
� �������

�
	���
�����������������	����������
� 	�!"�$#�	�%�&'�(&'�$&
�*)+�����
	
&'��!-,/.0)1��!"�$2�%3���"���'%�!"�54*�����6	��7����	��&'��
98:��!7��);�=<><?�
�'�")1%3���"���'


4@�A��)1�"%�!"�B���DCFEG�'HI��	J<K%3���"L@�'�M�1�ONP��
���%=�RQ
S ��T5UWVYX ��Z\[��^]`_bac��� d e f g �

h ijijk�lnmFo
pjkrq kts(suk:v
oxw(qyp�z{o'| }y| z*su|~lAo�vx|
s5krw�v ij|~z v�mt}�pjkrz l�kt�rq�pGo
pG�r|~z

���;�����^���������G�J�+���������~�3�������3�������0�0�¡ £¢@¤�¥J�?¦�§j�¨�©�«ª�¬;���­§����®�©�°¯I�;��±:²³��´0µ¶����·n¬1�
¦R��·����©¬1�¸��� ¹J��§���ºI»
�©§��+¬1�n¼x�¸��½6����� ¾B¢@¤�¥��?¦{§j���©�«ª�¿J��§��+²³��À

Á §jµ;µÂ���-���¸�;�-� Ã^��§��;��ÄP�J�����-�+�¸� ¾BÅn�1��������������·^¬1�~¥��;�-���³±�ª1ÅnÃ�À¥�§�´\�Æ�Æ§jÇ;Ç1§��;� ¾B¢{²³���©�0¥J�;µÂÈ*¬1����»���´`´tÈ@¬1�Y�É�1�;�©�«ª��Æ�1�1���-����À
¢�Ê�§�´`���+§­���G�+��� Ë�§³�+�©�¸��ÌÂ§jÍ���§��+Í�� ¾B¢@¤�¥��?¼x�-����§jÍ��;��ª¶¿J��§��+²��jÀ¹J��§���ºI»
�©§��+¬1�n¼x�¸��½6����� ¾B¢@¤�¥��?¦{§j���©�«ª�¿J��§��+²³��ÀÎ §³�+�©¬OÏ��-§��;¬1Ç1�©§��©��� ¾BÄP�������-����§0ÌÂ§jÇ;�®¦�§j�¨�©�«ª¶¿J�-§��;²³��À

Î �©�-�¸²«���¸�;�®¬1�n���;����� »
�;���©�I���©§��t¼x���;�;�³� ¾BÐI�;�I����������¢@�+��·�²���´:ª�¿J��§��+²��jÀ





�

� ��� ��Z�� [6��� �PUD]\�

���
	 � ����
��������
����� � ����� � �����
����	�����
��
����������
 ���
�
!"�$#&%��(')���*	(+�,�
��.-/!"%������*	����*-�
�01%32 � ��
�!"�1	
-�%4'$��!"��
65"�������7��	8��!"	659�*�
���1	7-/!"%��:5���! � �7;�	�;�-���;�
6����	�
��*�.5<
�!"%�	����=59�����>����	(+�,�
��@?8A8%B	(�65C������
7���
����%���
 �����.59��0�%���
>��	 ���.����%���
>01%���
(	 � !"��
D#�2E5 � -�%��
��
(%������ 	�!"%�	��F2 � �1	�;���G�	*0�%32 � ��
 -H!"�(	�����	*�B���.	(�65��@5 � �F?
AI���.
�%"#J��	CKL#(�*	 � ����
 �B�����
����� � ��� 	�!"%�	 
(-H;�� � 59�����
����	 M75�� � ��� NO59P@�659��P��Q-H!"%���	�!"%�	����.	����*-�
 0�%32 � �R5
� ������
�	 � ��59��
 �S5B����������	(%����T� � ��%�	 � ��%�
����U%��659-�-H!"�(	 ��	*��!"��	>����
 �����.59��01%���
 !"�1	 VW5 � 	 �/�C59%���!"%�-X-H!"%��
59�
;�� � !"�����Y�S5 ���S59�(	�;7��	Z�S5[#J%�
(	���
�
��\�U%T-���;�
�����	Y�659-�-H!"�(	^]��=59�F?`_4��
^
 � ����,�����
R�����
����� � ���
����	�
D��!"�1	D��!"���
�
���C59�Ua&bZ�S59%����*c^���d]=!"����-H!"%��\5���! � �:-���;�
 � ��;����Y#J%��('$����	(+�,�
6����	8-/!"%��\�S5:#J%�
(	���
�
�������
���
8�����.59��01%���
CK
�BM:5C� � ���>NO59P@�659��P��@Ke�Bf:�S59%�
 _4!g��
�
(��������	
hU59� �Ri 59���=59���Q-/!"%�� ����%�� � ��	�;���G�	*��59��
>���.��!"�.5 � ���T���
�F2E59�j��!g�C59	 � !"�$k=�ml � ���������7
(-H����	(���7��	D-/!"%��Y����	����*-�
D0�%32 � ��
8!"��	D-=5"
6
�;�� ����� � ���7�
!"�$�659-�-H!"�(	 � � � 	 � 59�F?
���D	 � ����
e;�P�59�����
����	R��5"�U����
�
����e�
��
n�����
����� � ���
����	�
Y��bZ+�� � 
(	 � 59�Qc^!"������	CK��
!"�.� � ������	���%��Z���D	(+�,�
��@K

-H!"%��:
6!"�4�����C5"�U�����
���1	�-/������59�1	7	�!"%�	���
7����
759����;���
7����	(+�,�
6�@KH-/!"%��:
�!"�);���!"%�	��@Ko
���
:��!"��
�� � ��
7��	:
�!"�
�mlU-/;�� � �������
01% � !"��	�;�	�;>-H!"%��7�
! � %����
5 � ���*-���;�� � ��%�
6�.5p]��q�o2r!"� � ����	������.5Q-���!"����;��.59	 � 0�%��<���>	(+�,�
��@?
sn�X!"%�	(���@K/#J�.�����
����� � �Q� � �����
���1	 _4����!"%=59���Tt\�����=59+�-H!"%�� 
���
�-���;�� � ��%Ulu��!"��
�� � ��
>��	 	�!"%�	����<	����*-�

��!"��
65"����;�� �$2E5 � �����C?
h � ���[	(�65��@5 � �L57-�%<
��Y��!"��
(	(�(% � ���\��	Z59�/!"%�	 � �Z���YVF5"v�!"�*Vw�(%���	(%���%�
6�@K��.59�jP@��;D����
Z0�%�����01%���
e��!"�1	(�65 � ��	���


�.59	�;�� � ���j����
Y��	Y
(	(�(%���	(%������j����
Y01%��`#�2E5 � -�%T� � �1���8-H������59��	Y����	(	��\	(+�,�
��@KU�@2r��
(	Y���<-=59�(	 � �\P@�6x"���759%�
�!"%�	 � ���
���D�����(	65 � ����
Z-/����
6!"������
C?y���D�����
����� � �8No%��C5"
Zs`� � ����P@% � 5������80�% � #�2E5 � -�%<	(�65��@5 � �j�����^5C�����[
(%�����,�
e-/������59�1	
�S5B-������ � ,����.-=59�(	 � �T���Q����	(	��.	(+�,�
��<��	 01% � 5B-H���(� � 
��o2 � � � 	 � ���>���<-���!1����
�
�%�
�-H!"%���01%���#(�*VF5"
�
��<����	(	��
	(+�,�
��>5������*_4!"	�!"��!"�S5U?7����	 � ����
7;�P�59�����
����	��.�����
����� � ����t8�659P�59�)cR!@
���!z� � �>��	:{n�659|"5"
�+}_4!g!"�(%�	8-H!"%��
�$2E5���! � �8-/���(� � 
[������!"�*�
���������8�6+���~�_�!"	�!"��!"�S5U?
���
�����
����� � �
	(��,�
7� � �����
����	 t:5C� � �X�\�659���U���S5 � 
��.5C�����.01% � #�2E5 � 	(�65��@5 � �j��;*-/������59�1	��S5T-��j%�
�P@�659�����

-=59�(	 � �������.5>	(+�,�
����*_4!"	�!"��!"�S5UKL-/!"%��[
6!"��59	(	 � 	(%�����	�!"%"#(!"%���
D-H!@
 � 	 � ���@K�
65*�
!"	 � �"59	 � !"�3KL�S5*01%=59� � 	�;����

���
D��!"��
6� � ��
CK�5 � ��
 � 01%��:	�!"%�	D���:	����*-�
D-=5"
6
�;�� ����� � ���7���7�659-�-H!"�(	C?
�8�}P@�659�����
����� � �Qt � � � ���7c^!"%���
6��-H!"%��7
���
\��!"��������%Ul)������!"%��659P����
����	�
���	:
�5
�
!"	 � �@59	 � !"�q��!"�>a

��%�� � �C59	 � ���@K`�$���C59�Ua��8!g���Z{y59	 � �j��!"��-/!"%�� 
�!"��
�!"%�	 � ���u	�����+�� � 01%��.��	���!"P � 
�	 � 0�%��@Ky�B�\% � �j�S59%��
�.� � � � ���
-H!"%��Y�S5\#&%�
�	���
�
��:����
���
D��!"��
6� � ��
C?
_4����� � �<NO59%������1	�_459~C��	CKH_4!"+=59�*�
���4f�59�*�
!"%��q��	�b^�(h�-H!"%��8��!@
\��!"��������%�
���
�5 � ����
:��� � �UVW!"�Ja

�.59	 � 01%��@?�_4����� � ��{y5"
��C59���$�\� � ���C59%Ul�-H!"%���
�!"�X
�!"%�� � ���@Kn
65$�/!"�����<+�%��
��%��*��!"��
(	659�1	�����	�
�!"��5 � ���
-H!"%��8�S5.-=59�(	 � � 5"�U� � � � 
�	(�659	 � ���@?7_������ � �
�8;���'B{ � �1	�������	���	7�:% � �j�S59%��
� A8�(�=59%�����	\-/!"%��\����
\��!"��P@%���

� � 
���%�
�
 � !"��
D0�%��:��!"%�
\5���!"��
[-�%B5���! � �8��	D01% � !"�1	[��!"��	(� � ��%�; � �S5>��;�%�
�
 � 	��7���7�
!"�B	(�65��@5 � �F?
����	 � ����
��q�����
����� � ���$;�P�59�����
���1	T	�!"%�
Q����%Ul�0�%��.#�2E5 � ����! � 
�;4�U%��659��	�����
�59����;���
T���B	(+�,�
��@KD��!@


;���+=59��P���
\!"��	8��!"��	(� � ��%�;��*59� � �
���1	����8�.5 ��;mk=�ml � !"��
�%��Y�.5 -���!"����;��.59	 � 0�%������7	(+�,�
��@?
sn�U]��3K�#J�^�����
����� � �Y�U% V�!"���>�U%*��!g��%��yN�59%����������@K��.5[V����*�
�@K�-/!"%��n
���
y������!"%��659P����
����	�
Z��!"��
(	659��	�
zK


���
\��!"��
�� � ��
CK/
65
��!"�U]L59����� ���4�
! � ��	\
65*-=59	 � ������� -H!"%��8
(%�-�-H!"�(	����8����
e#(!"%��(��;���
:�
�659�j��!"��P���
\-/������59�1	
����
:-H;�� � !1����
��<�659�j��!"��P���
C?>���>�����
����� � �*���U]��q;�P�59�����
���1	�
 � ����,������
���1	��.5<VF59� � �j���*0�% � �$2E5Q	�!"%"#(!"%���


�!"%�	����1%�����59��
D����	[�m�o!"�(	CK�����01% � 5 �/�C59%���!"%�-4��!"�*-�	�;7-H!"%��D�
! � ?



�j� �����������
	���������
��



�j�j�

g �c�^]0ZFT � ]

� � 	(+ � ��5TV���� '��C59��
CK�� � ��������
�
�N3!1�C59�^A[���C5$�8��	��Z!"�(|���� N3A\�
	:
�'g
(	����

�
(%���+X5"
��&s`s`s���
��U?����
+=5����D�/����!"�
� � �������C5"
 � ��P@�j' -H!"-�%��S59�e
('U
(	����

CK�59���
+=5����Y�H�����
����-���!C'���� � �*�.59��'>-�%���� � �Y-��S5"����
CK1!��.����

59���)+�!"�
��
C?*A\
 � ���*��!@
(	(�j'}�����j�j%��S59��
('U
(	����

CK3	(+���'�+=5C���.!"-H�������}%�-q	(+��>-/!@
6
 � � � � � 	�'4VW!"���������('�!"���*	�!
��+��C59-��j'$59����
 � �*-��j' � ��
(	659�j�FK=59����!��Y��5�� N3A8� ����	��^!"�(|/KL!9�H��� � ��P*+ � P@+���59	65 �659	���
D	�!*
(%�-�-H!"�(	D��59	65
59��� ��! � ���R
����(� � ����
z?�� �>5"��� � 	 � !"�*	(+������^+=5"
 �H�����*59� � �������C5"
�� � �>	(+��R�����.59����VW!"��� � ��������
�
y
����(� � ����
CK�59���

��������659�y�.59�(|���	�
(	(%�� � ��
:+=5C���>V�!"�����C5"
�	����}5Q
(%�
�	65 � ������P@��!��Y	(+ � �}	(+�� '��C59��
7	�!T��!"�
�@?�� �4	(+���V�%�	(%����@K
� � ��������
�
.����	��Z!"�(|U
�� � �j� � ��	�����
 � �����j'X%�
��$�65"� � !)-=5"��|���	<	(�659��
(� � 
�
 � !"��
CK�� � 	(+ 5}
 � ��P@����+�!"- !"�
��%��j	 � a
+�!"-)5"������
�
\	�!Q59� � �UV��65"
(	(�(%���	(%����>��!"��������	�����	�!Q	(+�� ���1	����(����	C?��8!��Z�������CKo
��������659�n��%��(�����1	\� � � � 	659	 � !"��

�������q	�!$�/�.�����
!C�����u	�!�%������C5"
(+�	(+��
Vw%��j�e-/!"	����1	 � 59�^!9V�� N3A8�\
C? i +��*]���
(	 � 
�
(%�� � 
�	(+�����
(-H����	(�(%��

��C59��� � 	 '��! � �B�.59�1'B��!"%���	(� � ��
\	(+���
(-/����	(�(%�� 59�j��!1�C59	 � !"�}��+=59�(	 � 
859�j�
!@
�	DV�%��j�FK"� � 	(+�!"%�	\	(+���59�j��!g�C59	����
�=59����
��H� � ��P$��������
�
�59� � �j'�%�
����o?<AY����!"��� � ��P@�j'�K 	(+��

(-H����	(�(%�� 59�j��!1�C59	 � !"������P@%��S59	�!"�(')�(%�����
�
(+�!"%����)�H�
�
!"���<k=�ml � �����T	�!}59�j��!#� VW!"�>	(+�� � �*!"-�-/!"�(	(%�� � 
(	 � �T%�
6�@? i +��Q
6����!"��� � 
�
(%�� � 
 � �X	(+��T_4��� � %�� AY������
6

b^!"��	(��!"����_�A[b�	e�S5�'����Y� � � � 	659	 � !"��
[!9V$� N3A8�\
�� � 	(+�� � 
(	(� � ��%�	����$5"������
�
# y�
!"��� � �1	����j� � P�������� � 
^�����������
	�!*%�
���	(+���5��@5 � �S59������
�-/����	(�(%�� �
!"�����%�.� � ����	(�j'�?RA\
[5>����
(%��j	CK=����� 
�!"�j%�	 � !"��
&�w����P@%��S59	�!"�('�KL	�����+�� � �C59�'	
�������T	�! �/�8VW!"%����T	�! 	(%��(��	(+��7��!"�*�.59���ga 59���ga���!"��	(��!"� -/!"� � ��'Q!9V 
(-H����	(�(%��I%�
�� � ��	�!
5 �
!"���7�U'g�=59� � �
59���
�H�����m]=� � 59�/�
!1�����F? i + � 
 � 
e�H� � ��P�-H!@
�
 � ����� � �T5���!"P@� � 	 � ���8�65"� � !���!"�1	��mlg	CK(�Y+������8�
!"��� � ��	����j� � P��������
59���$���1� � ��!"���
���1	Ja 5)�^59��������
6
 � 
 � �����j%�������59	Y	(+��7%�
6���Y	����(� � �=59�O���������F?

* %��n!"�U#(����	 � ��� � � 	(+ � 
y	(+���
 � 
 � 
 	�![-���!"-H!@
�� � ����!C�@59	 � ���^	�����+�� � �C59�L59�jP�!"� � 	(+��

n!9V/�U'1�=59� � �R
(-H����	(�(%��
59�j��!g�C59	 � !"�3?$A8
6
(%�� � ��P�
(�.59�(	����>����� � ����
CKn5"
 � �u	(+��.��!"P@� � 	 � ���<�65"� � !���!"�1	��mlg	CK��^�.+=5C���Q5"��59-�	����u	(+��
����P�5"��'$	����6+�� � �C59��V��659�
���Z!"�(|$V�!"�\
(-/����	(�(%�� 59�j��!1�C59	 � !"�q59���B%�
���� � 	 � ��	�!T5*�
!"��� �%�.� � ����	
�^5C'�?[_4!"���

(-H��� � ]=�C59�j�j'�K��Z�T
(	(%��U'�59�jP�!"� � 	(+��

*!9V[!"-�-H!"�(	(%�� � 
(	 � �T
(-H����	(�(%�� 5"������
�
>59	 	(+��.%�
���� ���������^	�!45"�6+ � �����

 � ��%��j	659����!"%�
(�j'T	(+��:����
�!"%�������59�j��!g�C59	 � !"��59���T	(+��:%�
�����
C2�
��6+����U%�� � ��P�K � �B5 �C5"
��7!9Vy��%��j	 � -����7%�
6����
[59���
��%��j	 � -�������+=59��������
C?

* %��7]���
�	���!"��	(� � ��%�	 � !"� � ������	 � ]=��
�	(+��
_4A[b � � � � 	659	 � !"��
 !9VY�&s`s`s���
��U?����+� N3A\� 
�'g
(	����

z?+�q�
59���:��
(-H��� � 59�j�j' � ��	�������
(	���� � �T	(+��\� s`ses,��
��U?����C5 ������
 � !"�3?nt:��-���!C'g�
����	�
D!9V�
6�������659�/�����j��
D59���<%�
�����
Y59���

(	(%�� � ���>�1' 
 � ��%��S59	 � !"�3?��q�Y���"59�j%=59	��R	(+�� � �*-=5"��	Z!9VL	(+��R%�
�����
C2"� � 
(	(� � ��%�	 � !"�<!"�*	(+��Y
(-=59	 � 59��%��UVW5 � �(����
6

59���q	(+�� � ��	����Ja������j� � ��	����JVW�����������@? i +��<��!"�����j%�
 � !"� � 
�	(+=59	�	(+��<� s`ses-��
��U?����Q_�A[b -���!"	�!1��!"� � 
������('

�����
 � 	 � ����	�!q�@59� � 59	 � !"��
 � � %�
6����
C2e� � 
(	(� � ��%�	 � !"��
z? � � !"	(+����.�Z!"����
CKD	(+�����!"��
 � ����������_4A[bI-���!"	�!g��!"�

(	(��!"��P@�j' � �*-=5"��	�
$�C5"��+ %�
6���C2r
$��+=59��������5"������
6
�
(%�������
�
$5"
$5uV�%�����	 � !"� !9V�+ � 
�-H!@
 � 	 � !"� � � 	(+��)�����j�
�w�����S59	 � ����	�!>	(+���!"	(+����D%�
�����
CK�5"
��^���j��5"
Y�����S59	 � ����	�!>	(+���AY������
�
D{ ! � ��	+��A8{�	/	m?

�q�D59��
�!\	65"�6|1���Y	(+��R
(-H����	(�(%�� 59�j��!g�C59	 � !"�
-���!"������� ��'>��!"�*-=59� � ��P�
��������659���6+=59�������L5"������
�
y�
��	(+�!g��

	�!B]�����	(+��.�/��
(	 !"���@? i + � 
 � 
 ��!"���.%�
 � ��P4	(+��Q0�%���% � ��P4	(+���!"�('u59�=59�j'U
 � 
�	�!g!"�F?0�q�Q
(+�!�� 	(+=59	 	(+��
��+=59�������=5"������
6
O-H!"� � � � ��
n5"��+ � ��� � ��P7	(+��e�H��
(	�
�'g
(	���� 	(+���!"%�P@+�-�%�	e59���Z	(+��Z!"����
y��+=59��P � ��P7	(+�� � �y��+�! � ���Y!9V

(-H����	(�(%�� 59�j��!g�C59	 � !"�3Kg5"
R5\V�%�����	 � !"�Q!9Vo	(+��8� � �H�������1	Z%�
�����
z2@� � ��|
0�%=59� � 	 � ��
e-/���^��+=59�������1��!"-�-/!"�(	(%�� � 
�	 � �
-H!"� � ��'2	mK���!"�1	(�659�('>	�!8-H!"� � � � ��
`��!"��
 � 
�	 � ��P � �.58
�	659	 � �Y!"�`�������.5:�U'1�=59� � �R��%�	3�m��� � ���4���w����P�59��� � ��P�%�
�����
C2



� � ��� � 
������



��+=59������� ��!"��� � 	 � !"��
 	D59�j��!g�C59	 � !"�3?
cY5"
����X!"�X	(+��T-������ � !"%�
>����
�%��j	�
CK1�Z�Q-���!"-H!@
��$5B����� � � 
(	(� � ��%�	�����_�A[b � � 	(+X�
!"��� � ��	����j� � P��������

59	�	(+��.�/!"������� !9VY	(+��
����	��^!"�(| �w��!g�C59	���� � � 	(+ � ��	(+��
%�
�����
z23����� � ����
%	m?�����!"	(+������Z!"����
zK$�^�.����
 � P@�X5
� � 
(	(� � ��%�	����}!"-�-H!"�(	(%�� � 
(	 � �*59�jP�!"� � 	(+�� 	�!Q��!"��	(��!"�n	(+�� 
(-H����	(�(%�� 5"������
6
 � �}�8-�N � ��| ���\N$	[59	\	(+���%�
����
���������F? i + � 
Z�/!"	(	�!"�>aF%�-$59-�-���!�5"��+T%�
���

� ��	`5��U'g�=59� � �\5C�"5 � �S59�����\
(-H����	(�(%�� ����
�!"%������ �w�=59��� � � �U	(+$59���
-H!@
 � 	 � !"� 	mK � � 	n57%�
����JaF�=5"
����.� � 
�	(� � ��%�	����.��!"��	(��!"�=V�!"�Z
(-/����	(�(%�� 5"������
�
Z59��� ��� 	e59�.!"-�-H!"�(	(%�� � 
(	 � �[
(-H���ma
	(�(%�� 5"������
�
0��
(-H����	(�(%�� 5"������
�
>��!"��	�����	 � !"����!"�j������	 � �����j'u��!"�1	(��!"�j����� 	m? i + � 
 � 
 -=59�(	 � ��%��S59�(�j'X
(% � 	659�����
� ���U'g�=59� � �
����� � ��!"���
����	�
*59��� �Y+�����	(+��*��%����/��� !9V^%�
�����
 � 
 � �*-H!"�(	659��	C? i +��.59�jP�!"� � 	(+�� %�
���
zK � �
5 � � ��������
�
>��!"��	��mlU	CKe59�X5"��59-�	659	 � !"� !9V8	(+��<
/�R59�(� � ��	����j� � P��������T�
��	65paF+���%�� � 
(	 � �@K^5$�
��	(+�!g� � ��
(- � �����
V���!"� 	(+��>
(	(%��U'4!9VZ
�!g� � 59� � ��
�����	�
+���@? P�?� \59�1	�
CKo�H����
CK �^5"
(-�
CKH	����(� � 	���
%	m?�� 	8��� � ��P�
:k=�ml � � � � � 	�'�K3��!"��%�
(	Ja
����
�
�59���)�U'g�=59� � � � 	�' � �}	(+��*
(-H����	(�(%�� 59�j��!1�C59	 � !"�3? * %�� * �(	(+�!"P�!"�=59��������01%�������'}t � � � 
 � !"�q_�%��j	 � -����
AY������
�
�� * �yt:_�A�	e59�jP�!"� � 	(+�� �w��%��j	 � aF%�
���� * �(	(+�!"P�!"�=59�	������01%�������'<t � � � 
 � !"��_B%��j	 � -����ml � ��P0� * � t:_ 	/	
��� � ��P�
�59� � ����!C�@59	 � ���

����dVwa�
(-H����	(�(%�� -��S59��� � ��P$�
��	(+�!1�)5"��59-�	 � ��P$	(+��>
(-H����	(�(%�� 59�j��!g�C59	 � !"� � * � t:_
h1%��Ua&bR59�(� � ����
.�Fh�b�	&
 	�5"����!"��� � ��P�	�!�	(+��*��������
C? i + � 
�59-�-���!�5"�6+ � 
�-=59�(	 � ��%��S59�(�j'q
�% � 	����}V�!"����!"P@� � 	 � ���
�65"� � !@
�59��� �Z!"%�����-���!C� � ���4	(+���� � � 	(+ �U'g�=59� � �4
�-/����	(�(%�� 59�j��!1�C59	 � !"� 59�jP�!"� � 	(+��

C?�� ���������oK[
(%��6+
5"�U�@59�������)�65"� � !@
7+=5����
������!"�U]�P@%��659�����.�C59-=59� � � � 	 � ��
�59�����C59��5"��59-�	7	(+�� � ���/��+=5C� � !"� 5"
�5<Vw%�����	 � !"��!9V
	(+��T����� � ��!"���
����	C? * %��*
�!"�j%�	 � !"� � 
>��!"�*-=59������	�!}!"	(+������
��	(+�!g��
 � �u	����(�

*!9V\0�%=59� � 	 '�!9V[	(+��<]��=59�
���C5"��+����4
�!"�j%�	 � !"�3? i +���
(-H�����$!9V`��!"�������(P�������� 	�!��^59����
75>P�!g!1�B59�j��!g�C59	 � !"� � 
8���"59�j%=59	����o? * %��D����
�%��j	�

�����
!"��
(	(�659	��*	(+�� ���C59�n-H!"	�����	 � 59�`!9VR
(%���+q� � 
(	(� � ��%�	����)��!"�j�S59�H!"�659	 � ���*�
��	(+�!g��
\V�!"�:	65"�6|1� � ��P�	(+��*
(-H���ma
	(�(%�� 59�j��!g�C59	 � !"��-���!"�������$? i +��
��!"�*-����ml � 	�'q!9V[5T���C59� � � ��������
�
�����	��Z!"�(| � 
����������C59	�����59	�	(+��
P@��!"�=59�
���������FK1��'*�
�C59��
^!9Vo
 � �*-����&����!"��	(��!"�j����� 	e��!g�C59� � ��	����65"��	 � !"��
z? i + � 
e�H!"	(	�!"�>aF%�-�59-�-���!�5"��+Q����0�% � ����
^��!"�>a
-�����	����j'B����� �
!g����� � ��PT�(%�����
CK��Y+ � ��+ � 
�5.���C59�`��+=59�j������P��>	�!T!z��������!"�
�@K3��%�	:	(+�� �/�����m]�	 � 
\+�%�P��@? �q�
�H��� � �����
	(+=59	�V�%�	(%���� � � ��������
6
�����	��^!"�(|g
�� � �j�Z�/�*�
!"���Q59���q�
!"���<����
 � P@�����u5"����!"��� � ��P4	�!��H!"	(	�!"�>aF%�-
59-�-���!�5"��+���
z?


���
��������������������� ��! #"$������%'&(�)��*+"���&-,."/��&0��&1�(���2�3&4��
'���!��
��5�������������6���� ��! #"$������7/

� � �6+=59���8����'g���.59�



�

X _KUD]0��UD]\�

Á �¸´0�¸�-²¸���G´0�G����� �
�AÇ;�I����§j²«� ���
�Æ§jÇ1�©�����@»��������¸����� �
ÌÂ�©�I�������x²³������±+´`� Ê
ÌÂ�©�I������¿��©Í��;����� ÊJ�+���
ÌÂ�©�I�������Æ§jÇ1�©�¸� Ê+��Ê
� ÐI�������J¬1�;²«���©��� �

�@?�� A[�H!"%�	 � � ��������
�
8b^!"�*��%�� � �C59	 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �
�@? � cR5"�6|1P@��!"%����459���$_4!"	 � �"59	 � !"� ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �

�@? �U?�� �8��	�����!"P�������!"%�
3� � ��������
�
 �q!"�(��� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �
�@? �U? � ���1	����JV������������7�`����
�%�
\b^!"�������(P�������� ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �
�@? �U? � * �����659�j�OA8
6
(%��*-�	 � !"��
RVW!"�D	(+��7{n+�t��q!"�(| ?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �

�@? � {n��!"������� h1	659	����
���1	# RbZ+=59�j������P���
[	�! * ��������!"�
��� * �U#(����	 � ����
 ?7?�?7?�?�?7?�?7?�?7?�?�? �
�@? � AY����!"�*-�� � 
(+��
����	�
759����b^!"�1	(� � ��%�	 � !"��
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	
�@?
� t\!g��%��
����	 * �(P�59� � ~z59	 � !"� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �

� �AÇ¶���+� Î ±+�+§�´\�©²�¥�µ¶�¸²«���¨�;´c�����©�J²³§­���©��� ���
�U?�� ���1	(��!1�U%���	 � !"� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � t\�m]�� � 	 � !"�}59���${n��!"-H���(	 � ��
[!9V`5
h1-/����	(�(%�� �[��
�!"%������ ?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � � i +�� i �659P����U'$!9Vy	(+���b^!"�*�
!"��
�� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � bZ%��(������	:h1	659	(%�
8!9V`h1-H����	(�(%�� A8�j��!1�C59	 � !"� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U? ��?�� _459-$!9VnA[�j��!g�C59	 � !"�4 Zh1-H����	(�(%�� A8�j�
!@
(	0��%��j�j'�A8�j��!1�C59	���� ?�?7?�?�?7?�?7?�?7?�?�? ���
�U? ��? � _��C5"
(%������
���1	�
\bR59�*-=5 � P@��
# Rh1-/����	(�(%�� �8!"	0��%��j�j'Q�\
���� ?�?7?�?�?7?�?7?�?7?�?�? ���
�U? ��? � sylg-���! � 	 � ��P.	(+���h1-/����	(�(%�� �8!"����
 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �
	

�U?
� ��!"�����C5"
(	����B� �������C5"
�� � ��h1-H����	(�(%�� �\
�� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �
	
�U?
� b^!"�����j%�
 � !"� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

� �Æ���
§j��¬;��§�� ÐI�+²³����§j����¬ ¿�����Ê+�©Ç1�������7± ��� ¥Jµ¶��²³�����1´c���©�©�J²³§­���©��� � �
�U?�� ���1	(��!1�U%���	 � !"� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
�U? � � � ��
�	[AR	(	����*-�	�
 � �8� ���ml � ������h1-/����	(�(%�� A[�j��!g�C59	 � !"� � �4b^���j�j%��S59�\h1'U
(	����

 ?7?�?7?�?7?�?�? � �
�U? � t7hgA 59	[5
�\�S59����� ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � �[��� � ������
����4h1-/����	(�(%�� h1%�������
�
 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
� * -/���4h1-H����	(�(%��0 e5*�\��� � � 
 � !"�$!9V 	(+�� h1-/����	(�(%�� �8��
�!"%������ ?�?7?�?7?�?�?7?�?7?�?7?�?�? ���



� � ���������	����


�U?
� �8��� * -�-H!"�(	(%�� � 	 � ��
 � � 	(+B	(+���b^!"P@� � 	 � �����\5"� � !@
 ?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
�U?�� hgt\� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
�U? � b^� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	
�U?
�U? � M8��tDA\�[{/A i ����+���!"��!"P@' ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U? 	 h1-/����	(�(%�� i �65"� � ��P ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��

�U? � b^!"�����j%�
 � !"� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��


� ¦R���¸����´`���;§j��±:���+§���±����©� � �
��?�� N � 
(	[!9Vn�8!"	659	 � !"��
DV�!"�Y	(+ � 
\bZ+=59-�	���� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
��? � ���1	(��!1�U%���	 � !"� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
��? � ��!"�(�.59�j�j'$t:�m]�� � ��P<5*�85"� � !*�8��
�!"%������ ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
��? � {����JVW!"�(�.59������A8�=59�j'U
 � 
D!9Veb^!"��� � �����B�8!"%�	 � ��P<59���Bhg��+����U%�� � ��PT_4��	(+�!1��
 ?�?7?�?7?�?�? ���

��? ��?�� ���1	(��!1�U%���	 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
��? ��? � 
8%���% � ��P._�!g����� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
��? ��? � _���	(+�!g�$5 	 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	
��? ��? � _���	(+�!g�T� 	 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
��? ��?
� _���	(+�!g����	 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
��? ��?
� _���	(+�!g��� 	 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 

��? ��? 	 _���	(+�!g����	 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �"�
��? ��? � _���	(+�!g�QV%	 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
��? ��?
� _���	(+�!g�TP 	 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
��? ��?��#
 b^!"�*-=59� � 
�!"�B!9Vn_���	(+�!g��
 ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

��?
� b^!"�����j%�
 � !"� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	

� ¿J��§�´0� �
����� � ��� ¥J�����+���+Í0���+�0¥�µ¶�¸²«���¨�;´ �������J²�§­���������°µ;���©´\���³§­���©���r¦R�-��Ç1�©�G´ ���
�U?�� N � 
(	[!9Vn�8!"	659	 � !"��
DV�!"�Y	(+ � 
\bZ+=59-�	���� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
�U? � ���1	(��!1�U%���	 � !"� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��

�U? � t\��
6��� � -�	 � !"��!9Vy	(+�� * -�	 � � � ~z59	 � !"��{n��!"������� ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �

�U? �U?�� b^!"��	��mlU	 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
�U? �U? � _459	(+����.59	 � �C59� ��!"�(��%��S59	 � !"�}!9V 	(+�� * -�	 � � � ~z59	 � !"�}{n��!"������� ?�?�?7?�?7?�?7?�?�? ���
�U? �U? � b^!"�*-����ml � 	 'T!9Vy	(+�� * -�	 � � � ~z59	 � !"�4{n��!"������� ?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? �U? � * -�	 � �.59� hg!"�j%�	 � !"�459	[5*�8�C5"
�!"�=59������b^!@
(	 ?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	

�U? � {�!@
�
 � ������_4��	(+�!1��
Y	�!.hg!"�j����	(+���{n��!"������� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
� * -�-/!"�(	(%�� � 
(	 � �>h1-/����	(�(%�� A[�j��!g�C59	 � !"�0� � 	(+4b^!"�j������	 � �������1	����j� � P�������� ?�?�?7?�?7?�?7?�?�? ���

�U?
�U?�� ���1	�������
(	�
D!9Vnt � 
�	(� � ��%�	���� * -�	 � � � ~z59	 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
�U? � bZ+=59�j������P���
[!9Vnt � 
�	(� � ��%�	���� * -�	 � � � ~z59	 � !"� ?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��


�U?
�U? �U?�� bZ%��j	(%��659�ybZ+=59��P�� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
�U?
�U? �U? � �\��!"%�-4b^!"�*��%�� � �C59	 � !"� ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
�U? �U? � t8'g�=59� � ��AY��59-�	659	 � !"� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U?
�U? � h �^59�(� � ��	����j� � P�������� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
� b^!"�����j%�
 � !"� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	

� ��¿ Î Ä �KÌÂ��¤ ¥�±��I���¸´`� � �
�U?�� N � 
(	[!9Vn�8!"	659	 � !"��
DV�!"�Y	(+ � 
\bZ+=59-�	���� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � ���1	(��!1�U%���	 � !"� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � * � t:_ cY5"��|gP@��!"%���� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U? �U?�� {n� � ��� � -�����
 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? �U? � * � t:_ AY�U�"59�1	659P���
 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	��



���������	����
 � �j�

�U? �U? � * � t:_ bZ+=59�j������P���
 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	 �
�U? �U? � * � t:_ A[-�-�� � �C59	 � !"��
8{�����
�-/����	 � ����
[V�!"��� � ��������
�
8h1'U
(	����

 ?7?�?�?7?�?7?�?7?�?�? 	 �
�U? �U?
� b^!"�����j%�
 � !"��
 ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	 �

�U? � b^!"��	��mlU	8!9Vy	(+���� ses`s���
��U?�����h1	659����59����
7h1	(%�� � ��
 ?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	 �
�U?
� � s`ses ��
��U?�����{`����
�����	659	 � !"� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	 �

�U?
�U?�� b^!"��	��mlU	 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	 �
�U?
�U? � cR5"�6|1P@��!"%�����!9V 	(+��7�&s`s`s ��
��U?�����h1	659����59����
 ?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	�	
�U?
�U? � � s`ses���
��U?�����sylU	�����
 � !"��
 ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	�	

�U?
�U? �U?�� ��
��U?����C5>a � � P@+����[t759	65*�859	���
D59	 �U? �T�
�[~ ?�?7?�?7?�?�?7?�?7?�?7?�?�? 	�	
�U?
�U? �U? � ��
��U?������$a^bZ%��(������	7h1	659����59����59	3�U? �Q���[~ ?�?7?�?7?�?�?7?�?7?�?7?�?�? 	�	
�U?
�U? �U? � ��
��U?������7aec^� � �UP�� * -H���659	 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	�	
�U?
�U? �U? � ��
��U?�������a^�\��!"�=59���:59�(�
!"� � ~z59	 � !"� ?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	!�
�U?
�U? �U?
� ��
��U?������7a 
\!�h ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	!�
�U?
�U? �U?
� ��
��U?����mV a^AY������
�
D{ ! � ��	�
\���1	�����!"-/���659� � � � 	 ' ?�?7?�?7?�?�?7?�?7?�?7?�?�? 	!�
�U?
�U? �U? 	 ��
��U?�����P
a � � P@+����[t759	65*�859	���
D59	 �U? �T�
�[~ ?�?7?�?7?�?�?7?�?7?�?7?�?�? 	!�
�U?
�U? �U? � ��
��U?�����+$a^h1-H����	(�(%�� _459�=59P���� ��
��U?����C5 ?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	 �
�U?
�U? �U?
� ��
��U?���� � aesn��+=59�������}hg����%�� � 	�'B59	D_4A[b N3������� ?�?7?�?�?7?�?7?�?7?�?�? 	 �
�U?
�U? �U?��#
 * 	(+����8sylU	�����
 � !"��
D!9Vy	(+�� ��
��U?�����h1	659����59��� ?7?�?7?�?�?7?�?7?�?7?�?�? 	 �

�U?
� f:��!#�Y��{`��!"�������

\59���$N � � � 	659	 � !"��
 ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	 �
�U?
�U?�� b^!9a��ml � 
(	���������!9V i �659��
(� � 	8_4!1����
 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��

�U?
�U? � b^!"�j� � 
 � !"��
859��� � � �������B�\!1����
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��

�U?
�U? � sylg-H!@
������\!1���7{`��!"������� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
�U?
�U? � bR59-�	(%�����sy�o����	 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
�U?
�U?
� _���� � %�� h1	659	�� i +�����
(+�!"��� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U? 	 h � ��%��S59	 � !"�qh1	(%�� � ���${ 59�659�
��	�����
 ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? 	g?�� h � ��%��S59	 � !"��_4��	(� � ��
 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? 	g? � �=5 � �(����
�
[� �����ml���
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U? � * �����659�j�yh1'U
(	���� t:��-���!C'g�
����	:A8
�
�%��*-�	 � !"��
 ?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? �U?�� h � ��%��S59	 � !"��s`��� � ��!"���
����	 ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? �U? � �8��	��Z!"�(|����UV��65"
(	(�(%���	(%�����t:��-���!z'1�
���1	 ?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U?
� �8
����Dt:��-���!z'1�
���1	 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
�U?�� h1'g
(	���� NO!�5"� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
�U? � hg���(� � ����{`��!9]���� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
�U? � 
\!�h$b^!"��	(��!"� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	
�U?
�U? � {n��!"-=59P�59	 � !"��_4!1�����O59	 �
�
�[~ � � ����!g!"�[!"���j'"	 ?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	

�U?��#
�h � ��%��S59	 � !"��
�hg�����=59� � !@
 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?��#
U?�� hg�����=59� � !0� ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?��#
U? � hg�����=59� � ! � ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?��#
U? � hg�����=59� � ! � ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��

�U?��#
U? � hg�����=59� � ! � ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U?����Xh � P@�=59��N3������� bR59����%��S59	 � !"��
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?����@?�� { 5"�6|���	 i �659��
�� � 
�
 � !"� ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?����@? � h � P@�=59�ON3������� bR59����%��S59	 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?����@? � ���1	����JV�������������_4!g����� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U?����@? �U?�� i +����(�.59���\! � 
��:��������� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?����@? �U? � ���1	(�65pa������j��� ��	����JVW����������� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?����@? �U? � ���1	����Ja������j��� ��	����JVW����������� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U?��#��h � ��%��S59	 � !"�}�[��
(%��j	�
 ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���



� �j�j� ���������	����


�U?��#�U?�� _45pl � ��%�� AY�6+ � ���"59�����>�:!g!1�U-�%�	 � ��59�$�&
�!"�S59	�����b^���j� ?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?��#�U? � ���*-=5"��	[!9Vn�\
����Yt � 
�	(� � ��%�	 � !"� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
�


�U?��#�U? �U?�� ���1	(��!1�U%���	 � !"� ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
�

�U?��#�U? �U? � �[���S59	���� �q!"�(| ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
�

�U?��#�U? �U? � �:�������659�O{n����
����1	659	 � !"� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
�

�U?��#�U? �U? � _ � ����!9a&bZ�j%�
(	����\t � 
(	(� � ��%�	 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
 �
�U?��#�U? �U?
� �[� � VW!"�(� t � 
(	(� � ��%�	 � !"� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��
�U?��#�U? �U?
� b^!"�����j%�
 � !"� ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��

�U?��#�U? � ���1	����Ja������j�O���1	����JV������������ � ����
��U?����C50�w��!*-H!#�^���[��!"��	(��!"�'	 ?7?�?7?�?�?7?�?7?�?7?�?�?��#
��
�U?��#�U? �U?�� ���1	(��!1�U%���	 � !"� ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��
�U?��#�U? �U? � �[���S59	���� �q!"�(| ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��
�U?��#�U? �U? � �:�������659�O{n����
����1	659	 � !"� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��
�U?��#�U? �U? � b^!C�����659P�� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
 	
�U?��#�U? �U?
�

S
{ 59�659�
��	���� ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
 	

�U?��#�U? �U?
� AO�����659P����7!1!g�U-�%�	D-H���D�8
���� ?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��
�U?��#�U? �U? 	 A[P@P@����P�59	����}�:!1!g�U-�%�	 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��
�U?��#�U? �U? � b^!"�����j%�
 � !"��
\59��� ��%�	(%���� �q!"�(| ?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��

�U?��#�U? � � s`ses���
��U?����C5.h1	(%��U'Bb^!"�����j%�
 � !"��
 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?����#

�U?��#�U?
� {�!��Z����b^!"��	(��!"��A8�jP�!"� � 	(+�� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?����#


�U?��#�U?
�U?�� hg�����=59� � ! � ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
�U?��#�U?
�U? � hg�����=59� � ! � ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?����#�

�U?�����b^!"�����j%�
 � !"� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?����#�
� »����©�©�¸²«�������^ÅnÌ �°¿ Î Ä�� ¥����©�+���©���r¿J����¦��¸� �¡���¨´0§��;²³�nÐI´0µ1���¸���¸´`�¸��� ��� �

	g?�� N � 
(	[!9Vn�8!"	659	 � !"��
DV�!"�Y	(+ � 
\bZ+=59-�	���� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? � ���1	(��!1�U%���	 � !"� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? � * � t:_4A�b^!"�1	��mlg	 ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?����
	
	g? � b^!"�j������	 � �����\N * �yt:_�A ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?����#�
	g?
� h �^59�(� � ��	����j� � P���������_�!g����� � ��PQbZ+=59�j������P�� � � 	(+ � ��59� * �yt:_�A b^!"��	��mlU	 ?�?7?�?7?�?�?������

	g?
�U?�� ���1	(��!1�U%���	 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g?
�U? � * -�	 � � � ~z59	 � !"��{n��!"������� ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g?
�U? � t � 
�	(� � ��%�	���� * -�	 � � � ~z59	 � !"� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#� �
	g?
�U? � h � ��%��S59	 � !"��{`��!"-=59P�59	 � !"�4_4!1����� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
	g?
�U?
� t\��
6��� � -�	 � !"��59���$_4!1����� � ��P.!9Vy	(+����\��%�� � 
(	 � � ?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���

	g?
�U?
�U?�� �:�������659�O{n����
����1	659	 � !"� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
	g?
�U?
�U? � A[�jP�!"� � 	(+�� �8��P�!"	 � 59	 � !"�4h1	���-�
� `���1	(�65paF��!1��� * -/���659	 � !"��
 ?�?7?�?7?�?�?��#� 	
	g?
�U?
�U? � A[�jP�!"� � 	(+�� �8��P�!"	 � 59	 � !"�4h1	���-�
� `���1	����JaF��!1��� * -/���659	 � !"��
 ?�?7?�?7?�?�?��#���
	g?
�U?
�U? � A cY5"
 � ���q!"�(| � ��P.syl�59�*-���� ?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?�����

	g?
�U?
�U?
� A[�jP�!"� � 	(+�� �\��P�!"	 � 59	 � !"� h1	���-�
# 
� ��	����JaF��!g��� * -H���659	 � !"��
 a:�e59� � 59�����


8%=59��	 � ]=�C59	 � !"��h1	���- ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g?
�U?
�U?
� A[�jP�!"� � 	(+�� �\��P�!"	 � 59	 � !"� h1	���-�
# .� ��	(�65paF��!g��� * -H���659	 � !"��
 a7_4!"��� � �

t\��	65 � ��
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g?
� ���*-=5"��	[!9Vy�e59�(' � ��P
	(+���A8�jP�!"� � 	(+��$2r
\b^!"��	(��!"� { 59�659�
��	�����
 ?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

	g?
�U?�� h1��!"-/�7!9Vy	(+�� i +�����
(+�!"��� � ��P ��%�����	 � !"� ?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g?
�U? � b^!"��	(��!"�j� � ��PX	(+��4h1'U
(	����$2r
.NO�C59�(� � ��PX59��� ��!"�(P���	(	 � ��P�bR59-=59� � � � 	 � ��
T�U%�� � ��P�5

�8��P�!"	 � 59	 � !"�B{`+=5"
�� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 

	g?
�U? � b^!"��	(��!"�j� � ��P 	(+���h1'U
(	����$2r
$NO�C59�(� � ��P�59��� ��!"�(P���	(	 � ��P bR59-=59� � � � 	 � ��
$�H��	��Z�����

�8��P�!"	 � 59	 � !"�B{`+=5"
���
 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �



���������	����
 � l

	g?
�U? � b^!"�����j%�
 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 	
	g? 	 ���*-=5"��	[!9Vy�e59�(' � ��P
	(+���{n��!"�������$2r
\����-�%�	D{y59�659�
��	�����
 ?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 	

	g? 	g?�� h1%��������4bZ+=59�������O�e59� � 59	 � !"��
[�/��	��Z�������\��P�!"	 � 59	 � !"��{`+=5"
���
 ?�?�?7?�?7?�?7?�?�?���� 	
	g? 	g? � bZ+=59�������3�e59� � 59	 � !"��
3� � 	(+ � ���8��P�!"	 � 59	 � !"�4{n+=5"
���
 ?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �
	g? 	g? � ���*-=5"��	[!9V

M
59���

N
�@59� � 59	 � !"��
 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �

	g? 	g? � ���*-=5"��	[!9V
nmin

59���
nmax

�e59� � 59	 � !"��
 ?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �
	g? 	g?
� ���*-=5"��	[!9V`59�$A8���(%�-�	\bZ+=59��P���!9V

M
?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

	g? 	g?
� b^!"�����j%�
 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? � iR� �
�maF�=5"
���� �=5 � �(����
6
 ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

	g? �U?�� ���1	(��!1�U%���	 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? �U? � t � 
�	(� � ��%�	���� iR� �
�maF�=5"
���� �L5 � �(����
�
[A8�jP�!"� � 	(+�� ?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? �U? � �[��
(%��j	�
YA8�=59�j'g
 � 
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? �U? � b^!"�����j%�
 � !"� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

	g?
� hg�����=59� � !@
3� � 	(+��
b^!"�*-H��	 � ��PTbZ�S5"
6
���
Y!9V`hg���(� � ��� ?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g?��#
�b^!"�*-=59� � 
�!"� � � 	(+ * 	(+����8_���	(+�!g��
 ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �
	g?����Xb^!"�����j%�
 � !"�459���8��%�	(%���� * -�-/!"�(	(%�� � 	 � ��
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

� »����+²����;���©���;�x§��+¬ ¥J�;Í�Í����I���©���;� �¡���®¿��+���;�-� �P����� � � �
�U?�� b^!"�����j%�
 � !"��
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��
	(�
�U? � h1%�P@P���
(	 � !"��
DVW!"� ��%�	(%������q!"�(| ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��
	��

� ÐI�������¨�;§­�������+§��É¢��Â���-���°���O¥ �'§j��´cÐ �����G���©�©Í��¸�;²³� � � �
¼ ¥���´��1�©§­���©���t�Æ�J��� � ���
c:?�� ���1	(��!1�U%���	 � !"� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��
	�	
c:? � _B%��j	 � a��8A i {n�S59	JVW!"�(� * �(P�59� � ~z59	 � !"� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��
	�	
c:? � �[A i t:��
���� � -�	 � !"� ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��
	!�
c:? � h � ��%��S59	 � !"�}{n�S59	JV�!"�(� � �B�8
6� ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#� �
c:?
� b^!"�����j%�
 � !"� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���

» Ð ¢{¢�¢ � ���JÈ ��� ¥���´��;�©§­���©���:ÄP�J¬1�¸� �����
b\?�� ���1	(��!1�U%���	 � !"� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
b\? � ��
��U?����C5<h � ��%��S59	 � !"�4_�!g����� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���

b\? �U?�� �:�������659�Ot:��
���� � -�	 � !"� ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
b\? �U?��@?�� �8��	��Z!"�(|$A8����+ � 	�����	(%�������� �U? �
!9V����	��	 ?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
b\? �U?��@? � �[�mVW������������_�!g����� ��� �U? �*!9V
���	��	 ?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���

b\? �U? � _�A[b�NO5C'���� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
b\? �U? �U?�� _�A[b ���659�
��
&��� 	>!9V
���	��	 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���

b\? �U? � _�A[b�{n��!"	�!g��!"����� �>!9V
������	 ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
b\? �U? �U?�� _�A[b h1%����S5C'����8_}59�=59P����
����	\sn��	 � 	 ' ��������!9V����	��	 ?�?�?7?�?7?�?7?�?�?��#���

b\? �U? � { �
� NO5C'���� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
b\? �U? ��?�� _B%��j	 � �659	��>h1%�-�-/!"�(	&��� �U?
�
!9V����	��59�������
	g? �U? �U? �.!9V�� ����	 ?7?�?7?�?7?�?�?��#���
b\? �U? ��? � { �
� NO5C'����[cDh�hT{y59�659�
��	�����
 ?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
b\? �U? ��? � {`N�b^{ ���659�
�5��!"�(�.59	������
	g? �U? �
!9V
� ����	 ?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?�����

b\? �U? ��? � {`N�b^{�_45 � �B{y59�659�
��	�����
 �����
	g? �U? �U?���59�������
	g? �U? �U? �*!9V
� ����	 ?7?�?7?�?�?������
b\? �U? ��?
� t:59	65 i �659��
(-H!"�(	 i +���!"%�P@+�N�5�'�����
 ?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\? �U? ��?
� bYb^A hg����
 � 	 � � � 	 ' �����
	g? � �#
U?
�.!9V�� ����	 ?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\? �U? ��? 	 bZ+=59������� � ~z59	 � !"� �w�
!g� � ]=�C59	 � !"��!9V����
	g? �U? �U? �U? �.59�������
	g? �U? �U? �U? �.!9V�� ����	 �����
b\? �U? ��? � i �659��
(� � 	\{�!��Z���:N3��������
&�w�
!g� � ]=�C59	 � !"��!9V����
	g? �U?
�U?���!9V
� ����	 ?�?7?�?�?������



l � � ��� ����� ��� ��
�����
��

b\? �U? ��?
� i �659��
(� � 	7h1-/����	(�(%�� _}5"
(| �����
	g? �U?
�U? �
!9V
� ����	 ?�?7?�?�?7?�?7?�?7?�?�?������
b\? �U? ��?��#
 �[����� � �����\bZ+=59�65"��	���� � 
(	 � ��
 �����
	g? � �#
U?��ma �
	g? � �#
U? �T!9V�� ����	 ?7?�?7?�?7?�?�?������
b\? �U? ��?�����A[�1	������=5<bZ+=59�65"��	���� � 
(	 � ��
 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 	

b\? �U?
� h1-/��� � ]=��� �*-������
����	�����A[�jP�!"� � 	(+��

 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 	
b\? �U?
�U?�� b^���j� bZ+=59�������yhg��������	 � !"� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 	
b\? �U?
�U? � �8
����8b^���j��AR	(	65"��+��
����	 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\? �U?
�U? � N � ��|�AY��59-�	659	 � !"� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\? �U?
�U? � �\59����!z����� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

b\? � b^!"�����j%�
 � !"� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
Î ÌÆ��������� �������I���G� »����������©Ç6�����©���+� ��� �
t>?�� ���1	����(�=59	 � !"�=59� ��!"%��(�=59��
 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��
 �
t>? � ���1	����(�=59	 � !"�=59�nb^!"�UVW������������
 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��
 �
t>? � i ����+�� � �C59�`b^!"��	(� � ��%�	 � !"��
\	�!*sn%���!"-H�C59��{`��!9#J����	�
 ?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��
��

Á � � �¸�-�G�+²���� ��� �



l �

� [��^] _�� g �OZ\_bU�� � �

��Ï �9�����:�������659	 � !"�
� Ï �9�����:�������659	 � !"�
���A»
� A8�j	����(�=59	���AY�9#�5"������	7bZ+=59�������
�A»
� AY�9#(5"�����1	\bZ+=59�������
�A»
Ã A[b^f:��!��Y�����UP@�
����	
�A» � A[�1	\b^!"��!"��' * -�	 � � � ~z59	 � !"�
�A¢R¥ AY�U�@59�������$sn�����('g-�	 � !"�}h1	659����59���
�A¦ AY������
�
D{ ! � ��	
¼A» cY5"��|�!9�ub^!"%���	����
¼x¦x¥�Ã c � �=59�('T{`+=5"
���h1+ � V�	Df7��' � ��P
¼A¥ cY5"
���h1	659	 � !"�
¼A¥J� cY5"
 � ��hg���(� � ����A8���C5
¼A¥;¥ cY5"
 � ��hg���(� � ����hg��	
¼�� cY59��� � � �U	(+
¼��9� cZ��!�5"�U�=59��� � � ��������
6
DAY������
�

»°»
� bZ���C59�\bZ+=59�������OA\
�
���
�
��
����	
» Î Ä�� b^!g���7t � � � 
 � !"�B_B%��j	 � -�����AY������
�

»
¿3¦ b^!"�1	�����	 � !"�!��������{ ��� � !1�
»�Ð Á bR59�(� � ���[	�!
���1	����JV��������������859	 � !
» ��¿ Î Ä b^!g����� * �(	(+�!"P�!"�=59� ������0�%�������'�t � � � 
 � !"�$_B%��j	 � -����ml � ��P
»�¦ b^!"�1	�����	 � !"�}{���� � !g�
» Á b^!"P@� � 	 � �����85"� � !
»°¥ bR59�(� � ���:hg����
��



l �j� � 	�� 
 ��� � � � � ��� ���

»°¥JÄP����»
� bR59�(� � ���:hg����
 � ��P._B%��j	 � -�����AY������
�
 �*b^!"�j� � 
 � !"�4AO��! � ��59�����
»°¥JÄP����» Î bR59�(� � ���:hg����
 � ��P._�%��j	 � -�����AY������
�
 �
b^!"�j� � 
 � !"�Bt:��	�����	 � !"�
»
�x¥ bZ���C59� i !Qhg�����
»�� b^!"��	�����	 � !"� � � ����!#�
Î �A¼ t � P � 	659�OA[%�� � !.cZ��!�5"���C5"
�	
Î � Á ¦Æ� t:�mV�����
��7AY�U�@59�������$�8��
��C59����+B{`��!9#J����	�
8A[P�������'
Î �@�É� tDA i A V��659�
�
Î »
� t8'g�=59� � ��bZ+=59������� A8
�
 � P@���
����	
Î »
¿ t � 
(	(� � ��%�	����4b^!g!"��� � �=59	 � !"� ��%�����	 � !"�
Î ¿�¥ t8'g�=59� � ��������01%�������'Bhg��������	 � !"�
Î ¿�� t � 
6������	��$��!"%�� � ��� i �659��
JV�!"�(�
Î Ð t � �/%�
��7� �UV��659�����
Î ÐI¿�¥ t � 
(	(� � ��%�	����B���1	����Ja2���659�
�>h1-=5"���
Î Ì t:!��Y��N � ��|
Î ¥ t � 
�	(� � ��%�	 � !"�4h1'g
�	����
Î ¥�� t\'g�=59� � ��h1-/����	(�(%�� A[�j��!g�C59	 � !"�
Î ¥1¥;¥ t � ������	:hg��0�%���������h1-����C5"�}h1-/����	(�(%��
Î�� ¼ t � P � 	659�3� � ����!.cZ��!�5"���C5"
�	
¢@� s`��!"�j%�	 � !"�=59�('$A[�jP�!"� � 	(+��
¢{Ð ¿�¥ sylU	����������B� ��	����Ja2���659�
�>h1-=5"���
¢�¥;¥ sylU	����������4hg���(� � ����hg��	
¢@�x¥JÐ s`%���!"-/�C59� i ��������!"�*��%�� � �C59	 � !"��
�h1	659����59����
8����
�	 � 	(%�	��
¿3»
� � � l�����bZ+=59�������OA\
�
 � P@���
����	
¿3»°» ���������659� b^!"�*��%�� � �C59	 � !"��b^!"�*� � 
�
 � !"�
¿ Î Î ������01%�������'�t � � � 
 � !"�$t\%�-����ml
¿ Î Ä�� ������0�%�������'�t � � � 
 � !"�B_B%��j	 � -�����AY������
�

¿�¿�� �=5"
(	0��!"%�� � ��� i �659��
JVW!"�(�
¿���¥1¥ ������0�%�������' �\!"-�- � ��PQh1-����C5"�4h1-H����	(�(%��
¿3ÐI¿ � � � ��
(	D� �8� � ��
�	 * %�	



� 	�� 
 ��� � � � � ��� ��� l �j�j�

Ï�¦ Á ¥ �:�������659�O{y5"��|���	:�85"� � !.hg���(� � ���
Ï�¦°¥ �\��!"�=59��{�!@
 � 	 � !"� � ��P�h1'g
�	����
Ï^¥JÄ �\��!"�=59� h1'U
(	����IVW!"�D_�!"� � ���7��!"�*��%�� � �C59	 � !"��

��»
� �8'1��� � �BbZ+=59������� A8
�
 � P@���
����	
��»
¿ �8'g��� � �Bb^!1!"��� � �=59	 � !"� ��%�����	 � !"�
�n�©µ¶�¸��ÌÆ�A¤ � � P@+�-H���JV�!"�(�.59�������65"� � !
N3!g�C59�OA8���C5>�8��	��Z!"�(|
� ��Ì �\�C5"�ga * Vwa�N � ���
Ð ¼A¥;¥ ��������-H����������	\cR5"
 � ��hg���(� � ����hg��	
Ð-»�Ð ���1	����\bR59�(� � ���[� ��	����JVW�����������
Ð Î � t:���1	 � ]=���
Ð Î ¿�� � ��������
���t � 
6������	�����!"%�� � ��� i �659��
JVW!"�(�
Ð ¢�¢{¢ ����
�	 � 	(%�	��7!9Vysn������	(� � �C59�y59���$sn������	(��!"� � ��
\sn��P � ��������

ÐI¿�¿�� � ��������
6���=5"
(	 ��!"%�� � ��� i �659��
JVW!"�(�
ÐI¿�¥ � ��	���� ���659�
� h1-=5"���
Ð ¦ � ��	����(����	8{`��!"	�!1��!"�
Ð-¥�Ð � ��	����\h1'g���H!"�O� ��	����JVW�����������
Ð-¥�Ä � ���U%�
(	(� � 59�FKLhg� � ����	 � ]=�>59����_4��� � �C59�
ÐI�RÅ � ��	����(�=59	 � !"�=59� i ��������!"�*��%�� � �C59	 � !"��
7�[� � !"�
ÌÂ� N � ��|�AY��59-�	659	 � !"�
ÌÂ��¤ NO!1�C59�OA8���C5*�\��	��^!"�(|
Ì ��¥ N � ��� * Veh � P@+�	
Ì Á » N3!"��P.�[��	(�('$b^!"%���	����
Ä��A» _���� � %�� AY������
�
\b^!"�1	(��!"�
Ä »
Ì _ � � � ��%�� b^!"%�-�� � ��P<N3!@
�

ÄPÐ Ä � _B%��j	 � -���������-�%�	[_�%��j	 � -���� * %�	(-�%�	
ÄPÄ�¥ _�%��j	 � �
��� � 5
_4��
�
659P���hg���(� � ���
ÄP¦ Î Å _�A[b {n��!"	�!1��!"��t:59	65
�[� � 	
Ä ¥ _4!"� � ����h1	659	 � !"�
Ä ¥ Î Å _4A[b hg���(� � ����t:59	65
�[� � 	



l � � � 	�� 
 ��� � � � � ��� ���

Ä�� _4!"� � ��� i ���(� � �=59�
Ä � � _��C59�B�e59�j%���A[�=59�j'U
 � 

¤n� � �\��	��^!"�(|�A[�j��!g�C59	 � !"�$�`����	�!"�
¤nÌ �A¥ �\!"�$N � ��� * Veh � P@+�	
��¿ Î Ä * �(	(+�!"P�!"�=59� ������01%�������'Tt � � � 
 � !"�$_�%��j	 � -����ml � ��P
��¿ Î ÄP� * �(	(+�!"P�!"�=59� ������0�%�������'�t � � � 
 � !"�B_B%��j	 � -�����AY������
�

��¿ Î Ä �j¿ Î ÄP� * �yt:_ � � 	(+ � t:_4A
��¿ Î Ä �j� Î Ä�� * �yt:_ � � 	(+ i t:_�A
��¥�Ð * -H����h1'g
(	����

8���1	�������!"��������	 � !"�
¦Æ�A¦ Á { �C59|�aF	�!9a�A������659P���{ !#�^���\�\59	 � !
¦x»
¿ { ! � ��	7b^!1!"��� � �=59	 � !"� ��%�����	 � !"�
¦R¢ Á {y5"��|���	:sn�(��!"�[�\59	��
¦ � � { � �e
 � �C59�
¦�Ì�»�¦ { � �e
 � �C59�ONO5C'����\b^!"�������(P�������� {n��!"	�!g��!"�
¦RÄ Î {n+�'U
 � �C59� _���� � %�� t:��-H����������	
¦R¦ Î Å {eN�b^{ {`��!"	�!1��!"�Ot759	65*�8� � 	
¦x¥ Î Å {`N�b^{ hgt\�
¦x¥ � {y59�(	 � ����� h �R59�(� * -�	 � � � ~z59	 � !"�

� �®Ä 
8%=5"�U�659	(%�����A8�*-�� � 	(%�����_4!g�U%��S59	 � !"�
� �J¥ 
8%=59� � 	�'$!9Vnhg���(� � ���
� ¦x¥JÃ 
8%=5"�U�659	(%�����{n+=5"
�� h1+ � Vw	[f7��' � ��P
Á �{� �85"� � !*AY������
6
 i ���6+���!"��!"P@'
Á » � �\59����!"� 5"������
�
8b��:59�������
Á ¿ �85"� � !�������01%�������'
Á Ã Á Ì �85"� � !
f:��!��Y�����UP����8��-�����
�����	659	 � !"�4NO59��P@%=59P��
Á Ì �[� � �UVW!"�������
����	\N3�C59�(� � ��P
Á�Á Ä �85"� � !*�8��
�!"%�������_}59�=59P����
����	
Á ¥;¥ �[����� � ������h � P@�=59�nh1	(������P@	(+
Á �x¥ �[��01%���
(	 i !Qhg�����



� 	�� 
 ��� � � � � ��� ��� lg�

Á Ê �[����� � ����� � �8����� � �����
¥1» h1%��Ua&bR59�(� � ����

¥ Î ÄP� h1-=5"����t � � � 
 � !"�$_B%��j	 � -�����AY������
�

¥ Î Á hg!9V�	��^59����t:�m]������B�85"� � !
¥ Î Å hg���(� � ���7t759	65*�8� � 	
¥�¿�¤ h � ��P@����������01%�������'��8��	��Z!"�(|
¥JÐ h �R59�(� � ��	����j� � P��������
¥JÐ ¿�¥ h1+�!"�(	[� ��	����Ja2���659�
�>h1-=5"���
¥JÐ ¤ Á h � P@�=59�3	�!*� ��	����JVW�������������\! � 
��7�\59	 � !
¥JÄ�¥ h1+�!"�(	[_4��
�
659P���hg���(� � ���
¥�¤ Á h � P@�=59�O	�!
�8! � 
6�7�859	 � !
¥ Á » h1+�!"�(	[�[��	(�('$b^!"%���	����
¥1¥ h1%���
���� � �H���\h1	659	 � !"�
¥��Æ� h i AR	 � !"�
¥���Ì h1	659����59��� i ���*-��S59	�� N � ���659�('
� Î Î iR� �
��t � � � 
 � !"�$t\%�-����ml
� Î Ä�� iR� �
��t � � � 
 � !"�$_B%��j	 � -�����AY������
�

�R¦°» i �659��
(� � 
6
 � !"�B{ !#�Z����b^!"��	(��!"�
�x¥ iR� �
��h1��!"	
�ÂÊ i �659��
(� � 	(	���� � i �659��
(� � 	(	����
Å ¢ �8
����Dse0�% � -��
���1	
ÅnÌ �[-�N � ��|
Å Ä��x¥ �[� � ������
�59�3_�!"� � ��� i ��������!"�*��%�� � �C59	 � !"��
�h1'U
(	����
Ån� Á � �8_ i h i ���(����
�	(� � 59���85"� � !*AY������
6

Å �5¼ �8�j	(�65 � � ���7cR59���
� ��Ð ¦ �`! � ����!C�����[�&{
�9��¤ � � ���7A[���C5
�8��	��Z!"�(|
�b» Î ÄP� � � �����=59���4b^!g���7t � � � 
 � !"�$_�%��j	 � -�����AY������
6

�5¢{¦ � � ������s`01% � �"59�����1	8{n� � �@5"��'



lU� � � 	�� 
 ��� � � � � ��� ���

�bÌÆ�A¤ � � ��������
�
DN3!g�C59�OA8���C5>�8��	��Z!"�(|
�5Ä � � ��������
�
D_4��� � %��
�5¦É�A¤ � � ��������
�
D{n� � �@59	���A8���C5>�8��	��Z!"�(|
Ë�Ï ����M8	8�:�������659	 � !"�



lg� �j�

� [��^] _�� � [�����Z\�P�

�@?�� syl�59�*-�����!9Vn5
bZ+=59-�-H� i ������P@�659-�+ i !��Z���759���$�\��	��Z!"�(|�_}59- � �
	 ���pa �#����� 	 ?7?�?7?�?�? �
�@? � _�!"� � � � 	 '��`����
(%�
Dt759	65*�859	���
^VW!"�[t � �o��������	\b^!"�*��%�� � �C59	 � !"�)h1'U
(	����

 ?�?7?�?7?�?7?�?�? �

�U?�� AO�@5 � �S59������h1-H����	(�(%�� cY59����
 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �#�
�U? � �85"� � !�������01%�������'�A[�j��!g�C59	 � !"��
 � �$�7hgA ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � �85"� � !�������01%�������'�A[�j��!g�C59	 � !"��
 � �$�\f ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � _��C5"
(%������4h1-/����	(�(%�� * ����%�-=59����'TA������659P����$!z�����:h � l�N3!1�C59	 � !"��
 ?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
� _��C5"
(%������4h1-/����	(�(%�� * ����%�-=59����'�59	:h � lTN3!g�C59	 � !"��
 ?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
� �\��!#�Y	(+4!9V`b^���j�j%��S59�7h1%���
���� � �/����
YV�!"�Y	(+���_}5 � �$�[��P � !"��
8!9V 	(+��
�q!"�(���B%���	 � �$��
 �#
 ?�? �#�
�U?�� � ���C59� hgt:� A[���6+ � 	�����	(%���� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	
��?�� 
8%���%���_4!1�����3�\!"	659	 � !"��
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
��? � _���	(+�!g�B5 	 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	
��? � _���	(+�!g��� 	 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
��? � _���	(+�!g�$��	 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
��?
� _���	(+�!g�$� 	 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 

��?
� _���	(+�!g�$��	 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? �"�
��? 	 _���	(+�!g�TV%	 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
��? � _���	(+�!g��P 	 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
��?
� b^!"�*-=59� � 
�!"��!9V�_���	(+�!g��
R5 	n	�!�V%	 � �Q	����(�

^!9V h1'U
(	���� A[P@P@����P�59	���� i +���!"%�P@+�-�%�	 �r_���-�
 � � �
��?��#
�b^!"�*-=59� � 
�!"��!9Vn_���	(+�!g��
[5 	^	�! V%	 � ��	����(�

8!9Vy_4�C59� ��5 � 	 iR� �
� �r
 � ?�?�?7?�?7?�?7?�?�? � �
��?����Xb^!"�*-=59� � 
�!"� !9V:_���	(+�!g��

��	>59���XP 	 � ��	����(�


!9V�h1'g
�	���� A[P@P@����P�59	���� i +���!"%�P@+�-�%�	

�r_B��-�
 �y59���$_��C59� ��5 � 	 iR� �
� �r
 � ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	

�U?�� t\����!"�*-H!@
 � 	 � !"�4!9V
N
� ��	�!<�\��!"%�-�
8!9Vy� ��	���P�����
 ?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U? � i !"	659�yhg�C59���6+}h1-=5"����h � ~C� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � {n��!"-/!"�(	 � !"�4!9VyA8�j��!g�C59	����$�[��
�!"%�������
 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � A[�1	�
[c^% � ��� � ��P<5 i ���*-/!"�659�('�c^� � �UP��7	�!<bZ��!@
�
859� * ��
(	65"����� ?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
� A[�1	\h1+�!"�(	���
(	[{y59	(+ � � ��� � ��P.syl�59�*-���� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���

�U?�� h1-/����	(�(%�� !9Vn5>_�%��j	 � �C59�(� � ���:h � P@�=59� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	!�
�U? � �\%=59���$� ��	����(�@59� ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	!�
�U? � � � �������B�\!g����
 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��

�U? � sylg-H!@
����$�\!g��� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
�U?
� bR59-�	(%�����sy�o����	 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
� _���� � %�� 59��� ���659�
� h1	659	���A8���C5"
 ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? 	 hg�����=59� � !.NO5C'�!"%�	 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � hg�����=59� � !.NO5C'�!"%�	 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���



lU� �j�j� ��� 
 � ���������	� ��� 


�U?
� �W5 	R�[� � VW!"�(� t � 
(	(� � ��%�	 � !"� �w� 	^_ � ����!9a&bZ�j%�
�	����8t � 
(	(� � ��%�	 � !"� ?�?�?7?�?7?�?7?�?�? ���
�U?��#
�hg�����=59� � !.NO5C'�!"%�	 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ��

�U?������e59� � !"%�
[A\{ N3!g�C59	 � !"��
 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
�U?��#��hg�����=59� � !.NO5C'�!"%�	 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?���� _45pl � ��%�� AY��+ � ���@59����� �:!g!1�U-�%�	RVW!"�[5
h � ��P@�����\
���� � �B5
h � ��P@����� 
�!"�S59	����Bb^���j� ?�?7?�?�? ���
�U?������[%����/���[!9V iR� �
��
[sZ5"��+�cDb �e59�j%����R5"
[t\�65)�Y���`����
(%�
Dt � 
(	659�����7	�!*A\{ ?�?7?�?7?�?�?��#
��
�U?����

S
��
+	Z�`����
(%�
\b^���j�3NO!�5"��59����t � 
(	659�����7	�!
A\{ ?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��

�U?������:!1!g�U-�%�	D�`����
(%�
\b^���j�ON3!�5"�B59���$t � 
(	659������	�!*A8{ ?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��
�U?��
	

S
{ 59�659�
��	���� ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
 	

�U?��#� AO�����659P����7!1!g�U-�%�	D-H���D�8
���� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��
�U?���� A[P@P@����P�59	����}�:!1!g�U-�%�	 ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?����#

�U? ��
�h � ��P@��� b^���j�oa

S
�`����
(%�
[t � 
�	659�����7	�!
A\{ ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

	g?�� �8N * � t:_4A snl�59�*-������ � 	(+ �>�8!g����
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?����
	
	g? � syl�59�*-�����!9V * -�	 � � � ~z59	 � !"�4{n��!"������� �8��
�!"�j%�	 � !"� ?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#��

	g? � t\��
6��� � -�	 � !"��!9Vy	(+�� * -�	 � � � ~z59	 � !"��A8�jP�!"� � 	(+�� {y59�(	�
 ?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
	g? � ���1	����(�=59� 59���$sylU	����(�=59�O� ��	����65"��	 � !"��
 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
	g?
� hg!1� � 59�O� ��
�����	�
Y�U
�� � ��������
�
DA8P�����	�
 ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#� 	
	g?
� bR59-=5"� � 	�'$t\%��659	 � !"�Ua&b^!1� � ��PT59���$A8P@P@����P�59	 � !"��_4����+=59� � 
(� � � 	(+ �*�8!g����
Y!"�4h�b

j
?�?�����


	g? 	 �e59� � 59������
8%=59��	 � ]=�C59	 � !"�}!"�4h�b
j
?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

	g? �
f(x)

A8
�-/����	 �Y+����4hg��-=59�659	����j'��e59�(' � ��P
ϕ
K
α
59���

β
{ 59�659�
��	�����
 ?7?�?�?7?�?7?�?7?�?�?������

	g?
�
∆θij

�e59� � 59	 � !"�$VW!"�D�\!1���
i
!"�4h�b

j
?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 	

	g?��#

∆θij

�e59� � 59	 � !"�45"
854��%�����	 � !"��!9V
β
?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

	g?����u�[%����/���[!9Vn�\��P�!"	 � 59	 � !"�}h1	���-�
85"
854��%�����	 � !"��!9V
β
?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

	g?��#� i !"	659�yh1%�� bR59-=5"� � 	�'B5"
[54��%�����	 � !"�4!9V
β
?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 


	g?���� �[%����/���[!9Vn�\��P�!"	 � 59	 � !"�}h1	���-�
85"
854��%�����	 � !"��!9V
ϕ
K�V�!"�Y	(+��$� � ��
(	\hg�����=59� � ! ?7?�?7?�?�?����"�

	g?���� i !"	659�yh1%�� bR59-=5"� � 	�'B5"
[54��%�����	 � !"�4!9V
ϕ
KUVW!"�Y	(+��$� � ��
(	\hg�����=59� � ! ?7?�?�?7?�?7?�?7?�?�?���� �

	g?���� �[%����/���[!9Vn�\��P�!"	 � 59	 � !"�}h1	���-�
85"
854��%�����	 � !"��!9V
ϕ
K�V�!"�Y	(+���hg����!"���}hg�����=59� � ! ?�?7?�?�?���� �

	g?���� i !"	659�yh1%�� bR59-=5"� � 	�'B5"
[54��%�����	 � !"�4!9V
ϕ
KUVW!"�Y	(+���hg����!"���4hg�����=59� � ! ?�?�?7?�?7?�?7?�?�?������

	g?��
	 �[��-�����
����1	659	 � !"��!9Vy	(+��
θinit

�8-H��59	���bZ+=59�j������P�� ?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g?��#� ���*-=5"��	[!9Vy�e59� � !"%�


θij
�8-/��59	��7_4��	(+�!g��
D!"�$	(+���h1-H�����$!9V`b^!"�1�����(P�������� ?�?7?�?7?�?�?���� �

	g?���� ���*-=5"��	[!9Vy�e59� � !"%�

θij
�8-/��59	��7_4��	(+�!g��
D!"�$	(+�� i !"	659�nh1%�� bR59-=5"� � 	�' ?7?�?7?�?7?�?�?���� �

	g? ��
 ���*-=5"��	`!9V=	(+��[bZ+=59���������e59� � 59	 � !"��
`�/��	��Z�����.�\��P�!"	 � 59	 � !"�
{n+=5"
���
n!"�>	(+��Db^!"�������(P��������
h1-/����� ?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �

	g? � �u���*-=5"��	:!9Vn	(+�� bZ+=59������� �e59� � 59	 � !"��
8�H��	��^�����)�8��P�!"	 � 59	 � !"�}{n+=5"
���
\!"�B	(+�� i !"	659�`h1%��
bR59-=5"� � 	�' ?�?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �

	g? ��� ���*-=5"��	\!9V 	(+���bZ+=59���������e59� � 59	 � !"��
3� � 	(+ � ���8��P�!"	 � 59	 � !"�4{n+=5"
���
[!"�B	(+���b^!"�������(P��������
h1-/����� ?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?�����


	g? ��� ���*-=5"��	[!9Vy	(+��
M
59���

N
�e59� � 59	 � !"��
8!"�$	(+���_4�C59�$�[%����/���8!9Vy�\��P�!"	 � 59	 � !"�}h1	���-�
 ?�?���� �

	g? �������*-=5"��	[!9Vy	(+��
M
59���

N
�e59� � 59	 � !"��
8!"�$	(+���_4�C59�$�[%����/���8!9Vy�\��P�!"	 � 59	 � !"�}h1	���-�
 ?�?������

	g? ��� ���*-=5"��	[!9V 	(+��
nmin

59���
nmax

�e59� � 59	 � !"��
[!"��	(+��7_4�C59�$�[%����/���D!9Vy�8��P�!"	 � 59	 � !"�}h1	���-�
 �����
	g? ��� �[%����/���[!9Vn� 	����659	 � !"��
YVW!"�

N = 100
?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

	g? � 	 i !"	659�yh1%�� bR59-=5"� � 	�'TVW!"�
N = 100

?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? ��� _��C59�B�8%����H���[!9Vn�8��P�!"	 � 59	 � !"�)h1	���-�
Y-H���DtDA i A i l�5"
[5>Vw%�����	 � !"�B!9V

ξ
?�?7?�?7?�?�?���� 	

	g? ��� i !"	659�yh1%�� bR59-=5"� � 	�'�-H���DtDA i A i l � ���9
 ���8~���5"
[5 V�%�����	 � !"�B!9V
ξ
?7?�?�?7?�?7?�?7?�?�?���� 	

	g? ��
 ��5 � �32r
YVF5 � �(����
�
 � �����ml�-H���8h�b 5"
[5�V�%�����	 � !"�B!9V
ξ
?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������

	g? � � i !"	659��
�%�� �C59-=5"� � 	�'B59���$
(-H������!9Vn��!"�������(P��������>5"
[5�Vw%�����	 � !"��!9V
ξ
?�?�?7?�?7?�?7?�?�?������

	g? ��� �[��
(%��j	�
RVW!"�8hg�����=59� � ! �
� � 	(+�!"%�	0�=5 � �(����
6
 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������



� 	�� 
 ��� � 	 ��� ����� l � l

	g? ��� �[��
(%��j	�
RVW!"�8hg�����=59� � ! �
� � 	(+ �=5 � �(����
6
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? �����[��
(%��j	�
RVW!"�8hg�����=59� � !���� � 	(+�!"%�	0�=5 � �(����
6
 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? ��� �[��
(%��j	�
RVW!"�8hg�����=59� � !���� � 	(+ �=5 � �(����
6
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? ��� �[��
(%��j	�
RVW!"�8hg�����=59� � ! ��� � 	(+�!"%�	0�=5 � �(����
6
 ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? � 	 �[��
(%��j	�
RVW!"�8hg�����=59� � ! ��� � 	(+ �=5 � �(����
6
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 	
	g? ����b^!"�*-=59� � 
�!"��!9Vn_���	(+�!g��
RVW!"� i !"	659�nh1%�� bR59-=5"� � 	�'QVW!"�85 �e59�(' � ��P

M
?�?7?�?7?�?7?�?�?������

c:?�� _B%��j	 � a��8A i h � ��%��S59	 � !"�}{n�S59	JVW!"�(� * �����(� � ��� ?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��
	!�
c:? � hg�����=59� � ! * �(P�59� � ~z59	 � !"� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#��

c:? � �8
����DAR	(	65"�6+��
����	7{n��!g�����U%����7	�!.5>�8A i ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#� �
b\?�� ��
��U?������\��	��Z!"�(|�A8����+ � 	�����	(%���� ?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
b\? � {�!"�(	 � !"�}!9V 	(+��7�(h * �9�&sZb cY5"
 � �7�[�mVW������������_4!1������b^!z���������$�1'Q	(+�� h1	659����59��� ����� ?�?�?��#���
b\? � _�A[b t�b � �>{Zb � ���	� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
b\? � _�A[b {`��!"	�!1��!"�O{`+=5"
���
 ���	� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#� 	
b\?
� �8A�� _4����+=59� � 
�� ����� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#� 	
b\?
� {Zhgt:��59���B{`{`t:� ���659�
����!"�(�.59	\!9V 	(+�� * �yt:_ { �
� � ��� ?�?7?�?7?�?�?7?�?7?�?7?�?�?�����

b\? 	 t:59	65 i �659��
(-H!"�(	\59��� ��!"�(�.59	(	 � ��P i +���!"%�P@+$	(+���N�5�'�����
 � � � ?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\? � * � t:_ { � � ������0�%�������'BbZ+=59��������
[{`�S59��V�!"�8sn%���!"-/� ?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\?
� i �659��
(� � 	(	�����h1-/����	(�(%�� _45"
(| � ��� ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\?��#
 �:�������659���8����� � �����D�[�&#(����	 � !"�B_45"
�| ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 	
b\?����8_45pl � ��%�� AY��+ � ���@59����� i �659��
�� � 	[_�!g���7�`����
(%�
[t � 
�	659�����7	�!*A8{ ?7?�?�?7?�?7?�?7?�?�?������



lgl � 	 � 
 � � � 	 � � �����



l1l �

� [��^] _�� � T � � �P�

��?�� N � 
(	[!9Vn�8!"	659	 � !"��
DV�!"�Y	(+ � 
\bZ+=59-�	���� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?�� N � 
(	[!9Vn�8!"	659	 � !"��
DV�!"�Y	(+ � 
\bZ+=59-�	���� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
�U? � i 5"
(|$59���$�8��
�!"%������7A[�j��!g�C59	 � !"�Bsyl�59�*-���� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � �
�U?�� N � 
(	[!9Vn�8!"	659	 � !"��
DV�!"�Y	(+ � 
\bZ+=59-�	���� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? 	!

