO[�K�C*MO¬�K*Z�X¶Z�C&D
t¹GJK�E I�Z�[�EJ]Z�[NZ�W8K*^)hzM�C�]Z�WjM�EkZ�[�@ �xGJK*[Qt�E*]Z�[NZ�C&D�GJC*[\I�W8C*[QL�Z�DNDNZ�t�W8EkDNMOZ�hzZ�[�E*]Z�[­K*hzD­WjDN[xI,`UK�C*Z�]Z�DFK*I�Z *�A�� + L�G*C*[FWjL�E*]Z�Z5vW
hc`UW8X�]Z�hOMOGJENWjD�MzG*C_[NZ�C*[NM�y*hOZ�I�ZQL�Z�[Qy�G*ENC*Z�[xZ�D�vW�hOZ�K�E Z�^JD�Z�C*[NMOGJCºW&K_L�W�[xI�Z�E*]Z�[NZ�W&K*^gt*h�W&C*[qGJK_�&G8h�K�X¶Mz¬�K*Z�[ È @� GJC*[NMOIÃ]Z�EkG*C*[�K�C*Z�W&C8DNZ�C�C*Z �&G8h�K�X¶Mz¬�K*Z awG*ENX�]Z�Z(I�Z � L�W&t*DNZ�K�Ek[9[�MzD­Ki]Z�[9Z�C I�Z�[9[NGJXYX¶Z�DN[9I,`UK�C{E*]Z�[NZ�W&K
L�W8EkD�]Z�[�MzZ�C+@9f W&t�t�Z�hOGJC*[_¬�K*Z)hOZ�L�GjrsE*]Z�[�Z�W&K 
 I�Z)L�Z�D�DNZºW&C8DNZ�C�C*ZºEkZ�t�E*]Z�[NZ�C&D�Zghc`~Z�C*[NZ�X�y*hOZºI�Z�[�]Z�L�W&EkDN[�Z�C8DFEkZ_L�W&t8r
D�Z�K�Ek[�acGJK�ENC*MO[\t�W&E�L�Z�E*]Z�[�Z�W&K


 . � : � � . � � 0 � � � ������.{A �­T �&�/�&� �'�
G,vK � � .���� � ��� � �	
 � � � IÃ]Z�[NMOpJC*Z�h�W�t¹G&[NMODNMOGJCuI�K��NvZ�X�Z�L�W&t*D�Z�K�E=Z�DiG,vK � � � � � W&C*I1
 � [NG*C&D
I�Z�[�Z�C&DNMOZ�Ek[�@ o�Z�[iGJK*�&Z�EHDFK�EkZ�[
� ¯ � � � � �  \I�ZQL�Z�E*]Z�[�Z�W&KY[�GJC&D IÃ]Z��1C*MOZ�[�t�W8E

� � ¯ � � � � �  ��/.��ÏXYWj^1��� � 0 � � � �­XYWj^1��� � 0 � � � �­XYWj^���
 � 02
 � �N�
f W&t�t�Z�hOGJC*[RZ�C �1Cº¬�K*Z19�Z�D � I�]Z�[NMOpJC*Z�C8D�EkZ�[­t�Z�L�DNMO�&Z�X�Z�C8D�hOZYC*GJX�y�EkZ�I�ZYEkZ�I�GJC*I�W&C*L�Z�[QZ�DqhOZgC*GJX�y�EkZRI�Z�D­EkGJK*[
I�Z)L�ZPE*]Z�[�Z�W&K+@2¿*MxGJC IÃ]Z�[NMOpJC*Zºt�W8E�� hzZPC*GJX�y�EkZºI,`k]Z�L�W&EkD�[�I�M � ]Z�EkZ�C8DN[YI�W&C*[_hOZ¤E*]Z�[NZ�W&K/�;« L�GJXYt�EHMz[uhw`k]Z�L�W&EkD 5 �
W�hzG*Ek[�hzZPC*GJX�y�EkZ)DNG&D­Wjh � È I,`k]Z�L�W8EkDN[ : � � Z�[�D�L�G*XYt�G&[�]Z)I�Z��n]Z�L�W&EkDN[YW&t�t�W8ENWjMO[N[FW&C8DYW&K X�G&M�C*[gK�C*Z awG8Mz[uZ�DYI�Z
9 0 � 0 A ]Z�L�W&EkDN[R[NDFEkMOL�DNZ�X�Z�C8DYEkZ�I�GJC*I�W&C8DN[�Z�D�I�GJC*L � È .	� 0 9 0 � � 0 A���@¤V
W&E�WjMOhOhOZ�K�Ek[;��L¸µ�W�L�K�C�I�Z�[
�ÏT � ¯ 0 A����cT � � 0 A����ÏT �  0 A��º]Z�L�W&EHDN[\I�K�E*]Z�[NZ�W&Kºt�W8ENWjhOhF]Z�hF]Z�t*M�t�]Z�I�MO¬�K*Z5E*]Z�pJK*hOMOZ�E�K�C*MbacGJENX�Z)Wj[N[NG*L�MF]ZYW&t�t�W&E�W �<OD�W&KX¶G&M�C*[\K�C*ZRawG&MO[qGJK)t�Wj[qI�K)DNG*K*DxI,`~G,vK �
� 0 � .��ÏT � ¯ 0 A����cT � � 0 A����cT �  0 A���@
lQZRL�ZQa·WjMODxhOZ�[\G*K*�&Z�EkDFK�EkZ�[qZ�DhOZ�[\C*G*X�y�EHZ�[xI�Z�L�W&t*D�Z�K�Ek[;��I�Z�EkZ�I�G*C*I�W&C*L�Z�[\Z�D I�Z�DFEkG*K*[x�i]Z�EkM ��Z�C&D�h�W_EkZ�h�WjDNMOGJC

�cT � ¯ 0 A����ÏT � � 0 A����cT �  0 A�� .�� � È 0 � 0 A�� 0 � 0 9 � �;}�@�A��
� �1C I,`k]Z�hOM�X�M�C*Z�EYhOZ�[)GJK*�&Z�EHDFK�EkZ�[YI�W&C*[uh�W�EkZ�h�WjDNMOGJC t�E*]Z�L+]Z�I�Z�C&D�ZºC*GJK*[gM�C8DFEkG*I�K*MO[NGJC*[)XYWjM�C&D�Z�C�W&C&D)K�C*Z¤C*G*K*�&Z�hOhzZ
acGJC*L�DNMOGJC L���� �	� � � �®e ��A �YI�]Z��1C*MOZYI�Z_h�W_a·W"!L�GJCP[­K*Mz�jW&C8DNZ¤� L��Q� � �
. AY[�MiMOhi«9WºK�C(L�W&t*DNZ�K�E Z�C�t¹G&[NMODNMOGJC �Z�D L���� � � .¢e�[NM�C*GJC+@ L���t�Z�K*D �Z�D­EkZYL�GJC*[NMOI�]Z�EJ]Z�Z_L�GJXYX�Zuh�W �kawG*C*L�DNMOGJC9M�C*I�MOL�WjDFEHMzL�Z���I�K�EJ]Z�[NZ�W8K+@ºo,W awG*C*L�DNMOGJC
I,`bW&K*DNG*L�GJENE*]Z�h�W�DNMOGJC%T�� : �i� �	��
 � B � I�Z@L��2EkZ�t�E*]Z�[NZ�C8DNZ\WjhOGJEk[�hOZ�C*G*X�y�EHZ\I�ZqacG&MO[�G�vKYhc`k]Z�L�W&EkD : W&t�t�W8ENW �<OD�I�W&C*[xhOZE*]Z�[NZ�W&K+@#,�E �W�L�ZgvW�L�Z�[qC*G&DNMOGJC*[\C*GJK*[qt�GJK*�&G*C*[\XYWjM�C8DNZ�C�W&C8D\X�GJC8DFEkZ�E3hzZ�E*]Z�[­K*hzD­WjD�[FK*MO�®W&C8Dx¬�K*M<W�	5C*ZQZ�D�p
]Z�Ci]Z�ENWjhOMO[NZ
*!A&A ��EHZ�hw@qA�³ +k@
.�� ]��,e�d!i&Y�X�[�Z i&Y�� Y$[@d^c]BZR]?e6Y@g�mbe6[@g�d�c]?ZR]
[�hR]�Y$[^]�e�����`bp6Y���bh$c],a$]��+_��X&h$c]��,i&Y�`2g ]
Y�h��]?h+d!]�mb]� 4c]?]�g^e6dAY$[.d�c]?ZR]?e�Y� &X6mnY!�=`bi&Y^]



T8ª ��� � ��� ����� � � � �
�$� ����� ��� � � ��� ����� 
$�

 � 
 � ����� � ��� � �

$� ��� � ��� ����	�� �8��
-�$���

 
 �����

. ���� '  ������ - � ��� * ��,.20)���� * � (0* % $�! -/*�&�� � � /�(0* � *�(020,)('$0,)% *���9 *�- (0* - � 2'& � � (0* -/20&�- � #* � * $0&	� #* (�& � 13*��
� 13,$#*#$01&� *8/)!"� $0, 20& �#2 � & )�1�R�&�*���#* � 1 � *#,.- � " 1 ,$#* ( $�� 13-�#*GP �

9Y�c?�� 0 T��HA 0�� + �N� 0 � �c?�� 09T��kA 0�� + ��� � T��kA 0�� + ��� È 0�� � 02A����c?�� 0 T��kA 0�� + �N� �;}�@UT&�
2 �& � + * � - (020,.,$#*�*�,F4 ,., * � *
	 �
	R
 � ' #+� ¿*G&MOD L �Ðh�W acGJC*L�DNMOGJC M�C*I�MzL�W�DFEkMOL�Z{I�K E*]Z�[�Z�W&K EJ]Z�pJK*hOMOZ�E/K�C*MbawGJE�X�Z�I,`´GJK*�&Z�EkDFK�EHZ�[£� � ¯ � � � � �  ¸� Z�D
L
� ��� � � �®e ��A ��L�Z�hOhzZ I�Z�hc`k]Z�L�W&EkD 5 I�GJC&DmhOZ�[{DFENW&C*[HawGJE�X�]Z�Z�[/I�Z 6�GJK�EHMzZ�E±�Ï¼�6i� EkZ�[Ft¹Z�L�DNMO�&Z�[{[NGJC8D����� ( � È + Í � ��� � Í����� ( � Í ����� ( � È + * � ��� ��*����� ( � * ����� ( � È + + � ��� � +����� ( � + Z�D�A&@

� GJXYX�Z�T�� : �
EHZ�t�EJ]Z�[NZ�C8DNZqhOZ�C*GJX�y�EkZqI�Z awG&MO[xG,vK�hc`s]Z�L�W&EHD : W&t�t�W8ENW �<OD�I�W&C*[�hzZ�E*]Z�[NZ�W&K¶h�W�L�K�C�WjM�EkZ ��h�WRI�M � ]Z�EkZ�C*L�Z
� � : � �����. T�� : � 0 L � � : � 0/� � 02A��?L���� : � �;}�@U?&�

��]Z�EHM���Z�t¹GJK�E�DNG*K*D : � 


� � : �/. �� � C*GJX�y�EkZQI�Z�EkZ�I�GJC*I�W8C*L�Z�[\I�Z : [NM : � 
�Z�D :��. 5
e [NM : . 5
0QA [NM : �� 


lQZ_L�Z_a·WjMOD�,�� � � 8 � � : � 8 . � 0 9/��Z�D�L�G*XYX�Z)h�W9¼�6 �)� 6 � I�Z)h�W¤awGJC*L�D�MzG*C EJ]Z�Z�hOhOZ)Z�Dgt�WjM�EkZ � � : ��Z�[�D¶E*]Z�Z�hOhOZ �
�)� 6 � � 8 �)� 6 � 8 � , � � � 8 � � : � 8 . � 0 9�@�¾iCYt�EkZ�C�W8C&D�WjhOGJEk[ih�W�¼�6PI�ZY�;}�@U?&�=Z�D�Z�CYEkZ�XYW8Ek¬�K�W8C&D
¬�K*Z\h�W�¼�6"!\� 6 �I�Zqh�W awGJC*L�D�MzG*CYI,`UW8K*DNGJL�G*ENE*]Z�h�WjD�MzG*C%T�� : �3Z�[NDxE*]Z�Z�hOhOZQC*GJCgC�]Z�pJWjDNMO�&Z �8MOh<W&t�t�W&ENW �<zD�¬�K*Z�t¹GJK�E�DNGJK*D 6 .�� � ¯ � �$#�� �$%¸�3GJC
W_�

0 [NM�C&�i�ÏT � ¯ 0 A���� ¯[�M�C'� � ¯ [NM�C(�i�cT �(# 0 A����$#[NM�C&� �)# [NM�C(�i�cT �(% 0 A�� �)%[NM�C(� �$% 0�� � 0 A�� � � 0 9 0*!\� 6 � � � 0 9 �
� t�E�vZ�[Ã¬�K*Z�hO¬�K*Z�[�XuW&C*M�t�K*h�W�DNMOGJC*[\[�M�Xut*hzZ�[QI�]Z�DFWjMOhOhF]Z�Z�[xZ�C � C�C*Z�^*Z ��GJC GJy*DNMOZ�C&DR�

T
?�� �kA 0�� + ���ÏT � ¯ 0 A����cT �'# 0 A����cT �'% 0 A�� 0�� � 02A�� � � 0 9 � �;}�@~}J�

¾�C_[FK�y*[NDNMODFK�W8C&D��w}�@�A���I�W&C*[xL�Z�D�DNZQZ�^�t�EHZ�[N[NMOGJC ��GJC_GJy*DNMOZ�C8D��1C�WjhOZ�X�Z�C8D¶�;}�@UT&�­@
o�Z�fg]Z�[FK*hODFW�D ?¹@�AqZ�[ND�MzI�Z�C8DNMO¬�K*Z5vW�*�A&A ��EkZ�hc@\�kA�³8��+�W&K_L�G*Z
	gL�MOZ�C8D � + t�E¸vZ�[�@
BÏh�W8X�]Z�hOMOGJEkZqh�WYy�GJE�C*ZQL�h�W�[N[NMO¬�K*ZRI�KL�W�[\X�GJC*Gjr·I�M�X�Z�C*[�MzG*C�C*Z�h!*�A�+
Z�D\hc`k]Z�DNZ�C*I¤W&K*^)L�W�[\y*Mbr Z�DqDFEkMbr·I�M�X�Z�C*[NMOGJC�C*Z�hO[�@RlQZqa·W"!L�GJC)[­K�ENt�EkZ�C�W&C8DNZ ��L�Z¶E*]Z�[FK*hODFWjD

C*ZQI�]Z�t�Z�C*IPt�Wj[xI�Z�h�W�I�M�X�Z�C*[�MzG*C�C�WjhOMzD�]Z�I�KºE*]Z�[NZ�W&K+@
¾�C W&C�C*K*h�W&C&DPEkZ�[Ft¹Z�L�DNMO�&Z�X�Z�C8D � Z�D 9 I�W&C*[)h�W2EkZ�h�WjD�MzG*C��;}�@UT8�YGJC GJy*DNMOZ�C&D)I�Z�[Py�GJE�C*Z�[ºM�C8a®]Z�EkMOZ�K�EkZ�[º[­K�E

EHZ�[Ft�Z�L�DNMO�&Z�X¶Z�C&DRhzZ_C*GJX�y�EkZ�I�Z¶EHZ�I�GJC*I�W&C*L�Z�[�I�Z�[�E*]Z�[�Z�W&K*^)[FW&C*[QDFEHGJK�GJK�[FK�EqhOZgC*GJX�y�EkZ�I�ZYDFEkG*K*[QI�Z�[�EJ]Z�[NZ�W8K*^
[­W&C*[\EkZ�I�GJC*I�W8C*L�Z&@��QK*Z�h<¬�K*ZQ[NG&MODxh�WuI�M�X�Z�C*[NMOGJC�C�WjhOMOD�]Z�I�K�EJ]Z�[NZ�W8KgC*GJK*[ GJy*DNZ�C*GJC*[

9 � T��kA 0�� + ��� È
?�� 0 T��kA 0�� + � 02� � 0 A��

t¹GJK�E�DNG*K*D E*]Z�[NZ�W&K_[­W&C*[xDFEkG*KYZ�D
� � T��kA 0�� + � � È?+� 09T��kA 0�� + � 02� � 0 A�� ?�� 0 T��kA 0�� + �?�� 0�T��kA 0�� + �t¹GJK�E�DNG*K*D E*]Z�[NZ�W&K_[­W&C*[\EkZ�I�GJC*I�W8C*L�Z&@