�U? � _���� � %�� 59��� ���659�
� h1	659	���
 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � ��N3A\� t\��-���!z'1�
���1	\s`��� � ��!"���
����	�
 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U? � �[����� � �����[AR	(	����1%=59	 � !"�)bR59-=59� � � � 	 � ��
 ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? � 	
�U?
� ���1	����JV���� � ��PQN3��������59	85>�8����� � ����� ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�? ���
�U?
� _ � ����!9a&bZ�j%�
(	����\t � 
(	(� � ��%�	 � !"� �=5 � �(����
6
[59���${ ���JV�!"�(�.59����� _���	(� � ��
 ?7?�?�?7?�?7?�?7?�?�?��#
��
�U? 	 �[� � VW!"�(� t � 
(	(� � ��%�	 � !"� �L5 � �(����
�
[59���${ ���JV�!"�(�.59����� _4��	(� � ��
 ?�?7?�?7?�?�?7?�?7?�?7?�?�?��#
��
	g?�� N � 
(	[!9Vn�8!"	659	 � !"��
DV�!"�Y	(+ � 
\bZ+=59-�	���� ?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
	g? � ����-�%�	\bR59-=5"� � 	 '��e59�j%���
 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �
	g? � iR� �
��sn��!"�j%�	 � !"�4!9V 	(+���h�b �\��P�!"	 � 59	 � !"� ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �
	g? � �[%��
��� � �C59���e59�j%���
YVW!"�Y	(+���h � ��%��S59	 � !"�}{ 59�659�
��	�����
 �w���mV����[	�! ]�P@%�����
 	g?�����59��� 	g?��#� 	 ?������
	g?
� �[%��
��� � �C59�o�e59�j%���
^VW!"�R	(+�� ¿��©���I�A¥�²³�G�+§j�¨�©� h � ��%��S59	 � !"�B{y59�659�
��	�����
&�w���mVW���R	�!�]�P@%�����


	g?����
59��� 	g?���� 	 ?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?����"�
	g?
� �[%��
��� � �C59� �e59�j%���
DVW!"�[	(+�� ¥��¸²³���;¬�¥�²��¸�;§j���©� h � ��%��S59	 � !"�){ 59�659�
��	�����
 �w���mVW���[	�!*]�P"a

%�����
 	g?����
59��� 	g?���� 	 ?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �
	g? 	 �[%��
��� � �C59���e59�j%���
YVW!"�Y	(+���h � ��%��S59	 � !"�}{ 59�659�
��	�����
 �w���mV����[	�! ]�P@%�����
 	g?��#�
59��� 	g?���� ?�?���� �
	g? � �[%��
��� � �C59���e59�j%���
YVW!"�Y	(+���h � ��%��S59	 � !"�}{ 59�659�
��	�����
 �w���mV����[	�! ]�P@%�����
 	g? ��

59��� 	g? � � ?�?���� 	
	g?
� �[%��
��� � �C59���e59�j%���
YVW!"�Y	(+���h � ��%��S59	 � !"�}{ 59�659�
��	�����
 �w���mV����[	�! ]�P@%�����	g? ��� 	 ?�?7?�?7?�?�?�����

	g?��#
 �[%��
��� � �C59���e59�j%���
YVW!"�Y	(+���h � ��%��S59	 � !"�}{ 59�659�
��	�����
 �w���mV����[	�! ]�P@%�����	g? ���*59��� 	g? � 	�	 ?�?������
	g?����u�[%��
��� � �C59���e59�j%���
YVW!"�Y	(+���h � ��%��S59	 � !"�}{ 59�659�
��	�����
 �w���mV����[	�! ]�P@%�����
 	g? ���>	�! 	g? � 	�	 ?�?�����

	g?��#� �[%��
��� � �C59���e59�j%���
YVW!"�Y	(+���h � ��%��S59	 � !"�}{ 59�659�
��	�����
 �w���mV����[	�! ]�P@%�����	g? ��� 	 ?�?7?�?7?�?�?������
c:?�� _B%��j	 � a��8A i {n�S59	JVW!"�(� N � ���659� � ��
8t\��
6��� � -�	 � !"� ?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��
	 �
b\?�� _�A[b ���659�
��h � ~C� ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?��#���
b\? � * � t:_ { � ���8A i sya�t:��-/���������1	8{y59�659�
��	�����
 ?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?�����

b\? � _45 � �B{ �
� NO5�'����\cDh�hT{ 59�659�
��	�����
 ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� �
b\? � _�A[b ���659�
��h � ~C� ?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\?
� �e59� � � * -H���659	 � ��PQbZ+=59�������O�8%����H����
D��'��8��P@%��S59	�!"�('Qt:!"�.5 � �459����cY59��� ?�?7?�?7?�?�?������
b\?
� i �659��
(� � 	\{�!��Z���:N3��������
YVW!"�Dsn%���!"-H� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\? 	 i �659��
(� � 	\{�!��Z���:N3��������
YVW!"�Dsn%���!"-H� ?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\? � �[����� � �����[{ ���JV�!"�(�.59����� �[��01% � �����
����	�
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?������
b\?
� �:�������659���8����� � �����D�[�&#(����	 � !"�4bZ+=59�65"��	���� � 
(	 � ��
 ?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 	



lgl �j� � 	�� 
 � � � � � � ���

b\?��#
�A[�1	������=5<bZ+=59�65"��	���� � 
(	 � ��
 ?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?7?�?�?7?�?7?�?�?7?�?7?�?7?�?�?���� 	



�

� � m syo'|^v �

� UD]0Z\_�� � �r]\[6_bU

���	� 
 �A������� � 	���!"��
�
�
 �=<><M�'�
�")1%3���7���

�q�.� � ��� � ��5 �Z!"�(���X!9V[�������*�mlU-=59��� � ��P �%� � ��������
�
>��!"�*��%�� � �C59	 � !"���"?qN3��	 %�
 ���m]����<	(+��<	����(�


����!"�*��%�� � �C59	 � !"���>59��� �%� � ��������
�
 �"K=5"
��Z���j�y5"
[5 ��� � �mVn+ � 
(	�!"�('T!9V 	(+�� � �[����!"�j%�	 � !"�3?

��+�'���!g��
D-H��!"-�������!"�*��%�� � �C59	����q��	[
6�����

D	(+=59	D+1%��.59��
\59����
6!1� � 59��59� � �.59��
 �Y+�!*�������B	�!
��!"�>a
��%�� � �C59	���� � 	(+4�C5"��+}!"	(+����C?[bR59� �Z��-/!@
�	(%��S59	���	(+=59	# ^	(+����C5"
 � ���8	(+�� ²³��´`´��1�;�©²³§­���©��� K�	(+���P@���C59	����
	(+��
�������)V�!"����!"�*��%�� � �C59	 � !"��� h � �����.
��������659�`'��C59��
zKO	(+��.	�����+���!"��!"P � �C59�^-���!"P@����
�
���
>5"��+ � ������� � �q	(+��
]=�����)!9V^��!"�*-�%�	�����
�+=5����>-H���(� � 	(	�����59�q�ml���+=59��P��
!9V � �UV�!"�(�.59	 � !"���C5"
 � ���CKHVW5"
�	����CKo��+��C59-H����59���}�
!"���
����� � 59������	(+=59���������[�H�mVW!"���@?Rh1%��6+���!z����� �C59-=59� � � � 	 � ��
759���������C59	 � ��PQ����� �R5�'U
\59���B���C5"
�!"��
8!9V`��!"�*��%Ua
� � �C59	 � ��P�KH	(+�%�
\	(�659��
JVW!"�(� � ��PT	(+�����!"�*��%�� � �C59	 � !"�q+=59� � 	�
\�/��	��Z�����)-H��!"-����@?3��+=59	 � �UV�!"�(�.59	 � !"�)��!g��

-H��!"-������������ 	�!q�ml���+=59��P���� {���!"-����4�mlU�6+=59��P��B� � ������
��$| � ��� !9V���!"�1	�����	�
T
(%���+�5"
# ��
!C� � ��
CK^��%�
 � �@K
- � ��	(%�����
CKgVW!"�(�.59	(	�������!1��%��
���1	�
 �w	�'g-H���oK �Y� � 	(	���� 	mKU��! � ��� ����!"��������
659	 � !"� 	mKL��	��@?nA[�j�H	(+���
�� � �UVW!"�(�.59	 � !"�
�C59�)��!#�R5"��5�'U
��H�>� � P � 	659� � ~C���oK�����
�%�� � ��PB5Q�
!"���>����� � 59�����

(	�!"� � ��P�59���)�ml���+=59��P��@?*� �}	(+ � 
7	(+���
 � 
CK �^�
� � �j�o�H�8��!"�������1	(�659	 � ��P<!"��	(+��\	�����+���!"��!"P � �C59�y5"
(-/����	�
R!9V 	(+��7��!"�*��%�� � �C59	 � !"�3KL5"
Y����
6��� � �/���Q+������C5pV�	����C?

�\!#� ��!g��
7-H��!"-����
��!"�*��%�� � �C59	���� i !g��5�'�K�	(+��
���1	����(����	��.59|���
�%�
7� � ��� � ��5.�^!"�(���ga�
 � ~C�
����	��Z!"�(|
� � �Y+ � �6+u�������('�!"���.�C59���/�
5T-=59�(	�!9V � 	�59���u�C59�q�H�*��!"��������	����q	�!�� � �j� � !"��
�!9VY!"	(+�����
�-/��!"-����@? i +��
�ml���+=59��P���!9V � �UVW!"�(�.59	 � !"�$+=5"
D�
!z�����TVw��!"� 5>������	(�659� � ~C����	�!"-/!"��!"P@' � ��	�!Q5>����������	(�659� � ~C����	�!"-/!"��!"P@'�?
A���!"�*��%�� � �C59	 � !"�<�/��	��Z�����Q5:
6!"%������D59���
!"���Y!"�`
��������659�=����
(	 � �=59	 � !"��
Z�C59�*�/�R� � 	(+���� � � �������w%�
 � ��P

5�	�'g-/�}!9V � � ���}
(%��6+ 5"
� q��!"-�-/��� � � ���@K\!"-�	 � �B]��H��� 	.!"� � � ��������
6
C? h1	(� � ��	(�j' 
(-H�C59| � ��P�K[5 �®�©���¸�©�����
��!"�*��%�� � �C59	 � !"� � 
y5Y	(�659��
�� � 
�
 � !"�>!9VL59� � �UVW!"�(�.59	 � !"��V���!"� 5D
�!"%������Z	�!85[�����
!"	��Z����
�	 � �=59	 � !"�3K!� � 	(+�!"%�	
� � ����
e59����� � 	(+�!"%�	`	(+��R������� VW!"�y	(+��Z�
��
6
659P��Y
�!"%������R	�!\�
!C���Y	�!��^59����
e	(+��Y����
(	 � �=59	 � !"�3? �`���('>59��� � ���1	
59��� � � ������
��R�ml�59�*-�����
y!9V"� � ��������
�
y��!"�*��%�� � �C59	 � !"�.	�����+�� � 01%���
n�C59���H�nVW!"%���� � � 	(+��^+ � 
(	�!"�('�!9V=+1%��.59�Ua
| � ���oK��C5"��+.!"���R	(�(' � ��P7	�!�59��
/�^���`	(+��^V�!"�j��!�� � ��P�01%���
(	 � !"�4 ��m+�!�� 	�!:	(�659��
(� � 	Z59� � �UVW!"�(�.59	 � !"�
�H��	��^�����
5Y
�!"%������Z59����5R�����
!"	��Z����
(	 � �=59	 � !"�3K"
 � �*-��j'�Kp01% � ��|g�j'�59��������� � 59���j'�� �"? _}59��'7��!"�*��%�� � �C59	 � !"�>-���!"	�!g��!"��

59��� � �UVW!"�(�.59	 � !"�T��!1� � ��P 	�����+�� � 01%���
e+=5C���[�H����� � �1������	�����59���
%�
6���o?1�8����� � 
Z57� � 
�	e!9VO
��������659� � � ��������
6

��!"�*��%�� � �C59	 � !"�4	�����+�� � 01%���
# 



� ��� � � 
 ����� � �

�	 � �

• � � 
 � ������
 � P@�=59��
� n
(�
!"P��w%�
����T�1'T� ��� � 59��	(� � �H��
 	mKLbZ+=59-�-H�7	�������P@�659-�+3?
• N � P@+1	(+�!"%�
��.� V�!"�Y�H!�59	�
 	mKU	(�65 �.�7� � P@+1	�
CK��S5"
����D��!"�*��%�� � �C59	 � !"�3?
• AY��!"%�
(	 � ��
 � P@�=59��
# e5"��!"%�
(	 � ��_�!"��
��7��!g� � ��P�?
• sn������	(��!"�.59P@����	 � � 
 � P@�=59��
# e�����j�j%��S59�D�65"� � !1��!"�*��%�� � �C59	 � !"�)
('g
�	����$?

t\%��>	�! � 	�
 � ��	�������
�	 � ��P0� � ��������
�
7��!"�*��%�� � �C59	 � !"�X�C59-=59� � � � 	 � ��
CKo����	7%�
7����
6��� � �/�>	(+��.bZ+=59-�-H�>	������ma
P@�659-�+3? i +���]���
(	\
(%�������
�
JV�%����mlU-H��� � ������� !9V`	(+��*bZ+=59-�-H��	�������P@�659-�+ �^5"
\���C59� � ~C������'4bZ�S59%����
bZ+=59-�-H�
� �
	 ���pa �#��
�� 	 � �0�
	 � �@? i +����3K@+ � 
 � �1������	 � !"� �R5"
n����-���!C'����.59�j��!z����� ���659�����[59���>������� � �

�!"�
�R��!"%���	(� � ��

����!@
��.	�!�	(+��*V���!"��	 � ����
C?T� � �
	 ��
UK � 	 �^5"
�	659| � ��P$VW!"%�����5�'U
��1')	(+��*��!�5"�q	�!������ � ����� 5$�
��
�
659P��>V���!"�
{y59� � 
�	�!}h1	(�65"
(�H!"%��(P ��� � 
(	659�1	 �1' � ��
�|g��	m?���� �
	 ���UK %�
 � ��PB	(+��TbZ+=59-�-/�<	�������P@�659-�+3K � 	 �R5"
�	659| � ��P
!"���j'$	��Z!T+�!"%���
CK/���C5"� � ��PT	�!Q5Q
(-H�����B!9VZ�
��
�
659P�� -���!"-=59P�59	 � !"�q!9V ��� 
<|1� �p+ �w��%��6+}VW5"
(	����\	(+=59�q59��'
!"	(+����D|g��!#�Y�$�
�C59��
8!9Vy��!"�*��%�� � �C59	 � !"�}59	[	(+=59	D	 � �
��	������
i +��>bZ+=59-�-/��	�������P@�659-�+��R5"
8��!"�*-H!@
����4!9V`
��������659��	�!��Z����
75"��	 � ��PQ5"
8	(�659��
(� � 	(	�����
CKL������� � ������
759���

�����S5�'U
D	�!*�ml���+=59��P�� � �UV�!"�(�.59	 � !"�BVw��!"� 	(+���
�!"%������7	�!>	(+��:]��=59������
(	 � �=59	 � !"�3?eA8�j�3	(+��:	�!#�^����
[%�
6����	(+��

659�
�:��!"�*��%�� � �C59	 � !"��-���!"	�!1��!"�O59���T�����S5C'����T	(+�� � �UV�!"�(�.59	 � !"��	�! � 	�
Y����!@
���
�	^��� � P@+1�/!"� � ��P.	�!#�Z���C? i +��
�
��
�
659P��&�^5"
:��!g�����)59���B� � 
(%=59�j�j'$	(�659��
(� � 	(	����4%�
 � ��P�5<
���	\!9V`�
!z� � ��PT�
���6+=59� � �C59�`-=59�(	�
\��!1�C59	����}59	
	(+��7	�!"-$!9Vy	(+��7	�!#�^���C?
i +��$
�'g
(	���� �R5"
<59�j���C5"�U' �Z!"�(| � ��P�5"
<54����	��Z!"�(| ��!"�*-/!@
�����!9V7P���!"P@�659-�+ � �C59�j�j' � � 
(	659�1	
��!g����
CK

59��� � �����j%������ 	(+���VW!"�j��!#� � ��P�V��C59	(%�����
# 45)��!"�*��%�� � �C59	 � !"� -���!"	�!g��!"�FK � �UV�!"�(�.59	 � !"� ��!g� � ��P�KZ�
��
6
659P��
�����S5�' � ��P�K %�-�� � ��|�59������!��Y��� � ��|���!"�*��%�� � �C59	 � !"�3Ky�
��
�
�59P��.��!"�j� � 
 � !"�u����
�!"�j%�	 � !"�X59�������(��!"��������!C�����('�?
AY����!"��� � ��P@�j'�Kg	(+��8bZ+=59-�-H�Y	�������P@�659-�+ �R5"
`	(+��R]���
(	^5"
('1���6+���!"��!"%�
^59���.� � 
(	(� � ��%�	����.sn%���!"-H�C59� � � ��������
6

	���������!"�*��%�� � �C59	 � !"�)
('U
(	����$K�59���$�C59���H�7��!"��
 � ���������45"
Y	(+���59������
(	�!"�[!9Vy	(+��7� ��	����(����	8
�'g
(	����$?

� � P@%���� �@?�� 
(+�!��D
\5
	�!#�^���759����	(+����.59-�!9VZ59�j� 	(+���	�!#�^����
7!9V`	(+�������	��Z!"�(|B%�
6���B�1'�	(+��>bZ+=59-�-H�
	�������P@�659-�+3?

� � ��������
�
\��!"�*��%�� � �C59	 � !"�)%�
 � ��PQ��������	(��!"�.59P@����	 � � �^5�����
 � 
8!"���j'$!"����	����6+�� � 0�%�� !"%�	\!9Vn	(+�� !"	(+����
-H!@
�
 � �����T!"����
CK`��%�	 � 	 � 
>	(+��T�
!@
(	*-���!"� � 
 � ��Pq!"���QV�!"�>�S59�(P���
��C59���T����	��Z!"�(|U
C?X�8!"	��T+�!��Z�������CK^	(+=59	
������� 	(+�!"%�P@+ 	(+��qbZ+=59-�-/�}	�������P@�659-�+ � 
$59� !"��� � � ��������
�
���!"�*��%�� � �C59	 � !"� 	�����+�� � 01%��@K � 	��R5"
$�������
�
!"��� �%� � ��������
6
��$	(+=59� 59��' ��%��(�����1	Q�����j�j%��S59�T
('U
(	���� ���@? P�?� q��hg_ 	m?e� ���������oKD59��' � �UVW!"�(�.59	 � !"��
����1	
V���!"� 5}��hg_ �
!"� � ���Q��!g�C59	���� � ��5B�����j�R	�!}59��!"	(+����>�
!"� � ���<��!g�C59	���� � ��59��!"	(+����*�����j���Z!"%�����%�
(%=59�j�j'
	(�65�������5u��!"��P����$� � 
(	659�����}%�
 � ��P � � ����
T	(+=59� %�
 � ��P�5 � � ��������
�
B��!"�*��%�� � �C59	 � !"�3? b^���j�j%��S59�$
('U
(	����


59��� � ��VW5"��	��m�S5"
�	�� � ��� � � � ��������
�
 ��!"�*��%�� � �C59	 � !"��
('U
(	����

7�H��	��^������5T%�
���� ��0�% � -��
���1	 59����5T�65"� � !
5"������
�
 � �UV��65"
(	(�(%���	(%����:��0�% � -��
���1	CK �Y+������C5"
Z	(+��\��!"�*��%�� � �C59	 � !"�B�/��	��Z����� � �UVw�65"
�	(�(%���	(%����\��01% � -��
����	�

� 
Y%�
(%=59�j�j' � � �����o?

��!"�[	(+��7�����.5 � � � ��P<!9Vy	(+ � 
D��!g��%��
����	CK �Z��� � �j�3���mVW���Y	�! �%� � ��������
�
8��!"�*��%�� � �C59	 � !"��� 5"
[5*��!"�*��%Ua
� � �C59	 � !"��5"�6+ � ������� � � 	(+�!"%�	&� � ���*%�
 � ��P$	(+��*-���!"-=59P�59	 � !"�X!9VY��������	(��!"�.59P@����	 � � �R5�����
CKy59���q�ml����j%�� � ��P
� � 
 � �����:� � P@+�	\
 � P@�=59��
C?

i +��`�C59�(�j'7��5�'U
3!9V � � ��������
�
O��!"�*��%�� � �C59	 � !"��%�
 � ��P[��������	(��!"�.59P@����	 � � �R5�����
 ��59	��n�=5"��|:	�!Y	(+��`- � !"������� � ��P
�Z!"�(|U
y!9V=��59�
��
`bZ�����(|�_}5pl(�^���j� � �#��� �ma �#� 	 � 	 59�����8� � ��� � �6++�8���(	(~�� �#��� 	za �#����� 	m? i +���'�P�5 � �����>5D�H��	(	����
%���������
(	659��� � ��P�!9V=	(+��^-H!@
�
 � � � � � 	 � ��
 	�!:��!"��	(��!"��	(+��^%��������(�j' � ��P\-�+1'g
 � �C59�g�(%�����
n!9V/��������	(��!"�.59P@����	 � ���^5C���



��� ��� ��� � � 
 � 	 ��� � ��� � ��� � � � � 	 ��� 
 	 � � �

� � P@%���� �@?��� `syl�59�*-�����!9V`5.bZ+=59-�-H� i ������P@�659-�+ i !#�^���:59�����\��	��^!"�(|$_459- � �
	 ���pa �#����� 	

-���!"-=59P�59	 � !"�3K � �X!"�������*	�!}
�������59���X������� � ��� � �UVW!"�(�.59	 � !"��%�
 � ��P)	(+���
��Q�65"� � ! �^5C����
C?ucR�mVW!"���T	(+����$K
��������	(��!"�.59P@����	 � �&�^5�����
[-���!"-=59P�59	 � !"���R5"
Y��!"	D%�
�����5"
[5 �
�C59�B!9V�� � ��������
�
D��!"�*��%�� � �C59	 � !"�3?

�\!#�^�������CKo	(+�� ��
(-/����	(�(%�� ����
�!"%������ ���R5"
�59�j���C5"�U'B-�����
����1	7�������(' �Y+������@K � 	
�R5"
�59��%�����59��	 � �q59��'
��!g�C59	 � !"�B!"�$�C59�(	(+�59���$59	[59��'g	 � �
�@KL59��� � 	�
D%�
��
�^5"
[��!"	Y� � � � 	�������'�59��'T� � ������
��:P � � � ��P.
�!"�
���H!1�U'T5
P@���C59	����O� � P@+1	Ja�!9V aF%�
6�`	(+=59� 59�1'1�H!g�U':����
6�`!"��5R-=59�(	O!9V�	(+��`
�-/����	(�(%��$?nh � �����`	(+����3K9����� � � ��������
�
�
('U
(	����


+=5����Z���
���(P��������@? P�?� o�65"� � !�K9	�������� � 
 � !"�3Kp�
!"� � ���`-�+�!"���@K�� � ��������
�
O� ��	����(����	 ��!"��������	 � � � 	 '�K"�����
!"	��e��!"�1	(��!"�FK
��	���	H�����j' � ��P:!"��������� � �*-���!z� � ��P\	�����+���!"��!"P � ��
z?1�8�����^59���e
�!"�
�Z�ml�59�*-�����
 
(+�!#� � ��P\	(+��`P@��!�� � ��P � � ��������
6

�.59�(|���	R
 � ~C�[!z�����^	 � �
�� � �Q	(+�� ������
U2r
Za���� 	!
U2r
zK�VW!"�Z��!"�*�
����� � 59�H%�
��@K1	(+��8cR���j�L�S59�/!"�659	�!"� � ��
R����������!"-H���
	(+��>�����j�j%��S59����!"������-�	C?�� � �������UKo	(+�� ��%����/����!9V � � ��������
�
7
(%���
���� � �H����

�^5"
7P@���C59	����7	(+=59�}	(+��>�1%����H���
!9V�� � ����� � ����
(%���
���� � �H����
 � �$
��������659��sn%���!"-/�C59����!"%���	(� � ��
 ��� � ���S59���oKL�8!"�/�R5�'�KL��	659�j'"	m?

� � ��������
�
.��!"�*��%�� � �C59	 � !"� 	�����+���!"��!"P � ��
Q+=5�������+=59��P���� 	(+�� �^5C' �Z�B��!"�*��%�� � �C59	�� � � !"%��<
�!g� � a
��	 � ��
C?1�\!#�^�������CK�	(+��\�
!"� � ���\�����j�j%��S59�Y�.59�(|���	 � 
R01% � ��|g�j'<����!"�j� � ��P*59���Q+=5"
^�����('<� � ������
6�8����01% � �����
����	�

����-H����� � ��PT!"��	(+���%�
6����
C?[AY����!"��� � ��P@�j'�KH-������ � ��	 � ��PT	(+���Vw%�	(%�����-���!9]�	659�����>
����(� � ����
[VW!"�[	(+������mlg	\P����Ua
���659	 � !"��
R!9V4� � ��������
�
R
('U
(	����

 � 
^��+=59�j������P � ��P�?ZA8
^59�Q�ml�59�*-����@K(�Y+�! �^!"%����.+=5C���8-������ � ��	����Q	(+=59	^�.59��'
%�
�����
7� � P@+1	��H� � � �j� � ��P$	�!T	(�659��
(� � 	�� � �j� � !"��
�!9VR%��UVW!"�(�.59	(	����)	��mlg	7�
��
6
659P���
	� �\!#��KO	(+��*
(%�������
�
�!9V
h1+�!"�(	�_4��
�
659P��.hg���(� � ���0�Fhg_}h2	 � 
�������!"P@� � ~C���u59���)�mlU-���! � 	����)��'}!"-/���659	�!"��
 � �)	(+�� � ����!"�*�
����� � 59�Z!9Vwa
VW����
CK �Y+ � ��� 	(+����.59�(|���	\V�!"�����C5"
(	�
8VW!"�[	(+��
hg_)hg
��W59���}_�%��j	 � �
��� � 5<_4��
�
659P��*hg���(� � ��� ��_4_}h2	&
%	D
(+�!��
59�B�mlU-���!@
 � !"� � �$	(+�� � �D%�
6� � ��	(+��7'��C59��
D	�!*��!"�
�@?

���+�
�-�¸����§j��²¨�\��Ç+¯ ��²³��� ���A�©� �¡�J²��+����¬F���`�©¬1�¸����� �/±+���;Í ���;�A§jµ1µ;����§j²¨�\§��+¬\���+�A§��©Í����¨�����;´`����;§­� �
���;�©¬ ���³���¸§��3���;���1�©¬;¬1�¸�rµ¶�����¸�����©§������{��µ¶�¸²«���¨�;´ �+��� �¡�������+���;�³ÊJ�AÍ��¸�;����§­���©���;�A���
�®�©�-�G�©��������±��I���¸´`�«È



� ��� � � 
 ����� � �

�	 � �

����� � %=)��*#�	����'�
&�%��'&�� �3�����Æ%3���"���

	�

��
�	 ���������������������� "!$#&%'����('��!)!*#+���,(�-

h � �����^5DVW���u'��C59��
 	(+������Z+=5"
��H�����*59� � �������C5"
 � ��P:�1%����H���y!9V������X�65"� � !\��!"�*��%�� � �C59	 � !"�.
�	659����59����

�����C59	����XVW!"�.��!"�*�
����� � 59�[%�
6�@?�A �S59�(P����@59� � ��	�'�!9V:����� 
����(� � ����
.59���$!9�o��������	�!}	(+���%�
�����
 � � 	(+ 59�
%��j	 � �.59	��QP�!�59�^!9V[
6���(� � ���Q5��@5 � �S59� � � � 	�'�59������!"��	 � �1% � 	�'X!9V[
����(� � ���Q59�1'1	 � �
�T59����59�1' �Y+������@?}_4!@
(	�!9V
	(+��*�mlU-/����	����)
����(� � ����
:����01% � ���>+ � P@+q��59	65Q�659	���
 ��
(%���+u5"
:��%�
 � �@K � �.59P��
!"�:� � ����!@
���!#�Y����!�5"��
%	 � � 	(+
+ � P@+������ � 59� � � � 	�'��wP�!g!1�u0�%=59� � 	 '2	mKy+ � P@+�� � 
(-H!"� � � � � � 	�'�� � ��	 � �
�<59����
(-=5"����	mK + � P@+���!"�1	 � ��% � 	 ' �W59���^5C'g

5��@5 � �S59������������� �Y+����X�
!C� � ��P�59������+=59��P � ��Pq���1� � ��!"���
���1	 	
59����+ � P@+ � ��	���P@� � 	 ' �w	�!}�.5 � �1	65 � � !"����

-�� � �@5"��'2	mKU��!�� ��!@
(	 ����+��C59-$	����(� � �=59��
\59�����9!"�Y� � ������
���
 	mKU��!#� ��!"�*��%�� � �C59	 � !"����!@
(	�
zK�59���<%�-�P@�65"���C59�����
	����(� � �=59��
C?
A ��%��(������	(�j'$� � 
���%�
6
����$01%���
(	 � !"� � 
# n	�!.5"�6+ � ������5>��!"�1	 � ��% � 	�'�!9Vy
����(� � ���:VW!"�[5>%�
����CK2�Y+�������
(+�!"%����

	(+�� ��!"�*-����ml � 	 'B�H����!g�C59	���� � � �4	(+���%�
6���\��01% � -��
����	�!"� � ��	(+�������	��^!"�(|4!"� � �4�/!"	(+�� i ����+���!"��!"P � �C59�
-���!"P@����
�
���
n��!:��!"	n����01% � ���Y59��'g�
!"���Y	(+��R%�
����y	�!\+=5����D!"���R����� � ���R-/���n
(	659����59���o?n�\59	(+����CK"�
!"���R	(+=59�.5

 � ��P@���R�85"� � !:AY������
�
 i ����+���!"��!"P@' ���8A i 	 � 
 �H� � ��P � �����j%������ � ��	�!:	(+��R
659�
�R����� � ���@? A8��
�!�K"	(+��[hg!9V�	��R59���
t:�m]��������\5"� � ! �Fhgt:�
	D59�j��!#�D
75.������!"�U]�P@%��659� � � � 	�'}!9V`	(+�����01% � -��
����	�
zK � � 	(+}
�!"�
��	 � �
��
:!C�����JaF	(+��ma 5 � �
��!#�Y����!�5"�T�C59-=59� � � � 	 � ��
R	�!�%�-�P@�65"���:59�Q��0�% � -��
���1	Y!"�^��!"�(������	R
�!"�
�D��%�P�
z?1�8!��Z�������CKU	�!�	(+ � 
^��59	��@Kg��!"	
59�j�^	(+��<�����C59	����X
(	659����59����
 +=5����Q	(%��(����� � ��	�!)5���!"�*�
����� � 59�^�.5"
6
��.59�(|���	>
(%�������
�
z?BAY��	(%=59�j�j'�K`!"���j'
5QVW��� !9VY	(+���� 59���
�����C59�(�j')�H� � ��P45"��!"-�	�������'q5��.5p#(!"� � 	�'q!9VR	(+��
%�
6����
C?��\�����.59���

6!"�
�.�ml�59�*-�����
# 
�\��!"�=59� h1'U
(	���� VW!"�D_�!"� � ������!"�*��%�� � �C59	 � !"��
+�F��hg_ 	mK2� � � �).© K�c^�j%���	�!g!"	(+ .© ?
� 	T� � P@+�	B59-�-H�C59��	(+=59	T������� � V �
!"���)�[A i 
T�/����!"�
�)5��@5 � �S59����� � � 	(+ 	(�����
������!"%�
$�C59-=59� � � � 	 � ��
zK

-H��!"-����

(	 � �j�`�������q
6!"�
�*	 � �
�
	�!B5"��!"-�	 5T����� 	����6+���!"��!"P@'�Ky59���q	�!B5"������-�	�	�!�	(%��(��	(+��
����� !9�o�������
�C59-=59� � � � 	 � ��
 � ��	�!T5>�������o?ZA8�B�ml�59�*-�����!9V`��!"�*�
����� � 59��VW5 � �j%���� � 
[	(+�� � � P@+$-H���JV�!"�(�.59�������65"� � !.N3!g�C59�
A8���C5��8��	��Z!"�(| � � � -/����NOA8��	 �!��
(	659����59��� �Y+ � ��+ �R5"
���!"�*-�����	�����%���	 � �e	(+��.�����oKO��%�	���������� 5"��!"-�	����
��'u	(+��T%�
�����
CKn�H���C59%�
���
 � ��%��j	659����!"%�
(�j'�	(+��.� � � �).© 	�����+���!"��!"P@' �^5"

�6+��C59-/���*	�!}��% � ���oKe���C5"� � ��P)	�!
��+��C59-H���[����� � ����
859���T]���
�	[5��@5 � �S59������!"��	(+��7�.59�(|���	C?
sn����� � V[
��������659�R�[A i 
*59���<
 � ��%��j	659����!"%�
(�j'�5C�"5 � �S59����� � �1	�!B	(+��Q
659�
�Q����� � ���@Ke
(	 � �j�Z�C5"�6+ � � ��������
6


	�����+���!"��!"P@' � 
R����
 � P@�����Q	�!>!"-�	 � �.59�j�j'<!9�o���Y5�� � � � 	�����
���	R!9V�
����(� � ����
ZV�!"�Y5�P � �����Q�659��P��:!9V���!"��� � 	 � !"��
z?
i !�	(+ � 
>��59	��@Ky��!�
 � ��P@��� � � ��������
�
 	����6+���!"��!"P@'�+=5"
 �/������59�����<	�!B�H��	(	���� 
6���(���<59�j�^	(+��<
����(� � ����
 	(+=59�
59��'$
�-/��� � ]=���[A i ?=AY����!"��� � ��P@�j'�K/	(+���|���'T	�!<5"��+ � �����*5.��!"��	 � ��% � 	 '�!9Ve
����(� � ����!"�)5>P@��!"�=59� �=5"
 � 
 � 
[	�!
+=5���� � �1	�����!"-/���659������	�����+���!"��!"P � ��
C? � � P@%���� �@? � � �j�j%�
(	(�659	���
R	(+��:�����S59	 � !"��
�+ � -�
Y�/��	��Z�������@59� � !"%�
Y
('U
(	����


� ��	����(�

[!9Vy�
!"� � � � 	�'�������
�%�
D��59	65>�659	���
C?
A8�$�ml�59�*-�����!9Vn5 VW!"����
������$��!"�1�����(P�������� � 
Y�H��	��^����� ��� �w	(+����[� � ������
659��_�!"� � ��� i ��������!"�*��%�� � �C5pa

	 � !"��
^h1'U
(	���� ���\_ i h2	y
(	659����59��� 	`59��� ��N3A\� �w	(+��D�&s`s`s ��
��U?����[
(	659����59��� 	mK �Y+������ ��� �^!"%����<59�j��!��
VW!"�^5��S59�(P����^��!z�����659P���59���C5�59���<�
!"� � � � 	�'<	(+=59��� N3A\��Kg59��� � N3A\�8
 �Z!"%����T��!"��
 � 
(	 � �Q59��5p�o!"����59�����
59���$�%�.� � ���1	�����+��C59-}59���$01% � ��|g�j' � ��
(	659�j�����$�65"� � !
��0�% � -��
���1	�
 	 � � ��������
6
D	�����+���!"��!"P@'�	�!>-���!z� � ����+ � P@+
��59	65>� � 	D�659	���
 � � 	(+ � ��5>� � � � 	����$��!z�����659P���59���C50�w+�!"	[
�-/!"	 	eVW!"�Y��! � ����59���$��59	65*
6���(� � ����
C?



����� ��� � ��� � � � � � � � � ��� � 
�		�6� 
 	 � � �

� � P@%���� �@? �  `_�!"� � � � 	 'T�`����
(%�
Dt759	65*�859	���
YV�!"�Dt � �o��������	\b^!"�*��%�� � �C59	 � !"�qh1'U
(	����



	�

��

� 
 � �)��������������
 ��� ���,!) "!��*����������������
 �

�[��P@%��S59	�!"��
*59�j��!1�C59	��Q5B
�-/����	(�(%�� �=59���qVW!"���C5"�6+u����� 
('U
(	����$K 59��� � ��	����Ja�
�'g
(	���� -���!"	�����	 � !"� � 

����
(%���������'q
���	(	 � ��P)5�
(-H����	(�(%�� 
6��-=59�659	 � !"� �wP@%=59���u�=59����
 	:�H��	��^�����X����!@
6�.
('U
(	����

C?Tsn�����u	(+�!"%�P@+
��!"-�- � ��P<V�!"� � ��	����Ja�
('U
(	���� � ��	����JVW����������� � � �#
�
 
 !9V`	(+����C5"
���
 � 
85.�����('$� � �.��%��j	\	65"
(|/KL	(+������ �ml � 
(	�
\5
	(�65"���ma�!9���/��	��Z�����Q!C�����JaF-���!"	�����	 � ��P>
('g
�	����

 Vw��!"� � �1	����JV������������[��'*���UV�!"��� � ��P�!C�����Ja�� � �
����
 � !"�����<P@%=59���
�=59����
CK=59���0�^5"
(	 � ��P.
�-/����	(�(%��$?
A8��
�!�Kn	(+������ � 
*59��!"	(+����
	(�65"���ma�!9��	�!)��!"��
 � ����� �Y+���� ���C59� � ��P � � 	(+����C59�R
�-=59	 � 59�D����-���!C'g�
����	�
.!9V


��������659�4� � ��������
6
Y	�����+���!"��!"P � ��
 � �B59�B59���C5U?e� ���������oK�
(-=59	 � 59�j�j'�!C�����(�S59-�- � ��PQ����	��^!"�(|g
[-���!C� � ����5 �H��	(	����
� � ������
 � 	 '�!9VL
����(� � ���R5"
��^���j��5"
n58��!"��	 � �1% � 	�'*!9V=
����(� � ���e	�!\	(+��Z%�
�����
CK9��%�	`59	�	(+��^
659�
�^	 � �
�@K � 	 � �������C5"
6��

� ��	����Ja�
�'g
(	���� � ��	����JVW�����������@? ��!"�[�ml�59�*-����@K"� N3A\� 
�'g
(	����

z2�����-���!C'g�
����	�
:��!"%����$�65 � 
���
(-/����	(�659� ��!1�mlga
� 
(	���������-���!"�������

 � � 	(+4!"	(+����\
�'g
(	����

[��
(-/��� � 59�j�j' � � 	(+ �9���4�7�������659	 � !"� ����� 	D
('U
(	����

CK���������	(+�!"%�P@+
	(+���'�59������!"��
 � ����������5"
[��!"�*-������
����	659�(' � �$	����(�

D!9Vn!9�o�������$
����(� � ����
C?
c^'�����-���!z' � ��P)�
!"���.� � ��������
�
 	����6+���!"��!"P � ��
 � �X	(+��T
659�
�Q59���C5UKe	(+��Q���������R!9V8�65"� � !)��� � 
�
 � !"��
 � �Ua

�����C5"
���
C? i + � 
 � 
<��
�-/��� � 59�j�j' 	(�(%�� � V�%�
�����
�59����%�
 � ��P���%��j	 � a��[A i ��01% � -��
����	�
.� � 	(+ ��%��j	 � aF+�!"� � ��P
�w%�
 � ��P>
 � ��%��j	659����!"%�
��j'<
��������659�H�[A i 
 	n�C59-=59� � � � 	 � ��
# `	(+��D����
(%��j	 � 
^59� � �������C5"
�� � �<	(+��\������
 � 	 '.!9V3�65"� � !
��� � 
�
 � !"��
zKn-/!"	����1	 � 59�j�j'u���C5"� � ��P)	�! � �1	����JV�������������-���!"�������

z?�� ���������oKn	(+��T���������Y!9V8-���!"	�����	 � !"� � �X	(+��

(	659����59����
�59��� %�
(%=59�j�j'B����
 � P@�����}5"����!"��� � ��P�	�!�5<�����(	65 � �)���������n!9V^59P@P@����P�59	����)
 � P@�=59��
:��!"�(����
(-H!"��� � ��P
	�! ��!"�*�
!"�T������
 � 	 � ��
^!9V�%�
�����
e-H���R����� � ��!"���
����	C? �\!#�^�������CKU��%��j	 � aF+�!"� � ��P.�C59-=59� � � � 	 � ��
Y�6+=59��P��\	(+���
��
������
 � 	 � ��
CK"�Y+ � ���7	(+���
(	659����59��� �^!"%����������.5 � �B%����6+=59��P����o?j?j?

� �������+�������:�©�x���~§��©�©���D´0���-��¬;±+�+§�´\��²�§����©�J²³§­���©��� ���3���;�n��µ¶�¸²«�����1´:ª1�©�t����¬;�¸�°������§ ���§j¬;�­§�����§jÍ������n���;���1�J�+����¬ �¡�-�����+�G�+²¸���¸� ���(´\� ���©Í�§­���9���;����´0µ1§j²«�t���^����������º7�I±��I���¸´ §��+¬�������-§Gº7��±��I���¸´c�������¸� �¡�����¸�;²³��È



� ��� � � 
 ����� � �

�	 � �

	�

��
�� � ��������(�(�� !)!  ��
	���%'��� ! ����� ���"�
����� #+�����

i + � 
Z{n+�t �Z!"�(|>	(� � ��
e	�!7-���!"-/!@
6� � ����!C�@59	 � ���\59�jP�!"� � 	(+��

R59�����Y	�!�59�j��!g�C59	��Y	(+��D
�-/����	(�(%�� ����
�!"%������
�
!"���.�U'g�=59� � �C59�j�j'q!C������	 � �
�<59���u
(-=5"���*	�!�	(+��.%�
�����
CK�5"����!"��� � ��P4	�!�	(+�� � ���"59�(' � ��PB��������
 �w�"59�(' � ��P
	(�65 �.�}�����.59��� 	m? �q�)5"
�
(%��
�4	(+=59	�5�%�
6���Q�6+�!1!@
���
$5u�[A i VW!"�<	(+��}
����(� � ���4!9�H�������o? � ���C5"
6�4!9V
��!"��P���
(	 � !"�3K^!"%��
59-�-���!�5"��+ � 
>	(+=59	*	(+�� � �UV��65"
(	(�(%���	(%����T	(� � ��
>	�!q5"��01% � ���<�
!"����
�-/����	(�(%�� � ��
(	��C5"��!9V
+=5�� � ��P 	(+��D%�
����e�6+=59��P��8�8A i � � �1	����Ja�
('g
�	���� +=59����!z����� 	m?`AY����!"��� � ��P@�j'�K(�Z�:59���^5�'U
^��!"��
 � �����Z	(+��[-/! � �1	
!9Vy� � ��� !9V`5*
 � ��P@���7�8A i ? i +��7�ml�59�*-�����%�
�����	�!>�@59� � ��59	���!"%��859�jP�!"� � 	(+�� � 
85���N3A\� 
('g
�	����$?
� � �����*	(+��Y!z�����659�j�=��!"�������(P��������8!9V/
('U
(	����

 	�!#�R59���<59�
�&{ya �Z!"�(���oK�P � �����*	(+=59	 ��
��U?����Y
('U
(	����

y%�
��Y5

-=5"��|���	JaF�=5"
6���$��!"�*��%�� � �C59	 � !"��VW!"�R�/!"	(+T��59	65�	(�659��
JVW���Y59���Q��! � ���+�w�`!@�&{ 	^
����(� � ����
CK�P � ������	(+=59	R-=5"�6|���	
	(�659��
(� � 
�
 � !"����!g��
[��!"	8����
����(��� 5
�65"� � !.����
6!"%������ �Y+����4��!"	[%�
 � ��P � 	CK�	(+�� 
('U
(	���� �Z� 
(	(%��U'T%�
���
8	(+��
	(�659��
(� � 
�
 � !"�B!9V �65"� � !
-=5"��|���	�
C?

�q�e5"
6
(%��
�n�
!"���yk=�ml � �����3�W5��@5 � �S59�����e
�-/����	(�(%�� � � 
6��!C�����('�K"��!"�Ua���!"��	 � P@%�!"%�
y
(-H����	(�(%�� VW!"�O5Y
('U
(	����$K
��	���	^����P@%��S59	�!"�('T�(%�����
859����
��.59�(	����[��0�% � -��
���1	�
3� � 	(+B������!"�U]�P@%��659�������C59-=59� � � � 	 � ��
 � ��Vw����01%������ � ��
C?

�q�.� � �j�R�H�Q��!"��
 � ����� � ��P)%���� � ������
�����
(-H����	(�(%�� �=59����

5"
>	(+��<-��S5C'1P@��!"%�����V�!"�*
(-H����	(�(%�� ���C59�j��!9a
�C59	 � !"�3?�h1%���+��=59����

59���Q
(-H����	(�(%�� -/!g!"��
>
(+=59�������1'u
��������659�Y!"-H���659	�!"��

59���u��01% � -��
����	�
zK � � 	(+X��!

(-H����	(�(%�� � � ������
�������01% � �����o? �����C5"
��B!9V�
(-H����	(�(%�� 
(+�!"�(	659P�� � � 	(+�� � � � 	 � 59�\
�-/����	(�(%�� �=59���oKY	(+������
� � P@+�	<�/��5}-H!@
�
 � � � � � 	 'u	�!}	����*-H!"�659� � �j'X%�
��$
(-H����	(�(%�� V���!"� 59��!"	(+����.�=59���oK^��������Vw��!"� 5)� � ������
����

(-H����	(�(%�� �=59���B59�j��!g�C59	�����	�!
59��!"	(+����[	����6+���!"��!"P@'�?
�\
 � ��P*5�� � 
(	(� � ��%�	����T��!"��	(��!"�FKU%�
6���^��01% � -��
����	�
D59���\
(%�-�-H!"�(	 � ��P�	(+��8	65"
(|.!9V3��!g�C59�j�j'
�.59�=59P � ��P>	(+��

����	��^!"�(|
�65"� � !�����
�!"%������@? i + � 
 � 
Z
 � � � �S59�e	�!�	(+��[� ��	����(����	^-�+ � ��!@
�!"-�+�'�K �Y+������\5�
 � P@� � ]=�C59�1	Z-=59�(	R!9Vo	(+��
����	��^!"�(| � ��	����j� � P�������� � 
[��!1�C59	����459	D	(+����H!"�������C? * %��[-���!"-H!@
����B59�jP�!"� � 	(+�� 	�!<59-�-���!"-�� � 59	����j'�59�j��!g�C59	��

(-H����	(�(%�� VW!"�j��!#�D
*5$�/!"	(	�!"�>aF%�- 59-�-���!�5"��+4 *Vw��!"� 	(+��
%�
���� ���������^	�!$	(+��Q�����j�Z���������FK`59���u	(+����u%�-u	�!
	(+�� ����	��^!"�(|4���������F? i +�� � ���C5 � 
8	�!Q-���!"-=59P�59	��*	(+��>!"-�	 � � � ~z59	 � !"�)V���!"� 	(+�� %�
����:���������n	�!<	(+��>!z�����659�j�
����	��^!"�(|/?
�\
 � ��P�59� * �yt:_�A ��!"��	��mlU	 �w��%��j	 � aF%�
���� * �yt:_ 	mK^!"%��$59�jP�!"� � 	(+��

 � 
<	���
�	���� 	�!X!"-�	 � � � ~C�4	(+��

* �yt:_ h�b 59�j��!g�C59	 � !"��!z�����D	(+��7%�
�����
z?`cR!"	(+�	(+���{ � � � * �yt:_ 	R59����	(+���_4A[b � � ��	����j� � P����1	\��!g!"��� � a
�=59	 � !"� 	8�S5�'�����
 59���8#J! � �1	(�j'4!"-�	 � � � ~C��� ������!@
6
JaF�S5�'�����!"-�	 � � � ~z59	 � !"� 	mK ��
(-H��� � 59�j�j' �Z�>+=5C���
��!"��������	(�659	����
� � 	(+459�����*-�+=5"
 � 
[-�%�	8!"�B	(+���_4A[b��S5�'����C?RA\
85>����
�%��j	CK�k=�ml � � � � � 	�' � �B
(-H����	(�(%�� 59�j��!g�C59	 � !"� � 
[�.5"���
-H!@
�
 � �����@?
i +���P��������659�n��!"�����j%�
 � !"��
 � �4�6+=59-�	���� � ����
���� � �H��
8	(+���-/!@
6
 � �������mlU	�����
 � !"��
\!9V`	(+ � 
 �Z!"�(|$	�!Q!"	(+����


������=59� � !@
CKL59��
�!*�mlg-��S5 � � � ��P��Y+=59	D��������
�
659�(' � �*-���!C�����
���1	�
:�C59�$�/�7��!"���@?

����� � 	����'!"�¶< 4{��%3���¶<K�����1C 
��'%�!"!7���
#���
O����� ���6	�)1�=<K����� ������)+��������


* %��7!"�U#J����	 � ��� � 
\	�!Q-���!"-H!@
�� ����� 59�jP�!"� � 	(+��

7V�!"�7�U'g�=59� � �C59�j�j'}59�j��!g�C59	 � ��P$
(-H����	(�(%�� !z�����7	 � �
�
59���$
(-=5"���@K�5"
 �Z���j� 5"
YV�!"�D
�!"�j� � ��P

�!"�
��!9Vy	(+��7��%��(������	8� � � � 	659	 � !"��
 � �$
�-/����	(�(%�� %�
6�@?

�\������59���7
�!"�
��!9Vy	(+��7��%��(������	\��+=59�j������P���
8	�!
!C��������!"�
�� 



����� � � � � � ��� � 	���� � � ��
�� � � � ��� ��
���	 � � 
�	 � � � 	

• �\!#� 	�!.5"��+ � �����>5>P@���C59	����Dk=�ml � � � � � 	�' � ��
(-/����	(�(%�� ����
�!"%�������5"������
�
\59����%�
��@K2�Y+ � ������!"��	(��!"�j� � ��P� �1	����JV���������������������� �

• �\!#��	�!�P�!�Vw��!"� 59�.%��������JaF%�
����Q
(-H����	(�(%�� �w����	��Z!"�(|
����
�!"%�������
Y59���8� � �
����
 � !"�����.	�!>59��
�!"�(�<	(+��
��%�
�'<+�!"%��D	(�65 �.��	Y	�!
5�k=�ml � ������%�
����

• �\!#� 	�!>59-�-���!"-�� � 59	����j'T5"��59-�	R	(+��\
(-/����	(�(%�� ����
�!"%������ � �$5"����!"����59����� � � 	(+Q	(+��\	(�65 �.�:�����.59��� �

• �\!#� 	�!Q�H���
!"���
5#�^59���
!9VZ	(+��*
(-=59	 � 59�`� � �
����
 � !"����� �}!"	(+������^!"����
CKo+�!�� 	�!<�
!"���*�%�.� � ���1	(�j'����%�
6�R	(+��^
�-/����	(�(%�� �1'�	659| � ��P � �1	�!�5"����!"%���	n	(+��R�@59� � 59	 � !"��
 � �*	(+��^-���!"-=59P�59	 � !"�.��!"��� � 	 � !"��
`!z�����

�-=5"����59����	 � �
���

• �\!#� 	�! � ������	 � V�'�59�����6+=59�65"��	���� � ~C��
�-/����	(�(%�� +�!"����
 �

• AY����!"��� � ��P4	�!0�Y+ � �6+u�
!g�����e
(+�!"%���� �Z�Q����������!"-�5$
��.59�(	�����_4A[b-� � 	(+u��!g!"-/���659	 � !"���H��	��Z�����
	(+���%�
�����
	�

• ��+ � ��+$����P@%��S59	�!"�('��
!g������
RVW!"�D
(-H����	(�(%�� 59�j��!1�C59	 � !"� �Z!"%����$�@59�j%���
(-H����	(�(%��I	(+��7�
!@
(		�

����� 
 );)1�=<b�x!"�"
 �'<K������
P%��'& 
 ������	�� �'�����"�=�



* %��7	(+���
 � 
���!"��������	(�659	���
 !"�q����
 � P@� � ��P$����� 
(-H����	(�(%�� 5"������
�
�59�jP�!"� � 	(+��

�V�!"�7%�
6�>��'}��!"P@� � 	 � ���
�65"� � !@
 � �B5+��N3A\� ��!"�1	��mlg	C?
_4!"���D
(-H��� � ]=�C59�j�j'�K �^�[
(	(%��U'*!"-�-H!"�(	(%�� � 
(	 � �[
�-/����	(�(%�� 5"������
�
Z59	`	(+��[%�
����`���������H5"��+ � ��� � ��P�
 � ��%��j	65pa

����!"%�
(�j'*	(+��8����
�!"%������:59�j��!1�C59	 � !"��59���.	(+��[%�
�����
C21
���+����U%�� � ��P � ��5��C5"
��8!9V3��%��j	 � -����\%�
�����
R59���.��%��j	 � -����
��+=59��������
z? * %����/!"	(	�!"�>aF%�-X��+�!@
����X59-�-���!�5"��+�%�
���
 � ��	75B�U'1�=59� � �
�=59��� � � �U	(+X59����-/!@
 � 	 � !"� � �q	(+��
�=59���$!9Vy	(+���
(-H����	(�(%�� ����
�!"%������@K�� � 	D5 %�
����JaF�=5"
����$� � 
(	(� � ��%�	�������!"��	(��!"�OV�!"�D
(-H����	(�(%�� 5"������
�
859��� ��� 	
59�u!"-�-H!"�(	(%�� � 
(	 � �Q
(-H����	(�(%�� 5"������
�
 ��
(-/����	(�(%�� 5"������
�
���!"��	�����	 � !"����!"�j������	 � �����j'���!"�1	(��!"�j����� 	m? i + � 
 � 

-=59�(	 � ��%��S59�(�j'$
(% � 	659����� � �$�U'g�=59� � �����1� � ��!"���
���1	�
:59���.�Y+�����	(+��:��%����/���\!9V %�
�����
 � 
 � �*-/!"�(	659�1	C?
A8�
!"��P.!"	(+�����
85"����!"�*-�� � 
�+��
����	�
CK=	(+��7�.5 � �B!"����
[59���7� � 
�	������/����!��  

• �q�T]���
�	

(	(%��U'u	(+��B_�A[b -H���JVW!"�(�.59�����$!9V\	(+����&s`s`s ��
��U?���� � N3A\� 
('U
(	����

*�U%���	�!q	(+�� � �

 � �*-�� � � � 	�')!9V^%�
6�@KoP@���C59	�
(%�������
�
�59���}	(+��>+ � P@+�	(+���!"%�P@+�-�%�	�	(+���'�	(+���!"����	 � �C59�j�j'q!9�o���C?��q�
59���
��
�-/��� � 59�j�j' � �1	�������
(	���� � ��	(+����&s`s`s ��
��U?����C5.������
 � !"�3K �Y+ � �6+�%�
6��
859� * �yt:_ { � �e
 � �C59����{ �
� 	
�S5C'����\59���$!"-H���659	���
[59	 �
���[~ � �B59�$%���� � ������
6���$
(-H����	(�(%�� �=59���o?

• �q�$��!g������	(+���{ � � 59��� _4A[b -=59�(	�
.!9V�59� � s`ses ��
��U?����C5)
�'g
(	���� � �1	�!�5�b	�
� -���!"P@�659�$?
�\!"	�� 	(+=59	7!"���j'B	(+���-=59�(	�
7!9Ve	(+��>
(	659����59���4+=5�� � ��PB59� � �*-=5"��	\V���!"� 5
�65"� � !�
(	659���U-H! � ��	
�^�����
� �*-������
���1	����o?Zt:��-���!z'1�
���1	�
8!9Vn
��������659�O�����j��
\59���T%�
�����
D�C59�$	(+����$�H� � ������
�	 � P�59	����o?

• � N3A\� 
('U
(	����

�59���>|g��!#�Y�)	�!�
(%U�o���7
��������659�n� � � � 	659	 � !"��
 �Y+ � �6+���!"%����}�/�>
(	(%�� � ���}%�
 � ��P$!"%��-���!"P@�659�I
(%��6+$5"
# y�C59-�	(%����\�m�o����	CKg+ � �������T��!1���8-���!"�������$K � ��	����Ja��6+=59������� � ��	����JVW�����������@?`�\
(%=59�j�j'�K
	(+��Y59�(	 � ������
yVW!"%���� � �>	(+��Z� � 	����659	(%����D59�=59�j'g~C�R�
�C59�>-/���JVW!"�(�.59�����D59	`5[�����j�����������FK@!"�y�.59|�� � �*-H!"�Ja
	659�1	D5"
�
(%��*-�	 � !"��
Z	�!�
 � �*-�� � V�'*	(+��\�C59����%��S59	 � !"��
CKg	(+�%�
^�����
!C� � ��P*
�!"�
�[!9V3	(+��:59�/!z���[� � � � 	659	 � !"��

� �B	(+���
(	(%��U'�? �q��
(	(%��U'<	(+�� � �*-=5"��	8!9Vy	(+��7%�
�����
C2�� � 
(	(� � ��%�	 � !"�4!"�$	(+���
(-=59	 � 59�O%��UVW5 � �(����
�
\59���



� ��� � � 
 ����� � �

�	 � �

	(+�� � ��	����Ja������j� � �1	����JV������������@? i +�����
��U?���� _�A[b �
����+=59� � 
(�

�59���������('$
�����
 � 	 � ����	�!
	(+�������-���!C'1a
�
���1	�
Z!9Vo%�
�����
R59���
A\{`
C? i +��[
�'g
(	���� -/���JVW!"�(�.59����� � 
Z
(	(%�� � ��� � �<	����(�

e!9VoP�!1!g�U-�%�	^59���<�����S5�'
�H!"	(+�59	Y	(+��������j� 59���T%�
����D����������
C?

• �q�.	(+����u	(�('}	�!�]����u
�!"�j%�	 � !"��
�	�!B
�!"�j���.	(+���
�� � N3A\�I!"��
����(�����q-���!"�������

 ��')-���!"-H!@
 � ��P � �Ua��!z�"59	 � ���>_4A[b �
���6+=59� � 
(�

C?\AY����!"��� � ��P@�j'�Ko!"%�� �^!"�(|$-���!"-/!@
6��
\5.����� � � 
�	(� � ��%�	�����_4A[b � �}5
��!"P@� � 	 � �����65"� � !�-H����
(-H����	 � ���@?`_4!"��� � �1	����j� � P���������59���$59%�	�!"��!"��'�59���\P � ������	�! 	(+��:%�
�����
C21	����(� � a
�=59��
 � �B	(+�����!"�1	(��!"� !9Vn	(+�� � �8�65"� � !<5"������
�
C?^A\
�
(%�� � ��P<5*� � 
�	(� � ��%�	�������!"�1	(��!"�FK=	(+���!"-�	 � � � ~z59	 � !"�
-���!"������� !9Vn]���� � ��P.	(+����H��
(	859�j��!g�C59	 � !"�4!9V * �yt:_ h�b^
[	�!*	(+�� �����j�O%�
6����
D	(+=59	\�.5pl � � � ~C��
8	(+��
�\Nq	(+���!"%�P@+�-�%�	75"����!"��� � ��P.	�!.
�!"�
����!"��
(	(�65 � �1	�
 � ��
(-/����	(�(%�� ��%��UP���	[-H���D%�
����CK�	(%��(������!"%�	D	�!
�H�T�8{na���!"�*-�����	��@? i !�]���� 5�
(%��Ua�!"-�	 � �.59�D
�!"�j%�	 � !"��	�!4	(+��Q-���!"�������$KZ5�� � !"��!"P � �C59�j�j' � ��
(- � �����
�
��	65paF+���%�� � 
�	 � ���C59�j����� ��
/�R59�(� � �1	����j� � P�������� � � 
�%�
6���o? i + � 
 �
��	(+�!1� � 
>59�����.	�!$]�����5$P@��!"�=59�

6!"�j%�	 � !"�Q	�!>57-���!"������� � � 	(+�!"%�	R	(+��\�������
VW!"�Y5�������	(�659�3��!"�1	(��!"�j�����CKU��%�	^!"���j'.%�
 � ��P 
 � �*-����[��!g�C59�
�(%�����
�59��� � �1	����65"��	 � !"��
��H��	��^�����)P���!"P@�659-�+ � �C59�j�j'}� � 
�	(� � ��%�	���� � ��� � � � �U%=59��
C?>h1%���+�59�q59-�-���!�5"��+3K
5"
Z!"��
����(�����*VW!"�e
�!g� � 59� � ��
�����	�
zK�+=5"
e
6�������659�=��% � �j	Ja � � � �1	�������
(	 � ��P -���!"-/���(	 � ��
eV�!"�e-���!"������� 
�!"�j� � ��P

�%���+�5"
# n
6�C59�S59� � � � 	�'�K���!"��%�
�	(����
�
CK=5"��59-�	659� � � � 	 '�	�!*�"59�(' � ��P
��!"��� � 	 � !"��
C?

• A[Vw	���� �
!g����� � ��P)59��� � �*-������
���1	 � ��P�!"%��
59�jP�!"� � 	(+�� � ��	�!)54b	�
� -���!"P@�659�$K � 	 � 
>
(%�������
�
(Vw%��j�j'
59-�-�� � ����	�!Y!"��	65 � ������
(%��j	�
 � ��	�![59� * �yt:_4A � N3A\�u��!"�1	��mlg	CK9
(	659�(	 � ��PYV���!"� 	(+��`
(	(%��U':!9V�5R
 � ��P@���
�����j�n��!"�1	65 � � � ��P$
��������659� � � 
�	(� � ��%�	�����%�
6����
C?8AY����!"��� � ��P@�j'�K4�Z���.59�=59P���	�!Q����
 � P@�q59� � ����!C�@59	 � ���
* �yt:_4A 
�-/����	(�(%�� 5"������
6
�59�jP�!"� � 	(+��$?Q��	���!"��
 � 
(	�
 � �u59�u!"-�-/!"�(	(%�� � 
(	 � �@K�	(+�%�
 �U'g�=59� � �@K�
����dVwa

�-/����	(�(%�� -��S59��� � ��P<�
��	(+�!1��5"��59-�	 � ��P
	(+���
(-H����	(�(%�� 59�j��!g�C59	 � !"��5"����!"��� � ��P.	�!>	(+��7��������
z?

• �O+=5����Y-�%���� � 
(+���� �\-=59-H����
 � �*�.5p#(!"�`� ses`sq��!"�UVW������������
 ��{`�&_��Db\K"t\'�hg{/A\��K@s`�\� * b * �
	`59���
�Q-=59-H����
 � �q!"	(+�������!"�UV�������������
 � �^!"�(|g
�+�!"-�
 �Fh��"_�K�� hg�
	mK359����5�#(!"%��(�=59�`-=59-/����� � �j�Z
�!1!"�)�H�
-�%���� � 
�+���� � �B�1b^_�KL59�j� 5"
85 ]���
(	\59%�	(+�!"�C?^� �B5"��� � 	 � !"�3K/�e+=5C����	�����+�� � �C59�j�j'���!"��	(� � ��%�	������ � 	(+ � �
	(+��*s 2 � sn%���!"-/�C59�)-���!9#(����	 � �)	(+��*59���C5<!9VZk=�ml � �����*
�-/����	(�(%�� 59�j��!g�C59	 � !"�3?��[�mVW���:	�!�59-�-/����� � l
t 	�!>]����$	(+��:� � 
(	[!9V`59�j�o��'.�Y� � 	(	����B��!"��	(� � ��%�	 � !"��
:�U%�� � ��P
��'�{n+�t>?

����� � �*)1�'<K����� �O	�#=%��
���;%3���"���

i + � 
[	(+���
 � 
DV�!g��%�
���
8!"�B	(+�������
 � P@��!9Ve59��!"-�-H!"�(	(%�� � 
(	 � � 
(-/����	(�(%�� 5"������
�
8�
��	(+�!1�$V�!"�\��!"P@� � 	 � ���
�65"� � !@
C?)� �u	(+ � 
>�6+=59-�	����CK �^� � �1	(��!1�U%����T	(+��Q��!"��	��mlU	
!9V[	(+��T{n+�t �Z!"�(|HK`	(+��T5"
�
(%��*-�	 � !"��

59����	(+��
��+=59�j������P���
Z	�!�!z��������!"�
�@?`A ��� � �mV3����
���� � -�	 � !"�Q!9VH!"%��Z��!"��	(� � ��%�	 � !"��
 � 
Z59��
�!:P � �����3?ebZ+=59-�	���� � -�����
����1	�

	(+��\-���!"������� !9V�t\'1�=59� � ��h1-H����	(�(%�� A[�j��!g�C59	 � !"� ��t�hgA
	^5"
��Z���j�O5"
^	(+��:��%��(������	D
(-H����	(�(%��I
��C59��� � 	�' � �
	(+���59�j��!g�C59	 � !"�3? i +����3KL�6+=59-�	���� � ����� � ���D
D	(+����C59�(�j'B59	(	����*-�	�
[	�!*%�
6�7	(+���
(-H����	(�(%�� �
!"�����%�.� � ����	(�j'
��
(-H����	(�(%�� ����%�
��T��!"������-�	 	mKe59����-�����
�����	�
*	(+��<����� V�!"����
6������59-�-���!�5"�6+���
*	�!4�
!C���Q	�!)59� � �������C5"
6���
k=�ml � � � � � 	�' � ��
(-H����	(�(%�� 59�j��!1�C59	 � !"�3? * %��Z-������ � � � �=59�(' � ������
(	 � P�59	 � !"��
 � �Q	(�(' � ��P>	�!�]����Q����� 
(-H����	(�(%��
59�j��!g�C59	 � !"� 59�jP�!"� � 	(+��

�59���4����
���� � �/��� � ���6+=59-�	���� � ? i +���
��B����
�%��j	�
.+=5C����!"� � ���1	�����!"%��<����
��C59����+���

	�!#�R59����
 	(+��
%�
��
!9V[!"-�-H!"�(	(%�� � 
(	 � �Q59�jP�!"� � 	(+��

�	659| � ��P � �1	�!�5"����!"%��1	 	(+��<��+=59�������R��!"��� � 	 � !"��
 � �u	(+��

(-H����	(�(%�� 59�j��!g�C59	 � !"�3? i +����3K �Z�.+=5����Q����� � ������	�!B%�
��.5�%�
6���JaF�=5"
����u59-�-���!�5"�6+ �w�H!"	(	�!"�>aF%�- 	��=5"
����
!"�$	(+���
/�^59�(� � ��	����j� � P����������
��	65paF+���%�� � 
(	 � ��	�!Q59�j��!1�C59	���
(-/����	(�(%�� �
!"�����%�.� � ���1	(�j'B59���B�U'g�=59� � �C59�j�j'�?
_4!"���$����	65 � ��
<�C59� �/��V�!"%���� � ����+=59-�	���� � 	(+=59	.-�����
6����	�
Q!"%��.�
��	(+�!g� !9V�!"-�-/!"�(	(%�� � 
�	 � �B
(-H����	(�(%��
59�j��!g�C59	 � !"� %�
 � ��P 5�� � 
(	(� � ��%�	���� ��!g!"��� � �=59	 � !"�3? A8� �ml�59�*-����q!9V * � t:_BaF�=5"
���� � N3A8� 
('U
(	���� � 


(	(%�� � ��� � �u��+=59-�	���� � ? i + � 
��6+=59-�	�����-�����
����1	�
�	(+��<
������=59� � !@
>59���q����
(%��j	�
�!"��	65 � �����u��!"�������(� � ��P4	(+��
�&s`s`s ��
��U?����C5<59����� ses`s ��
��U?�����+4
('U
(	����

C?[hg�������659� � � � � 	659	 � !"��
759����-H! � ��	����4!"%�	C?D� �B��+=59-�	���� 	 �^�
� �*-���!C��� 	(+���-/���JVW!"�(�.59�����>!9V * �yt:_BaF�=5"
���� � N3A\� 
('U
(	���� �1'B59-�-��j' � ��PQ	(+����
��	(+�!g��-�����
�����	���� � �



����� ��� � � � ������
 � � � � � 	���� 
 	 � � �

��+=59-�	���� � ?*��	���!"��
 � 
(	�
 � �u5"�6+ � ��� � ��P}5T� � 
(	(� � ��%�	����u59���)��!"�j�S59�H!"�659	 � ���.�\N * �yt:_�AIh�b�59�j��!g�C59	 � !"�3?
� � �=59�j�j'�K"��+=59-�	���� � ��!"�����j%�����
�	(+��Z5"�6+ � �������&�^!"�(|7��'7-���!z� � � � ��P�5Y
(%��*�.59�('�!9VU	(+��e�.5 � �>5"�6+ � �������
����	�
CK
59���$
(%�P@P���
�	�
D� � ������	 � !"��
YVW!"�RVw%�	(%���������
��C59����+3?



�#
 ��� � � 
 ����� � �

�	 � �



���

� � m syo'|^v �

g � _�� ] d � U T � [n� � a ���r]`Z � � g � � _ � TM]\[6_bU

� �	� EG����	��*&'�
)+���"���

����	(+ � 
\�6+=59-�	���� �^��� � �j���mlU-��S5 � ���Y+=59	 �Z� �C59�j�y5���
(-H����	(�(%�� ����
�!"%������ �"K �Y+=59	 � 
8
�-/����	(�(%�� 59�j��!9a
�C59	 � !"�3K2�Y+=59	 � 
Y�U'g�=59� � �7
(-H����	(�(%�� 59�j��!1�C59	 � !"�3K=59���.�Y+1' � 	 � 
R�H����!"� � ��P.59� � �������C5"
 � ��P � 
�
�%��[VW!"�R	(+��
����	 � ��� � � ��������
�
��^!"�(���o?
i +�� � �*-/!"�(	659�1	>P@��!#�Y	(+ � ��	(+��<��%����/���*!9V85��@5 � �S59����� � � ��������
�
 
����(� � ����
 ��!"�U]��(�

>	(+�� � �������C5"
 � ��P

�����.59����!9V\
�-/����	(�(%�� ����
�!"%������@? i +�%�
CKe%���������
(	659��� � ��Pq	(+��Q-���!"������� !9V\
(-H����	(�(%�� 59�j��!1�C59	 � !"� � 
*!9V
�.5p#(!"� � �*-H!"�(	659�����ZV�!"�y59-�-���!"-�� � 59	����j'�%�
 � ��P\	(+��Z
�-/����	(�(%�� V�!"��Vw%�	(%����ZP��������659	 � !"��
y!9V"� � ��������
�
y
('U
(	����

C?
_}59��'�
(-/����	(�(%�� +�!"����
*�ml � 
(	 � �X	(+�����%��(������	(�j' ��Vw%��j�j' ��59�j��!g�C59	�����
(-/����	(�(%��$K`	(+�%�

!"-H��� � ��P)�����

-H����
(-/����	 � ����
 � �B
(-H����	(�(%��I%�
��@K=5"
D
(+�!��Y� � ��	(+ � 
[�6+=59-�	����C?

� ��� � ���x�
�B���"��� %��
& � 	����A�6	����"��
O��H�% 4@�A��)+��	��x< N���
����
	�)1�

A ����
�!"%������ � 
7!9Vw	����)���mVW���(�����}	�!$5Q�.59	���� � 59�`�������
����	�	(+=59	��C59�)�/� %�
����oKO�mlg-���! � 	����oK��mlU�6+=59��P����oK
59���.�Y+�!@
��\%�
��:�C59���H�\��!"�1	(��!"�j��������'�5"������
�
R�(%�����
 ���ml����j%�
 � ���:%�
��\��'Q
�!"�
���H!1�U'Q!"�R
�+=59�����$5"������
�
R��'

��������659�3-H��!"-����@KU	����*-H!"�659�j�j'T!"�DV�!"���������CK���	���	m?`� 	D�C59����!"	D�H�7�U%�-�� � �C59	����oKL59����+=5"
D-������ � 
�����!g!"��� � �=59	���

� �$
(-=5"����59���$	 � �
�@?
i +��\
(-H����	(�(%�� � � � 	�
����dV � 
Z��!"	R5��.59	���� � 59�/����
�!"%������@K � 	 � 
Y5�
6��	^!9VoV�����0�%������ � ��
z?ncZ'
��!"�1	(��!"�j� � ��P*	(+��

%�
��\!9V���������	(��!"�.59P@����	 � ���R5�����
Y-���!"-=59P�59	 � !"�3K�	(+��:
(-H����	(�(%�� �/����!"�
��
Y5�����
�!"%������:�C59-=59�����:!9V������
!"	����j'
	(�659��
(-H!"�(	 � ��P��������(P@')!C����� 
(-=5"���.59���)	 � �
�@K�	�!B�ml���+=59��P�� � �UV�!"�(�.59	 � !"�3?QAY����!"��� � ��P@�j'�K �
� ¬1�³½��+�F§��µ¶�¸²«���¨�;´ ���������+��²³�:§j��§ �-�¸�����;�-²��:§³�j§�����§jÇ6�©� � ���0�+���t�©�y���-§��;��´`�©���-�����¶ª{¬1�©������Í�§j�-¬6���+Í ���
�®�;§­�®���®Í������;Í0���r���t����²³�¸µ+���©��� ?

� � P@%���� �U?�� 
�+�!#�D
Y	(+���5C�"5 � �S59������Vw����01%�������'Q�=59����
YVW!"��� � ��������
�
D
('U
(	����

C?
�q�
���m]����Q5�
(-H����	(�(%�� ����
�!"%������Q5"����!"��� � ��PB	�!�	(+������ ���-���+��Í����+§��@§­Ê+�©�  �Vw����01%�������'�K�
�-=5"���.59���



�#� � �	�4� � � 
 � � � � ��	 � 
 ��� ��
�� � � � � � � ��� 
�	 � �

� � P@%���� �U?��� `A��@5 � �S59������h1-/����	(�(%�� cR59����


	 � �
�@? * �(	(+�!"P�!"�=59� � 
 � �*-/!"�(	659�1	��H���C59%�
�� � 	 � ��� � �C59	���
�	(+=59	�	(+��*Vw����01%������ � ��
 59��� � ������-/���������1	�V���!"�
	 � �
��59���$
�-=5"���@?
i +���
�-/����	(�(%�� ����
6!"%������7+=5"
[5"��� � 	 � !"�=59��
�-/��� � ]=� � 	 � ��
8��!"�*-=59������	�!.5 �.59	���� � 59�O����
6!"%������� 

• � �*�
��� � 59	����j'�K`59���^5C'g
*59�������1	 � �����j'�5��@5 � �S59�����Q59�1' �Y+������T59���u59	>59��'g	 � �
� ��������� � VD%�
 � ��P � 	 !"���!"	 	m?
• �\!"	[��!"��
(%��.59�����@?
• � �U]�� � 	��7-H!@
�
 � � � � � 	�'�!9Vy����%�
�� ��
 � ��%��j	659����!"%�
[%�
���	D59��'(�Y+�������59���B59	859�1'1	 � �
�@?

i +������ � 
D��!

(-H����	(�(%�� 
��C59��� � 	�' � ��	(�659��
(� � 
6
 � !"��5"
Y	(+���'T�C59��59�j�3	(�659��
(� � 	8!"��	(+���
659�
���6+=59�������FK
59	^	(+��[
659�
�8	 � �
�\59���.V���!"� 	(+��8
659�
�[��!g�C59	 � !"�3? i +��8-���!"������� !"���j'
��!"�
��
 � �Q��������-�	 � !"�.�Y+����<	(�(' � ��P
	�!)�mlU	(�65"��	.!"���T�
��
�
659P���!"%�	.!9V\	(+��$!"	(+�����
 � � ��?��\!#�R5"��5�'U
 �Z�B��!}��!"	
+=5�����	(+���
6� � �������B59���X	(+��
	�����+���!"��!"P@'�
(% �.� � ����	8	�!>Vw%��j�j'��mlU-���! � 	[	(+��7-H!"	�����	 � 59�y!9Vy	(+���
(-H����	(�(%�� ����
�!"%������@K �Z��59����!"���j'B59�����7	�!
����
 � P@� ���U%����X������� � ������
�� � � ��? bZ%��(������	(�j'�Ke	(+��.-H!"	�����	 � 59�Y!9V8
�-/����	(�(%�� ����%�
��Q!C����� 	 � �
�T59����
(-=5"��� � 

� � � � 	����u��')	(+��
������� � ������
zKy��!"	 59�����<	�!B�mlU	(�65"��	�
�!"�
�<
 � P@�=59��
�V���!"� !"	(+�����
zK����C5"� � ��P4	�! � �1	����JV������������@?
�\!#�Z�������CK � � �1	����JV������������ � 
�!"���j' 5�������� � �����B-���!"������� � � � � � 	 � 
T��!"	B59� � ��+���������	�-���!"-/���(	 ' !9V 	(+��

(-H����	(�(%��$? i ! � � � � 	R	(+�� � �1	����JV������������:-���!"�������

R�H��	��^�����$� � �H�������1	Y
('g
�	����

CK�����P@%��S59	�!"��
R+=5C���:����� � �����
	�!$�(%����.	(+��.
(-H����	(�(%�� 5"������
6
C?<� ��5"��� � 	 � !"�3K � ��!"��������	�!$+����j-u	(+��
������� � ������
 
(%���������� � �u������� � � � ��P}5
	(�659��
(� � 	(	����)
 � P@�=59�FKH	(�659��
�� � 	(	�����
7+=5���� ����
(	(� � ��	����}	(+�� � ��5"������
�
:	�!Q	(+��>
(-H����	(�(%�� �1'459-�-��j' � ��PT����%�
��
��!"��
(	(�65 � �1	�
C? i +��4��!"��
���01%�������� � 
T5)�����U%���	 � !"� � ��	(+���5C�"5 � �S59�����}
(-H����	(�(%�� !z�����<	 � �
�}59����
(-=5"���@K
����
(%��j	 � ��P � �B	(+��7�����C59	 � !"��!9V`59�B59�(	 � ]=� � 59��
��C59��� � 	 ' � �B	(+��7
(-/����	(�(%�� 5��@5 � �S59� � � � 	�'�?
i +��<��%��(������	��^5�'U
 !9VR� � � � 	 � ��P4	(+��.
�-/����	(�(%�� 5"������
�
 � 
�!"���j' � ��	����������u	�!�59�j��!#�I5���!"�(������	>��!"�>a

��%�� � �C59	 � !"�)%�
 � ��P<�U%����}������� � ������
CK/��%�	8	(+ � 
 � 
8��!"	\59	759�j�O� � ��|���� � � 	(+)5*-���!"-H���(	�'B!9V`	(+�� 
(-H����	(�(%��$?
��+����$
�� � ����	 � 
(	�
 � � �j�H]��=59�j�j'Q�H�:59�����\	�!>��% � ���T������� � ������
RV�%��j�j' � �1	���P@�659	 � ��P
	(+�� � ��	 � �.59	���-���!"-/���(	 � ��
D!9V
	(+���
(-H����	(�(%��$K�	(+�����	(+��7����
�	(� � ��	 � !"��
[!"�B
(-H����	(�(%�� 5"������
�
[
(+�!"%�������!"	D
(	659���B59�1'1�
!"���@?
A\
\59�}�ml�59�*-���� !9V`	(+���P@���C59	:-���!"P@����
�
���
 � ��� � P � 	659�n��!"�*��%�� � �C59	 � !"��
CK �Y+�!T��!"%����B+=5C��� � �.59P � �����

5>
(%�������
�
(Vw%��o��������-�	 � !"�4!9Vy
��������659��!C�����(�S59-�- � ��P � � ��������
6
[
 � P@�=59��
 � �B	 � �
�@K�
(-=5"����59���TV�����0�%�������'�� i + � 




� ��� ��� � � � ����� � � � � � � 
 � � ��� � � � � � � ���

�^5"
:�.5"��� -H!@
�
 � ��������'�	(+�� 
�-����C5"��
(-H����	(�(%�� 	�����+�� � 01%��0�w��!#� %�
���� � �}	(+��
b^!1��� t � � � 
 � !"�)_�%��j	 � -����
AY������
�
��Fb^t\_4A�	/	m? i +����8�j	(�65+� � ����cY59��� ���3� c 	^	�����+���!"��!"P@' � 
859��!"	(+����8
�	���- � �BP�5 � � � ��PT5*�H��	(	����
%���������
(	659��� � ��P4!9V^	(+��*-���!"-H���(	 � ��
�!9VR	(+��*
(-H����	(�(%�� %�
�� VW!"����!"�*��%�� � �C59	 � !"�3?.�\!#�Z�������CK ������� � VY!"���
��5�'��Z���Z�����q59������	�!���% � ��� � �1	����j� � P�����	 � �1	����JV������������maWV������}������� � ������
CK �Z� �Z!"%���� 
(	 � �j�\+=5����4	�!�� � � � 	
� ��	����JVW������������	�!��^59����
\�ml � 
�	 � ��P.�U%����$������� � ������
z?
A ��!"�����j%�
 � !"� � 
# R
(-H����	(�(%�� � 
8��%��(�����1	(�j'B�H� � ��P<%��������(%�
����o?\�\!#�^5"��5C'g
zKH	(+���
(-H����	(�(%�� � 
8
65 � �B	�!

�H�Y
��C59����� � �*��������-�	 � !"�3K���%�	n��!"	 � �*	(�659��
(� � 
6
 � !"�3?nA[��
6!�K�5\��!"	`!9V/�C59���D
(+�!"%����>�H�^	659|���� �Y+����<59-�-��j' � ��P
	(+��[59�=59��!"P@'
!9VH�(%�����
`%�
����*V�!"�`	(+��859�j��!1�C59	 � !"�Q!9V/�.59	���� � 59�/����
�!"%�������
`	�!�	(+��D
(-H����	(�(%��$? A\
e
6�����.59�/!z���@K
	(+��[
�-/����	(�(%�� ����
6!"%������D+=5"
nVW��� ��!"�*�
!"�Q-���!"-/���(	 � ��
 � � 	(+.�.59	���� � 59�/����
�!"%�������
C? i !�
�!"�j���D	(+��D-���!"�������
!9Vn
(-/����	(�(%�� ����
�!"%�������
(+=59� � ��P�K�
6!"�
�:-/��!"-����7+=5C��� �m�.59	���� � 59� � ~C���4��	(+���
(-H����	(�(%��I����
�!"%������@KL59-�-��j' � ��P

�!"�
�>�
!g������
�	659|����)V���!"� 	(+��
����!"��!"��'}!"��-���!"-/���(	 '4�(%�����
zKo	(+�%�
 � ��	(��!g�U%�� � ��P�
�!"�
�

6�C59��� � 	�' � �)	(+��

(-H����	(�(%��$?�_4!"���ek=�ml � � � � � 	 '�
(+�!"%������/� � ��	(��!g�U%������ � � 
�-/����	(�(%�� 59�j��!g�C59	 � !"���(%�����
 � �>!"������� 	�!\
(	 � ��%��S59	��
�
!"���:k=�ml � � � � � 	�' � � � 	�
Y%�
6�@?

� ��� � 8 �'�M8�	�%�#=��&��W��H^� �'� 
 ��<><K���

 �

��� �m	(+�� i �659P����U'<!9V3	(+��7b^!"�*�
!"��
�� � � ��K �:59��� � �T���C59��
 � � 	(+Q	(+��8-���!"������� !9V�5���!"�*�
!"�T�.59	���� � 59�
����
�!"%������<
(+=59� � ��P�?��:59��� � ��59�(P@%���
 � �)VF5���!"��!9V[5T����P@%��S59	�����5"������
�
�	�!45���!"�*�
!"������
6!"%������
	�!B5C��! � �
	(+�����+=5"!@
z?�A\

59� �ml�59�*-����@KZ��!"��
 � �����<
��������659�Y%�
�����
*�C5"��+ !"���T+=5�� � ��P�
��������659�D��!#�D
<59�j��� � �j� � ��Pq	�!
P@�659~C�\	(+��[P@�65"
6
^!9V3	(+��:
659�
�8� � � � 	����<]=�����o?1�8�\���S5 � �

^	(+=59	 � �<	(+��:59��
��������:!9V3�(%�����
Y!"�^!9V�59���mlU	����(�=59�
��!"��	(��!"�FKg�C5"��+.%�
���� ���U%��Y	�!:	(+��Y+1%��.59�<
����d]=
�+*�=59	(%�����	 �Z!"%����.	(�('�	�!7�.5pl � � � ~C�Y+ � 
`!��Y� � ��	�������
�	CK�	(+1%�

!C�����(%�
 � ��P.	(+��:P@�65"
�
Y����
6!"%������@K�����
(%��j	 � ��P � ��	(+�����+=5"!@
C?
�\!#�R5"��5�'U
CK 	(+�� ��
(-H����	(�(%�� 
��C59��� � 	 '��
59�(P@%��
���1	 �C59���/�*+��C59�����������(' �Y+������ � i + � 
�� � 
 � !"�q� � P@+1	

��!"�
�:V���!"�0 

• i +��Q����P@%��S59	�!"��
# Q��'�-=59�(	 � 	 � !"� � ��Pq	(+��T
(-/����	(�(%�� � �1	�!)����� � �C59	����X�=59����

59�j��!1�C59	�����	�!)5�P � �����
�8A i K�	(+���'Q+=5����������C59	����459�B59�(	 � ]=� � 59��
��C59��� � 	 '�?

• i +��Q!"-/���659	�!"��
� &� � 	(+X!"���j'�5�� � � � 	�����5"������
�
�	�!$	(+��<
(-H����	(�(%�� � �����j%������ � �u	(+�� � ��� � ������
��T59���
�U%����u������� � ������
zK�	(+���')	(�(')	�!$]�	 � �q	(+��<
659�
�.
�-=5"���@Ky59	�	(+��.
659�
�.	 � �
�<59����%�
 � ��PB	(+��<
659�
�
V�����01%������ � ��
CK=59� � �������C5"
 � ��P.��%����H���8!9Vy%�
�����
[5"
�| � ��P>VW!"�[59���^5C'g
 � �������C5"
 � ��P<��59	65>�659	���
z?

��!"�75>P � �����4�=59���oK=	(+���
(-H����	(�(%�� 5"������
�
8�(%�����
\59������!"��
(	(�65 � ��	�
7
�	(��!"��P@�j' � �Uk�%���������	(+�� 5��@5 � �S59�����

('U
(	���� �C59-=5"� � 	�'�59���X	(+�����	(+����C59-=5"� � 	�'�-/���*%�
6��� � � ��?�A8-�-��j' � ��P}	(+���
659�
�Q�(%�����
.5"
 VW!"�>�.59	���� � 59�
����
�!"%�������
CK=	(+�������P@%��S59	�!"��
8+=5���� �����C59	�����5*
�-/����	(�(%�� 
��C59��� � 	�'�KL	(+���� � ��	(%��(� � �*-/!@
6���B!"��	�!.	(+���!"-H���Ja
59	�!"��
C?
i +���+�!"�j'�P@�65 � � !9V � � ��������
6
8��!"�*��%�� � �C59	 � !"��
 � 
[	�!<-���!C� � ��� 
��C59�*����
�
:5��@5 � �S59� � � � 	�'�!9VZ59-�-�� � �C59	 � !"��


59���>	(+�%�
e!9V/
(-H����	(�(%�� 59��'(�Y+������[59���
59��'g	 � �
�RVW!"�`59�j��%�
�����
C? _�!@
(	n!9VH	(+��^����P�5"��' 
(-H����	(�(%�� 59�j��!g�C59	 � !"�
	�����+�� � 01%���
�+=5C���q� � �.��%��j	�' 5"��59-�	 � ��P 
(-H����	(�(%�� VW5"
(	�����!"%�P@+ 	�!X	(+��4	(�65 �.�)�����.59��� �H���C59%�
��4	(+��

(-H����	(�(%�� 59�j��!g�C59	 � !"� � 
���!"	�k=�ml � �����Q����!"%�P@+���!"�*-=59������	�!$	(�65 �.�<�@59� � 59	 � !"��
C?�h1%���+�� � P � � � 	�'u��!"�
��

V���!"�0 [	(+�� ����P@%��S59	 � !"�3Ko	(+�� V�����0�%�������'B-��S59��� � ��P$-=59������� � ��P�	(+�� �65"� � !T����
�!"%������ � ��	�!T� � P � �)��!"��	 � P@%�!"%�

��+=59��������
zK�	(+��:��%��j	 � -����ml � ��PQ�
��	(+�!1��
[59���$	(+���_�A[b �
���6+=59� � 
(�

C?



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

A\
*5B����
�%��j	>!9V8	(+ � 
��.59	���� � 59� � ~z59	 � !"��!9V[	(+��T
(-H����	(�(%�� 5"
*5�����
�!"%������@K �:59��� � �X-���!"-/!@
6��
*
��������659�
!"-�	 � !"��
D	�!*��!"�1	(��!"�O	(+��7
(-H����	(�(%�� 5"������
�
85"
D5 -���!"-/���(	 ' ��
6���j�O5"
[5 -�� � �"59	���-���!"-/���(	 '�K�-�%���� � �7-���!"-H���(	�'
� � 	(+
� � P@+1	Ja�!9V aF%�
��@KU59%���	 � !"�<
�'g
(	����$K��
��� � 	CK���!"	(	����('�K�]���
(	Ja���!"�
�@K�]���
(	Ja�
����(�����*�=5"
 � 
%	mK�
�!"�
�D!9V��Y+ � ��+T59���
��%��(������	(�j'�%�
6���T��'�
(-H����	(�(%��I����P@%��S59	�!"��
C?

�\!#�^�������CK`!#� � ��P4	�!$	(+��Q��%��(������	 �^5C'�!9VY-=59�(	 � 	 � !"� � ��P}	(+��<
(-H����	(�(%��$Kn5"
 �^���j�R5"
�	(+�� � �������C5"
 � ��P
��%����/���Z!9V=����� � � ��������
�
n
(	659����59����
CK�	(+��R59�
!"%��1	e!9V/
�-/����	(�(%�� 5��@5 � �S59�����^VW!"� ����� 
�'g
(	����

 � 
 �H����!"� � ��P
� ��������� � ���j'>
(�.59�j�F?y���
5"��� � 	 � !"�3K�
�-/����	(�(%������maWVF59�(� � ��P��w	(+��Y!"-/���659	 � !"�
!9V/���C5"
�
 � P@� � ��P�5\
(-H����	(�(%�� �=59���
V���!"� !"���
	����6+���!"��!"P@'�	�!459��!"	(+���� 	 � 
���!"	�%�
(%=59�j�j')	659| � ��P4-��S5"���@? i +�%�
CKy!"�����T5"
�
 � P@������5$
(-H����	(�(%��
�=59��� � � �j�3��!"	Y�H��5C�"5 � �S59�����:VW!"�D!"	(+����[
('U
(	����

Y�H�mVW!"����5 ��!"��P
-/��� � !g�$!9V 	 � �
�@?
i +��ZVW!"�j��!#� � ��P7
�����	 � !"� � �j�j%�
(	(�659	���
y��'����C59�1]=����� �
�C5"
(%������
���1	�
n	(+��R��%��(������	n
(	659	(%�
y!9V=	(+��R
(-H����	(�(%��

�=59����
[!g����%�-=59	 � !"�3?

� ��� 
 ��	�	����=� 4���%����

9��H\4{����)���	��x< 
 !"!7�*);%3���"���

hg�������659�8]=����� �
�C5"
�%������
����	�
Q+=5����B�/����� -H���JVW!"�(�
��� ��'�	(+��}h1+=59������h1-H����	(�(%�� b^!"�*-=59�1' � 	 ��	
� �X	(+��<�7hgA ? i +���'�
(+�!#� 	(+=59	>	(+��T
�!9a��C59�j����� ��
(-/����	(�(%�� 
��C59��� � 	 '��Q!"���j'X59-�-�� � ��
>	�!B	(+��Q����P@%��S59	�!"�('
59�j��!g�C59	 � !"�B!9V 	(+��7Vw����01%�������'<�=59����
���
�����hg����	 � !"� �U? ��?�� 	mK���%�	D��!"	Y	�! � 	�
Y%�
�� ��
6����
�����	 � !"� �U? ��? � 	m?

� 
��"
�	 � � 	 � � � (�(�� 
 ����%�������� 	 � 
 �)�  �� � ( � ��! ���� (�(
	 � (�('� 
 � ����-

i + � 
T
�����	 � !"� -�����
6����	�
T	(+��4��%��(������	$
(	659	(%�
Q!9V�	(+��4
(-/����	(�(%�� 59�j��!g�C59	 � !"� � � 
��������659�7��!"%���	(� � ��
z?
� � P@%�����
 �U? � 59��� �U? � 
(+�!#� ����
�-/����	 � �����j'4	(+��*�65"� � !TV�����0�%�������')59�j��!g�C59	 � !"��	659������
 � �q	(+��.�:hgA 59��� � �
	(+����\f V�!"�[5*�659��P���!9V�V�����01%������ � ��
Y�/��	��Z����� �9|(�8~�59���8��
�
��
�8~�? i +��7���C5"�����\
(+�!"%����T�/��5)�^59����	(+=59	
�Z�>-�����
6����	�	(+���
���]�P@%�����
7	�! � �j�j%�
�	(�659	��>	(+��*��%��(������	�
659	(%��659	 � !"�q!9V^	(+��>�=59����
 � �)	(+��*59�j��!1�C59	 � !"�3KO��%�	
�Z����!*��!"	D�mlg-H����	D+ � �I	�!*�H��59�����7	�!>���C5"��	(+����=59�
��!9Vy�C5"�6+B
('U
(	���� � ��� � �C59	����B!"��	(+��7]�P@%����@?
A\
Z
6����� � �<]�P@%�����
 �U? � 59��� �U? � K�59�j�
!@
(	��#
�
 
 !9VO	(+��\5C�"5 � �S59�����7
�-/����	(�(%�� �=59����
D59���\59�j���C5"�U'T59�j��!9a

�C59	����Q	�!>�ml � 
(	 � ��P �65"� � !*
('U
(	����

CK1�.59| � ��P>	(+��759�j��!g�C59	 � !"�T!9V������ 
�'g
(	����

Y59���R5�'U
R�
!"���\��!"�*-�� � �C59	����o?
�\!"	��:	(+=59	D	(+ � 
[
659	(%��659	 � !"�B-���!"������� � 
R	(+���
659�
� � ���.59��'�!"	(+����[��!"%���	(� � ��
z?
AY����!"��� � ��P@�j'�K�59�j�
!@
(	`��!������ 
('U
(	���� �C59�
�H�[59�j��!g�C59	����

(-H����	(�(%��$K�%�������
�
Z59��!"	(+����Z!"��� � 
e�������S59�����

!"��
�!"����	��
59���)�����
!z�����}V���!"� 	(+��
59�j��!1�C59	 � !"���6+=59�(	CKO!"��59��!"	(+�����!"���*
�+=59����
�!"�7�����U%�����
 � 	�
�59�j��!g�C59	����

(-H����	(�(%���� � 	(+���������!"�
����
C?yA\
 � ��� � �C59	���� � � 	(+��^���mlg	y��+=59-�	����CK1
��������659�g
 � � � �S59� � � � 	 � 59	 � ����
`59���^	659| � ��P
-��S5"���7	�!g��5�'�?
i !����*-�+=5"
 � ~C� 	(+�� � � �.��%��j	 '4!9V^����� 
('g
�	����

8	(�(' � ��PT	�!<]�	 � �4	(+��>�ml � 
�	 � ��PT
�-/����	(�(%�� 59�j��!g�C59	 � !"�

��+=59�(	CK`��!"	��<	(+=59	>��!"	 	�!B+=59�(� 59�j�^	(+���59�j���C5"�U'u59�j��!1�C59	����X
('U
(	����

CKy	(+��<�����I
('U
(	����

 59��� � �*-H!@
����

(	(��!"��P����D����
�	(� � ��	 � !"��
D	(+=59�$	(+����C59�(�j'�59�j��!g�C59	����B!"����
C?

��!"�(	(%��=59	����j'�Kg5"
y
(+�!#�Y� � �>	(+��ZV�!"�j��!�� � ��P:
6����	 � !"�3K@��!"	`59�j�1	(+��Y59�j��!g�C59	���� 
�-/����	(�(%�� � 
n5"��	(%=59�j�j'��H� � ��P
%�
����o?



� ��� � � � ������� 
 
�
�� 
 � � ��� 
 ��� ��
�� � � � � � � � � 
�	 � � ���

� � P@%���� �U? �  e�85"� � ! ������01%�������'$A[�j��!g�C59	 � !"��
 � �B�7hgA

� � P@%���� �U? �  `�\5"� � ! ������01%�������'TA8�j��!g�C59	 � !"��
 � �$�\f



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

� 
��"

� � � ��!  "��� � ��� ��! � � �
	���%����"! � � 	 � 
 ���, �� � ��� �" "(�(
	�� ! ��-

i + � 
:
�����	 � !"��-�����
6����	�
:
(-H����	(�(%�� !g����%�-=59����'$]=�������
�C5"
(%������
����	�
�!"��	65 � ����� � �4	(+�� �:hgA��1'$	(+��
h1+=59�����Qh1-H����	(�(%�� b^!"�*-=59�1'*V���!"� ��59��%=59�(' ��
�
���%���	 � �/A[%�P@%�
(	���
�
��:VW!"�`	(+��D�:59	 � !"�=59�Hhg� � �������0�=!"%��Ua
��59	 � !"�����7h'� 	 � 	 ��? i +��
�mlU-/��� � ������� � �����j%������q	�!T�
�C5"
(%����
�C5"�6+��=59���}V���!"� ��
�_ �[~*	�! �UK 
�
�
�_��8~
59���X59	���%��j	 � -����<��!g�C59	 � !"��
�� � 	(+�� � �o��������	*������
 � 	 � ��
>!9VD%�
�����
z? i +�� � �*!"��	65 � ����������
(%��j	�
 59���Q
(	(� � | � ��P
59���TV�%��j�3!9V +�!"-H�:����P�59��� � ��P.	(+�����
(-/����	(�(%�� 
��C59��� � 	�' ��59�(P@%��
����	C?

� � P@%�����
 �U? � 59��� �U?
� 
(+�!#� 	(+��Y�
�C5"
(%������

(-H����	(�(%�� !g����%�-=59����' V�!"�`� � �o��������	e
�-/����	(�(%�� �=59����
^59���
P���!"P@�659-�+ � �C59�O��!g�C59	 � !"��
 � ��	(+����:hgA ?

� � P@%���� �U? �" e_��C5"
(%������Bh1-H����	(�(%�� * ����%�-=59����'�A������659P����$!C�����7h � lTNO!1�C59	 � !"��


� � P@%����&�U?
�  `_��C5"
�%������Bh1-/����	(�(%�� * ����%�-=59����'�59	:h � lTN3!g�C59	 � !"��

i +��4
(	(%��U'X]�����
Q
 � P@� � ]=�C59��	$5��@5 � �S59�����4
(-/����	(�(%�� � � �
!@
�	.�=59����
CKD
�+�!#� � ��P�	(+=59	Q!"���j' 5�
(�.59�j�

-H!"�(	 � !"�}!9V`	(+��*59�j��!g�C59	����}
(-/����	(�(%�� � 
\%�
����4�������(' �Y+������
59���}59�j��	(+�� 	 � �
�@?:se5"�6+)�=59� � �4	(+�� P@�659-�+�

��!"�(����
(-H!"����
n	�!\	(+��Y5������659P��D!9V/	(+��^!g����%�-=59����' � �
�C5"��+*�=59���0� ]�P@%���� �U? � 	 59���
59	n�C5"��+
��!g�C59	 � !"�0� ]�P@%����
�U?
� 	m? i +��7�.5 � �B����
(%��j	�
[59���� 

• i +���5C�����659P���!g����%�-=59����'�!C�����859�j�3��!g�C59	 � !"��
 � 
 �U? � 
Q?
• i +��Q�.5pl � ��%�� 	�!"	659�^
�-/����	(�(%�� !g����%�-=59����' � 
����U?�� 
 ���\��� �e!"�(|Xb � 	�'"	�59������!"�(����
(-H!"����
 	�!
	(+���+ � P@+���
(	[������
 � 	 'T!9Vy%�
�����
C?



� ��� � � � ������� � 
�� � � � � ����� � � 	�� 
 �����

�� � � � � � �
	

• i +��:� � � � ��%�� 	�!"	659�3
(-H����	(�(%�� !1����%�-=59����' � 
�� 
 ���:59	 � !"�=59�O�85"� � !>A\
(	(��!"��!"��' * ��
����(�@59	�!"�('"	m?

i +���
��<��!#� !g����%�-=59����'q����������
�
�+�!#� 	(+=59	>5�
 � P@� � ]=�C59��	>-=59�(	 !9VD	(+��<
(-H����	(�(%�� �C59���H�
����%�
����u	�!
-���!C� � ���75"��� � 	 � !"�=59�3
����(� � ����
C? i +��7h1+=59�����$h1-H����	(�(%�� b^!"�*-=59��'T��!"�����j%�����
R	(+=59	 � �Q�(%��659�359���C5"
CKg	(+������
� 
^����!"%�P@+Q%��1%�
����T
(-H����	(�(%�� VW!"�^5��65"� � !�����%�
 � ��P�	(+��\
(-H����	(�(%�� 	�!�-���!C� � ���\	����<	 � �
��
^	(+��\�C59-=5"� � 	�'<!9V
59�j�O�ml � 
(	 � ��P+� � ��������
�
8����� � ����
Y	�!"P���	(+���� � 	 ��?
� �X	(+����:hgA K`5"
 � ���.59��'X!"	(+����
��!"%���	(� � ��
CK^�.59�1' ��
(-H����	(�(%�� +�!"����
��T�ml � 
(	*
(+�!�� � ��Pq	(+=59	
�������

	(+�!"%�P@+ 59�j��!g�C59	����oKp	(+��`
(-H����	(�(%�� �=59����
�59���`!"���j'7
(-=59��
6���j'8%�
�������':	(+��n� � ������
��n+�!"��������
� o	(+��3��
(-H����	(�(%��

��C59��� � 	 '��:�
!@
�	(�j'Q�ml � 
(	�
 � �$	(+��:����P@%��S59	�!"�('$
�-/����	(�(%�� 59�j��!g�C59	 � !"�3?
i + � 
8�C59�j��
RV�!"�Y����� Vw�659�
���^!"�(|g
8!9Vy
(-H����	(�(%�� 5"������
�
� 

• i ����+�� � �C59� -/����
(-H����	 � ����
 � � �� `%�
��:�
!"�����U'g�=59� � ��59�jP�!"� � 	(+��

8	�!
!"-�-H!"�(	(%�� � 
(	 � �C59�j�j' � ������	 � V�'$59���%�
6�:	(+���
(-H����	(�(%�� +�!"����
C?
• c^%�
 � ����
�
��
!g�����e-H����
(-/����	 � ����
 � � �� >���m]����T59-�-���!"-�� � 59	��<��%�
 � ����
�
��
!g������
 !9VY
�-/����	(�(%�� %�
��*VW!"�
V�%�	(%����7	����6+���!"��!"P � ��
\59���$
6���(� � ����
C?

• �8��P@%��S59	�!"�('�-H����
(-H����	 � ����
 � �#
 �� 759�j��!1�C59	��>	(+��>
(-H����	(�(%�� 	�!T	(+�!@
�� �%�Y+�!T�@59�j%�� � 	7	(+����
!@
�	��"K � �!"�������[	�!
������!"%��659P�� � 	�
 � �1	�����
 � ���7%�
��@?

� 
��"
�� ��� 	 (���% ��% ��� ����� � 	 � 
 �)�  �� ����('��!

�\!#� 	(+=59	e	(+��D�ml � 
�	��������D!9V/�.59�1'0��
(-/����	(�(%�� +�!"����
��R+=5����[�/�����

�+�!#�Y� � �
	(+��&��
��C59����� �Y
(-H����	(�(%��
59�j��!g�C59	 � !"�3K=����P@%��S59	�!"��
:
(+�!"%�������+=59��P�� 	(+�� �R5�'$	(+���
(-/����	(�(%�� � 
[��!"��
 � ���������oKH!"	(+����/� � 
�����!
P�5 � ��� � �j�
����
(%��j	8Vw��!"� 	(+ � 
:� � 
���!C�����('�?\�����������oKL����P�59�j�j'B
(-H�C59| � ��P�K�VW!"�\5.P � ������� � ������
6����
(-H����	(�(%�� �=59���oK/5.��!"�Ua
� � ������
�� +�!"������� � 
\��!"	759�j��!��Z���)	�!<%�
�� 	(+ � 
\� � ������
����4�=59���oK3������� � Ve%���%�
6���o?�A[��
6!�KL��!"	�� 	(+=59	 � �4�
!@
(	
��!"%���	(� � ��
8	(+��:� � ������
����$
�'g
(	����

[!1����%�-1'Q	(+��:�.5p#(!"�D-=59�(	[!9Vy	(+������1	 � ����59�j��!1�C59	����B
(-/����	(�(%��$?
�\!#�R5"��5�'U
CK � 	 � 
D	�����+���!"��!"P � �C59�j�j'$-H!@
�
 � �����:	�!
����	�����	8
(-/����	(�(%�� +�!"����
[59���$!g����%�-�'T	(+����$K��������$VW!"�

5 
(+�!"�(	^-/��� � !g�T!9VO	 � �
�@? �\!#�Z�������CK��/�mVW!"���\59�j��!�� � ��P

(%���+B59��!"-�-H!"�(	(%�� � 
(	 � �:
(-H����	(�(%�� %�
6�@K1����P@%��S59	�!"��

�mlU-/����	 � ��
�%��659������
`	(+=59	e��!�+=59�(� � � ��	����JVW������������	1� � �j�/5p�H����	`	(+��[-�� � �.59�('>%�
�����
 �w	(+��Y� � ������
6�Y+�!"��������
Z!9V
5>��!"��
 � ����������
(-/����	(�(%�� �=59��� 	R��!"� � ��P
V���!"�I	(+���
�����!"����59�('T%�
�����
 �w	(+�����!"�UaF� � ������
����$+�!"��������
3� � �j� � ��P
	�!*!"-�-H!"�(	(%�� � 
(	 � �C59�j�j'�%�
��:	(+�����!"��
 � ���������$� � ������
����$
(-H����	(�(%�� �=59��� 	m?
i +��Z���mlg	 
�����	 � !"��
�+�!#�D
 	(+��`%��(P�������'�!9V�%��������(	659| � ��P\	(+��e	65"
(|7!9V��������m]�� � ��P:	(+��`�(%�����
 !9V=
(-H����	(�(%��

59�j��!g�C59	 � !"��5"
��Z���j�y5"
D!9V ]���� � ��P<5"��59-�	 � ����59�jP�!"� � 	(+��

8!9Vy
(-H����	(�(%�� %�
��@?

� ��� � ��	���)1%�
j����& EG�');	���%�
��$�"� 4@�A��)+��	��'< ��
��

A\
Y	�����+���!"��!"P@'�-���!"P@����
6
���
CKU	(+��:VW!"�j��!#� � ��P � ��� � �C59	�!"��
D+=5������/��������!"	 � �����  

• � �������C5"
�� � ��	(+��7�1%����H���8!9V�� � ��������
�
D
(%���
6��� � �/����
C?



�#� � �	�4� � � 
 � � � � ��	 � 
 ��� ��
�� � � � � � � ��� 
�	 � �

• i +��7��!"�j%��
��!9V ��59	65*�ml���+=59��P����B-/���Y%�
����Y%�
 � ��P+� � ��������
�
D��!"�*��%�� � �C59	 � !"� � 
 � �������C5"
 � ��P<�U%��:	�!��%��j	 � �
��� � 5.��!"�1	�����	C?

• _4!"� � ���.� � ��������
�
*%�
�����

59����59���R5�'U
.�����.59��� � ��P)VW!"�>����� 
����(� � ����

5C�"5 � �S59������59��'(�Y+������$59��� 59	59�1'1	 � �
�@K/5"
�
(%�� � ��P<5>��!"�*-�����	���	(�659��
(-=59��������'�!9V 	(+���%��������(�j' � ��P � � ��������
6
D	�����+���!"��!"P@'�?

AY����!"��� � ��PT	�!.� i �=!"�����C5"
(	�
 � ��� ��KL5*�.59�(|���	\����
��C59���6+}59���4��!"��
(%��j	 � ��PT��!"�*-=59��'�VW!"�[	(+�����!"�*-�%�	����
59���B� ��	����(����	 � ���U%�
(	(� � ��
CK/
(+�!��D
[	(+���P@��!#�Y	(+}!9Vn�����j�j%��S59�:
(%���
���� � �H����
[V�!"�D	(+����.5 � ��
 � l�����P � !"��
:!9Vn	(+��
�Z!"�(��� � � ��� � �C59	���� � ��]�P@%���� �U?
� 	m? � �*5D�1%�	�
(+����j�FK@	(+��Z��%����H���`!9V �^!"�(��� � � ���Y�����j�j%��S59�y
�%���
���� � �/����
 	�!"-�-H���
	 ��
"_ � � ��
�
�
<59��� � 
YVW!"�����C5"
(	����$	�!.
(%��(-=5"
�
 �U? �"c �1' ��
 �#
*
(+�!�� � ��PT5*��!"�1	 � ��%���� � �*-H!"�(	659������!9Vn	(+��
� � ��������
�
 � ���U%�
�	(�('�?

� � P@%���� �U?
�  Z�\��!��Y	(+B!9Veb^���j�j%��S59�:h1%���
���� � �H����
RVW!"�Y	(+���_45 � ���[��P � !"��
D!9Vy	(+��
�q!"�(���$%��1	 � �$��
 �#


i +���-���!9#(����	 � !"��


(+�!�� A\
 � 54{ 5"� � ]=�B�/���C59�
��	(+��T�S59�(P���
�	*����P � !"� � � ��
�
 �@K^59���,� � �j�YP@��!#�IV���!"�
��� 	9_ � �0��
�
�� 	�!.�@? � 	9c �����j�j%��S59�D
(%���
���� � �H����
 � �0��
 �#
U?nA8
 � 5 {y5"� � ]=��� � �j�HP@��!#� � 	�
R�.59�(|���	D
(+=59���8V���!"�
��� 
 � � ��
�
�
Q	�! �"� 
 � � ��
�
��B59���)!C����� � � 
 � � ��
 �#
U? �q��
�	����(�qsn%���!"-/� �^5"
�	(+��>�S59�(P���
�	7����P � !"� � �
��
�
�
&� � 	(+0������_ �����j�j%��S59�D
(%���
���� � �H����
CK(�Y+ � ��+ � � �j�HP@��!�� 	�! �"���"_ � � ��
 �#
U?e�8!"�(	(+�A8�
��� � �C5 � � �j�H+=5C���
��� ��_ �����j�j%��S59�^
�%���
���� � �/����
 � ����
 �#
U?nNO59	 � �QA[�
��� � �C5 � 
`-���!9#(����	����
	�!�
(%��(-=5"
6
e� ?�A[�
��� � �C5 � � 	(+.���C59�(�j'
� 	!
"_ �����j�j%��S59�[
(%���
���� � �H����
 � ����
 �#
U?
i +��}����������!"- � ��P ��!"%���	(� � ��
0� � �j�759��
6!��.59|��4	(�����
������!"%�
$
(	(� � ����
 � � %�
 � ��P � � ��������
�
T	�����+���!"��!"P@'�?

i +��T�����j�j%��S59�>-�+�!"����� � �j�R�H�<��
�-/��� � 59�j�j' � �*-/!"�(	659�1	 � �u	(+��T��!"%���	(� � ��
>	(+=59	>+=5C���T� � � � 	����u�S59���gaF�=5"
6���
	���������!"�*��%�� � �C59	 � !"��
 � �UVw�65"
�	(�(%���	(%����@? i +���+=59����
���	�
 � � �j�\
����B-/������	(�659	 � !"� 
(%��(-=5"
6
 � ��P ��
 
 !9V�	(+��
-H!"-�%��S59	 � !"� � �T	(+��8���mlg	R�����C5"��� � �T	(+��8����������!"- � ��P
��!"%��1	(� � ��
C?Zhg!"�
�:
(%���
���� � �H����
�� � �j�L+=5C����5���!��Ra������
+=59����
���	CKH��%�	�!�� � ��P�	�!<	(+�� � ��������� � �����>	����6+���!"��!"P � �C59�e-���!"P@����
�
���
 � �}+=59����
���	�
zKH��' ��
 ���<	(+��>��!��Ra������
+=59����
���	 � � �j�3VW59�D
(%��(-=5"
6
Y	(+��7�
!@
(	[5"�U�@59�������$
(�.59�(	D-�+�!"������%��(������	(�j'B5��@5 � �S59�����@?
b^!"��
 � ����� � ��P>	(+�� ��NOA8� �.59�(|���	CKU
 � �����8	(+��:� ses`s ��
��U?������ ��� � � ��.© 	`
�	659����59���Q�����C59	 � !"� � � �������UK�
!"���R	(+=59� ��
�
�
�
:+�!"	�
(-H!"	�
��Z�����D59�j���C5"�U'*����-���!z'����.59��!"%����>	(+�� �Z!"�(���.59	n	(+��R�H��P � ��� � ��P�!9V���
�
��UK � � 	(+

5TP@��!��Y	(+�!9V �#
�
 
 � � ��
�
��U? i +�� � � � � .© � 
��H����!"� � ��P459� � ��������� � ���j')-/!"-�%��S59� 	�����+���!"��!"P@'�Ky�.5 � ���j'
�H���C59%�
�� � 	D!9�H����
859��5p�H!"����59������5"������
�
Y	�!>+ � P@+B��59	65>�659	���
 � � 	(+�!"%�	D	(+��7�������QVW!"�[5>
(-/����	(�(%�� � � ������
��
� � 	[!"-H���659	���
 � ��59��%���� � ������
�����
(-H����	(�(%��I�=59��� 	D59��� � 
D�C5"
('�59���$01% � ��|Q	�! � ��
(	659�j�F?
AY����!"��� � ��P@�j'�KZ	(+��Q��������VW!"� �
!"����
(-/����	(�(%�� �=59��� � 
�]���
(	(�j'��
!"	 � �@59	�������'X59�X�mlU-���!@
 � !"� � �X	(+��

�����.59���TVW!"� � � ��������
�
D
����(� � ����
D59���.� � ��������
�
Y	����6+���!"��!"P@'�? ��+������
� � �j�o	(+��:����� 
(-H����	(�(%��I�=59����
D��!"�
�
V���!"� �



� ��� � ��� � � � � � 	 � � ���

� ��� 
 ���');!"�'
��7���

��5 � 	 � ��PXVW!"�<	(+��}	����6+���!"��!"P � �C59�������C59|1	(+���!"%�P@+ 	�!�����-��S5"���}	(+��,���U%���� ������� � ������
��4��'�
(�.59�(	����
!"����
CK�	(+��.59�
!"%���	 !9VD
(-/����	(�(%�� 59�j��!1�C59	�����	�!B5TP � ������	����6+���!"��!"P@' � 
�� � � � 	�������'}����P@%��S59	 � !"��
C? * �����
59�j��!g�C59	����oK15\� � ������
����>�=59���*�H����!"�
��
n	(+��R-���!"-H���(	�'*!9VL	(+��R� � ������
6�R+�!"�������CK�%�
(%=59�j�j' +=5�� � ��P�59�
�ml����j%�
 � ���
� � P@+�	Ja�!9VwaF%�
���!9V 	(+ � 
D
�-/����	(�(%�� �=59���o?

�\!#�^�������CKR%�����!"�(�����S59	���� 
����(� � ����

%�
�59P�� � � 	 � �
�B59�����9!"�Q
(-=5"�������C5"� 	�!�
(-/����	(�(%�� +�!"����
C?�h1%��6+
%���%�
6���>-=59�(	�
n!9VL	(+��R
(-H����	(�(%�����!"%����>�H�R�mlg-���! � 	����>�1'�!"	(+����n
����(� � ����
y����0�% � � � ��P7�
!"���Y
�-/����	(�(%�� 59	y	(+��

659�
�Z	 � �
�^59��� 
(-=5"���@? t:��-/����� � ��P:!"��	(+��^����P@�����R!9V�	����*-/!"�659��59��� 
(-=59	 � 59�g��!"�(�����S59	 � !"�*!9V=	(+��^
����(� � ����
CK
	(+��7P�5 � �B!9Vn%�
 � ��P
k=�ml � �����7�(%�����
 � �B
(-H����	(�(%�� 5"������
�
8��!"%������/� � �*-/!"�(	659�1	\59���TV�%��d]��j�3%�
�����
C2=�����.59���o?
_}59��'}]=�����q�
�C5"
�%������
����	�
>+=5����Q
(+�!��Y��	(+=59	�	(+��Q
(-H����	(�(%�� %�
�� � 
���!"	�%�� � V�!"�(�*�j'q
(-����C5"�u!C����� 	(+��
����	 � ���>
(-H����	(�(%�� �=59���4��%�	 � 	�59-�-H�C59��
:5"
:��!"�������1	(�659	���� � �}
6!"�
��-=59�(	�
:!9Ve	(+��>
(-H����	(�(%�� ����
�-/��� � 59�j�j'
VW!"� ��!"�*�
����� � 59�D%�
6�.�65"� � !}��!"�*��%�� � �C59	 � !"��
('U
(	����

 	m?}A8
*54��!"��
���01%��������@K`
(-H����	(�(%�� 
659	(%��659	 � !"� � 

��!��
!"���Q5T-���!"������� � VY�
!"���>k=�ml � � � � � 	�' � 
 59�j��!#�Z��� � � � 	�
�%�
��@? �\!#�^�������CK`59������!"�j%�	 � !"�u!9VY�H!"	(+q	(+��
����P@%��S59	�!"�('QVw�659�
���^!"�(|B59����	(+��:	�����+���!"��!"P � �C59�y�C59-=59� � � � 	 � ��
:59���7����0�% � �����o?
� ��	(+ � 
\	(+���
 � 
zK �^� � ������
(	 � P�59	�� � ����!z�"59	 � ���*�U'g�=59� � �*59�jP�!"� � 	(+��

:	�!T59�j��!g�C59	��>
(-H����	(�(%��$KL	(+1%�
7�����ma

59	 � ��P<5>�U'g�=59� � ��
(-H����	(�(%�� ����%�
���!z�����[
(-=5"����59���T	 � �
�@?
�\!"-/�mV�%��j�j'�KU	(+������ � 
Y��!>���C5"
6!"��V�!"�R	(+��7	����6+���!"��!"P � �C59�O-���!"P@����
�
6��
D	�!*
(	�!"-3K�59���$�C5"�6+$	�����+���!"��!"P � �C59�

�����C59|g	(+���!"%�P@+�� � �j�U!"-H����%�-*5D����� �Z!"�(���>!9VL59-�-�� � �C59	 � !"��
C? i +��Z���mlU	���+=59-�	����`����
6��� � �/��
�	(+��Z����!"�j%�	 � !"��

!9Vy	(+��7�
��	(+�!1��
D%�
�����	�!>����P@%��S59	���	(+��7
�-/����	(�(%�� 5"������
6
C?



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



� �

� � m syo'|^v �

� _�� TuZ � � TbU � U �OZ\�PTb��� � � � ����[��c[ � [+] � [�U
� a ���r]`Z � � g � � _ � TM]\[6_bU

� �	� EG����	��*&'�
)+���"���

i + � 
Z�6+=59-�	����D���C59��
�� � 	(+<	(+��\����!"�j%�	 � !"��!9V3	(+��8
(-H����	(�(%�� 59�j��!1�C59	 � !"�<V��659�
���Z!"�(|Q59	^	(+��8����P@%��S59	�!"�
����������5"
��^���j��5"
[59	D	(+��7!"-H���659	�!"�[���������F?
� ���������oK85"
Q-�����
����1	���� +������C5pV�	����CKD	(+�� �R5�' 	(+��4� � �o��������	.� � ��������
�
�
('U
(	����

T59���459�j��!��Z��� 	�!u%�
��


(-H����	(�(%�� � 
 �H����!"� � ��P)!9VD�.5p#J!"� � �*-/!"�(	659�����@?)� �u!"	(+���� �^!"����
CKn	(+��Q
(%�������
�
>59���u	(+��Q�%�.� � ������'u!9V
V�%�	(%���� � � ��������
6
D
('U
(	����

^+��C5�� � �j'<�����j'Q!"�Q	(+��\V��659�
���Z!"�(|Q�(%�� � ��P

(-H����	(�(%�� 5"������
�
 � ��	 � �
�759����
(-=5"���@?
i + � 
7�6+=59-�	���� � 
7��+���!"��!"��!"P � �C59�j�j')!"�(P�59� � ~C���)
(+�!#� � ��P�+�!�� �
!"����k=�ml � � � � � 	 '�+=5"
:�H����� � ��	(��!g�U%������

!C�����^	 � �
� � �.	(+��8����P@%��S59	�!"�('*Vw�659�
���^!"�(|.!9VO
(-H����	(�(%�� 59�j��!g�C59	 � !"�3KU
(	659�(	 � ��P�V���!"� 	(+��[]���
(	R59	(	����*-�	�
^!9V

(-H����	(�(%�� 59�j��!g�C59	 � !"�3K3-�%���
(% � ��P0� � 	(+�	(+��
t�hgA 	����6+�� � 0�%���
 59���q��!"�����j%�� � ��PB�1'�	(+��
��!"P@� � 	 � ���.�65"� � !
� � � 	 � 59	 � ���@?

� ��� � �"	�
�� 
 �����¶<b�
��
5�"� � !"�1QR� �x!"� 4@�A��)+��	��'< 
 !"!"�*)1%3���7��� �"� 
 ��!"!"�'!"%�	
4 �*
����¶<K


i +���� � ��������
�
7�
��� � %�� � 
:� � �.��%��j	7	�!���!"��	(��!"�1�Y+����q��!"�*-=59�����}	�!Q	(+�� � � �����)!"���@?�AY����!"��� � ��P@�j'�K
	�!B5C��! � � � ��	����JVW�����������
�H��	��^�����u
('U
(	����

�59�����9!"�&� � 	(+ � �u5�
('U
(	����$Ko-���!"	�����	 � !"���
�C5"
(%�����
�+=5����*�H�����
����
 � P@����� �Y+����B%�
 � ��P.
(-H����	(�(%��0 

• c^'Q	(+��7����P@%��S59	�!"��
# nP@%=59�����=59����
[�/��	��Z�����4
('g
�	����

C?

• c^'Q	(+���!"-/���659	�!"��
� n����%�
��7� � 
(	659�����7�H��	��^����� � �1	����JV���� � ��PQ��+=59��������
C?



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

�8��P@%��S59	�!"��
T+=5����q59�(	 � ]=� � 59�j�j' �����C59	���� 
�-/����	(�(%�� 
��C59��� � 	 ' ��'�
���P@�
����	 � ��P�	(+�� �Y+�!"���}
(-H����	(�(%��
����
�!"%������@K � � 	(+ 54� � P@+�	*	�!q5"������
�
.�C5"��+ 
���P@�
���1	
�=5"
�����!"��� � ������
�����!@
(	�
 VW!"�
��!"�*�
����� � 59�D%�
��@K^59���
-�����������	 � ��P<��!"	D� � ������
��7+�!"��������
[	�!>%�
��7	(+��7
(-H����	(�(%��$K��������0�Y+����B%���%�
���� ���ml����j%�
 � ����5"������
6
 � �#� ��	m?
i + � 
 
(	659	(%�
 � 
�59�*-�� � ]=��� � � 59���C5"
 !9V�+ � P@+�	(�65 �.�^�����.59����
(%��6+ 5"
�%��(�=59� 59���C5"
C? AX�S59�(P��`-=59�(	y!9V�	(+��


(-H����	(�(%�� � 
859�j��!g�C59	����$	�!
P�!C�����(���
����	�59P������ � ��
 � � 	(+�!"���j'$5*
(-=59��
6�7%�
�����!"�*-=59�����B	�!.��!"�*�
����� � 59�j�j'
%�
����T�=59����
C?
i +��������ml � 
(	�
Y	��Z!.	�'g-/��
D!9Vn
(-H����	(�(%��0 

�@?DN � ������
����  `5:� � ������
�� � 
e����0�% � �����.	�!�!"-H���659	�� � �
	(+ � 
e�=59���oKg59��� � 
Z!"��	65 � �����<5"����!"��� � ��P 	�!7�@59� � !"%�

�(%�����
z? i +���� � ������
���+�!"�������:+=5"
:59�4�ml����j%�
 � ����� � P@+�	7!9V`%�
���V�!"�8	(+ � 
[�=59��� �w��%�	8��!Q!"��� � P�59	 � !"�}	�!
%�
6� � 	 � ��	�����
 � �����j'"	m?

�U?D�8��� � ������
����  n������� � VO	(+ � 
^-=59�(	Y!9VO	(+��:
(-H����	(�(%�� � 
Z����P@%��S59	����oKU��! � � ������
�� � 
^����01% � �����<	�!>!"-H���659	��
� � � 	C? i +������ � 
Y��!
�ml����j%�
 � ���7%�
��:��%�	[�659	(+����85>
(+=59������%�
��@?

i +��8]���
(	�� � ��������
�
R��0�% � -��
���1	�
 �Z�����\�=59���Q� � � � 	�����59���<%��=59�����\	�!>5���! � �T��!9a���+=59������� � �1	����JV������������@?
i + � 
:�
!"	 � �@59	����}	(+�� ]���
(	:����P@%��S59	�!"�('��(%�����
:�=5"
����}!"�q��!"��
 � ����� � ��P�	(+��>
(-H����	(�(%�� 5"
75.]�� � 	��>�=59	(%��659�
����
�!"%������@?`h � �����^	(+����3K"����P@%��S59	�!"��
y+=5����Y59���^5C'g
n�����1	(�659�j�j'>59����� � P � �U�j'�����
�%������ � �1	����Ja�
('U
(	�����-���!"	�����	 � !"�
V���!"� � ��	����JVW�����������@?

��+���� 
(+=59� � ��PX54]�� � 	����.59	���� � 59�[����
�!"%��������/��	��Z����� 59� � �������C5"
 � ��Pu��%����/���T!9V7%�
�����
CK^	(+��$-H���Ja
�C59- � 	65<
(+=59�������������C5"
��@? i !<5C��! � �B	(+�����+=5"!@
:
 � 	(%=59	 � !"� �Y+������ �C5"��+4%�
����[
6����|g
8!"���j'�+ � 
8!��Y� � ��	�������
�	
� ���mlg-���! � 	 � ��P>	(+��:
(+=59�����Q����
�!"%������@KU�(%�����
D59���\�����������Q	�!>����� � ���8+�!�� 	�!*5"������
�
^	(+��8����
6!"%������:59���Q+�!��
��%��6+ �C5"��+ !"���T������� � ����
� Q
6���j�R�C5"�6+�P�!1!g��5"
>-�� � �"59	��T-���!"-H���(	�'�KZ|�����- 59�j�Y	(+��Q����
�!"%������$5"

5�-�%���� � �
-���!"-H���(	�'T��%�	859�j��!g�C59	��7	(+��7� � P@+�	[	�!
����	����8	(+���� �w	(+ � 
 � 
Y	(+�����!"�1	��mlg	DV�!"�[
�-/����	(�(%��I����P@%��S59	 � !"� 	m? i +��
59�j��!g�C59	 � !"�B� � P@+�	8�/�7!"��	(+��7�=5"
 � 
D!9V1�^�C59�j	(+3K���'T	(+��7%�
6��!9Ve59��59%���	 � !"�B
('U
(	����$?e� 	Y� � P@+�	8�/��!"�$	(+��
�=5"
 � 
:!9VZ�
��� � 	CK35"
7���m]������}�1'�
�!"�
�*59P@�������gaF%�-H!"�q
(	659����59����
C?�� 	:� � P@+�	7�H���1'B��!"	(	����('�? * � � 	:� � P@+1	
�H�7!"��5�]���
(	Ja���!"�
�@KU]���
(	Ja�
6���(�����$�=5"
 � 
CK�5"�U� � � � 
�	��������$	�!>��!"��P.01%���%���
C?
t:��	����(� � � � ��P�	(+��4���������7!9V�k=�ml � � � � � 	 '�59�j��!��Z��� � � 5"������
�
Q-���!"	�!1��!"�7����
 � P@��
 � 
T!"����|���' �������
���1	

� ����
(	659��� � 
�+ � ��PB�(%�����
 !9VR��!g�ml � 
�	��������@K�
(-H����	(�(%�� 
�+=59� � ��P�!"��������� � ��	�����!"-H���659� � � � 	�'u!9VY
��������659�^
(�.59�(	
����� � ����
C?4b^!"��
 � ����� 	(+��.V�!"�j��!�� � ��P��659��P��T!9VD-H!@
�
 � � � � � 	 � ��
&� � 	(+ � �X5BP � �����u�=59���oK V���!"� �
!@
�	�	�!B���C5"
(	
����
(	(� � ��	 � ��� � � �� 

• A Vw%��j�3
�	659����59��� � 
Y��
(	659��� � 
(+����oK/59�j��!#� � ��PT59�j�3����� � ����
[	�! � ��	�����!"-H���659	��@?
• A8�j������� � ����
\59��������01% � �����B	�!
V�!"�j��!���5
� � � � �.59�y
�	659����59���o?Dsyl�59�*-�����
 � �����j%�����	�������� � 
 � !"��	(�659��
(a� � 
6
 � !"� � �$�7hgA�?
• A �
!"���)����	65 � ����� 
���	�!9V*��!"��
(	(�65 � ��	�
 � 
 � �*-/!@
���� !"� 5"������
6
�-���!"	�!1��!"��
z? snl�59�*-�����
 � �����j%����� 
�8��� � ������
����${ ����
�!"�=59�nb^!"�*��%�� � �C59	 � !"��
�hg���(� � ����
����8{^bYh2	^�=59���o?

• i +�� !"���j'B��!"��
(	(�65 � �1	 � 
:5.�.5pl � ��%�� -H!#�^���:���������F?8syl�59�*-�����
 � �����j%���� 	(+����7h��:59	 � !"�=59�n���UVW!"�Ja�.59	 � !"�4���UV��65"
(	(�(%���	(%���� ���\���/	e�=59���o?
• i +������
59������!T��!"��
(	(�65 � ��	�
�!"�}
(-H����	(�(%�� ����%�
��@?7syl�59�*-�����
 � �����j%����>
�!"�
� %���� � ������
����4�=59����
 � ��:5 � 	 � ?



� ��� � � 	 ��� 
 � 
 
������ 
�� 	�� � � ��� 	 � � � 
 � ���

 � � � � � � � ��� 
�	 � � 	 � � � � � � � � � 
 � � 
������ ���

�8��P@%��S59	 � !"��
�+=5C���<59� � �*-H!"�(	659��	 � �*-=5"��	�!"�u	(+��*�S59����
��C59-H�.!9VD
(-H����	(�(%�� 59�j��!g�C59	 � !"��
 59���u��!"�>a
��%�� � �C59	 � !"��
z2g
�'g
(	���� -/���JVW!"�(�.59�����@?nA8��'

���	^!9V3�(%�����
^59���Q��!"��
(	(�65 � ��	�
 � �*-H!@
����Q!"�Q5�
�-/����	(�(%�� �=59���
� � �j�O
(	(��!"��P@�j' � �Uk�%���������	(+���5��@5 � �S59�������C59-=5"� � 	�'�-H���Y%�
����C?
bZ+=59�������Z59�j��!g�C59	 � !"�q
��6+����
��
��C59�}�/�>� � � � ����� � ��	�!$5<��%����/����!9VR� � �H�������1	��C59	���P�!"� � ��
�����-H����� � ��P

!"�.	(+��8��!"�*-=59� � 
�!"�Q�=5"
 � 
C?+��!"�R�ml�59�*-����@K �Y+����<�6+=59�������o5"
6
 � P@���
����	Y59�jP�!"� � 	(+��

Y59���[��!"�*-=59�����<�=5"
����
!"�
	(+��R�.59�������CK � �+�Y+ � ��+Q��!9a���+=59��������
R59���D
���-=59�659	����oK1	(+���' �C59�
�H�Y� � � � ����� � ��	�!:]�l������ � l����.bZ+=59�������
A\
�
 � P@���
����	 ��� b^A
	mKYt\'g�=59� � ��bZ+=59��������A8
�
 � P@���
����	 ��t�b^A
	mKY59��� �8'1��� � � bZ+=59��������A\
�
 � P@���
���1	
� �7b^A
	m? i +���
���	�����+�� � 01%���
859���7-�����
����1	����$+������C5pV�	���� � ��� �� 

• ¿�»
�  

�

b^!9a&bZ+=59�������Z��!"��
(	(�65 � ��	�
# 75T
���	:!9VZ��!"� � �=59�`�6+=59��������
 � 
\-H���(�.59������	(�j'q59�j��!1�C59	����}	�!T�C5"�6+
�����j�=V�!"� � 	�
Z�mlU���j%�
 � ���Y%�
��@?��8�����857���m]�� � 	��D�����S59	 � !"��
(+ � - � 
Z5"
�
�%��
���*�/��	��Z�����T�C5"��+Q�����j�L59���
�C5"�6+��6+=59�������FK � �B5"����!"����59������	�!
	(+��7��!9a���+=59������� ����%�
��7��!"��
(	(�65 � ��	�
z?
� �*	(+��D
 � �*-����0��b^A 
�	(�659	���P@'�K�	(+��D
659�
�D��%����H���Z!9VH��!"� � �=59�=�6+=59��������
 � 
e59�j��!g�C59	����*	�!7�C5"�6+
�����j�F? � ��!"��������	�![��!"�U]����e	(+�� � ��	����JVW�����������e�H��	��^�����>5"�9#�5"������	y�����j��
 59	O� � � � ��%�������������
CK9�����j��

59���8!"�(P�59� � ~C��� � �.���j%�
�	�����
C? � � 	(+ � �T57���j%�
(	����e!9V3�����j��
CK�	(+����Y+�!"���85C�"5 � �S59�����[�65"� � !�
(-H����	(�(%��
� 
R�mlU-���! � 	����o?`A -H!"�(	 � !"�T!9V�	(+��[	�!"	659�H��%����/���Y!9V��6+=59��������
 � 
R59�j��!1�C59	����Q	�! �C5"��+$�����j�FK(�Y+ � ���
5"�9#�5"������	7�����j��
 � � 	(+ � ��	(+���
659�
�����j%�
�	����:59��� 5"
�
 � P@�����B� � �o��������	:P@��!"%�-�
\!9Ve��+=59��������
C? i +��
� � � � ��%�� �1%����H����!9V^�6+=59�������Z
���	�
 �W59��
�!T����-�����
6����	�
7	(+��*� � � � ��%�� ��%����/����!9VR�����j��
:-H���
���j%�
�	���� 	\����0�% � �����q	�!�
����(���>	(+��*����	 � ���<��!C�����659P��.59���C5 � 
:�����S59	�����	�!T	(+��*��!9a���+=59�������Z����%�
��
� � 
�	659�����@?
A8� � �������C5"
 � ��P��C59-=5"� � 	�'>�����.59���*�C59�>���C5"� 	�!\�����j��
(-�� � 	(	 � ��P�K�
�!\	(+=59	n5\�����j����!"��	65 � ��
e
��������659�

��.59�j�����[
 � ~C�7�����j��
C?nse5"�6+�
(�.59�j�����8
 � ~C�7�����j�o-���!C� � ����
D	(+��7
659�
����%����H���[!9Vn��+=59��������
\5"
Y	(+��
VW!"�(�
���[�����j�FK2� � 	(+�!"%�	[	(+��7�������$!9V`5�� � �����[
(-H����	(�(%��$?