� M�C*[NM �,t�GJK�E I�Z�[�E*]Z�[NZ�W&K*^gEHZ�h�W�DNMO�&Z�X�Z�C8D\pJE�W&C*I�[;�*hOZ�[�y¹GJENC*Z�[qM�C8aj]Z�EHMzZ�K�EHZ�[xacGJK�ENC*MOZ�[Qt�W&E�*�A&A ��EHZ�hw@Q�cT&e8�iZ�D��cT�A���+
[�GJC&DxW&t�t�EHG®^*M�XYWjDNMO�&Z�X¶Z�C&D\X�K*hODNM�t*hOMF]Z�Z�[�t�W&EQA)�Ue&T&?&Su@

� GJC*L�Z�ENC�W&C8DxhOZ�[\y�G*ENC*Z�[x[FK�E
� ��GJC_I�]Z�I�K*MOD�aÏW�L�MzhOZ�X�Z�C8DxI�Z�[QEkZ�h�WjDNMOGJC*[��w}�@UT&�3Z�D��;}�@�A��
hOZ�[�E*]Z�[FK*hODFWjD�[i[FK*MO�®W8C&DN[��,.- ]
mbX6[ [^X&h+d!]'/>X6d ��Y$mbe1h+`bX6[10 mb]?Z c]B_?e6d!hRZ7]
[�h+d!] _?e6g^hR]
Y�d!Z
2 ZRX6[�h7a$e�[�Z4353 , 0Fe6Y^ZRZ+`A[�X1Z=a\c]
o�[$`bh+`bX�[�Z.a$]&6 ]?h87Na�`�9 q]!d!]
[�h�:k]
mnmb]?Z�a�]_?]
mnmb]?Z a$]
;5<=<.0$d!]
m?>�<A@CBFa � Y�[D/ e1_?hR]
Y�dFEG>HCIF[�g^e6d!h+`b_
Y�mn`b]
d7`nmF]?ZRh��,X�[�h+dKJ]�]
[DLA[$[^]AM�]7i&Y�]FNPORQS<�]Bh i&Y^]FNPODTVU$W UGEYX[Zlg�X�Y$d a$]?Z X6Y! &]
d!h+Y�d!]?Z]\_^$>



� � � � � ���

 ��� � �	��� ���
�����
�$� � � � � � � � 
 ��� ����� ��� ��
 � �	� 	�������� � � � T&S

A8@xV=GJK�E
hOZ�[xE*]Z�[�Z�W&K*^Yt�W&E7a·WjMODN[���9 . eRZ�D � . e8�\�;}�@bT&�=M�XYt*hOMz¬�K*Z�T�� � È 0 � 0 A�� 0)?��i� � 0PA�� � e$�*Z�D�I�GJC*L
¬�K*Z � � �®T �F? ��} �J@ ,�E �WjL�ZgvWº�;}�@!A��
GJC Z�C_IÃ]Z�I�K*MODq¬�K*ZQhOZ�[q[NZ�K*hOZ�[\[NG8h�K*D�MzG*C*[\[NG*C&D��

� . ? � � ¯ . ? � �'#!. �'%!. e
Z�D

� ./} � � ¯ . ª � �(#�. �'% . e �
��Z�L�M<X�GJC8DFEkZQ¬�K*ZQhOZ�[\[�Z�K*hz[QE*]Z�[NZ�W&K*^gt�W&EsaÏWjMODN[ [NGJC8DxhOM�C�]Z�WjM�EkZ�[�@

T¹@xV=GJK�E�hOZ�[�E*]Z�[NZ�W&K*^u[FW&C*[xDFEHGJK9� �2. e8��GJC_GJy*DNMOZ�C8D��
� È � �ÏT � ¯ 0 A����cT �'# 0 A����cT �'% 0 A�� � A 0 T��kA 0�� + �?+� � � �;}�@U|&�

L�ZY¬�K*M �=t�GJK�E��'#). �'% . euawG*K�ENC*MOD�K�C*Zgy�GJE�C*ZYM�C8a®]Z�EkMOZ�K�EkZY[FK�E�� [NZ�C*[NM�y*hOZ�X�Z�C&DYt*h�K*[��1C*Zu¬�K*Z *!A&A �,EkZ�hc@
�kA�S&��+k@<¼�GJK*DNZ­acG&MO[;�*Z�C)ENWjMO[NGJCuI�Z�[xZ � Z�DN[iI,`bW&ENEkGJC*I�MO[;�*hc`UW&X�]Z�hOMOGJENWjDNMOGJC_I�W8C*[ÃhOZQL�Wj[xX�G*C*Gjr·I�M�X�Z�C*[NMOGJC�C*Z�h
C+`~Z�[ND
t�Wj[�E*]Z�p*K*hzMcvZ�EkZ�Z�DQC+`UW&t�t�W&E�W �<ODQ¬�K*ZYt�G*K�EqL�Z�EkDFWjM�C*Z�[Q�®W�hzZ�K�EH[�I�Z���@QV
W&E Z�^*Z�XYt*hOZ �<t�G*K�EqhzZ�[�E*]Z�[�Z�W&K*^5o�©§f �
��.�ª&³_Z�[NDQh�W)t*h�K*[�t¹Z�DNMODNZY�jWjhOZ�K�EQI�Z ��t�GJK�Eqh�Wj¬�K*Z�hOhzZ)hOZ�[�y�GJENC*Z�[QM�C8a®]Z�EkMOZ�K�EkZ�[R[FK�E�� acGJK�ENC*MOZ�[�t�W&E *�A&A �
EkZ�hc@��kA�S&��+1Z�Dqt�W&E��;}�@b|&��[NGJC8DÃI�M � ]Z�EHZ�C&DNZ�[��cEkZ�[Ft¹Z�L�DNMO�&Z�X�Z�C8D � � A�?�Z�D � � A�}J��@

?¹@xV=GJK�E�hOZ�[�E*]Z�[NZ�W&K*^u[FW&C*[\EkZ�I�G*C*I�W&C*L�Z5��9 . e8��GJC_GJy*DNMOZ�C8D��
� � 0 A�� È � �cT � ¯ 0 A����ÏT �(# 0 A����cT �'% 0 A�� � A 0 T��kA 0�� + �?�� � 0 A � �;}�@Uª&�

L�Zº¬�K*M �xt¹GJK�E��'# . �'% . e�acGJK�ENC*MOD5K�C*ZPy�GJE�C*Z)[FK�ti]Z�EkMOZ�K�EkZ�[FK�E�� [NZ�C*[�M�y*hOZ�X�Z�C8Dºt*h�K*[ �1C*Z�¬�K*Z *�A&A �
EkZ�hc@ �ÏT&ª&��+s@ ©9WjMO[;�xt�G*K�E_hzZ�[)X �Z�X�Z�[5E�WjMO[NGJC*[_¬�K*ZPt�EJ]Z�L+]Z�I�Z�XYX�Z�C8D;�ihc`UW8X�]Z�hOMOGJENWjD�MzG*C I�W&C*[)hOZPL�Wj[)X�GJC*Gjr
I�M�X¶Z�C*[NMOGJC�C*Z�h\C+`~Z�[ND�t�Wj[�E*]Z�pJK*hOMwvZ�EkZ&@_V
W&EqZ�^*Z�XYt*hOZ �it�GJK�ERhOZ�[YE*]Z�[�Z�W&K*^¤o+©�� � � .±|�AYZ�[�D�h�Wºt*h�K*[gt¹Z�DNMODNZ
�®WjhOZ�K�E I�Z ��t¹GJK�E�h�Wj¬�K*Z�hzhOZ�hOZ�[�y¹GJENC*Z�[x[­K�ti]Z�EkMOZ�K�EkZ�[x[­K�E
�nacGJK�ENC*MOZ�[\t�W8E�*�A&A ��EkZ�hc@��ÏT&ª&��++Z�D t�W8E��;}�@Uª8�
[NGJC8D
I�M � ]Z�EkZ�C&D�Z�[��cEkZ�[Ft¹Z�L�DNMO�&Z�X�Z�C8D � � A�e�Z�D � � ³&��@

� GJXYX�ZgC*G*K*[�hc`UW��&GJC*[R��K �=hOZ�[YEJ]Z�[NZ�W8K*^¤�xV Z�D , 	 [NGJC8D�[FW&C*[RDFEkGJK�Z�DRMzh�Z�[NDRM�C&D�]Z�EkZ�[N[FW8C&DQI�Z_L�GJXYt�W&EHZ�EQhOZ
C*G*X�y�EHZQI�ZQhzZ�K�E L�W&t*DNZ�K�EH[�vW�h�Wgy¹GJENC*ZQ¬�K*Z�hc`~GJC_�*MOZ�C&DqI,`~GJy*D�Z�C*M�E�@

 qC/E*]Z�[�Z�W&K �xV�L�W&ENE*]Z��cEkZ�[Ft¹Z�L�DNMO�&Z�X�Z�C8DgL�K�y*MO¬�K*Z��)I,`~G*K*�&Z�EkDFK�EkZ � awG*ENX�]Z_I�Z � � � �cEHZ�[Ft�Z�L�DNMO�&Z�X¶Z�C&D � ��� �L�W8t*DNZ�K�Ek[xZ�[ND L�GJC*[NDFENK*MODYvWYt�W&EkD�M�E I,`UK�CºE*]Z�[NZ�W&K)o+©9f I�Z ���+L�W&t*DNZ�K�EH[\Z�DxI�Z�X �Z�X¶ZQGJK*�&Z�EkDFK�EHZ ��W��&Z�L$� � � .�� È��ÏEkZ�[Ft�Z�L�D�Mz�8Z�X�Z�C&D � ��� . � �� ��@Î²QE_o+Z�Z�L�µ *U� +�WPX�G*C&DFE*]Z_¬�K*Zºt¹GJK�E�hOZ�[5E*]Z�[NZ�W&K(hOM�Ci]Z�WjM�EkZ�[_©9f GJC W9T �´}J?j} �hOM�X ���	��
 � .�
+ � ? �U?�}J��@<BÏh<[�`~Z�C*[FK*MODx¬�K*Z

T �~}J?�} � hzM�X����
���
 � � �
� � ? �U?j}*� �;}�@US&�

Z�D
T �´}J?j} � hOM�X� ��� ��
 � È�� ����

� � ? �b?j}J� � �;}�@U�&�
� GJXYt�W&E*]Z¶vW9�w}�@U|&����¬�K*M
I�GJC�C*ZYEkZ�[Ft¹Z�L�DNMO�&Z�X�Z�C8D�t�GJK�EqI�Z�[�E*]Z�[NZ�W&K*^_hOM�C�]Z�WjM�EkZ �,L�W8ENE*]ZQZ�DqL�K�y*MO¬�K*Z � È � T �´}J?j} � 0A)�UT�A�S$��� � T �UT&e&S � 0 A��!A�e&? Z�D�� È�� � � T ��A�?&| � 0 A��be&ª&�$��L�Z�[ÃE*]Z�[NZ�W&K*^��xV([NGJC8D
I�GJC*L\t¹G&DNZ�C8DNMOZ�hOhzZ�X¶Z�C&D�Z
	gL�WjL�Z�[�@

� GJC*L�Z�ENC�W&C8D�hzZ�[)E*]Z�[NZ�W&K*^ , 	+�
K�C E*]Z�[�Z�W&K9L�W8ENE*]ZuI�Z)L�Z)Ds«�t�ZºC�]Z�L�Z�[N[NMODNZ � .�? � L�W&t*DNZ�K�Ek[YZ�DYK�C E*]Z�[NZ�W&K
L�K�y*MO¬�K*Z � . ���c? � 0 }*�qL�W&t*DNZ�K�Ek[��j@�fxW&t�t�EHGJL�µi]Z�[qI�Z¤�;}�@b|&��L�Z�[QL�µ*M � EkZ�[�X¶GJC&D­EkZ�C&Dq¬�K+`UK�CPEJ]Z�[NZ�W8K , 	 L�W&ENE*]Z
Z�[�D t¹G&DNZ�C8DNMOZ�hOhzZ�X¶Z�C&DQZ
	gL�W�L�Z�WjhOGJEk[ ¬�K+`UK�C)E*]Z�[NZ�W&K_L�K�y*MO¬�K*Z�I�ZQL�Z�Dk«�t¹Z�C*Z�hc`~Z�[NDqt�Wj[�@

o�Z�[¤C*GJX�y�EkZ�[)I�Z9[�DFENK*L�DFK�EkZ�[)L�W8ENE*]Z�Z�[_GJt*DNM�XYW�hzZ�[�©9f Z�D)©�� GJy*D�Z�CJK*Z�[Pt�W&E)EkZ�L�µ*Z�EkL¸µ*Z(Z�^�µ�W&K*[�DNMO�&Z9[NGJC8D
E*]Z�L�W&t*MODFK*h­]Z�[�I�W&C*[xhOZ�[  #"�$ AU?�@´}�Z�D  #"�$ AU?�@b|�@
o+Z�K�Ext�Z�EsawGJE�XYW&C*L�ZqZ�C_DNZ�ENX�ZqI�Z�C*G*X�y�EHZQI�Z\L�W&t*D�Z�K�Ek[x�*Mz[�vWR�*Mz[ I�Z�[
y¹GJENC*Z�[\t�E*]Z�L+]Z�I�Z�C8DNZ�[�[NGJC8D\t�E*]Z�[NZ�C8D�]Z�Z�[ <>=@?BAU?�@bS�@

� L%[�X1hR]
d�i&Y�� Y$[^]AZRh+dRY�_Bh+Y$d!]A_
Y��$`bi&Y^] g�mnY^Z g�]
d / X�d �,e6[�hR]4g�]
Y^h��]?h+d!]�X �^hR]
[�Y�] ]
[ �+]��=g�`nmbe6[�h ��a$]?Z2d J]BZR]?e6Y M���� _Be6dRdKJ]?ZFg�X6Y�dFmbe&i&Y^]
mnmb]mb]�[�X � ��d!]=a�]�_?e�g�hR]
Y�d!Z�]BZRh���� X������! <�"



��� ����� �����
	�� � �
	������ � ����	�� � ��������	�� 
$�

 � 
�� ����	��
����� �

$���������
���
� �����!��
"�����

 
������

�=)�5F; � �$#&%(' ��� ;\���,/�	�#*)�(�)��?�� 
�"	$#�
�\	$ B��� +-, �/.