�

AY�9#�5"������	�bZ+=59�������`b^!"��
(	(�65 � ��	�
# � �1	����JV������������ � 
D�
!"��� 
���������� � �B%��(�=59�459���C5"
\�U%���	�!.	(+��
P@���C59	����^�65"� � !7V�����01%�������' ��! � 
6�Yk=!g!"�^59���*	(+��[�S59�(P��D��%����/���R!9V3�=5"
��D
�	659	 � !"��
^59���.�
!"� � ����
C?
�8����!"P@� � ~ � ��P8��!9a��6+=59������� � �1	����JV������������^5"
O!"���`!9VU	(+��n	��^!D�.5p#(!"�3	�'g-H��
O!9V�
('g
�	����>aFP��������659	 � ��P
�����j�j%��S59� � ��	����JVW�����������@K�5"�9#(5"�����1	Z�6+=59������� � �1	����JV������������:59��
�!���!"��
�	 � 	(%�	���
^5:�H!"	(	(����������| � �
	(+��
�%�.� � ���1	[����	��Z!"�(|$!"-H���659	 � !"�3?
AY�9#�5"������	 ��+=59������� � ��	����JVW�����������`����
(%��j	�
HV���!"� � �*-H���JV�����	o������� � �����O]��j	�����
CK �Y+ � ��+�59�j��!������C59�(��'
V�����01%������ � ��
>	�!����C59| � ��	�!}	(+��Q-=5"
�
(�=59���o?�h1%���+ 59� � ��	����JVW�����������$�C59��
������������j'�5p�o����	>	(+��
	(�659��
�� � 
�
 � !"� �H��	��^����� 5)������� � �����Q59��� 5}�=5"
6�$
(	659	 � !"�3K � V�59��5"�9#�5"������	<�6+=59�������8%�
6��� � 

	(�659��
�� � 	(	 � ��P.� � 	(+���� � �$5������('Q����!@
��\�659��P��:	�! 	(+��:������� � � � ��P.59�1	������=5>!"�^�����('T����!@
��\	�! 	(+��
�=5"
6��
(	659	 � !"� � � �B	(+ � 
[�C5"
6�@K=!"�45
��+=59�������y����!@
���	�!*	(+���!"�����H� � ��P.%�
����$��'B50�%�^�C59|����
!9a
� � ����	m?.bR59���mV�%��n]��j	���� � ��P�59������+=59�������Z5"
�
 � P@���
����	��H��	��^�����u5"�9#�5"������	������j��
��C59�)� � � � � � ~C�
5"�9#�5"������	\��+=59������� � ��	����JVW����������� �Y+ � �6+ � 
 �^!"��
�� � �B
��.59�j�O�����j�O���j%�
(	�����
\59����+��C5�� � �j'T��!�5"�����
�����j��
z?

s`�����B	(+�!"%�P@+$	(+��������ml � 
(	�
Y-H!@
�
 � � � � � 	 � ��
8!9Vy�6+=59���������ml���+=59��P����/��	��Z�����������j��
zK.��b^A�
���+����
��
8��!
��!"	\5"��59-�	[	�!
�6+=59��P � ��P<��!"��� � 	 � !"��
:59����%�
����D� � 
(	(� � ��%�	 � !"��
C?^�8�UV�!"�(	(%��=59	����j'�K=��!"�$%�� � V�!"�(� %�
����
� � 
�	(� � ��%�	 � !"��
`+=59-�-H��� � �*���C59� � 	�'>	�!7
�!"�
�Y�mlU	�����	C? i +�� � �1	�������
(	 � ����b^A�
���+����
��
`�
!@
(	(�j'�����
 � ����

� �B	(+�� � �[
 � �*-�� � � � 	�'�!9V � �*-������
����	659	 � !"�3?

• Î »
�  � �X��!"��	(�65"
(	 	�! � b^A 
���+����
��
zKy	(+������ � 
���!$]�l����q�����S59	 � !"��
(+ � -X�H��	��^�������6+=59��������

59���
�����j��
 � �<t�b^A ?�A8�j�L�6+=59��������
R59���[|���-�	 � �T5������1	(�659�L-H!1!"�H59���<59���:5"
�
 � P@�����<�U'1�=59� � �C59�j�j'
	�!��65"� � !



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

�����j��
85"
R����� �C59�j��
[59�(� � ��� � ��	(+��7
('U
(	����$?yADV�	����[5 �C59�j� � 
Y��!"�*-�����	����oK � 	�
Y��+=59������� � 
R����	(%��(������	�!
	(+���������	(�659�O-H!g!"�F?
i +��\�.5 � � � ���C5 !9V 59�j�Ht7b^A 
���+����
��
 � 
Z	�!>���"59�j%=59	��\	(+��:��!@
(	R!9VO%�
 � ��P>�C5"��+$�C59��� � ��59	��7�6+=59�������FK
59���u
���������	�	(+��<!"���+� � 	(+�	(+��.� � � � ��%�� ��!@
(	�-���!C� � �����q	(+=59	 �����(	65 � � � �1	����JV������������Q��!"��
(	(�65 � ��	�

59����
659	 � 
J]=���o? i +��7
���������	 � !"�4!9V 	(+��7��!@
�	YVw%�����	 � !"� � 
��Y+=59	[� � �o��������	 � 59	���
\t7b^A 
��6+����
��
C?
cY5"
���� !"� � �UVW!"�(�.59	 � !"�>%�
����7VW!"���6+=59��������5"
�
 � P@���
����	CK@t�b^A�
(	(�659	���P � ��
y��!"%������/�Z���S5"
�
 � ]=��� � � 	(+����
5"
[�C59�j�daF��'1a��C59�j��t�b^A�!"�[5"��59-�	 � ����t�b^A 
6��+����
��
C?
t�b^A 
���+����
��
[+=5����7+ � P@+����D��!"�*-����ml � 	�'T	(+=59� � b^A 
��6+����
��
CK���%�	Y	(+���'Q-���!C� � ���:k=�ml � � � � � 	�'$59���
	(�65 �.�>5"��59-�	659� � � � 	�'�?
�\!#�^�������CKot7b^A 
�	(�659	���P � ��
\59��������
�
\�%�.� � ����	:	(+=59� ��b^A %��������8+ � P@+4��!�5"�
��!"��� � 	 � !"��
z?
t�b^A 
���+����
��

��!"��
 � 
(	 � � 5BP�!g!g�u�
!g�����^V�!"�*
(-H����	(�(%�� 59�j��!g�C59	 � !"� !9V\��+=59������� � ��%���� � ������
6���
�=59����
z?

• ��»
�  "�7b^A 
(	(�659	���P � ��
[��!"��� � ����5"�U�@59��	659P���
8!9V��H!"	(+8��b^A�59����t7b^A 
��6+����
��
C?`� �.�7b^A KU	(+��
	�!"	659� ��%����/���:!9Ve��+=59��������
75C�"5 � �S59������V�!"�8
����(� � ��� � 
8� � � � ����� � �1	�!
]�l���� �w�H����!"��P � ��PQ	�!.�����j� 5"
 � �
� b^A
	Y59���B�U'1�=59� � � ���U'g�=59� � �C59�j�j'T����0�%���
�	�������'������j�O5"
 � �Bt�b^A�	^
���	�
C?

� ��� � 4 
 %3�9% � !"%��')1�

i +�� � ���C5 � 
^	�!�%�
6� � �U���:
(-H����	(�(%�� VW!"�^59��!"	(+����Y
����(� � ���[	(+=59�Q	(+��\����P�5"��'.!"���@? i +��\t7hgA +=5"
e�H�����

(	(%�� � ��� � ��	(+���-���!9#J����	�
8t\� � �\s � ��� ��59��� * ������t:� � �`� � ��� ��? i +�������59���7	(+������7	�'g-H��
D!9Vyt�hgA� 

• i ���*-/!"�659�Rt�hgA& o�C59�q-���!z� � ���.P�5 � ���1'4	659| � ��P�5"�U�@59��	659P��<!9VR	(+��
	����*-/!"�659�^!"�(	(+�!"P�!"�=59� � 	�')�H�ma	��Z�����4
����(� � ����
D	�!*%�
��:	(+��7%��1%�
����$
(-H����	(�(%��IVW!"�[59��!"	(+����[
����(� � ���@?

• h1-=59	 � 59�^t7hgA� o�C59�q-���!z� � ���.P�5 � �q��'}	659| � ��P�5"�U�"59�1	659P��.!9VR	(+��

(-=59	 � 59�e!"�(	(+�!"P�!"�=59� � 	 'q�H��	��Z�����
6���(� � ����
Y	�!
����%�
��:	(+��7%���%�
6���$
(-H����	(�(%��IV�!"�[59��!"	����8
����(� � ���@?

• b^!"��� � �����B	����*-H!"�659��59���$
(-=59	 � 59�3t�hgA ?

i +���5"�6+ � ��������P�5 � � � 
R+ � P@+��j'Q����-H����������	8!"�Q	(+��7��!"��
 � ���������T	����*-/!"�659��59���T
(-=59	 � 59�3!"�(	(+�!"P�!"�=59� � 	 '
�H��	��Z�����$
6���(� � ����
C? i +��:t�hgA � 
 � ��	�������
(	 � ��P*�H���C59%�
�� � 	R!"-H����
Z	(+�� �R5�'<	�! 5��
!"���:�U'1�=59� � �:
(-H����	(�(%��
�.59�=59P����
����	 � � 	(+B
(-H����	(�(%�� �ml���+=59��P����H��	��^������
('U
(	����

C?

� ��� ���'!"�")1���

���&c4@�A��)+��	��'< 4*�
)1);��
�


i +���%���� � ������
������=59����
759��� � �����1	 � ]=���}��'�	(+�� ���1	����(�=59	 � !"�=59� i ��������!"�*��%�� � �C59	 � !"��
��[� � !"� ��� i ��	
�85"� � !7�8��P@%��S59	 � !"��
Z5"
`59�
� ���U%�
(	(� � 59�FKghg� � ���1	 � ]=�859���*_4��� � �C59�$���(hg_ 	O�=59���  �/��	��Z�����.��� 
�
759��� ��� ���U?
�
_ �[~�K ��?
��
$�
�8~
59��� �U?
��
$�
�[~
5"

�^���j�e5"
:�/��	��Z����� ������59��� �����T_ �[~�?��8!��^5"��5�'U
CK 59� � �������C5"
 � ��P
��%����/����!9V�� � ��������
�
�	�����+���!"��!"P � ��
 !"-/���659	�� � �)	(+���
��>�=59����
zKO
�!"�
��	 � �
��
������C59	 � ��P � ��	����Ja�
('U
(	���� � �1	����Ja
VW�������������U%��7	�!>	(+���
659	(%��659	 � !"��!9V 	(+���
����=59����
C?Zhg!"�
���ml�59�*-�����
D!9Vy	(+���
���
('U
(	����

 � �����j%����� 



� ��� � � ����� 
 �����

�� � ��� � � � ��� 	 � 	 � � ��� 
 � � 
 ��� ��
�� � � ����� � � � � � ���

• � N3A\� 
('U
(	����

# �� � � ��.© ���&s`s`s���
��U?��������pP �"5 �g?j?j? 	m?

• � � ��������
�
D{n� � �@59	���A8���C5*�\��	��Z!"�(| ��� {LA\��	R
('U
(	����

# nc^�j%���	�!1!"	(+ TM ��� ses`s���
��U?����U?���	m?

• sn	��@?

h1%��6+T
�'g
(	����

^��!���!"	Z����01% � ���\59�1'
� � ������
��[V�!"�R��� � 
�
 � !"� �w��!�� � ������
��8��!@
�	 	e59���T59���8�C5"
�'*	�!�����-���!z'�?
hg!"�
� � � � 	 � 59	 � ����
>59��
�!��
���1	 � !"��	(+��
����������!"-��
���1	 !9VY%���� � ������
����q!"-H���659	 � !"��
 � �q� � ������
����)�=59����
 5"
�5
�
�C59�$	�! � �������C5"
6�7	(+�� � �85��@5 � �S59������
(-H����	(�(%�� � �#� ��?
� �)%���� � ������
����)�=59����
 59�j�`	(+��*��+=59��������
>59���*
(+=59����� �/��
(-H����	(�(%�� -H!1!"���#	:59�����C59�q�/�
5"������
6
����}��'

59��'�����	 � 	�'�?7AY����!"��� � ��P@�j'�K3	(+���
(-H����	(�(%�� %�
�� � 
75"��59-�	����4	�!<	(+�����������
C?:�8��� � ������
����4�=59����
759����!9V�	����
����
���� � �H���B5"
D
659	(%��659	����$�=59����
CK�	(+�%�
8
(+�!#� � ��P.	(+���
(%�������
�
D!9Vy	(+��7
(-H����	(�(%�� -H!1!"� � ��P�?

� ��� �O�A��� 4@�A��)+��	��'<WC %K2���� �y�"
��"��� ��HY� �'�u4@�A��)+��	��'< NP��
����
	�);�

* -/���}
(-H����	(�(%�� �w���C5"�����4��'$t75C� � �}�[����� � ��� ��	R-���!"-H!@
���
 �m	�!
V�������	(+�� 5 � �/�R5�����
�� � �
	 ��Vw��!"� ����P"a
%��S59	�!"�('}� � P � � ����!"�*�.59���ga 59���ga���!"��	(��!"���<V��659�
���Z!"�(|H?
� 	���!"��
 � 
(	�
 � ��5<Vw%�	(%�� � 
(	 � �
� � 
 � !"�q!9VY
(-H����	(�(%��
%�
���59���B����	��^!"�(|B!"�(P�59� � ~z59	 � !"�3K � ����!"�(-/!"�659	 � ��P�5>��%��6+}�
!"����5"����%��659	���� � ��� !9Vn	(+��������S59	 � !"��
(+ � -B�H�ma
	��^����� � � 	�
CKY	(+�� � �T-�+�'U
 � �C59�\����-�����
�����	659	 � !"��
B5"
Q��������	(��!"�.59P@����	 � � �^5C����
 � ��
�-=5"���@K[59��� 
6!"�
�B	�!g!"��

VW!"�[�.59� � -�%��S59	 � ��P�
 � P@�=59��
 � � �����j%�� � ��P<	(+��>59� � � � 	�'$	�!.��% � ���B� � 
(	(� � ��%�	����oKo5"��59-�	 � ���@K � ��	�����!"-H���659�����*59���

����dVwa�!"�(P�59� � ~ � ��P � �#� ��59���6+ � 	�����	(%�����
DVW!"�Y��!"�*��%�� � �C59	 � !"� 	m?R��� � � ��K�t75C� � ���8����������
���� � �/��
 �Y+=59	859���:	(+��
� � � � 	659	 � !"��
 !9VR	(+��<��%��(������	�����P@%��S59	�!"�('q
(-/����	(�(%�� 59�j��!1�C59	 � !"�u�(%�����
CKy59��� � � �Y+ � �6+u� � ������	 � !"��	�!$��!"�Ua
������	(�659	�� 	(+�������
��C59����+}�m�H!"�(	�
8	�!
��% � ��� � ����!C�@59	 � ���*59���B�%�.� � ���1	:
�'g
(	����

z?^� ����
6
��������@K=	(+�� � ���C5 � 
[	�!
+=5�����5>���C59�j�j'Q�U'g�=59� � ��
(+=59� � ��P<!9V 	(+���
�-/����	(�(%�� ����
6!"%������7�/��	��Z������%�
�����
CK�59�����H��	��^������
('U
(	����

C?
� ���������oK�
(-H����	(�(%�� 
�+=59�j�g��!"	y�H�e��!g!"|����*5"
n5[	(+ � ��P:	(+=59	n��!"%���� �/�^!#�Y�����
5"
n58-���!"-H���(	�' ��
6!"�
��	(+ � ��P

!9Ve�@59�j%���	�!��Y+ � ��+)
�!"�
��!"���@KH�1'$����P�59� � � P@+�	CKH+=5"
:�mlU���j%�
 � ���>5"������
6
 	mK=��%�	�5"
:59�)!"-/���}
(	659����59���o? i +��
��%��(������	 -H!"� � ��'�Kp+�!��Z�������CK"	(���C59	�
 
(-H����	(�(%�� 5"
 � V � 	4�^�����^5Y-�+�'U
 � �C59�1	(+ � ��P8	�!Y�H�e�C59�(������%�-3? c^'\V�!g��%�
 � ��P
!"�B!"-H���B
(	659����59����
8�659	(+����D	(+=59��!"��
(-/����	(�(%��>a 5"
(aF	(+ � ��P�K=	(+��7�
��� � %�� �/����!"�
��
DVW59�[�
!"�����%�.� � ����	8	�!
	(�659��
(-H!"�(	 � �UV�!"�(�.59	 � !"�T59���*!9�H���`VW59�yP@���C59	����e�C59-=5"� � 	 '�?`���*	(+ � 
`������!"�j%�	 � !"�3K�	(+��D!"-H���

(-H����	(�(%�� -/!"� � ��'
� � �j�Z59�j��!�� 59��'�!"���.	�!$
������)
 � P@�=59��
 5"����!@
�
�59��'4�659��P��.!9VY
(-H����	(�(%�� � � 	(+�!"%�	�-�� � !"��-H���(� � 
�
 � !"�3K�� � 	(+
	(+��7� � � � ��%�� 
���	D!9Vy�(%�����
D����01% � ������	�!*���=59�����7	(+���
�%�������
�
D!9V`5 �%� � ��������
�
[��!"�*�
!"��
��"?

* -H���

(-H����	(�(%�� � � 
 � !"�*
(%�-�-H!"�(	�����
`���S5 � � 	(+=59	 � �1	����JV������������ � 
y��!"	e5\�S5)� !9V/�=59	(%���� � ��� ����%�	n�659	(+����
� � ��	����JVW����������� � 
85>������� � �����\-���!"������� � � � ����!"	D�/� � ��PT59������	�!

6��-=59�659	���
 � P@�=59�oV���!"� ��! � 
6��59���B�mlU	(�65"��	
	(+��$%�
6�mVw%�� � �UVW!"�(�.59	 � !"�3? c^%�	Q5"
.������� � ������
Q�/����!"�
��
(�.59�(	����CKR	(+������ � 
.����
�

������� V�!"�T5}����P@%��S59	�!"�('
�(%����7	(+=59	 � 
Y	(+�����01% � �"59�����1	8!9Vy� � ������
 � ��P<!"���j'�!"���7-H����
�!"�$	�!
	659�j|�59	\5>	 � �
�@K��H���C59%�
�� � �1	����JV������������ � 

����
�
 59���q����
�
��/����!"� � ��P)59� � 
�
(%��@? i !1��5C'/2r
 ������� � ������
>59���.�C59-=59�����Q!9VY
6��-=59�659	 � ��P4
 � P@�=59�`Vw��!"� ��! � 
��
�Z���j�`����!"%�P@+}	(+=59	:	(+���'���!Q��!"	�59��'g�
!"���>����01% � ���.���ml����j%�
 � ��� ��%�
��>!9Ve	(+���V�����0�%�������'$�=59����
:	(+���'}59���
	(%������$!"�1	�!�?^hg!"�
�7�ml�59�*-�����
 � �����j%����7�����('.� � �����=59�����
!g�U%��S59	 � !"�B	����6+�� � 0�%���
8
(%���+�5"
[t7h�h�h ���&s`s`s
��
��U?������ 	mK * �yt:_ ���&s`s`s ��
��U?����C5 �pP 	mK8�3� c 59��� �.59��' !"	(+�����
Q%�
��B����� 	����6+���!"��!"P � ��
�	�!�
(-����C5"�
� �UVW!"�(�.59	 � !"�T5"����!@
�
Z�.59��'>V�����01%�������'*�=59����
CK1�����C59	 � ��P �����('>+ � P@+<	(�659��
�� � 
�
 � !"�.�659	���
R59	`��!�����!@
(	 � � 	(+
�����(')� � 	(	(���Q����P@�65"��59	 � !"�X������� � �u��! � 
�'}���1� � ��!"���
���1	�
C? i + � 
 � 
 ���������
!"���<	(�(%��<��!"��
 � ����� � ��PBV�%�	(%����
hgt:� !"�8b^!"P@� � 	 � �����85"� � ! �Fb^�
	&
R�/���C59%�
���!9V 	(+�� � �D� � ����������!"�U]�P@%��659� � � � 	�'B�C59-=59� � � � 	 � ��
C?



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

A\
D5 ����
(%��j	CK�!"-H���T
�-/����	(�(%�� � 
Y� � |����j'Q	�!>���=59����� � ����!C�@59	 � !"� � ��	(+��
� � ��������
�
 �^!"�(������'Q-H���(� � 	(	 � ��P
5.����� 59-�-���!�5"�6+ � ��
 �n	�!<
�-/����	(�(%�� 59�j��!g�C59	 � !"�3?�� + � ��� %���� � ������
 � ��P��
!"���>
(-H����	(�(%�� �Z!"%����}�����(	65 � ���j'
+����j- 	(+��B����������!"-��
����	$59��� ����-���!z'1�
���1	Q!9V7����� 	����6+���!"��!"P � ��
CK � 	 �^!"%���� ��!"	Q59�j��!#� 	(+��B!"-H��� 59���
%�� � 01% � 	�!"%�
>5"������
6
�	(+=59	 � 
 �mlg-H����	����o?��\!#�^�������CK`!"-H����
(-H����	(�(%�� � � �j�Z��!"	>�����C59	��<!z�����(� � P@+�	CK � 	 � 
>5

(��!��Y�j'qP@��!#� � ��P4	(�659��
JVW!"�(�.59	 � !"�3? * -H���u
(-H����	(�(%�� � � �j�Z��!"	 �����C59	��.�
!"���<�=59��� � � �U	(+ �W5"
 5$�=59	(%��659�
����
�!"%�������	*��%�	Q5"

�
!"���B-/��!"-����
#J! � ��5 � � ��������
�
.����	��Z!"�(|HKY	(+������4�C59� �H�B5q��!g!"-/���659	 � ���BP�5 � � �m�o����	
�Y+���������'�	(+��.����	��Z!"�(|�5"��	(%=59�j�j' � �������C5"
6��
 � 	�
 �C59-=5"� � 	�' � � ��? * -/����
(-H����	(�(%�� � 
 �mlg-H����	����q	�!���!$VW!"�
� � ��������
�
Q��!"�*��%�� � �C59	 � !"��
 �Y+=59	Q	(+��B� ��	����(����	Q+=5"
Q��!"���$VW!"�.����	��Z!"�(| � ��PX��!"�*-�%�	�����
z? � ���������oKY	(+��
� ��	����(����	 �W59�u�����gaF	�!9a������u����	��Z!"�(|"	 59����+ � 	�����	(%����Q	��C5"��+���
�%�
�	(+=59	�����������	(�659� � ~z59	 � !"� �^!"�(|g
C?�� �)VF5"��	CK
������	(�659�o��!"�1	(��!"�O59���.����P@%��S59	 � !"� �^!"%����<+=5C���\|���-�	^	(+��\� ��	����(����	^Vw��!"� �H����!"� � ��P 	(+��8VW!"�����[	(+=59	 � 	^+=5"
# 
-�%�	D	(+�� � �1	����j� � P�������� 59	D	(+��:�H!"������� � � � ��?

� ��� 2(��� �O�'�A��	����'�
�B���"��
 � �B� � � �'� 
 �=#��
� �������MNP%�&
�7��


i +���b^!"P@� � 	 � �����85"� � !*� � 
 � !"� �R5"
Y]���
(	 � �1	(��!1�U%������B��'�_ � 	�!"�S5 � ��� ��?`��	D�������65"����
[�.59�1'�� � �H�������1	
��!"������-�	�
 � ��� �
� ��� ��� ��� � � �����j%�� � ��P$5
�����-�^5C'�!9V`�.59�=59P � ��P$
(-H����	(�(%�� 59�j��!g�C59	 � !"�3?\��	 � 
[�=5"
6����!"�)59�
hgt:� 59���6+ � 	�����	(%����@?

� 
���
�	 � ���

i +��\hgt\� ��!"������-�	CK1���1� � 
�59P���� � �
	(+��D�C59�(�j' ��
"
CK159���
����
��C59���6+���� � �
	(+��Y� � � � 	659�('
59���<��!"�*�
����� � 59�
��!"�.5 � ��
CK � 
D59� � �1	�����
��7����
��C59���6+B��!"�.5 � �3? i +�� � �1	(��!1�U%���	 � !"�4!9Vnhgt:� ��01% � -��
����	�
 � �TVw%�	(%����
� � ��������
6

����	��^!"�(|g
 � � �j���H�D!"���D!9Vo	(+�� � �`�.5p#(!"�e����!"�j%�	 � !"�3K�59�j��!#� � ��P ��!"�������(P��������8	�!#�^59���T59�.�&{yaF�=5"
����
��!"���[����	Ja
�Z!"�(|.59���
%�� � 0�% � 	�!"%�
^
��C59�*����
�
^5"������
�
 � ���>K ���>K@����!�5"�U�=59���oKg����!�5"���C5"
(	 	 � �Q57��!"��	��mlU	Z!9Vo+ � ���659����+ � �C59�
59����
����dV a�!"�(P�59� � ~ � ��P}����	��Z!"�(|U
C? i +�� ���������659�[b^!"�*��%�� � �C59	 � !"� b^!"�*� � 
6
 � !"� ��� bYb�	 � 
6
(%���� � � ��
�
 �
VW!"�(��%��S59	����*	(+��R-���!"�������

^5"
�
�!g� � 59	�����	�!:����P@%��S59	 � ��P>hgt\� ��0�% � -��
���1	 � �
5+��� � ��
(	`�[��-H!"�(	`59��� * ���������"?
i + � 
�+=5"
 59��
�!����������1	(�j'�5"���U����
�
���� � � � ��� ��? i +��
��!g��|���	 � 
�5Q]���
�	�!��.� � 59�^59-�-���!�5"�6+u	�!$�C59-�	(%����.	(+��
����P@%��S59	�!"�(' � 
�
(%���
[�����S59	����$	�!<hgt:� ��0�% � -��
���1	:59���B	(� � ��
D	�!
!"%�	(� � ����	(+���	 '1-H��!9V`��+=59��P���
8	(+=59	[� � P@+1	
�H�7��!"���7	�!
��01% � -��
����	3� � 	(+�!"%�	 � �UVw� � ��P � ��P<	(+��7�(%�����
[5"
�
6!1� � 59	����o?Z����	(+ � 
\59	(	����*-�	CK�	(+�����bYb ���m]�����

5
hg!9V�	��^59�����85"� � !.5"
� 

� 7�75� &(������ ��
'��� �����
	 %�� �-* � ��&#���.*-�4�����2��&����
�+
 ���3
 ��
��4 �� �3&(�������'������&(��� ���2�3&-*4 #")��
�����&#��� *-�4�����2�3& ,
�����
	 %������ � ��
��5"-&1����%.�3����� &(��� � �3,��� ���%�	 ������ �� ����� �  �& ���������4% �  �%'����%'���� �� �3&! �3����
��3& &(���������2���  �&
�1 �����%����2����"#�1���%$ �)�&	 �2�3&1���'$�� � ��( ���'� �#�3
'��� � �����8*/ #"�������&(�)� ����
' �%�� ���*( ��� � ���+�4
'��&,������&(�-�3
'��� � �-*
�1 ��.�� ����3� ��*5��
'�6� �,/ �0�/� ��
��5&#������ 0"-&1����%.�3�����8������* *3�� �� */7 �

i +��)hgt:� ��01% � -��
����	T������!"�U]�P@%��659	 � !"� � 
<�/� � ��P��U� � ����� �1' 5)k=�ml � �����B
(-H����	(�(%�� 59�j��!1�C59	 � !"� 59�da
P�!"� � 	(+��$?�A\


(%���+3KZ	(+��Bhgt:� �C59� �H�T
������ 5"
*	(+��T	�����+���!"��!"P � �C59�75"
(-H����	
!9V8	(+��Qk=�ml � �����$
(-H����	(�(%��
59�j��!g�C59	 � !"�3?^hgt:� �65"� � !@
[�C59�B�/�:%�
���� � �B�/!"	(+$��!"�1	��mlg	�
# `� � ������
����B59����%���� � ������
�����
(-H����	(�(%��$?
�\
 � ��P
5 hgt:� � 
Y5��
�C59�T	�!*5"��+ � �����7�65"� � !>��!"�*��%�� � �C59	 � !"�4��0�% � -��
���1	�
 �w%�
����D59��� � �UVw�65"
�	(�(%���	(%����

��01% � -��
����	�
 	�������!"�U]�P@%��659� � � � 	�'X	�!���� � ��P��
!"���<k=�ml � � � � � 	�' � �X5�
 � ��P@���Q��0�% � -��
���1	C?4AY����!"��� � ��P@�j'�K^59�
hgt:� ��0�% � -��
���1	��C59�q
('g��	(+���
 � ~C�>!C�����:	 � �
�>����� V�%�����	 � !"�=59� � 	 � ��
7	�!Q�/����!"�
�*59��!"	(+�������01% � -��
����	C?�� 	
�C59�Q�/�8
(%�������
�
 � �����j'

��������659�H��01% � -��
����	�
 � �<!"�����@?nA8� � ���C59�H
�!9V�	��R59���8�65"� � !>59����+ � 	�����	(%���� � 
Z-�����
����1	����



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

� �8� � P@%���� �U?�� ?

or

Switch

Duplexer
Large Bandwidth
High Frequency
ANC

High Frequency
NAC

LNA

DSP

AMP

� � P@%����5�U?��� `�&���C59��hgt:� A8����+ � 	�����	(%����
h1%��6+�5��65"� � ! � 
Z� � P � 	659�35pV�	����Z	(+��:59��	������=5*59���<+=5"
Y57�S59�(P��\�=59��� � � �U	(+3?`A8��
�!�K1	(+��\59���6+ � 	�����	(%���� � 


V�%��j�j'�������!"�U]�P@%��659�����@? �\!#�^�������CK1
�%���+<57
6!9Vw	��^59���D���m]������.�65"� � ! � 
n��!"	`	����6+���!"��!"P � �C59�j�j'*-/!@
�
 � �����R	�!1��5C'�?
� ���������oK`
��������659�R� � � � 	659	 � !"��
.59���T
(	 � �j�Y�����C59	 � ��Pq!"��
(	65"������
*
(%��6+�5"
� .��!"������-�	 � !"� !9V8A\t�b �9tDA[b ��!"�Ua
�����(	�����
 ��
 � ��%��j	659����!"%�
(�j' � ����!"�(-/!"�659	 � ��PT	(+�������0�% � �����
���1	�
[V���!"� 
6�������659��	����6+���!"��!"P � ��
 	mKo59���459�1	������=5
�C59-=59� � � � 	 � ��
 �w	(�65"���ma�!9�}�H��	��^�����B+=5C� � ��P<5

(�.59�j�O59��	������=5.
 � ~C��59���B5>����!�5"�U�=59���459��	������=5 	m?

�\!#�^�������CKo� � �H�������1	7����������
\!9V`������!"�U]�P@%��659	 � !"� ������-/����� � ��P�!"�4	(+�����01% � -��
����	7���S5"
�
 	[�C59�4�/� ��!"�Ua

 � ���������$59����
�!"�
�:!9V 	(+���� 59���759�j���C5"�U'T5 ���C59� � 	 '<	�!g��5�'�? i +��$� bYb����S5"
�
 � �C59�j�j'<V�!"����
�����
R	(+������7���S5"
6
���

!9V3-H���(� � 
�
 � ���[�6+=59��P���
^	(+=59	Z�.5C'
�/�[%��������(	659|���� ��!"��59%�	(+�!"� � ~C���T��0�% � -��
���1	Y!"���j'2	1� � 	(+�!"%�	Z	(+��8�������
VW!"�R]�� � ��P �p����� �����(	 � ]=�C59	 � !"�4 

• � � ��
(	[���S5"
6
# n��+=59��P���
[	(+=59	[��!*��!"	[5p�o����	[!"�D����P@�65"����� �u��� � 
�
 � !"��
C?

• hg����!"��� ���S5"
�
# 3�6+=59��P���
y!"	(+����O	(+=59��V�����01%�������'�Kp�
!g�U%��S59	 � !"�>!"�O-H!#�Z���n59����	(+=59	���!g��
3��!"	�����P@�65"���� � ��� � 
�
 � !"��
C? i + � 
����S5"
6

VW!"����
�����
Q	(+��}
�!9Vw	��^59���)59�j	����659	 � !"� !9V7V�����0�%�������' �659��P���
CKY��%�	T	(+��
�6+=59��P���
[��%�
(	D��!"	[59�j	����D	(+�������� � ���7+=59��� �R59����	m?

• i + � ���T���S5"
�
# y
(	 � �j�L%��������Y� � 
���%�
�
 � !"�3K1��%�	 � 	`VW!"����
�����
Y5�
 � �*-�� � ]=���Q����P � 
(	(�659	 � !"�QVW!"�Z����� 
�!9V�	��^59����w	(+=59	.�.5�'X��+=59��P��
�9����P@�65"����	(+����0����� � 
�
 � !"��
 	 !"� �����(	 � ]=��� ��0�% � -��
���1	CKR59�j	����659	 � !"��
.	�!}	(+��
+=59��� �R59��� �^!"%����$��!"	D�H�:-/���(� � 	(	����o?

� ��5"��� � 	 � !"�3K�	�!
	(+��7	�����+���!"��!"P � �C59�y�=59�(� � ����
859P�5 � ��
�	:hgt:��KU	(+������ � 
[59�B����!"��!"� � �C59�y0�%���
(	 � !"�4 � � �j�
�H�8	(+��:��!@
(	Y!9Vn59�$hgt:� ��01% � -��
����	����Y+ � ��+ � 
R� � |����j'Q	�!��H�\+ � P@+����Y	(+=59����%��(������	[��01% � -��
����	 	^�H�:��!"�>a
-H����
659	����
�1'*	(+��YP�5 � �<!9�o������� � �<	����(�

Z!9Vo-H���JV�!"�(�.59�����@? i + � 
R5"���U����
�
���
e	(+��[��!@
(	^!9VH������!"�U]�P@%��659	 � !"�4 
+�!#� !9Vw	����3KU+�!�� �659- � �U�j'T59���T+�!�� ��%��6+��mlU	(�65 -/!��Z��� � 
Y
�-/���1	 � ��	(+ � 
D!"-/���659	 � !"�3K"� � �j�O5
hgt\� 	����(� � a
�=59�O������!"�U]�P@%����>
�!"�
��!9V � 	�
D-=59�(	�
:59��� �Y+=59	 � 
[	(+���	�!"	659���H�����m]�	[����!"%�P@+1		� i +���P�5 � �4!9Ve��0�% � -��
���1	
������!"�U]�P@%��659	 � !"� � � �j�3�/�:+ � P@+ � Vy	(+���t�hgA�59�jP�!"� � 	(+�� �U� � � � ��P � 	 � 
D�m�o����	 � �����j'Q-���!z� � � � ��P<P�5 � �3?

� 
���

� �#�

����!"� 	(+��>%�
�����
z2L-H����
(-H����	 � ���@K�hgt:� ��01% � -��
����	�
�� � �j� � �1	(��!1�U%����.5<��!"	�!9V`k=�ml � � � � � 	�'�K � ��5Q
��C59�>a
����
�
:59���B	(�659��
�-=59������	
�^5C'�?8�\�������(	(+�������
�
CKohgt:� 	����(� � �=59��
:���1� � 
659P�����	�!g��5�'�KH��!.��!"	:59�j��!#��	(+���%�
�����

	�!q�.59�=59P��B	(+�� � �.�65"� � !�-���!9]�����
 � � 	(+����
!@
(	<�%�.� � ���1	��R5�'U
C? i +��B��!"P@� � 	 � �����65"� � !q-�� � ��� � -�����-���!9a
-H!@
���
7	(+�� � �1	(��!1�U%���	 � !"�X!9VY5��S59��P@%=59P��.�85"� � !Bf:��!#�Y�����UP��Q�[��-�����
����1	659	 � !"�uNO59��P@%=59P�� ���[f7�[N 	 � ��� �



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

���=59��� � ��P � ��	����j� � P�����	7�.5"�6+ � ���maF	�!9aF�.5"��+ � ���
��!"�*��%�� � �C59	 � !"� � � 	(+ � �}5 � � ��������
�
8����	��Z!"�(|459���B�.5"�6+ � ���
���C59�(� � ��P�Ke59��
�!}59�j��!#� � ��Pq59� � ��	����(-�����	659	 � !"� !9V[	(+��Q�\
�����s`01% � -��
����	0���\s 	������ � ��!"���
����	CKZ	(+=59��|g
�	�!
	(+��*
(	(�(%���	(%����
!9VR	(+��>�S59��P@%=59P��@?*�\
 � ��P�	(+ � 
 � ��	����(-�����	659	 � !"�3K 	(+��*�\s � 
7	(+�����59�����>	�!�	659|��*����� � 
 � !"��

�w�.5"��+ � ���maF���C59�(� � ��P 	 � �q!"��������	�!�!"-�	 � � � ~C� � 	�
:-���!9]����.����-/����� � ��PB!"� � 	�
���!"��	��mlU	C? i +��*��!"P@� � 	 � ���*�65pa
� � !}�������65"����
>�.59�1'u� � �o��������	
��!"������-�	�
CK � �����j%�� � ��P�5B����� �^5C'u!9V[�.59�=59P � ��P)	(+��Q%�
��Q!9V8
(-H����	(�(%��
��
(-H����	(�(%�� 5)�R59��������
�
 	
� ��� � � � 	 � � ��� ��?y�����������oK1��%��(������	^
(-/����	(�(%�� ����P@%��S59	 � !"�<	(��������
Z59���Y	�!7� � 
6��!"��������	

(-H����	(�(%�� 59����	�����+���!"��!"P@'�?4{n��!"P@����
�
���
 � �u��!1�C59	 � !"�Ua�59���u���1� � ��!"���
���1	Ja 5)�R59���B��!"�*-�%�	 � ��Pq59���
� � 	659�
VW!"�Y	(+�� � ��	(��!g�U%���	 � !"��!9V`5>��!"P@� � 	 � �����65"� � !�?
i +�����!"P@� � 	 � �����65"� � ! � � � 	 � 59	 � ��� 5"
6
(%��
��
[
(�.59�(	����\	����(� � �=59��
 � � 	(+�������!"�U]�P@%��659�����>�C59-=59� � � � 	 � ��
:��
Ja

-H��� � 59�j�j' � �X	(+��QV�����0�%�������'X��!"�.5 � ����%�	.59��
�! � ��	����(�


!9V[V�%�����	 � !"�=59� � 	 � ��
��Fhgt:� ��01% � -��
����	�
%	 	(+=59�
��%��(������	^�
!"� � ���D-�+�!"����
z?nA���!"P@� � 	 � ���8�65"� � !�	����(� � �=59� � 
e��!"�1	��mlg	Ja 5#�^59��� � ��� ���w��!g�C59	 � !"�3K1�
!"� � � � 	�'�KU����� � a
��!"���
����	 	D59�������������
!"���@K � 	 � 
^
6���dV a 5#�^59���@? i +1%�
CK � 	Y+=5"
R	(+��:|g��!#�Y�����UP���!9V � 	�
[!#�Y�$
(	659	��+�w+=59��� �^59���
59���q
�!9V�	��R59���
��!"�U]�P@%��659	 � !"� 	�59��� � 
�59�����*	�!T���C5"
�!"��59���)	659|��*����� � 
 � !"��
�	�!$	(� � P@P�������+=59��P���
 59���)	�!
���C59�(��59���B5"��59-�	[	�! � 	�
D��+=59��P � ��PT����� � ��!"���
����	8	�!*�.5 � ��	65 � �}5 P � �����$���������O!9Vy-/���JVW!"�(�.59�����@?
i +��:	����(� b^� � �����1	 � ]=��
Y	(+��:-H! � ��	[59	��Y+ � ��+ �%� � ��������
6
Y-/����
6!"�=59�H� � P � 	659� 5"
�
 � 
(	659�1	�
�� ��{`tDA\
 	R59���

	(+��^�����S59	���� ����	��Z!"�(|U
e59���^
(% �.� � ����	(�j'>��!"�*-�%�	659	 � !"�=59�j�j' � ��	����j� � P�����	^59�/!"%�	y�65"� � !\����
�!"%�������
`59���������S59	����
��!"�*-�%�	����JaF	�!9a���!"�*-�%�	����7��!"�*��%�� � �C59	 � !"��
\	�!2 

�@?Dt:��	�����	D%�
6���[��!"�*��%�� � �C59	 � !"��
\��������
[5"
[5�V�%�����	 � !"��!9Vy%�
��7��!"�1	��mlg	CK
�U?D{`��!C� � �����65"� � !*����
�!"%�������
\59��� � � ��������
�
D
6���(� � ����
Y�
!@
�	[59-�-���!"-�� � 59	���	�!>	(+�!@
�����������
C?

A\
R	(+��:�65"� � !*+=5"
Y	�!>�H�:��!"��	��mlU	Ja 5)�^59���@K � 	Y��%�
(	 � ��	����65"��	 � � 	(+�	(+��7�mlg	����(�=59�4�^!"�(���o? i +�� � �1	����65"�ma
	 � !"��
[59����5"����!"�*-�� � 
(+����$	(+=59��|g
R	�!>	(+��7��!"P@� � 	 � !"�B��'U�����7��!"��
 � 
(	 � ��P � �B5 
���� � ��
[!9V������S59	����$5"��	 � !"�B
(%��6+
5"
# y!"��
����(���@Kg!"� � ����	CKg-��S59�3KU����� � ���@K�5"��	^59���<���C59�(�3? i +��[��!"P@� � 	 � !"����'g����� � �*-�� � ��
Y57�S59�(P��\
���!"-/�8!9V3+=59���
����
��C59���6+�-���!"�������

>V�!"�
b^!"P@� � 	 � ���$�\5"� � ! � � 59�j�R	�����+�� � �C59�8��!"�.5 � ��
0��
(-/�����6+�-���!1����
6
 � ��P�K`
��6+����U%������CK
�.5"��+ � �������C59�(� � ��P 	m?

* ���4V�%�����59�
����	659� � 
6
(%�� � � 	(+��q59-�-�� � �C59	 � !"� !9V�	(+���b^� 	�����+���!"��!"P@' � 
Q	(+��}	(�65"���ma�!9� �H��	��^�����
� ��	����j� � P�������� � �}	(+�� � �UVw�65"
(	(�(%���	(%����<59��� � ��	����j� � P�������� � �}	(+��>�
!"� � ���
����� � ����
C?*h1-/����	(�(%�� { !g!"� � ��P � 
�5
��!C����� 59-�-���!�5"��+B	�!.�85"� � !*�[��
6!"%������7_459�=59P����
���1	����[�8_ 	Z���=59���������1'Bb^��?�{ !1!"� � ��P � 
D	(+��:������	659��!9V
-�%���� � �
59���}P�!C�����(���
���1	�
(-H����	(�(%�� ��'�	(+��>-�����
�����	�!��Y������
7	�!T�����j�j%��S59��
����(� � ����-���!z� � ������
7V�!"��5<	 � �
�
5"
R��� � �mVy5"
Y!"���:
�����!"����
 � �����[VW�������659�FK�
(	659	���59���Q��!g�C59�oP�!C�����(���
����	�
8��!"%����TP��������659	��:����������%���
�	(���C59�


��'}�����1	 � ��P4�6+=59��������
�	(+=59	 59���
��!"	���%��(�����1	(�j' � �q%�
��@?�h1-/����	(�(%�� 	(+=59	���!"%������/�*�.5"���Q5��@5 � �S59�����
VW!"�
-H!1!"� � ��P � �����j%�����
\59�j�3	(+��:�=59����
859�j��!g�C59	����TVW!"�Y�
!"� � ����	����(����
(	(� � 59�3%�
6��
CK�59���T��!"	[
659	����j� � 	���
CK��65"��59�859���
�65"� � !*�=5C� � P�59	 � !"���=59����
C?
� �
!"�������`	�!����=59�����D
�-/����	(�(%�� -H!g!"� � ��P�K15\����� ���S5"
�
e!9V/-���!"	�!g��!"���=59�
���.�\5"� � !7sn	 � 01%���	(	��D+=5"
n�H�����

���m]������o? i + � 
�-���!"	�!g��!"�n-���!C� � ����
7VW!"�7	(+��
5"�U�����(	 � 
 � ��P�59���q������	659�e!9VY
(-H����	(�(%��$? s`	 � 0�%���	(	�� � �����j%�����

	(+���
�-/����	(�(%�� ������	 � ��PQ-���!1����
�
zK=5"
�
(%������B�=5"��|$!9�)	�!<59%�	(+�!"� � ~C��������P�5"��'��65"� � !�KL5"
�
�%������B��!"�UVW!"�(�.59�����
	�!Q-������������������*��� � 	���� � 5T59���}59�)!"�������Ja � � ���>����	��Z!"�(|H? i +��>��	 � 0�%���	(	��*59�j��!#�D
:	�!T����
 � P@�=59	��*5<%�
����+�w��'
� ��	����(�=59	 � !"�=59�e�
!"� � ��� 
�%���
���� � �/��� � �����1	 � ]=�C59	 � !"� 	mK�5<��+=59�������FK3!"��59��'4��!"��� � �=59	 � !"�q!9V�� %�
6���8l�	 � �
��l

(-=5"����l�Vw����01%�������' �$� � 	(+)5

(-H��� � ]=��-������������������ � � sn�
���(P������ � ��
CK �T�:!C�����(���
���1	CK	�.{n%���� � � � ��	�������
�	CK
��b^!"�*�
�������@K � * 	(+���� 	m? i !q�����1	.
�!"�
�$
�-/����	(�(%�� V���!"� ����P�5"��'X�65"� � !@
CKY5qb^� ��%�
(	.	(�659��
�� � 	<59�j�
	(+���
���-=59�659�
��	�����
3�Y+����}5"������
�
 � ��P
V������7����
�!"%�������
z?^��V`5*����P�5"��'T�65"� � !.���1	�����
8	(+����=59���0� � 	(+45*+ � P@+����
-������������������Y	(+=59�*	(+��Y!"�����Y+�!7!g����%�- � ��
n	(+��^�=59���oK�	(+��^�65"� � !7��	 � 0�%���	(	�� �^!"%����

(-H��� � Vw'�	(+=59	Zb^��+=5"
y	�!



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

��+=59��P��[�=59����
Z59���*�
!g����
C?y��VH�C5"�6+
������	 � ��P -=59�(	 � � � -=59��	 � 
`��!g�C59	 � !"�<5)�R59���@K1	(+��D-/!g!"� � ��P��%�.� � ������'+� � �j�
�H� � �������C5"
����o?ef:��!#� � ��P*	(+��\-���!"-=59P�59	 � !"�B��!"��� � 	 � !"��
CKU	(+��\��!g�C59	 � !"�3Kg� � 
�	(� � ��%�	����T-/!��Z���Y�.59�=59P����
����	
��!"%������/� � ��	(��!g�U%������o? ��V��C5"��+ �65"� � ! � 
������ � ��!"���
����	e5#�^59���@K@	(+��Z�%�.� � ������'�!9V�-/!g!"� � ��P � 
 59��
�! � �������C5"
6���oK
VW!"� � ��
�	659�����@K � VZ	(+��>�65"� � !B����	�����	�
7	(+=59	 � 	 � 
7����	���� � ��P�5Q��% � ��� � ��P�K � 	7	(� � ��
7	�!T��!"��������	�	�!$5 � N3A8� ?
syl�59�*-�����
[!9Vn
(-H����	(�(%�� -/!g!"� � ��P

(	(%�� � ��
 � �����j%���� � ��� � 59��� � ��
 ��?
i +��7���mlU	D
�����	 � !"�B����
6��� � �/��
Y	(+���M8��tDA\�[{/A -���!9#(����	85 � � � ��P<59	[��% � ��� � ��P.
(�.59�(	D�65"� � !@
C?

� 
���
�� ��� � �
� ����� � 
�� ����(���� 	

i +��7M8� t:59�(-=5 � � � 	 � 59	 � ����
 � � � � � ��� �O�C59�B�/�7���S5"
�
 � ]=��� � ��	(+�����!"P@� � 	 � �����65"� � !.��!"��	��mlU	C?
i +��:t:�mV�����
6�\AY�U�@59�������T�[��
��C59���6+�{n��!9#J����	�
YA8P�������' ��t[A8�8{LA�	e����M8	[�:�������659	 � !"� �wM8� 	Z��!"�*��%Ua

� � �C59	 � !"��
7-���!"P@�659� � 
:����������!"- � ��P�5<������P��������659	 � !"��!9VZ
(-H����	(�(%�� 5"������
�
:	�����+���!"��!"P@' � ��� ��?�� �)!"�������
	�!�5"���U����
6
Z	(+��8
��C59��� � 	�'Q59���.����-���!C'g�
����	D� � �.��%��j	 '
-���!"�������

CKgM8� � 
e-�%���
(% � ��P*59�Q59-�-���!�5"�6+.�Y+������ � �

(	659	 � �
59�j��!"	(�
���1	�!9V^
(-H����	(�(%�� � 
���!"�*-������
���1	����q��'4	(+��>!"-�-/!"�(	(%�� � 
�	 � �*%�
��>!9V^%��1%�
����)
(-H����	(�(%�� !"�
59� � ��
(	659�1	JaF��'1a � ��
(	659��	\�=5"
 � 
CK � ��5 �.59�������[	(+=59	D� � � � 	�
 � ��	����JVW������������	�!*-�� � �.59�('T%�
�����
z?`�����������oK=�
�C5pa

(%������
���1	�

�C59�*-=5 � P@�X���C5"�u�1'�	(+��$h1+=59����� b^!"�*-=59��' � 	 �R+=5�����
(+�!��Y��	(+��T�ml � 
(	��������T!9V���
(-H����	(�(%��
+�!"����
��! y
�!"�
�8-=59�(	�
Z!9V3	(+��8
(-H����	(�(%�� �����.5 � �Q%���%�
����T59	R
�!"�
�D	 � �
�:59�����9!"�Z-��S5"���@? i +��8�.59�=59P����
����	
!9VL
(-H����	(�(%�� � 
 ��!#��-��S5"����� � �*�C5"��+*�65"� � !�K��Y+������ � 	y�C59�.5"
�
���
6
O	(+��Y5"��	(%=59��
 � 	(%=59	 � !"�.59	n�C5"��+ � ��
(	659�1	 � �
	 � �
�@KU�659	(+����Y	(+=59�T+=5����:	�! �H�8������!"�Uk � ��	���� � �$5"�U�@59�����\V�!"�Y59��'<-/!@
6
 � �����:
 � 	(%=59	 � !"�$!9VO	 � �
�@KU-H!@
 � 	 � !"�3K

 � P@�=59�FK�-���!"-=59P�59	 � !"�3KL��	��@?
i +��7M8� 59-�-���!�5"��+3KL	����(�
���$!"-�-/!"�(	(%�� � 
�	 � ��
(-H����	(�(%�� 5"������
�
CK���!"��
 � 
�	�
 � �$	��^!
����� ����P � �
��
# 

• h1-H����	(�(%�� 59P � � � 	�'� e5������ 
(-/����	(�(%�� 5"������
6
R�/��+=5C� � !"�659�o����P � �
�7��!"��
 � 
�	 � ��P>!9V 	�����+���!"��!"P � ��
[	(+=59	
6����
���
859���$�6+=59�65"��	���� � ~C��
\	(+�������� � ��!"���
����	CK � ������	 � ]=��
:59���$� � 
(	(� � ��%�	���
\
(-H����	(�(%�� !"-�-H!"�(	(%�� � 	�'
� �UVW!"�(�.59	 � !"�3K�59���q59�j��!g�C59	���
�59���4%�
���
:	(+���
��*!"-�-H!"�(	(%�� � 	 � ��
���!"�*�
����
(%��659	�� � � 	(+)	(+��*�����.59���oK
� �459� � ��	����JVW�����������maF� � � � 	 � ��PQ�.59�������C?

• { !"� � ��'�59P � � � 	 '  )5������ ����P@%��S59	�!"�(' ��!"�1	(��!"�\����P � �
�4��!"��
 � 
(	 � ��PX!9V��
��	(+�!g��
Q59��� 	�����+���!"��!"P � ��

VW!"�D��!"��	(��!"�j� � ��PQ
(%���+$!"-�-H!"�(	(%�� � 
(	 � ��
�-/����	(�(%�� 5"������
�
D�/��+=5C� � !"��
 � �B5�+ � P@+��j'<k=�ml � �����@K�	(�65"���C59�����
�.59�������^%�
 � ��P��.5"�6+ � ���[%���������
�	659����59�����[-H!"� � � � ��
C?nA |���'.5"
(-/����	Z!9VH	(+��DM8� 59-�-���!�5"��+ � 
n	(+=59	 � 	
� 
Z-H!"� � ��'.��!"��	(��!"�j������59���<	(+=59	Z	(+������ � 
^5�������!"%�-�� � ��P*!9V3-/!"� � � � ��
zK��H��+=5�� � !"��
Y59���.-���!"	�!g��!"��
C?nt:�ma
��!"%�-�� � ��PQ59�j��!#�D
85"��59-�	659	 � !"�B	�!>-/!"� � � � ��
Y	(+=59	Y�@59�('<!z�����D	 � �
��59���TP���!"P@�659-�+1'�? i ���6+���!"��!"P@'$�C59�
�H�R����������!"-/��� � �*5"�U�@59�����Y!9VH-/!"� � � � ��
CK�59��� �^!"�(��� � � ���[����-���!z'1�
���1	 �Z!"%����*�H�^P@���C59	(�j' 
 � �*-�� � ]=���o?
� 	 � 
e57	�!"	659�j�j' �����-��
�!9Vw	��^59���maF�=5"
����4�[-H!"� � ��' ����P � �
�[	(+=59	Z59�j��!#�D
Z-H!"� � � � ��
`	�!:�H�D������!"%�-������*V���!"�
	(+�� � �*-������
����	659	 � !"�)59���$��+=59��P������U'1�=59� � �C59�j�j'�?

��+ � ���.��!"������-�	(%=59�j�j'�
 � �*-����@K�	(+��.���C59� � ~z59	 � !"��!9VY!"-�-H!"�(	(%�� � 
(	 � �Q
(-H����	(�(%�� 5"������
�
 � 
�+ � P@+��j'q�6+=59�da
������P � ��P�?�A8�j	(+�!"%�P@+u���������1	�'��C59��
�+=5����<
������u
�!"�
�<!9VY	(+��.��!"�*-H!"������	�
�V�!"��!"-�-/!"�(	(%�� � 
(	 � �Q
(-H����	(�(%��
5"������
�
 �.59	(%��������@? P�?y
�!9Vw	��^59���^�65"� � !@
 	mK"	(+������ � 
 
(	 � �j�U5[��!"��P
�^5C'�V���!"��5[-���!"	�!"	�'g- � �C59��
('U
(	����$? ��%��(	(+����CK
��! �^!"�(|
�ml � 
�	�
 � �
	(+��\59���C5�!9VO������!"%�-�� � ��P 	(+��D-H!"� � � � ��
nV���!"� 	(+�� � �*-������
���1	659	 � !"�3? i + � 
Z'�5)�Y� � ��P P�59-
�H��	��Z�����X��%��(������	>
(	659	��ma�!9VwaF	(+��ma 59�(	>59��� �Y+=59	 � 
7����01% � ������V�!"��!"-�-H!"�(	(%�� � 
(	 � �<
(-/����	(�(%�� 5"������
�
 � 
�	(+��
�
!"	 � �@59	 � !"�B�H��+ � ����M8�>?�� ���������oK=
��������659�O-���!"�������

[��%�
(	D�H��
�!"�j�����  `
�����
 � ��P.!C�����:5 � � ���:V�����0�%�������'



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

�=59����� � �����1	 � Vw' � ��P�	(+��>-�����
��������>!9VZ-�� � �.59� � ��
�59���}�6+=59�65"��	���� � ~ � ��P45��@5 � �S59�����*!"-�-H!"�(	(%�� � 	 � ��
��O��!"�*��%Ua
� � �C59	 � !"� 59�
!"��P ����� � ����
�	�!X��!1!"��� � �=59	��}%�
��}!9V � ������	 � ]=��� !"-�-H!"�(	(%�� � 	 � ��
���59��� �
!@
�	 � �*-H!"�(	659��	(�j'�K
���m]�� � 	 � !"� 59����59-�-�� � �C59	 � !"��!9V � �1	����JV������������maF� � � � 	 � ��P)-H!"� � � � ��
CK`59���u%�	 � � � ~z59	 � !"�X!9VY	(+��Q!"-�-/!"�(	(%�� � 	 � ��

�Y+ � ����5"�U+���� � ��P<	�!*
(%���+$-H!"� � � � ��
C?

� ��� 4{����)���	��x< 8�	�%�&'�"�'#

h1-H����	(�(%�� 	(�65"� � ��P � 
\!"���>!9V^	(+���	�!g!"��
�5��@5 � �S59�����>	�!<k=�ml � ���j'}59�j��!1�C59	��*
�-/����	(�(%�� VW!"�:!"�:�H��	��^�����

('U
(	����

C?)� 	 ��!"��
 � 
(	�
 � � 5$	(�659��
JVW���*!9V8	(+��T
(-H����	(�(%�� � � P@+�	�

!"� � � 5B�6+=59��P��$!9V[	(+��T
(-H����	(�(%�� %�
��@?
�=5C��!"� � ��P�����P@%��S59�.
(-H����	(�(%�� �ml���+=59��P���
.�/��	��Z����� !"-H���659	�!"��
.��!"��
 � 
(	�
 � � 5}
(�
!g!"	(+�	(�659��
 � 	 � !"��V���!"�
5QV�%��j�j'�����P@%��S59	�����
(-H����	(�(%�� 	�!#�R59����
 59�u!"-�-/!"�(	(%�� � 
(	 � �.%�
��
!9VY	(+��
���1	 � ���.
(-H����	(�(%�� ����
�!"%������@? i +��

(-H����	(�(%�� 	(�65"� � ��P � � � 	 � 59	 � ��� � 
Y���C5"����'T	(+����\f � * ��b * _ 	mK�	(+����7hgA ����bYb�	Y59���$�\�����/�C59�S59���o?e� 	
��!"��
 � 
(	�
 � �Q5�� � 
 � !"� �Y+������8	(+��8
(-H����	(�(%�� ����
6!"%������ � 
Z	(���C59	����Q5"
R59�<����!"��!"� � �\P�!g!1�<59���<�C59�<�/�8
�!"���oK
���C5"
����oKZ��	��@?�� 	 VW5C��!"��
.5��
!"���$�U'g�=59� � ��
(-/����	(�(%�� 
�+=59� � ��P�59�����mlU�6+=59��P��TVw�659�
���^!"�(|u%�
 � ��P)�(%�����

�=5"
����q!"���.59�(|���	��S5)�D
z?.� �)	(+ � 
���!"��	��mlU	CK � 	 � 
7��������
�
659�('}	�!B5"
6
 � P@�u5Q-�� � ���
	�!B�C5"��+q-H!"�(	 � !"�u!9VR	(+��

(-H����	(�(%�� �H�mVW!"�����H� � ��PT59����� 	�!Q�mlU�6+=59��P��>
(-/����	(�(%�� -=59�(	�
C?7h1-/����	(�(%�� �ml���+=59��P���
:�H��	��^�����)� � ������
����
+�!"��������
859����� � |����j'<	�!
��!"��
 � 
(	 � ���/��	��Z����� �ma �#
 	(�65"����
85 '��C59�85"����!@
6
Dsn%���!"-H�@?
s`��!"��!"� � 
�	�
[59���[�����(' � ��	�������
(	���� � �$59-�-��j' � ��P>	(+���
��[�
!g������
R	�!*59��'
����
6!"%������7�mlU�6+=59��P��@K � �����j%�� � ��P


(-H����	(�(%��$? �\!#�^�������CKL59��'T�
!g�����O!9Vn
(-/����	(�(%�� 59�j��!1�C59	 � !"�}59���$
(+=59� � ��P.
(+�!"%����$�/�:����P@%��S59�(�j'�%�-H��59	����
!"�
����-��S5"����� ��' 5}�
!"����59-�-���!"-�� � 59	���!"���@K^���C59�j�j'�	659| � ��P � �1	�!u5"����!"%��1	.	(+�� � �1	 � �.59	��$-���!"-H���(	 � ��
<!9V

(-H����	(�(%��$K85"
T� � 
���!z��������� ��' 
(-H����	(�(%�� ����
��C59����+3? AY����!"��� � ��P@�j'�K[	(+��}
(-H����	(�(%�� 	(�65"� � ��P��
!g�����FK � V
59-�-�� � ���oK=
�+�!"%����T��!"	D�/�:	(+����S5"
(	Y�
!1�����3V�!"�Y�(%�� � ��P.
�-/����	(�(%�� 5"������
6
C?

� ��� 
 ���');!"�'
��7���

�8!�� 
(-H����	(�(%�� 
(+�!"%����.�/�D�/��
(	Z%�
����oK15"����!"��� � ��P 	�! �Y+ � �6+<�
!g�����L!9VO
�+=59� � ��P��H��	��Z�����T��!"�*-H��	 � ��P

('U
(	����

y!"�n%�
�����
	� i + � 
n01%���
(	 � !"� � 
n
(	 � �j�U��!"	n
�!"�j�����>	�!g��5�'�?y_459�1'������ � � � 	 � 59	 � ����
`!9VH
(-H����	(�(%�� 5"������
6

P@���C59	(�j'�� � �H���RV���!"� 	(+����R5�'Q]���
(	�� � ��������
�
8
('U
(	����

 �Z����� 59�j��!1�C59	����$
�-/����	(�(%��$?
_4!"	 � �"59	����u��'�	(+��.��%��(������	*��!"��P���
(	 � !"��!9VD	(+��<
(-/����	(�(%�� 59�j��!g�C59	 � !"���6+=59�(	�
CKy����P@%��S59	�!"��

59���
	(�('1a

� ��P$	�!T]����q����� �
!1������
�V�!"�7�(%�� � ��P4
(-H����	(�(%�� 5"������
�
��1'�� � ��������
6
�
('U
(	����

C? i +��<59-�-�� � �C59	 � !"��
�V���!"�
	(+���� � ��������
�
>��%�
 � ����
�
*59��� � �������C5"
 � ��P@�j'u
(-����C5"� � ��P}	�!��.59��'���!"�.5 � ��
CKn	(+�%�
 �65 � 
 � ��P}	(+�� � ��	�������
(	
!9V
����!"��!"� � 
(	�
C?e�����������oK�	(+���59�(	 � ]=� � 59�j�j'T�659���7
(-H����	(�(%�� ����
�!"%������ � 
D�/����!"� � ��P<5 �.5p#(!"�D��+=59�j������P�� � ��	(+��
V�%�	(%����@Kg5"
 �Z�:59���D	�!g��5�' � � 	(����
6
 � ��P>5���!"�*�
!"�Q�m�o!"�(	ZVw��!"� ����P@%��S59	�!"��
CKU����P � ��������
R59���<����!"��!"� � 
(	�
^	�!
����������!"-�5*��!"�*�
!"�$Vw�659�
���^!"�(|/?



� �

� � m syo'|^v �

� Z`� � [n� [�U TuZ � g U T � � �~[��

� �	� � �"
j���=H�2��3��%����"���'
OHI��	 � �
�"
�
��
%��
���6	

i 59����� ��?�� -�����
����1	�
D	(+��:��!"	659	 � !"��
8%�
���� � ��	(+ � 
[�6+=59-�	����C?
�\!"	��7	(+=59	Y	(+���
��7��!"	659	 � !"��
\59���:V�%��(	(+����[�mlg-��S5 � ����� � �$	(+��:�����.5 � � � ��P<!9Vy	(+ � 
D��+=59-�	����C?

� ��� EG����	��*&'�
)+���"���

� �7	(+ � 
O�6+=59-�	����CK9
6�������659����!"��� � ��������!"%�	 � ��P\59����
��6+����U%�� � ��P[-H!"� � � � ��
O59���`��!"�*-=59�����o? * %��3!"�U#(����	 � ���
� 
3	�! � ������	 � V�'7	(+��`�H��
(	 ��!"��� � ����� ��!"%�	 � ��P:59����
���+����U%�� � ��P\-H!"� � � � ��
O	�![�.5pl � � � ~C�R5D
('U
(	���� 	(+���!"%�P@+�-�%�	C?
i +��7
('U
(	���� 	(+���!"%�P@+�-�%�	 � 
R	(+��7
(%�� !9Vn59�j�o	(+��7��!"��	(� � ��%�	 � !"��
[Vw��!"� 59�j�o	(+���5"��	 � ���:%�
�����
Y!z�����85 P � �����
-H��� � !1�$!9Vn	 � �
�@? �q�����m]���� �m��!"%�	 � ��P.-H!"� � ��'���5"
[	(+����(%�����5"����!"��� � ��PQ	�!+�Y+ � �6+}5>%�
6���[��+�!g!@
���
D	�!
%�
��
59��!"	(+����7��+=59�������n	(+=59�}	(+���-������ � !"%�
:!"���@?
�q� ���m]����.��
6��+����U%�� � ��P�-H!"� � ��'�� 5"
\	(+����(%����*5"����!"��� � ��PT	�!
�Y+ � ��+T5��6+=59������� � 
Z5"
6
 � P@�����
	�!�57P � �����.%�
����nVW!"�Z5:-H��� � !g�.!9VH	 � �
�@?nAY����!"��� � ��P@�j'�KU5���!"��� � �����<��!"%�	 � ��P
59����
���+����U%�� � ��P)	����6+�� � 0�%��T��!"��
 � 
(	�
 !9V[	(+��Q
���	>!9VD�(%�����
>5"
6
 � P@� � ��P�%�
6����
�	�!4��+=59��������

59������+=59��������

	�!4%�
�����
C? �q�T���m]���� ���6+=59���������$5"
*5�
�-/����	(�(%�� -=59�(	
�ml����j%�
 � �����j'�%�
������1'�5B%�
���� V�!"� � �UVW!"�(�.59	 � !"�
�ml���+=59��P����U%�� � ��PQ5 -/��� � !g�$!9Vy	 � �
�@?
A[Vw	����8���m]�� � ��PQ5>
(-H����	(�(%�� �w�65"� � ! 	R����
6!"%��������W59��
�!
�C59�j�����B��+=59�������'	mKL	(+��7�
!1���������459���$
 � ��%��S59	����

����
(%��j	�
yV���!"� 
��������659����!"��� � �����.��!"%�	 � ��P 59���

���+����U%�� � ��P��
��	(+�!1��
^59���D��!"�*-=59�����o? i +��R]��=59��!"�U#(����	 � ���
� 
CK/P � �����q59�q59�
!"%���	�!9VZ
(-H����	(�(%�� ����
�!"%�������
 ��
��������659�n��+=59��������
%	mKo+�!#� �C59� �Z�>!"-�	 � �.59�j�j')5"
�
 � P@�4	(+��
��+=59��������
.	�!4	(+��T%�
�����
*!C�����
	 � �
� � ��!"�������*	�!}�.5pl � � � ~C�T	(+���
('U
(	���� 	(+���!"%�P@+�-�%�	CK � 
>	(+������$54�H��
(	
�
��	(+�!g� �



��� � ��� ��� � 	 ��	 � � � � � � � � � � 	 �

¤ ����§­���©��� Î �¸��²³�¨�©µ+���©���
β

{ 59�659�
��	����\%�
����T	�!+�^� � P@+�	[	(+��7
6���(� � ���7�659	������@? P�?� 
βµ
	

µ
_��C59�$
����(� � ���7�659	�� ���mlU-H!"������	 � 59�3�S5#� 	

µ1
_��C59�$
6���(� � ���7�659	���!9V 	(+��:����
����(�@59	 � !"�$-�+=5"
����w���mV����D	�!>�
��	(+�!g��� 	^+������C5pV�	���� 	

µ2
_��C59�$
6���(� � ���7�659	���!9V 	(+��7��59	65>	(�659��
�� � 
�
 � !"�$-�+=5"
����w���mV����Y	�!*�
��	(+�!g��� 	Z+������C5pV�	���� 	

µi
_��C59�$
6���(� � ���7�659	��7V�!"�D
(	659	 � !"�

i

σ
t8%��659	 � !"��!9Vn5>�=5"�6|�!9�q��!"%���	����8�����������
���1	��w���mVW���D	�! � � ��	

a
K
b

���1	���P����D-=59�659�
��	�����
[%�
6���T	�!
������!"�*-/!@
6�
M
� �1	�!

��������659�3P@��!"%�-�


ei
�859	��7!9Vy� � 
 � 	D!9Vy
(	659	 � !"�

i

pi(k,m)
_}59�(P � �=59�3-���!"�=59� � � � 	 � ��
:59	D
(	659	 � !"�

i
VW!"�[5 ����	��^!"�(|$!9V

m
��� � ���1	�


Ci ith

����(�����RVW!"�85>
(	659	 � !"� � � 	(+$��%��j	 � -�����
����(������


CWmin
_ � � � ��%�� ��!"�1	�����	 � !"� � � ����!#� 
 � ~C�:%�
 � ��P*	(+����&s`s`s���
��U?����C5.
(	659����59���

L
{ 5C'1��!�5"��!9V 	(+��7	(�659��
�� � 	(	����$-=5"��|���	�
�� � �$��'g	���
 	

M
i !"	659�3�1%����H���8!9Vn��� � ����	�
 �wP���!"P@�659-�+ � �C59�j�j'$� � 
(	(� � ��%�	����$%�
�����
%	 � ��	(+��7����	��^!"�(|

N
i !"	659�3�1%����H���8!9Vn
����(������
&�w�65"� � !
�6+=59��������
 	 � ��	(+�������	��Z!"�(|

Qi(M)
_4�C59����%����/���\!9Vy��� � ���1	�
\59	D
�	659	 � !"�

i

Q(M)
_4�C59����%����/���\!9Vy��� � ���1	�
 � ��	(+�������	��Z!"�(|

Ri(M)
_4�C59��	(�65������ � ��PQ	 � �
�7	(+���!"%�P@+B
�	659	 � !"�

i

R(M)
_4�C59��	 � �
�7-H���[��� � ����	[�/��	��Z�����3KL5pV�	����D+ � 
D
6���(� � ����59����	(+���������!9V + � 
[���mlg	D
����(� � ���

TACK
t\%��659	 � !"�B!9Vn59��A[b^f:��!#�Y�����UP@�
����	 ��A[b^f 	R��!"�1	(��!"�O�
��
�
�59P�� �w���mV����Y	�! � � ��	

TCTS
t\%��659	 � !"�B!9Vn5<bZ���C59� i !<hg����� �Fb i h2	R��!"��	(��!"���
��
�
659P�� �w���mVW���D	�! � � ��	

TDATA
t\%��659	 � !"�B!9Vn5
tDA i A �
��
�
659P����w���mV����Y	�! � � ��	

TDIFS
t\%��659	 � !"�B!9Vn5
t � 
�	(� � ��%�	����$���1	����Ja2���659�
� h1-=5"��� ��t:� �`h2	 �^5 � 	 � ��P<-/��� � !g� �w���mVW���D	�! � � ��	

TRTS
t\%��659	 � !"�B!9Vn5
�[��01%���
(	 i !Qhg����� ��� i h2	R��!"�1	(��!"�O�
��
�
�59P�� �w���mV����Y	�! � � ��	

TSIFS
t\%��659	 � !"�B!9Vn5<h1+�!"�(	[���1	����Ja2���659�
� h1-=5"�����Fhg� �`h2	��R5 � 	 � ��P.-H��� � !1� �w���mVW���D	�! � � ��	

Xi(M)
i +���!"%�P@+�-�%�	\!9Vy
�	659	 � !"�

i

X(M)
i +���!"%�P@+�-�%�	\!9V 	(+������mV�������������
�	659	 � !"�

i 59����� ��?��� nN � 
�	[!9Vy�\!"	659	 � !"��
YVW!"�Y	(+ � 
8bZ+=59-�	����



� ��� � � � � � � � � � � � � 	�� 	 � � � ����� 	 � ����� � � ��� � ���

� ��� � ��	J<K%�!"! � � ���'�'�"�'#>%bNP%�&'�"�>NP��
����
	�)1�

�q�Q59��� � ��	�������
(	���� � �u	(+��.�
��	(+�!g��
>!9V859-�-���!"-�� � 59	��Q
�-/����	(�(%�� 
(+=59� � ��P4�/��	��Z������
��������659�^%�
�����
CK
� �X!"������� 	�!)59�j��!��I5�
(%�������
�
(Vw%��^��������-�	 � !"��!9V[	(+��Q	(�659��
(� � 	(	���� � �UV�!"�(�.59	 � !"�3K �Y+ � ���<�.5pl � � � ~ � ��P}	(+��

('U
(	����I	(+���!"%�P@+�-�%�	C?