 � � 

D 9 � 8 : :
8 :*
 :*	 8 :- :&- :&D � D :
� :*� :&- 0 : :

1 "�$ A32�46587 � 	$� � �!�\����/1���� !��)��!
\�� 4���A/�	�#*)�(�)��?�� 
�"	$#�
4��� �:9��
!�1��):; /1���!�:9��
 ���K	 �  
��#�)�
\����� �!��/=<��6�!/=<����>;3<���)�
! 
�"5$�A/�	$�������:9�*�0� � � 	��
#�� ��#��?9�6�!����)��
�+� � #@%?' ����# �k	�#�/� !��	�# ��� �R3 	�)�5$���! 
)��!�$;
�=)�5F; � �BADC>E ��� ;\���/�	$#3)�($)��B�� !��	�#�


 - - :
D � � D �8 � � 8
- 9 : 	 D�8 �
� :�: : 
 :
� : 
 :�8 :�:1D

1 "�$ A32�4GF�7 � 	$� � �!�\��� /1���� 
��)��

A�� 4���A/�	�#*)�(�)��?�� 
�"	$#�
4���A�:9��

�1��)�; /1���
�:9��
 �IH 	 �  
��#�)�
\����� �!��/=<��6�!/=<����>;3<���)�
! 
�"5$�A/�	$�������:9�*�0� � � 	��
#�� 

)��/9���
�"�6)��!��� � AJC>E ��'���# �k	�#�/6 !��	�#%���,�R3 	�)�5$���! 
)��!��;

�LKNM OQPSRLT/UWVLXZY[P�R

\�]�^�_`�a�b?c�d:e ^�f8^ `�a>a�g`-h�i ] b:ijd ^ b:k�b f `�a�a[l ^ hjm�lnh ^ `�a ^ g`�ojhjp&e _` ^ `�aqijdrish�ijeGtDd ^ ku`�a f `"m?b ] l>`?h ^ a?vjijdrhjaqb(c:djija ]�^ g`�a>`?i�l�g`
p@`�a � ]�^ ewijm�e ] b:hjxyl=z ] `�a f `Ia>l ^ hjm�lnh ^ `�a�d ] l[e{ksb3p@`�a ] drh ^"f `�a ^ g`�a>`?b:hjx ^ g`�orhjp@e@` ^ aLijdri!h�ije|t}d ^ kI`�a 7 p@`�a ^ g`�a>`?b:hjx _b
kue{ijewkIh�k f ` ^ ` f dji f b:ijm�`�`�l�p@`�a ^ g`�a>`?b:hjx _bBkIewijewkIh�k f `�l ^ drhja 4L~ ij` ^ `�pwb3l[e&dji�o/g`?i�g` ^ b3p@`L`?i�l ^ `Ip@`�ijdrkI� ^ ` f `
m?b ] l>`?h ^ a?v�p&`�ijdrkI� ^ ` f ` ^ ` f dri f b:ijm�`�a?vjp@`�ijdrkI� ^ ` f `"l ^ drhja/`�l�p&`�a�drhjc�` ^ lnh ^ `�a f�� h�i ^ g`�a>`?b:h�v3ewi f g` ] `?i f b:i:l[` f `�pwb
f ewkI`?ija[e&dji�i�b3p@e&l�g` f `"m�` ^ g`�a[`?b:h�vrijdrhja�b ] ` ^ kIe@a f ` f g`�l>` ^ kue{ij` ^�f `�a���d ^ ij`�a�anh ^ p@`�ijdrkI� ^ ` f `�m?b ] l[`?h ^ a ] drh ^ m�`�a
� l=z ] `�a f `"a>l ^ hjm�lnh ^ `�a 4/� `�aq��d ^ ij`�a ] ` ^ ku`�l>l>`?i�l f�� g`�c�b3pwhj` ^ pwb ] ` ^ l>ewij`?ijm�` f `�a>d�p{hjl[e&djija�a>drhja�d ] l>ewk�b3p@`�a�t}djh ^ ije@`�a
] b ^/f `�a�k�g`�ln�jd f `�a f ` ^ `�m��j` ^ m��j`Lijdri�`�x���b:hja>l[e&c�`�a���h � e&p ^ `�a[l>` _b�g`�p{b���d ^ ` ^�] drh ^�f `�a�lnb3e@p@p@`�a f ` ^ g`�a[`?b:hjxIl>drh(�=drh ^ a
] pwhja"o ^ b:i f `�a 4



� � � ��������� ������� ��� �	�

2 4 6 8 10 12 14 16
0

5

10

15

20

25

30

35

40

45

N
om

br
e 

de
 c

ap
te

ur
s

Ouverture (réseaux carrés)

Réseaux sans trou

(H = 0)

Réseaux sans redondance

(R = 0)

: borne pour réseaux MR

: borne pour réseaux MT

: réseaux de Green et Wood 

: réseaux "cross−product" CP

: réseaux à minimum de trous

< = ?BA 2�4�
�7 � 	$� � �!�=��� /1���� !�6)��!
=�� � 	$�!#��6
7/�	$�!�!�6
!�2	�#�����#� !��
 ����
��:9��

�1��)�;E� ��/�)�#����"�
��
��:9�6(�)��������!
=/1���
�:9��
&;



2�� ��� ��� ���
	�� � � 	������ � ����	��	����������	�� � ��� � � ��
 � 	��
����� ��� � �������
���
� �����!� � ��� ��� � �����



� � � �����
� RIR��
	��
�
�������-V�������� U�������U�����Y>PSR �! �"# 
$% d�a>drija'&)(+*-,�.0/2143 ���6587:9<;>=@?BADCFEHGI?���6587JG ? ���6587K9#;L=NMOADCFEPGLM���6587JG M ���6587:9<;>=NQ�ADCFEHGLQ���65870G Q 4SR `Bm?b3p@m?hjp f `�ksb3x0TU&)(+*-,�.0/!g`�lnb:i�l�m�drk ] p@e@��h�g`:v
ijdjhja�b3p@p@drija�m�djija>e f g` ^ ` ^�f `?hjxBc3b3p@`?h ^ a"png`�o _` ^ `?kI`?i:l ] pwhja ] `�l>e@l>`�a 4V drhjl f�� b:��d ^=f v m�drk�kI`�k�b3x:W�X�3 ���65 WWZY 1 ;[ 7 (L\^] �`_ /�b(c:`�m �a_�b �dc �:�:2	
 `�l���hj`Ia>ewifehgie ] djh ^ ehj � v�h�i
m?b*p&m?hjp f e ^ `�m�l�kIdji:l ^ `���hj` 7

�
2Kk (L\l] � _ /m( �Kn Wo]i\m/B( �Kn'# ]p\B/B( �:n(% ]p\B/�q k�b*xT &)(+*-,�.0/ cr i$anh ]�] d�anb:i�l�`?ijanhje@l>`L��hj` n W�1�kIewi�( n W8, n'# , n'% / v ] drh ^ .Is�tvu+w1x(+ymsJ, � , � / v:`�lzyms�tvu+w1 [;O9<;>= ? ADCFE dri�b 7

3 a>ewi k ( �Kn Wo]p\B/{yBs
a>ewi k yms ( �Kn(# ]|\B/B( �:n(% ]|\B/l1i&)(+*-,�.}s!/fq ksb3xT &)(+*-,�.0/ cr i ^ `?k�b ^ ��h�b:i�l�b3p@d ^ a���hj` ���6587K9#;L= ? A�CLEPG}~���65870GI~ `�a>l�pwb�l ^ b:ija=tDd ^ k�g`�` f `��8drh ^ e@` ^�f�� h�i�a>e@ori�b3p ^ `�m�lnb:ijorhjpwb3e ^ `�g`�m���b:i�l>e@p&p@dri�i�g`

djiBb 7

3 a>ewi k ( �Kn Wo]i\m/�yms
a>ewi k yms 1 3 A 
��!�D� 
 a[e{i`( k ( �:n W�]p\B/B(+yms�3��8/�/k (�yBs�3��8/ 1Z3 a[e{i k ( �:n W�]p\B/�ymsk A 
��!�D� 
 (L32\B/ �ymsf3��

1 3 a[e{i k ( �:n W�]i\B/�ymsk � \yms ] � yms A 
��O� C (L32\B/ �yms ; 3�� ;:�1 �
2:k ( �Kn Wf]p\B/ � \f3 �

�
A 
��!� C (L32\B/ �� ; ( �Kn W ]p\m/ ; 3|�	 � tvu�w1 �

2Kk ( �Kn W�]p\m/B(L\l] � _ _= / c� `�m�`"t�b3e@l
�
2Kk (L\^] � _ _= /B( �Kn Wo]p\B/m( �Kn'# ]i\B/B( �Kn(% ]i\B/�q ksb3xT &)(+*-,�.0/ cr i ] d:anb:i�l b*p&d ^ a � = tvu�w1 k�b3xN( �`_ , �a_ _= / v/dri�dr�jl>e@`?i:lIpwb ^ `�pwb3l>e@drii( 5 465 / 4h� i ] `?hjl ^ `?k�b ^ ��hj` ^ ��hj` �`_6_= `�a>l�h�ij`

tDdrijm�l>e@dri f g`�m ^ d:e@a>anb:i�l>` f ` n W$`�lLh�ij` g`�lnh f `�kIewijhjl>e@`?hja>`BkIdri�l ^ `L��hj` � = 1 �a_6_= ] drh ^ n W�g��h( ] b ^ `�x 4 � [ b
�dc �	
	�	
 //`�l � = 1 �`_@b �8c �:�:2 
 ] djh ^ n W'��� 4

2 \



2�� ��� ��� ���
	�� � � 	������ � ����	��	����������	�� � ��� � � ��
 � 	��
����� ��� � �������
���
� �����!� � ��� ��� � �����



� ��� �����	�	
���
 � � �
� \���� 4 � `�� ^ b���v � 4��L4�� dr��ija>dji�v�� � ] l>ewk�b*p8p@ewij`?b ^ b ^>^ b?zja�tDd ^ i�b ^>^ d ��! ��b�i f ��`?b:k t}d ^ kIewijo8v#"Lewi%$�&('*) +-,*.0/�121-$435�6 v ]�] 4 5 ��4G��4 \�! 5 v@\ �:�3584
� � ��7 498 4-� b:h�� ^ e&m���v�� 8 ^[^ b(z f `�a>e@ori�v#";:=<?>@>A+B1DC*EGFIHJ'�>K+L1D'�)M+N/OHIvjc:d:p 48F�� v ]�] 4 �	
	
 ! � � \:v \ � � ��4
� 2 � � 4P�L4Q� dr��ija[dri�v � 4 r 4 � h f o:`�driR/O&�&(SUTVFIE�WQX2SU>�YD&('�)ZC[FZFIE\X�W^]_C�)I`?X-E\)[F v % ^ `?i�l>e@m�` � b3p@pDva\ �	�:2�4
� 5 �ba 4�c[4N8 � ^ b�kId3cre@m���v � 4#8 4 � ^ b?z:v 8I4 a 4 ��d ^ d?dj�jd�c�b�i ffe 4�gI4 � ] `?ijm�` ^ vh� % d�a>e@l>e@c:`�! f `�iZije@l>` V dr` ] p@e@lkj�m�drk ] p&`�!

l[e&djiBewi � �l8 `�a>l>ewk�b3l[e&dji$tDd ^ tJhjp@p@z
b:hjojkI`?i:lWb:�jp@` ijdrijh�ije|t}d ^ k p@ewij`?b ^ b:i�l>`?i�i�b�b ^[^ b(zra?vm" ewif$�&('*) +B,*.0/�1212$�v8 l>pwb:i:lWb�v ]�] 4Z�:F�F \�! �:F:F*5 v8\ �	� � 4
� F �bn 4?� h�b:ijo8v � 4 % 4 7�`�e@p@p@z b:i fpo 4 q drijo8vN� � ] l>ewk�b*p f `�a>e@oriId*t p@ewij`?b ^ b ^>^ b(zLd*tZa>`?ija>d ^ a?v#"�ewi%$�&('*) +9,�.0/O1-12$�3srUt3vV d ^ dji:l>d v ]�] 4 \ 5 �:F !!\ 5 �:� v \ �	� \ 4
� ���ba 4�c[4*8 � ^ b:kId3cje@m ��v � 4#8I4 � ^ b(z:v 8 4 a 4 ��d ^ d?dr�jd3c�b�i fJe 4�gI4 � ] `?ijm�` ^ v�� % d:a>e@l>e@c:`�! f `�iZije@l>` V dr` ] p@e@lkj�m�drk ] p@`�l>e@dri

ewi � �=8 `�a>l>ewk�b3l[e&djist}d ^ ijdrirh�ije|tDd ^ k p@ewij`?b ^ b:i�l>`?i�i�b�b ^>^ b?zja�! % b ^ l c�7 �Zhjp@p@z�b:hjorkI`?i�lnb:�jp@`Lb ^>^ b?zja?v#"p,ku4u�uv &(SUXwF[+L1DEPW?X-SU>-$�&('*)�CIF�FIE\X�Wrv3c:d:p 4�5 ��v ]�] 4Z�35jF:� ! �35 
 \:vU�j` ] l'\ �	�:��4
� 
 �ba 4�c[4*8 � ^ b:kId3cje@m ��v � 4#8I4 � ^ b(z:v 8 4 a 4 ��d ^ d?dr�jd3c�b�i fJe 4�gI4 � ] `?ijm�` ^ v�� % d:a>e@l>e@c:`�! f `�iZije@l>` V dr` ] p@e@lkj�m�drk ] p@`�l>e@dri

ewi � �=8 `�a>l>ewk�b3l[e&dji t}d ^ ijdrirh�ije|tDd ^ k p&ewij`?b ^ b:i�l>`?i�i�b�b ^[^ b(zral! % b ^ l c(cI7 % b ^ l>ewb3p@p@zyb:hjorkI`?i�lnb:�jp@`�b ^>^ b?zja?v#"
,xu4u4u v &(SUXwF[+-1NE�WQX2SU>-$�&y'�)ZC[FZFIE@XUWrv3c�d:p 4�5 
 v ]�] 4 \ F �:� !!\ F:� \:v � h�ij` \ � �	��4

� � � � 4 R `�`�m ��vO� � iyln�j` ^ ` ]�^ `�a[`?i:lnb*l>e@driyd*t�\�v � v 4 4w4 v0z��:z f eP��` ^ `?ijm�`�a?v#"|{w+~}�'UX2�U'�X���SU]@`�+~1D'*) +wv�c:d:p 4/2 \:v ]�] 4\m� � !!\B� � vN\ �:F � 4
� � � 8I4 V 4 o d ��`�l?vh� o e{ijewkIh�k�! ^ ` f h�i f b�ijm�z p&ewij`?b ^ b ^>^ b(zja?v#"�,xu4u4u v &(SUXwF[+�'UX�/OX2]_C�X2X-S F�SUX2��$�&('�Y�SIWQSU]�+ v/c:d:p 48 % !!\m��v ]�] 4 \ 
�� !!\ 
:F v o b ^ m��-\ � � ��4
� \ � � g�� pwb:i�l>dri�v � 4 o m � p@`�p&pwb:i�v�� e `I� a>`?b ^ m�� b3p@o:d ^ e@ln��kIa t}d ^ kIewijewkIh�k ^ ` f h�i f b:ijm�z b ^>^ b(zja?v#"�ewi�$�&('*) +

,�.0/O1-12$�3srUt3v ]�] 4 \ 2 �8\�!!\ 2 � 5 v@\ �	� \ 4
� \K\�� � 4#8 40R ewij`?��b ^ o�` ^ v c>4�� 4 ��h f ��d ^ drhjor�Ib:i f c[4 � 4 V d�p&p@e@a?v�� � eP��` ^ `?ijm�`���b3a[`�a�b:i f a ] b ^ a>`�a>`?ija>d ^ b ^[^ b(zra?vm"O,ku4u�uv &(SUXwF[+B'UX;,ZX[��'U&�HVSU]_E@'UX v `?C�'U&ZT3vjc:d:p 482 � v�ijd 48� v ]�] 4 
 \B��! 
:� \:v o b ^ m��-\ �	��2�4
� \ � � � 4 % `?b ^ a>dri�vQ� 4G~L4 % e&p@pwb3e/b:i f a 4 R `�`:v�� 8 i�b3p@o:d ^ e@ln��k tDd ^ ij`?b ^ !�d ] l>ewk�b*p ] pwb3m�`?ku`?i:l�d*t
a>`?ija>d ^ aq`�p@`?kI`?i�l>a?vm"

ewi|������/OX2X-<?S�>N��CsY�'U&�]Dv % d:p@zrl>`�m���ije@m ~ ije@c:` ^ a[e&l=z:v � h�ij` \ �:�:��4
� \ 2 � 8 4 � d:p@pwb3a?v q 4 V 4 7�b:i9d�ewi�v/b:i f � 4 o m � ^ b3mId3`?i�v�� 8 iyij`I� b3p@o:d ^ e@ln��k t}d ^ ��d:p@drkI� ^ hjp@` ^�f ` ^ e@c3b3l>e@dri�b:i f

]�^ drd3t/d3t/ln�j` \ � ksb ^ d ^ hjp@` ^ vm"R,ku4u�u v &yS�X9F*+N'UX;,ZXI�I'U&�HVSU]_E\'�X v `?CZ'�&ZT3v�c:d�p 4�5:5 v ]�] 482	
	� ! 2:�:� v � b:i 4 \ �	�:��4
� \ 5 � �L4G�S4 % h�k ] � ^ `�z:v�� � `�a>e@ori d3t�a ] b ^ a>`Ib ^>^ b(zja�ewi drij`:v�l(��d8v8b:i f ln� ^ `�` f ewkI`?ija>e@drija(v#"�{2+�/h)�'U<UFI]�+�1N'*) +�/OHIv

c�d:p 4 �:2 v�ijd 482 v ]�] 4 \B� ��� !!\B� �:� v o b ^ m���\ �	�:2�4
� \ F � ��4 7 4 � ^ `�`?ij`:v�7 4G��4Qq djd f v��Z� ] b ^ a>`�b ^>^ b(z ] ` ^ tDd ^ k�b�ijm�`:v#"�{w+-/h)Z'U<�FI]�+N1N'*)M+-/OH�+ v?�/d�p 4 � 2 v ]�] 4 \ � �K��!!\ �	
�� v\ �	
:��4

2�2



2*5 �����q��� � ��	 ��� � � �

� \B���Oa 4�c[4N8 � ^ b:kId3cre@m��!b:i f 8 4 a 4 ��d ^ dQdr�jd3c�v4� c k ]�^ d3c:` f b:i�b3p@zra[e&a d3t-�je@or� ^ `�a[d:pwhjl>e@dri!a ] b3l[e{b*p
a ] `�m�l ^ h�k `�a>l>eP!
ksb3l>d ^ a�ewi�kue{ijewkIh�k ^ ` f h�i f b:ijm�z
b ^>^ b(zra(v#"Lewi�$�&('*)M+B��/���/���v % b ^ e@a?v6� ^ b:ijm�`:v ]�] 4 \ �	
 !!\ 2:� v@\ �	�3584

� \ 
 � �84 % 4 7�dj�je{ija[dri�v��Z��`?ij`�l>e@m"a>`?b ^ m�� tDd ^ �Sd:p@drkI��b ^>^ b?zja?v#"�,ku�u4u v &(SUX9F*+w,ZXI�I'U&�H�+ v `?C�'U&�T�v��/d:p 4:5 ��v ]�] 4 \:\ 
 � !\:\ 
:2 v o b(z � � � ��4
� \ � �Oa 4 o `?h ^ e@a>a>`:v�b:i f �84 % 4 � `�pwk�b3a?v�� � drh�i f a�tDd ^ a ] b ^ a>` ] pwb:i�b ^ b:i f c:d:pwh�kI`Lb ^[^ b(zra?vm"V,ku4u�u v &yS�X9F*+-,ZXI�I'U&�H�+v `?CZ'�&ZT3v9�/d:p 4�5 
 v ]�] 485 � 5 ! 5 � � v � b:i 48��� � \ 4



� �������	��

� �

��� � � ��� ������� �� � ��� �����	�	
������ � ��� � � ��� � ��� ��� ��� �
� � � � � � � � � � � �� � 
 � ��� ��� �� ���
� � � � 
 ��� ��� ��� � � ��� � �4� � � � � � � �� ���

! �	
 
 �� ����� ��� � � � � 
 �	
 � ��� � � ��� � ��� � � � �
"IKO� # Rf�@��P��sVLT`�ZY>PSRR � g`�lnh f `Ba[lnb3l>e@a>l>e@��hj` f `�a ] ` ^ tDd ^ ksb:ijm�`�a b*a>z�k ] l>d:l>e@��hj`�a f `�aBb3p@o:d ^ e@ln��ku`�a f h a>`�m�dri f d ^=f8^ ` f�� `�a>l>ewk�b3l>e@dri f `
f e ^ `�m�l[e&djija f�� b ^[^ e@c�g`�` ( � �l8 / f `Ia>drh ^ m�`�a���b:i f ` g`�l ^ d:e@l>`IbIt�b3e@l�p � dr�j�=`�l f `uijdjk � ^ `?hjx
b ^ l[e&m�p@`�a 4 � `?hjx�l=z ] `�a f `
kud f�_`�p&` dri�l g`�l�g`Lhjl>e@p@e&a�g`�a ] djh ^�^ g`?b3p@e@a>` ^ m�`�l[l>`yg`�lnh f ` 7 p@`�kId f _`�p@` f g`�l>` ^ kIewije@a>l>` drh p&`�kId f�_`�p@` a>l>djm ��b3a[l>e@��hj` 4�R `
kud f�_`�p&` f g`�l>` ^ kIewije@a>l>`Im�drija>e f�_` ^ `I��hj`�p@`�a a>e@ori�b:hjx f `�a a>drh ^ m�`�a�a[dri:lli8x�g`�a�b ]�^ e@d ^ e/`�l�e f `?i:l[e&��hj`�a ] drh ^ m���b3��hj`
^ g`?b3p@e@anb3l>e@drija�`�l ��hj`$p@` � ^ hje&lI`�a>lLh�i ]�^ djm�`�a>anhja�b3pWg`?b*l>d:e ^ `Iorb:hja>a[e&`?i�l>`?k ] d ^ `�p@p@`?kI`?i�luijdji!m�d ^>^ g`�png` 4 R `�kId f _`�p@`
a[l>drm���b3a>l[e&��hj`:v���h�b:i�l _bBpwhje�aWh ]�] d:a>`$`?i!o/g`?i�g` ^ b*p���hj`sp&`�aIa>e@ori�b�hjx f `�a a>drh ^ m�`�a `�lLp@`�� ^ hje@lIa>dri�l f `�a ]�^ drm�`�a>aWhja
b*png`?b3l>d:e ^ `�a�orb:hja>a[e&`?ija�l>`?k ] d ^ `�p@p@`?kI`?i�l�ijdri$m�d ^[^ g`�pWg`�a/`�l�ewi f g` ] `?i f b:i�l>a�`?i�l ^ `�`?hjx 4 � `�ijdrkI� ^ `?hja>`�a ] h��jp@e&m?b*l>e@drija(}mWt 4 � \x� �%$ � � 2 � � 5 � /�dri:l g`�l�g`"m�drijanb3m ^ g`�`�a _bspwb$m�drk ] b ^ b3e@a>dri f `�a ] ` ^ tDd ^ k�b:ijm�`�a�b3a>z�k ] l>d�l>e@��hj`�a f `�aLb3p@o:d ^ e@ln��ku`�a
f�� `�a>l>ewk�b3l>e@dri f ` � �l8 `?i�hjl>e@p&e@anb�i:lBm�`�a f `?hjxQkId f�_`�p@`�a$`�l�dji:l�m�djk ] b ^ g`Bm�`�a ] ` ^ t}d ^ k�b:ijm�`�a�b:hjx ��d ^ ij`�a f `
� ^ b:kI` ^ !y7�b3d�b3a>a>djm�eng`�`�a 4;c p�a � b(c _` ^ `I��hj`$pwb ] pwh ] b ^ l f `�aI`�a>l[e{ksb3l>`?h ^ a f ` � �l8 dri�l�p@`�a�k'&`?ku`�a ] ` ^ tDd ^ k�b�ijm�`�a
b*a>z�k ] l>d:l>e@��hj`�a�a>djhja�m ��b3m?h�i f `Im�`�a f `?hjxykId f _`�p@`�a ( mWt 4 � 2 � � 5 �+/�`�l�m�`�m�e/ewi f g` ] `?i f b:k�kI`?i�l f `�pwb f e@a>l ^ ew��hjl>e@dri
a[lnb3l>e@a>l>e@��hj` f `�a�a>e@ori�b:hjx f `�a�a>drh ^ m�`�a f b�ija�p@` kud f�_`�p&`�a[l>drm���b3a>l[e&��hj` ( mWt 4 � F � / 4 V drhjl>`WtDd:e@a�m�`�a f eP��g` ^ `?i�l>`�aBg`�lnh f `�a
]�^ g`�anh ]�] d:a>`?i�l ��hj`�p@`�a$dr�ja>` ^ c3b3l>e@drija�aWhjm�m�`�a>a>e@c:`�a f `�a�a>e@ori�b�hjx f `Ba>d ^ l>e@` f `�a$m?b ] l>`?h ^ asa>dri�l a[lnb3l>e@a>l>e@��hj`?kI`?i�l
ewi f g` ] `?i f b:i�l>`�a 4�� i ] `?hjl�b3p@d ^ a pWg`�o:e@l>ewkI`?kI`?i�l�a>` f `?k�b:i f ` ^ m�`���hj` f `�cre@`?i�ij`?i�l�m�`�a ] ` ^ tDd ^ k�b�ijm�`�a�a>e�m�`�l[l>`
f ` ^ ije _` ^ `L��z ] d:ln� _`�a[`�`�a>l�p@`�c�g`�` 4R `���hjl f `�m�`�m���b ] e@l ^ `�`�a>l f drijm f�� g`�lnh f e@` ^ p&`�a ] ` ^ t}d ^ k�b:ijm�`�a�b3a>z�k ] l>d:l>e@��hj`�a f `�a�b3p@o:d ^ e@ln��kI`�a f�� `�a>l>ewk�b*l>e@dri
f ` � �=8 `?i�hjl[e&p@e@anb:i�l�p@`�kId f�_`�p@`La>l>djm���b3a>l>e@��hj`L`�l�`?i m�drija>e f g` ^ b�i:l���hj`Ip@`�a�a>e@ori�b�hjx f `�a�a>djh ^ m�`�a�`�l)(3drh$p@`�� ^ hje@l
a[dri:l f `�a ]�^ djm�`�a>anhja�b3pWg`?b3l>d:e ^ `�a$g`�c�`?i:lnhj`�p@p@`?kI`?i�l�m�d ^>^ g`�pWg`�aql[`?k ] d ^ `�p&p@`?kI`?i�l"`�l g`�c:`?i�lnhj`�p@p@`?kI`?i�l�ijdri$ojb:hja>a>e@`?ija 4

�jdjhjaBp&`�a!�:z ] d�ln� _`�a>`�a$m�pwb3a>a>e@��hj`�a f�� ewi f g` ] `?i f b:ijm�`�`�l f ` f e&a[l ^ ew��hjl>e@dri orb:hja>a>e@`?i�ij` f `�aBdj�ja>` ^ c�b*l>e@drija?v"p@`�a
b�i�b3p@zra>`�a f ` ] ` ^ tDd ^ k�b�ijm�`�a ^ ` ] d�a>`?i:l(v�a>d�e&lsanh ^If `�a�m?b3p@m?hjp@a f ` ] ` ^ lnh ^ ��b3l>e@dri�ewi f hje@l>a ] b ^ pwb!p@d:e f ` q e&aW��b ^ l
m�djk ] p@`�xr` f `�pwbIk�b3l ^ e@m�` f `"m�d3c�b ^ ewb:ijm�`�a ] b3l>ewb3p@`�`?k ] e ^ e&��hj`+* W (_z / tvu+w1 C,.- ,/ � C10 / 032/ vja>d�e&l�anh ^ h�i�lW��g`�d ^�_`?kI` f `
m�dji:l>ewijhje@l�g`�( c:d�e ^�] b ^ `�xr`?k ] p@` � �jv�ln��g`�d ^�_`?kI` ] 4 \ $4$ �+/�`�x ] p@d:e@lnb:i�lLpwbBp@d:e�b3a[z�k ] l[d:l>e@��hj`Iorb�hja>a>e@`?i�ij` f `�* W@(_z /
e@a>aWhj` f h�lW��g`�d ^�_`?kI`�m�`?i:l ^ b3p3p&ewkIe@l>`�m�p{b*a>a>e@��hj` 4lR d ^ a>��hj`�p@`�aLg`�m ��b�i:l>e@p@p@drija�ij`�a[dri:l ] b3a�ewi f g` ] `?i f b:i:l[a�b:hjm?h�ij` f `�m�`�a
f `?hjx$b ]�]�^ djm �j`�a�ij` ] `?hjl5&`�l ^ `�`?i:cje@anb3o/g`�`�m?b ^ v f�� h�ij` ] b ^ l�pwb f e@a>l ^ ew��hjl>e@dri f ` ]�^ dr��b:�je@p@e&l�g` f `6* W@(_z /�ij`"anhje@l ] b3a
h�ij`"p@d:e f ` q e&aW��b ^ l�m�djk ] p@`�xr`Lk'&`?kI` f b:ija�p&`�m?b*a�orb:hja[a>e@`?i$`�l f�� b:hjl ^ ` ] b ^ l�p&`�lW��g`�d ^�_`?kI`�m�`?i:l ^ b3p8p@ewkIe@l�ij` ] `?hjl
&`�l ^ `�b ]�] p@e@��h�g` f b�ija pwb a>`�m�dri f `Bb ]�]�^ djm��j` 4R8 c�`�m ijd:aI�:z ] d�ln� _`�a>`�a(v
ijdrhja�b f d ] l[drijaLp � b ]�]�^ drm��j`�tDdrijm�l>e@dri�ij`�p@p@`
f ` � 
 � f b:ija�pwb3��hj`�p@p@` p@`�a"p@d:e@a�b3a[z�k ] l[d:l>e@��hj`�a�orb:hja>a>e@`?i�ij`�a f `�a f e@c:` ^ a>`�a�`�a[l>ewk g`�`�a f ` � �l8 a>dri�l f g` f hje@l>`�a f ` pwb
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f `�a�k�b3l ^ e&m�`�a f `�m�d3c�b ^ e{b�ijm�`�b3a>z�k ] l>d:l[e&��hj` f `�a�`�a>l>ewk�g`�`�a f ` � �l8 ] drh ^ pwb ] p{h ] b ^ l f `�a�b3p@o:d ^ e&lW��kI`�a f hIa[`�m�dri f
d ^=f8^ `"`�l ] drh ^�f eP��g` ^ `?i�l>a�kId f _`�p@`�a f ` f g` ] `?i f b:ijm�` a>lnb3l[e&a[l>e@��hj` f `�a g`�m���b:i�l>e@p&p@drija 48 ]�^�_`�a b(c:d:e ^ ewi�l ^ d f hje@l/p&`�a�ijd�lnb3l>e@drija�m�pwb3a>a>e@��hj`�a f `�p � ewk�b*o:` ^ e@` f�� b:i�l>`?i�ij`���b:i f `�g`�l ^ d:e@l>`�`�l ]�^ g`�m�e@a�g`/p@`�kId f _`�p@`
f `$m�d ^>^ g`�pwb3l>e@dri�l>`?k ] d ^ `�p@p@` f `�a�dr�ja>` ^ c3b3l>e@drija 0 / v�h�i�ln��g`�d ^�_`?ku` m�`?i�l ^ b*p�p@ewkIe@l ] d ^ lnb:i�lLaWh ^ * W@(_z / `�a>l f dri�i�g`
f b�ija�h�iBm?b f8^ `Lo/g`?i�g` ^ b3p d _hBa[e&oji�b:hjxBa>drh ^ m�`�a"`�l�� ^ hje@l?v l>drhjl�`?i�g`�lWb:i:l�m�drk ] p&`�xj`�a�m�e ^ m?hjpwb3e ^ `�a ] `?hjc:`?i�l+&`�l ^ `Lijdri
ojb:hja>a>e@`?ija"`�l�l>`?k ] d ^ `�p@p@`?kI`?i:l�m�d ^>^ g`�pWg`�a 4 e drhja"`?i f g` f hje@a>drija?v ] b ^ h�ij`Ib ]�]�^ djm �j`St}drijm�l[e&dji�ij`�p&p@`:v�p{bsorb:hja[a>ewb:ije@l�g`
b*a>z�k ] l>d:l>e@��hj` f `�a�`�a[l>ewk g`�`�aLb:h a>`�m�dji f d ^=f8^ ` f ` � �l8 b3ewija>e/��hj` f `�a�m�dri�l ^ b3ewi�l>`�a���hj` f d�e&c�`?i:l�anb*l>e@a=tJb*e ^ `�p@`�a
f eP��g` ^ `?i:l>e@`�p@p@`�aLb3a>a>djm�eng`�`�a _b f e���g` ^ `?i:l[`�a�m�pwb3a>a[`�a f�� b*p&o�d ^ e@ln��kI`�a f h a>`�m�dji f d ^=f8^ ` 4q� `�a"m�dri�l ^ b3ewi�l>`�a�ijdrhja ] ` ^ kI`�!
l[l ^ dri�l f ` f g`?kIdri�l ^ ` ^/f `�a ]�^ d ]�^ eng`�l�g`�a f `Lijdri$a>`?ija[e{�je@p@e@l�g`Ib:hjx f e&a[l ^ ew��hjl>e@drija f ` ]�^ dr��b:�je@p@e@l�g`�`�l�b�hjx�m�d ^>^ g`�pwb3l>e@drija
l[`?k ] d ^ `�p&p@`�a f `Ba[e&oji�b:hjx a[drh ^ m�`�a ] drh ^ m�` ^ lnb3ewija�b3p@o:d ^ e@ln��kI`�a 4hR � e{i��Zhj`?ijm�` f `Bpwb m�d ^>^ g`�pwb3l>e@dri�l>`?k ] d ^ `�p@p&` f h
� ^ hje&ls`�a>l�`�x�b:kIewi�g`�`B`�lIp@`�a�m?b*a ] b ^ l>e@m?hjp@e@` ^ a f `�a�b3p@o:d ^ e@ln��ku`�a f ` � V dj` ] p&e@lkj?b*l>e@driQ"8v f�� �nb�hjorkI`?i�lnb3l>e@driQ" `�l f `
�[m�d�c3b ^ ewb:ijm�`Lk�b*l>m �jewijo�`�a[l>ewk�b3l>e@driQ"S( �f� o r^V /�a[dri:l�m�drija[e f g` ^ g`�a 4
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� drija>e f g` ^ djija h�i ^ g`�a>`?b:h f�� b:i:l[`?i�ij`�a
m�drk ] d:a�g` f `�� m?b ] l>`?h ^ a ^ `�m�`�c3b:i:l/p@`�a/a>e@ori�b�hjx �n��b:i f `�!:g`�l ^ d:e@l>`I" ]�^ d3c:`?i�b:i�l
f ` � a>djh ^ m�`�a f e@a>m ^�_`�l>`�a 4 � i!anh ]�] d�a>`���hj`�m�`�a a>e@ori�b:hjxydri�lLh�ij`Bk &`?kI` t ^ g`���hj`?ijm�`Im�`?i:l ^ b3p@` ymsI`�lLa[dri:l f b�ija
h�ij`�k'&`?kI`���b�i f `"! 4 % drh ^ pwbIa>drh ^ m�`2��(+��1Z\:, c#c#c ,#�-/�dji�ijd:l[` ^ `�a ] `�m�l>e@c:`?kI`?i�l%$ /'& � v)( � `�l+*�('( � /�p � `?i�c:`�p@d ]�] `
m�djk ] p@`�xr` f h a>e@ori�b3pLg`?kIe@a _b$p � ewija>lnb:i�l%, ] b ^ m�`�l[l>`Ia>drh ^ m�`:v p@`�a ] b ^ b:k _`�l ^ `�a�a ] b3l>ewb:hjx�ewijm�dri�ijhja _b$`�a>l>ewkI` ^ `�l�p@`
c�`�m�l>`?h ^/f e ^ `�m�l>e@dri�ij`�p f `"m�`�l>l>`�a[drh ^ m�`���hje�kId f g`�p@e&a[`�pwb ^ g` ] djija>` f h ^ g`�a>`?b:h _b h�ij`�dji f ` f ` ] b ^ b:k _`�l ^ `�a�a ] b3l>ewb:hjx
( � 4lR `�� !�c:`�m�l[`?h ^�f�� dr�ja>` ^ c3b3l>e@dri f `�a/`?i:c:`�p@d ]�] `�a�m�drk ] p&`�xj`�a f `�a/a>d ^ l>e@`�a f `�a/m?b ] l[`?h ^ a f h ^ g`�a>`?b�h"a � g`�m ^ e&l/b3p@d ^ a 7
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. / ^ ` ]�^ g`�a>`?i�l>`!p@`�� !�c:`�m�l[`?h ^Bf�� dr�ja[` ^ c�b3l[e&dji f `�p � `?i:c�`�p&d ]�] ` m�drk ] p@`�xj` f h � ^ hje@lyb f�f e@l>e|t _b p � ewija>lnb:i�l0, 4� b:�je@lnhj`�p@p@`?kI`?i�lqdjiLaWh ]�] d:a>`"��hj`�p@`�a�a>d ^ l>e@`�a f `�a�m?b ] l>`?h ^ a�a>dri�lLg`�m���b:i:l[e&p@p@dri�i�g`�`�a _b�h�ij`�t ^ g`���hj`?ijm�`�anh�1$anb:k�kI`?i�l
��b*a>a>` ] drh ^ ��hj`�p@`�a�('$ /'& � ,2. / / / � C &4343435& , ] hje@a>a[`?i:l &`�l ^ `�m�drija>e f g` ^ g`�a�m�drkskI`�e{i f g` ] `?i f b:i�l>a 4 e drhja�anh ]�] d:a>` ^ djija ] djh ^
ijd�l ^ ` ] b ^ l���hj`Ipwb$t ^ g`���hj`?ijm�` f�� g`�m ��b:i�l>e@p@p@dri�i�b3o:`�`�a[l�anh ] g` ^ e@`?h ^ `Idrh g`�orb3p@` _b�! f `Ia>d ^ l>`I��hj`Ip@`�aLdr�ja[` ^ c�b3l[e&djija( 0 / / / � C &434343'& , ij` ] `?hjc:`?i�l ] pwhja &`�l ^ `�aWh ]�] d:a�g`�`�a�l>drh(�=drh ^ a�ewi f g` ] `?i f b:i�l>`�a 4 % b ^ b3e@p@p@`?h ^ a?v p@` � ^ hje@l�b f�f e@l>e|t6. / `�l�p@`�a
a[e&oji�b:hjx f `�a a[drh ^ m�`�a7$ /'& � a>dri�l�m�drija>e f g` ^ g`�a�m�drk�kI` f `�a ]�^ drm�`�a>aWhja b3pWg`?b*l>d:e ^ `�aLa[lnb3l>e@dri�i�b3e ^ `�a m�drk ] p@`�xj`�a m�e ^ m?h�!
pwb3e ^ `�a m�`?i:l ^ g`�a�ewi f g` ] `?i f b:i�l>a?v
ijdjiyi�g`�m�`�a>aWb3e ^ `?kI`?i�lLorb:hja[a>e@`?ijaL`�l f `BkIdrkI`?i�l>a f hy��h�b3l ^ e _`?kI`Id ^=f8^ `�iZije@a 4 R b
ksb3l ^ e@m�` f `�m�d3c�b ^ e{b�ijm�`La ] b3l[e{b*p&` * W2tvu�w198�: 0 / 0 2/ /�a � g`�m ^ e@l�;
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b(c:`�m�<>:'(2/ tvu�w1 � *G:H( C /v, cmcBc ,2*�:'( - /y� v	* ?2tvu�w1I8�:�J / J 2/ /�`�l * D tvu�w1 r :K. / . 2/ /l1=B ;D E d _hLJ / tvu�w1M:'$ /H& C , cBcBc ,N$ /'& - /PO6Q% djh ^�f g`�l>` ^ kIewij` ^ p{b f e@a>l ^ ew��hjl>e@dri$b3a>z�k ] l>d�l>e@��hj` f `qpwb"k�b3l ^ e&m�` f `�m�d3c�b ^ e{b�ijm�`q`�a[l>ewk g`�` * WR:_z / tvu+w1 C, - ,/ � C 0 / 0 2/ v
ijdjhja�m�drija>e f g` ^ drija f `?hjx�kId f _`�p@`�a f ` m�d ^>^ g`�p{b*l>e@dri�l[`?k ] d ^ `�p&p@` f `�a>drh ^ m�`�a7;