�q�[5"
6
(%��
�D57�����j���
!g�����FK � � 	(+<5:�65"� � !�5"������
�
 � �UV��65"
(	(�(%���	(%����D��01% � -��
����	 ���@? P�?� yA\{�K�cR5"
6�[h1	659	 � !"�
��cDh2	mK=��	���	[59����
��������659��P���!"P@�659-�+ � �C59�j�j'�� � 
(	(� � ��%�	�����%�
����[��01% � -��
����	�
759	(	65"�6+�����	�!<�C5"��+}�����j�F?Y���B	(+ � 

��!"��	��mlU	CK@	(+��R	(�659��
(� � 
6
 � !"�*!9V/�\NT�
��
�
659P���
 � 
n5 �m�.59��' 	�!\!"��� �R!"-H���659	 � !"�3K��Y+������C5"
n	(+��^	(�659��
(� � 
6
 � !"�
!9Vnt\!��Y��N � ��| ��t:N$	^�
��
�
�59P���
 � 
[5 ��!"���7	�!*�.59�1'���!"-/���659	 � !"�3?

��!"�T�C5"��+�	(�659��
(� � 
�
 � !"��� � ������	 � !"� ���\N !"�Qt:N$	

6�������659�8��%��j	 � -����}5"������
6
.�
��	(+�!g��
T�ml � 
(	 � iR� �
�
t � � � 
 � !"�._B%��j	 � -����8AY������
�
 � i t:_4A
	mK ������0�%�������'*t � � � 
 � !"�._�%��j	 � -����[AY������
�
 ��� t:_4A
	mKgb^t\_4A K1h1-=5"���
t � � � 
 � !"�$_B%��j	 � -�����AY������
6
&�Fhgt:_�A�	mK * �yt:_�A K���	���	^	�!*����
(%�����5

(%�������
�
JV�%��  

• �8������-�	 � !"�B!9V 	(+���	(�659��
(� � 	(	����$�
��
�
�59P���
C?

• h1-H����	(�(%�� 
(+=59� � ��P�?

• �\
����D
���-=59�659	 � !"�3?

AY����!"��� � ��P@�j'�K �^��� � �j� ���mVW���\	�! �m�65"� � !Q����
�!"%������ �>5"
75<��!"�j%��
�>!1����%�- � ���4��'4�C5"��+}�
��
�
659P�� � �4	(+��
VW!"�j��!#� � ��P�!"�(	(+�!"P�!"�=59�\
('g
�	���� !9V75pl � 
# <Vw����01%�������'�KZ	 � �
�@K ����!g���@K 	.59��� 
(-=5"���@? i +�����+=59�j������P�� � 
*	�!
5"��+ � �����<5Q�.5pl � ��%�� %�
�� � � �q	(�659��
(� � 
6
 � !"� 	\!9V^	(+��*
�-/����	(�(%�� 
(+=59�����}�1')
��������659�n%�
�����

�Y+ � ���*�.5pl � a
� � ~ � ��P 	(+��8
(%�������
6
JVw%��L��������-�	 � !"��!9V3	(+��[�
��
�
�59P���
C?yA[�j�o59��!"��P !"%����Z!"�(|HK �Z�75"
�
(%��
�[	(+��[	(�659��
(� � 
6
 � !"�
!9Vy�65"� � !*-=5"��|���	�
C?

� ��� � �6	�HI��	�<K%=�
)1� 
 �'%�! �*
��"
���H 
 �=<$�x�"�'��& NP���R���"�
# %��'& 4*) �
��&'�
!7�"�
#
� �1� �'�*&



��
��"
�	 
 � �)�,� -  �
 ��%'� �

i +��Q-���!"������� !9V\�6+=59�������85"������
�
*59����
���+����U%�� � ��P)�H��	��^����� 
��������659�Y%�
�����
*59���������j��
 � � 5��65"� � !

('U
(	���� � 
$5u��!"�*-����ml -���!"������� 	�!X
�!"�j��� �Y+ � ���}	(�(' � ��PX	�! 5C��! � � � ��	����JVW�����������@? bZ�S5"
�
 � �C59�7����
�!"%������
59�j��!g�C59	 � !"�459���$
��6+����U%�� � ��P.	����6+�� � 0�%���
\��!"��
 � �����D	(+��������j�y5"
[5 �Y+�!"����59���B��!*��!"	DP�!*�H����!#� �����j��59���C5U?
�\!#�Z�������CK��^� � � �j�D
(+�!#� � ��	(+��TV�!"�j��!�� � ��P�
�����	 � !"��
*	(+=59	.	(+���
�!"�j%�	 � !"� ���C5"� � ��Pq	�!}	(+��T�H��
(	

('U
(	����
	(+���!"%�P@+�-�%�	[��%�
(	[��!"��
 � �����[	(+��7%�
�����
C2��6+=59����������!"��� � 	 � !"��
 � �B	(+�����+=59��������59�j��!g�C59	 � !"�3?

��!"�>5TP � �����q-H��� � !1��!9VR	 � �
���w����	�%�
�
65C'q5QVw�659�
��	mK�	(+��*	�!"	659�`�1%����H��� !9VY��59	65�� � 	�
�	(+=59	��C59���H�
	(�659��
(-H!"�(	������1'�59�j��	(+��Z-=5"��|���	�
 � 
o]�l������1'7	(+��e��%��j	 � -����^5"������
6
O	����6+�� � 0�%��^%�
����oK9	(+��`�
!g�U%��S59	 � !"� %�
����oK
	(+��*	�!"	659�R5��@5 � �S59�����.
(-H����	(�(%��$K3	(+��*������� � ������-/!��Z���CKy��	��@? �\!#�^�������CK � 	 � 
7��!"	�-H!@
�
 � �����*	�!TP�!$+ � P@+����
	(+=59�4	(+=59	CK�%�������
�
:59��!"	(+����\� � �
����
 � !"� � 
:5"�������o? i +�%�
zK=	(+���	�!"	659�y5C�"5 � �S59����������
�!"%������ � 
D� � � � 	����o?[A8�
� �*-H!"�(	659��	���!"	�� � 
:	(+=59	7	(+�� �.5pl � ��%�� ������
 � 	 '�!9VZ%�
6����
:-/����59���C5 � � ��5<���C59� �^!"�(��� 	 � 
759��
�!$5.]�� � 	��
� � �
����
 � !"� �ZA[���T	(+��7�.5pl � ��%�� 	(�659��
(� � 	[�����.59���$-H���[59���C5 � 
[59��
6!>� � � � 	���� �



��� � ��� ��� � 	 ��	 � � � � � � � � � � 	 �

{y5"��|���	\	(�659��
(� � 	[�U%��659	 � !"��
8�C59�$�/�:�@59� � ���$�U%��:	�!*	(+��:���C5"
6!"��
D-�����
����1	����$�H����!#�  

• �e59� � 59	 � !"� � ��	(+���59�
!"%���	\!9V -=5C'1��!�5"�B� � 	�
D!9V � �UVW!"�(�.59	 � !"� � �����j%������ � �$	(+��:-=5"��|���	C?
• �e59� � 59	 � !"� � ��	(+���59�
!"%���	\!9Vy
(-H����	(�(%�� %�
����QVW!"�Y	(+��7	(�659��
(� � 
6
 � !"�3K
• �e59� � 59	 � !"� � �)	(+��>�
!1�U%��S59	 � !"���W5"����!"��� � ��P�	�!T	(+��*��%��(������	*h � P@�=59�n	�!����1	����JV������������<�8! � 
��>�\59	 � !
�Fhg�&�\� 	Z���������'	m? i + � 
 � 
R	(+���N � ��|�AY��59-�	659	 � !"� ��N3A�	^�
���6+=59� � 
(�$?

�\!#�^�������CK � �$	(+��������.5 � � � ��P<!9Vn	(+ � 
[�6+=59-�	����CK �^� � � �j��5"
6
(%��
�7	(+=59	[	(+����"59� � 59������-=5"��|���	\	(�659��
(� � 	
�U%��659	 � !"��
[��!"�
�7Vw��!"� � � �o��������	[�
!1�U%��S59	 � !"��
8%�
����o?

��
��"

� �  "�� "% ��� � ��-���(

i +���P�!�59�n!9V`	(+ � 
:��+=59-�	���� � 
\	�!<�
!1�����n59������!"�*-=59���>
��������659�y-H!"� � � � ��
:!9Ve��+=59�������`�ml���+=59��P��*59���
5"������
�
CK � � 	����(�

�!9V=
�'g
(	���� 	(+���!"%�P@+�-�%�	C?��q�Z5"
�
�%��
�^5DP@��!"%�->!9V

N
�6+=59��������
CK

M
%�
�����
 P���!"P@�659-�+ � �C59�j�j'

� � 
(	(� � ��%�	����o? �q�R5"
�
(%��
�`��!"�Ua � �1	����JV���� � ��P��6+=59��������
��w-/���JVW����	 � 
6!"�S59	 � !"���H��	��^�����>� � �o��������	y��+=59��������
%	mK�5"

�Z���j�35"
Z��!>��!"�j� � 
 � !"�4 n�C5"��+T%�
����R59��� � �UV��65"
(	(�(%���	(%����:��01% � -��
����	R+=5"
^	(+��8
659�
�759���<-/���JVW����	^|1��!��Y�����UP��
!9VO	(+��:
('U
(	����$?n� 	 � 
Y59� � ���C59�3
('U
(	����$? * %��R
6�����=59� � !*��!"�(����
(-/!"����
R	�!*5�
 � ��P@���:�����j�FK � � 	(+�
�!"�
�\P@��!"%�-�

!9VH%�
�����
C? i +��Y����
(%��j	�
`Vw��!"� 	(+ � 
Z
(	(%��U' �C59�.�/�Y%�
6��� V�!"�e�\N$�
!g����� � ��P�?yse5"��+Q!9Vo	(+��RV�!"�j��!�� � ��P��
��	(+�!g�
-���!"-H!@
���
75<� � �o��������	�59-�-���!�5"�6+)	�!Q	(+���VW!"�j��!#� � ��P$01%���
(	 � !"�4 ��%�Y+ � ��+)%�
����:	(�659��
(� � 	�
 �w����
(-3?�������� � ����
 	
%�
 � ��P �w����
(-3? !"� 	��Y+ � ��+
��+=59������� � �"?yA[��
6!�K�59�j�1	(+��^%�
�����
n59���Y5"
�
(%��
��� 	�!8V�!"�j��!��X	(+��^
�59�
�e�
�C59�*
����(� � ���
�659	��[V�!"�j��!�� � ��P*59�Q�mlg-H!"������	 � 59�H�S5#��!9V3�659	��

µ
? AY����!"��� � ��P@�j'�K�
�	659	 � 
(	 � �C59�j�j'�K�59�j�L	(+��[%�
�����
^59���\��01%=59�L	�! 5

�
�C59�Q%�
����C?nA8
R5�����
(%��j	CKU�������<	(+�!"%�P@+T��!"���\!9V3	(+��8-�����
6����	����Q-/!"� � � � ��
R��!"�1	(��!"�/	(+��[VF5 � �(����
�
 � �T
����(� � ���
	 � �
�T�H��	��Z����� %�
�����
CKn	(+������ � 
>��!4%��UVF5 � �(����
�
*-���!"�������$?�cZ%�	 � � 5��
!"���T���C59� � 
(	 � ��
������=59� � !@
.
(-=59	 � 59�
%��UVF5 � �(����
�
7��!"%����)59� � 
��*59���)
(+�!"%����4�/� ��!"��	(��!"�j�����o? i +�� �"59� � 59	 � !"� � �)
����(� � ���>�U%��659	 � !"��5"����!"%���	�
7VW!"�
�@59� � 59	 � !"��
 � � ��+=59�������:��!"��� � 	 � !"��
�59��� �@59� � !"%�
.�
!g�U%��S59	 � !"��
# }+ � P@+ hg� �\� ����������
 �Z!"%���� ���C5"� 	�!�5

(+�!"�(	7-=5"�6|���	��U%��659	 � !"�3K$�Y+������C5"
7��!#�Ihg� �\� ����������
��^!"%����)���C5"�)	�!$5T��!"��P�-=5"�6|���	��U%��659	 � !"�3?
A8�j�n	(+��
��+=59��������
*59���Q5"
�
(%��
���)	�!�!1����%�-1')	(+��.
659�
�*�=59��� � � �U	(+3? * %���01%���% � ��PB�
!g�����^5"
�
(%��
��
 5 � � ��
(	�� �
� � ��
(	 * %�	 ���y� � * 	D0�%���% � ��PQ-H!"� � ��' � �4!"�������[VW!"�D	(+������ � ����	�
+�w%�
�����
 	Y	�!<5"������
�
\
����(������
&���6+=59��������
 	m?[A

(	659	 � !"�����mV�����
[	�!.5��y� � * 01%���%���59���B!"����!"�8
��������659� 
����(������
C? � � P@%���� ��?�� -�����
����1	�
[	(+�����!"	659	 � !"��
[VW!"�
	(+�����%��(�����1	8
(	(%��U'�?
i +��[-=59�659�
��	�����
e%�
���� � �
	(+��[59�H!C���[_4�C59�
�e59�j%��DA8�=59�j'U
 � 
3��_�� A�	n59�jP�!"� � 	(+�� � ��� �=��!"�(����
(-/!"���.	�!2 

µi =
hg���(� � �����659	��:V�!"�D
�	659	 � !"� �

ei =
�659	���!9Vy� � 
 � 	D!9Vn
(	659	 � !"� �

M =
i !"	659����%����H���8!9Vn��� � ����	�
��w%�
�����
 	 � �$	(+��:����	��Z!"�(|

N =
i !"	659����%����H���8!9Vn
����(������
 ���6+=59��������
 	 � ��	(+�������	��Z!"�(|

pi(k,m) =
_}59�(P � �=59�3-���!"�=59� � � � 	 � ��
:59	[
(	659	 � !"�

i
VW!"�[5 ����	��^!"�(|$!9V

m
��� � ���1	�


Qi(M) =
_��C59�$�1%����H���8!9Vn��� � ����	�
\59	D
(	659	 � !"�

i
Q(M) =

_4�C59�$�1%����H���8!9Vn��� � ����	�
 � ��	(+�������	��Z!"�(|�� _
Ri(M) =

_��C59�$	(�65C����� � ��P.	 � �
�7	(+���!"%�P@+�
(	659	 � !"�
i

R(M) =
_4�C59�$	 � �
�7-H���D��� � ����	[�/��	��Z�����3KH5pVw	����Y+ � 
D
6���(� � ����59����	(+��������$!9V + � 
D���mlg	D
����(� � ���

Xi(M) =
i +���!"%�P@+�-�%�	8!9Vn
(	659	 � !"�

i
X(M) =

i +���!"%�P@+�-�%�	\!9V 	(+������mV�������������
�	659	 � !"�
� ��?���	



� ��� � � ��� � � � � � � � � � � � � � � 	�� � � � � � � 	 � � � ��� � 
 	�� � � � � 

� � � � � � 	�� � � � 
 � ��� � ���

..

.

..

.
i

1

N

M clients = M users

N servers
= N channels

A single station

FIFO queue

µi

� � P@%���� ��?��� 
8%���%���_�!g�����3�8!"	659	 � !"��


hg�������659���
��	(+�!1��
[59������!"�*-=59����� � ��	(+��:VW!"�j��!#� � ��P
-=59�659P@�659-�+�
� 

• §�À
¿���Ê���¬�� %�
�����
[59���:!"�(P�59� � ~C��� � ��P@��!"%�-�
D!9V �
!"���:	(+=59� �:%�
����CK�59���T	(+������ � 
R��!>�
!"���:	(+=59� �
�6+=59�������Z5��@5 � �S59�����>-H���\P@��!"%�-3? � � 	(+ � �q�C5"�6+)P@��!"%�-3K359�j� %�
6����
:��%�
(	:%�
�� 	(+��>
659�
�>��+=59�������nVW!"�
�H!"	(+$	(�659��
(� � 
6
 � !"��59���T��������-�	 � !"�3?

• ÇÂÀx»���´`´`��� §��;¬ ¬1§­��§F»
�+§��1�;�¸�©��� �7��!"�*�
!"�$��+=59��������59���
N − 1

��59	65>�6+=59��������
C?`cR�mV�!"���
�C5"�6+u	(�659��
�� � 
�
 � !"�3Kn5�%�
�������%�
(	�� � ��	(+��<��!"��	����1	 � !"� � VW!"��	(+��<��59	65B�6+=59�������Z����
6���(�"59	 � !"� 	�!"�
	(+�����!"�*�
!"�B��+=59������� � �B!"�������D	�! ]����B59� � �U���7��59	65
��+=59�������F? i +����3K�	(+�����59	65>	(�659��
(� � 
�
 � !"� � 

��!"����%�
 � ��P<59� � �U������59	65*�6+=59�������F?

• ²­À
¥J���;Í��©� »
�;§��1�+�G��� 5�
 � ��P@���8��+=59������� � 
R5��@5 � �S59�����DVW!"�e	(+��
M
%�
�����
CK1��%�	 � 	e+=5"
R5�
6���(� � ���[�659	��

!9V
βµ
? i + � 
D
 � ��P@������+=59������� ��!"��
 � 
(	�
D!9V`59�j�o	(+��

N
�6+=59��������
[-�%�	Y	�!"P���	(+����C?

• ¬ÂÀ®¥J� ���;�¸�����©§���� 5
%�
����D�659����!"�*�j'B�6+�!1!@
���
:5
�6+=59������� !"%�	\!9V
N
59����5pV�	����8�C5"��+4	(�659��
(� � 
�
 � !"�

��!"�*-�����	 � !"��+���
���01%�����	 � 59�j�j'���+�!g!@
���
Y	(+������mlg	[�6+=59������� � �����mlo?

• ��À Á §��;¬;��´ ¦��J����� 	(+��>
('g
�	���� ��!"��
 � 
�	�
7!9V
N
�6+=59��������
�!"�(P�59� � ~C����5"
75Q��!"�*�
!"�q-/!g!"�F?�A8�j�

�6+=59��������
\59����5"������
�
 � �����:��'$59�j�3	(+��:%�
6����
[5"
D
�!g!"�B5"
[5*�6+=59�������3�/����!"�
��
 � �U���@?

• �³ÀA¦R����Ç1§jÇ1�����©�I���©² Á ���+���©�;Í�� 	(+��<
('U
(	���� ��!"��
 � 
(	�
�!9V
N
�6+=59��������
�	(+=59	 �C59���H�.5"������
�
����q��'

59�1'.%�
����C?yA %�
6���Z�659����!"�*�j'.�6+�!1!@
6��
R5���+=59�������o�H�mVW!"���85�	(�659��
(� � 
�
 � !"��59���Q	(+������R5 � 	�
^V�!"�Z	(+ � 

�6+=59�������O	�!*�H����!"�
� � �U���@K��H�mVW!"���:�/� � ��P.59�����7	�! i lo?

• Í�À �xµ1µ¶�������1�;�©�I���©²�� 	(+���
('U
(	����$K���!"��
 � 
(	 � ��PQ!9V
N
�6+=59��������
CK/59���R5�'U
:
���+����U%�����
8	(+��7%�
���� � � 	(+

	(+����/��
(	8hg�&�\� !"��5 P � �����B�6+=59������� � �$!"�������[	�!>� � � � � � ~C��	(+��:	(�659��
(� � 
�
 � !"���U%��659	 � !"�3?

i + � 
\
(	(%��U'T	659|���
 � �1	�!Q5"����!"%��1	8	(+��>hg� �\� ����������
D�@59� � 59	 � !"��
\!z�����[	 � �
�@K � �����j%������ � ��	(+����@59� � 59�����
-=5"��|���	 ��
����(� � ����	\�U%��659	 � !"�3?+�\!#�^�������CKO�
��	(+�!g��
�5 	[	�!QV%	8��!T��!"	���!"��
 � ����� hg�&�8������������
�	�! � �Uk�%��������
	(+��>��+=59�������`�6+�! � ���@Ko�659	(+����7	(+���'B��! � 	 � �4��� � ���}!"�\VW!"�j��!#� � ��PB5<P � �����4]�lU���)59�j��!g�C59	 � !"�)-=59	(	����(�3? * �
	(+��D��!"�1	(�659�('�Kg_4��	(+�!g�*P 	 � 
e�mlU-H����	����*	�!7P � ���D	(+��D�/��
(	Z
('g
�	���� 	(+���!"%�P@+�-�%�	Z����
(%��j	�
e�/���C59%�
6� � 	Z59���^5C'g


��6+����U%�����
R	(+��D%�
������ � 	(+<	(+��8�H��
(	Z�6+=59�������3��!"��� � 	 � !"��
CKg���C5"� � ��P 	�!�	(+��[�H��
(	Z	(+���!"%�P@+�-�%�	[59	R59�1'
P � �����
	 � �
�@?



��� � ��� ��� � 	 ��	 � � � � � � � � � � 	 �

i +��\
('U
(	���� 59P@P@����P�59	����T	(+���!"%�P@+�-�%�	 � 
^���m]������T5"
Z	(+��\��!"�j������	 � !"�T!9V�59�j�/	(+��8-=5�'g��!�5"�<	(�659��
�� � 	(	����
��'�59�j�e	(+��<%�
�����
��U%�� � ��Pq5$P � �����u-H��� � !1�u!9VD	 � �
�@Kn��!"��
 � ����� � ��Pq59�j�Z	(+�� �^5 � 	>	 � �
�T59����	(+��<	 � �
�
VW!"�
	(�659��
(� � 	(	 � ��PQ��!"��	(��!"�O�
��
6
659P���
C?

* %��>
(	(%��U' � � �j�^�.59|��.%�
6�<!9VD	(+��Q0�%���% � ��P4	(+���!"�('�Ke5$-/!��Z���JV�%��Y59�=59�j'g	 � �C59�R	�!1!"�^	�!4���"59�j%=59	��<	(+��
-H���JV�!"�(�.59����� !9V`0�%���% � ��PQ����	��^!"�(|g
C?3�q���
!g���������$	(+�� 
����(� � �����659	���5"
:59���mlU-H!"������	 � 59� �S5)��!9Vy�659	��

µ�H���C59%�
�� � 	^���C5"��
R	�! 	(�65"��	659�����7�C59����%��S59	 � !"��
C? � +�������!"��
 � ����� � ��P*�
!"���\���C59� � 
(	 � �:�
!g������
CKg	(+��:!"��	65 � �����
����
(%��j	�
D
�+�!"%�������!"	[��+=59��P���	(+��:�659��|�!9V -H���JV�!"�(�.59�������/��	��Z�����B	(+���� � �H�������1	D�
��	(+�!1��
z?
A %�
����n	(�659��
(� � 	(	 � ��P�5\-=5"�6|���	Z!9VH�659����!"� �U%��659	 � !"�3K����C5"��
e	�!�5\�659����!"� �^5 � 	e	 � �
�Y�/��	��Z�����<%�
�����
C2

	(�659��
(� � 
�
 � !"��
C?uA8�j�D
����(������
>+=5C����	(+���
659�
�T
����(� � ���T�659	��@K`	(+�%�

1/µ

����-�����
����1	�
<59� 5C�����659P���-=5"��|���	
	(�659��
(� � 	^�U%��659	 � !"�3?ebZ� � ����	�
Z����-�����
�����	ek=!#�D
C? i �659��
(� � 	(	����
-=5"�6|���	�
Z��!7��!"	Z�������*	�!7�H�[5"��|g��!#�Y�����UP����
5"
D�C5"�6+$-=5"��|���	8	(�659��
(� � 
�
 � !"� � 
85"
�
(%��
���T	�!*�H�:-/���JVW����	 � � ?r�@?� `��!"�(������	8��������-�	 � !"� 	m?

�q�:5"
�
(%��
����5�����!@
����<01%���%��8����	��Z!"�(| � � 	(+$5���!"��
�	659��	R��%����/���D!9V3%�
�����
������ � ���1	�
 	 � �<	(+��:
('U
(	����$K
59��� �^�8��!"�*-=59�����Q	(+��8� � �H�������1	^�
��	(+�!g��
 � �<
659	(%��659	����Q��!"��� � 	 � !"��
# n�C5"��+Q%�
����Z+=5"
^59���R5�'U
^
6!"�
��	(+ � ��P
	�! 	(�659��
(� � 	 ���8N 	m?g� �T
(%���+�
('U
(	����

^	(+��:
(	659� � � � 	�' � 
R59���R5�'U
Y����
(%������o? i +��\%�
�����
C2g��+=59�������3��!"��� � 	 � !"��

59���*� � 
(	(� � ��%�	�����5"����!"��� � ��PB	�!<	(+��*
�59�
�*�mlg-H!"������	 � 59�`�S5#��? i +��>-=5"��|���	7-=5�'g��!�5"� � 
:	(+��*
659�
� VW!"��59�j�
%�
�����
[59���B��0�%=59�o	�!

L = 1500
��'g	���
C?

� �)!"%���
(	(%��U' �^�>+=5����*%�
6���}	(+�� V�!"�j��!�� � ��P$	��^!$��!"��
(	(�65 � ��	�
� :��!�
(-=59	 � 59�e��+=59�������e����%�
��0��!"���j'
N��+=59��������
\�C59���H�:%�
���� 	mK=59���B5 %�
����8�C59�$
 � ��%��j	659����!"%�
(�j'$!"���j'Q�H��5"
�
 � P@�����B5>
 � ��P@������+=59�������F?

i !Q
6!"�j�����w��!"%�	 � ��P$59����
6��+����U%�� � ��P 	8	(+���V�!"�j��!�� � ��PT����!@
6���B����	��Z!"�(|�!9Ve01%���%���
 �Z��%�
�����	(+���_�� A
59�jP�!"� � 	(+�� � ��� ��?e��	 � 
[59� � 	����659	 � ��� 59�jP�!"� � 	(+�� 59-�-�� � �C59������	�!.�C59����%��S59	��7	(+��7-H���JV�!"�(�.59������!9V`5>����	��Z!"�(|
!9Vn��!"��������	����B01%���%���
C?��q�7+=5�������!"��
 � ���������$	��Z!.�C5"
6��
 � �$!"%��[
(	(%��U'� 

• ¤ ��� �'��� � ²³��´0µ¶������¬ �������;�Y�������³���¸�-§��3�-�©�;Í��©�������-���¸���I��§­���©���;�  � ��	(+ � 
[�C5"
���	(+���_�� A
59�jP�!"� � 	(+�� � 
D�mlU-�����
�
����$5"
RVW!"�j��!#�D
CK�%�
 � ��P.!"%��D��!"	659	 � !"��
# 

� � � 	 � 59� � ~z59	 � !"�4 
Qi(0) = 0 i = 1, ..., N

��!"�
m
V���!"�

1
	�!

M
��!

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

Ri(m) =
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X(m) =
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eiRi(m)

Xi(m) = eiX(m) i = 1, ..., N
Qi(m) = Ri(m)Xi(m) i = 1, ..., N
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Q(M) =
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X(M) =
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Xi(mi) = µ∆(M,N)

R(M) =
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Number of channels in the system (N)

M = 10 users with a variable number of channels (N) during 10 seconds

Method a) - Fixed
Method b) - Common Data Channels

Method c) - Single Channel
Method d) - Sequential

Method e) - Pool
Method f) - Random
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Number of channels in the system (N)

M = 10 users with a variable number of channels (N) during 10 seconds

Method a) - Fixed
Method b) - Common Data Channels

Method c) - Single Channel
Method d) - Sequential

Method e) - Pool
Method f) - Random
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Number of channels in the system (N)

M = 10 users with a variable number of channels (N) during 10 seconds

(Throughput curves)

(Mean wait time curves)

Opportunistic = System Throughput - Simulation
Pool = System Throughput - Analytical

Opportunistic = Mean wait time - Simulation
Pool = Mean wait time - Analytical
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Simulations scenarios: building layout, locations of APs and users in the building
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Building Layout
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Attenuation(Modei) = 3 dB + PR(Modei) + Blocking(∆f)
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Attenuation(Modei) = 3 dB + Sensitivity(Modei)−N + Blocking(∆f)
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CBlocking =
P Tx

InterfGTx
InterfGRx

V ictim

PL×AttenuationBlocking
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CInterf Total = CSpurious + CBlocking + Nthermal

=
P Tx

InterfGTx
InterfGRx

V ictim

PL×AttenuationTotal

+ Nthermal

=
P Tx

InterfGTx
InterfGRx

V ictim

PL×AttenuationSpurious
+

P Tx
InterfGTx

InterfGRx
V ictim

PL×AttenuationBlocking
+ Nthermal
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AttenuationSpurious
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IEEE 802.11a - Single cell scenario, single user 
Goodput versus distance to AP with and without the RTS/CTS mechanism 

Payload = 1500 octets

Without RTS/CTS
With RTS/CTS
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IEEE 802.11a - Single isolated cell - S versus distance to AP

No power control - Mean user values
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QSRUT8VXW Y[Z]\ ^8_6WG`6Wbadc6`DcfegWhagijckRUcflXijag`nmg`6WGo4l]a*cfe8lX`#pkeqRU^8c6Wb_rZ
s/ijc6WtcfeqRUcBcfegWG`6WtagijckRUcflXijag`/RU_6Whuvm8_fcfegWb_#Wxw[^8VyRUl]agWGozl]azcfegWh_6Wb{|RUl]a8l]a8}~iUu�cfe8lX`Dp6eqRU^8c6Wb_rZ

-/. � � Cn7qH�9t�E�K��7A369DC

Q?egW�pbm8_f_6Wba�ctc6Wbago8Wbagpb�=lX`hc6i�mg`6WEcfegW�RUV]VXidprRUc6WGo�`6^JWGpbcf_fm8{�TqRUago8`t{�ij_6W�o��[aqRU{�lXprRUV]V]��Z��nagW�ogRr���
cfegW�Wbadcfl]_6W�`f^JWGpbcf_fm8{ TqRUago8`/{�l]}�e�c/TJWKpGijag`flXo8Wb_6WGo=Rj`hR�edm8}�WKpGij{�{�ija�`f^�WGpbcf_fm8{ ^�i[ijV��vWrRjp6e�`f��`fc6Wb{
ij^�Wb_kRUcfl]a8}Kl]a*R�^qRU_fc?iUu�cfegW/`f^JWGpbcf_fm8{�TJWbcfc6Wb_?`fm8l]c6WGo~c6i�l]c6`�prRU^qRUT8l]V]l]cflXWG`1��RUago~{�l]}�e�c?mg`6WDcfegW/`f^�WGpbcf_fm8{
ija8V]�z�BegWba=agWGWGo8WGo��J�Bl]cfe�R|o��daqRU{�lXp�`f^�WGpbcf_fm8{ _fl]}�edc���iUu���mg`kW�V]l]{�l]c6WGo=c6i~cfegW�cfl]{�Wx��`f^qRjpGW�RU_6WrR~iUu�mg`6W�Z
s/Wb� `fckRUagogRU_6o8`�RU_6W�T�Wbl]a8}*VyRUm8agp6egWGo%RUago¡RUT8VXW�c6i*{|RU¢�W�R�{�ij_6W�£qWxw�l]T8VXW�mg`6W�iUu�cfegW�_kRjo�lXi4_6WG`kijm8_6pGW�Z
¤�wgRU{�^8VXWG`�l]agpbV]mgo8WncfegW/¥¦¤�¤�¤¨§�©�ª�Z]\�\b�~`fckRUagogRU_6o��v«�m8V]�~ª�©�©�¬���u­ij_®l]c6`�prRU^qRUT8l]V]l]c���c6i�pGi[Wxw[lX`6c®�Bl]cfe*ijcfegWb_
¥¦¤�¤�¤¯§�©�ª�Z]\�\�`f�[`6c6Wb{�`�° ¬�\ ±�Z
²¡W�`6cf_6ija8}�V]�*TJWbV]lXWb³�WtcfeqRUcDu´m8cfm8_6W�c6WGp6e8agijVXij}�lXprRUVS^8_6ij}�_6WG`6`6WG`D�Bl]V]Vµ_6Wbl]a�uvij_6pGW�cfegW�_6WbVXWb³�RUagpGW�iUu�mg`fl]a8}

RUa%�/¶�·h¸º¹®»D¼½VyRG��Wb_�uvij_t�Bl]_6WbVXWG`6`KpGij{�{�m8a8lXprRUcflXijag`r��WG`f^�WGpblyRUV]V]��l]a
RUa%�/¶�·h¸¿¾>pGija�c6Wxw�crZ|¥Àago8WGWGo��
�/¶�·h¸ÁWbaqRUT8VXWG`/c6i�ij^8^�ij_fcfm8a8lX`fcflXprRUV]V]�Âi[pGpbm8^��z`kij{�W�lXo8Wba�cflÄÃqWGo¿m8a�mg`kWGo¿`f^�WGpbcf_fm8{ÅTqRUago8`��fÆb`f^�WGpbcf_fm8{
egijVXWG`ÇÆr�Buvij_/ij^JWb_kRUcflXijag`/Td�¿RUagijcfegWb_/`6�[`fc6Wb{ cfeqRUa¿cfegWKl]a�c6Wbago8WGo�ijagWG`rZn¾BpGpGij_6o�l]a8}�V]����pGij}�a8l]cfl]³�WE_kRjo�lXi�`
pGijm8VXo4ckRU¢�W�Rjo�³�RUa�ckRU}�W�iUu�cfegWh}�idi[o4`f^�WGpbcf_fm8{È}�_kRUa�m8VyRU_fl]c��*iUÉ�Wb_6WGo4T��z�/¶�·/¸Êc6iEmg`6Wt`f^�WGpbcf_fm8{È{�ij_6W
WxË|pblXWba�cfV]�¡° ª�Ì ±�° Í�© ±�Z
¥Àa�cfe8lX`SpkeqRU^8c6Wb_��ÎW?`fckRU_fc��Bl]cfe|RUa|�/¶�·h¸¿¾Ïo8WG`kpb_fl]^8cflXija�Z®�/¶S·h¸=¾NRUV]VXi[prRUcflXija�prRUaET�W�Wbl]cfegWb_�`fckRUcflXp

ij_Bo��daqRU{�lXptRUago4ij_f}�RUa8l]ÐrWGo¡�vpGijV]VyRUT�ij_kRUcfl]³�WÇ�xZ®Q?egWba��[�ÎWh^8_6WG`6WbadcB`6Wb³�Wb_kRUV�`fcfmgo�lXWG`B`fegir�Bl]a8}�cfegW/l]a�c6Wb_6WG`6c
iUu�RUazÑnÒ�o�lX`fcf_fl]T8m8c6WGozpGijV]VyRUT�ij_kRUcfl]³�W�`f^�WGpbcf_fm8{È_6WG`6Wb_f³�RUcflXijaz{�WGp6eqRUa8lX`f{�pGij{�^qRU_6WGozc6i�cfegW�`kWbVÄÃq`fezijagW
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G�H
IJA&K�=BAC;�D
α
�
β

¹�RU_kRU{�Wbc6Wb_6`hpGija�cf_6ijV]V]l]a8}
f(x)
uvm8agpbcflXija4L `#`6eqRU^JW

αij(t1, t2) M Wb_f³[lXpGWtcfl]{�W|��u­ij_D·D¾�Q�¾,cf_kRUag`6{�lX`6`flXijaA�?iUu�agido8W i
ija MON j

T�Wbc���WGWba
t1
RUago

t2
Z

αFair
�
βFair

¹�RU_kRU{�Wbc6Wb_6`hpGija�cf_6ijV]V]l]a8}
fij
u´m8agpbcflXija4L `n`feqRU^JW��´mg`kWGo4uvij_Bcfl]{�Wx��TqRj`kWGo4u­RUl]_fagWG`k`1�

αs
�
βs

¹�RU_kRU{�Wbc6Wb_6`hpGija�cf_6ijV]V]l]a8}
pij
uvm8agpbcflXija4L `D`feqRU^�W

ε
¹�RU_kRU{�Wbc6Wb_nmg`kWGo4c6i�Ãgagozijm8c

xl

`fmgp6eÂcfeqRUc
f(xl) = ϕ− ε

RUago
xu
`fmgp6eÂcfeqRUc

f(xu) = −ϕ + ε

γij M l]}�aqRUV�c6i�snijlX`kWQPnRUcflXiz� M sRP/�Î³�RUV]mgW�iUuSagi[o8W i
ija MON j

γmax
�
γmin

PnWG`f^�WGpbcfl]³�WbV]�~{|R w�Z®RUago*{�l]a�Z®Rjpke8lXWb³jRUT8VXW M s-P ³jRUV]mgWG`Bl]aÂcfegWt`f�[`6c6Wb{
θij

Q?e8_6WG`6egijVXoz³�RUV]mgWhl]aÂijm8_#RUV]}�ij_fl]cfe8{
θinit

¥Àa8l]cflyRUV�cfe8_6WG`fegijVXoz³jRUV]mgW�R uvc6Wb_B_6WG`6Wbc
θmax
�
θmin

PnWG`f^�WGpbcfl]³�WbV]�~{|R w�l]{�m8{�RUago*{�l]a8l]{�m8{ ^Ji�`6`6l]T8VXWhcfe8_6WG`fegijVXo*³�RUV]mgW
ξ

¹�RU_kRU{�Wbc6Wb_/pGijadcf_6ijV]V]l]a8}|cfegWtVXWb³�WbVµiUuScfl]{�Wx��TqRj`6WGozu­RUl]_fagWG`k`Bl]a*cfegW�`f��`fc6Wb{
φi

²¡Wbl]}�edcniUuS£qir�
i

ϕ
¹�RU_kRU{�Wbc6Wb_/pGijadcf_6ijV]V]l]a8}|cfegWt{|R w�l]{�m8{

∆θij
³jRU_flyRUcflXijaÂ^JWb_BagWb}�ijcflyRUcflXija=cfl]{�Wt`fVXijc

∆θij
Q?e8_6WG`6egijVXoz³�RU_flyRUcflXijazl]azijm8_nRUV]}�ij_fl]cfe8{

∆c
P/RUa8}�W�iUu�prRU^qRjpbl]cÀ�4³jRUV]mgWG`?u­ij_nR�`6pGWbaqRU_flXi

∆x
P/RUa8}�W�iUuµw4³�RUV]mgWG`?uvij_#R�`kpGWbaqRU_flXi

a
�
b

¹�RU_kRU{�Wbc6Wb_6`/c6i�pGija�cf_6ijV�cfegW�cf_kRUag`�uvij_f{|RUcflXija¿iUu
cij
l]adc6i

Tij

aij S l]aqRU_f�4³�RUV]mgWhmg`6WGo*c6i�l]ago�lXprRUc6W��BegWbcfegWb_nij_DagijcBagido8W i
eqRj`#`6WbVXWGpbc6WGo MON j

cij M eqRUa8agija=prRU^qRjpbl]c��zRjp6e8lXWb³�RUT8VXW�Td�4agido8W i
ija MON j

cmax
�
cmin

PnWG`f^�WGpbcfl]³�WbV]�~{|R w�Z®RUago*{�l]a�Z®Rjpke8lXWb³jRUT8VXW�prRU^qRjpbl]c��*³�RUV]mgWG`Bl]azcfegWt`f��`fc6Wb{
cmax j

�
cmin j

PnWG`f^�WGpbcfl]³�WbV]�~{|R w�Z®RUago*{�l]a�Z�_6WGpGWbl]³�WGo
cij
³jRUV]mgWG`#RUc#cfegW�pGWba�cf_kRUV�agi[o8Whu­ij_ MON j

cl

�
cu

PnWG`f^�WGpbcfl]³�WbV]�~VXiÇ�ÎWG`fchRUago*e8l]}�egWG`fcnRjpke8lXWb³jRUT8VXWKprRU^qRjpbl]c��4³jRUV]mgWtuvij_#R�`6pGWbaqRU_flXi
f(i, j, k, x)

¶gm8agpbcflXija¿pGija�cf_6ijV]V]l]a8}�cfegW�RU{�ijm8a�c/iUuScfl]{�Wx��TqRj`6WGozu­RUl]_fagWG`k`Bl]a*cfegW�`f��`fc6Wb{
f(x)

�nm8_nRUV]}�ij_fl]cfe8{TL `ncfe8_6WG`fegijVXo�l]a8}�uvm8agpbcflXija%�´{�i[o�lÄÃqWGoz¶gWb_f{�lÄ��·/l]_kRjp�o�lX`6cf_fl]T8m8cflXijaA�
i
�
j

PnWG`f^JWGpbcfl]³�WbV]��l]ago8Wxw4uvij_BcfegW�agido8WG`#RUago*uvij_BcfegW MON `
ni

snm8{�T�Wb_#iUu�RUV]VXidprRUc6WGo MON `Dc6i�agi[o8W i

nmax
�
nmin

PnWG`f^�WGpbcfl]³�WbV]�~{|R w�Z®RUago*{�l]a�Z�`6l]{�m8V]ckRUagWGijmg`Dadm8{�T�Wb_niUu MON `Dmg`6WGo4^�Wb_#Rjpbcfl]³�Wtagi[o8W
pij

¹�_6ijTqRUT8l]V]l]c��zcfeqRUc#RUa¿RU}�Wbadc
i
^�Wb_�uvij_f{�`Dl]c6`BckRj`f¢

j

q U mqRUadcflÄÃqprRUcflXija=`fc6Wb^
q(cij) U mqRUadcflÄÃqWGo cij

³�RUV]mgW
xij

PnWG`fm8V]cDiUu�cfegWtcf_kRUag`�u­ij_f{|RUcflXija¿iUu
cij
³jRUV]mgWG`DijaÂRUa

x
`6prRUVXW

xl

�
xu

PnWG`f^�WGpbcfl]³�WbV]�~cf_kRUag`�u­ij_f{�WGo
cl

RUago
cu
³�RUV]mgWG`

D
¥Àago8Wxw4iUu�cfegWtadm8{�T�Wb_niUu�cf_kRUag`f{�l]cfc6WGoÂ·D¾�Qµ¾:u´_kRU{�WG`Do�m8_fl]a8}�R�`fl]{�m8VyRUcflXija

Dij
snm8{�T�Wb_#iUu�cfl]{�WG`Dagi[o8W

i
mg`6WGo MON j

E
snm8{�T�Wb_#iUu�WbVXWb{�Wba�c6`nmg`6WGo4c6iWVdmqRUa�cflÄuv�

cij
³�RUV]mgWG`

Fj
«dRUl]a4L `Bu�RUl]_fagWG`6`Bl]ago8Wxwzija MON j

K
QµijckRUV�a�m8{KTJWb_/iUu�·#¾�Q�¾:u´_kRU{�WG`Dcf_kRUag`f{�l]cfc6WGoz^�Wb_D`fl]{�m8VyRUcflXija

Ki(p) N _6WGo�l]c#pGijm8adc6Wb_niUuS£qir� i
RUcDcfl]{�W

p

Li(p)
»/WrRjo[��iUu���V]l]agWt^qRjpk¢�Wbc#VXWba8}�cfe*u­ij_B£qiÇ�

i
RUcDcfl]{�W

p

M
snm8{�T�Wb_#iUu�agido8WG`

N
snm8{�T�Wb_#iUu�RG³�RUl]VyRUT8VXW MON `Bc6i|RUV]VXi[prRUc6W

TD
·/m8_kRUcflXija=iUuScfegWtogRUckR�^8eqRj`kW

TF
·/m8_kRUcflXija=iUu�RKuv_kRU{�Wtl]agpbV]mgo�l]a8}�agWb}�ijcflyRUcflXija�RUagozogRUckR�^8eqRj`6WG`

Tij
Ñ/Ò¡T8m8_6`6cB{�WG`6`kRU}�W�o�m8_kRUcflXija

TN
·/m8_kRUcflXija=iUuScfegW MON `#agWb}�ijcflyRUcflXijaÂ^8eqRj`6WG`

TDL
�
TUL

PnWG`f^�WGpbcfl]³�WbV]��·hÒ�RUagoÂÑnÒ�agWb}�ijcflyRUcflXija¿cfl]{�W�`fVXijc6`Do�m8_kRUcflXija
Ttimeout

Q?l]{�WGijm8c/o�m8_kRUcflXija*u­ij_DcfegWhagWb}�ijcflyRUcflXijaÂ^8eqRj`6W
Ui(p)

¤�`fcfl]{|RUc6WGo¿pGi�`fc?u­ij_Bagido8W
i
c6i�cf_kRUag`f{�l]cDcfegW

pth ^qRjp6¢�Wbc
V X RUV]mgWtc6i|pGij{�^qRU_6W�`6Wb³�Wb_kRUV�agi[o8WG`Bl]azcfegW�pGWbadcf_kRUV]l]ÐrWGozcfl]{�Wx��TqRj`6WGozu­RUl]_fagWG`k`#RUV]}�ij_fl]cfe8{

QSRUT8VXWEY[Z]\ZY�Ò�lX`6c#iUu�s/ijckRUcflXijag`Bu­ij_Bcfe8lX` N eqRU^8c6Wb_
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TqRj`6WGo=ija¿cfegW�`f�?RU_f{ l]adc6WbV]V]l]}�WbagpGW�{�WbckR ��egWbm8_flX`fcflXp*�´_6Wxu­Wb_/c6i�p6eqRU^8c6Wb_ ¬ �Dl]a¿�Be8lXpke
RUV]VµcfegWEpGija�c6Wbago�l]a8}
agi[o8WG`DpGijV]VyRUTJij_kRUc6W�c6i�Rjp6e8lXWb³�W�cfegWtTJWG`6cD`f�[`6c6Wb{½Ñ/Ò
`6m8{ prRU^qRjpbl]c���Z
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�/¶S·h¸=¾K�SRUVX`6iz_6Wxu­Wb_f_6WGo�c6i=Rj`�{�m8V]cflÄ��mg`6Wb_��¦�/¶�·h¸ �´{Km8V]cflÄ��mg`6Wb_�Wxw[c6Wbag`flXija iUu/�/¶�·h¸��x��lX`�T�Wbl]a8}
pGijag`flXo8Wb_6WGoNRj`�R¿{�i[o�m8VyRUcflXija¯RUago {�m8V]cfl]^8VXW¿RjpGpGWG`6`�{�Wbcfegido�Z ¥Àago8WGWGo���l]aÏpbm8_f_6Wbadc��/¶�·/¸ `f��`fc6Wb{�`r�
ija8V]�¡R*`fl]a8}�VXW�agi[o8W|prRUa
cf_kRUag`f{�l]cKija�RUV]VÎiUu?cfegW|`fm8TJprRU_f_flXWb_6`�RUcKRUad�=}�l]³�Wba�cfl]{�W��SRUago
cfl]{�W�o�l]³[lX`flXija
ij_Ku´_6W VdmgWbagpb�¡o�l]³dlX`6lXija�{Km8V]cfl]^8VXW4RjpGpGWG`k`KlX`EWb{�^8VXir��WGo%c6i=`fm8^8^�ij_fcK{Km8V]cfl]^8VXW~agi[o8WG`rZ¿»niÇ�ÎWb³�Wb_r�®RÂ{|R �
� ij_�o�_kRG�BTqRjp6¢N�Bl]cfeÏcfe8lX`|`fckRUcflXpz{�m8V]cfl]^8VXW¿RjpGpGWG`k`|`6pkegWb{�W*lX`�cfeqRUc�l]c~o8idWG`�agijc~Wxw[^8VXijl]c�cfegWÂo�lÄÉ�Wb_6Wbadc
p6eqRUa8agWbVBpGijago�l]cflXijag`�`6WGWba�T��
WrRjpke�agi[o8W��Sc6iÂ{�i[o�lÄu´�¡RjpGpGij_6o�l]a8}�V]��cfegW MON RUV]VXidprRUcflXija�Z��/¶S·h¸=¾K�µijacfegW4ijcfegWb_�eqRUago��®RUV]VXir�D`�{Km8V]cfl]^8VXW4agido8WG`Ec6i¿cf_kRUag`f{�l]c�`fl]{�m8V]ckRUagWGijmg`fV]� ija o�lÄÉ�Wb_6Wbadc�`fm8TJprRU_f_flXWb_6`E^�Wb_
�/¶�·h¸Ê`f�[{�T�ijV�Z�¶Sl]}�m8_6W Y[Z]\ `fegiÇ�D`#RUazWxwgRU{�^8VXW�iUu�RUazÑ/Ò MON RUV]VXi[prRUcflXijazT�Wbc���WGWba=ÍEagi[o8WG`?l]a¿R�pGWbV]V�ZQ?egWh³�RU_flyRUcflXijag`DiUuµcfegWtRU{�^8V]l]cfmgo8WG`D^�Wb_ MON {|RU¢�WtWrRjp6ezijagWh{�ij_6Wt`fm8l]ckRUT8VXW/u­ij_B`6ij{�Whagi[o8WG`BpGij{�^qRU_6WGoc6i=ijcfegWb_6`rZÂQ?egW~agido8WG`E`feqRU_6W~cfegW|`f��`fc6Wb{ MON `Kc6iÂ}�WbcKcfegW~{�i�`fc�ijm8cKiUuDcfe8lX`�RUV]VXi[prRUcflXija�Z��na�Ãg}�m8_6WY[Z]\ ��cfegW�pGijVXij_6WGo�`f^�WGpbcf_fm8{ ^qRU_fc6`hl]ago�lXprRUc6W�cfegW�TJWG`6c MON RU{�^8V]l]cfmgo8W�u­ij_tWrRjp6e�agi[o8W����Be8l]VXW�cfegW��Be8l]c6WT8VXi[p6¢�`®pGij_f_6WG`f^�ijago�c6i�lXo�VXW MON `rZ�¾n`Î`6WGWba���cfegWDÃgaqRUVg_6WrRjp6egWGo4RUV]VXi[prRUcflXija~T�Wbc���WGWba~agi[o8WG`�lX`�l]adc6Wb_fVXWrRG³�WGo��_6WG`fm8V]cfl]a8}�l]a¿agijcnagWGpGWG`6`kRU_fl]V]�ÂpGijadcfl]}�mgijmg` MON `rZD¾nVX`6i8�AcfegW�ij^8^�ij_fcfm8a8lX`fcflXp�Rj`f^JWGpbcnlX`#l]V]V]mg`6cf_kRUc6WGoÂTd�zcfegWu�RjpbcBcfeqRUc#WrRjp6e¿c6Wb_f{�l]aqRUV�c6Wbago8`Dc6i�mg`6WhcfegW�TJWG`fc MON `Buvij_Bl]c6`#mg`6W�Z

Amplitude

Frequency

Amplitude

Frequency

Amplitude

Frequency

UL

User 1

User 2

User 3

AP / BS

Amplitude

Frequency

UL

UL

¶Sl]}�m8_6WKY[Z]\ZY�Ñ/Ò��/¶�·h¸¿¾	¤�wgRU{�^8VXW��Bl]cfe¿Í�s/i[o8WG`
Q?egW�{�l]a8l]{Km8{ }�_kRUa�m8VyRU_fl]cÀ��uvij_�R�_kRjo�lXi4_6WG`kijm8_6pGW��Bl]V]V�TJW�cfegW�mg`kW�iUu?RUa��/¶�·h¸ MON u­ij_�R�}�l]³�Wba^�Wb_flXido*iUu�cfl]{�W/uvij_DogRUckREcf_kRUag`6{�lX`6`flXija�Z�¾na¿�/¶�·/¸Â��TqRj`6WGoz`6�[`fc6Wb{Èo�l]³[lXo8WG`#REe8l]}�e���`f^�WGWGoz`6Wb_flyRUV�l]a�u­ij_��

{|RUcflXijaÂ`fl]}�aqRUV�l]adc6i�{�m8V]cfl]^8VXW�VXir��Wb_���`f^JWGWGoÂ`fm8T���`fl]}�aqRUVX`Dcf_kRUag`6{�l]cfc6WGoz`fl]{�m8V]ckRUagWGijmg`6V]��l]a*^qRU_kRUV]VXWbV�mg`fl]a8}
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o�lÄÉ�Wb_6Wba�cÎu´_6W VdmgWbagpblXWG`rZ®�/¶�·h¸¿¾ ^8_6iÇ³dlXo8WG`BRt³�Wb_f��}�i[i[o|`fV]lXpbl]a8}�iUu�cfegWn`f^�WGpbcf_fm8{z�d{|RU¢dl]a8}El]c®{�ij_6W/WxË��
pblXWba�cDuvij_#WrRjpkezagi[o8Whc6i�^8_6WGpblX`6WbV]��lXo8Wba�cflÄuv��e8lX`D{�i�`fcD_6WbVXWb³�RUa�c#`6WbcDiUu MON `�Y�mg`kWtija8V]�~cfegWtT�WG`fcB_6W Vdm8l]_6WGo
MON `?u­ij_DijagWZL `Dmg`6W�Z
¾nVX`6i8�q�/¶�·h¸¿¾	iUÉ�Wb_6`nRETJWbcfc6Wb_#ij^8^�ij_fcfm8a8l]c��4u­ij_#R�`6WGpGijagogRU_f�*`f^�WGpbcf_fm8{ mg`kRU}�WhcfeqRUaz�Bl]cfe¿`f^8_6WrRjo

`f^�WGpbcf_fm8{ `fl]agpGW?l]c�WbaqRUT8VXWG`�c6iti[pGpbm8^��Eagija�pGija�cfl]}�mgijmg`®`6^JWGpbcf_fm8{MegijVXWG`�mg`6l]a8}��/¶�·h¸%Z�¥�a�ijcfegWb_��Îij_6o8`Ç�
l]c�^8_6iÇ³dlXo8WG`ER4TJWbcfc6Wb_Ko��daqRU{�lXp|_6Wbmg`6Wz° Í�Ì ±ÎiUuBcfegW�`f^�WGpbcf_fm8{�_6WG`6ijm8_6pGW�TJWbcÀ�ÎWGWba%{�m8V]cfl]^8VXW�agi[o8WG`r��l]a�R
pGij}�a8l]cfl]³�W�_kRjo�lXi|pGija�c6Wxw�crZ
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�nm8_#RU^8^8_6i�Rjp6e¿`fcfmgo�lXWG`BcfegW/{�WGp6eqRUa8lX`f{�`#VXWrRjo�l]a8}�c6i�RUazÑnÒ
�/¶�·h¸=¾:RU_f_kRUa8}�Wb{�Wba�c/iUuµcfegWhagi[o8WG`
ija cfegW�`f�[`6c6Wb{TL ` MON `ÇZM²¡W�Rj`6`fm8{�W=cfeqRUc�uvij_�cfegW�ogRUckR%cf_kRUag`f{�lX`6`flXija��ncfegW¿ÃgaqRUV MON RUV]VXi[prRUcflXijaFlX`ij_fcfegij}�ijaqRUV YBR MON lX`/Rj`6`fl]}�agWGozc6i�agi�{�ij_6W�cfeqRUa=ijagW�agi[o8W�`fl]{�m8V]ckRUagWGijmg`6V]��ZB»niÇ�ÎWb³�Wb_r�J`6Wb³�Wb_kRUV�agi[o8WG`uv_6ij{ cfegWz`kRU{�WzpGWbV]VB{�l]}�edc|T�W4cf_kRUag`f{�l]cfcfl]a8}�`fl]{Km8V]ckRUagWGijmg`fV]�¨T8m8c�mg`fl]a8}
o�lÄÉ�Wb_6Wba�c MON `rZÏÑ/`fl]a8}�cfegW`f�?RU_f{�l]adc6WbV]V]l]}�WbagpGWn{�WbckR ��egWbm8_flX`6cflXp����ÎWn^8_6ir³[lXo8W/R�o�lX`fcf_fl]T8m8c6WGo*RUV]}�ij_fl]cfe8{�_kRUa�T���WrRjpke~agi[o8WnRUago4RUT8VXW
c6i�_6WrRjp6e=pGijV]VXWGpbcfl]³�WbV]�*cfegW/ÃgaqRUV�T�WG`fc#RUV]VXidprRUcflXijaÂuvij_BcfegWt`6�[`fc6Wb{zZ
s/i�l]adc6Wb_�� MON l]adc6Wb_�uvWb_6WbagpGW�Wxw�lX`fc6`#lÄu MON `/RU_6WK¢�Wb^8c/ij_fcfegij}�ijaqRUV�Z/¾BpGpGij_6o�l]a8}�V]����c6i~TJWbagWxÃgcnu´_6ij{ cfegW}�i[ido¯`f^JWGpbcf_fm8{º^qRjp6¢[l]a8}�^8_6iÇ³dlXo8WGo¯T��NcfegW=�/¶�·h¸ c6WGp6e8a8l VdmgW��B�ÎW¿{�mg`fc�{|RUl]a�ckRUl]a�cfegW¿l]a�c6Wb_���agi[o8W

`f�[agp6e8_6ija8l]ÐÇRUcflXija�Z�¾/`K`6egir�Ba l]a
Ãg}�m8_6W Y[Z]\ ����W�pGijag`6lXo8Wb_Eija8V]�¡cfegW�Ñ/Ò MON RUV]VXi[prRUcflXija%^8_6ijT8VXWb{zZ�¥Àacfe8lX`�prRj`6W��µRUV]V�cfegW�ÑnÒ¨{�WG`k`kRU}�WG`tl]a�c6Wbago8WGo�uvij_tcfegW�_kRjo�lXizRjpGpGWG`6`�l]a�u´_kRj`fcf_fmgpbcfm8_6W|W V�m8l]^8{�Wbadcr�µ`feqRUV]V�T�W
`fl]{Km8V]ckRUagWGijmg`fV]�¨_6WGpGWbl]³�WGo¯RUc�cfe8lX`|o8WG`fcfl]aqRUcflXija�Z¯s/ijc6W4cfeqRUcr��^8_6ij^qRU}�RUcflXija�o8WbVyRr�¨pGij_f_6WGpbcflXijag`~prRUaÏT�W
l]a�cf_6i[o�mgpGWGo��Acfe�mg`nVXWrRjo�l]a8}|c6i�agijc/`fl]{�m8V]ckRUagWGijmg`fV]�*cf_kRUag`6{�l]cfc6WGoÂÑ/Ò
{�WG`6`1RU}�WG`rZ®»/ir��Wb³�Wb_r�q�BegWba¿mg`fl]a8}
`f{|RUV]V/pGWbV]V#`fl]ÐrWG`r�BRj`�l]c~lX`�cfegW¿prRj`6W4u­ij_�²�Ò�¾ns�`f��`fc6Wb{�`r���ÎW¿prRUaNpGijag`flXo8Wb_�cfegW*^8_6ij^qRU}�RUcflXijaFo8WbVyRG�
Rj`KagWb}�V]l]}�l]T8VXW�Z=¥Àa�`6mgp6eÏRzprRj`6W���cfegW�Ñ/ÒN{�WG`6`1RU}�WG`KeqRr³�W�c6izT�W~`fl]{Km8V]ckRUagWGijmg`fV]��`kWba�cEl]a%ij_6o8Wb_Ec6iÂT�W
`fl]{Km8V]ckRUagWGijmg`fV]�*_6WGpGWbl]³�WGoÂRUcDcfegWh_kRjo�lXi|RjpGpGWG`k`Dl]a�uv_kRj`fcf_fmgpbcfm8_6W�W Vdm8l]^8{�Wba�crZ
¾#u´c6Wb_�_6WGpGWbl]³[l]a8}�R=T8_6i�Rjo8prRj`fc|{�WG`6`kRU}�W�uv_6ij{ cfegW4_kRjo�lXi
RjpGpGWG`6`�l]a�uv_kRj`fcf_fmgpbcfm8_6WzW Vdm8l]^8{�Wba�cr�?WrRjpke

agi[o8WDlX`ÎRUT8VXW#c6i�WG`fcfl]{|RUc6Wnl]c6` M ¥¦sRPNVXWb³�WbVJija~WrRjp6e4pGWbV]V L ` MON Z[Q?egWba���RUV]VqcfegW#pGijadc6Wbago�l]a8}�agido8WG`®^JWb_�u­ij_f{R*^qRU_kRUV]VXWbVBÑ/ÒN_6WG`kWb_f³jRUcflXija ija�cfegW~l]a�c6Wbago8WGo MON `rZ M Wb³�Wb_kRUVÎagi[o8WG`E{�l]}�e�cEeqRG³�W�_6W V�mgWG`6c6WGo¡cfegW�`kRU{�W
MON Z�¾na¨l]c6Wb_kRUcfl]³�W*^8_6idpGWG`k`�TqRj`6WGoÏijaNR=pGijV]VXWGpbcfl]³�Wzl]adc6WbV]V]l]}�WbagpGW¿RUV]}�ij_fl]cfe8{ egWbV]^g`�l]a ÃgaqRUV]V]� _6WrRjpke8l]a8}RUa ij_fcfegij}�ijaqRUV MON RUV]VXi[prRUcflXija TJWbcÀ�ÎWGWbaNRUV]V?cfegW~agido8WG`�l]a ÑnÒ®Zµs/ijc6W�cfeqRUcEmg`6l]a8}=ijm8_�RU^8^8_6i�Rjp6e��®cfegWl]a�c6WbV]V]l]}�WbagpGWERUago4cfegW MON RUV]VXidprRUcflXija¿pGija�cf_6ijV�lX`?VXi[prRUc6WGo4l]a*cfegWhmg`6Wb_�L `Bo8Wb³[lXpGW�RUago4agijc#RUa��[{�ij_6Wtl]a*cfegW_kRjo�lXizRjpGpGWG`6`tl]a�uv_kRj`fcf_fmgpbcfm8_6W�W Vdm8l]^8{�Wba�crZ��#uÎ{�mgpke
l]{�^�ij_fckRUagpGW���agijc6W�cfeqRUc�ijm8_�o��[aqRU{�lXp�RUV]VXi[prRUcflXija
RUV]}�ij_fl]cfe8{�`fm8^8^�ij_fc6`hl]a8^8m8ctogRUckR|³�RU_flyRUcflXijag`to�m8_fl]a8}*cfegW�ij^8cfl]{�l]ÐÇRUcflXija¡^8eqRj`6W���VXWrRjo�l]a8}4c6i*R~_6WrRUVÄ��cfl]{�W
ij^8cfl]{�l]ÐÇRUcflXija=RUV]}�ij_fl]cfe8{zZ
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Q?egWBRUV]}�ij_fl]cfe8{M^8_6WG`6Wba�c6WGo�egWb_6WrR uvc6Wb_�lX`�l]{�^8VXWb{�Wba�c6WGo|RUc�cfegW?¸=¾ N VyRr��Wb_r��T8m8c�RDc6WGpke8a8l V�mgW�u­ij_�^qRU_��RUV]VXWbV[_6WG`6Wb_f³jRUcflXijaEmg`fl]a8}ncfegW?�/¶�·h¸È¹�»#¼ÏVyRG��Wb_SlX`SRUVX`6i#{�ido8WbVXWGo��jVXWrRjo�l]a8}/c6ihRDpb_6i�`6`���VyRr��Wb_Sij^8cfl]{�l]ÐÇRUcflXija
RUV]}�ij_fl]cfe8{ u­ij_Bl]a�c6WbV]V]l]}�WbadchRUagoÂo��daqRU{�lXp�`6^JWGpbcf_fm8{Èmg`6W�Z
Q?egW#uvijV]VXiÇ�Bl]a8}�`6WGpbcflXijag`Î^8_6WG`6Wba�c?cfegWn_6WG`fm8V]c6`Îu´_6ij{>cfegW#{�i[o8WbV]l]a8}�p6eqRUV]VXWba8}�W���c6iK}�i�uv_6ij{ÈR���ij_fVXo�iUu

`6i[pblyRUV�l]ag`6WGpbc6`?c6i�RK�Bl]_6WbVXWG`6`B�Îij_fVXo�Z�²¡Whe8l]}�e8V]l]}�e�cDcfegWhl]adc6Wb_6WG`fcDiUu�RKT�ijcfc6ij{���m8^¿RU^8^8_6i�Rjp6ezl]aÂRK{Km8V]cflÄ�
mg`6Wb_¡���/¶�·h¸¿¾t��`f^�WGpbcf_fm8{'RUV]VXi[prRUcflXija pGijadc6Wxw[cr�/�Be8l]VXW�ckRU¢[l]a8}ÏprRU_6W�iUuK_6WGo�mgpbl]a8}¨cfegW�pGi[ij_6o�l]aqRUcflXija
ir³�Wb_fegWrRjo�ZÎQ?egWb_6WtlX`DRKTJWbagWxÃgc#l]a�mg`6l]a8}|R�pGidij_6o�l]aqRUc6WGozo�lX`6cf_fl]T8m8c6WGoÂRU^8^8_6i�Rjp6e¿Rj`#`fegir�Ba*l]azpkeqRU^8c6Wb_ ¬ Z
¶Sl]_6`fc�agijc6W|cfeqRUcr��l]a�cfegW�u­ijV]VXir�Bl]a8}�`fcfmgo�lXWG`r�?Æxmg`6Wb_6`ÇÆ�RU_6W~prRUV]VXWGo¯Æxagi[o8WG`ÇÆjZ~¾nVX`6i8��VXWbc�mg`�o8WxÃgagW�Rj`

ÆbpGWba�cf_kRUV®agido8W�ÆEcfegW�l]a�uv_kRj`fcf_fmgpbcfm8_6W�W Vdm8l]^8{�Wba�c~�v¾/¹Î�x��RUago¡Rj`�Æxagi[o8WG`ÇÆEcfegW�mg`6Wb_tW V�m8l]^8{�Wbadc6`~�v¸=Q#�xZ
¶Sl]aqRUV]V]���®��W4_6WxuvWb_�c6i¨Æb`fm8{ prRU^qRjpbl]cÀ��ÆÂRj`�cfegW*`fm8{ iUu/cfegW4prRU^qRjpbl]c�� ^�Wb_|RUV]VXidprRUc6WGo MON iÇ³�Wb_|RUV]VBcfegW`f��`fc6Wb{ MON `rZ
Ò�lXpGWbag`kWGo¿RUagozm8a8V]lXpGWbag`kWGoÂ`f��`fc6Wb{�`nRU_6W�pGir³�Wb_6WGo¿T��*ijm8_n`6pGWbaqRU_flXi�`ÇZÎ¥ÀcDl]agpbV]mgo8WG`/`f^JWGpbcf_fm8{Å^Ji[ijV]l]a8}

�­RUa¡m8a8V]lXpGWbag`6WGo
`f^JWGpbcf_fm8{ TqRUago¡lX`�`feqRU_6WGo¡T���RUV]V�cfegW�pGWbV]VX`tmg`fl]a8}=R4²�Ò�¾ns>`f��`fc6Wb{~�hRUago¡`f^�WGpbcf_fm8{
`feqRU_fl]a8}¿�´^8_fl]{|RU_f�zRUagoz`kWGpGijagogRU_f��mg`kWb_6`DiUu�R�`6^JWGpbcf_fm8{ TqRUagoq�xZ
²¡W�RU_6WKl]a�R~pGija�c6Wxw�ch�BegWb_6W�pGij}�a8l]cfl]³�W�_kRjo�lXi�`tprRUa=pGi[ij^JWb_kRUcfl]³�WbV]�¿agWb}�ijcflyRUc6WEuvij_h`f^�WGpbcf_fm8{�RjpGpGWG`k`

�Bl]cfe�ijcfegWb_6`rZ��nm8_�^8_6ij^Ji�`kWGo�RUV]}�ij_fl]cfe8{z�[Rjp6e8lXWb³�WG`®R/o��[aqRU{�lXpDRUagoK£qWxw[l]T8VXWBÑ/Òz�/¶S·h¸=¾ MON RUV]VXi[prRUcflXijaT���Wxw�^8VXijl]cfl]a8}*{�m8V]cflÄ��mg`6Wb_�o�l]³�Wb_6`6l]c���Z�sni[o8WG`hpGidij^�Wb_kRUc6W�mg`fl]a8}ÂR�o�lX`fcf_fl]T8m8c6WGo
RU^8^8_6i�Rjpke���c6i�{|R w�l]{�l]ÐrW
cfegWEpGWbV]VS`fm8{�prRU^qRjpbl]c���Zh¾/`#{Km8V]cflÄ��mg`6Wb_to�l]³�Wb_6`fl]c��¿lX`#ckRU¢�Wba=l]a�c6i*RjpGpGijm8adc/l]a=cfegWE`f^JWGpbcf_fm8{ RUV]VXi[prRUcflXija��
cfegW�`f��`fc6Wb{ `fm8{ prRU^qRjpbl]cÀ�4l]agpb_6WrRj`6WG`D�Bl]cfezcfegW�a�m8{�T�Wb_niUu�agi[o8WG`�° ¬�Ì ±�Z
¾nVX`6i�iUu�}�_6WrRUcnl]a�c6Wb_6WG`fcr��ijm8_/RUV]}�ij_fl]cfe8{�prRUaÂT�W�pGijadcf_6ijV]VXWGo=T��4u­Wb�(}�VXijTqRUVµ^qRU_kRU{�Wbc6Wb_6`Ç�qc6i|^8_6ir³[lXo8W

R~agWbc���ij_f¢�ij^�Wb_kRUc6ij_h�Bl]cfe
RUa�WrRj`flXWb_hcfm8a8l]a8}ziUuÎl]c6`/agWbc���ij_f¢ U i M Z�Q?edmg`r��l]ch_6WGo�mgpGWG`tcfegWET8m8_6o8Wba
RUagopGi�`fc#Rj`6`kidpblyRUc6WGo*�Bl]cfe¿`f^JWGpbcf_fm8{ÈagWbcÀ�Îij_f¢*^8VyRUa8a8l]a8}g�q{|RUl]a�c6WbaqRUagpGW�RUago*m8^8}�_kRjo8W�Z
�nm8_t{�Wbcfegi[o�lX`h^qRU_fcflXpbm8VyRU_fV]��l]a�c6Wb_6WG`fcfl]a8}Â�BegWba¡cfegWb_6W�RU_6W�{|RUa���agi[o8WG`hl]a�cfegW�pGWbV]V#�´�Bl]cfegijm8c�cfegW

agWGWGo�u­ij_�cfegWnRUV]}�ij_fl]cfe8{�c6it¢[agir�NcfegWDa�m8{�T�Wb_ÎiUu�pGijadc6Wbago�l]a8}Kagi[o8WG`1�x�dRj`®�ÎWbV]VARj`®lÄu�cfegW?ÃgaqRUVARUV]VXi[prRUcflXija
prRUa�TJW�_6WrRjpkegWGoEu­Rj`fc6Wb_�cfeqRUa�R/pGWba�cf_kRUV]l]ÐrWGo|RU^8^8_6i�Rjpke�u­ij_ScfegW?`kRU{�W�_6WG`fm8V]cfl]a8}hcfe8_6ijm8}�e8^8m8crZ�¥Àa�Rjo8o�l]cflXija��
�ÎWho8iKagijc?_6W V�m8l]_6W��­Rj`�l]cÎlX`�cfegWhprRj`6Wnl]a4RKpGWba�cf_kRUV]l]ÐrWGozRU^8^8_6i�RjpkeA�?RUa��|^8_flXij_BQB·h¸=¾D��V]l]¢�W#u´_kRU{�W/c6iKc6WbV]V
WrRjp6e4agi[o8W#�BegWba4c6iKcf_kRUag`f{�l]c?e8lX`�_6WG`6Wb_f³jRUcflXija4_6W VdmgWG`fcrZ�Q?egW/pGWba�cf_kRUV]l]ÐrWGoÂRU^8^8_6i�Rjpkezo8idWG`ÎagijcBiUÉ�Wb_�cfegW
`kRU{�Wto��[aqRU{�lXpbl]c��*l]a MON _6WrRUV]VXi[prRUcflXija=Rj`#ijm8_nRU^8^8_6i�Rjp6e�Z