\�Q R `�aS$ /'& � a>dri�l f `�a ]�^ djm�`�a>anhja b3png`?b3l>d�e ^ `�a ��b ^ kIdrije@��hj`�aT; $ /'& � 1 -�U)VW � CYX � & W[Z]\_^ V2` a Z�\ ;L70G V2` a / d _h
:+y � & W / �!� C &434343'& - & W � C &434343'& UbV a>dri�lpi8x�g`�`�a�`�l��UEGF�]_E@X2)�]_CIF f b:ija�� 3Z\dc $ ,!]�\dc $9� v X � & W a>dri�l f `�a ^ g`�`�p@api8x�g`�a ] d:a[e�!
l>e|t}a�`�l � � & W a[dri:l f `�a"c�b ^ e{b��jp&`�aLb*png`?b3l>d:e ^ `�a�h�ije|tDd ^ k�g`?kI`?i:l f e&a[l ^ ew��h�g`�`�a f b:ija � � , $ k � v3e{i f g` ] `?i f b:i�l>`�a�`?i�l ^ `
`�p&p@`�a�`�l f `e. / Q

$ Q R `�a"$ /'& � a[dri:l f `�a ]�^ djm�`�a>anhja
fb7 o f m�drk ] p@`�xj`�a�m�e ^ m?hjpwb3e ^ `�a�m�`?i�l ^ g`�a?v f ` ] hje@a>anb:ijm�`>B ;� v f ` f `?ija>e@l�g`�a ] `�m�!
l ^ b3p@` f ` ] hje@a>anb:ijm�`�g�? V :+y /"`�l f ` f `?ija>e@l�g`se{i�l>` ^ a ] `�m�l ^ b*p&` f ` ] hje@a>anb:ijm�`$pwbBk�b3l ^ e@m�`h�jik�ml�?Y:+y /n: m�`�m�e
e{ijm�pwhjl p&`!m?b3a$d _h p&`�a�g`�m ��b�i:l>e@p@p@drija 0 / a>dji:l$ewi f g` ] `?i f b�i:l>a ] drh ^ p&`���hj`�p>l ? :+y / 1 * ? /�Q R `?h ^ k�b*l ^ e@m�`
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. / v8ijdjhja�hjl>e@p@e@a>` ^ drija�p@`�k'&`?kI`�l=z ] ` f�� �:z ] d�ln� _`�a>`�fO7 o f `�l"p&`Ik'&`?ku`�l z ] ` f `
ijd�lnb3l>e@dri�Q

� b:�je@lnhj`�p@p@`?kI`?i�l?v f b:ija�p&`"m�dri�l>`�xjl>` f `�a>djh ^ m�`�aq��b:i f ` g`�l ^ d:e@l>`:v3p@`�a�dr�ja>` ^ c3b3l>e@drija": 0 / / / � C &434343'& , a>dji:l�anh ]�] d:a�g`�`�a
ojb:hja>a>e@`?i�ij`�a/m�drk ] p@`�xj`�a�m�e ^ m?hjpwb3e ^ `�a�m�`?i�l ^ g`�`�a�`�l/ewi f g` ] `?i f b:i:l[`�adQ � b:ija/m�`�a/m�dri f e@l>e@drija�pwb�k�b3l ^ e@m�` f `�m�d3c�b ^ ewb:ijm�`
a ] b3l>ewb3p@`y`?k ] e ^ e@��hj` * W :_z /$`�a>l�h�ij`ya>lnb*l>e@a>l>e@��hj`�`�x���b:hja[l>e@c:`yanh ^ p{b*��hj`�p@p@` a[`!t}dji f `?i:lBl>djhjaBp&`�a!b3p@o:d ^ e@ln��ku`�a
f�� `�a>l>ewk�b3l>e@dri f ` � � f7Q R `�aub�i�b3p@zra>`�a f ` ] ` ^ tDd ^ k�b:ijm�`Bb3a>z�k ] l>d�l>e@��hj` f `sm�`�aub*p&o�d ^ e@ln��kI`�a a>`�tDdri f `?i�lLanh ^ pwb
p@d:e f ` ]�^ dr��b��je&p@e@l�g` aWhje&cje@` ] b ^ m�`�l[l>`Lk�b3l ^ e&m�` ��hjeDv f b:ija"m�`Lm�dri�l>`�xjl>`:v�`�a>l�h�ij`Lp@d:e f ` q e@an��b ^ l�m�drk ] p@`�xr`AQ � b:ija
m�` m ��b ] e&l ^ ` ijdrhja"m�drija>e f g` ^ drija"l>drh(�=drh ^ a f `�a�b3p@o:d ^ e@ln��ku`�a f h a>`�m�dri f d ^=f8^ ` ksb3e@a?v8m�djk�kI`�p@`�a�dr�ja>` ^ c3b3l>e@drija�ij`
a[dri:l ] p{hja anh ]�] d�a�g`�`�a"ewi f g` ] `?i f b�i:l>`�a(v�l>drhja"p@`�a ^ g`�aWhjp&lWb3l>a���b3a�g`�a"anh ^ pwb$p@d:e f ` q e@an��b ^ l�m�djk ] p@`�xr`�ij`Ia>dji:l ] pwhja
hjl[e&p@e@anb:�jp@`�adQ c p�ijdrhjaI`�a>l f drijmBi�g`�m�`�a>aWb3e ^ ` f ` f g`�l[` ^ kIewij` ^ p{b f e@a>l ^ e{��hjl[e&dji b3a>z�k ] l>d�l>e@��hj` f ` * WR:_z / a>drhja�ijd:a
��z ] d:ln� _`�a>`�adQ
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e drhja/b3p@p@drija�kIdri�l ^ ` ^ v(o ^ &b*m�` _b"h�i ln��g`�d ^ _`?kI`�m�`?i�l ^ b3pjp@e{kue&l(vr��hj`�pwb�k�b*l ^ e@m�`�* WR:_z /�c:`�m�l>d ^ e@a�g`�`qb"h�ij` f e@a>l ^ ew��hjl>e@dri
b*a>z�k ] l>d:l>e@��hj`�orb:hja>a[e&`?i�ij`"m�drk ] p@`�xj`�m�`?i�l ^ g`�` f dri:l�pwb ksb3l ^ e@m�` f `�m�d3c3b ^ ewb:ijm�` f g` ] `?i f tDd ^ l>`?kI`?i�l f h$kId f�_`�p@` f `
f g` ] `?i f b:ijm�`"`?i�cre@anb3o/g`�`?i:l ^ `�p@`�a�dr�ja>` ^ c3b3l>e@drijadQ % pwhja ]�^ g`�m�e&a�g`?kI`?i�l�ijdrhja f g`?kIdri�l ^ drija�`?i@f�i�ij`�xj`'\�v:p@`�ln��g`�d ^�_`?ku`
aWhje&c3b:i�l ;
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R G I H GFE Q�N�]`L E<� Jk]`J���] G N]I�LKPtLKI P"-GFECG JRL�ITI�I ]JE`I -G J�ElP G \ � I UMI�I E QZJkQ G �;HcJFEH]H] G LKP EWY1WJ ]gHSE E[E L G � G ]`J�4-G idI�I E Q_P[JkQCEJI�I ;KL G ] GFE NKJMP[JMi WG QZP GFE ] f G Q N | �f o | �} Q E I�IRQ��N-G UMI�LKN�] -GFE�ECG L�] G i G IRQ E EÂ]`Jg]`JMPVG G LKP � G ]`J3�KJMI�� G � ' �^LE E\G�IKJk] GFE Q�UMI�IKI�L G \! J 
 EHG \TC]\ �%V E\]H]`L E QZP G ] GFE P*-GFE L�]HQZJkQ E NKP*-G U -G � G IRQ E �^JMI E ] G UWJ E �;HcLKI GgE I�LKPVU G � GgE N G UFQZP G LKITEã)gI�P[i GdG Q�U G IRQZP*-G�E LKP��� Y � G ]`JMP3G G LKP#r G Q^�;HcLKIjP*-GFECG JMLt]JE`I -G J�ElP G LKITEã)�I�P[i G � G C UWJMN�Q G LKP E \
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N � Qt]�H4J j + J E %Ki"N�QCIMQCE�;KL G N NKJMP#P[JMNKN	I�PVQ WJ,]`Jt]`JMPVG G LKP�� G �KJMI�� GdG QhJML�ITI�i3�KP G �;HSI"� ECG P � JkQCEJI�I E Q#JMIKJk]�%�QCE�;eL G� G ]gHcJk]HG_I�PLE\QIRKi G'+ � 5 & / N > \ � � QN V Qt]lJC7 / s G
[ JkUFQ GON C]\ � QN k Qt]lJ'7 / s J E %Ki"N�QCIMQiE ;KL G1N NKJMP�P[JMNKN]I�PVQ WJ#]`J#]`JMPVG G LKPQ� G �KJMI�� G Q�a�� 9 t d � N C	\ � Q G Qp]�H4J j + J E %Ki"N�QCIMQCE�;KL G1N NKJMPP[JMNKN	I�PVQ WJ#]`J#]lJRPVG G LKPQ� G �KJMI�� G QQ� G ]�HãJk]HG_I�P^EHQ�RKi G
+ � 5 & / N > \ � O Q N U GFE V UMI�LKP�� GFE�E I�IRQ G Ib)dJ�E\QpUMI�IR)�I�I��^L GFE QN ITQt]�H4J j + J E %Ki"N�QCIMQiE ;KL G�N NKJMPgP[JMNKN]I�PVQ WJ�]`J ]`JMPVG G LKPT� G �KJRI�� G Q GFE QCE`i�-GMG � G ]gHcJk]HG_I�P^EHQ�RKi GC+ � 5 & / N � 5 5 5P"-G Jk]JE E JkQiEKI�I E#G Q#E`IMQ G P � Jk]H] G � G UMI�I 3<JRI�U GxWJ =�= mfQ/ I�I�U G P[IKJMIRQC] GFE P*-GFE L�]HQZJkQ E NKP*-GFECG IMQ -GFE NKJMP�]`J 
 EHG \�C]\ �%V Y ITI�L E N]I�L � I�I E )dJFE`P G ] GFE P G i"JMP ;eL GFE�E LTE � JMIRQ GFEÙ�� \ ] GFE�� Jz] G LKP E � G ]lJ 7 / s G
[ JkUFQ GON V Q G Q � G ]gH G
[ NKP GFE[E EJI�I�J E %Ki"N�QCIMQCE�;KL G � G ]`J%7 / s N k Q�UMI�
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k \ ] GFE � Jk] G LKP E � G ]`J%7 / s J E %Ki"N�QCIMQCE�;KL G UMI