��������3 465.$7098:02;=<>$102'?"A@B%1'�CED2FG8

Q?egW~pGijag`flXo8Wb_6WGo ij^8cfl]{�l]ÐÇRUcflXija¨^8_6ijT8VXWb{ÁlX`�cfegW�`kRU{�W4Rj`�^8_6WG`kWba�c6WGo%l]a%`kWGpbcflXija ¬�Z Í�Z ª ��T8m8cE{�ij_6W
`f^�WGpblÄÃqprRUV]V]�*o8Wb³�WbVXij^JWGo*l]aÂRUa��/¶S·h¸=¾:pGijadc6Wxw[crZ
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Q?egW/ij^8cfl]{�l]ÐÇRUcflXija*^8_6ijT8VXWb{>pGijag`6lXo8Wb_6WGo�prRUa�T�W#o8WG`6pb_fl]T�WGo�Rj`®u­ijV]VXir�D`t�´l]ago8Wxw
i
_6WxuvWb_6`Îc6i�cfegWnagi[o8WG`

RUago~l]ago8Wxw
j
c6i�cfegW MON `1�xZ��/l]³�Wba N

RG³�RUl]VyRUT8VXW MON `Îc6i�RUV]VXi[prRUc6W/RU{�ija8} M
agido8WG`Ç�dWrRjpke�agi[o8W

i
eqRr³dl]a8}

R M sRP¯³jRUV]mgW γij
ija MON j

��{Kmg`fcÎÃgago�cfegWnTJWG`fcÎÑnÒ�RUV]VXi[prRUcflXija�iUu�agi[o8WG`Îija MON `r��c6i�{|R w[l]{�l]ÐrWncfegW/pGWbV]V`fm8{ÅprRU^qRjpbl]cÀ���A`6m8T � WGpbcDc6i|`6ij{�W�pGijag`fcf_kRUl]adc6`/o8WG`kpb_fl]TJWGo*egWb_6WrR uvc6Wb_rZ�Ò�Wbc#mg`no8WxÃgagW
cij
Rj`DcfegW M eqRUa8agijaprRU^qRjpbl]c��|Rjpke8lXWb³jRUT8VXWDT���agido8W

i
ija MON j

��u­ij_®R/m8a8l]c�TqRUago��BlXo�cfeA���Be8lXp6e|lX`BY
cij = log2(1+γij)

Z�Ò�Wbc®mg`
o8WxÃgagW

aij
Rj`�cfegW?³jRUV]mgW?mg`kWGoKc6ihl]ago�lXprRUc6WD�BegWbcfegWb_®ij_�agijc�agido8W

i
eqRj`�`kWbVXWGpbc6WGo MON j

���Bl]cfe
aij = {0; 1} Z²¡W�RU_6WEl]a�c6Wb_6WG`fc6WGo�l]a�cfegW�prRj`6WEiUu�pGija�cfl]admgijmg`�pGi[o�l]a8}ÂRUago¿{�i[o�m8VyRUcflXija���l]ago8Wb^�Wbago8Wba�c�T�Wbc���WGWba MON `rZ¥�uµ�ÎW�o8WxÃgagW

ni
Rj`BcfegWha�m8{KTJWb_/iUu�RUV]VXi[prRUc6WGo MON `Dc6i�agi[o8W i

�gRUa�ÆGRUV]VXi[prRUc6WGo*agi[o8W�ÆheqRj`
ni 6= 0

Z
Ñ/`fl]a8}�RUV]V8cfegWG`6W?agijckRUcflXijag`r��cfegWBij^8cfl]{�l]ÐÇRUcflXija|^8_6ijT8VXWb{ prRUa�TJWÎu­ij_f{�m8VyRUc6WGo�l]a�{|RUcfegWb{|RUcflXprRUVqc6Wb_f{�`

Rj`?u­ijV]VXir�D`rZ®Q?egW�ijT � WGpbcfl]³�W�iUuScfegW�ij^8cfl]{�l]ÐÇRUcflXija¿^8_6ijT8VXWb{ÅlX`?c6iOY
{|R w ∑

i

∑

j

aijcij

`rZ crZ Y























































(1) {nmin, nmax} ∈ [0;N ]

(2) ∀i � ni = 0⇔
∑

j

aij = 0

(3) ∀i � ni 6= 0⇔
nmin ≤

∑

j

aij ≤ nmax

(4) ∀j � ∑
i

aij ≤ 1

��Y[Z]\Ç�

¥Àa�ijcfegWb_?�Îij_6o8`Ç��cfegW/ijT � WGpbcfl]³�W/lX`�c6i�Ãgago�cfegWnÃgaqRUV�`f��`fc6Wb{½RUV]VXi[prRUcflXija4³�WGpbc6ij_?{|R w[l]{�l]ÐGl]a8}�cfegWh`f��`fc6Wb{
`fm8{ prRU^qRjpbl]cÀ���JRj`6`6m8{�l]a8}|RUV]V�cfegW�pGijag`fcf_kRUl]adc6`nRU_6Wt_6WG`f^�WGpbc6WGo�Z
¶Sl]}�m8_6W Y[Z ª ^8_6WG`6Wbadc6`�cÀ�ÎiÂ`6l]{�^8VXW�Wxw8RU{�^8VXWG`KiUu�cfe8lX`�ij^8cfl]{�l]ÐÇRUcflXija�^8_6ijT8VXWb{TL `�_6WG`6ijV]m8cflXija�Z M Wb³�Wb_kRUVagi[o8WG`nagWGWGo=c6i~TJW�RUV]VXi[prRUc6WGo MON `/}�l]³�Wba�l]a8^8m8ctprRU^qRjpbl]c��¿³jRUV]mgWG` cij

Zh¥�a�WrRjp6e�ckRUT8VXW�iUu�Ãg}�m8_6W Y[Z ª �JcfegW
}�_6WGWbaÂWbVXWb{�Wbadc6`#_6Wb^8_6WG`6WbadcDcfegW�ij^8cfl]{|RUVS`6ijV]m8cflXija*u­ij_BcfegWh^8_6ijT8VXWb{zZ

¶Sl]}�m8_6WKY[Z ª@Y�¤�w8RU{�^8VXW�iUu®�n^8cfl]{�l]ÐÇRUcflXija¿¹�_6ijT8VXWb{ P#WG`kijV]m8cflXija
¥Àa�Rt`6^JWGpbcf_fm8{>`feqRU_fl]a8}Eij_Î^Ji[ijV]l]a8}KpGijadc6Wxw[cr��R�pGWbV]VJ`f^�WGpbcf_fm8{ _6WG`6ijm8_6pGWnlX`ÎR�³jRU_flyRUT8VXW-V�mqRUadcfl]c��|iÇ³�Wb_

cfl]{�W�Z PnWb}�m8VyRU_fV]����cfegW4pGWba�cf_kRUVBagi[o8W~m8^�ogRUc6WG`EcfegW*RU{�ijm8a�c|RUago%^Ji�`6l]cflXija iUuncfegW�pGWbV]VDRjp Vdm8l]_6WGo MON `rZQ?e8lX`Eij^JWb_kRUcflXija%lX`�TqRj`6WGo�ija
cfegW|¢dagiÇ�BVXWGo�}�W��®RUc�cfegW~pGWba�cf_kRUV�agido8W�Rj`���WbV]V�Rj`�RUc�cfegW�agi[o8WG`r��iUuBcfegW
p6eqRUa8agWbVS`fckRUcflX`fcflXpG`?u­ij_#RUV]V�cfegW MON `Bl]a*cfegWhTqRUago�Z®Q�i�Wxw8p6eqRUa8}�WK`f^JWGpbcf_fm8{È_6WG`kijm8_6pGW|�­RUm8}�{�Wba�ckRUcflXija�ij__6WGo�mgpbcflXijaA�x��WrRjpke%pGWbadcf_kRUVÎagi[o8W~prRUa�agWb}�ijcflyRUc6W��Bl]cfe�ijcfegWb_�pGWba�cf_kRUV?agido8WG`ÇZ*Q?egWba���cfegW~pGWbadcf_kRUVÎagi[o8W
T8_6i�Rjo8prRj`fc6`E�Bl]cfe8l]a
cfegW�pGWbV]V®cfegW|^Ji�`6l]cflXijag`KiUuBcfegW�agWb�½`6WbcEiUu MON `Kc6izmg`kW�Z N

lX`KcfegW|`f^�WGpbcf_fm8{Ê`6l]ÐrW
Rjp Vdm8l]_6WGo�� agWb}�ijcflyRUc6WGo¨T��¡cfegW�pGWba�cf_kRUVBagi[o8W�Z�Q?egW|³�RUV]mgWG`�iUu

nmin
RUago

nmax
RU_6W4pGija�cf_6ijV]VXWGo Td�¡cfegW

pGWba�cf_kRUVtagi[o8W�RUago�prRUa T�WÂcfm8agWGoFRjpGpGij_6o�l]a8}¨c6i�cfegW�Wba�cfl]_6W¡RG³�RUl]VyRUT8VXW�`f^�WGpbcf_fm8{º_6WG`kijm8_6pGW��npkeqRUa8agWbV
`fckRUcflX`fcflXpG`Ç�8Wbc6p�Z
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²¡W�Rj`6`6m8{�WncfegWb_6WtWxw�lX`fc6`�V]l]a8¢�RjogRU^8ckRUcflXija¿prRU^qRUT8l]V]l]cflXWG`D^�Wb_ MON `fmgpke*cfeqRUcBagido8WG`?�Bl]cfe4}�i[ido4pkeqRUa��agWbVDpGijago�l]cflXijag`��Bl]V]VBeqRr³�WÂR=e8l]}�egWb_|prRU^qRjpbl]cÀ�%cfeqRUa¨cfegi�`kW4�Bl]cfeÏ�Îij_6`fc�pkeqRUa8agWbVnpGijago�l]cflXijag`rZ¨Q?egW
nipGijag`fcf_kRUl]adc6`��´_6WxuvWb_?c6iEW V�mqRUcflXija Y[Z]\�� �ÎRU_6W/_6W V�m8l]_6Wb{�Wbadc6`Dija~cfegWh`f^�WGpbcf_fm8{½T8mgo�}�Wbc?^JWb_BRUV]VXidprRUc6WGo�agi[o8W

�Bl]cfe�RUa=ijT � WGpbcfl]³�WEc6i|{|RUl]adckRUl]a
R�pGWb_fckRUl]a�VXWb³�WbV�iUu®`fm8{�prRU^qRjpbl]cÀ�Â^�Wb_/RUV]VXi[prRUc6WGo=agido8WZY
nmin

Wbag`6m8_6WG`
R�{�l]a8l]{Km8{�`6m8{ prRU^qRjpbl]c��Â^JWb_nRUV]VXi[prRUc6WGo¿agido8W��q�BegWb_6WrRj`

nmax
V]l]{�l]c6`ncfegW�iÇ³�Wb_/o�l]{�Wbag`flXija8l]a8}4iUu�cfegW

agWGpGWG`6`kRU_f�~`f^JWGpbcf_fm8{>_6WG`6ijm8_6pGWnc6i�_fm8a*R�}�l]³�Wba�`6Wb_f³[lXpGWnl]a~cfegWnTJWG`6cÎp6eqRUa8agWbV�pGijago�l]cflXijag`ÇZ�¾n`�`fmgp6e���WrRjpke
RUV]VXi[prRUc6WGoÂagi[o8W�lX`/Wbag`fm8_6WGozc6i|eqRG³�W�RUc#VXWrRj`6c

nmin MON `/pGij_f_6WG`f^Jijago�l]a8}�c6i~R�{�l]a8l]{�m8{ `fm8{�prRU^qRjpbl]c��c6i�_fm8a*Rt}�l]³�Wba4`6Wb_f³[lXpGW�Z�»niÇ�ÎWb³�Wb_r��cfegWnRUV]}�ij_fl]cfe8{Èo8i[WG`®agijcÎcf_f��c6i�W VdmqRUV]l]ÐrW#cfegW/prRU^qRjpbl]c��|TJWbcÀ�ÎWGWba4cfegW
agi[o8WG`rZ
¾/`�cfegWBpGijag`flXo8Wb_6WGo~ij^8cfl]{�l]ÐÇRUcflXija|^8_6ijT8VXWb{ lX`®sn¹���pGij{�^8VXWbc6W��dcfegWb_6WDWxw�lX`fc6`�agi�RUV]}�ij_fl]cfe8{�c6i/Ãgago�cfegW

ij^8cfl]{|RUVÎ`kijV]m8cflXija
l]a%RUV]VÎprRj`6WG`�l]a R4^JijV]�[agij{�lyRUV®cfl]{�W�Z4¾BpGpGij_6o�l]a8}�V]���Sc6i*Ãgago�R
Æx}�i[ido�Æ�`6m8T���ij^8cfl]{|RUV
`6ijV]m8cflXija��ÎW�mg`6W~RUa¡egWbm8_flX`fcflXp�Z�¥�a
o8WG`6l]}�a8l]a8}ÂcfegW|RUV]}�ij_fl]cfe8{z�ScfegW|pGij{�^8_6ij{�lX`kW�T�Wbc��ÎWGWba�cfegW VdmqRUV]l]c��
iUuÎcfegWKu­ijm8ago�`6ijV]m8cflXijaN�vo�lX`fckRUagpGW�c6i�cfegW�ij^8cfl]{|RUV�`6ijV]m8cflXijaA�hRUago�cfegW�`f^�WGWGo�iUu�pGijad³�Wb_f}�WbagpGWÂ�´cfl]{�W�c6i
ijT8ckRUl]azl]c1��lX`DckRU¢�Wbazl]a�c6i|RjpGpGijm8adcrZ

��������� � 0�� $7%(02CE+�$7FG) 4 5.$10 8:02;=<>$102'?"

Q?e8lX`*��ij_f¢NlX`4agijcÂR�cfegWGij_6WbcflXprRUV�`fcfmgo���ija(o�lX`fcf_fl]T8m8c6WGoFij^8cfl]{�l]ÐÇRUcflXija(T8m8c*_kRUcfegWb_*l]c*^8_6WG`6Wbadc6`
R¿£qWxw�l]T8VXWÂRUV]}�ij_fl]cfe8{��Bl]cfeNRUaNWb{�^8eqRj`6lX`�^8m8c|ija¨cfegW*_6WrRUV]lX`fcflXp¿Rj`f^JWGpbc6`�iUuhl]c6`�l]{�^8VXWb{�WbadckRUcflXija��BcfegW
VdmqRUV]l]c��*iUuScfegWtÃgaqRUV�RUV]VXidprRUcflXija�RUago*cfegWt`f^�WGWGo*iUu�pGijad³�Wb_f}�WbagpGW�Z
Q?egWDWbad³dlX`1RU}�WGo|`6pGWbaqRU_flXi�`ÎpGijag`flX`fc�l]a~R�`fl]a8}�VXWDpGWbV]Vg�Bl]cfe~R�pGWba�cf_kRUVqagi[o8W#RUago�`kWb³�Wb_kRUVq}�WGij}�_kRU^8e8lXprRUV]V]�

o�lX`fcf_fl]T8m8c6WGo¨agi[o8WG`�l]a¨cfegW*pGWbV]V�Z Q?egW*agi[o8WG`�eqRG³�W4uvm8V]V?_6WG`f^Jijag`6l]T8l]V]l]c�� l]aÏp6egi[i�`fl]a8}�cfegWbl]_|`6Wbc�iUu MON `c6izmg`kW�uvij_Kcf_kRUag`f{�lX`6`flXija��µ�BegWb_6WrRj`EcfegW|pGWbadcf_kRUVÎagi[o8W|o8i[WG`�agijcKl]a�£gmgWbagpGW|cfegW|agido8WG`�LµRUV]VXidprRUcflXija�Zz¥Àa
cfeqRUch`6Wbag`6W��AcfegWERUV]}�ij_fl]cfe8{�lX`/o�lX`fcf_fl]T8m8c6WGo�RUagoÂcfegWK^JiÇ�ÎWb_tiUu®o8WGpblX`flXija=lX`n`6^8_6WrRjoÂT�Wbc���WGWba�cfegW�agi[o8WG`rZ
Q?egW�ij^8cfl]{�l]ÐÇRUcflXija%lX`�Rjp6e8lXWb³�WGo%Td�¡pGidij^�Wb_kRUcflXija�T�Wbc���WGWba }�WGij}�_kRU^8e8lXprRUV]V]��`6Wb^qRU_kRUc6WGo�agido8WG`ÇZ M mgp6e¨Ro�lX`fcf_fl]T8m8c6WGo*RU^8^8_6i�Rjp6e*lX`?iUu�^qRU_fcflXpbm8VyRU_Bl]adc6Wb_6WG`fc?�BegWba�cfegWna�m8{KTJWb_DiUu�RUcfckRjp6egWGo�agido8WG`�T�WGpGij{�WG`?VyRU_f}�W�Z
²¡WzRj`6`6m8{�W4R=VXiÇ�È{�ijT8l]V]l]c��¨iUuncfegW4agi[o8WG`r�®R=¢[agir�BaÏpkeqRUa8agWbVnRUc�cfegW�_6WGpGWbl]³�Wb_r��R�`6�dagpke8_6ija8l]ÐrWGo

Ñ/ÒÏ_6WGpGWb^8cflXija�iUuBcfegW�{�WG`k`kRU}�WG`�RUago�Rz`f�d{�{�Wbcf_flXp|p6eqRUa8agWbV®�Bl]cfe�agijc�c6i[i*_kRU^8lXo�³�RU_flyRUcflXijag`rZ~Q?e8lX`�lX`
_6WrRj`6ijaqRUT8VXWhu­ij_D² Ò�¾/s:`f��`fc6Wb{�`?�Bl]cfeÂ`6{|RUV]V�pGWbV]V�`fl]ÐrWG`rZ
²�e8l]VXWno8WG`6l]}�a8l]a8}�ijm8_BRUV]}�ij_fl]cfe8{z���ÎW/eqRr³�WnV]l]{�l]c6WGo*RUV]VJVXi�`6`6WG`�o�mgW/c6iKpGi[ij_6o�l]aqRUcflXija*ir³�Wb_fegWrRjo%Y�ija8V]�

cfegWEagWGpGWG`6`kRU_f�¿l]a�uvij_f{|RUcflXija�lX`/cf_kRUag`f{�l]cfc6WGo�c6i�cfegW�pGWba�cf_kRUV�agi[o8W�Z�¾ MON _6WrRUV]VXi[prRUcflXija¡lX`tRjp6e8lXWb³�WGoN�´lÄuagWGpGWG`6`kRU_f�g�Eu­ij_~Wb³�Wb_f�ÏogRUckR¡^qRjp6¢�Wbcr�BT8m8c~cfegWzuv_6W VdmgWbagpb� iUu MON _6WrRUV]VXidprRUcflXija prRUaNT�Wz³�RU_flXWGoÏTd�¨cfegWij^�Wb_kRUc6ij_r�Jo8Wb^�Wbago�l]a8}*ijaÂcfegWK_kRUc6W�iUu®p6eqRUa8}�W�iUu Y�cfegWEp6eqRUa8agWbV���cfegW�RG³�RUl]VyRUT8l]V]l]c���iUu�agWb� MON `Ç�qcfegWEpGWbV]Vcf_kR Ë|p�Z%Q?egW�ij^8cfl]{�l]ÐÇRUcflXija�RUV]}�ij_fl]cfe8{�pGijag`flX`fc6`El]aNRUa¨ij^8^Jij_fcfm8a8lX`6cflXp*`f^JWGpbcf_fm8{�RjpGpGWG`k`�RUcEcfegW�agi[o8W
VXWb³�WbV�Z
Q?egW®cfl]{�W�lX`�o8WGpGij{�^�i�`6WGo�l]a�c6iBuv_kRU{�WG`�iUu8³�RU_flyRUT8VXW®o�m8_kRUcflXija

TF = TN+TD
Zµ¤ÎRjp6e�uv_kRU{�W®pGij{�^8_flX`kWG`

REagWb}�ijcflyRUcflXijaz^qRU_fc��´³�RU_flyRUT8VXW�o�m8_kRUcflXija
TN
�?RUagozR�ogRUckRE^qRU_fc���Ã8w8WGo*o�m8_kRUcflXija

TD
�xZ�Q?egW�agWb}�ijcflyRUcflXija

^qRU_fc�pGijag`flX`fc6`�l]aÏ`6WrRU_6p6e8l]a8}�u­ij_�cfegWzij^8cfl]{�l]ÐrWGoNRUV]VXi[prRUcflXija��Î�BegWb_6WrRj`�cfegW*ogRUckR�^qRU_fc�pGijag`flX`6c6`�l]a¨cfegW
cf_kRUag`f{�lX`6`6lXijaÏiUuhogRUckR¿uv_kRU{�WG`rZ%²¡WzRj`6`fm8{�W4cfeqRUc M sRPÈ³�RUV]mgWG`�o8i�agijc�p6eqRUa8}�WÂo�m8_fl]a8} TF

Z ¶Sl]}�m8_6W
Y[Z Í ^8_6WG`6Wba�c6`hcfegWEcfl]{�Wxuv_kRU{�W�pGija�c6Wxw�c�iUu®cfegW�ij^8cfl]{�l]ÐÇRUcflXija�RUV]}�ij_fl]cfe8{ RUago�`fegir�D`�RUa�WxwgRU{�^8VXW�iUu MONagWb}�ijcflyRUcflXijaÂl]a=R�pGWbV]V�pGij{�^Ji�`kWGo*iUu�Í�agi[o8WG`rZ
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¶µl]}�m8_6WEY[Z Í@Y�·hWG`6pb_fl]^8cflXija¿iUu�cfegW��n^8cfl]{�l]ÐÇRUcflXija=¾nV]}�ij_fl]cfe8{Å¹�RU_fc6`
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¾/`D`6WGWbazija*Ãg}�m8_6W Y[Z Í �8cfegWhagWb}�ijcflyRUcflXijaÂ^qRU_fc#pGijag`6lX`fc6`Bl]c6`6WbVÄu�l]a¿R�`fmgpGpGWG`6`6lXija*^8eqRj`6WG`�Y

• Ñ/Ò�cfl]{�Wt`fVXijc�Y�Ñ/Ò�{�WG`6`kRU}�WG`DRU_6Wt`fl]{Km8V]ckRUagWGijmg`fV]��`kWba�cBT��~cfegWtpGija�c6Wbago�l]a8}�agi[o8WG`DRUago4l]a�c6Wbago8WGou­ij_/cfegWEpGWbadcf_kRUV�agido8W�Zt¤ÎRjp6e�agi[o8WKpGijadc6Wbago�l]a8}*uvij_tR|}�l]³�Wba MON cf_kRUag`f{�l]c6`hc6i�cfegWEpGWba�cf_kRUV�agi[o8WRUa¿ÑnÒ�T8m8_6`6cD{�WG`6`kRU}�WtijazcfeqRUc MON Z
• ·hÒ�cfl]{�W�`6VXijc�Y�Q?egWba���cfegWtpGWba�cf_kRUV�agi[o8W/T8_6i�Rjo8prRj`fc6`Dl]a*cfegWtpGWbV]V�R�·hÒ�u­WGWGo�TqRjp6¢�{�WG`6`kRU}�W��´mg`6l]a8}R�o8WGo�lXprRUc6WGoNp6eqRUa8agWbV#pGij{�{�ijaÏc6i¡RUV]V MON `x��`kijVXWbV]�%pGijadckRUl]a8l]a8}¡cfegW4{�l]a8l]{�m8{ RUago {|R w[l]{Km8{prRU^qRjpbl]cÀ�*³jRUV]mgW/u­ijm8agozijaÂWrRjpke MON Z

Q?egWG`6W~c���iÂ^8eqRj`kWG`ERU_6W|_6Wb^JWrRUc6WGo%o�m8_fl]a8}¿cfegW~agWb}�ijcflyRUcflXija ^qRU_fc�m8adcfl]VÎcfegW4RUV]VXidprRUcflXija%lX`�Ãga8lX`fegWGo�Z
Q?egWba��ScfegW|ogRUckRÂ^qRU_fc�ckRU¢�WG`K^8VyRjpGW���o�m8_fl]a8}¿�Be8lXpke RÂogRUckR4uv_kRU{�W|prRUa%TJW�cf_kRUag`6{�l]cfc6WGo
Td��cfegW|agi[o8WG`
mg`fl]a8}�cfegWbl]_/Rjp V�m8l]_6WGo
���/s	`fckRUcfmg`1� MON `ÇZ
·/lX`fcf_fl]T8m8c6WGo=ij^8cfl]{�l]ÐÇRUcflXija¿{�Wbcfegi[o8`n^Ji�`6`kWG`6`B{|RUa��ÂRjo�³�RUa�ckRU}�WG`h`fmgpke=Rj`�Y�`6prRUVyRUT8l]V]l]cÀ���q_6ijT8mg`fcfagWG`k`r�

RjogRU^8ckRUT8l]V]l]c��~c6i�³�RU_f�dl]a8}EpGijago�l]cflXijag`rZ�¾nVX`6i8��o�lX`6cf_fl]T8m8c6WGo�RU}�Wbadc6`�prRUa�T�WDW V�m8l]^8^�WGo~�Bl]cfe|VXWrRU_fa8l]a8}�prRU^qR �
T8l]V]l]cflXWG`#`6mgp6eÂRj`3PnWbl]a�uvij_6pGWb{�Wbadc#Ò�WrRU_fa8l]a8}=� PnÒµ�h�v`6WGWt`6WGpbcflXija Y[Z ¬�Z ¬ �xZ�¤®Rjp6e=RU}�Wba�cD_fm8ag`BcfegWKRUV]}�ij_fl]cfe8{
`6Wb^qRU_kRUc6WbV]�*RUago4T���l]a�c6Wb_kRjpbcfl]a8}~�Bl]cfeÂijcfegWb_#RU}�Wba�c6`r�gcfegWb�4RUV]V�pGijadcf_fl]T8m8c6W�c6i�pb_6WrRUc6W�RE}�VXijTqRUV]V]�4ij^8cfl]{|RUV
`6ijV]m8cflXija��8�Bl]cfegijm8cncfegWhagWGWGo4u­ij_#R�pGWba�cf_kRUVSpGija�cf_6ijV]VXWb_rZ

M ijV]³[l]a8}
cfegWÂ_6WG`6ijm8_6pGW¿RUV]VXi[prRUcflXijaN^8_6ijT8VXWb{��Bl]cfe�R�o�lX`6cf_fl]T8m8c6WGo�RU^8^8_6i�RjpkeNu­ij_|cfegWzij^8cfl]{�l]ÐÇRUcflXijaeqRj`�cfegWzRjo�³�RUa�ckRU}�W*iUun^qRU_kRUV]VXWbV]l]ÐGl]a8}
cfegW*ij^8cfl]{�l]ÐÇRUcflXijaÏckRj`f¢%RU{�ija8}
RUV]V?cfegW4agi[o8WG`rZ¡¥Àc�_6WGo�mgpGWG`�cfegW
pGij{�^8VXWxw�l]c��%^JWb_�agi[o8W�Z
�nm8_|RUV]}�ij_fl]cfe8{ lX`E`kprRUVyRUT8VXW4�Bl]cfe%cfegW�adm8{�T�Wb_|iUu#agi[o8WG`�RUagoÏRUT8VXW����Bl]cfegijm8c
RUa��|^8_flXij_Î¢[agir�BVXWGo�}�WhiUu�cfegWDadm8{�T�Wb_BiUu�agido8WG`r�dc6iEo��daqRU{�lXprRUV]V]�~RjogRU^8c�c6i�RUV]VqcfegW#uvijV]VXiÇ�Bl]a8}�`kpGWbaqRU_flXi�`�Y
N = M

�
N < M

RUago
N > M

�gRj`B�ÎWbV]V�Rj`Bc6i�RUa��
nmin

RUago
nmax

³�RUV]mgWG`rZ
Q?egWBagWxw�c®`6WGpbcflXija~o8Wb³�WbVXij^g`�cfegWB�Bl]_6WbVXWG`6`®pGij{�{�m8a8lXprRUcflXija4{�WGp6eqRUa8lX`f{�mg`6WGo�c6i�Rjpke8lXWb³�WnRUa|WxË|pblXWbadc

o�lX`fcf_fl]T8m8c6WGo¿pGija�cf_6ijV�Z

��������� ��0 8 +,D2<>$102'?"A@B%1'?5.<���<>$102'?"�� '�) F D

Q?e8lX`4`6WGpbcflXijaFo8WG`6pb_fl]TJWG`�cfegW=`fl]{�m8VyRUcflXijaF{�i[o8WbVhmg`6WGoNuvij_*RUV]VncfegW�`fl]{Km8VyRUcflXijag`*pGijagpGWb_fa8l]a8}Ïijm8_
RUV]}�ij_fl]cfe8{zZS²¡W�mg`6W�RD`fl]{�^8VXW®^8_6ij^qRU}�RUcflXijaK{�i[o8WbV[�Bl]cfe�cfegW�{|RUl]aEijT � WGpbcfl]³�WÎc6i#pGijagpGWbadcf_kRUc6W?ijaK`fegiÇ�Bl]a8}
cfegWtl]adc6Wb_6WG`fcfl]a8}|^8_6ij^�Wb_fcflXWG`#iUu�cfegW�RUV]}�ij_fl]cfe8{Å_kRUcfegWb_DcfeqRUa¿`fl]{�m8VyRUcfl]a8}~_6WrRUV]lX`fcflXp�p6eqRUa8agWbVµ{�ido8WbVX`ÇZ
¶gij_EWrRjp6e%agido8W���u­ij_KWrRjp6e MON � M sRP ³�RUV]mgWG`�RU_6W�_kRUago8ij{�V]�¡o�_kRG�Ba�uv_6ij{ÁR*m8a8lÄu­ij_f{Êo�lX`6cf_fl]T8m8cflXija�ZQ?egWtc6ijckRUV�_kRUa8}�W�iUu M sRPF³�RUV]mgWG`DlX`Do8Wbc6Wb_f{�l]agWGo=Rj`?uvijV]VXiÇ�D`�Y

• ¸¿l]a8l]{�m8{ M sRP¯³�RUV]mgWK� γmin
� Y�ijT8ckRUl]agWGo4Rj`ÎcfegWD��ij_6`fc�^Ji�`6`6l]T8VXWnpGijago�l]cflXijag`?iUu�_6WGpGWb^8cflXija�uvij_ÎcfegW

{�WG`k`kRU}�WG`rZz¥Àa�prRj`6W~`6Wb³�Wb_kRUV�cf_kRUag`f{�lX`6`flXija%{�ido8WG`EWxw�lX`fc��vWrRjpke%ijagW~TJWbl]a8}=p6eqRU_kRjpbc6Wb_fl]ÐrWGo Td�¡l]c6`
`kWbag`fl]cfl]³dl]cÀ��VXWb³�WbV���pGido�l]a8}=_kRUc6W��S{�ido�m8VyRUcflXijaA�x�

γmin
lX`�prRUVXpbm8VyRUc6WGo%^JWb_ MON �Bl]cfe�cfegW�{�l]a8l]{�m8{`6l]}�aqRUV�VXWb³�WbV�WbaqRUT8V]l]a8}�c6i�pGij_f_6WGpbcfV]�4_6WGpGWbl]³�Wt{�WG`k`kRU}�WG`Dmg`fl]a8}�cfegW�{�l]a8l]{�m8{ Q�w*{�ido8W�Z

• ¸�R w[l]{Km8{ M s-P(³jRUV]mgW�� γmax
� Y�ijT8ckRUl]agWGo¿Rj`ÎcfegWhT�WG`fc?^�i�`6`fl]T8VXW/pGijago�l]cflXijag`#iUu�_6WGpGWb^8cflXija*u­ij_?cfegW

{�WG`k`kRU}�WG`r��l�Z W�Z¿cfegW|{�l]a8l]{Km8{�pGijm8^8V]l]a8}�VXi�`6`ÇZ
γmax

lX`�cfegW M sRP�³�RUV]mgW�pGij_f_6WG`f^Jijago�l]a8}�c6i¿cfegW
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pbVXi�`kWG`fc�^Ji�`6`6l]T8VXW�o�lX`6ckRUagpGW?TJWbcÀ�ÎWGWba|Rnagido8WBRUago�cfegW?pGWba�cf_kRUV8agi[o8Wt�´cfe�mg`r��l]a�Ò�l]agWD�#u M l]}�e�c#�vÒS� M �pGijago�l]cflXijag`x�xZ
γmax

lX`DprRUVXpbm8VyRUc6WGoÂ^JWb_ MON Z

s/ijc6W/cfeqRUc
γmin
RUago

γmax
RU_6W/^qRU_kRU{�Wbc6Wb_6`Dp6eqRU_kRjpbc6Wb_fl]ÐGl]a8}�cfegWh`f��`fc6Wb{z�[cfegWb�~RU_6W/agijcBo8WGo�mgpGWGo4T��

cfegWtagi[o8WG`rZ
Q?egWba

cij
lX`#o8WGo�mgpGWGo¿RjpGpGij_6o�l]a8}�c6i M eqRUa8agija=prRU^qRjpbl]c��zRj`?u­ijV]VXir�D`�Y

cij = log2(1 + γij)
��Y[Z ª��

s/ido8WG`DcfegWbazcf_f�~c6i�ij^8cfl]{�l]ÐrW�cfegWbl]_Dc6ijckRUV�Ñ/Ò¡prRU^qRjpbl]c��z`6ckRU_fcfl]a8}�u´_6ij{ÈcfegW
cij
³jRUV]mgWG`rZ

¤�³�Wb_f�¿cfl]{�W�R~pkeqRUa8agWbV�p6eqRUa8}�W�i[pGpbm8_6`r��RUV]V�cfegWKagi[o8WG`/m8^JogRUc6W�RUV]VScfegWbl]_ M s-P	³�RUV]mgWG`/uvij_tRUV]V�cfegWbl]_
MON `rZ¡s/i�pGij_f_6WbVyRUcflXija¨TJWbcÀ�ÎWGWbaÏcfegW�agi[o8WG`�lX`E{�ido8WbVXWGo�Z�¾#VX`6i8��uvij_�R¿}�l]³�Wba agido8W��®e8lX` MON `�eqRr³�W4agipGij_f_6WbVyRUcflXijaÂT�Wbc���WGWbaÂcfegWb{zZ
·hWb^�Wbago�l]a8}|ijazcfegW�`fcfmgo�lXWGoÂ`6pGWbaqRU_flXijag`r�8cfegWtpkeqRUa8agWbVµprRUazT�WtWbl]cfegWb_�Y

• s/ijc#p6eqRUa8}�l]a8}�o�m8_fl]a8}|`6Wb³�Wb_kRUV�agWb}�ijcflyRUcflXija¿^8eqRj`6WG`
• s/ijc#p6eqRUa8}�l]a8}�o�m8_fl]a8}~REagWb}�ijcflyRUcflXijaÂ^8eqRj`kWtT8m8cnR uvc6Wb_#R�·D¾�Q�¾,Q�w4^8eqRj`kW
• N eqRUa8}�l]a8}�o�m8_fl]a8}�agWb}�ijcflyRUcflXijaÂ^8eqRj`6WG`/RUago4agijc#o�m8_fl]a8}�cfegW�·#¾�Q�¾MQ�w4^8eqRj`6W

s/ijc6WÂcfeqRUc��ÎW¿{�l]{�lXp¿cfegWzu�Rjo�l]a8}�^�Wb_ MON T��¨mg`6l]a8}�cfegWÂuvijV]VXiÇ�Bl]a8} {�ido8WbV Y��BegWba M s-P ³�RUV]mgWG`p6eqRUa8}�W��qcfegWb��pkeqRUa8}�WKRjpGpGij_6o�l]a8}~c6i�R�m8a8lÄuvij_f{ o�lX`fcf_fl]T8m8cflXija��´^�Wb_ MON �xZ
²�egWba�agi�V]l]³�W�_6WG`fm8V]c6`�RU_6WE^8_6ir³[lXo8WGo
RUchcfegW�Wbago=iUuBR�`fl]{�m8VyRUcflXija���cfegW�_6WG`fm8V]c6`�RU_6W�RG³�Wb_kRU}�WGo¡iÇ³�Wb_

`6Wb³�Wb_kRUV�VXi[ij^g`tiUuÎ`fl]{�m8VyRUcflXija�pGijago�mgpbc6WGo�m8ago8Wb_tcfegWE`1RU{�WEpGijago�l]cflXijag`ÇZ�¥Àa=`fmgpke
R�prRj`6W��JcfegW�`fckRUagogRU_6o
o8Wb³[lyRUcflXijaÂiUuScfegW�_6WG`fm8V]c6`B³�RU_f��o8Wb^�Wbago�l]a8}~ija*cfegW�`kpGWbaqRU_flXi8Z

��������� � F �&- %(025.$70 '?" <�",) � '�) FGD90 " � ' � $��.F�� FG+.%(0�� $10 -

Q?egW�ijT � WGpbcfl]³�W�iUuÎcfe8lX`t^qRU_fctlX`hc6i4o8WG`6pb_fl]T�WGo�egir�McfegW�o�lX`fcf_fl]T8m8c6WGo
ij^8cfl]{|RUV®RUV]VXidprRUcflXija¡iUu MON `tlX`_6WrRjp6egWGo=RU{�ija8}�cfegWtagi[o8WG`rZ
¾?chcfegW�Wbago�iUuÎcfegW�ij^8cfl]{�l]ÐÇRUcflXija¡^8eqRj`6W���cfegWb_6W�lX`tija8V]��R�`fl]a8}�VXW�`f^JWGpblyRUV]l]ÐrWGo�agi[o8WE^JWb_ MON �JT8m8c�Ragi[o8W�prRUaÂT�W�`6^JWGpblyRUV]l]ÐrWGoÂl]a¿`6Wb³�Wb_kRUV MON `rZB·/m8_fl]a8}|cfegWEij^8cfl]{�l]ÐÇRUcflXija�^8_6idpGWG`6`#cfegWb_6W�lX`#TJijcfe�RUaÂl]adc6Wb_��agi[o8W�agWb}�ijcflyRUcflXijaN�´c6i~_6WG`f^�WGpbchpGijag`6cf_kRUl]a�c �d�/RUago=RUa=l]a�cf_kR ��agi[o8W�agWb}�ijcflyRUcflXijaN�vpGijag`fcf_kRUl]a�c6`�ª4RUago�Í��xZ

¥Àago8WGWGo��dWrRjpke~agi[o8WD��ijm8VXo|�?RUa�c?c6i�mg`6WnRUV]VqcfegW
nmax MON `ÎT8m8c®Td��{�WrRUag`?iUu�VXi[prRUVql]adc6Wb_kRjpbcflXijag`?l]c®{Kmg`fcT�Wtij^8cfl]{|RUV]V]�4`6eqRU_6WGoÂRU{�ija8}~RUV]V�cfegWtagi[o8WG`Bc6i�}�VXijTqRUV]V]�4{|R w�l]{�l]ÐrW�cfegWtpGWbV]V�Ñ/Ò¡`fm8{ÅprRU^qRjpbl]cÀ��Z

¾>agi[o8W�pGija�ckRUl]ag`*��\Ç��RzpGijag`fcf_kRUl]a�c�pGija�cf_6ijV]VXWb_�RUago¯�­ª��tRÂ`6Wbc�iUu
N
pGidij^�Wb_kRUcfl]a8}=RU}�Wbadc6`��vijagW|T��

MON �xZ[Q?egW#pGijag`fcf_kRUl]adc?pGijadcf_6ijV]VXWb_BWbag`fm8_6WG`®cfeqRUc�cfegW/pGijag`fcf_kRUl]a�c6`�l]a|adm8{�T�Wb_BiUuµRjpbcfl]³�W MON `Î^JWb_Îagido8W/RU_6WRUV]��Rr�[`®Wbag`fm8_6WGo�Z®�na�cfegWBpGija�cf_kRU_f���dcfegW?{|RUl]a�ijT � WGpbcfl]³�WBiUu�RUa|RU}�Wba�c�lX`�c6it`fckRr�ERjpbcfl]³�W����/st�SRUc�cfegWBWbago
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iUu?cfegW�ij^8cfl]{�l]ÐÇRUcflXija
^8_6i[pGWG`6`rZ�¾#}�Wbadc6`�l]adc6Wb_kRjpbc�l]a�c6Wb_faqRUV]V]�N�´�Bl]cfe
ijcfegWb_ MON �ÀRU}�Wbadc6`��Bl]cfe8l]a
cfegW�`kRU{�Wagi[o8WÇ�#RUago¿Wxw[c6Wb_faqRUV]V]���´�Bl]cfe�RU}�Wba�c6`/_6Wb^8_6WG`6Wbadcfl]a8}4cfegWK`kRU{�W MON l]ago8Wxw¿T8m8cDuv_6ij{�ijcfegWb_/agido8WG`x�xZDQ?egW_fm8VXWG`BiUuµl]adc6Wb_kRjpbcflXijag`#iUu�RU}�Wba�c6`BT�Wbc���WGWbazcfegWb{z�gRU_6W/T8m8l]VXo4c6iK_6WrRjpke¿RK}�VXijTqRUV�ij^8cfl]{�m8{ Td�|mg`fl]a8}�VXi[prRUV
l]a�c6Wb_kRjpbcflXijag`Ç��Rj`�l]a�RUm8c6iU��ij_f}�RUa8l]ÐÇRUcflXija�Z¿²�e8l]VXW�cfegWb��l]a�c6Wb_kRjpbcr��RU}�Wbadc6`EWxw8p6eqRUa8}�W~l]a�u­ij_f{|RUcflXija RUT�ijm8c
prRU^qRjpbl]c��*³�RUV]mgWG`��v`6WGWt`kWGpbcflXija Y[Z ¬�Z ¬�Z Í �xZ
¶Sl]}�m8_6W Y[Z � o8Wb^8lXpbc6`#cfegWtpGija�c6Wxw�cniUu�cfegWhl]a�c6Wb_faqRUV�RUagozWxw[c6Wb_faqRUV�l]a�c6Wb_kRjpbcflXijag`rZ

¶Sl]}�m8_6WKY[Z ��Y�¥Àa�c6Wb_faqRUVSRUago*¤�w[c6Wb_faqRUVS¥�adc6Wb_kRjpbcflXijag`
Qµi�T�WGpGij{�WD`fcf_6ija8}�Wb_�RUago�eqRG³�WDT�Wbcfc6Wb_ÎpkeqRUagpGWG`®c6i�`fckRG��Rjpbcfl]³�W���RU}�Wba�c6`�ij_f}�RUa8l]ÐrWDl]a�}�_6ijm8^g`/�´�Bl]cfe8l]a

WrRjp6e%agi[o8WÇ��RUago
cf_f��c6izÃgago�cfegW�T�WG`fcKijcfegWb_E{�Wb{�T�Wb_6`�iUuDcfegWbl]_K}�_6ijm8^��µu­ij_�cfegWb{Ác6iÂT�W��/s RUcKcfegW
Wbago�Z �/_6ijm8^g`zRU_6W�RUa(RU}�}�_6Wb}�RUcflXija(iUuEWrRjpke RU}�Wba�c4u­ij_6pGWZY¡cfegW=}�_6ijm8^(prRU^qRjpbl]c���lX`�cfegW�`fm8{'iUu�cfegW
prRU^qRjpbl]cflXWG`Suv_6ij{MRUV]V8RU}�Wba�c6`�Wba8}�RU}�WGo�l]aEcfe8lX`S}�_6ijm8^�Z�Q?egWÎ��WrRU¢�WG`fc®RU}�Wba�c6`�RU_6WÎVXWxuvc�RU^qRU_fc�RUagoK}�_6ijm8^g`�RU_6W
_6WGpGijag`fcf_fmgpbc6WGo¿m8a�cfl]VµcfegW�WbagoziUu�cfegW�ij^8cfl]{�l]ÐÇRUcflXija=^8_6idpGWG`6`ÇZ �/_6ijm8^g`nRU_6WKij_f}�RUa8l]ÐrWGo¿RUago*_6Wx��ij_f}�RUa8l]ÐrWGo
o��[aqRU{�lXprRUV]V]��RUago�RUm8c6ijagij{�ijmg`fV]�Ec6i/_6WrRjp6e�cfegW?T�WG`fcSÃgaqRUV8pGija�Ãg}�m8_kRUcflXija�uvij_�cfegWB`f��`fc6Wb{zZSQ?e�mg`r��}�_6ijm8^g`
eqRG³�WKR�³jRU_flyRUT8VXW�`fl]ÐrWtir³�Wb_Dcfl]{�W�Z
²¡W*Rj`6`fm8{�W~cfeqRUc�Rzagi[o8W~lX`�RUT8VXW�c6i=`fl]{�m8V]ckRUagWGijmg`6V]��^�Wb_�uvij_f{

nmax
ckRj`6¢[`Eijm8c�iUu/Rzc6ijckRUVBiUu

NckRj`f¢�`rZ�¾na
RU}�Wba�ctlX`�RUT8VXW�c6i4^�Wb_�u­ij_f{�ija8V]�=R4`fl]a8}�VXW�ckRj`f¢���RUago�l]ctprRUa¡Wbl]cfegWb_�^�Wb_�uvij_f{�l]c|���/s `6ckRUcfmg`
u­ij_BcfeqRUc MON �?ij_BagijcrZ
¥Àa¿ijm8_n{�ido8WbV��JRUa�RU}�Wbadc�L `#cfe8_6WG`fegijVXo¿³�RUV]mgW�p6eqRUa8}�WG`hiÇ³�Wb_ncfl]{�WERUagoÂl]c6`#³jRUV]mgWKo8Wb^JWbago8`/ija%��\Ç�Dl]c6`

^8_6Wb³[lXijmg`te8lX`fc6ij_f���Î�­ª��nl]c6`KRUT8l]V]l]c���c6i4^JWb_�u­ij_f{ l]c6`hckRj`f¢=TJWbcfc6Wb_tcfeqRUa
cfegW�RU}�Wba�c6`tuv_6ij{ cfegW�`kRU{�W�agi[o8W
�´l]a�cf_kR ��agi[o8W�pGija�c6WG`fc6`1�KRUago¯�­Í��hl]c6`ERUT8l]V]l]cÀ��c6iz^�Wb_�uvij_f{�l]c6`KckRj`f¢�T�Wbcfc6Wb_�cfeqRUa
cfegW�RU}�Wba�c6`�u´_6ij{ÁijcfegWb_
agi[o8WG`?uvij_BcfeqRUcn`kRU{�WtckRj`f¢��´l]a�c6Wb_���agi[o8WKpGijadc6WG`fc6`Bu­ij_BcfegWt`kRU{�W MON �xZ
Q?egW=RU{�^8V]l]cfmgo8W¿iUu�p6eqRUa8}�W=iUu�RUa¯RU}�Wba�c�L `*Rjpbcfl]³[l]c��¨cfe8_6WG`fegijVXoNlX`�³�RU_flyRUT8VXW¿RUagoNlX`~R�uvm8agpbcflXija¯iUu

cfegW¿RU}�Wbadc�L `�uvij_6pGW¿pGij{�^qRU_6WGoNc6i�ijcfegWb_6`*RU}�Wba�c6`~uvij_~cfe8lX`|ckRj`6¢JZFQ?egWÂcfe8_6WG`fegijVXoN³�RUV]mgW¿{�ido�lÄÃqWG`~cfegW
^8_6ijTqRUT8l]V]l]c���iUu?RUa¡RU}�Wbadctc6i~^�Wb_�u­ij_f{�l]c6`/ckRj`f¢Âl]a=cfegWKuvm8cfm8_6W���`fmgp6e�cfeqRUc�Y/R~VXir�Mcfe8_6WG`fegijVXo�VXWrRjo8`/c6i*R
e8l]}�e�^8_6ijTqRUT8l]V]l]c���c6i/^JWb_�u­ij_f{,l]c6`�ckRj`f¢��j�BegWb_6WrRj`�R#e8l]}�e�cfe8_6WG`6egijVXo�{�WrRUag`�R#VXiÇ� ^8_6ijTqRUT8l]V]l]c���c6i/^JWb_�u­ij_f{
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l]c6`BckRj`f¢�Z
¥Àa�ij^8cfl]{�l]ÐÇRUcflXija��gcfegWb_6W#lX`BRUa�l]{�^Jij_fckRUadcBcf_kRjo8Wx��iUÉ¿T�Wbc��ÎWGWba*cfegW/Wxw�^8VXijl]ckRUcflXija4iUuµcfegW/pbm8_f_6WbadcB`6ijV]m��

cflXija=RUagoÂcfegW�Wxw�^8VXij_kRUcflXija=iUu�agWb�:`kijV]m8cflXijag`rZ?Q?egW�p6egi�`kWbaÂegWbm8_flX`fcflXp��Jir�Bl]a8}�c6i�l]c6`D³�RU_flyRUT8VXW�cfe8_6WG`6egijVXo
{�i[o8WbV���RjogRU^8c6`h��WbV]V�c6i4R~o��[aqRU{�lXpEWbad³dl]_6ija8{�WbadcKRUago¿VXWrRjo8`hc6i�u�Rj`fc6Wb_hpGija�³�Wb_f}�WbagpGWÂ�´T8m8chagijc/^8_6Wb{|R �
cfm8_6WÇ�hcfeqRUa ijcfegWb_�egWbm8_flX`6cflXpG`rZz¥Àc�lX`ERUVX`kiz³�Wb_f��WxË|pblXWba�c�l]a%Rr³�ijlXo�l]a8}¿VXi[prRUVÎij^8cfl]{|R�ZÂ¥�cKmg`6WG`KRÂ`fl]{�^8VXW
P#Ò%RUV]}�ij_fl]cfe8{ o8WG`6pb_fl]T�WGo*egWb_6WrR uvc6Wb_rZ?¥�aÂRjo8o�l]cflXija��Jijm8_D{�i[o8WbV�lX`nRUT8VXWtc6i~RjogRU^8c#c6i|R�VyRU_f}�WK`6WbcDiUu�pGija��
`fcf_kRUl]adc6`rZ�¾/`#RE_6WG`fm8V]cr�8cfegWt`kRU{�WKRUV]}�ij_fl]cfe8{Å`6ijV]³�WG`BcfegWt^8_6ijT8VXWb{ iUu MON RUV]VXi[prRUcflXija*u­ij_#RE_kRUa8}�W�iUu MON `^�Wb_nagi[o8W�uv_6ij{�\�m8^=c6i

N
ZnQ?egWK^qRU_fcflXpbm8VyRU_�prRj`6WK�BegWb_6W�R|`fl]a8}�VXWKagi[o8WKprRUa�prRU^8cfm8_6W�RUV]V

N
Rr³jRUl]VyRUT8VXW

MON `DprRUazT�Whl]a�c6Wb_f^8_6Wbc6WGo�Rj`#REagWb�:RUV]VXi[prRUcflXijaz{�Wbcfegi[o4u­ij_#R�`fl]a8}�VXWtp6eqRUa8agWbVS`f��`fc6Wb{zZ
Q?egW�agWxw�c�`6WGpbcflXijag`��Bl]V]V®o8WG`6pb_fl]T�W�{�ij_6W�l]a
o8WbckRUl]VX`KcfegW�l]adc6Wb_faqRUV�RUago¡Wxw�c6Wb_faqRUVÎij^�Wb_kRUcflXijag`�ckRU¢[l]a8}

^8VyRjpGWtT�Wbc���WGWbaÂagi[o8WG`rZ

������������� 	 F�D�F
IJ?�

� IJF
G�F D�=�?@=BAC;�D

Q�ih`6ijV]³�W�cfegW�pGijag`flXo8Wb_6WGo�ij^8cfl]{�l]ÐÇRUcflXija�^8_6ijT8VXWb{,�ÎW�l]{�^8VXWb{�Wba�c6WGo|R#{�WbckR ��egWbm8_flX`fcflXp?l]ag`f^8l]_6WGoKuv_6ij{
RK{�ido8WbV�iUu�o�l]³dlX`flXija*iUuSVyRUTJij_?mg`6WGo�T���`6i[pblyRUVJl]ag`kWGpbc6`B`fmgp6eÂRj`BRUa�c6`Ç����Rj`f^g`r�8Wbc6p�Z�Q?e8lX`?egWbm8_flX`6cflXptpGij{�WG`
uv_6ij{�cfegW�o8ij{|RUl]a¡iUu�T8lXijVXij}�� �v`6cfmgo�lXWG`tiUu�`6i[pblyRUV�l]ag`6WGpbc6`1�#cfegWba�{�ido8WbVXWGo�Td�ÂcfegW�o8ij{|RUl]a¡iUuBRU_fcflÄÃqpblyRUV
l]a�c6WbV]V]l]}�WbagpGW��Jl]{�^8_6iÇ³�WGo=RUago¿`fmgpGpGWG`6`�uvm8V]V]�zRU^8^8V]lXWGozc6i|`kijV]³�W�_6WrRUV���ij_fVXo¿ij^8cfl]{�l]ÐÇRUcflXija=^8_6ijT8VXWb{�`r�Amg`fl]a8}
R�`6WbcDiUu�pGidij^�Wb_kRUcfl]a8}~RU}�Wbadc6`rZ�Q?e8lX`D{�WbckR ��egWbm8_flX`6cflXp���Rj`D^8_6ir³�WbaÂc6i�T�Wh³�Wb_f�4WxË|pblXWba�c#c6i�ij^8cfl]{�l]ÐrW�_6WrRUV
V]lÄu­Wh^8_6ijT8VXWb{�`#iUu�o��daqRU{�lXp�RUagoÂo�lX`fcf_fl]T8m8c6WGozckRj`f¢�`DRUV]VXi[prRUcflXijaÂl]a*cfegWtl]ago�mg`fcf_f��° ��© ±���° ��\ ±�Z
Q?e8lX`�{�Wbcfegi[o|�?Rj`®u­ijm8ago~c6i�}�l]³�WnTJWbcfc6Wb_�_6WG`fm8V]c6`�cfeqRUa*Rt{|RU_f¢�Wbc���TqRj`6WGozRU^8^8_6i�Rjpke~u­ij_�cfegWno��[aqRU{�lXp

RUago¨o�lX`fcf_fl]T8m8c6WGo ckRj`f¢ RUV]VXidprRUcflXijaN^8_6ijT8VXWb{ ° ��ª ±�Z N VXWrRU_fV]�%cfegW*ijT8ckRUl]agWGo _6WG`fm8V]c6`�ija �ÎWbV]VÄ��¢[agir�Ba�ij^��cfl]{�l]ÐÇRUcflXija%^8_6ijT8VXWb{�`ERU_6W|³�Wb_f��}�idi[o��µRUago
cfegW�m8ago8Wb_fV]�[l]a8}¿cfegWGij_f��lX`K`fcfl]V]V�l]a
l]c6`�l]a�u­RUagpb�N�´cfegWGij_f�¡iUu
pGi[ij^JWb_kRUcfl]a8}4RU}�Wba�c6`1�xZB¾nV]V�cfegWKRU}�Wbadc6`#mg`kW�cfegW�`kRU{�W�Ãga8l]c6W�`6WbcniUu�`6l]{�^8VXW�_fm8VXWG`nc6i�l]a�c6Wb_kRjpbc/�Bl]cfe¿WrRjpke
ijcfegWb_rZ|Q?egW�_6WG`fm8V]c�iUuBcfe8lX`�pGi[ij^JWb_kRUcflXija�lX`�RUa�RUm8c6iU��ij_f}�RUa8l]ÐÇRUcflXija¨RUc�cfegW�`f��`fc6Wb{ VXWb³�WbV�Z|¾�{�i[o8WbV]l]a8}
p6eqRUV]VXWba8}�WDlX`µc6inÃgagoEcfegWBRU^8^8_6ij^8_flyRUc6WB`6Wbc�iUuAVXi[prRUVd_fm8VXWG`�cfeqRUc��Bl]V]V�}�VXijTqRUV]V]�Epb_6WrRUc6W�cfegW?o8WG`fl]_6WGoET�WbeqRG³[lXij_rZ
²¡WE{|RUaqRU}�WGo�c6i4`fmgpGpGWG`6`�uvm8V]V]�¿RjogRU^8c�RUago=mg`6WEcfe8lX`hegWbm8_flX`fcflXpEl]a�ijm8_h^8_6ijT8VXWb{ �Bl]cfe�}�idi[oÂ_6WG`6m8V]c6`r�

cfe�mg`n`fegir�Bl]a8}|l]c6`B}�_6WrRUc#^�ijc6Wba�cflyRUV�u­ij_Dij^8cfl]{�l]ÐÇRUcflXija�RUago*pGija�cf_6ijVµiUu�pGi[ij^JWb_kRUcfl]a8}~RU}�Wbadc6`rZ
Q?egW�{�Wbcfegi[o�lX`tl]ag`f^8l]_6WGo=uv_6ij{ `6i[pblyRUV�l]ag`6WGpbc6`t�BegWb_6W�cfegW�RUT8l]V]l]cÀ��iUuBRUa
RU}�Wbadc�c6i*^�Wb_�uvij_f{ R�ckRj`f¢

o8Wb^�Wbago8`nija¿l]c6`/RUT8l]V]l]cÀ�4uvij_ncfe8lX`#ckRj`f¢��qRj`n�ÎWbV]V�Rj`DcfegW�a�m8{�T�Wb_�RUago¿RUT8l]V]l]cÀ�ÂiUu�ijcfegWb_hRU}�Wbadc6`#�Bl]V]V]l]a8}�c6i
^�Wb_�uvij_f{�cfe8lX`�ckRj`f¢�Z~Q?edmg`r�SRU}�Wbadc6`�Æb`6^JWGpblyRUV]l]ÐrW�Æ|ir³�Wb_�cfl]{�W|l]a¡cfegW�ckRj`f¢�`t�BegWb_6W|cfegWb�
RU_6W�TJWG`6ctÃgcfc6WGo
u­ij_r��T��4{�WrRUag`#iUu�R�³jRU_flyRUT8VXW�cfe8_6WG`fegijVXo��qRj`B��WbV]VSRj`BTd�~l]adc6Wb_��ÀRU}�Wba�chpGija�£glXpbc6`K�vo8ij{�l]aqRUagpGW�pGijadc6WG`fc6`1�xZ
Q?e8lX`?{�i[o8WbV�iUu�³jRU_flyRUT8VXW/cfe8_6WG`fegijVXo�T8_fl]a8}�`?_6ijT8mg`fcfagWG`k`?c6i�cfegWh`f��`fc6Wb{zZ�¥Àago8WGWGo���RUV]V�cfegW/l]ago�l]³[lXo�mqRUVX`

c6ij}�WbcfegWb_#RU_6WtRUT8VXWhc6i�RU^8^8_6ij^8_flyRUc6WbV]�4RjogRU^8c#RUago~Ãgago*RUa*ij^8cfl]{�m8{Å`6ijV]m8cflXija4c6i�RK^8_6ijT8VXWb{ Wb³�Wba*m8ago8Wb_
³�Wb_f��o��[aqRU{�lXpnWbad³dl]_6ija8{�Wbadc6`rZ®¾na|l]{�^8_6iÇ³�WGo~³�Wb_6`6lXija=° ��Í ±Jmg`6WG`?Rt{�ir³[l]a8}Ecfe8_6WG`fegijVXo��Bl]cfe~cfl]{�WniUu�mg`6W�Z
¾n}�Wba�c6`n_6WGpGWbl]³�WK`fcfl]{Km8V]l�uv_6ij{ÅckRj`6¢[`#l]a¿ij_6o8Wb_#c6i|^JWb_�u­ij_f{�R�ckRj`f¢�Z�Q?egWb�zWxÉ�WGpbcfl]³�WbV]�z^�Wb_�uvij_f{ cfegW�ckRj`f¢
RjpGpGij_6o�l]a8}|c6i�R�}�l]³�Wbaz^8_6ijTqRUT8l]V]l]c����gu´m8agpbcflXijaÂiUu�cfegWbl]_Dcfe8_6WG`fegijVXoÂ_6Wb}�RU_6o�l]a8}�cfe8lX`DcÀ�d^�WtiUu�ckRj`f¢JZ
Q?egW#{�ij_6W/RUa4RU}�Wba�c�TJWGpGij{�WG`�`f^�WGpblyRUV]l]ÐrWGo|l]a4Rt}�l]³�Wba|cÀ�d^�W#iUu�ckRj`6¢J��cfegWD}�_6WrRUc6Wb_�cfegW#^8_6ijTqRUT8l]V]l]cÀ��c6i

Wba8}�RU}�Whl]a*o8ijl]a8}�l]cÎu­ij_�u´m8cfm8_6Wh`fcfl]{Km8V]l�iUuµcfe8lX`?c��[^�W�Z�¤®Rjp6eÂRU}�WbadcB{|RUl]a�ckRUl]ag`#RUago�m8^�ogRUc6WG`Bir³�Wb_Bcfl]{�WtR
cfe8_6WG`fegijVXo*^�Wb_Bc��[^�W�iUu � ijT*c6i�T�Wto8ijagW�Z
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¶Sl]}�m8_6W Y[Z ¬ `fm8{�{|RU_fl]ÐrWG`|cfegWz`fl]{�l]VyRU_fl]cflXWG`�RUago¨o�lÄÉ�Wb_6WbagpGWG`|l]aÏcfegWzRUaqRUVXij}�lXWG`�T�Wbc���WGWbaNcfegWz`6i[pblyRUV
l]ag`6WGpbc6`#RUagozcfegWt�Bl]_6WbVXWG`6`#RU}�Wbadc6`#��WteqRG³�Wt{�i[o8WbVXWGo�Z

¶Sl]}�m8_6WKY[Z ¬@Y M idpblyRUV�¥Àag`6WGpbc6`B³�`?²�l]_6WbVXWG`6`D¾n}�Wba�c6`
Q?egW�agWxw�c�`6WGpbcflXijag`Ko8WG`6pb_fl]T�W�{�ij_6W�l]a¡o8WbckRUl]VX`�ijm8_�{�ido8WbV®iUuBcfegW��Bl]_6WbVXWG`k`�RU}�Wba�c6`rZ~¥�a
^qRU_fcflXpbm8VyRU_r�

cfegWEagWxw[ct`6WGpbcflXijag`h�Bl]V]V�Wxw�^8VyRUl]a�egir� RUago��BegWb_6WEcfegW�³�RU_flyRUT8VXWKcfe8_6WG`6egijVXo�lX`hmg`6WGo���Rj`/�ÎWbV]V®Rj`hegir�M��W
{|RUaqRU}�WGo¯agijc|c6i¡mg`kW*cfegWÂ`fcfl]{Km8V]mg`|^qRU_fcrZFQ?egWzuvijV]VXiÇ�Bl]a8}%`kWGpbcflXijag`~pGijagpGWbadcf_kRUc6W=ija¯cfegWÂ`fc6Wb^g`�RUago
ij^�Wb_kRUcflXijag`#iUu�cfegWtagWb}�ijcflyRUcflXijaÂ^8eqRj`6W���T�ijcfezl]a*cfegWtagi[o8WG`#RUago*l]a*cfegW�pGWba�cf_kRUV�agi[o8WZY

• �n^�Wb_kRUcflXijag`?l]a�c6Wb_faqRUV�c6iKcfegW#agi[o8WG`t�´l]a�cf_kR ��agi[o8WÇ�x��^JWb_�u­ij_f{�WGo|�Bl]cfe8l]a*WrRjpke�agi[o8WZL `Îc6Wb_f{�l]aqRUV��gRUago`6ckRU_fcfl]a8}4R uvc6Wb_#cfegW�_6WGpGWb^8cflXija=iUuÎR�·hÒ�{�WG`6`kRU}�W�u´_6ij{ cfegWKpGWbadcf_kRUVµagi[o8WZY®l]adcf_6ido�mgpGWGo=l]a=`6WGpbcflXija
Y[Z ¬�Z ¬�Z ª �JRUago*o8WG`6pb_fl]T�WGo*{�ij_6Wtl]aÂo8WbckRUl]VX`#l]az`6WGpbcflXija Y[Z ¬�Z ¬�Z � Z

• �n^�Wb_kRUcflXijag`�Wxw[c6Wb_faqRUV[c6i#cfegWÎagi[o8WG`��´l]adc6Wb_���agido8WÇ�x���Begi�`kW®_6WG`fm8V]c6`�RU_6W?RUaqRUV]�dÐrWGoK�Bl]cfe8l]aKcfegW�pGWba�cf_kRUVagi[o8WZL `�W Vdm8l]^8{�Wba�cr��RUago�`fckRU_fcfl]a8}�R uvc6Wb_ScfegWÎ_6WGpGWb^8cflXija�iUuJRUV]V�cfegW�cf_kRUag`f{�l]cfc6WGo�ÑnÒ4T8m8_6`6cµ{�WG`6`1RU}�WG`
uv_6ij{ RUV]VAcfegWhpGijadc6Wbago�l]a8}�agido8WG`�YSl]adcf_6ido�mgpGWGo4l]a*`6WGpbcflXija Y[Z ¬�Z ¬�Z Í �gRUago4o8WG`6pb_fl]TJWGo�{�ij_6Wnl]a*o8WbckRUl]VX`
l]a¿`6WGpbcflXija Y[Z ¬�Z ¬�Z ¬ Z

������������� � 
��>;9IJAC=���� :<F	�>;�=BA&?@=BA&;9D�
�=�F
K�G
��� D�=�I ?��7D�;���F���K F
IJ?@=BAC;�D1G

Q?e8lX`D`kWGpbcflXijaÂo8WG`6pb_fl]T�WG`BcfegWtl]a�cf_kR ��agi[o8W�ij^�Wb_kRUcflXijag`rZ�Q?egWG`kWtij^JWb_kRUcflXijag`#_6WxuvWb_Bc6i�cfegW�RjpbcflXijag`#cfeqRUc
RU_6Wt_6Wb^�WrRUc6WGo�V]�4_6WrRUV]l]ÐrWGo*�Bl]cfe8l]aÂWrRjp6e¿agido8Wto�m8_fl]a8}~cfegWhagWb}�ijcflyRUcflXijaÂ^8eqRj`6W�Z
Q?egW�ij^8cfl]{�l]ÐÇRUcflXija
`fckRU_fc6`h�Bl]cfe�WrRjpke�agido8W�`6Wbcfcfl]a8}4c6iz�/s l]c6`

nmax MON `h�Bl]cfe�cfegWET�WG`fchprRU^qRjpbl]c��³�RUV]mgWG`4RUago¯cfegWba��DcfegW�RUV]}�ij_fl]cfe8{ cf_flXWG`4c6i�l]{�^8_6ir³�W�cfe8lX`4`6ijV]m8cflXija�Z,Q?egWba��#`6Wb³�Wb_kRUVt`fc6Wb^g`4RU_6W=}�ijagW
cfe8_6ijm8}�e¡�v`6WGWDT�WbVXir�n��m8a�cfl]V�RUV]VJcfegW#ij^8cfl]{�l]ÐÇRUcflXijazpGijag`fcf_kRUl]adc6`DRU_6W#Wba�u­ij_6pGWGo��8RUago|cfegW#uvijm8ago�`6ijV]m8cflXija�lX`
pGijag`flXo8Wb_6WGoÂRj`DcfegWhÃgaqRUV�ijagW�Z
¾?c�WrRjp6e%l]c6Wb_kRUcflXija¨iUuDcfegW�^8_6i[pGWG`6`r�ScfegW~`6ckRUcflXijag`ERU_6W~_kRUago8ij{�V]�¡cf_kRUag`f{�l]cfcfl]a8}�ija ijagW|ij_�`6Wb³�Wb_kRUV

MON `rZ*Q?egW|^8_6ijTqRUT8l]V]l]c��
c6iÂcf_kRUag`f{�l]cKij_KagijcEija R MON lX`KRzo8WGpb_6WrRj`6l]a8}Âuvm8agpbcflXija�iUunRz^qRU_kRU{�Wbc6Wb_ θij
Z
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Q?eqRUc?^qRU_kRU{�Wbc6Wb_?lX`�o8WxÃgagWGo~u­ij_�WrRjpkezRU}�Wba�c
j
iUu�WrRjp6e*`fckRUcflXija

i
�8RUago~lX`Îm8^�ogRUc6WGo4RUc?WrRjpke4l]c6Wb_kRUcflXija��gRj`

RKuvm8agpbcflXijaÂiUuScfegWtuvWGWGo�TqRjpk¢4iUu�cfegW�pGWbadcf_kRUV�agi[o8W�Z

M Wb³�Wb_kRUV�agi[o8WG`h{|RG��`fl]{Km8V]ckRUagWGijmg`fV]��cf_kRUag`f{�l]c�ija�cfegW�`kRU{�W MON Z�¤®Rjp6e�ijagW�eqRj`�R�^qRU_fcflXpbm8VyRU_�prR �^qRjpbl]c���u­ij_�cfe8lX` MON Z�Q?egW#pGWbadcf_kRUVAagi[o8WDlX`®cfegWba�RUT8VXWBc6iKo8Wbc6Wb_f{�l]agWnija~WrRjp6e MON j
cfegW#}�_6WrRUc6WG`fcÎprRU^qRjpbl]cÀ�

cmax j
RU{�ija8}|RUV]V�cfegWhpGija�c6Wbago�l]a8}|agi[o8WG`?cfeqRUc?eqRG³�Whcf_kRUag`f{�l]cfc6WGoÂija�cfeqRUc MON �[cfeqRUa8¢�`Bc6i�REo�m8_kRUcflXija��pGi[o�l]a8}�c6WGp6e8a8l VdmgW��´_6Wxu­Wb_Dc6i�`kWGpbcflXija Y[Z ¬�Z ¬�Z Í �xZ�Q?egW�{|R w�l]{�m8{ prRU^qRjpbl]cÀ�*³jRUV]mgWG`/RU_6WtcfegWbaÂT8_6i�Rjo8prRj`6c6WGo

T��4cfegWtpGWbadcf_kRUV�agi[o8W|��uvWGWGo�TqRjpk¢4^8_6idpGWG`6`x�xZ
¤®RjpkeÂRU}�Wba�cB{|RU¢�WG`?cfegWho�lÄÉ�Wb_6WbagpGWhTJWbcÀ�ÎWGWba

cij
RUago

cmax j
RUago4pGij{�^8m8c6WG`#RK³�RU_flyRUcflXija*`fc6Wb^

∆θij
Z

Q?egW#u´m8agpbcflXija�cfeqRUc�o8WxÃgagWG`
∆θij
lX`�_kRUcfegWb_�pGij{�^8VXWxw4RUago|lX`?o8WbckRUl]V]VXWGo~l]a�`6WGpbcflXija Y[Z ¬�Z ¬�Z � Z�¤®Rjpke*`fckRUcflXija

cfegWbaÂpGij{�^8m8c6WG`/R�agWb�F³jRUV]mgW�iUu
θij
�´�Be8lXp6e¿lX`

∆θij + θij
�?RUago*l]c6Wb_kRUc6WG`#cfegWhcf_kRUag`f{�lX`6`flXijaz^8_6i[pGWG`6`rZ

� 
��>;>I AC=�� � � A�=���A D F�?OH � D�;���F
i
�

• 
�=�F
K � � ¶gij_#WrRjpke¿RU}�Wba�c
j
�gpGij{�^8m8c6W�cfegWhl]a8l]cflyRUV�³�RUV]mgWG`#iUu

θij
Z

• 
�=�F
K � �

�
R���·hWbc6Wb_f{�l]agW�cfegW=^8_6ijTqRUT8l]V]l]c��FiUu�WrRjp6e RU}�Wba�c

j
c6i�T�W�Rjpbcfl]³�WÏ���/sh��u­ij_4cfegW¿agWxw�c*ÑnÒ

pGijadc6Wba�cflXija�Q?l]{�W M VXijcK�vQ M �BRjpGpGij_6o�l]a8}~c6i<Y

pij =
1

1 + αseβsθij

��Y[Z Í��
�BegWb_6W

αs
RUago

βs
RU_6Whc��Îi|^qRU_kRU{�Wbc6Wb_6`npGijadcf_6ijV]V]l]a8}

pij
u´m8agpbcflXija4L `D`6eqRU^JW�Z

�
TA�D·hWbc6Wb_f{�l]agW�cfegWERjpbcfl]³dl]cÀ�z`fckRUcfmg`E���/s,ij_t�/¶S¶��DiUu�WrRjpke�RU}�Wbadc

j
Y®lÄu

pij
lX`D}�_6WrRUc6Wb_/cfeqRUa

ij_hW VdmqRUVµc6i4R�_kRUago8ij{�V]�=o�_kRG�Ba�³�RUV]mgW�T�Wbc���WGWba�©�RUago \�cfegWba�cfegW�RU}�Wba�chlX`/Rjpbcfl]³�W*���/st�x�
ijcfegWb_f�BlX`kW�l]cBlX`Bl]aqRjpbcfl]³�W|���/¶�¶��xZ