 �lI�UME�� G IRQ�J �_G U#] G � Jk] G LKP E � G ]gHDJ j + J E %Ki"N�QCIMQiE ;KL G N	I�LKPCQiI�L�Q GFE] GFE�� Jz] G LKP E � G - ���� G I � E E JkGG-GMGFE \J�I"UMI�I E -G ;KL G I�U GMY ]gHcJk]HG_I�PLE\QIRKi G'+ � 5 & / UMI�I �_G IMQiEKI�IKI G ] Y6G ��UWJkU G J E %ei,N�QCIMQCE�;KL G i G IMQ N NKJMPCP[JMNKN]I�PVQ�JMLjITI�i3�KP G�;H I"� ECG P � JkQCEJI�I E Q �^JMI E ] G UWJ E �;HcLKI G ]`JMPVG G LKP�� G �KJMI�� G I�L�]\] GMY ] G P GFE Q G ]KI�P E ;KL G ]`Jt]lJRPVG G LKP � G �KJRI�� G JML�G�i G IRQ G+[L E ;KL H WJ - ���� o65 v O]\
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NKJMP:JMi�-G Q_P"-GMG NKJRP N ] � Q �_� f �������%� � Y | �} G Q�] GFE Q G P[i GFE � GFE ��]JI�U E Q_P^E`JMI�G�L�]`JFE`P GFE � GFE i"JzQZP^EHU GFE�E %Ki�-G Q_P^E�;eL GFE P*-GMG ]H] GFEN � B � Q �_� f �������%� � N U_) \ G ; \ N V \DC Q Q \ � I�L�Q G )�IhE E ] G NKJMP:JMi�-G Q_P[JkG G I H GFE Q(i,JFE`IMQ G IKJRIMQ�N�]`L E LKITE�;KL G UWJMPCU GFE NKJMP[JMi WG QZP GFEI G�E I�IRQÕNKJ E E � G IRQCE43<J���] GFE � G )dJ [UMI�IhLKITE�;eL GdWJ(NKJMP3QCE`PQ� G � � \L� I�LKP�N	I�L � I_E`P GFE QCE`i G P�] GFE NKJMP[JRi WG QZP GFE �	E`P G UFQCEJI�IKI G ] EWJ#NKJMPVQiElP � G ]`J ECG L�] G UMI�IKIKJFE E[E JRI�U G � G ]`J�i"JkQ_P^EHU G � G UMI � JRP^E`JMI�U GCE NKJkQCE`Jk] G � � Y E\] GFE Q�I -G U GFE[E JFE`P G � G �	E E N]I ECG P �;HcLKI GUMI�IKIKJFE E[E JMI�U G J"NKP^EJI�P^E E LKNKN�].-G i G IRQZJFE`P G \2� JMP G
[aG i"N�] GMYÂE E�]`Jb)gI�P[i G ITI�P[i"Jk]JE E -GMG � N � Q�� GFE�E N G UFQZP GFE � GFE�E I�LKP3U GFEGFE Q;E�� G IMQCE�;KL G G Q
UMI�IKI�L GMY � � N G L�Q#UG QZP G NKJMP:JMi�-G Q_P"-GMG � G )dJ [UMI�I�LKITE�;eL G NKJMP � o N ] f oAvWvAv^o ] � o � ' o | �f oWvWvAvKo | �� o | �} Q \+ JFE EWY iVUG i G �^JRI E U G UWJ EAY ]`J �N-G i"JMP3U R G L�QCEH]JE E -GMG �^JMI E ] G UWJ E �;HãLKI G(E I�LKPVU G I H GFE QCNKJ E JRNKN�]KEHUWJ���] GRG QCITI�L E � G
� I�I EITI�L E UMI�IRQ G IRQ G P��;HSE`I �_G P ECG Pï]`J�i,JkQZP^EHU G �;H ElIR)gI�P[i,JkQCEJI�I8� G 
 E E R G P N C	\ � Q G Q^�;H G
[ QZP[JFE`P G ] G ��]JI�U E LKN2-G P^E G LKPïG�JML�U
R G� G ~ N�� Q � f \V IMQCI�I EOG I 3<I�;KL GOE E#]`J )gI�P[i G ITI�P[i"Jz]KE E -GMG � N � Q � GFE�E N G UFQZP GFE � GFEjE I�LKP3U GFE GFE QtUMI�IKI�L G JFE`I E E ;KL G ] G LKP-G UWJRPVQ #¡Q&%eN G � ' Y � � N G L�Q�UG QZP G NKJRP[JMi�-G QZP*-GMG � G )¡J [UMI�I LKITE�;KL G NKJMP � o N � o � Q"J �_G U � �
	 �o N ] f oAvWvAv^o ] � Q G Q� �
	��o N | �f oWvAvWvKo | �� o | �} Q G Q G I
UMI�I E -G ;KL G I�U GMY � � �4-G N G I�� E\UMEg]JE`I2-G JFE`P G i G IMQ�� G � \ ! G ] G i"i G �;HSE`I �_G P E EJI�Ii,JkQZP^EHUME G ]H] G L�QCEH]JE E -G �^JMI E G �"� Y P�NKN G I��	E [ > / H N G P[i G Q��;HSI"��Q G ITE`P �	ElP G UFQ G i G IRQ�LKI GeG
[ NKP GFE:E EJI�I JMIKJk]�%�QiE ;KL G � G ]`J7 / s � G � \! J ���E��� C	\ � k EH]H]`L E QZP G U GFE P*-GFE L�]HQZJkQ E �^JMI E ] G UWJ E � G � G L [OE I�LKPVU GFE � G iVUG i G NKLTE E[E JMI�U GMY � G"E N G UFQZP G LKITEã)�I�P:i GG QtU G IRQZP*-G � G ]`JMPVG G LKP
r G Q8�;HcLKI
P"-GFECG JRL ]JE`I2-G JFE`P G LKITEã)gI�P[i G � G C UWJRN�Q G LKP E \ ! GFE �	E`P G UFQCEJI�I E �;HcJMP:P^E � -GMG�E I�IRQP GFE N G UFQCE �_G i G IMQ:] f o O C � G Q ] � o C 5 � Y ] G P[JMNKN	I�PVQ 5	��7�o V 5T��7 G Q�] G ITI�i3�KP G �;HSI*� ECG P � JzQCEJI�I E w o k V 5 \J�]H] G NKP*-GFEiG IMQ G
N � Qt]�H4J j + J E %Ki"N�QCIMQCE�;KL G N NKJMP#P[JMNKN	I�PVQ WJ,]`Jt]`JMPVG G LKP�� G �KJMI�� GdG QhJML�ITI�i3�KP G �;HSI"� ECG P � JkQCEJI�I E Q#JMIKJk]�%�QCE�;eL G� G ]gHcJk]HG_I�PLE\QIRKi G'+ � 5 & / N > \ � � QN V Qt]lJC7 / s G
[ JkUFQ GON C]\ � QN ITQt]�H4J j + J E %Ki"N�QCIMQiE ;KL G�N NKJMPgP[JMNKN]I�PVQ WJ�]`J ]`JMPVG G LKPT� G �KJRI�� G Q GFE QCE`i�-GMG � G ]gHcJk]HG_I�P^EHQ�RKi GC+ � 5 & / N � 5 5 5P"-G Jk]JE E JkQiEKI�I E#G Q#E`IMQ G P � Jk]H] G � G UMI�I 3<JRI�U GxWJ =�= mfQ
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7 JRI E U G NKJMP:JkG�P[JMN R GMY ITI�L E UMI�i"NKJMPLI�I E ] GFE N G P�)gI�P[i,JMI�U GFE � G � G L [ Jk]HG_I�PLE\QIRKi GFE UF]lJ E[E E�;eL GFE �;H GFE QCE`i"JkQCEJI�I � G7 � P Y ]�HãLKI �KJMI�� G -G QZP^IhE\Q GMY ]�HãJML�QZP G ]`JMP3G G �KJMI�� GMY@G Iq)�I�I�UFQiEKI�I�� G ]`Jj]`JMPVG G LKPT� G �KJMI�� G �^L E EHG�IKJk] \ � I G UMI�i #NKJRP[JFE E I�ItUMI�i,N�] WG Q G I -G U GFE[E EHQ G P[J�E\Q#]gH -G Q_L�� G � G �	E | -G P G IMQ GFE#E EHQZLKJkQiEKI�I EWY9G I1Q&%eN G � G P*-GFEiG JML [<Y )�I�P:i GFE � GhE N G UFQZP GFEAY�	E`P G UFQiEKI�I E �;HcJMP[P^E � -GMG I�L � Jk] G LKP E � G P[JMNKN	I�PVQE5	�87 Y U G ;eLTE E I�P3QCE`P[JFEHQE�^L UWJ �^P G � G U G U
RKJMNTEHQZP G \ V I�L E ITI�L EUMI�IMQ G IRQ G P^I�I E � G UMI�I E E��N-G P G P�] GFE � G L ["E U -G IKJMP^EJI E WJgLKI G G Q�� G L ["E I�LKPVU GFE � G ]`J EiG UFQCEJI�IjNKP*-G U -G � G IMQ G \LV I�L E L�QCEH]KE E #G PLI�I E P GFE N G UFQCE �_G i G IRQ�]gHcJk]HG_I�P^EHQ�RKi G'+ � 5 & / E QZJMI��^JMP �OI�N -G P[JMIRQ E LKP�]`JÙi,JkQZP^EHU G � G UMI � JMP^E`JMI�U G�E NKJzQCE`Jk] G UMI�i"i Gi�-G Q�RTI�� G �KJMI�� G -G QZP^I_EHQ G G Q�]�HãJk]HG_I�P^EHQ�RKi G NKP^I�N	I E -G NKJRP 
 PLE G �K]`JMI�� G P G Q�� G E E[E G � = H L�QCEH]JE E JMIRQC] GFE i"JzQZP^EHU GFE � G � G I8#E E\Q -G E`IRQ G P$# E N G UFQZP[Jk] G UMI�i"i G Jk]HG_I�P^EHQ�RKi G ]`JMPVG G �KJRI�� G \ &d]^NKJMP[JFEHQ�J�NKP^EJI�PLE^IKJkQZLKP G ] �;H G3|;G UFQZL G P�U G Q:Q G UMI�i"NKJRP[JFE E I�IJ �_G U�LKItITI�i3�KP G E�� G IRQCE�;eL G �;HSI*� ECG P � JzQCEJI�I E \ s G i,JMP&;KLTI�I E U G N G I��^JMIMQ�;KL GMY �^JMI E ] G UWJ E � GFE Jk]HG_I�PLE\QIRKi GFE �KJMI�� G-G Q_P^I_EHQ G L�QCEH]JE E JMIMQb]`Jji"JkQZP^EHU G � G UMI � JRP^E`JMI�U G"E NKJkQiElJz] GMY U GFE I"� ECG P � JkQCEJI�I E UMI�I E E E Q G IMQ G I -G U
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V u�x IH> T b Isw OcO E V uvx I*> L b Isw OcO ­  w x J W�J WL�y U n�p9qvrRtS�R z � L�{�| I � Wb = ` H � = H � @$} b O ­ I � Wb = ` H � = H � @$} b O {�| � LY~ z U n�p9qsrRtS�R ~ `

­ ® x  w W y ­%® x Jl��J �L�y ]
� x�t �K� uvwax�y>�zµI©³ Q�  0 O t U n�p9qvrRtS�R E b��� ��� = ` H �K� B {�| = |��H �D��� ­ = |I�H ���o� {�| = ` H �K� B�� u ª >�� � H � E ´ x T =A� H � T W r�� � �� � � |� � � �G y Q¡ u§x >�} u q CADS¤ I©³ Q� [� O w >�{|q u } D x z 6>�q x > ¦>�q u 4|} C > u�waxsy>�z6{ ¤ � u }A��{|} � C x >���q ^ u C z6} u 4 D x C >�{"8 Q < { x.u ¤ q6��>�� u }A��{|} t > ¤ {|q C }��C z u ¤ q6}o� C �a> ¤ q C q ¦>�����I*� @$�"O�� E�� x9� < C u 5,Is� O � � xW� < C u 5,I ��O�� �A� u ª >�� < C u 5=I = H � O E�� H � t < C u 5,I = |H � O E ��� |H � � H � t� ` H � = H � E�¡ >�q,¢ H � E9F*GE£� |H � ¡ t C } uvwawauvx.u76¤ q¥°a{|>�} u � D|¤ z.q u ¤ q.>�¥ w >�{|q�z�� ¦>�� x C x >§�¥ E ´ � Wb� W� Y ¢ ` H � } b ¢ H � ­ ´V X � I = | �H � = H � O I*¢ ` H � } b ¡ O � ­  V � Wb�¦ = ` H � = � H � ¦ W�­ � W� T = � H � T W� W� ­ V � Wb I ¡ � } b ¡ O \ ] Io� Q�  O
\¨§©§�]�^;]«ª¬adc$­�]¯® e ]±°©]`f�g`­�]�f�gj²%³�´�§ hKµ i·¶l¸�m¹ ¤ {|q�ºA}Iº�z u ¤ q�}o�R»98 wax »�z.z�ºI¼ ¤ �A»½: �¿¾ � ¦»
��{"ºAq�» �A»ÁÀ ´AÂ ¸�Ã

: �¿¾�Ä x�ÅÇÆ�Å ÆÈ y Æ�É f b À =�Ê!Ë9= ` Ê!Ë @ � ÆÉ } É Ã ­ ® xÌÅ ��Å �È y ?¼ ¤ ¼�4|q�ºI» ¤ q£}��Í»98 wax »�zcz�ºI¼ ¤ À©³ Â�  ¸�Ã ¼ y{U}I»�z��9¼�»WÎ �9ºI» ¤ q.z�¥9Ï tlÐ Ä   ? ´ z�¼ ¤ q��A¼ ¤a¤ ¦»�z wauvx �
¥9Ï Ä  � Ê � � = ` Ê � � B {�| = | �Ê � �o� ­ = | �Ê � ��� {�| = ` Ê � � B � Æ�É f b À =�Ê Ë {�| =�Ê Ë Ã @ � Æ V »���ÀAÑ� B Ë Ã



�"� � � ���(�(
���
� ¸ X
¼ y{ � E9F*GÄ � b Ä � Æ »�q�¼ y{ � B »�q �o� z3¼ ¤ q x »�z w »���q3º ª » ^ » ¤ q��A¼ ¤a¤ ¦»�z wau�x� B Ä  

� Æ � Æ À   r ¦ �j¦ Æ Ã Æ z À   ­ ¦ �j¦ Æ Ã À = Ê � = ` Ê � ­ = Ê � = ` Ê � Ã r ´ ��� = Ê � = ` Ê � r ´ � = Ê � = ` Ê � ~��� Ä C�� r  
� À   r ¦ �Ì¦ Æ Ã z =�Ê � = ` Ê � ­ =�Ê � = ` Ê � r � � =�Ê � = ` Ê � r � =�Ê � = ` Ê � ~u ª »�� � E9FHGÄ � �� � � � �	 � � 	 � Â\¨§©§�]�^;]�
badc$­�]¯® e ]±°©]
��­�]�f�g¯²Ç³�´�§��`h�� i µ m�� h�� i � m ]�²±h�� i k�m¡ »�zÌ»98 wax »�z.z3º ¼ ¤ z �A»�q�» x ^ »�z �A»�} u ^ u q x ºA�9»��K�Rº ¤ ¢ ¼ x ^ u q�ºI¼ ¤ �A»���º�zWJ"» x C À�� � Ã w »�{ ª » ¤ q 6»�q x »�¼�4|q�» ¤ {"»�z�» ¤ w }�{|z�ºI»�{ x z¦»�q uvw »�z Â � ¼S{|q��K� u 4 ¼ x � tawauvx q u ¤ q �A»µ}o�R»98 wax »�z.z�ºI¼ ¤ À XAÂ¶· Ã �A» �¿¾ ¢ u ºAz u ¤ qjº ¤ q3» x ª » ¤ º x } u ^ u q x ºA�9»��Aº u 5�¼ ¤ u }I» � Ê � t ¼ ¤w »�{|q ¦»�� x º x »_�
� �¿¾
� > b Ä � � |Ê � � Ê � ��� � ` Ê � r ��� Ê � ��� � ` Ê � � |Ê �� i b¾ Ä � Ê � � i b� � ` Ê �¼ y{ � |Ê � E9FHGÄ r ´ � Å È < º u 5ÇÀ�� m.� n ��

Ê � ? ]�]M] ? � m � n �� Ê � Ã Â < »��9» ¢7u ºAq� i b¾ � �o¾
� > b Ä � Ê � � i b� � ` Ê � � ��� |Ê � � Ê � � � � ` Ê � r � � Ê � � � � ` Ê � � |Ê � �Ä � � � Ê � � i b� � |Ê � ��� � ` Ê � r � |Ê � �»�q wauvx z0{"ºAq�» � x x � i b¾ � � ¾

� > b � i b¾ � � ¾
� > b y Ä ´ � x � � |Ê � � i b� � |Ê � ��� � r ´ � � x À � |Ê � Æ � ]¹ ¤ z0{"ºAq�» t �9¼ ^ ^ »

� � ¾
� L É Ä�� Ê � � � �� L É � ` Ê � ?�� Ä ´ ? ]�]M] ?! 

� x x � i b¾ � �¿¾
� > b � i b¾ � �o¾

� L É y Ä �·� x x � Ê � � i b� � |Ê � ��� � ` Ê � � Ê � � i b� � ���
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ÔÖÕK×p798;:=<Ø>A@CBD> èé 798;:=<Ø>A@CB_Ý�äAÕDá �nÕKÛTÛTÕDæ�ÛÉçAÕ�ÞKàâær×|Û é ÛTÕDáeE¬ Ô � écê ïRàâáãëÌÛ��#�tÕ
�)
!­�® À ÇA@ � Á ÷Aìrë�äAàâìrí é ëaÛóëCæRÛ ìrëÌÛ|ëÌí�Õ �tÕDæRÛ�¯ÕKÛåá�ÕÏìAæ écê ïRàâá�ëaÛ��#�nÕ � 
!­ Þ é á ë ê ÕKôâëa×TÛ|ÕÒìAærÕ
�rë °�ÕKÞKÛTëaàâæÚÕDæRÛ á�Õ²±´³ ÕKÛ¶µ·³ �Iæ �ËÕK×TÛtä é ×pìAæ écê ïRàâá�ëaÛ��#�tÕ �)
!­t@¹¸sæÏç�� é ìrÛåá�ÕK×�Û|ÕDá �tÕK× ��äÈàâìAátä é ×T×TÕDáeç�ìÚÞ é ×áâñÕKÕ ê�é ìÐÞ é ×ÓÞKà���ä ê ÕKôâÕ[ÞKëCá�ÞDì êCé ëCá�Õ���ë ê ærÕU×åì�� ÛÊä é ×=ç�� é ç é ärÛTÕDá ê � é ê ï�àâá�ëaÛ��#�tÕUÕDæ á�Õ ��ä êCé»ºÞ é æ�Û ê �ËàâäòñÕDá é ÛTëaàâæ çAÕÛåá é ær×åäÈàR×TëaÛTëaàâæ � é Ûåá�ëaÞKëaÕ êaê ÕpÕDæ ê �ËàâäòñÕDá é ÛTëaàâæ çAÕ�Ûåá é ær×åäAàR×|ëÌÛ|ëÌàræ �rÕDá �tëaÛTëaÕDæAærÕR@



��� � � ����� ������� ����� B �AB
¬ Ô ÕK× écê ïRàâá�ëaÛ��#�tÕK×��)
!­���tÕKÛ�� 
 ­�� ® � çAàâæ�Û ê ÕK×�äÈÕDá��wàrá � é ærÞKÕK× é äAä é á é ëa×T×|ÕDæRÛ[ÞKà�� �tÕ�ëaçAÕDæ�ÛTëa÷øìrÕK× �særÕ�×Tàâæ�Ûä é ×Êæràâæ ä ê ìr× �AÕDæðï9ñÕDæsñÕDá é ê ��çAÕK× é ê ï�àâá�ëaÛ��#�tÕK× � 
!­p@¬ Ô ÕK×ÉäAÕDá��hàâá � é ærÞKÕK×9çAÕK× é ê ï�àâá�ëaÛ��#�tÕK×lÔ�$ � ÕKÛlÔ�$ ® � é äAä é á é ëa×T× é æ�ÛtñÕKï écê Õ �tÕDæRÛ9ÞKà � �tÕÉëaçAÕDæ�ÛTëa÷øìrÕK× �r×TàræRÛ é ×|×TÕ	�äAá�àâÞ �rÕK×eçAÕUÞKÕ êÌê ÕK×UçAÕ ê � écê ïRàâá�ëaÛ��#�tÕ��)
!­t@¬�
�é ær× ê ÕUÞ é ×Êä é áãÛTëaÞDì ê ëaÕDáÓàÖèì ( û
��� ����B À àrá�ç�á�Õ��tëCærë �tì#� çAÕ µ À���Á äAàâìAáü÷øìrÕ � ×Tà�ëÌÛÓëÌçAÕDæ�ÛTë�� é � ê Õ Á �ÛTàâìr×tÞKÕK× écê ïRàâá�ëaÛ��#�tÕK×t×TàræRÛ[çAÕK× é ê ï�àâá�ëaÛ��#�tÕK× � 
!­p@��lÕðáâñÕK×åì ê Û é Ûpærì#�ÒñÕDá�ëa÷AìrÕ�� à��r×TÕDá�ísñÕ�ç é ær×pÛ|àâìrÛTÕK× ê ÕK××TëaÛåì é ÛTëaàâær×eÕKô é �tëCæsñÕKÕK× ��æ � é ÞKÕDäÈÕDærç é æ�Û ä é ×UäAì�¯ÕKÛ á�ÕÊçlñÕ �tàâæ�ÛåárñÕ é æ écê  rÛTëa÷øìrÕ �tÕDæ�ÛD@¸sæÐ×åìAäAäÈàR× é æ�ÛlÞKÕKÛTÛTÕUäAá�àâäAá�ë ñÕKÛAñÕÉï9ñÕDæsñÕDá é ê Õ���ÞKÕKÛTÛTÕeí écê ÕDìAáeä é á�ÛTëaÞDì ê ëwèÕDá�ÕUçAÕ�( äAÕDá �tÕKÛ|Ûåá é ëaÛlçAàâærÞUç�� é Û|ÛTÕKëCærç�á�Õê ÕK×eäAÕDá��hàâá � é ærÞKÕK×=àrärÛTë � écê ÕK× é ì �tà� RÕDætç�� é ê ï�àâá�ëaÛ��#�tÕK×Éä ê ìr×É×Të ��ä ê ÕK×e÷øìrÕ ê � écê ïRàâá�ëaÛ��#�nÕ��)
!­��TàrärÛTë � écê�� �ÕDæóä é á�Û|ëÌÞDì ê ëaÕDáeïâá ¯é ÞKÕ èé�ê � é ê ï�àâá�ëaÛ��#�tÕtÔ�$ ® @

�����  �!#"�$&%('�)+*,!-"


�é ær× êCé äAá�Õ �nëwèÕDá�Õpä é á�ÛTëaÕ�çAÕtÞKÕ�Þ � é ärëaÛåá�Õtæràâìr× é í�àâær×Êá é äAäÈÕ ê ñÕ ê Õ�äAá�ëCærÞKëCäAÕÐçAÕ ê � écê ïRàrá�ëaÛ��#�tÕ.��/ 
 ¸10oàrá�ëaïRëCæ écê �äAárñÕK×TÕDæ�ÛAñÕÓç é ær×�2CB(3�ç é ær× ê Õ�Þ é ç�áãÕUç��Ëà��r×TÕDá�í é ÛTëaàâær×ÉÞKà ��ä ê ÕKôâÕK×UÞKëCá�ÞDì êCé ëCá�ÕK×Uï é ìr×T×TëaÕDæAærÕK×ÊÕKÛÓëNærçlñÕDäAÕDærç é æ�ÛTÕK×D@
�UäAáKèÕK× é íRàRëCá�ñÕKÛTÕDærç�ì ÞKÕKÛÊÕK×TÛ|ë � é ÛTÕDìAá é ìðÞ é ×Óç��Ëà��r×TÕDá�í é ÛTëaàâær×UárñÕKÕ êaê ÕK×Uï é ìr×|×TëaÕDæAærÕK×ÊëCærçlñÕDäÈÕDærç é æ�ÛTÕK× ��æràâìr× ê � é íRàâær×ëCæ�ÛTÕDáTäAárñÕKÛAñÕ[ÞKà�� �tÕÐìAæÏÞ é ×pä é á�ÛTëaÞDì ê ëÌÕDá �9ç é ær×tÞKÕK×�çAÕDìrô�ÞKàræRÛTÕKôrÛTÕK× �Æç��ÜìAærÕ�Þ êCé ×T×|Õ ä ê ìr×tï9ñÕDæòñÕDá écê Õtç��ËÕK×TÛTë � é ÛTÕDìAá�×é ×  "� ärÛTàRÛTëa÷AìrÕ �tÕDæRÛlçAÕ[í é á�ë é ærÞKÕ��tëCærë � écê ÕR@
4Óàâìr× é íRàâær×9ÕDær× ìrëÌÛ|Õ ñÕKÛTÕDærç�ì ê ��ñÕKÛåìrçAÕlçAÕK×sÕK×|ÛTë � é ÛTÕDìAá�× � 
!­ é ìnÞ é ×9ç��Ëà��r×TÕDáãí é ÛTëaàâær×læràâætï é ìr×T×TëaÕDæAærÕK×sÕKÛ�% àâìtæràâæëCærçlñÕDäAÕDærç é æ�ÛTÕK×D@�¸òætä é á�ÛTëaÞDì ê ëaÕDá ��æràâìr× é í�àâær× �nàâæRÛ áâñÕò÷øìrÕÉÞKÕDáãÛ é ëCærÕK×=äAárñÕKÞ é ìrÛTëaàâær×òçAÕKí é ëaÕDæ�Û�¯ÕKÛ á�ÕÉäAá�ëa×TÕK×s÷Aì é æ�Û é ìÞ �ràRëaô�çAÕ êCé ×TÛ é ÛTëa×TÛTëa÷AìrÕnèé ìrÛTë ê ëa×TÕDáÊäÈàâìAálà��rÛ|ÕDærëNáòçAÕK×ÉÕK×|ÛTë � é ÛTÕDìAá�×�� 
!­oç é ær× ê ÕUÞ é ×lç��Ëà��r×|ÕDá�í é Û|ëÌàrær×=ÞKà ��ä ê ÕKôâÕK×ÞKëCá�ÞDì êCé ëCá�ÕK×�æràræÐëNærçlñÕDäAÕDærç é æ�ÛTÕK×D@
4Óàâìr× é í�àâær× ñÕKï é ê Õ �nÕDæRÛ[çAàâæAæsñÕ�� ×Tàâìr×[çAÕK× �� AäAàRÛ�� èÕK×TÕK×[ï ñÕDæòñÕDá écê ÕK× ��ìAærÕðæràâìríRÕ êaê ÕðÕKôøäAá�ÕK×|×TëaàâæßçAÕ êCé � é Ûåá�ëaÞKÕÐçAÕÞKàcí é á�ë é ærÞKÕ é ×  #��ärÛTàRÛ|ëÌ÷AìrÕsçAÕK×òÕK×TÛTë �ßñÕKÕK×5�hàâìAáTærëaÕK×sä é á ÞKÕK× écê ïRàrá�ëaÛ��#�tÕK× � 
 ­ ÷Aìrë�äAÕDá!�tÕKÛsæràRÛ é � �tÕDæRÛÆç�� ñÕKí écê ìrÕDáê ÕK×ÊäÈÕDá��hàâá � é ærÞKÕK×eç�� écê ïRàrá�ëaÛ��#�tÕK×É×Tàrìr×76^àâärÛTë � é ìrôÐçlñÕKç�ìrëaÛT×eçAÕK× écê ïRàrá�ëaÛ��#�tÕK× � 
!­p@

�é ær× ìAærÕÉ×|ÕKÞKàâærçAÕÊä é á�Û|ëÌÕÓçAÕÉÞKÕlÞ � é ärëaÛåáãÕ��âæràâìr× é íRàâær×tñÕKÛåìrçAëåñÕ êNé �tëa×9ÕDæ98�ìríAá�ÕÉÕKÛ ê � é äAä ê ëaÞ é ÛTëaàâæ çAÕ ê � écê ïRàâáãëÌÛ��#�tÕ
��/ 
 ¸10 Þ êCé ×T×|ëÌ÷AìrÕ é ìßäAá�à�� ê èÕ �nÕ�çAÕ ê �ËÕK×TÛTë � é Û|ëÌàræ�çAÕ 
 / � ç é ær× ê ÕÐÞ é ×tçAÕÐ×TàâìAá�ÞKÕK× � é ærçAÕîñÕKÛåáãàRëaÛTÕ�àâì êCé áãïRÕ
� é ærçAÕUÕKÛÉç��ÜìAæ	�Aá|ìrëÌÛeï é ìr×|×TëaÕDæ �A×åä é ÛTë écê Õ �tÕDæ�ÛUæràâæÐÞKàâáTárñÕ ê ñÕeÕKÛÊæràâæðìAærë��wàrá �tÕ�× ìAá ê ÕK×ÊÞ é ärÛ|ÕDìAá�×D@
4Óàâìr× é íRàrær× �nàâæRÛ áâñÕÐ÷øìrÕðç é ær× ê ÕóÞ é × êCé á�ïRÕ	� é ærçAÕ��:��/ 
 ¸10 ærÕ äÈàâìrí é ëÌÛÐ× � é äAä ê ëa÷AìrÕDáÐ÷øì �;èé ìAærÕó×TàrìAá�ÞKÕðçAÕ× äAÕKÞKÛåá�ÕU×! "�ßñÕKÛåá�ëa÷AìrÕ�ä é áÉá é äAäÈàâá�Û�èétêCé �várñÕK÷øìrÕDærÞKÕ�ù � çAÕ[ç=ñÕ �tàrç�ì êCé ÛTëaàâæ @
4Óàâìr× é í�àâær×pñÕKí écê ìsñÕ ê ÕK×üäÈÕDá��hàâá � é ærÞKÕK×lÕDæ 
 / �ÍçAÕ ê � é ê ï�àâá�ëaÛ��#�tÕ;��/ 
 ¸10îìrÛTë ê ëa× é æ�Û êNé � é Ûåá�ëaÞKÕÉçAÕUäAàâærçlñÕDá é ÛTëaàâæç�ì �nàâç�èÕ ê ÕUç�� à��r×TÕDá�í é ÛTëaàâær×eï é ìr×T×TëaÕDæAærÕK×eëCærç=ñÕDäAÕDærç é æRÛTÕK×_@¬�
�é ær× ê Õ�Þ é × ç��Ëà��r×TÕDáãí é ÛTëaàâær× ï é ìr×T×|ëÌÕDæAærÕK×ÏÞKà�� ä ê ÕKôrÕK×ÏÞKëCá�ÞDì êCé ëCá�ÕK×�ëCærç=ñÕDäÈÕDærç é æRÛ|ÕK× � ê èé àâì ê � écê ïRàâáãëÌÛ��#�tÕ

�:/ 
u¸�0 ÕK×TÛ Õ�� Þ é ÞKÕ��Uæràâìr× é íRàrær×ðçAàâæAæsñÕ��Óç é ær× ê Õ�Þ é × ç��ÜìAærÕ�×TÕDì ê Õß×TàâìAá�ÞKÕ êCé á�ï�Õ � é ærçAÕ�àâì � é ærçAÕñÕKÛåá�à�ëÌÛ|Õ�� ê �ËÕKôAäAá�ÕK×T×Tëaàâæ ï ñÕDæòñÕDá écê ÕÉçAÕ êCé �AàráTærÕUçAÕ��Éá é �nÕDá�6=< é àtçAÕ êCé ÷AìrÕ êÌê Õ�æràâìr× é íRàâær×lçlñÕKç�ìrëaÛ �Èç é ær× ê Õ[Þ é ×
� é ærçAÕ�ñÕKÛåá�àRëaÛTÕ��AìAærÕ�ÕKôAäAá�ÕK×T×|ëÌàræóä ê ìr×Ê×|ë � ä ê Õ[ÕKÛÊëCæ�ÛTÕDáTäAárñÕKÛ é � ê ÕR@¬�
�é ær× ê Õ[Þ é ×Êç�� à��r×TÕDá�í é ÛTëaàâær×eÞKà���ä ê ÕKôâÕK×UÞKëCá�ÞDì êCé ëCá�ÕK×�æràræðï é ìr×|×TëaÕDæAærÕK×UÕKÛ�%càâì æràâæðëCærçlñÕDäÈÕDærç é æ�ÛTÕK× �ÎÕKÛÊ÷AìrÕê � écê ïRàâá�ëaÛ��#�tÕ:�:/ 
u¸10 æ �ËÕK×TÛ9ærëAÕ�� Þ é ÞKÕÉærë é ×  "� ärÛTàRÛTëa÷AìrÕ �tÕDæRÛ9çAÕlí é á�ë é ærÞKÕ �tëCærë � écê Õ��Aæràâìr× é íRàâær× çAàâæAæsñÕê � ÕKôøäAá�ÕK×|×Tëaàâæ ï9ñÕDæsñÕDá é ê Õ çAÕ êNé � é Ûåá�ëaÞKÕÐçAÕðÞKàcí é á�ë é ærÞKÕ é ×  "� ärÛTàRÛTëa÷AìrÕ ç�ì ä é á é �ðèÕKÛ á�Õ�çAëCá�ÕKÞKÛTëaàâærÕ ê ×TÕDì ê ÕDæÞKàâær×Tëaç=ñÕDá é æRÛ�æràRÛ é � �tÕDæ�Û ê ÕK×[Þ é ×�ä é á�ÛTëaÞDì ê ëaÕDá�×tç��ÜìAærÕ�×TàrìAá�ÞKÕ êNé á�ïRÕ � é ærçAÕ�ï é ìr×T×TëaÕDæAærÕ�ÕKÛUç��Ëà��r×|ÕDá�í é Û|ëÌàrær×æràâæ ëNærçlñÕDäAÕDærç é æ�ÛTÕK× ç��ÜìAærÕoä é áãÛÒÕKÛßç��ÜìAærÕÍ×TàâìAá�ÞKÕ êCé á�ï�Õ � é ærçAÕoæràâæ ï é ìr×|×TëaÕDæAærÕ ÕKÛßç��Ëà��r×|ÕDá�í é Û|ëÌàrær×ëNærçlñÕDäAÕDærç é æ�ÛTÕK×eç�� é ìrÛåáãÕ�ä é á�ÛD@