• 
�=�F
K���� N egWGp6¢
lÄuncfegW~{|R w�l]{�m8{�adm8{�T�Wb_�iUu/Rjpbcfl]³�W*RU}�Wba�c6`�lX`EVXir��Wb_�cfeqRUa nmax
�vpGijag`fcf_kRUl]adc

pGijadcf_6ijV]VXWb_1��RUago%l]aqRjpbcfl]³jRUc6W��´Td��p6egi[i�`fl]a8}�cfegW
nmax

RU}�Wbadc6`��Bl]cfe cfegW~e8l]}�egWG`6c
pij
c6i=T�W4�/st�

Wbagijm8}�e�Rjpbcfl]³�W�RU}�Wba�c6`#m8a�cfl]VµcfegWb_6WtlX`?VXWG`6`#Rjpbcfl]³�W�RU}�Wbadc6`#cfeqRUaÂcfegWh{|R w[l]{Km8{
nmax
Z

• 
�=�F
K�� � Q�_kRUag`f{�l]ctRUa¿Ñ/Ò
T8m8_6`fc/{�WG`6`kRU}�W�c6i�cfegWKpGWba�cf_kRUV�agido8W�mg`fl]a8}~ija8V]�*cfegW�Rjpbcfl]³�W MON `Du­ij_cfeqRUc#agido8W
i
Z

• 
�=�F
K � � ²
RUl]cnu­ij_/cfegW�u­WGWGo�TqRjp6¢Âu´_6ij{�cfegW�pGWba�cf_kRUV�agi[o8W���pGijag`flX`fcfl]a8}4l]a¿cfegW
cmax j

RUago
cmin jprRU^qRjpbl]cÀ�*³jRUV]mgWG`Buvij_#RUV]V

j
Z

• 
�=�F
K���� ¶gij_zWrRjp6e
j
�npGij{�^8m8c6W

∆θij
�­Rj`zR
u´m8agpbcflXija(iUu

cmax j
RUago

cij
�|cfegW

θij
cfe8_6WG`6egijVXo

³�RU_flyRUcflXija�Rj`�R�_6WG`6m8V]c�iUuÎcfegW�agWb�BV]�=_6WGpGWbl]³�WGo
cmax j

³�RUV]mgW�^JWb_�RU}�Wbadc
j
Z�Q?egW�pGij{�^8m8ckRUcflXija�lX`

_kRUcfegWb_npGij{�^8VXWxw¿RUago4�Bl]V]V�TJW/uvm8_fcfegWb_#o8WG`6pb_fl]T�WGo*l]az`6WGpbcflXija Y[Z ¬�Z ¬�Z � Z
• 
�=�F
K � � ¶gij_#WrRjpke

j
�gm8^JogRUc6WtcfegW�cfe8_6WG`fegijVXo*³�RUV]mgW

θij
RjpGpGij_6o�l]a8}�V]��Y

θij ← θij + ∆θij
��Y[Z �d�

• 	 ;�=�; 
�=�F
K � ����� �Be8l]VXW~cfegW�agWb}�ijcflyRUcflXija%^8eqRj`kW~lX`Kagijc�pGij{�^8VXWbc6WGo�Z�¥�uDcfegW4Wbago�l]a8}�pb_fl]c6Wb_flyR¿lX`
{|RUc6pkegWGo���cfegWba�`fc6ij^�cfegW�agWb}�ijcflyRUcflXija%RUV]}�ij_fl]cfe8{ �´l�Z W�Zto8i�agijch}�i~c6i�`6c6Wb^�ª~T8m8ctWxw[l]c/cfegW�RUV]}�iU�
_fl]cfe8{~�xZ#Q?egWKWbago�l]a8}�pb_fl]c6Wb_flyR�lX`n{|RUc6p6egWGo=�BegWbagWb³�Wb_/l]a¿`fc6Wb^�¬��gcfegW�pGWbadcf_kRUV�agido8WK`fl]}�aqRUVX`#l]a¿l]c6`
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·hÒ*{�WG`k`kRU}�W?cfeqRUc®RUV]V8cfegWBpGijag`fcf_kRUl]a�c6`ÎiUuJcfegWBij^8cfl]{�l]ÐÇRUcflXija|^8_6ijT8VXWb{�RU_6W?{�Wbcn��u­ij_ScfegWBpGijadcf_kRUl]a�c6`
_6Wxu­Wb_hc6i4`6WGpbcflXija Y[Z ¬�Z ª �xZ�¥Àa¿^qRU_fcflXpbm8VyRU_r��cfegW�pGWba�cf_kRUV�agi[o8WEpGijadcf_6ijVX`tcfeqRUctcfegWb_6WElX`�RUch{|R w[l]{Km8{
Rz`fl]a8}�VXW�cf_kRUag`f{�lX`k`flXija¯�v`fl]a8}�VXW~pGija�c6Wbago8Wb_1��^JWb_ MON ��T���p6egWGpk¢dl]a8}=cfeqRUc�cfegW�T8m8_6`fc�{�WG`6`1RU}�W�prRUaT�Wh^8_6ij^�Wb_fV]��o8WGpGi[o8WGo�Z�¾nVX`6i8��l]cDpGija�cf_6ijVX`ncfeqRUcBcfegWta�m8{KTJWb_niUuSlXo�VXW MON `DlX`?{�l]a8l]{�m8{z�qijcfegWb_f�BlX`kWcfegWzagWb}�ijcflyRUcflXija¯pGija�cfl]admgWG`�TJWGprRUmg`6W4{�ij_6W MON `�prRUaÏT�WzRjp V�m8l]_6WGoÏT�� cfegW*agi[o8WG`rZÏQ?egW*agi[o8WG`�´mg`6l]a8}
cfegWbl]_|pGijag`fcf_kRUl]adc�pGijadcf_6ijV]VXWb_1�|RU_6Wz_6WG`f^Jijag`6l]T8VXW4uvij_|³�Wb_flÄu´�[l]a8}¡cfeqRUc|cfegWb� _6WG`f^�WGpbc�cfegW

nipGijag`6cf_kRUl]a�c6`rZ�Q?egW/Wbago�iUu�cfegWDagWb}�ijcflyRUcflXija4^8eqRj`6W/`fegijm8VXo~pGij_f_6WG`6^Jijago~c6iERUa�ij^8cfl]{�m8{ RUV]VXi[prRUcflXija
u­ij_BcfegW�`f��`fc6Wb{zZ

Q?egWKagWxw[ch`6WGpbcflXija�Wxw[^8VyRUl]ag`ncfegWK^8_fl]agpbl]^8VXWG`�RUagoÂcfegW�^8_kRjpbcflXprRUVSl]{�^8VXWb{�WbadckRUcflXija
iUu�cfegWKl]a�c6Wb_���agi[o8W
pGij{�{�m8a8lXprRUcflXija={�WGp6eqRUa8lX`6{z�ARUago*cfegW�pGija�£glXpbc6`#_6WG`6ijV]m8cflXija�Z

����������� � � 
��>;9IJAC=���� :<F	�>;�=BA&?@=BA&;9D�
�=�F
K�G
��� D�=�F
I��7D1;���F�� K)F
IJ?@=BA&;9D�G

¥Àa�R/o�lX`fcf_fl]T8m8c6WGo�`f��`fc6Wb{z�jcfegW�u­ijV]VXir�Bl]a8} VdmgWG`fcflXijag`�eqRG³�W?c6i/T�W�RUag`6�ÎWb_6WGo�c6ihWxw8p6eqRUa8}�W?l]a�u­ij_f{|RUcflXija
T�Wbc��ÎWGWba=Wba�cfl]cflXWG`�Y

\�Z U mgWG`6cflXija���\Ç� Y�²�eqRUcDl]a�uvij_f{|RUcflXijaÂc6i�l]agpbV]mgo8Wtl]azcfegWt{�WG`k`kRU}�WG` �

ª�Z U mgWG`6cflXija��­ª�� Y�»/ir�(c6i�pGij{�{Km8a8lXprRUc6W��´l]adc6Wb_���agido8WKpGij{�{�m8a8lXprRUcflXija={�WGp6eqRUa8lX`f{~� �

Qµi4RUag`6�ÎWb_QV�mgWG`6cflXija ��\Ç�x��R~`fl]{�^8VXWET8m8c/WxË|pblXWbadc�o�m8_kRUcflXija���pGido�l]a8}*c6WGpke8a8l V�mgWE��Rj`hmg`kWGo%YDWrRjp6e
cij³�RUV]mgW*lX`|pGi[o8WGo¨l]aNÑ/Ò:Rj`�cfegW¿o�m8_kRUcflXija

Tij
iUu�R�T8m8_6`fc�{�WG`k`kRU}�W
�´cf_kRUag`f{�l]cfc6WGoNl]aNÑnÒS��`fmgp6e¯cfeqRUc�Y

Tij = a
cij

+ b
Z�Q?e�mg`Ç�8cfegWh}�_6WrRUc6Wb_

cij
��cfegW�`fegij_fc6Wb_

Tij
Z

Qµi~RUag`f��Wb_-VdmgWG`fcflXija%�­ª��x�JRUV]V�pGija�c6Wbago�l]a8}�agido8WG`n`fl]{�m8V]ckRUagWGijmg`6V]���v`kRU{�W�cf_kRUag`6{�lX`6`flXijaÂ`fckRU_fcncfl]{�WÇ�
mg`6W�RUa�ÑnÒ%cf_kRUag`f{�lX`6`6lXija�`kp6egWb{�W�ija�cfegW MON Z�¤�³�Wba�cfegijm8}�e=Ãg}�m8_6W Y[Z � ^8_6WG`kWba�c6`�RUa�Wxw8RU{�^8VXWE�Bl]cfe¡R`fl]a8}�VXW MON �qÍ�agi[o8WG`r� a = 1

�
b = 0

�JRUago*Ãqpbcfl]cflXijmg`na�m8{�Wb_flXprRUVS³jRUV]mgWG`Ç�gcfegW�Wxw�^8VyRUaqRUcflXijag`/`fm�É�Wb_#agi�VXi�`6`
iUu�}�WbagWb_kRUV]l]c���Z
¾/`�`fegiÇ�Ba
l]a
Ãg}�m8_6W Y[Z � ��Í*agi[o8WG`�pGija�c6Wbago
u­ij_ MON j

��WrRjpke
�Bl]cfe%RÂo�lÄÉ�Wb_6WbadcE`6l]}�aqRUV�VXWb³�WbV�RUcKcfegW
_6WGpGWbl]³�Wb_�RUago

cij
³jRUV]mgWz�´_6Wxu­Wb_hc6i4cfegWEckRUT8VXW�VXidprRUc6WGo¡RUctcfegWEc6ij^¡iUuÎcfegWEÃg}�m8_6WÇ�xZEQ?egW�VXWxuvc/^qRU_fc�iUu�cfegW

Ãg}�m8_6W�l]ago�lXprRUc6WG`/cfegW�cfl]{�Wx��pGido�l]a8}4iUu
cij
l]a�c6i

Tij
�ARUagozcfegW�P MOM ZgQ?egW�_fl]}�e�c/^qRU_fcniUu�cfegW�Ãg}�m8_6W�`fegiÇ�D`cfegW�_6WG`fm8V]cfl]a8}t`fl]}�aqRUV8RU}�}�_6Wb}�RUcflXija|RUcµcfegW�_6WGpGWbl]³�Wb_r���Bl]cfe�cfegW�o8Wbc6WGpbcflXija�iUuqcfegW®{�l]a8l]{Km8{ RUagoE{|R w[l]{Km8{

³�RUV]mgWG`rZ
¾nV]V�Ñ/Ò�`fl]}�aqRUVX`/RU}�}�_6Wb}�RUc6W�l]ago8Wb^�Wbago8Wba�cfV]�Â^JWb_ MON ZAQ?egWba��qcfegWKpGWba�cf_kRUVµagido8W�mg`6WG`DcfegWERU}�}�_6Wb}�RUc6WGo`fl]}�aqRUVX`�c6izWxw[cf_kRjpbcKcfegW�{�l]a8l]{Km8{�RUago�{|R w�l]{�m8{�pGi[o8WGo

cij
³�RUV]mgWG`rZ~¥Àa¡^8_kRjpbcflXpGW��ScfegW|pGWbadcf_kRUV®agi[o8W

WrRj`fl]V]��Ãgago8`EcfegW~{|R w[l]{Km8{Ê³�RUV]mgW|Td�
o8Wbc6WGpbcfl]a8}=cfegW�Ãg_6`fc�o�_6ij^F�v`fl]{�^8VXW|}�RU^ o8Wbc6WGpbcflXija%_fm8VXWÇ�tl]a%cfegW
RU}�}�_6Wb}�RUc6WGoÂ`6l]}�aqRUVX`rZ�Q?egW�o�m8_kRUcflXijazT�Wbc���WGWbaÂcfegWt`fckRU_fc#iUuScfegW�Ñ/Ò�_6WGpGWb^8cflXija¿RUago*cfegW/Ãg_6`fcDo�_6ij^Â}�l]³�WG`
cfegW*pGij_f_6WG`f^�ijago�l]a8}¡cf_kRUag`f{�l]cfc6WGo¨³�RUV]mgW�Z S �%o8Wbc6WGpbcfl]a8}¡cfegW4VXija8}�WG`fc�{�WG`6`1RU}�W*o�m8_kRUcflXija��®cfegW*pGWbadcf_kRUVagi[o8WtÃgago8`ncfegW�{�l]a8l]{�m8{�³�RUV]mgW�ZB¾n`#cfegW�ij^8cfl]{�l]ÐÇRUcflXija�^8_6ij}�_6WG`6`6WG`r�Aija8V]�4cfegW�T�WG`fcD³�RUV]mgWG`D_6Wb{|RUl]a�ZD¾
·hÒÂ{�WG`k`kRU}�WBlX`®`kWba�cÎija8V]�|R uvc6Wb_�cfegWnWbago|iUu�cfegWDVXija8}�WG`fcÎT8m8_6`fc�{�WG`6`1RU}�W�Z�¾#a~Rjo�³�RUa�ckRU}�W/iUu�ijm8_®{�Wbcfegi[o
lX`BcfegW�`6l]{�^8V]lXpbl]c��ziUu�cfegW�pGi[o�l]a8}~RUagozo8WGpGi[o�l]a8}g�q`fl]{Km8V]ckRUagWGijmg`/RUagoÂ^qRU_kRUV]VXWbV�Wxw�pkeqRUa8}�WKiUu�l]a�u­ij_f{|RUcflXija
ija�cfegW#`kRU{�Wn_kRjo�lXi�_6WG`kijm8_6pGW��d_6ijT8mg`6cfagWG`6`BRU}�RUl]ag`fcÎl]adc6Wb_�uvWb_6WbagpGW��´lÄu�pGijag`fckRUadcBo�m8_fl]a8}KcfegW/ÑnÒ¿cfl]{�W/`fVXijc1�
RUago|pGijV]V]lX`6lXijag`r�[RUago�l]cÎo8i[WG`�agijc®_6W Vdm8l]_6WnRUa~ij_fcfegij}�ijaqRUVJpGi[o�l]a8}�c6iK`6Wb^qRU_kRUc6WDagi[o8WG`®ij_�prRU^qRjpbl]c���³�RUV]mgWG`rZ
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0 T1j T3j

Signal aggregation

T3jT1j0

Time

T2j

Max Tij

T2j

Time

1

2

3

at central node on SC j

= Max cij
Min Tij

= Min cij

2
0.5
340

10
20

1/10
1/20

1/40

cij TijNode

1
2
3

index

Rx signal strength
(RSS) at central node

from node i

Node index and RSS on SCj

¶Sl]}�m8_6WKY[Z �@Y N RU^qRjpbl]c��z·/m8_kRUcflXija�� N i[o�l]a8}�RUagoz¾n}�}�_6Wb}�RUcflXijaÂ¸=WGp6eqRUa8lX`f{ �Bl]cfe¿Í�s/ido8WG`Dija MON j

Qµi~pGi[ij_6o�l]aqRUc6W�cfegWbl]_tRUV]VXi[prRUcflXija��AcfegW�agido8WG`/o8i~agijcnpGij{�{�m8a8lXprRUc6W�o�l]_6WGpbcfV]�Â�Bl]cfe¿WrRjp6e�ijcfegWb_r�AT8m8c
ija8V]�*_6W Vdm8l]_6W�c6i|Wxw8p6eqRUa8}�WKl]a�u­ij_f{|RUcflXija¿�Bl]cfe=cfegW�pGWbadcf_kRUVµagi[o8W�ZBQ?egW�pGWbadcf_kRUVµagi[o8WKRjpbc6`hRj`nR¿Æ1ÃgV]c6Wb_ÇÆ
Wxw�cf_kRjpbcfl]a8}~cfegW�{|R w[l]{Km8{�RUagoÂcfegW�{�l]a8l]{�m8{�³�RUV]mgWG`#ijm8cniUuÎRUV]V�cfegW�_6WGpGWbl]³�WGo¿³jRUV]mgWG`r�JRUagoÂ`6Wbago�l]a8}~l]c
TqRjp6¢4c6i�cfegWtagi[o8WG`?u­ij_Bl]a�uvij_f{|RUcflXija=`feqRU_fl]a8}gZ
² Ò�¾/s `f��`fc6Wb{�`h�Bl]cfe
R�o�lX`fcf_fl]T8m8c6WGo¡pGijadcf_6ijVn�vW�Z }gZ Yh¥À¤�¤®¤:§�©�ª�Z]\�\�l]a¡· N ¶N{�i[o8WÇ�/`fm�É�Wb_h^JWb_�u­ij_��{|RUagpGW�VXi�`6`to�mgW�c6i4cfegW�e8lXo8o8Wba
agido8WE^8_6ijT8VXWb{zZ|�nm8c�iUu?_kRUa8}�W�agido8WG`�RU_6W�`1RUlXo¿c6i4T�W�e8lXo8o8Wba�agi[o8WG`rZ

Q?egWb��eqRr³�WnagiK^�i�`6`fl]T8l]V]l]c��|c6iKpGij{�{Km8a8lXprRUc6Whc6iERr³�ijlXo�Ñ/Ò�pGijV]V]lX`flXijag`?ija4RK`feqRU_6WGo�p6eqRUa8agWbV�Z?�nm8_Î{�WGpke��
RUa8lX`f{�iUu�l]a�c6Wb_���agi[o8W�Wxw�pkeqRUa8}�WKiUu�l]a�u­ij_f{|RUcflXija�lX`#T8m8l]V]c/c6i|WbagpGijm8_kRU}�W�RUago¿{|RUaqRU}�W�{�WG`6`1RU}�WKiÇ³�Wb_fVyRU^
�­RU}�}�_6Wb}�RUcflXija4iUu�`fl]}�aqRUVX`x��Wb³�Wba|T�Wbc���WGWba|e8lXo8o8Wba|agi[o8WG`rZ�Q?egWDpGijag`6W VdmgWbagpGWDlX`�agit{�ij_6W#pGijV]V]lX`flXija~o�m8_fl]a8}
cfegW*ogRUckR=cf_kRUag`f{�lX`6`6lXija�Z%¾BpGpGij_6o�l]a8}�V]���ÎcfegW4^8_6ijT8VXWb{�iUu/e8lXo8o8WbaÏagido8WG`�lX`�pGij{�^8VXWbc6WbV]� _6Wb{�iÇ³�WGoNRUago
cfegWb_6WtlX`Bagi�_flX`f¢~iUu�^JWb_�u­ij_f{|RUagpGW�o8Wb}�_kRjogRUcflXija=o�mgWhc6i�pGijV]V]lX`flXijag`rZ

����������� � ����?OGBA&H�� ;>I��4A D ���	�4? � K 
&F

Q?e8lX`D`kWGpbcflXija*^8_6WG`6Wba�c6`#RUazWxwgRU{�^8VXW�iUuSegir�:R MON RUV]VXi[prRUcflXija*agWb}�ijcflyRUcflXijaÂT�Wbc���WGWbazagido8WG`#Wb³�ijV]³�WG`ir³�Wb_�cfl]{�W�Z¡Q?egW|u­ijV]VXir�Bl]a8}¡`6pGWbaqRU_flXi�pGijag`fl]c6`�iUu
M = 3

agi[o8WG`Eo�lX`6cf_fl]T8m8c6WGo�l]aÏR¿pGWbV]V�Z�Q?egWb�
cf_f�¡c6i
pGi[ij^JWb_kRUcfl]³�WbV]��`feqRU_6W

N = 3 MON `t�Bl]cfe�cfegWKu­ijV]VXir�Bl]a8}ÂpGijag`fcf_kRUl]adc6`�Y nmin = 1
RUago

nmax = 1
ZE¾nVX`6i8�

cfegW
θ
cfe8_6WG`fegijVXo8`#eqRG³�WtcfegWhu­ijV]VXir�Bl]a8}~³jRUV]mgWG`BY

θmin = −75
RUago

θmax = 75
Z

Q?e8lX`�WxwgRU{�^8VXW�l]V]V]mg`fcf_kRUc6WG`�egir� cfegW�_6Wbl]a�u­ij_6pGWb{�Wba�cK^8_6idpGWG`6`tij_flXWbadc6`�cfegW�agWb}�ijcflyRUcflXija�c6ir��RU_6o8`�cfegW
T�WG`fcK`6ijV]m8cflXija�u­ij_�cfegW�`f�[`6c6Wb{zZ

pij
l]V]V]mg`6cf_kRUc6WG`KcfegW|^8_6ijTqRUT8l]V]lX`fcflXp4p6egijlXpGW*Rjp6e8lXWb³�WGo%Td�¡WrRjp6e agido8W~ija

WrRjp6e�iUu�l]c6` MON `#c6i|o8WGpblXo8WEijaÂl]c6`n`fckRUcfmg`E���/s,ij_t�/¶S¶��?uvij_ncfegW�agWxw�c#agWb}�ijcflyRUcflXija�`fc6Wb^��gTqRj`6WGo¿ija θijRj`B��WbV]VµRj`Dijazl]adc6Wb_faqRUV]V]�zWba�uvij_6pbl]a8}�cfegW
ni
pGijag`fcf_kRUl]adc6`rZ

QSRUT8VXW Y[Z ª ^8_6WG`6Wbadc6`DcfegWtl]a8^8m8c#prRU^qRjpbl]cÀ�*³jRUV]mgWG`ÇZ
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:T;���F�G�� 
�� G � ��� � ��� � ���
��\Ç� �gZ ¬ �dYj§�\ Y[Z Í�\r¬�\�� ª�©�Z ��Ì�ª�\
�­ª�� \��gZ Í�ª�ªZ� \r¬�Z Ì�\rª�Í Ì�Z]\r§�ÍZ��Ì
�­Í�� ¬�Z ¬�ª�¬�ÍZ� \rÌ�Z © �
� \rÌ�Z ©�¬�¬�Í
QSRUT8VXWKY[Z ª@Y�¥Àa8^8m8c N RU^qRjpbl]c�� X RUV]mgWG`

QSRUT8VXW Y[Z Í ^8_6WG`6Wba�c6`ÎcfegW#Wb³�ijV]m8cflXija4iUu�cfegW#pGijV]VyRUT�ij_kRUcfl]³�WnagWb}�ijcflyRUcflXija4ir³�Wb_�cfl]{�WD�Bl]cfe~cfegW
θij
³�RUV]mgWG`

RUago*cfegW MON `n`fckRUcfmg`rZ

	�
�	�
���������
����
θij ��� 
���
 ����� � � �"!#� ��� 
#�$


%
	�� &#
��('��#�)� *,+.- *0/1- *021-

3 %"4 565�7 5856585 565�7 5856585 565�7 58565
3:9 4 565�7 5856585 565�7 5856585 565�7 58565
3<; 4 565�7 5856585 565�7 5856585 565�7 58565

⇒ pij ⇒

	=�>&>
.�('?���)� *,+.- *@/�- *@21-
3 %"4 7 7 √
3:9 4 7 √ 7
3<; 4 7 7 √

9
	�� &#
��('��#�)� *A+.- *@/�- *@21-

3 %"4 BC5�7 565ED 9 F"G 7 H8I ; B 9 H�7 96;(G
3:9 4 5 5 5
3<; 4 B 9 I�7 H ;EF BCJ8J�7 H6JED F(G 7 I8I8I

⇒ pij ⇒

	=�>&>
.�('?���)� *,+.- *@/�- *@21-
3 %"4 7 7 √
3:9 4 √ 7 7
3<; 4 √ 7 7

;
	�� &#
��('��#�)� *A+.- *@/�- *@21-

3 %"4 BC5�7 565ED 9 F"G 7 H8I ; B 9 H�7 96;(G
3:9 4 B G 7 5�% G H B F(G 7 I6I 9 F D
3<; 4 G D�7K%�J ; B F D F D

⇒ pij ⇒

	=�>&>
.�('?���)� *,+.- *@/�- *@21-
3 %"4 7 7 √
3:9 4 7 √ 7
3<; 4 7 √ 7

G
	�� &#
��('����)� *A+.- *@/�- *@21-

3 %L4 BC5�7 565ED 9 F"G 7 H8I ; B 9 H�7 96;6G
3:9 4 B F D 5�7 5658H ; J F D
3<; 4 %"DM7 ;E98F B F D F D

⇒ pij ⇒

	=�>&>
.�('?���)� *,+.- *@/�- *@21-
3 %"4 7 7 √
3:9 4 √ 7 7
3<; 4 7 √ 7

QµRUT8VXWKY[Z Í@Y®Q?l]{�W�¤�³�ijV]m8cflXija¿iUu�cfegW MON s/Wb}�ijcflyRUcflXija

QSRUT8VXW Y[Z Í o8WbckRUl]VX`?u­ij_DWrRjp6ezagWb}�ijcflyRUcflXija=`fc6Wb^g`?cfegW�Wb³�ijV]m8cflXijaÂiUu�T�ijcfe*ckRUT8VXWG`DiUu
θij
³�RUV]mgWG`#RUago MON`fckRUcfmg`nckRUT8VXWG`rZ#¥ÀaÂcfe8lX`/WxwgRU{�^8VXW�� ��agWb}�ijcflyRUcflXija�`fc6Wb^g`/RU_6W�agWGpGWG`6`kRU_f�*c6i4Rjp6e8lXWb³�WEcfegWtÃgaqRUV�RUV]VXi[prRUcflXija�Z

Q?egW
θij
³jRUV]mgWG`nRU_6Wtm8^JogRUc6WGo¿RjpGpGij_6o�l]a8}|c6i�cfegWt_6WbVXWb³�RUagpGW�iUu�cfegW�p6egijlXpGW�iUu�R�agi[o8W�Rjpbcfl]³jRUcfl]a8}�R�}�l]³�Wba

MON u­ij_DQ�w�Z
¾BpGpGij_6o�l]a8}¿c6izW V�mqRUcflXija Y[Z]\rª ��cfegW�e8l]}�egWb_~�´_6WG`6^�Z�cfegW�`f{|RUV]VXWb_1�/cfegW

θij
³�RUV]mgW���cfegW�`f{|RUV]VXWb_��´_6WG`f^�Z

cfegW�e8l]}�egWb_1�BcfegW�^8_6ijTqRUT8l]V]l]cÀ�ÂiUu�cfe8lX`npkegijlXpGW�ZB¶gij_nWrRjpkeÂagWb}�ijcflyRUcflXija�`fc6Wb^g`nQSRUT8VXW Y[Z Í lX`D_6WrRjo*uv_6ij{ VXWxuvc
c6iE_fl]}�e�crZ�¥Àa�cfegW MON `fckRUcfmg`?ckRUT8VXW��gR�ÆjZXÆnl]ago�lXprRUc6WG`#RUaÂ�/¶�¶ MON �BegWb_6WrRj`#R�Æ √ Ænl]ago�lXprRUc6WG`#RUa*�/s MON ZQ?egWKagWb}�ijcflyRUcflXija=lX`/pGija�cfl]admgWGo�m8a�cfl]V�_6WrRjp6e8l]a8}zR�agija=pGija�£glXpbcfl]a8}zRUV]VXi[prRUcflXija=T�Wbc���WGWba�cfegW�agi[o8WG`rZ#¾nV]V
cfegWnagido8WG`�pGijV]VyRUTJij_kRUc6Wnc6itÃgago~cfegWnTJWG`fc?RUV]VXidprRUcflXija~u­ij_®cfegW#`6�[`fc6Wb{z�d�Be8lXp6e�lX`ÎagijcÎagWGpGWG`6`1RU_fl]V]��cfegW#T�WG`fc
RUV]VXi[prRUcflXija*uvij_BcfegW�WrRjp6eÂagi[o8WhckRU¢�WbaÂ`6Wb^qRU_kRUc6WbV]��Z
Q?e8lX`�WxwgRU{�^8VXW?lX`�l]adc6Wb_6WG`fcfl]a8}�T�WGprRUmg`6W?l]c�l]V]V]mg`fcf_kRUc6WG`�cfegW#RUV]}�ij_fl]cfe8{TL `®TJWbeqRr³dlXij_�ija|RUa�WxwgRU{�^8VXWDWrRj`f�

c6i�³�Wb_flÄuv�4T��4eqRUago�ZB¥Àa¿Rjo8o�l]cflXija��ql]c/`fegir�D`#egir�	cfegW�`f��`fc6Wb{ VXWrRU_fag`/ir³�Wb_/cfl]{�W��Bl]cfe�RUV]V�cfegW
θij
³�RUV]mgWG`

c6ij}�WbcfegWb_npGijag`6lX`fcfl]a8}�l]azcfegW�`f��`fc6Wb{TL `?{�Wb{�ij_f��Z



\rÍ�ª ��������	
	���
��������������������! #"���	
$%�%�&��'(�)��*,+-��*%./��*1032�'4
��6570-8�*9�����90-��'%�

������������� � 
��>;9IJAC=���� :<F	�>;�=BA&?@=BA&;9D 
�=�F
K�G
� � D�=�F
I��7D1;���F � K)F
IJ?@=BA&;9D�G ���Q?OIJA&?�� 
CF����1?�D�=BA	� H/?��
=BAC;�D 
�=�F
K

²¡WhagiÇ� `fegir�FcfegWh^8_kRjpbcflXprRUV�l]{�^8VXWb{�Wba�ckRUcflXija�Rj`f^JWGpbc6`BiUu�ijm8_Bl]a�c6Wb_���agi[o8W�pGij{�{Km8a8lXprRUcflXija¿{�WGpke��
RUa8lX`f{zZ S Wxuvij_6W�_6WrRjp6e8l]a8}�cfegWtÃgaqRUV MON RUV]VXidprRUcflXija��J`6Wb³�Wb_kRUVSÑnÒ �U·hÒ�cfl]{�W�`fVXijc6`hRU_6Wtmg`fmqRUV]V]�*agWGpGWG`k`kRU_f��ZQ?egWDÑ/ÒÂRUago�·hÒ*agWb}�ijcflyRUcflXija~cfl]{�WD`fVXijc6`�eqRr³�W#R/_6WG`f^�WGpbcfl]³�WDo�m8_kRUcflXija|iUu

TUL
RUago

TDL
ZµQµitT�ijm8ago�cfegW

Ñ/Ò T8m8_6`fch{�WG`6`kRU}�WG`ho�m8_kRUcflXija���cfegW
cij
³jRUV]mgWG`h��Wb_6W VdmqRUa�cflÄÃqWGo¡l]a�c6izR�Ã8w�WGo=a�m8{KTJWb_

E
iUuÎWbVXWb{�Wba�c6`rZ

»/ir�ÎWb³�Wb_r�ÎcfegW�_6WG`fm8V]cfl]a8}�^8_6WGpblX`flXija lX`�agijc�`fm�Ë|pblXWba�c�c6i�o�lÄÉ�Wb_6Wba�cflyRUc6WzpbVXi�`kW~³�RUV]mgWG`rZ�¾BpGpGij_6o�l]a8}�V]���Îc6i
l]agpb_6WrRj`6W�cfegW�^8_6WGpblX`flXija��A�ÎW�mg`6WGoÂR�³�RU_flyRUT8VXW VdmqRUa�cflÄÃqprRUcflXija�`fc6Wb^¿^JWb_ MON �Bl]cfe=R�Ðri[ij{Å�Bl]ago8iÇ��ZBQ?egW^8_fl]agpbl]^8VXWDlX`®Wxw[^8VyRUl]agWGo�l]a�Ãg}�m8_6W Y[Z Y �vWrRjp6e~cf_flyRUa8}�VXW#RUago�pb_6i�`6`�_6Wb^8_6WG`kWba�c6`ÎcfegW?agija�� V�mqRUadcflÄÃqWGo

cij
³�RUV]mgW

iUu�agido8W
i
ija MON j

�xZ

Total cij coded range

q

Iteration 1

Iteration 2

Iteration 3

Existing value not Tx in UL (SCij = OFF)

Existing value Tx in UL (SCij = ON)

¶Sl]}�m8_6WKY[Z Y Y X RU_flyRUT8VXW U mqRUadcflÄÃqprRUcflXija�ija MON j

¶Sl]}�m8_6W Y[Z Y _6Wb^8_6WG`6Wbadc6`KcfegW~Wb³�ijV]m8cflXija¨ir³�Wb_Ecfl]{�W¿�´l]c6Wb_kRUcflXijaÏR u´c6Wb_Kl]c6Wb_kRUcflXijaA��iUuDcfegW|_kRUa8}�W~iUu#Wxw[�
^8_6WG`6`6WGo VdmqRUa�cflÄÃqWGo

cij
³jRUV]mgWG`t�´l�Z W�Z

q(cij)
³jRUV]mgWG`x��l]a4�Be8lXp6e*cfegWnÃgaqRUV�T�WG`fcÎ³�RUV]mgWG`��Bl]V]V�TJW/VXi[prRUc6WGo�Z�¾?c

WrRjp6eÂl]c6Wb_kRUcflXija��gcfegW�pGWbadcf_kRUV�agi[o8WZY

\�Z N ijV]VXWGpbc6`hcfegW�Ñ/Ò%_6WGpGWbl]³�WGo VdmqRUa�cflÄÃqWGo�Wxw�cf_6Wb{�WE³jRUV]mgWG`��´{�l]a8l]{Km8{ RUago¿{|R w�l]{�m8{~�n^�Wb_ MON ZJ¥ÀaÃg}�m8_6W Y[Z Y �JcfegWE{�l]a8l]{�m8{��´_6WG`6^�Zh{|R w[l]{Km8{~�/³jRUV]mgWEpGij_f_6WG`f^�ijago8`�RUctWrRjp6e�l]c6Wb_kRUcflXija�c6i�cfegW�VXWxuvc
�´_6WG`6^�Z�_fl]}�e�c1�?pGij_fagWb_/iUuScfegWh{�ij_6WKRUcBcfegWtVXWxu´c��´_6WG`6^�Z�_fl]}�e�c1�?` V�mqRU_6W�Z�¾	` VdmqRU_6Wh_6Wb^8_6WG`6Wba�cfl]a8}~cfegW
_kRUa8}�W?iUuqo�lÄÉ�Wb_6Wba�c

cij
³jRUV]mgWG`SeqRG³[l]a8}/cfegWÎ`kRU{�W VdmqRUa�cflÄÃqWGo�³�RUV]mgW

q(cij)
o�mgWÎc6incfegW VdmqRUa�cflÄÃqprRUcflXija

`6c6Wb^�Z
ª�ZD¾Bo � mg`fc6`BcfegW�Wxw[cf_6Wb{�Wt�Bl]ago8iÇ� V]l]{�l]c6`#RU_6ijm8agoÂcfegWG`6WtWxw�cf_6Wb{�Wt³jRUV]mgWG`ÇZ
Í�Z S _6i�Rjo8prRj`fc6`EcfegW|agWb���Bl]ago8iÇ�>V]l]{�l]c6`�RUago!V�mqRUadcflÄÃqprRUcflXija `6c6Wb^ q

Zz¥�ago8WGWGo��
q
lX`Kp6eqRUa8}�WGo¨R uvc6Wb_

WrRjpkeÂÐri[ij{ �Uo8WbÐridij{ ij^JWb_kRUcflXija�Z

Q?e8lX`S³jRU_flyRUT8VXW�VdmqRUa�cflÄÃqprRUcflXija�^8_6i[pGWG`6`µmg`6WG`�RDÐri[ij{:�Bl]ago8iÇ� c6inWbag`fm8_6WBRn`fegij_fc6Wb_SagWb}�ijcflyRUcflXija�o�m8_kRUcflXija��
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RUago*c6i�pGijagpGWbadcf_kRUc6W�cfegWt^8_6WGpblX`6lXijaÂiUuScfegWQVdmqRUa�cflÄÃqprRUcflXija�ija8V]�~uvij_DcfegWtpbm8_f_6WbadcnWxw�^8_6WG`6`6WGo4³�RUV]mgWG`rZ
¥�uµR u´c6Wb_?R�^�Wb_flXi[o|iUu�cfl]{�W

Ttimeout
agitÃgaqRUV�pGija�³�Wb_f}�WbagpGWh��Rj`?ijT8ckRUl]agWGo��[cfegW/pGWba�cf_kRUV�agido8Wnl]{�^�i�`6WG`

c6i `fc6ij^FcfegW�ij^8cfl]{�l]ÐÇRUcflXija(^8_6i[pGWG`6`zRUago�uvij_6pGWG`zRUV]VhcfegW�agi[o8WG`�c6iÏRU^8^8V]��R!V�m8lXpk¢�`kijV]m8cflXija�Z�Q?edmg`r�
cfe8lX`hc6WGp6e8a8l VdmgW�T�ijm8ago8`tcfegW�agWb}�ijcflyRUcflXija
o�m8_kRUcflXija�Z�¾#u´c6Wb_hcfegW�cfl]{�WGijm8c��?Rj`t_6WrRjp6egWGo��SRUa
RjpGpGWb^8ckRUT8VXW
`6ijV]m8cflXijaÂprRUaÂTJW/u­ijm8ago4l]azc���i|Ñ/Ò �U·hÒ¡cfl]{�W�`6VXijc6`rZ

����������� � � 
��>;9IJAC=���� :<F	�>;�=BA&?@=BA&;9D�
�=�F
K�G
��� D�=�I ?��7D�;���F���K F
IJ?@=BAC;�D1G ��� ;>IJF A D(E<F/=�?�A�
&G

Q?e8lX`Î`6WGpbcflXija�o8WG`6pb_fl]T�WG`®{�ij_6Wnl]a~o8WbckRUl]VX`�`6ij{�W#iUu�cfegW#l]a�cf_kR ��agi[o8Whij^JWb_kRUcflXijag`Î^8_6WG`6Wba�c6WGo�l]a�`6WGpbcflXija
Y[Z ¬�Z ¬�Z ª Z

� A&IJG = 
�� �d��Wt^8_6WG`6WbadcB{�ij_6Whl]azo8WbckRUl]VX`Begir�(cfegWt`6c6Wb^<�*�´_6Wxu­Wb_?c6i�`6WGpbcflXija Y[Z ¬�Z ¬�Z ª �?iUuScfegW�RUV]}�ij_fl]cfe8{
lX`�^�Wb_�u­ij_f{�WGo%YµcfegWDm8^JogRUc6WniUuJcfegW

∆θij
³jRUV]mgWG`�mg`6l]a8}ER/uvm8agpbcflXija�Z�²¡WB��RUadc6WGo|c6i�mg`6W#R/uvm8agpbcflXija|�Be8lXpke

`feqRU^�W4pGijm8VXo¨TJW4`fl]{�^8V]��cfm8agWGo¨mg`fl]a8}=u­Wb�È^qRU_kRU{�Wbc6Wb_6`~RUago �Be8lXp6e¨��ijm8VXo¨T�W�`6l]{�l]VyRU_�c6i¡R�`fl]}�{�i���o
uvm8agpbcflXija�Z�²¡W�eqRG³�W|p6egi�`6Wba¡c6izmg`6W�cfegW�u­ijV]VXir�Bl]a8}*uvm8agpbcflXija

f(x)
���Be8lXpke¡lX`�R�{�i[o�lÄÃqWGo¡¶gWb_f{�lÄ��·/l]_kRjp

o�lX`fcf_fl]T8m8cflXija�Rj`Do8WG`6pb_fl]T�WGo4l]aÂW V�mqRUcflXija Y[Z ¬ Y

f(x) = 2ϕ ·
(

1

1 + αeβx
− 1

2

) ��Y[Z ¬��

Q?egW�u´m8agpbcflXija
f(x)
lX`nR|o8WGpb_6WrRj`fl]a8}�uvm8agpbcflXija�iUu

x
Z�Q?egW�l]a8^8m8c

x
³�RUV]mgWG`#prRUaÂckRU¢�WERUa��*_6WrRUVµ³jRUV]mgW

T�Wbc��ÎWGWba
[−∞; +∞]

RUago%Rj`KR4_6WG`6m8V]cr�
f(x)
�Îijm8VXo�ckRU¢�W~RUa���_6WrRUVÎ³jRUV]mgWG`�TJWbcÀ�ÎWGWba

[−ϕ; +ϕ]
Z*¾nVX`6i8�

f(x)
lX`DpGijadcf_6ijV]VXWGozT��4cfegWhu­ijV]VXir�Bl]a8}|^qRU_kRU{�Wbc6Wb_6`�Y

• ϕ
^qRU_kRU{�Wbc6Wb_�YÎpGija�cf_6ijVX`DcfegWtu´m8agpbcflXija¿RU{�^8V]l]cfmgo8W�uvijV]VXiÇ�Bl]a8}|cfegW

y
R w[lX`rZ

• α
^qRU_kRU{�Wbc6Wb_�Y®pGijadcf_6ijVX`DcfegWhuvm8agpbcflXija4L `#iUÉ�`6Wbc?u­ijV]VXir�Bl]a8}~cfegW

x
R w�lX`rZ

• β
^qRU_kRU{�Wbc6Wb_�Y®pGija�cf_6ijVX`#cfegW�`fVXij^�WtiUuScfegWtu´m8agpbcflXija�Z

¶Sl]}�m8_6W Y[Z § l]V]V]mg`6cf_kRUc6WG`DcfegW�Rj`f^�WGpbc#iUu
f(x)
Rj`#RE_6WG`fm8V]c#iUu�³jRU_flyRUcflXijag`#l]a

ϕ
�
α
RUago

β
Z

Ò�Wbc
cl

RUago
cu
T�Wt_6WG`f^�WGpbcfl]³�WbV]�4cfegW�{|R w�l]{�m8{�RUagozcfegW�{�l]a8l]{�m8{ Rjp6e8lXWb³�RUT8VXW�prRU^qRjpbl]cÀ�*³jRUV]mgWG`#T��

cfegW#`6�[`fc6Wb{zZSs/ijc6WBcfeqRUc
cl

RUago
cu
RU_6W#o8Wb_fl]³�WGo|_6WG`f^JWGpbcfl]³�WbV]��uv_6ij{

γmin
RUago

γmax
��mg`6l]a8}�W V�mqRUcflXija Y[Z ª Z

»/WbagpGW
cl

RUago
cl

RU_6W�l]a8^8m8c�^qRU_kRU{�Wbc6Wb_6`|�vo�l]{�Wbag`flXija8a8l]a8}Â^qRU_kRU{�Wbc6Wb_6`x�nuvij_hcfegW�`f��`fc6Wb{zZEQ?e�mg`r��cfegWG`6W
³�RUV]mgWG`BeqRG³�W�c6i�TJWh¢[agir�BazTd�4cfegWtagido8WG`nRUagoÂRU_6Whagijc#prRUVXpbm8VyRUc6WGozTd�~cfegWb{zZ
²¡Wh��ijm8VXo4V]l]¢�Whc6iKV]l]{�l]cBcfegW/_kRUa8}�WtiUuS^Ji�`6`6l]T8VXW

x
³�RUV]mgWG`?�Be8l]VXWhT�Wbl]a8}�`6m8_6WhcfeqRUcÎu­ij_?cfegWG`6WtWxw�cf_6Wb{�W

x
³jRUV]mgWG`r�

f(x)
_6WrRjp6egWGo −ϕ

RUago
+ϕ
�Bl]cfe�R�^8_6WGpblX`flXija�pGija�cf_6ijV]VXWGo=Td�zcfegW�^qRU_kRU{�Wbc6Wb_

ε
Z#Q?e�mg`r��R uvc6Wb_

`6Wbcfcfl]a8}~R�³jRUV]mgW/u­ij_
ε
RUago��

ϕ
� �8��W�cfegWbaÂprRUVXpbm8VyRUc6W�cfegW�pGij_f_6WG`f^�ijago�l]a8}~Wxw�cf_6Wb{�W

x
³�RUV]mgWG`K�

xl

RUago
xu
�x�

u­ij_®cfegW/pGijago�l]cflXija�cfeqRUc
α = 1

�dpGij_f_6WG`f^�ijago�l]a8}�c6i�cfegW/pGWba�c6Wb_6WGo~uvm8agpbcflXija��
f(0) = 0

�ÎRj`Î`kWGWba�ija~Ãg}�m8_6W
Y[Z § Zn²¡WKo8WxÃgagW

xl

�´{�l]a8l]{�m8{ Rjpke8lXWb³jRUT8VXW
x
³jRUV]mgWÇ�#`fmgpke=cfeqRUc�Y

f(xl) = ϕ − ε
Z M l]{�l]VyRU_fV]�����ÎWEo8WxÃgagW

xu
�´{|R w�l]{�m8{ Rjpke8lXWb³jRUT8VXW

x
³jRUV]mgWÇ�Î`fmgpke*cfeqRUc�Y

f(xu) = −ϕ + ε
Z�Ñn`fl]a8}�W VdmqRUcflXija Y[Z ¬ ��WtijT8ckRUl]a*cfegW

u­ijV]VXir�Bl]a8}|³�RUV]mgWG`?u­ij_
xl

RUago
xu
Y

xl =
1

β
ln

(

ε

2ϕ− ε

) ��Y[Z ���
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f(
x)

x

Variation of f(x) for several ϕ values, and with: α = 1, β = 1

ϕ = 1.0
ϕ = 3.0
ϕ = 5.0

�­R��
ϕ X RU_flyRUcflXijag`
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f(
x)

x

Variation of f(x) for several α values, and with: ϕ = 1, β = 1

α = 0.2
α = 1.0
α = 5.0

�´TA�
α X RU_flyRUcflXijag`
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f(
x)

x

Variation of f(x) for several β values, and with: ϕ = 1, α = 1

β = 0.5
β = 1.0
β = 5.0

�vpÇ�
β X RU_flyRUcflXijag`

¶Sl]}�m8_6WKY[Z §@Y
f(x)
¾n`f^�WGpbcB�BegWba M Wb^qRU_kRUc6WbV]� X RU_f�[l]a8} ϕ

�
α
RUago

β
¹SRU_kRU{�Wbc6Wb_6`
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xu =
1

β
ln

(

2ϕ− ε

ε

) ��Y[Z Y��

¥Àa(·hÒ�RUago(Rj`ÂR%_6WG`fm8V]c¿iUu�`fl]{Km8V]ckRUagWGijmg`¿Ñ/Ò Q�w¯uv_6ij{ pGija�c6Wbago�l]a8}¯agido8WG`Ç�ncfegW�pGWbadcf_kRUV�agi[o8W
T8_6i�Rjo8prRj`fc6`ÂRUV]V

cmax j
³�RUV]mgWG`zija(RUV]VtcfegW�pGWbV]V MON `rZ>Q?egWG`6W�³�RUV]mgWG`zpGij_f_6WG`f^�ijago c6i cfegW�{|R w[l]{Km8{VdmqRUa�cflÄÃqWGo%prRU^qRjpbl]c���³�RUV]mgWG`�Wxw�cf_kRjpbc6WGo�RU{�ija8}=RUV]V�ÑnÒNT8m8_6`fc�{�WG`6`1RU}�WG`�ija�WrRjpke MON j

�SRj`K`fegir�Ba%ija
Ãg}�m8_6W Y[Z � ZB²¡W�eqRr³�WZY

cmax j = max
i
{q(cij)}

�q�BegWb_6W
cij
RUago

q(cij)
RU_6W�_6WG`6^JWGpbcfl]³�WbV]�*agija�� VdmqRUa�cflÄÃqWGo

RUago V�mqRUadcflÄÃqWGozprRU^qRjpbl]c���³�RUV]mgWG`rZ P#Wb{�Wb{KTJWb_BcfeqRUcDija8V]� V�mqRUadcflÄÃqWGo4³jRUV]mgWG`DRU_6Whcf_kRUag`f{�l]cfc6WGo4l]a*Ñ/Ò�T��
cfegWtagi[o8WG`rZ
Qµi�prRUVXpbm8VyRUc6W

∆θij
u­ij_BcfegWtpbm8_f_6Wba�c#Ñ/Ò �U·hÒ�cfl]{�Wt`fVXijcr����Wh�Bl]V]VµRj`6`6i[pblyRUc6W/cfegW

x
R w[lX`?c6i�cfegW

c
R w�lX`

�vprRU^qRjpbl]c���R w[lX`x�xZ/Q?edmg`r�J�ÎWE^�Wb_�uvij_f{ RUa�Rj`k`6idpblyRUcflXija�T�Wbc���WGWba
cij ∈ [cl, cu]

³�RUV]mgWG`hRUago
xij ∈ [xl, xu]³�RUV]mgWG`�mg`fl]a8}¿cfegW|`fl]{�^8VXW�u­ijV]VXir�Bl]a8}�`6prRUV]l]a8}¿cf_kRUag`�uvij_f{|RUcflXija4Y

xl ⇐⇒ cl

RUago
xu ⇐⇒ cu

Z~Q?edmg`r�ST��
o8WxÃga8l]a8}

∆x = xu−xl

RUago
∆c = cu− cl

�d�ÎWho8WGo�mgpGW/cfegWDu­ijV]VXir�Bl]a8}�Wxw�^8_6WG`6`flXija~uvij_
xij
Rj`BRtuvm8agpbcflXija

iUu
cij
Y

xij =
∆x

∆c
(cij − cl) + xl

��Y[Z §��

¾/`|cfegW¿agi[o8WG`~Wxw8p6eqRUa8}�W�pGi[o8WGo
cij
³jRUV]mgWG`��´agijc

xij
³�RUV]mgWG`1�x�B��WÂagWGWGo¯c6i�mg`6WzcfegW�Rj`6`6i[pblyRUcflXija

^8_6WG`6Wbadc6WGo¡l]a
W VdmqRUcflXija Y[Z § c6i*^�Wb_�u­ij_f{�cfegW
∆θij

m8^�ogRUc6W�Z|Q?egW
ϕ
RUago

β
^qRU_kRU{�Wbc6Wb_�³�RUV]mgWG`t�Bl]V]V®T�W

cfegW�`kRU{�W/u­ij_#RUV]V�cfegWtagi[o8WG`rZ�Q?egWb_6Wt�Bl]V]V�TJWtijagWhuvm8agpbcflXija
f(x)
mg`6WGo4^�Wb_#RU}�Wba�cn^JWb_Bagi[o8W�Z

²�egWbagWb³�Wb_D_6WGpGWbl]³[l]a8}
cmax j

�gWrRjpkezagido8W
i
�Bl]V]V Y

\�Z N ijad³�Wb_fcKcfegW|_6WGpGWbl]³�WGo cmax j
l]a�c6i=RUa

xmax j
³jRUV]mgW|�Be8lXp6e%�Îijm8VXo�TJW�mg`kRUT8VXW~Rj`ERUa¡l]a8^8m8c�u­ij_

f(x)
Z

ª�Z N RUVXpbm8VyRUc6WEREagWb� α
³jRUV]mgW/u­ij_

f(x)
`fmgpkezcfeqRUc�Y

f(xmax j) = 0
Z�Q?e8lX`DpGij_f_6WG`6^Jijago8`#c6i�pGWba�c6Wb_fl]a8}

cfegW/uvm8agpbcflXija4u­ij_�cfe8lX`nRU}�Wba�c#RUc
xmax j

Z�¥�a*ijcfegWb_D��ij_6o8`r�gRUcBcfe8lX`?³jRUV]mgWhcfegWb_6Wh�Bl]V]V�agijc?eqRr³�W�RUa��
pkeqRUa8}�WDl]a�cfegWBcfe8_6WG`fegijVXo�³�RUV]mgW��

∆θij = 0)
Z�snijc6W?cfeqRUc�u­ij_®Rn}�l]³�Wba�agido8W���cfegWb_6W?�Bl]V]VgTJW?o�lÄÉ�Wb_6Wba�c

α
³�RUV]mgWG`/^JWb_/agi[o8W��vijagWK^JWb_tRU}�Wba�c1�x��pGij_f_6WG`6^Jijago�l]a8}4c6i~cfegWKo�lÄÉ�Wb_6Wba�c

cmax j
_6Wbcfm8_fagWGo=^JWb_ MON

j
Z~¶Sl]ago�l]a8}ÂcfegW�agWb�

α
³jRUV]mgW�lX`t^JWb_�u­ij_f{�WGo¡Td��`6ijV]³dl]a8}

f(xmax j) = 0
Z�Ñn`fl]a8}zW VdmqRUcflXija Y[Z ¬ �

cfe8lX`#VXWrRjo8`#R uvc6Wb_#`6ij{�WhTqRj`flXp�prRUVXpbm8VyRUcflXijag`#c6iOY

α = e−βxmax j
��Y[Z Ì��

Í�Z N ijad³�Wb_fc#l]c6` cij
³�RUV]mgWtl]adc6i|RUa

xij
³�RUV]mgW�Z

�gZ N ij{�^8m8c6W~cfegW ∆θij
³�RUV]mgW|`6mgp6e¡cfeqRUc

∆θij = f(xij)
Z S �=l]agpGij_f^�ij_kRUcfl]a8}=cfegW|Wxw�^8_6WG`6`flXija
iUu αuv_6ij{ºW VdmqRUcflXija Y[Z Ì l]a�c6i
cfegWÂWxw�^8_6WG`6`flXija�iUu

f(x)
u´_6ij{�W V�mqRUcflXija Y[Z ¬ �?��W¿ijT8ckRUl]a R u´c6Wb_�`6ij{�W

WbVXWb{�WbadckRU_f�zprRUVXpbm8VyRUcflXijag`�Y

∆θij = 2ϕ ·
(

1

1 + eβ(xij−xmax j )
− 1

2

) ��Y[Z]\r©��
¶qij_�agido8W

i
�ÇcfegW�ij^�Wb_kRUcflXija�iUu8prRUVXpbm8VyRUcfl]a8}#cfegW�cfe8_6WG`6egijVXotm8^JogRUc6W

∆θij
pGij_f_6WG`f^�ijago8`�c6i#pGij{�^8m8cfl]a8}

W VdmqRUcflXija Y[Z]\r© u­ij_DWrRjp6e�RU}�Wba�c
j
Z
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Q?e8lX`BlX`?T�WG`fcBWxw�^8VyRUl]agWGo*cfe8_6ijm8}�eÂRUazWxw8RU{�^8VXW�Z®Q?e�mg`r��Ãg}�m8_6W Y[Z Ì l]V]V]mg`6cf_kRUc6W�RUV]V�cfegWG`6WtpGijagpGWb^8c6`rZ�¾/`
RUa�Wxw8RU{�^8VXW���RUago¿�Bl]cfegijm8ctRUad�ÂVXi�`6`/iUu�}�WbagWb_kRUV]l]c������ÎWKckRU¢�WKcfegW�u­ijV]VXir�Bl]a8}4a�m8{�Wb_flXprRUV�³�RUV]mgWG`�Y

ϕ = 5
�

α = 1
�
β = 1

RUago
ε = 0.001

Z|¶µl]}�m8_6W Y[Z Ì `fegir�D`�cfegW�³jRU_flyRUcflXija¡iUu�cfegW�cfe8_6WG`fegijVXo�l]a8}*uvm8agpbcflXija¡�Bl]cfe
cmax j

�8RUago�^8_6WG`6Wba�c6`nRUa4WxwgRU{�^8VXWtiUu
∆θij
prRUVXpbm8VyRUcflXija�Z®Q?egWhc6ij^4egij_fl]Ðrija�ckRUVSR w[lX`?pGij_f_6WG`f^�ijago8`Bc6iEcfegW

prRU^qRjpbl]c��zR w�lX`r�gRUago*cfegWhVXiÇ�ÎWb_#egij_fl]ÐrijadckRUV�R w�lX`BpGij_f_6WG`f^�ijago8`Dc6i�cfegW
x
R w[lX`rZ�Q?egW/u­ijV]VXir�Bl]a8}~³jRUV]mgWG`D�Bl]V]V

T�WtpGij{�^8m8c6WGozT�Wxuvij_6W/Ãgago�l]a8}|ijm8c#cfegW
∆θij
³jRUV]mgWZY

\�ZB²¡Who8WGpblXo8W/c6i�`6WbcÎuvij_�cfe8lX`B`6pGWbaqRU_flXiOY
cl = 4.54

RUago
cu = 15.9

�´_6WxuvWb_�c6iEcfegWnc6ij^�egij_fl]Ðrija�ckRUVSR w[lX`
iUuSÃg}�m8_6W Y[Z Ì �xZ

ª�ZB²¡W�o8WGo�mgpGWZY
xl = −6.14

RUago
xu = 6.14

�´_6WxuvWb_Bc6i�cfegWtTJijcfc6ij{Èegij_fl]ÐrijadckRUV�R w�lX`DiUuSÃg}�m8_6W Y[Z Ì �xZ
Í�ZD¾BpGpGij_6o�l]a8}�V]���A�ÎW�eqRG³�WZY

∆x = 12.28
RUago

∆c = 11.36
Z

�gZD¥Àa*cfe8lX`#WxwgRU{�^8VXW��8��Wtmg`6W�RKÃ8w8WGoTV�mqRUadcflÄÃqprRUcflXija¿`fc6Wb^
q = 1

Z
¬�ZD¥Àa4cfe8lX`BWxw8RU{�^8VXW���cfegW/{|R w�l]{�m8{ VdmqRUa�cflÄÃqWGo*prRU^qRjpbl]cÀ�4³jRUV]mgW/T�Wbc��ÎWGWbaÂRUV]V�cfegW/agi[o8WG`Bija MON j

lX`�Y
cmax j = 8

Z
��ZDÑ/`fl]a8}�W V�mqRUcflXija Y[Z § ��W/ijT8ckRUl]a4Y

xmax j = −2.4
�´_6WxuvWb_?c6iKcfegW/TJijcfc6ij{½egij_fl]Ðrija�ckRUV�R w�lX`?iUu�Ãg}�m8_6W

Y[Z Ì �xZ
Y[ZDQ?edmg`r�[mg`fl]a8}�W V�mqRUcflXija Y[Z Ì �[cfegW#agWb�

α
³�RUV]mgWDu­ij_ÎcfeqRUc MON lX`�Y α = 36.59

�´_6WxuvWb_�c6iKcfegW#_6WGo4pbm8_f³�W
l]azÃg}�m8_6W Y[Z Ì mg`fl]a8}�cfegWtT�ijcfc6ij{ egij_fl]ÐrijadckRUVSR w�lX`1�xZ

�/l]³�Wba�cfegW�^�ijl]a�cKiUu?³[lXWb� iUu#R4agido8W
i
���Be8lXpke
eqRj`

cij = 7.5
�µl]c��Bl]V]V®eqRr³�W�c6izpGij{�^8m8c6W|l]c6`

∆θijcfe8_6WG`fegijVXo�³jRU_flyRUcflXija%mg`fl]a8}=W V�mqRUcflXija Y[Z]\r© ZzQ?e8lX`Eij^JWb_kRUcflXija%lX`K`6egir�Ba ija¡Ãg}�m8_6W Y[Z Ì Td��cfegW~RU_f_6ir�D`Ç�
RUago*VXWrRjo8`Bc6i

∆θij = +1.88
Z

Ñ/`fl]a8}%R¡cfe8_6WG`fegijVXo¯³jRU_flyRUcflXija�TqRj`6WGoNija¯cfegWz{|R w�l]{�m8{ ³�RUV]mgWzlX`4R�³�Wb_f�ÏWxË|pblXWba�c*RUago�`6prRUVyRUT8VXW
{�Wbcfegi[o�uvij_*o�lX`6pb_fl]{�l]aqRUcfl]a8}NR�VyRU_f}�W�a�m8{KTJWb_¿iUuK³�RUV]mgWG`rZ ¾/`�o8WG`kpb_fl]TJWGo l]aM° � � ±��#cfegWb_6W�prRUa�T�W�RUa
l]{�^�ij_fckRUa�ct}�RUl]a�l]a¿mg`6l]a8}*RUa�ij^8cfl]{�l]ÐrWGo�Wxw8p6eqRUa8}�W�iUu®l]a�u­ij_f{|RUcflXija��BegWba=mg`6l]a8}�{Km8V]cflÄ��mg`6Wb_�o�l]³�Wb_6`fl]cÀ��Z
¾BpGpGij_6o�l]a8}�V]���g��W�ijT8ckRUl]a4Y

∀i �8ija MON j
Y







cij < cmax j ⇒ ∆θij > 0
cij = cmax j ⇒ ∆θij = 0
cij > cmax j ⇒ ∆θij < 0

��Y[Z]\�\Ç�

S ��^8_6ij^�Wb_fV]��Rjo � mg`fcfl]a8}�cfegW/a�m8{�Wb_flXprRUV�³�RUV]mgWG`?iUu ϕ RUago β
�ÎWhprRUa*_6WrRUV]l]ÐrWtREpGij{�^8_6ij{�lX`6WhT�Wbc��ÎWGWba

cfegW�`f^�WGWGo*iUu�pGija�³�Wb_f}�WbagpGWKRUagozcfegW V�mqRUV]l]cÀ�*iUuScfegW/ÃgaqRUV�`kijV]m8cflXija�Z


%F
H/;�D � 
�� �µ�ÎW~��RUadcKc6iÂ^8_6WG`6Wba�cK{�ij_6W|l]a�o8WbckRUl]VX`�egiÇ��cfegW~`fc6Wb^%ª¡�´_6Wxu­Wb_�c6i¿`6WGpbcflXija Y[Z ¬�Z ¬�Z ª ��iUuBcfegW
RUV]}�ij_fl]cfe8{�lX`�^�Wb_�u­ij_f{�WGo%Y*cfegW4m8^JogRUc6WÂiUu/WrRjp6e RU}�Wba�c�L `~`fckRUcfmg`Â���/s�ij_~�/¶S¶���Rj`|R¿uvm8agpbcflXijaNiUuhl]c6`
cfe8_6WG`fegijVXo

θij
Z�Q?egWn^8_6ijTqRUT8l]V]l]cÀ�

pij
cfeqRUcDRUazRU}�Wba�c

i
^�Wb_�uvij_f{�`?l]c6`�ckRj`f¢

j
lX`�o8WxÃgagWGo4l]a4W VdmqRUcflXija Y[Z]\rª Y

pij =
1

1 + αseβsθij

��Y[Z]\rª��
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∆θ
ij

x axis

Capacity axis [b/s/Hz] (cij values)

cij = 7.5

∆θij = + 1.88

maxi q(cij) = 8

¶µl]}�m8_6WEY[Z Ì@Y
∆θij X RU_flyRUcflXijazu­ij_Ds/ido8W i

ija MON j

Q?egW�uvij_f{�iUu�cfe8lX`h`fckRUcfmg`#cf_kRUag`6l]cflXija¿uvm8agpbcflXija���Rj`hp6egi�`kWbaÂu­ij_nl]c6`nl]a�c6Wb_6WG`6cfl]a8}*^8_6ij^JWb_fcflXWG`�Y?Td�¿Rjo � mg`fc��
l]a8}=cfegW|^qRU_kRU{�Wbc6Wb_6`

αs
RUago

βs
l]cElX`K^Ji�`6`6l]T8VXW|c6iÂ{�ido�lÄuv�¡cfegW�`f{�idijcfe8agWG`k`KiUuDcfegW�o8WGpblX`flXija�Z�¥�a�cfegW

`fl]{Km8VyRUcflXijag`r�gcfegW/u­ijV]VXir�Bl]a8}~³jRUV]mgWG`B_6Wb{|RUl]a4Y
αs = 0.5

�
βs = 2.0

Z
s/ijc6WtcfeqRUc�Y
{

θij → −∞ =⇒ pij = 1 ⇐⇒ e8l]}�ez^8_6ijTqRUT8l]V]l]cÀ�ziUu�RU}�Wbadc j
c6i�T�W�Rjpbcfl]³�W|���/st�

θij → +∞ =⇒ pij = 0 ⇐⇒ e8l]}�ez^8_6ijTqRUT8l]V]l]cÀ�ziUu�RU}�Wbadc j
c6i�T�Whl]aqRjpbcfl]³�W~���/¶�¶�� ��Y[Z]\rÍ��

¥Àa=ijcfegWb_t��ij_6o8`r��cfegW�`f{|RUV]VXWb_
θij
��cfegWET�Wbcfc6Wb_hcfegWE`6^JWGpblyRUV]l]ÐÇRUcflXija¡iUu�agido8W

i
uvij_ MON j

��cfedmg`tcfegWE{�ij_6W
agi[o8W

i
�Bl]V]V�T�WtpGija�c6Wbago�l]a8}�u­ij_Bcf_kRUag`f{�l]cfcfl]a8}�ija MON j

Z

� ��A&I � 
�� ��agijc6W�cfeqRUc�RUV]V�cfegW�ijcfegWb_�`6c6Wb^g`�iUu�cfegW�RUV]}�ij_fl]cfe8{ �´l]agpbV]mgo�l]a8}ÂcfegW�Wbago�l]a8}Âpb_fl]c6Wb_flyR���RU_6W�cfegW
`kRU{�W�Rj`#RUV]_6WrRjo��4^8_6WG`6Wbadc6WGozl]aÂ`kWGpbcflXija Y[Z ¬�Z ¬�Z ª Z
¾/`�R�pGijagpbV]mg`flXija���ijm8_?RUV]}�ij_fl]cfe8{½pGija�ckRUl]ag`B`kWb³�Wb_kRUVA}�VXijTqRUV�RUago~WrRj`6�Ec6iEpGija�cf_6ijV�^qRU_kRU{�Wbc6Wb_6`r�8RUV]VXiÇ�?�

l]a8}zc6i*cfm8agW|cfegWWVdmqRUV]l]c���iUu�cfegW~`6ijV]m8cflXija�Rj`�agWGWGo8WGo�Z~Q?egW�³�RU_flyRUT8VXW�cfe8_6WG`fegijVXo
{�ido8WbVÎiUÉ�Wb_6`ER4}�_6WrRUc
o��[aqRU{�lXpbl]c���l]a¡cfegW~ij^8cfl]{�l]ÐÇRUcflXija
^8_6i[pGWG`6`r��Wb³�Wba�l]a
p6eqRUa8}�l]a8}�pGijago�l]cflXijag`r��RUago¡lX`t��WbV]V�RjogRU^8c6WGo
c6iÂR
o�lX`fcf_fl]T8m8c6WGoÂl]{�^8VXWb{�Wba�ckRUcflXija�Z

N ijag`flXo8Wb_fl]a8}~cfegW�`fckRU_fcD³�RUV]mgWG`?u­ij_ θij
TJWbcÀ�ÎWGWba=c��Îi~ij^8cfl]{�l]ÐÇRUcflXijaÂ^8eqRj`6WG`Ç�8cfegWb_6WtlX`#R�pGij{�^8_6ij{�lX`kW

T�Wbc��ÎWGWba�VXWbcfcfl]a8}ÂcfegW|RUV]}�ij_fl]cfe8{ÊVXWrRU_fa
ir³�Wb_Kcfl]{�W���³�Wb_6`fmg`�cfegW�_kRUc6W|RUago
RU{�^8V]l]cfmgo8W�iUu?pkeqRUa8}�W|iUu?cfegW
l]a8^8m8c#ogRUckRz� M sRP(³�RUV]mgWG`1�xZ
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Q?egW�u­ijV]VXir�Bl]a8}*`6WGpbcflXijag`h`fegiÇ�,cfegW�_6ijVXWEiUu®WrRjp6e�iUu®cfegW�RUV]}�ij_fl]cfe8{TL `h^qRU_kRU{�Wbc6Wb_6`tija¿cfegWE`f^�WGWGo¿iUu
pGija�³�Wb_f}�WbagpGW�RUago<VdmqRUV]l]c��*iUuScfegWtÃgaqRUV�`6ijV]m8cflXija�Z

����
�� � ��D2'�5 F ' � $��.F
� �.%1F � � '?D9).09" ���.+.".-/$10 '?"