4Óàâìr× é íRàâær× écê àâá�× ñÕKÛåìrçAë ñÕ êCé ×TÕDær×Të �rë ê ëÌÛAñÕîçAÕ ê � écê ïRàâáãëÌÛ��#�tÕ>�:/ 
u¸�0�èé êCé çAëa×TÛ á�ë �AìrÛTëaàâæ ×TÛ é ÛTëa×TÛTëa÷AìrÕÒÕKÛîèé�êCéÞKàráTárñÕ êCé Û|ëÌàræÏÛTÕ ��äÈàâá�Õ êaê ÕðçAÕK×�×Tëaïâæ é ìrô�×|àâìAá�ÞKÕK×tÕDæ á é äAäÈÕ êNé æRÛtÕKÛtÕDæßë êÌê ìr×TÛ á é æ�Û æâì#�ßñÕDá�ëa÷AìrÕ �tÕDæRÛtÞKÕDá�Û é ëCærÕK× äAá�à?6äAáãëåñÕKÛAñÕK×lçAÕ ê � écê ïRàâáãëÌÛ��#�tÕ.�:/ 
u¸10 � é ærçAÕßñÕKÛåá�àRëaÛTÕÏñÕKÛ é � ê ëaÕK× é ì Þ � é ärëÌÛ á�Õ9@ ÕKÛÉÕDæ
�tàræRÛåá é æRÛÓ÷øìrÕ��ÎÞKàâæ�Ûåá é ëCá�Õ �tÕDæ�Ûèé[ê � écê ïRàrá�ëaÛ��#�tÕ��:/ 
u¸�0 � é ærçAÕÏñÕKÛåá�àRëaÛTÕ�� ê � écê ïRàâá�ëaÛ��#�nÕ��:/ 
u¸�0 êCé á�ïRÕ�� é ærçAÕUÕK×|Û=×|ÕDær×Të � ê Õóèé[êCé çAëa×TÛåá�ë �AìrÛTëaàâæ çAÕ
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êCé ×|àâìAá�ÞKÕR@¸òæóñÕKÛåìrçAë é æ�Û�ÕDæ � æ ê �ËÕ � ÕKÛ�çAÕ êCé ç=ñÕ(� é ë êaêNé ærÞKÕ=ç��ØìAæUàâìeçAÕlä ê ìr×|ëÌÕDìAáã×sÞ é ärÛTÕDìAáã×�×åìAá ê ÕK×9äAÕDá=�wàâá!� é ærÞKÕK× çAÕ ê � écê ïRàâáãëÌÛ��#�tÕ
��/ 
 ¸10��Aæràâìr× é íRàâær× �tàræRÛåárñÕ êNé ÛåáKèÕK× �ÈàâæAærÕpá�à �Aìr×TÛTÕK×T×TÕUçAÕ[ÞKÕKÛ écê ïRàâáãëÌÛ��#�tÕ-� é ÞKÕ èé ÞKÕ�äAá�à � ê èÕ �tÕR@

�é ær× êCé çAÕDá|ærëwèÕDá�Õ�ä é á�Û|ëÌÕUçAÕ[ÞKÕUÞ � é ärëÌÛ á�Õ���æràâìr× é íRàrær×�ñÕKÛ ìrçAëåñÕ ê � é äAä ê ëaÞ é ÛTëaàâæðç��ØìAæ écê ïRàâáãëÌÛ��#�tÕUçAÕUÛ  øäÈÕ��:/ 
u¸�0
�nàâçAë��ÉñÕ�� é ×  #��ärÛTàRÛ|ëÌ÷AìrÕ �tÕDæ�ÛlçAÕÊí é á�ë é ærÞKÕ��tëCærë � écê Õ���çlñÕKç�ìrëÌÛlçAÕUæràRÛåá�ÕðñÕKÛåìrçAÕÉÛ��sñÕKàâá�ëa÷AìrÕÊëCærëaÛTë écê Õ��9èéUê �ËÕK×TÛTë � é ÛTëaàâæçAÕ �^árñÕK÷øìrÕDærÞKÕUçAÕ[×TëCæâìr×Tà_õ öÌçAÕK×eç é ær×UìAæ �AáTìrëaÛ é çAçAëÌÛ|ë � 

�t@
4Óàâìr× é íRàâær× ÞKà���ä é árñÕ ê ÕK×=äAÕDá=�wàâá!� é ærÞKÕK×9çAÕlÞKÕKÛ écê ïRàâá�ëaÛ��#�nÕ � 
 ­ èé ÞKÕ êaê ÕK×lç��ÜìAæ écê ïRàâá�ëaÛ��#�nÕ=çAÕlÛ  AäAÕ9���9ëa× é á�ÕDæ��càñÕKÛ|ÕDærç�ì � À 
�� 
�Á ç é ær× ê ÕÐÞ é ×Uç��ÜìAæ �AáTìrëaÛ é çAçAëÌÛ|ë � 
 � ÕKÛ èé ÞKÕ êaê ÕK×�çAÕ ê � écê ïRàrá�ëaÛ��#�tÕ 
�� $�� � ç é ær× ê Õ�Þ é ×[ç��ÜìAæ
�Aá|ìrëÌÛ � êCé ærÞ é çAçAëaÛTë��IÕDæ �hàâærÞKÛTëaàâæ ç�ìÐá é äAäAàrá�Û $#%�&e@ �lÕK×òÞKà���ä é á é ëÌ×|àâær×l×Tàâæ�Û �rëaÕDæÐ×åìAáòÕDæ9� é íRÕDìAá9çAÕ ê � écê ïRàâáãëÌÛ��#�tÕ
� 
!­ ç é ær× ê ÕK×UçAÕDìrô Þ é ×�� é ëa× é íRÕKÞpìAæ ÛåáKèÕK×eærÕKÛ é í é æ�Û é ïRÕ èé ê � écê ïRàâá�ëaÛ��#�nÕ � 
!­ ä é áeá é äAäAàrá�Ûnèé ê � écê ïRàâáãëÌÛ��#�tÕ

�� 
 ç é ær× ê ÕtäAá�Õ �tëaÕDáÓÞ é ×D@
4Óàâìr× é íRàrær× ñÕKï é ê Õ �nÕDæRÛ��tàâæ�ÛåárñÕÊ÷AìrÕ ê � écê ïRàrá�ëaÛ��#�tÕ��)
!­þÕK×TÛ��tàRëCær×Ê×|ÕDær×Të � ê ÕÏèé�êCé äAá�àcôâë �tëaÛAñÕ�çAÕK×��várñÕK÷øìrÕDærÞKÕK×�èéÕK×|ÛTë �tÕDá�ÕKÛ9ä ê ìr×sá�à��Aìr×TÛ|Õ é ìrôUÕDáTá�ÕDìAá�× çAÕ �tàrçÖèÕ ê Õ À �Aá|ìrëÌÛ �-<ß×åìAäAäAàR×AñÕ 

�îä é á ê ÕK× é ê ï�àâá�ëaÛ��#�tÕK× Á ÷AìrÕ ê � écê ïRàâáãëÌÛ��#�tÕ

�� 
 @
4Óàâìr× é í�àâær×9ÕDæ � æ äAáãàâäAàR×AñÕÉìAæ�ÞKÕDáãÛ é ëCæ ærà � �AáãÕÉçAÕÉíRÕDá�×|ëÌàrær×=×|àâìr×76^àâärÛTë � é ê ÕK×òçAÕ ê � é ê ï�àâá�ëaÛ��#�tÕ �)
!­ÍÕKÛsÞKà ��ä é árñÕê ÕDìAá�×eäAÕDá��hàâá � é ærÞKÕK×nèé ÞKÕ êaê ÕK×UçAÕ ê � écê ïRàâáãëÌÛ��#�tÕ�àâáãëÌï�ëNæ é ê @
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� àrìAá �nàâæRÛ á�ÕDáò÷øìrÕ�#� �%$ ³ ÕK×TÛÊárñÕKÕ ê áãÕ � é á�÷Aìràâær×É÷AìrÕ À �È@ÜÝ Á äÈÕDìrÛóñÕKï écê Õ �tÕDæ�Ûl× ��ñÕKÞDáãëNáãÕ#� �%$ ³óû 2 À'&�( À � ú Á*)+(�Á(À,) ¿ (�- ³ ) ¿ ú Á(À,).&MÀ�� ú Á�Á 3 ¿ ú À/&�(MÀ � ú Á*)+(�ÁwÀ0) ¿ (1- ³ ) ¿ ú Á(À0)�2 ³ Á ÿ
/Uá )�2 ³ û43 ³ ÕK×TÛÐáâñÕKÕ ê çAÕ	� ¯Õ �tÕÐ÷AìrÕ ).&MÀ�� ú Á Þ é átäAàâìAánÛTàâìrÛ � �ðárñÕKÕ ê5)�2 û À,).&MÀ�� ú Á�Á � � ÕK×TÛ árñÕKÕ ê @ � àâìAáÛ|ÕDá �tëCærÕDá �Îë ê á�ÕK×TÛ|Õ èé �tàræRÛåáãÕDál÷øìrÕ ê Õ�ÛTÕDá �nÕ ) ¿ ( - ³ ) ¿ ú �A÷øìrë9æ �ËÕK×TÛ é ìrÛåáãÕU÷øìrÕ ê Õ �AèÕ �tÕ��tÕ ���Aá�ÕUçAÕ À �A@ØÇ Á �ÎÕK×TÛé ìr×T×Të�árñÕKÕ ê @&�lÕ êCé ×TÕ��tàâæ�Ûåá�ÕDá é ëÌÛlÞKà�� �tÕ é ìðä é á é ïâá é ä#�rÕU>A@��A@ � é íRÕKÞUÞKÕKÛTÛTÕ �hàRëa× À/687jÁ 7�Â � 4 ��ìAærÕU×åìrëaÛTÕ[çAÕUí é á�ë é � ê ÕK×é ê ñÕ é ÛTàRëCá�ÕK×òÞKà���ä ê ÕKôrÕK×ÊÞKÕDæ�ÛåárñÕKÕK×sÛTÕ êaê Õ�÷AìrÕ - ¿ ú³ ×Tà�ëÌÛ êNé � é Ûåá�ëaÞKÕeçAÕUÞKàcí é á�ë é ærÞKÕ é ×  "� ärÛTàRÛTëa÷AìrÕUçAÕ êNé � é Ûåá�ëaÞKÕUçAÕÞKàcí é á�ë é ærÞKÕUÕ ��ärëCá�ëa÷AìrÕpí�ÕKÞKÛTàâá�ëa×AñÕKÕUçAÕ 6�7 @9çAÕ ê à�ë�çAÕpäAá�à � é �rë ê ëaÛAñÕU÷øìrÕ ê ÞKàâær÷AìrÕR@
� "9"��
	��:9;������� '���������)<�>=�1)5'�%*?+@5?+) ���*9��
? �#�BA
� àrìAá �nàâæRÛ á�ÕDá �rç é ær× ê Õ�Þ é ×ÊárñÕKÕ ê �A÷AìrÕ ê �ËÕK×TÛTë � é ÛTÕDìAá¯� ³Ïû é á�ï �nëNæC ÂED"F À'2 ³HG 2EÀ/I�Á�Á ³�J ¿ ú� À'I�Á�ÀK2 ³LG 2CÀ/I�Á�Á
ÕK×|Û é ×  "� ärÛTàRÛTëa÷AìrÕ �tÕDæRÛòçAÕUí é áãë é ærÞKÕ��tëCærë � écê Õpæràâìr× é êÌê àâær×ÓÞKà�� �tÕDærÞKÕDáÉä é átñÕKí écê ìrÕDá êCé � é Û á�ëaÞKÕÊçAÕUÞKàcí é á�ë é ærÞKÕé ×  "� ärÛTàRÛTëa÷AìrÕUç��ÜìAæÐÕK×TÛTë � é Û|ÕDìAáÉä ê ìr×Êï9ñÕDæsñÕDá é ê �

� ³ û é á�ï �tëCæC ÂEDMF5N ³ À/I�Á
O�P/Qû é áãï �tëCæC ÂRD"F À/2 ³HG 2CÀ/I�Á�Á ³ -�À/I�Á�ÀK2 ³SG 2CÀ'I�Á�Á À ÙA@CB Á
çAÕ�� é Ûåá�ëaÞKÕ�çAÕtäAàâærçlñÕDá é ÛTëaàâæ -�À'I�Á ×åìAäAäÈàR×AñÕKÕ[×Të ��ä ê Õ �tÕDæ�ÛÊ×  #�ßñÕKÛåá�ëa÷øìrÕ�árñÕKÕ êaê Õ�çlñÕ(� ærëaÕtäAàR×TëaÛTëaíRÕ�� äAìrëa× é äAä ê ëa÷øìrÕDáê Õ�árñÕK×åì ê Û é ÛÉï9ñÕDæòñÕDá écê à��rÛTÕDærì é ìðÞ é ×Êä é á�ÛTëaÞDì ê ëaÕDáeàÖèì -�À/I�Á û J ¿ ú� À/I�Á @


 � é äAáKèÕK× ê Õ árñÕK×åì ê Û é ÛÐ>A@CB�� êCé � é ÛåáãëÌÞKÕ çAÕóÞKàcí é á�ë é ærÞKÕ é ×! "��ärÛ|àRÛTëa÷øìrÕðçAÕ � ³ ÕK×|Û JUT ûWV � J � V ³ � à�èì�V �çlñÕK×TëaïâærÕ êCé � é Û á�ëaÞKÕ é ×T×|àâÞKë ñÕKÕ èé[êCé çAë � ñÕDá�ÕDæRÛ|ëÌÕ êaê ÕtçAÕ ê �ËÕK×TÛTë � é Û|ÕDìAá À ÙÈ@CB Á @
� àrìAáÉÞ écê ÞDì ê ÕDá�V � ��áãÕ � é á�÷Aìràâær×U÷AìrÕ N ³ À'I�Á ÕK×TÛ��tëCærë �pì#� ÕDæ � ³ û � �YX � çAàâærÞ[Z]\_^a` CcbZ C d Tfe+g*T ûihÏÕKÛtä é á× ìrëÌÛ|Õ��kjflIûþBcm_ÿDÿ_ÿnmpo

G q 2 ³ À'I�Áq Isr d T+e+g*T -�À � �tX ��Á�À02 ³uG 2EÀ � �tX ��Á�Á � À/2 ³HG 2CÀ�� ��X ��Á�Á ³ q -�À/I�Áq I�r d T+e+g*T À02 ³SG 2EÀ � ��X ��Á�Á
G À'2 ³HG 2CÀ � ��X ��Á�Á ³ -�À � �tX ��Á q 2CÀ'I�Áq Isr d T+efg*T û ýAÿ À ÙA@�� Á

/Uá
q 2EÀ/I�Áq I�r d T+e+g*T û q 2CÀ/I�Áq Isr d T � vwxBy ú q � 2CÀ'I�Áq I x

q I�r d T XRz x �t{ À X ��Á
q -�À/I�Áq I�r d T+e+g*T û q -�À/I�Áq Isr d T � vwx|y ú q � -�À/I�Áq I x

q I�r d T XEz x ��{ À X ��Á
B �c}
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2 ³óû 2EÀ ��Á ��X 2 ÕKÛ 2CÀ � ��X ��Á û 2CÀ ��Á � vwx|y ú q 2EÀ/I�Áq I x d T XEz x ��{ À X ��Á ÿ
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