Q?egWÎ`6VXij^JWÎiUuqcfegW®cfe8_6WG`6egijVXo�l]a8}nuvm8agpbcflXijaz�´_6WxuvWb_Sc6i/W V�mqRUcflXija Y[Z ¬ ��lX`µpGijadcf_6ijV]VXWGo�T���cfegW
β
^qRU_kRU{�Wbc6Wb_

Rj`D`fegiÇ�Bazl]a*Ãg}�m8_6W Y[Z]\r© �Bl]cfez³jRU_flXijmg`
β
³jRUV]mgWG`rZ
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∆θ
ij

x

β = 0.4
β = 1.0
β = 5.0

β = 50.0

¶µl]}�m8_6WEY[Z]\r©@Y
∆θij X RU_flyRUcflXija�Rj`#R�¶8m8agpbcflXija¿iUu β

Q?egW*_kRUa8}�WÂiUu
x
³�RUV]mgWG`�mg`6WGo¨lX`�l]ago�lXprRUc6WGoNl]aÏ`6WGpbcflXija Y[Z ¬�Z ¬ ZN¶µl]}�m8_6WG` Y[Z]\�\ RUago Y[Z]\rª `fegiÇ� cfegW

l]{�^qRjpbc|iUu
β
³jRU_flyRUcflXijaÏ_6WG`6^JWGpbcfl]³�WbV]� ija¨cfegW*a�m8{KTJWb_~iUu/agWb}�ijcflyRUcflXijaN`6c6Wb^g`r�ÎRUagoÏija¨cfegW4c6ijckRUVD`6m8{

prRU^qRjpbl]c���ZÎ¥�a*T�ijcfeÂprRj`6WG`DcfegWha�m8{�Wb_flXprRUVS³jRUV]mgWG`Bmg`kWGozRU_6W�`fm8{�{|RU_fl]ÐrWGozl]a*ckRUT8VXW Y[Z � Z
¶Sl]}�m8_6W Y[Z]\�\ `fegiÇ�D`hcfeqRUctcfegWKe8l]}�egWb_

β
�´l�Z W�Z�cfegW�e8l]}�egWb_tcfegWEcfe8_6WG`fegijVXo�l]a8}*uvm8agpbcflXija4L `�`fVXij^�WÇ�x��cfegW

`f{|RUV]VXWb_~cfegWzpGija�³�Wb_f}�WbagpGW����´l�Z W�Z¯cfegW*e8l]}�egWb_~cfegWza�m8{KTJWb_�iUutagWb}�ijcflyRUcflXija�`fc6Wb^g`x�xZN¥Àa¯Rjo8o�l]cflXija��?cfegW
l]{�^qRjpbchiUu

β
³�RU_flyRUcflXija¿c6Wbago8`nc6i~³jRUa8lX`fe�Rj`

M
l]agpb_6WrRj`kWG`rZ#¥Àazu�Rjpbcr�ql]a�R�}�l]³�Wba�`6pGWbaqRU_flXi4RUV]VµcfegWKagi[o8WG`

mg`6W4cfegW*`kRU{�W4cfe8_6WG`6egijVXo�l]a8}�u´m8agpbcflXijaÏuvij_�RUV]VBcfegW MON `rZ%¾nVX`6i8�®o�mgW4c6i�cfegWÂRjogRU^8cfl]³�WzÐridij{ �Bl]ago8iÇ�{�WGp6eqRUa8lX`6{z�ncfegW=cfe8_6WG`fegijVXo�l]a8}ÏWxÉ�WGpbc¡�´³jRU_flyRUT8VXW�o8Wb^�Wbago�l]a8}¨ija
β
��lX`4{�i�`6cfV]�NpGijagpGWba�cf_kRUc6WGoF�Bl]cfe8l]a

cfegW��Bl]ago8iÇ�����BegWb_6WrRj`�cfegW�³jRUV]mgWG`Kijm8c6`flXo8W�cfegW��Bl]ago8ir��_6WGpGWbl]³�W�Wxw�cf_6Wb{�W
∆θij

³�RUV]mgWG`|�´{�l]a8l]{�m8{Áij_
{|R w�l]{�m8{~���­RUV]{�i�`6cDl]ago8Wb^JWbago8WbadcDuv_6ij{

β
�xZ

¶Sl]}�m8_6W Y[Z]\rª `fegir�D`ncfeqRUcDcfegW�l]{�^qRjpbc/iUu
β
³jRU_flyRUcflXija¿lX`DagWb}�V]l]}�l]T8VXW�ija¿cfegWtc6ijckRUVµ`6m8{ÅprRU^qRjpbl]c���Z?¾/`

R�pGijagpbV]mg`6lXija��Jo8Wb^�Wbago�l]a8}*ija
β
�AcfegW�ÃgaqRUVST�WG`fcn`6ijV]m8cflXija={�l]}�e�chckRU¢�WKVXija8}�Wb_nc6i|TJW�uvijm8ago¿T8m8c/�Bl]V]VµT�W

cfegW�`kRU{�Wh_6Wb}�RU_6o�VXWG`k`#iUu�cfegW�pbm8_f_6Wba�c
β
³jRUV]mgW�Z

Q?egW�uvijV]VXiÇ�Bl]a8}*`6WGpbcflXijag`/^8_6WG`6Wba�chcfegWKl]{�^qRjpbc/iUu®ijcfegWb_h^qRU_kRU{�Wbc6Wb_6`�LJ³�RU_flyRUcflXija=ija=cfegWERUV]}�ij_fl]cfe8{TL `
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:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G
ε

¹SRU_kRU{�Wbc6Wb_/mg`6WGo4c6i�Ãgago*ijm8c
xl

`fmgpkezcfeqRUc
f(xl) = ϕ− ε

RUago
xu
`fmgpke

cfeqRUc
f(xu) = −ϕ + ε

10−3

θinit
¥�a8l]cflyRUV�cfe8_6WG`fegijVXo*³�RUV]mgW�R u´c6Wb_D_6WG`kWbc

0

θmin
¸Âl]a8l]{Km8{Å^�i�`6`fl]T8VXWhcfe8_6WG`fegijVXoz³jRUV]mgW

θij
�´_6Wxu­Wb_Bc6i�W V�mqRUcflXija�
�
d� −25

θmax
¸=R w�l]{�m8{Å^Ji�`6`6l]T8VXWhcfe8_6WG`fegijVXoz³�RUV]mgW

θij
�´_6Wxu­Wb_Dc6i�W VdmqRUcflXija

�
d�

+25

ϕ

¹SRU_kRU{�Wbc6Wb_npGija�cf_6ijV]V]l]a8}�cfegW/{|R w�l]{�m8{
∆θij
³jRU_flyRUcflXija*^�Wb_?agWb}�ijcflyRUcflXija

cfl]{�W�`fVXijc 5

nmin
¸Âl]a8l]{Km8{ `fl]{Km8V]ckRUagWGijmg`#adm8{�T�Wb_#iUu MON `Dmg`6WGo4^�Wb_#Rjpbcfl]³�W�agi[o8W 1

nmax
¸=R w�l]{�m8{ `fl]{�m8V]ckRUagWGijmg`na�m8{KTJWb_/iUu MON `Bmg`kWGo*^JWb_#Rjpbcfl]³�W�agido8W 1

M
s#m8{KTJWb_#iUu�agi[o8WG`

[10 : 10 : 100]

N
s#m8{KTJWb_#iUu�RG³�RUl]VyRUT8VXW MON `Dc6i�RUV]VXidprRUc6W 20

������������������������� �!�#"�� $%��&�'(����)��+*,�������!�-� "#'��/.�02143���'�������'��657.98:�!��;<�6�=�()>���?'>����)>� $ ��@A)>�B�7�B'(3��C�6�AD
�FE�G�EH���I'��+"�$%�J"�"��?)��6KLEM&N"A)O*#'P�=)>�='�&�)I@

K = 100
�FE�G�EQ@��I'�$R��"
'��!�
���B'��S"�$%���?�<�B5#@T)��U�!'(3��V�6��D

�+��$ $ �A�W)I@���)X5Y��"

QµRUT8VXW�Y[Z ��Y�snm8{�Wb_flXprRUV X RUV]mgWG`Bu­ij_BcfegW M l]{�m8VyRUcflXija=¹SRU_kRU{�Wbc6Wb_6`��´_6Wxu­Wb_Bc6i�Ãg}�m8_6WG` Y[Z]\�\ RUago Y[Z]\rª �
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¶Sl]}�m8_6WKY[Z]\�\ZY�snm8{�T�Wb_#iUu�snWb}�ijcflyRUcflXija M c6Wb^g`#Rj`#R�¶8m8agpbcflXija=iUu β
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¶Sl]}�m8_6WKY[Z]\rª@Y�Q�ijckRUV M m8{ N RU^qRjpbl]c��ÂRj`nR�¶8m8agpbcflXija¿iUu β
^�Wb_�uvij_f{|RUagpGW�Z

����
���3 � '?"�$&%('?D D90 " � $ � F ��� � $7FG8�� ��� F�<�%(",0 " � <�".) ��'�% �?F=$&$709" ��� <�5,<>CE0 D90 $102F ��).+.%(0 " �
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Q?egW�`f��`fc6Wb{TL `��vpGij{�^Ji�`6WGo¿iUuÎRUV]V�cfegWKagido8WG`x�?{�Wb{�ij_f�Âo�m8_fl]a8}4R�agWb}�ijcflyRUcflXija=^8eqRj`6WKlX`#pGija�cf_6ijV]VXWGo
T��4cfegW/u­ijV]VXir�Bl]a8}~^qRU_kRU{�Wbc6Wb_6`#cfeqRUcB_6W Vdm8l]_6Wtc6i�T�Wtij^8cfl]{�l]ÐrWGozc6ij}�WbcfegWb_�Y

ϕ
�
θmin
RUago

θmax
Z

Q��Îi|`kpGWbaqRU_flXi�`D�Bl]V]V�T�Wtl]a�³�WG`fcfl]}�RUc6WGo=Rj`Do8WG`6pb_fl]T�WGo*l]a*ckRUT8VXWG` Y[Z ¬ RUago Y[Z � Z
Q?egW~a�m8{�Wb_flXprRUV?³�RUV]mgWG`�mg`6WGo
l]a
cfegW ��IJG = GBH/F�D�?OIJA&; `fl]{Km8VyRUcflXijag`�RU_6W�`fm8{�{|RU_fl]ÐrWGo�l]a
ckRUT8VXW Y[Z ¬ Z

Q?egWt_6WG`fm8V]c6`nRU_6Wt^8_6WG`6Wba�c6WGoÂl]a4Ãg}�m8_6WG` Y[Z]\rÍ RUago Y[Z]\�� Z
¶Sl]}�m8_6W Y[Z]\rÍ `6egir�D`�cfegW#{�WrRUazRUago~V]l]³�W/³jRUV]mgWG`®uvij_�cfegWna�m8{�T�Wb_DiUu�agWb}�ijcflyRUcflXijaz`fc6Wb^g`?Rj`BRtuvm8agpbcflXija

iUu
ϕ
��u­ij_DcfegWhÃg_6`6cD`6pGWbaqRU_flXi8Z®s/ijc6WtcfeqRUcBu­ij_BV]lX`fl]T8l]V]l]c��*^8m8_f^�i�`6WG`BcfegW�_6WG`fm8V]c6`Bu­ij_DWrRjp6e¿³jRUV]mgW�iUu�a�m8{KTJWb_

iUu�agi[o8WG`ÎeqRj`BR�`f{|RUV]VJiUÉ�`6Wbc�l]a~cfegWnegij_fl]Ðrija�ckRUV�R w�lX`rZ�Q?egW/`fckRUagogRU_6o4o8Wb³dlyRUcflXija4_6WGo�mgpGWG`BRj`�cfegW#adm8{�T�Wb_
iUu�agido8WG`#l]agpb_6WrRj`6W�Z�¾#VX`6i8�gcfegWtTJWG`6cD_6WG`fm8V]c6`K�´VXiÇ� adm8{�T�Wb_/iUu�agWb}�ijcflyRUcflXija=`6c6Wb^g`nRUagozVXiÇ�:o�lX`f^�Wb_6`flXijaÂiUu
³�RUV]mgWG`1��RU_6WBijT8ckRUl]agWGo�u­ij_

ϕ = 5
Z�¶µl]}�m8_6W Y[Z]\rÍ `fegiÇ�D`�cfeqRUc�^8_6ij^�Wb_fV]��cfm8a8l]a8}�cfegWB`f��`fc6Wb{TL `�VXWrRU_fa8l]a8}�RUago

u­ij_f}�Wbcfcfl]a8}|prRU^qRUT8l]V]l]c��*eqRj`/RUa*l]{�^Jij_fckRUadc#l]{�^qRjpbcnijaÂcfegWt`f�[`6c6Wb{TL `BagWb}�ijcflyRUcflXija¿o�m8_kRUcflXija�ZÎ¤�`f^�WGpblyRUV]V]���
�BegWba*pGijag`flXo8Wb_fl]a8}�cfegWh`f�[`6c6Wb{TL `®agWb}�ijcflyRUcflXijazo�m8_kRUcflXija���cfegW/o�lÄÉ�Wb_6WbagpGW/T�Wbc���WGWba

ϕ
RUago~cfegW

θ
Wxw�cf_6Wb{�W

V]l]{�l]c6`K�
θmin
RUago

θmax
��`fegijm8VXozTJWtagijc#c6idi�`f{|RUV]V��´agido8WG`BT�WGpGij{�Wtl]ag`fckRUT8VXWKo8WGpblXo8Wb_6`D�Bl]cfe¿RUV]{�i�`6cDagi

{�Wb{�ij_f�|iUu�^qRj`fc�Wxw[^�Wb_flXWbagpGWG`1��RUago~agijc®c6i[i�l]{�^�ij_fckRUa�ct�´agi[o8WG`®T�WGpGij{�W#`fVXiÇ�¯VXWrRU_fagWb_6`x�xZ
ϕ
pGijag`fcf_kRUl]a�c6`

cfegWD{|R w�l]{�m8{
∆θij
Rjp6e8lXWb³�RUT8VXW#³�RUV]mgW��´m8^�ogRUc6WGo�R uvc6Wb_®WrRjp6e�agWb}�ijcflyRUcflXija�cfl]{�W#`fVXijc1�x�d�Be8lXp6e�cfegWba�u­WGWGo8`

θij
Z
¶Sl]}�m8_6W Y[Z]\�� `fegir�D`?cfegW/{�WrRUazRUago4V]l]³�W/³jRUV]mgWG`Îu­ij_?cfegWnc6ijckRUV�`fm8{ÈprRU^qRjpbl]cÀ�4Rj`BR�u´m8agpbcflXijaziUu

ϕ
�[u­ij_

cfegWhÃg_6`fcD`kpGWbaqRU_flXi8Z®s/ijc6WtcfeqRUcBu­ij_BV]lX`fl]T8l]V]l]c��*^8m8_f^�i�`6WG`BcfegWt_6WG`6m8V]c6`?uvij_nWrRjp6ez³�RUV]mgW�iUu�a�m8{�T�Wb_niUu�agi[o8WG`
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β

¹SRU_kRU{�Wbc6Wb_6`/pGija�cf_6ijV]V]l]a8}
f(x)
u´m8agpbcflXija4L `n`feqRU^�W

0.4

ε

¹SRU_kRU{�Wbc6Wb_/mg`6WGo4c6i�Ãgago*ijm8c
xl

`fmgpkezcfeqRUc
f(xl) = ϕ− ε

RUago
xu
`fmgpke

cfeqRUc
f(xu) = −ϕ + ε

10−3

θinit
¥�a8l]cflyRUV�cfe8_6WG`fegijVXo*³�RUV]mgW�R u´c6Wb_D_6WG`kWbc

0

θmin
¸Âl]a8l]{Km8{Å^�i�`6`fl]T8VXWhcfe8_6WG`fegijVXoz³jRUV]mgW

θij
�´_6Wxu­Wb_Bc6i�W V�mqRUcflXija�
�
d� −50

θmax
¸=R w�l]{�m8{Å^Ji�`6`6l]T8VXWhcfe8_6WG`fegijVXoz³�RUV]mgW

θij
�´_6Wxu­Wb_Dc6i�W VdmqRUcflXija

�
d�

+50

nmin
¸Âl]a8l]{Km8{ `fl]{Km8V]ckRUagWGijmg`#adm8{�T�Wb_#iUu MON `Dmg`6WGo4^�Wb_#Rjpbcfl]³�W�agi[o8W 1

nmax
¸=R w�l]{�m8{ `fl]{�m8V]ckRUagWGijmg`na�m8{KTJWb_/iUu MON `Bmg`kWGo*^JWb_#Rjpbcfl]³�W�agido8W 1

M
s#m8{KTJWb_#iUu�agi[o8WG`

[10 : 10 : 100]

N
s#m8{KTJWb_#iUu�RG³�RUl]VyRUT8VXW MON `Dc6i�RUV]VXidprRUc6W 20

G ��� � I G�= G�H
F�D�?OIJA&; D � &�&��O'����
ϕ

D ��� & �
θmin

'���5
θmax

�!��$ '�� �U3!)��S"A�='�� �<K � ����� ��� �����W��� �����B��"���$%��& '�;
����)��+* �������!�W�J",'��7.�0M1 3A��'����Y�%'>��5R.98C�!��;<� �?�()>���?'>���?)�� $ ��@T)��!� �B'(3A� �6��D �FE�G�EQ���B'��S"�$%�J"�"��?)��6K EM& "T)O*
' �=)(�='�& )I@

K = 100
�FE�G�E @��B'�$R��"�'��!�����I'��+"�$%���?�<�!5

QµRUT8VXWhY[Z ¬@Yµsnm8{�Wb_flXprRUV X RUV]mgWG`�uvij_�cfegW � A&IJG = 
�H
F�D�?OIJA&; M l]{Km8VyRUcflXija~¹�RU_kRU{�Wbc6Wb_6`t�´_6WxuvWb_�c6ihÃg}�m8_6WG` Y[Z]\rÍRUago Y[Z]\�� �
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eqRj`BR�`f{|RUV]V�iUÉ�`6WbcÎl]a�cfegWnegij_fl]Ðrija�ckRUV�R w�lX`rZ�Q?egWn`fckRUagogRU_6o4o8Wb³[lyRUcflXija4_6WGo�mgpGWG`?Rj`�cfegWna�m8{KTJWb_BiUu�agi[o8WG`
l]agpb_6WrRj`6W�Z=¾#VX`ki8�S¶Sl]}�m8_6W Y[Z]\�� `6egir�D`EcfeqRUc�Rj`�u�RU_ERj`KcfegW|c6ijckRUV?`fm8{�prRU^qRjpbl]c��
lX`EpGijagpGWb_fagWGo���cfegWb_6W~lX`
RUV]{�i�`fcDagi|l]{�^qRjpbcniUu�cfegW�{�Wb{�ij_f�¡�´agi�{|R � ij_#o�lÄÉ�Wb_6WbagpGW�l]azcfegWK`fckRUagogRU_6ozo8Wb³[lyRUcflXija¿iUu�³�RUV]mgWG`nRj`

Ml]agpb_6WrRj`6WG`1�xZ
Q?egWna�m8{�Wb_flXprRUV�³�RUV]mgWG`�mg`6WGo|l]a�cfegWRG�F
H/;�D �,GBH/F�D�?OIJA&;*`fl]{Km8VyRUcflXijag`DRU_6Wn`6m8{�{|RU_fl]ÐrWGo~l]a�ckRUT8VXW Y[Z � Z

Q?egWt_6WG`fm8V]c6`nRU_6Wt^8_6WG`6Wba�c6WGoÂl]a4Ãg}�m8_6WG` Y[Z]\r¬ RUago Y[Z]\�� Z
¶Sl]}�m8_6W Y[Z]\r¬ `6egir�D`®Rt`6V]l]}�e�c�l]{�^8_6iÇ³�Wb{�Wba�c?ija�cfegWD`f^�WGWGo�iUu�pGijad³�Wb_f}�WbagpGWD�BegWba|pGij{�^qRU_6WGo|c6ihÃg}�m8_6W

Y[Z]\rÍ l]ago�lXprRUcfl]a8}�cfeqRUcÎl]c�lX`�TJWbagWxÃqpblyRUV�c6iKeqRG³�WtR�`6m�Ë|pblXWba�cB`f��`fc6Wb{�{�Wb{�ij_f��uvij_BR�}�l]³�Wba
ϕ
³�RUV]mgW�Z�¾nVX`6i8�

cfegW�RU{�^8V]l]cfmgo8WKiUuScfegWto�lX`f^�Wb_6`flXijaÂiUu�³�RUV]mgWG`BlX`B_6WGo�mgpGWGo�Z
¶Sl]}�m8_6W Y[Z]\�� `fegir�D`�RUV]{�i�`fc�aginl]{�^qRjpbc�iUuqcfegW�`f�[`6c6Wb{:{�Wb{�ij_f�EijaEcfegWÎÃgaqRUV�c6ijckRUV8ÑnÒ4`fm8{,prRU^qRjpbl]c���Z

¥ÀaÂRjo8o�l]cflXija��gcfegWhc6ijckRUV�prRU^qRjpbl]cÀ�*³jRUV]mgWG`#RU_6W�VXWG`6`Do�lX`f^�Wb_6`6WGo4cfeqRUazl]a*cfegWhÃg_6`6cD`6pGWbaqRU_flXi8Z

����
���� � '?"�$&%('?D D90 " � $ � F � � � $7FG8�� � � F�<�%(",0 " � <�".) � '�% ��F=$&$10 " � � <�5.<�C,09D 0 $10 F � C F=$�� F�FG"
� F ��'�$70 <>$70 '?" @ � < �#F �

¾n`�_6Wb^8_6WG`6Wbadc6WGo4l]a�Ãg}�m8_6W Y[Z]\ÇY ��m8^�ogRUcfl]a8}�cfegW
θij
³jRUV]mgWnu­ij_�WrRjpke4agido8W

i
RUago MON j

�gR u´c6Wb_�cfegWhWbago
iUuBcfegW�·D¾�Qµ¾½^8eqRj`6W|RUago�T�Wxuvij_6W~R4agWb}�ijcflyRUcflXija�^8eqRj`kW���prRUa
T�W�^�Wb_�uvij_f{�WGo
l]a¡{�m8V]cfl]^8VXW|^Ji�`6`6l]T8l]V]l]cflXWG`
RUago*��Wt�Bl]V]V�pGij{�^qRU_6WtcfegWhu­ijV]VXir�Bl]a8}�ijagWG`�Y

\�Z��tWGWb^ÂcfegWt^8_6Wb³dlXijmg`
θij
³�RUV]mgW�Z

ª�Z3PnWbl]a8l]cflyRUV]l]ÐrW
θij
c6i

θinit
Z

Í�Z3P/RUago8ij{�V]�*p6eqRUa8}�W
θij
c6i|RE³�RUV]mgWhTJWbcÀ�ÎWGWba

θmin
RUago

θmax
Z



�����%� 570-8�2%
�� ��.�� 2�*����&'�� ��	4�  �	(� ��*%����	�0���� ����'%�%*>��	 +�2�*�2 0 �����>*	� \���Í

:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G
β

¹SRU_kRU{�Wbc6Wb_6`/pGija�cf_6ijV]V]l]a8}
f(x)
u´m8agpbcflXija4L `n`feqRU^�W

0.4

ε

¹SRU_kRU{�Wbc6Wb_/mg`6WGo4c6i�Ãgago*ijm8c
xl

`fmgpkezcfeqRUc
f(xl) = ϕ− ε

RUago
xu
`fmgpke

cfeqRUc
f(xu) = −ϕ + ε

10−3

θinit
¥�a8l]cflyRUV�cfe8_6WG`fegijVXo*³�RUV]mgW�R u´c6Wb_D_6WG`kWbc

0

θmin
¸Âl]a8l]{Km8{Å^�i�`6`fl]T8VXWhcfe8_6WG`fegijVXoz³jRUV]mgW

θij
�´_6Wxu­Wb_Bc6i�W V�mqRUcflXija�
�
d� −10× ϕ

θmax
¸=R w�l]{�m8{Å^Ji�`6`6l]T8VXWhcfe8_6WG`fegijVXoz³�RUV]mgW

θij
�´_6Wxu­Wb_Dc6i�W VdmqRUcflXija

�
d�

+10× ϕ

nmin
¸Âl]a8l]{Km8{ `fl]{Km8V]ckRUagWGijmg`#adm8{�T�Wb_#iUu MON `Dmg`6WGo4^�Wb_#Rjpbcfl]³�W�agi[o8W 1

nmax
¸=R w�l]{�m8{ `fl]{�m8V]ckRUagWGijmg`na�m8{KTJWb_/iUu MON `Bmg`kWGo*^JWb_#Rjpbcfl]³�W�agido8W 1

M
s#m8{KTJWb_#iUu�agi[o8WG`

[10 : 10 : 100]

N
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G ��� G�F
H
;9D � G�H/F D1?OI A&; D � &�& � '>���
ϕ

D ��� & �
θmin

'���5
θmax

'>�B� �O'����=�B5�'�" 'W@�����3T���?)��/)I@
ϕ

�=) ( � ���
����)��>�O��$R��$ )�� �75Y���6���
D �Y� & � ��� �O��"A�����('(��� ���7����� ��$���'(3T� )I@R���S�

θ
� '����?'>����)>�C'>$��6&N������5�� K � ���������7�����

��� �����B��"�� $%��&�'(����)��+* �������!�%� "%'>�U.�021 3���'����Y�R'���5 .98 �!��;<�6�=�()>���?'>����)>� $ ��@T)��!� �!'(3�� � ��D/�FE�G�E ���I'��+"�;
$W� " "���)>�6K EM&N"A)�* 'R�=)>�='>& )I@

K = 100
�FE�G�E/@��B'�$R��",'��!�W���I'��+"�$%���?�<�!5

QµRUT8VXW�Y[Z �@YBsnm8{�Wb_flXprRUV X RUV]mgWG`nu­ij_#cfegW 
�F�H/;9D � 
%H/F�D�?OIJA&; M l]{�m8VyRUcflXija�¹�RU_kRU{�Wbc6Wb_6`|�´_6Wxu­Wb_#c6i|Ãg}�m8_6WG`Y[Z]\r¬ RUago Y[Z]\�� �
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�gZ
θij
ckRU¢�WG`�R4³�RUV]mgW�_6Wx£qWGpbcfl]a8}=cfegW VdmqRUV]l]c��¡iUuDcfegW~prRU^qRjpbl]c���³�RUV]mgW

cij
Td�¡o8ijl]a8}�RUa RU^8^8_6ij^8_flyRUc6W

`kprRUV]l]a8}gZ
¬�Z N eqRUa8}�W θij

RjpGpGij_6o�l]a8}tc6i/R#}�l]³�WbaEu´m8agpbcflXija�ckRU¢[l]a8}nu­ij_�Wxw8RU{�^8VXW�l]a�c6itRjpGpGijm8adc�p6eqRUa8agWbV8³�RU_flyRUcflXijag`
ij_nijcfegWb_D{�Wbcf_flXpG`rZ

0

Θmin

maxΘ

Θ ij
Step k Step (k+1)

t

Negotiation Phase Data Phase Negotiation Phase Data Phase

SC Status = ON

Θinit choice?

SC Status = OFF

?

?

?

?

¶µl]}�m8_6WEY[Z]\ÇY Y)P#Wb^8_6WG`6WbadckRUcflXija¿iUu�cfegW
θinit
Ñ#^�ogRUc6W N eqRUV]VXWba8}�W

Q?egWba�����W~pGij{�^qRU_6W~{�Wbcfegido8`4\�Z*c6i �gZ*�Begi�`6W~_6WG`fm8V]c6`�RU_6W|^8_6WG`6Wbadc6WGo
l]a�Ãg}�m8_6WG` Y[Z]\r§ RUago Y[Z]\rÌ Z
Q?egWtadm8{�Wb_flXprRUV�³�RUV]mgWG`Bmg`6WGo*l]a*cfegWG`6W�`fl]{�m8VyRUcflXijag`/RU_6W�`fm8{�{|RU_fl]ÐrWGozl]a*ckRUT8VXW Y[Z Y Z
¶Sl]}�m8_6W Y[Z]\r§ `6egir�D`DcfegWhl]{�^qRjpbc/iUu�WrRjpke

θij
m8^JogRUc6Wt{�Wbcfegi[ozijazcfegWt`6^JWGWGo*iUu�pGija�³�Wb_f}�WbagpGW�Z
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β

¹SRU_kRU{�Wbc6Wb_6`/pGija�cf_6ijV]V]l]a8}
f(x)
u´m8agpbcflXija4L `n`feqRU^�W

0.4

ε

¹SRU_kRU{�Wbc6Wb_/mg`6WGo4c6i�Ãgago*ijm8c
xl

`fmgpkezcfeqRUc
f(xl) = ϕ− ε

RUago
xu
`fmgpke

cfeqRUc
f(xu) = −ϕ + ε

10−3

θmin
¸Âl]a8l]{Km8{Å^�i�`6`fl]T8VXWhcfe8_6WG`fegijVXoz³jRUV]mgW

θij
�´_6Wxu­Wb_Bc6i�W V�mqRUcflXija�
�
d� −50

θmax
¸=R w�l]{�m8{Å^Ji�`6`6l]T8VXWhcfe8_6WG`fegijVXoz³�RUV]mgW

θij
�´_6Wxu­Wb_Dc6i�W VdmqRUcflXija

�
d�

+50

ϕ

¹SRU_kRU{�Wbc6Wb_npGija�cf_6ijV]V]l]a8}�cfegW/{|R w�l]{�m8{
∆θij
³jRU_flyRUcflXija*^�Wb_?agWb}�ijcflyRUcflXija

cfl]{�W�`fVXijc 5.0

nmin
¸Âl]a8l]{Km8{ `fl]{Km8V]ckRUagWGijmg`#adm8{�T�Wb_#iUu MON `Dmg`6WGo4^�Wb_#Rjpbcfl]³�W�agi[o8W 1

nmax
¸=R w�l]{�m8{ `fl]{�m8V]ckRUagWGijmg`na�m8{KTJWb_/iUu MON `Bmg`kWGo*^JWb_#Rjpbcfl]³�W�agido8W 1

M
s#m8{KTJWb_#iUu�agi[o8WG`

[10 : 10 : 100]

N
s#m8{KTJWb_#iUu�RG³�RUl]VyRUT8VXW MON `Dc6i�RUV]VXidprRUc6W 20

������������������������� �!�#"�� $%��&�'(����)��+*,�������!�-� "#'��/.�02143���'�������'��657.98:�!��;<�6�=�()>���?'>����)>� $ ��@A)>�B�7�B'(3��C�6�AD
�FE�G�E ���B'��S"�$W� " "���)>�6K EM&N"A)�* 'R�=)>�='>& )I@

K = 100
�FE�G�E/@��B'�$R��",'��!�W���I'��+"�$%���?�<�!5

QµRUT8VXWEY[Z Y Y�snm8{�Wb_flXprRUV X RUV]mgWG`Duvij_BcfegW M l]{Km8VyRUcflXija=¹�RU_kRU{�Wbc6Wb_6`��´_6WxuvWb_Dc6iEÃg}�m8_6WG` Y[Z]\r§ RUago Y[Z]\rÌ
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θij = θij
θij = θinit

θij = rand (θmin, θmax)
θij = scaling to reflect cij

¶Sl]}�m8_6WKY[Z]\r§@Y�¥À{�^qRjpbc#iUu X RU_flXijmg` θij
Ñ#^�ogRUc6W�¸=Wbcfegido8`Dija*cfegW M ^JWGWGoziUu N ija�³�Wb_f}�WbagpGW
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¾/`�`6WGWba
l]a¡Ãg}�m8_6W Y[Z]\r§ �ScfegW|{�Wbcfegido
mg`6WGo�c6izm8^�ogRUc6W
θij
T�Wbc���WGWba%cÀ�Îi¿`f^JWGpbcf_fm8{Ê_6WrRUV]VXidprRUcflXijag`

�­R uvc6Wb_®Rhp6eqRUa8agWbVqpkeqRUa8}�WÇ��eqRj`�RUa�l]{�^qRjpbc®ija�cfegW?agWb}�ijcflyRUcflXija�o�m8_kRUcflXija�Z P#Wb{�Wb{�T�Wb_�cfeqRUc�l]a�ijm8_®`fl]{Km��
VyRUcflXijag`ÎcfegW#p6eqRUa8agWbV�pGijago�l]cflXijag`?RU_6W#_kRUago8ij{�V]��m8^�ogRUc6WGo�Z�Q?egWDcÀ�ÎiET�WG`fc�{�Wbcfegi[o8`�RU_6W#c6i�_6WG`6Wbc

θij
c6iE©

ij_�c6ihl]c6`�^8_6Wb³[lXijmg`�³jRUV]mgW��´agitpkeqRUa8}�WÇ�x�dpGij_f_6WG`6^Jijago�l]a8}�_6WG`6^JWGpbcfl]³�WbV]�Ec6ih_6WG`6Wbcfcfl]a8}�cfegWB`f��`fc6Wb{TL `�{�Wb{�ij_f�
ij_�agijc�p6eqRUa8}�l]a8}�l]c�RUcERUV]V�Z*²�egWba%cfegW~pkeqRUa8agWbV?pGijago�l]cflXijag`�o8iÂagijcEpkeqRUa8}�W�o�m8_fl]a8}=cfegW~agWb}�ijcflyRUcflXija
^8eqRj`6W/cfegWba4cfegWh`f�[`6c6Wb{>{�Wb{�ij_f���vo�lX`fcf_fl]T8m8c6WGo4l]azRUV]V�cfegWnagi[o8WG`BRUago4pGidij^�Wb_kRUcfl]³�WbV]�~m8^�ogRUc6WGoq�®lX`?^JiÇ�?�
Wb_�uvm8V�Z�»/ir��Wb³�Wb_r�qeqRr³dl]a8}*R�{�Wb{�ij_f�4u­ij_#cfegW�`6�[`fc6Wb{ÅlX`D{�i�`fcfV]�*T�WbagWxÃqpblyRUV��BegWba¿cfegW�l]a8^8m8cnpGijago�l]cflXijag`
o8i�agijcDpkeqRUa8}�W�c6i[i�RUT8_fm8^8cfV]���qijcfegWb_f�BlX`6Wtl]c#lX`#REmg`6WbVXWG`6`Dij_DWb³�WbaÂ^JWb_�u­ij_f{|RUagpGWtV]l]{�l]cfl]a8}�u�Rjpbc6ij_rZ
¾BpGpGij_6o�l]a8}�V]���8�BegWba�cfegWnagWb� pkeqRUa8agWbV�pGijago�l]cflXijag`DRU_6W#_kRUago8ij{�V]��o�_kRG�Ba���cfegWba�cfegW/TJWG`fc�`6ijV]m8cflXija4lX`

c6i�{|RU¢�Wtagi~Rj`6`fm8{�^8cflXija¿RUago*c6i|o�_kRG�:R
θinit
³�RUV]mgWtVXidprRUc6WGozl]azcfegWt{�lXo8o�VXW�iUu�cfegWt_kRUa8}�W��gl�Z W�Z�egWb_6Wtl]c

lX`#©�Z
¶Sl]}�m8_6W Y[Z]\rÌ `6egir�D`DcfegWhl]{�^qRjpbc/iUu�WrRjpke

θij
m8^JogRUc6Wt{�Wbcfegi[ozijazcfegWhc6ijckRUVµ`fm8{ÅprRU^qRjpbl]c���Z
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θij = θij
θij = θinit

θij = rand (θmin, θmax)
θij = scaling to reflect cij

¶µl]}�m8_6WEY[Z]\rÌ@Y�¥�{�^qRjpbcniUu X RU_flXijmg` θij
Ñn^JogRUc6Wt¸=Wbcfegi[o8`DijazcfegW�QµijckRUV M m8{ N RU^qRjpbl]c��

¾/`~`kWGWbaNl]aÏÃg}�m8_6W Y[Z]\rÌ �#RUV]VncfegWÂ{�Wbcfegi[o8`�Ãgago�W Vdm8l]³jRUVXWbadc�`6ijV]m8cflXijag`�l]a¯c6Wb_f{�`�iUu�`6�[`fc6Wb{º`fm8{
prRU^qRjpbl]c���Z®¾n`

M
l]agpb_6WrRj`6WG`�cfegW#{�Wbcfegi[o~cfeqRUc�o8iKagijcÎm8^�ogRUc6W

θij
}�l]³�WG`�VXir��Wb_�_6WG`6m8V]c6`�pGij{�^qRU_6WGo�c6iKcfegW

ijcfegWb_D{�Wbcfegi[o8`rZ
¾/`SRnpGijagpbV]mg`flXija���l]aEcfegW?RUTg`6WbagpGW?iUuAR#pkeqRUa8agWbV[{�i[o8WbV��­RUago�egWb_6W��Bl]cfeE_kRUago8ij{�V]��³�RU_f�dl]a8}hp6eqRUa8agWbVX`x�

l]aÏij_6o8Wb_�c6i={�l]a8l]{�l]ÐrW*agWb}�ijcflyRUcflXija¯o�m8_kRUcflXijaNRUago {|R w�l]{�l]ÐrWz`f��`fc6Wb{�c6ijckRUVD`fm8{ prRU^qRjpbl]c�����cfegW4T�WG`fc
{�Wbcfegi[oÂlX`nc6i~`kWbc

θij
c6i4©�T�Wbc���WGWba�c��Îi4pkeqRUa8agWbVS³�RU_flyRUcflXijag`rZ/Q?e8lX`h`6WGpbcflXija¿eqRj`tRUVX`6i~`fegir�Ba�cfeqRUc/cfegW

VXWrRU_fa8l]a8}=^8_6idpGWG`6`�lX`�T�WbagWxÃqpblyRUV®u­ij_�cfegW|`6�[`fc6Wb{z��T8m8c�_6WG`6Wbcfcfl]a8}¿cfegW|`f��`fc6Wb{TL `t{�Wb{�ij_f�¡`6eqRUV]V®T�W�o8ijagW
mg`fl]a8}�RK{�Wbcfegido*RjogRU^8c6WGo4c6i�cfegW/l]a8^8m8c?^qRU_kRU{�Wbc6Wb_6`�L8³�RU_flyRUcflXijag`rZ®�ncfegWb_f�BlX`6W��gRUa*ijm8cDiUuµogRUc6Wh{�Wb{�ij_f�
prRUaÂo8i�{�ij_6WteqRU_f{ÅcfeqRUaz}�idi[o��gRUagoz`fVXiÇ�D`#o8iÇ�BazcfegW�`6WrRU_6pke*uvij_#R�agWb�FTJWG`fcD`kijV]m8cflXija�Z
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¾n`�RtpGijagpbV]mg`flXija��[cfe8lX`®^qRU_fcÎ��Rj`Îagijc®l]adc6Wbago8WGo|u­ij_®pGij{�^qRU_flX`6ija��Bl]cfe�RUagijcfegWb_�{�Wbcfegi[o���T8m8cÎ_kRUcfegWb_
c6i%`fegir��cfegW=RUV]}�ij_fl]cfe8{TL `4_6WrRjpbcflXija m8ago8Wb_*o�lÄÉ�Wb_6Wba�c*p6eqRUa8}�WG`4l]a¯l]c6`�pGijadcf_6ijVh^qRU_kRU{�Wbc6Wb_6`rZ	²¡W¿`kRr�
cfegWKl]{�^Jij_fckRUagpGW�iUuÎpGijadcf_6ijV]V]l]a8}*cfegWK`6�[`fc6Wb{TL `/VXWrRU_fa8l]a8}*prRU^qRUT8l]V]l]cflXWG`hl]a¡RjpGpGij_6ogRUagpGW��Bl]cfe¿cfegW�pkeqRUa8agWbV
pGijago�l]cflXijag`r�ql]azij_6o8Wb_Dc6iWVdm8lXp6¢[V]�|Ãgago*cfegWhT�WG`fcD`6ijV]m8cflXijag`ÇZ
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Q?egW�uvijV]VXiÇ�Bl]a8}=`kWGpbcflXijag`�`fegiÇ� cfegW�l]{�^qRjpbc�iUuB³jRU_f�[l]a8}ÂWrRjpke%iUuBcfegW|RUV]}�ij_fl]cfe8{TL `El]a8^8m8cKogRUckRz^qR �
_kRU{�Wbc6Wb_6`#ijaÂcfegWt`f^JWGWGo*iUu�pGija�³�Wb_f}�WbagpGW�RUagoTVdmqRUV]l]c��*iUu�cfegW/ÃgaqRUV�`6ijV]m8cflXija�Z
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¥ÀaFcfe8lX`Â`6WGpbcflXija��/cfegW¡pkeqRUa8agWbVX`ÂpkeqRUa8}�W
ija8V]�(R u´c6Wb_z`kij{�W�cfl]{�W��/T8m8c¿RUV]��Rr�[`ÂTJWbcÀ�ÎWGWba ^8eqRj`kWG`r�
WG`f^�WGpblyRUV]V]��TJWbcÀ�ÎWGWbaÏR*ogRUckR*^8eqRj`kW~RUago�R*agWb}�ijcflyRUcflXija�^8eqRj`6W�Z4Q?egW|a�m8{�Wb_flXprRUV?³jRUV]mgWG`�mg`6WGo¡l]a
cfegWG`6W
`fl]{Km8VyRUcflXijag`/RU_6Wt`fm8{�{|RU_fl]ÐrWGoÂl]a*ckRUT8VXW Y[Z § Z�Q?egWt_6WG`6m8V]c6`#RU_6Wt^8_6WG`6Wbadc6WGozl]a4Ãg}�m8_6WG` Y[Z ª�© RUago Y[Z ª�\ Z
:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G

β
¹SRU_kRU{�Wbc6Wb_6`/pGija�cf_6ijV]V]l]a8}

f(x)
u´m8agpbcflXija4L `n`feqRU^�W

0.4

ε

¹SRU_kRU{�Wbc6Wb_/mg`6WGo4c6i�Ãgago*ijm8c
xl

`fmgpkezcfeqRUc
f(xl) = ϕ− ε

RUago
xu
`fmgpke

cfeqRUc
f(xu) = −ϕ + ε

10−3

θinit
¥�a8l]cflyRUV�cfe8_6WG`fegijVXo*³�RUV]mgW�R u´c6Wb_D_6WG`kWbc

0

θmin
¸Âl]a8l]{Km8{Å^�i�`6`fl]T8VXWhcfe8_6WG`fegijVXoz³jRUV]mgW

θij
�´_6Wxu­Wb_Bc6i�W V�mqRUcflXija�
�
d� −50

θmax
¸=R w�l]{�m8{Å^Ji�`6`6l]T8VXWhcfe8_6WG`fegijVXoz³�RUV]mgW

θij
�´_6Wxu­Wb_Dc6i�W VdmqRUcflXija

�
d�

+50

ϕ

¹SRU_kRU{�Wbc6Wb_npGija�cf_6ijV]V]l]a8}�cfegW/{|R w�l]{�m8{
∆θij
³jRU_flyRUcflXija*^�Wb_?agWb}�ijcflyRUcflXija

cfl]{�W�`fVXijc 5.0

nmin
¸Âl]a8l]{Km8{ `fl]{Km8V]ckRUagWGijmg`#adm8{�T�Wb_#iUu MON `Dmg`6WGo4^�Wb_#Rjpbcfl]³�W�agi[o8W 1

nmax
¸=R w�l]{�m8{ `fl]{�m8V]ckRUagWGijmg`na�m8{KTJWb_/iUu MON `Bmg`kWGo*^JWb_#Rjpbcfl]³�W�agido8W 1

M
s#m8{KTJWb_#iUu�agi[o8WG`

100

N
s#m8{KTJWb_#iUu�RG³�RUl]VyRUT8VXW MON `Dc6i�RUV]VXidprRUc6W 20

����������� ����� "���$W��& '>����)>�S*2' �=)>�='�& )B@
K = 1000

�2E�G�E @��B'�$R��" '��!� ���B'��S"�$W���?�<�B5YK
θij

� "%�B��" �A�2�=)
θinit'I@��<�A�W�B'(3�� �2E�G�E @��B'�$R�

QµRUT8VXWEY[Z §@Y�snm8{�Wb_flXprRUV X RUV]mgWG`Duvij_BcfegW M l]{Km8VyRUcflXija=¹�RU_kRU{�Wbc6Wb_6`��´_6WxuvWb_Dc6iEÃg}�m8_6WG` Y[Z ª�© RUago Y[Z ª�\
¶Sl]}�m8_6WG` Y[Z ª�© RUago Y[Z ª�\ pGij{�^qRU_6W�cfegW�pGijad³�Wb_f}�WbagpGW�`f^�WGWGo*iUu�cfegW�RUV]}�ij_fl]cfe8{ÅT�Wbc���WGWbaÂcfe8_6WGW�prRj`6WG`BY

\�Z N Rj`kW�\ZY
• Q?egWb_6WtlX`nR�p6eqRUa8agWbVSp6eqRUa8}�W�R uvc6Wb_#WrRjp6e¿·D¾�Q�¾	uv_kRU{�W�Z
• Q?egWtagi[o8WG`B_6WG`6Wbc#cfegWbl]_ MON `fckRUcfmg`#R uvc6Wb_#WrRjp6e¿·D¾�Q�¾	uv_kRU{�W�Z
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ª�Z N Rj`kW�ª@Y
• Q?egWb_6WtlX`nR�p6eqRUa8agWbVSp6eqRUa8}�W�ija8V]�zR uvc6Wb_ 300th RUago 700th ·D¾�Q�¾:uv_kRU{�W�Z
• Q?egWtagi[o8WG`B_6WG`6Wbc#cfegWbl]_ MON `fckRUcfmg`#R uvc6Wb_#WrRjp6e¿·D¾�Q�¾	uv_kRU{�W�Z

Í�Z N Rj`kW�Í@Y
• Q?egWb_6WtlX`nR�p6eqRUa8agWbVSp6eqRUa8}�W�ija8V]�zR uvc6Wb_ 300th RUago 700th ·D¾�Q�¾:uv_kRU{�W�Z
• Q?egWtagi[o8WG`B_6WG`6Wbc#cfegWbl]_ MON `fckRUcfmg`Dija8V]�zR uvc6Wb_ 300th RUago 700th ·D¾�Q�¾:uv_kRU{�W�Z
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¶Sl]}�m8_6WKY[Z ª�©@Y�¥À{�^qRjpbc#iUuµcfegW N eqRUa8agWbV X RU_flyRUcflXijag`DT�Wbc���WGWba¿s/Wb}�ijcflyRUcflXijaÂ¹�eqRj`6WG`nija*cfegW N ija�³�Wb_f}�WbagpGW
M ^�WGWGo
¶Sl]}�m8_6W Y[Z ª�© `6egir�D`�cfegW=RUV]}�ij_fl]cfe8{TL `Â`fckRUT8l]V]l]c��Ïm8ago8Wb_4V]l]³�W=p6eqRUa8agWbVt³�RU_flyRUcflXijag`rZ	¥�a prRj`6W%\��BcfegW

p6eqRUa8agWbV�lX`BpkeqRUa8}�l]a8}�³�Wb_f�~iUuvc6WbazRUago�cfegWhRUV]}�ij_fl]cfe8{È_6WrRjpbc6`Dc6iKcfegWG`kW/pkeqRUa8}�WG`rZ�¥Àa�prRj`kWhª��[cfegWtpkeqRUa8agWbV
p6eqRUa8}�WG`#ija8V]�|c��BlXpGWhT8m8c?cfegWtRUV]}�ij_fl]cfe8{ `fcfl]V]V�_6WG`6Wbc6`?l]c6`�{�Wb{�ij_f�*RUago|u­ijm8ago4`6ijV]m8cflXijazRj`?lÄu�l]c?��Rj`BWrRjpke
cfl]{�WhRtagWb�N^8_6ijT8VXWb{zZ N ij{�^qRU_6WGo|c6iKprRj`6W�\��dcfegWn`6ckRUagogRU_6o~o8Wb³[lyRUcflXija|l]a�a�m8{KTJWb_?iUu�agWb}�ijcflyRUcflXija*`fc6Wb^g`lX`�`6{|RUV]VXWb_�l]a
prRj`6W~ª�Z�¥Àago8WGWGo��µ�BegWba
cfegW�pkeqRUa8agWbV�o8i[WG`�agijcEp6eqRUa8}�W��ScfegW�^8_6ijT8VXWb{Êc6iz`6ijV]³�W�eqRj`�cfegW
`kRU{�WhpGij{�^8VXWxw�l]c��4m8a�cfl]V�cfegW/agWxw�cDp6eqRUa8}�W�Z�¥Àa*prRj`6WtÍ���cfegW/pkeqRUa8agWbV�p6eqRUa8}�WG`nRj`BiUu´c6WbazRj`?l]a*prRj`6Wtª���T8m8c
cfegW�`f�[`6c6Wb{ ¢�WGWb^g`El]c6`�{�Wb{�ij_f��m8a�cfl]V�cfegW|agWxw�c�p6eqRUa8agWbVBp6eqRUa8}�W�Z�¾BpGpGij_6o�l]a8}�V]����l]cKckRU¢�WG`�ija8V]��R4u­Wb�
agWb}�ijcflyRUcflXija¿`6c6Wb^g`Bc6i�pGija�³�Wb_f}�WER u´c6Wb_DWrRjpke¿pkeqRUa8}�W�RUago*cfegWbaÂija8V]��\�`fc6Wb^�Z
¶Sl]}�m8_6W Y[Z ª�\ `6egir�D`�cfeqRUc?l]a�prRj`6WE\hRtagWb�F`6ijV]m8cflXija�agWGWGo8`Îc6iET�WBu­ijm8ago�R uvc6Wb_?WrRjp6e*p6eqRUa8agWbV�pkeqRUa8}�W�Z

�na4cfegWhpGija�cf_kRU_f���8l]a*prRj`6Wtª��[�BegWba*cfegWb_6W/lX`?agiEpkeqRUa8agWbV�p6eqRUa8}�W��8cfegWh`f��`fc6Wb{>egWG`fl]ckRUc6WG`?T�Wbc��ÎWGWba=Rtu­Wb�
pbVXi�`6WD`kijV]m8cflXijag`n� ��T�Wxuvij_6WDcfegWBÃg_6`fc®pkeqRUa8}�W��[ª�R u´c6Wb_�cfegWBÃg_6`fc®p6eqRUa8}�WhRUago�cfegWba�ija8V]�4\nR u´c6Wb_�cfegW#`6WGpGijago
p6eqRUa8}�WÇ�xZ?�#u�pGijm8_6`kW��8l]aÂprRj`6W�ÍEcfegW�`6�[`fc6Wb{È¢�WGWb^g`DcfegW�`kRU{�W/u­ijm8agoz`6ijV]m8cflXijazT�Wbc���WGWba¿p6eqRUa8}�WG`ÇZ
¾/`�RzpGijagpbV]mg`6lXija���cfegW~`f�[`6c6Wb{ RjogRU^8c6`�c6i*cfegW~p6eqRUa8agWbV?p6eqRUa8}�WG`�RUago�cf_flXWG`Kc6i4Ãgago�agWb��`kijV]m8cflXijag`

�BegWba agWGpGWG`6`kRU_f�N�vprRj`6W�\Ç�x��ij_KÃgago8`EcfegW~`kRU{�W~T�WG`fcE`kijV]m8cflXijag`K�BegWba%cfegWb_6W�lX`Eagi¿pkeqRUa8}�W~l]a¨R¿`f{|RUV]V
a�m8{KTJWb_~iUu/agWb}�ijcflyRUcflXijaN`6c6Wb^g`Â�vprRj`6Wzª��Eij_�l]{�{�WGo�lyRUc6WbV]� �BegWbaÏcfegW*`f��`fc6Wb{�¢dagiÇ�D`�cfeqRUc�agi�pkeqRUa8}�W
i[pGpbm8_f_6WGo:�vprRj`6WÂÍ��xZ Q?e8lX`~`fegir�D`~cfegWÂRUV]}�ij_fl]cfe8{TL `�^Jijc6WbadcflyRUV#c6i%RjogRU^8c|l]c6`|`kWrRU_6p6eN^�i�`6`fl]T8l]V]l]cflXWG`�RUago
_6WG`fm8V]cfl]a8}�^�Wb_�u­ij_f{|RUagpGWG`nRjpGpGij_6o�l]a8}|c6i�l]c6`D¢dagiÇ�BVXWGo�}�W�iUu�cfegWt^8_6ijT8VXWb{�RUcBeqRUago�Z
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¶Sl]}�m8_6W�Y[Z ª�\ZYK¥�{�^qRjpbc�iUuBcfegW N eqRUa8agWbV X RU_flyRUcflXijag`KTJWbcÀ�ÎWGWba�s/Wb}�ijcflyRUcflXija ¹�eqRj`6WG`�ija
cfegW|Q�ijckRUV M m8{
N RU^qRjpbl]c��

��� ����3 � � <�".".FGD��B<�%(02<>$102'�" � � 02$��,0 " � F �?'�$102<>$102'?" @ �.< �#F �

¥Àa¡cfe8lX`K`6WGpbcflXija¡�ÎW~`fcfmgo���cfegW�^�ijc6Wba�cflyRUV�u­ij_�cfegW|RUV]}�ij_fl]cfe8{Ác6iÂRjogRU^8cKc6izp6eqRUa8agWbV�³jRU_flyRUcflXijag`ERUc
_kRUago8ij{ l]ag`fckRUadc6`#o�m8_fl]a8}~cfegWhagWb}�ijcflyRUcflXija¿^8eqRj`6WG`Ç��l]a*c6Wb_f{�`#iUu�pGija�³�Wb_f}�WbagpGWE`f^JWGWGo�Z
Q?egW~a�m8{�Wb_flXprRUV?³�RUV]mgWG`�mg`6WGo
l]a�cfegWG`6W~`fl]{�m8VyRUcflXijag`�RU_6W~`fm8{�{|RU_fl]ÐrWGo%l]a
ckRUT8VXWÂZÂQ?egW�_6WG`fm8V]c6`�RU_6W

^8_6WG`6Wbadc6WGozl]a4Ãg}�m8_6W Y[Z ª�ª Z
²¡W�³�RU_f�ÂcfegWE^8_6ijTqRUT8l]V]l]c���c6i�eqRr³�W|R�p6eqRUa8agWbV®pkeqRUa8}�W|RUchcfegW�agWxw[ctÑ/Ò �U·hÒ¨cfl]{�WG`fVXijcrZ�¾ pkeqRUa8agWbV

p6eqRUa8}�WEpGij_f_6WG`f^�ijago8`#c6i�RUa=RUT8_fm8^8c/p6eqRUa8}�W�uvij_hRUV]V MON `#iUuÎRUV]VµcfegW�agi[o8WG`K�vpGijadc6Wbago�l]a8}4ij_nagijc1�xZ M ij{�WpGija�c6Wbago�l]a8}Kagido8WG`�{�l]}�e�cÎ`6�Bl]c6p6e�c6ihagija|pGijadc6Wbago�l]a8}Kij_�cfegWBpGijadcf_kRU_f��Z�Q?egWDWbadcfl]_6WD`f��`fc6Wb{ p6eqRUa8}�WG`rZ�¥Àa
Rjo8o�l]cflXija��gcfegW

θij
RU_6WtagijcB_6Wbl]a8l]cflyRUV]l]ÐrWGo�Z PnRUcfegWb_r����WtVXWbcDcfegW�RUV]}�ij_fl]cfe8{ o�lX`kpGir³�Wb_DcfegW�pkeqRUa8}�WtT��4l]c6`6WbVÄu

RUago*_6WrRjpbcDc6iEÃgagozcfegWtagWb�(T�WG`fcB`6ijV]m8cflXija¿Rj`3Vdm8lXp6¢[V]�zRj`B^Ji�`k`fl]T8VXWhTJWxu­ij_6WhcfegWtagWxw�cDp6eqRUa8}�WKidpGpbm8_6`rZ
¶Sl]}�m8_6W Y[Z ª�ª ^8_6WG`6Wba�c6`�cfegW?{|R w[l]{Km8{z��{�WrRUa���RUagoE{�l]a8l]{�m8{ a�m8{�T�Wb_®iUuJagWb}�ijcflyRUcflXija|`fc6Wb^g`µuvij_�WrRjpke

³�RUV]mgW�iUu�pkeqRUa8agWbV�p6eqRUa8}�W�^8_6ijTqRUT8l]V]l]c���Z
¾/`K`kWGWba�l]a�Ãg}�m8_6W Y[Z ª�ª ��l]agpb_6WrRj`6l]a8}=cfegW~a�m8{KTJWb_�iUunpkeqRUa8agWbVBp6eqRUa8}�WG`�_6WG`fm8V]c6`El]a%RÂVXija8}�Wb_�{�WrRUa

agWb}�ijcflyRUcflXija%^8eqRj`6W�o�m8_kRUcflXija�Z�¥�a�u�Rjpbcr�SRUa
l]agpb_6WrRj`6WGo�a�m8{KTJWb_�iUuBp6eqRUa8}�WG`Kl]agpb_6WrRj`6WG`�cfegW|agWb}�ijcflyRUcflXija
o�m8_kRUcflXija����Be8lXpke=l]a�cfm8_fa�l]agpb_6WrRj`6WG`/cfegWE^8_6ijTqRUT8l]V]l]c���iUu®eqRG³[l]a8}zRUagijcfegWb_�p6eqRUa8}�W�T�Wxuvij_6WEpGija�³�Wb_f}�WbagpGW��
Wbc6p�Z/Q?e8lX`nlX`/Wxw�^8VyRUl]ag`ncfegWEl]{�^�ij_fckRUa�chl]agpb_6WrRj`6WKl]a¿{|R w�l]{�m8{ agWb}�ijcflyRUcflXija�VXWba8}�cfe�ZhQ?e�mg`Ç�AcfegWb_6WElX`hRUa
RG³�RUVyRUagp6egWKWxÉ�WGpbcrZ®¥�a*prRj`6W�iUu�RUaÂRUT8_fm8^8cnpkeqRUa8}�W��8_6WG`6Wbcfcfl]a8}�cfegW

θij
³�RUV]mgWG`#R u´c6Wb_#R�pkeqRUa8}�Wt�Îijm8VXoÂ}�RUl]a

`6ij{�Wncfl]{�W#l]a~agWb}�ijcflyRUcflXija���_kRUcfegWb_ÎcfeqRUa�cf_f�[l]a8}Kc6i�u´m8V]V]��u­ij_f}�WbcBRUago�_6WrRjogRU^8c?c6i�cfegW#agWb�¯l]a8^8m8c�³�RUV]mgWG`rZ
Q?egWb_6WtlX`Bcf_kRjo8WGiUÉ�c6i�pGijag`6lXo8Wb_rZ
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 ��F
G
β

¹SRU_kRU{�Wbc6Wb_6`/pGija�cf_6ijV]V]l]a8}
f(x)
u´m8agpbcflXija4L `n`feqRU^�W

0.4

ε

¹SRU_kRU{�Wbc6Wb_/mg`6WGo4c6i�Ãgago*ijm8c
xl

`fmgpkezcfeqRUc
f(xl) = ϕ− ε

RUago
xu
`fmgpke

cfeqRUc
f(xu) = −ϕ + ε

10−3

θinit
¥�a8l]cflyRUV�cfe8_6WG`fegijVXo*³�RUV]mgW�R u´c6Wb_D_6WG`kWbc

0

θmin
¸Âl]a8l]{Km8{Å^�i�`6`fl]T8VXWhcfe8_6WG`fegijVXoz³jRUV]mgW

θij
�´_6Wxu­Wb_Bc6i�W V�mqRUcflXija�
�
d� −50

θmax
¸=R w�l]{�m8{Å^Ji�`6`6l]T8VXWhcfe8_6WG`fegijVXoz³�RUV]mgW

θij
�´_6Wxu­Wb_Dc6i�W VdmqRUcflXija

�
d�

+50

ϕ

¹SRU_kRU{�Wbc6Wb_npGija�cf_6ijV]V]l]a8}�cfegW/{|R w�l]{�m8{
∆θij
³jRU_flyRUcflXija*^�Wb_?agWb}�ijcflyRUcflXija

cfl]{�W�`fVXijc 5.0

nmin
¸Âl]a8l]{Km8{ `fl]{Km8V]ckRUagWGijmg`#adm8{�T�Wb_#iUu MON `Dmg`6WGo4^�Wb_#Rjpbcfl]³�W�agi[o8W 1

nmax
¸=R w�l]{�m8{ `fl]{�m8V]ckRUagWGijmg`na�m8{KTJWb_/iUu MON `Bmg`kWGo*^JWb_#Rjpbcfl]³�W�agido8W 1

M
s#m8{KTJWb_#iUu�agi[o8WG`

100

N
s#m8{KTJWb_#iUu�RG³�RUl]VyRUT8VXW MON `Dc6i�RUV]VXidprRUc6W 20

����������� ����� "���$%��& '>���?)��S* ' �=)>�='�& )I@
K = 1000

�FE�G�E/@��I'>$ ��" '>�B�����B'��S"�$%���?�<�B5

QSRUT8VXWKY[Z Ì@Y�snm8{�Wb_flXprRUV X RUV]mgWG`Bu­ij_BcfegW M l]{Km8VyRUcflXija¿¹�RU_kRU{�Wbc6Wb_6`��´_6Wxu­Wb_Bc6i�Ãg}�m8_6W Y[Z ª�ª �
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¶Sl]}�m8_6W~Y[Z ª�ª@Y�¥À{�^qRjpbc�iUu?cfegW N eqRUa8agWbV X RU_flyRUcflXijag`K�Bl]cfe8l]a
s/Wb}�ijcflyRUcflXija�¹�eqRj`6WG`�ija¡cfegW N ija�³�Wb_f}�WbagpGW
M ^�WGWGo
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¥ÀaFcfe8lX`z`6WGpbcflXija(��W¡`fcfmgo���cfegW�l]{�^qRjpbcÂiUu�³jRU_f�[l]a8}ÏcfegW
M
RUago

N
^qRU_kRU{�Wbc6Wb_6`Ç�tl]aFc6Wb_f{�`ÂiUu

pGija�³�Wb_f}�WbagpGW/`f^�WGWGo�RUago�c6ijckRUVAÑ/Òz`fm8{�prRU^qRjpbl]c���Z�Q?egW?u­ijV]VXir�Bl]a8}EpGijag`fckRUa�cÎa�m8{�Wb_flXprRUVJ³jRUV]mgWG`®RU_6WDmg`6WGo%Y
nmin = 1

RUago
nmax = 10

Z�Q?egWt_6WG`fm8V]c6`#RU_6W�l]V]V]mg`fcf_kRUc6WGozl]a4Ãg}�m8_6WG` Y[Z ª�Í RUago Y[Z ª � Z
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Mean number of iterations when nmin = nmax = 10 and M and N are varied
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¶Sl]}�m8_6WKY[Z ª�Í@Y�¥À{�^qRjpbc#iUuScfegW
M
RUago

N X RU_flyRUcflXijag`#ijazcfegW�¸¿WrRUazsnm8{�T�Wb_#iUu�snWb}�ijcflyRUcflXija M c6Wb^g`

¶Sl]}�m8_6W Y[Z ª�Í `fegiÇ�D`#cfegWERUV]}�ij_fl]cfe8{TL `t`6prRUVyRUT8l]V]l]c��zl]a¿a�m8{KTJWb_hiUu�agido8WG`�Y�cfegW�e8l]}�egWb_
M
cfegW�`6{|RUV]VXWb_

cfegW�{�WrRUa=pGija�³�Wb_f}�WbagpGW�o�m8_kRUcflXija�ZB¾nVX`6i8�8cfegW�e8l]}�egWb_
N
cfegW�e8l]}�egWb_#cfegW�{�WrRUa¿pGijad³�Wb_f}�WbagpGWEo�m8_kRUcflXija�Z

»/ir�ÎWb³�Wb_r�qcfegW�o�m8_kRUcflXijaÂ`fckRr�[`#_6WrRj`6ijaqRUT8VXW�pGijag`flXo8Wb_fl]a8}~cfegWh^8_6ijT8VXWb{ `fl]ÐrW�Z
¾/`h`6WGWba�l]a¿Ãg}�m8_6W Y[Z ª � �Ju­ij_�R�}�l]³�Wba

N
³�RUV]mgW���cfegWEc6ijckRUV�`6m8{�prRU^qRjpbl]cÀ�¿T�WbagWxÃgc6`/uv_6ij{ l]agpb_6WrRj`fl]a8}

M
�´{�m8V]cflÄ��mg`6W/o�l]³�Wb_6`fl]c��g��Rj`®l]c�T8_fl]a8}�`�agWb�¯agido8WG`®�Bl]cfe~`6ij{�WDTJWbcfc6Wb_®pkeqRUa8agWbVJpGijago�l]cflXijag`ÇZ�¥�a~Rjo8o�l]cflXija��

cfegWtc6ijckRUV�`6m8{ prRU^qRjpbl]c��*l]agpb_6WrRj`6WG`B�Bl]cfe
N
Z

��� ����� !#8 5.<�-/$ ' �
nmin

<�",)
nmax

� <>% 02<>$102'?" �

¥�a=cfe8lX`t`6WGpbcflXija��ÎW�`fcfmgo��ÂcfegWKl]{�^qRjpbctiUu®³�RU_f�[l]a8}�cfegW
nmin

RUago
nmax

^qRU_kRU{�Wbc6Wb_6`Ç��l]a=c6Wb_f{�`tiUu
pGija�³�Wb_f}�WbagpGWK`f^�WGWGo�Z�Q?egW/uvijV]VXiÇ�Bl]a8}|pGijag`fckRUa�c#³jRUV]mgWG`DRU_6Whmg`6WGo%Y

M = 100
RUago

N = 100
Z�Q?egWh_6WG`fm8V]c6`

RU_6Wtl]V]V]mg`fcf_kRUc6WGozl]a*Ãg}�m8_6W Y[Z ª�¬ Z
¾/`�`6WGWba¡l]a¡Ãg}�m8_6W Y[Z ª�¬ �S`6ij{�W

nmin � nmax
pGij{KT8l]aqRUcflXijag`K_6W Vdm8l]_6W�{�ij_6W�agWb}�ijcflyRUcflXija%`fc6Wb^g`�cfeqRUa

ijcfegWb_6`r�[WG`f^�WGpblyRUV]V]��cfegWnprRj`6WK\
�
\Duvij_Î�Be8lXp6e4WrRjp6e�agido8W#{�mg`fc�eqRG³�WhRUc®cfegWnWbago~ija8V]�|R�`fl]a8}�VXW MON Zd¥�c�prRUa
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¶Sl]}�m8_6WKY[Z ª ��Y�¥À{�^qRjpbc#iUuScfegW
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¶Sl]}�m8_6WhY[Z ª�¬@Y�¥À{�^qRjpbcBiUu�cfegW
nmin

RUago
nmax X RU_flyRUcflXijag`Bija�cfegW/¸¿WrRUa4s#m8{KTJWb_BiUu�s/Wb}�ijcflyRUcflXija M c6Wb^g`
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T�W�agijc6WGo¡cfeqRUc��BegWbagWb³�Wb_
nmin = 1

RUago
nmax! = 1

��cfegW�pGijad³�Wb_f}�WbagpGW|lX`�RUV]�?RG��`�Vdm8lXp6¢[V]��Rjp6e8lXWb³�WGo�Z
Q?e8lX`BlX`D`6l]{�^8V]�4Wxw�^8VyRUl]agWGo*Td�~cfegWhu�RjpbcBcfeqRUcDcfegWb_6WtlX`nRUV]��RG��`/`6ij{�Wh^8VyRjpGWtVXWxuvcBc6i�ÃgcBVXWrRj`fcnR�`fl]a8}�VXW MON Z
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M

¥�a~cfe8lX`�`kWGpbcflXija~��Wn`fegiÇ�¯cfegW#}�idi[o~RjogRU^8ckRUcflXija*prRU^qRUT8l]V]l]cflXWG`BiUu�cfegWhRUV]}�ij_fl]cfe8{½c6iKR�VXi�Rjo�³�RU_flyRUcflXija
l]a*c6Wb_f{�`#iUu VdmqRUV]l]c��*iUuScfegW�_6WrRjp6egWGoÂ`kijV]m8cflXija¿RUago*pGija�³�Wb_f}�WbagpGWKcfl]{�W�Z
Q?egWEa�m8{�Wb_flXprRUV�³�RUV]mgWG`nmg`6WGo=l]a¿cfegWG`6WE`fl]{Km8VyRUcflXijag`�RU_6WE`6m8{�{|RU_fl]ÐrWGo¿l]a=ckRUT8VXW4Zn¶Sl]}�m8_6WG` Y[Z ªZ� RUago

Y[Z ª�Y `fegiÇ�(cfegW�RjogRU^8ckRUcflXija=iUuScfegW�RUV]}�ij_fl]cfe8{ c6i�cfegWh{�ido�lÄÃqWGoÂpGWbV]V�VXi�Rjo
�´l]azadm8{�T�Wb_niUu�agido8WG`1�xZ
:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G

nmin
¸Âl]a8l]{Km8{ `fl]{Km8V]ckRUagWGijmg`#adm8{�T�Wb_#iUu MON `Dmg`6WGo4^�Wb_#Rjpbcfl]³�W�agi[o8W 1

nmax
¸=R w�l]{�m8{ `fl]{�m8V]ckRUagWGijmg`na�m8{KTJWb_/iUu MON `Bmg`kWGo*^JWb_#Rjpbcfl]³�W�agido8W 10

M
s#m8{KTJWb_#iUu�agi[o8WG` ³�RU_flXWGo

N
s#m8{KTJWb_#iUu�RG³�RUl]VyRUT8VXW MON `Dc6i�RUV]VXidprRUc6W 100

G ���F�=)(�='�&��+��$ $ �A�M)I@ ���I'>�S"�$%���?�<�B5 �2E�G�E
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K = 1200
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D = 0
*
M = 20

* �������
'>�
D = 400

*
M = 100
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D = 800

*
M = 60

QSRUT8VXWKY[Z]\r©@Y�snm8{�Wb_flXprRUV X RUV]mgWG`?u­ij_DcfegW M l]{�m8VyRUcflXija�¹�RU_kRU{�Wbc6Wb_6`E�´_6Wxu­Wb_Dc6iEÃg}�m8_6W Y[Z ªZ� RUago Y[Z ª�Y �
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¶Sl]}�m8_6WKY[Z ªZ�@Y�snm8{�T�Wb_#iUu�¥Àc6Wb_kRUcflXijag`Bu­ij_
N = 100

¾/`K`kWGWba�l]a�Ãg}�m8_6WG` Y[Z ªZ� RUago Y[Z ª�Y ��cfegW*RU}�Wba�c6`���Wb_6W4`fmgpGpGWG`6`�uvm8V]V]�
RUT8VXW|c6i�RjogRU^8cEc6i�Rz{�i[o�lÄÃqWGo
�´l]agpb_6WrRj`6W�RUago=o8WGpb_6WrRj`6WÇ�#a�m8{�T�Wb_tiUuÎpGWbV]VSagido8WG`rZ/Q?egWKa�m8{�T�Wb_tiUu®agWb}�ijcflyRUcflXija�`fc6Wb^g`/_6Wb{|RUl]agWGo�`f{|RUV]V
�´{�WrRUa¡³�RUV]mgW��½Í �gZ §��x��pGijag`flXo8Wb_fl]a8}ÂcfegW�ij^8cfl]{�l]ÐÇRUcflXija
^8_6ijT8VXWb{Ê`6l]ÐrW�ZE¾nVX`6i8��cfegW�adm8{�T�Wb_KiUu�agWb}�ijcflyR �
cflXija
`fc6Wb^g`�_6Wb{|RUl]agWGo�RUV]{�i�`fc�l]ago8Wb^�Wbago8Wba�c�u´_6ij{

M
³�RU_flyRUcflXija�RUago¡pGijag`fckRUadcKWb³�Wba�u­ij_�R�^Jij^8m8VyRUcflXija
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¶Sl]}�m8_6WKY[Z ª�Y Y®Q�ijckRUV M m8{ N RU^qRjpbl]cÀ�4uvij_ N = 100

{�m8V]cfl]^8V]lXWGo�Td�
5
RUago¿cfegWba�o8WGpb_6WrRj`6WGo=Td� 5

3

ZhQ?egWEa�m8{KTJWb_�iUu®agWb}�ijcflyRUcflXija¡`6c6Wb^g`/o8i[WG`/agijchRU^8^�WrRU_hc6i
o8Wb^�Wbagozija

M
�8cfedmg`D^8_6iÇ³dl]a8}�cfegW�`6prRUVyRUT8l]V]l]c��*iUu�ijm8_#o�lX`fcf_fl]T8m8c6WGo¿RUV]}�ij_fl]cfe8{�RUago*l]c6`B}�_6WrRUcDl]adc6Wb_6WG`fcrZ

¥Àa�¶µl]}�m8_6W Y[Z ª�Y ��cfegW�ijT8ckRUl]agWGo�`6�[`fc6Wb{ `fm8{ prRU^qRjpbl]cÀ�¿�?Rj`tl]agpb_6WrRj`6WGo=�Bl]cfe
RUa�l]agpb_6WrRj`6WGo�³jRUV]mgW�iUu
M
��^8_6iÇ³dl]a8}~cfegWt{�m8V]cflÄ��mg`kWb_#o�l]³�Wb_6`fl]c��*l]adc6Wb_6WG`fcDc6i�l]agpb_6WrRj`kWtcfegWt`f��`fc6Wb{ `fm8{ prRU^qRjpbl]c���Z

��� ����
 � '?".-=D9+ �&02'?"

¾/`ÎR�pGijagpbV]mg`flXija��dcfegWG`6W#`6WGpbcflXijag`ÎeqRG³�W#TJWGWba~mg`6Wxuvm8Vgl]a~`fegiÇ�Bl]a8}KcfegW#{|RUa���l]adc6Wb_6WG`fcfl]a8}�RUV]}�ij_fl]cfe8{TL `
^8_6ij^�Wb_fcflXWG`tm8ago8Wb_�`6Wb³�Wb_kRUV�l]a8^8m8c�^qRU_kRU{�Wbc6Wb_6`�L�³jRU_flyRUcflXijag`rZE¥Àago8WGWGo���cfegW�`6prRUVyRUT8l]V]l]c����Bl]cfe�cfegW�adm8{�T�Wb_
iUu�agido8WG`Ç�8cfegW�_6ijT8mg`fcfagWG`k`/RU}�RUl]ag`fc/p6eqRUa8}�WG`r�JRjogRU^8ckRUT8l]V]l]c����J^�i�`6`fl]T8l]V]l]c��*c6i|ij^8cfl]{�l]ÐrW�cfegWK`f�[`6c6Wb{ m8ago8Wb_
RUa���_6WG`6^JWGpbcfl]³�WB³�RUV]mgWDiUu Y

nmin
�
nmax
�
M
RUago

N
Z�Q?egWB{�m8V]cflÄ��mg`kWb_�o�l]³�Wb_6`fl]cÀ��egWbV]^JWGo|l]a�l]agpb_6WrRj`fl]a8}KcfegW

prRU^qRjpbl]c��~�Bl]cfe
M
Z�¾#VX`6i8��Rj`Îl]agpb_6WrRj`fl]a8}

M
o8i[WG`Îagijc�`fl]}�a8lÄÃqprRUadcfV]�|l]agpb_6WrRj`6WncfegWnagWb}�ijcflyRUcflXija4o�m8_kRUcflXija��

RjpGpGij_6o�l]a8}�V]���g��W�ijT8ckRUl]a=RUa*l]agpb_6WrRj`6l]a8}�cfe8_6ijm8}�e8^8m8cn�Bl]cfe
M
Z
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¥�a~cfe8lX`�`kWGpbcflXija|�ÎW/l]{�^8VXWb{�WbadcBR�o�lX`fcf_fl]T8m8c6WGo�cfl]{�Wx��TqRj`6WGo|u­RUl]_fagWG`6`?RUV]}�ij_fl]cfe8{½c6iK`kijV]³�WDcfegW/`f^qRUcflyRUV
m8a�u�RUl]_fagWG`6`�^8_6ijT8VXWb{�l]a�p6eqRUa8agWbV�RjpGpGWG`6`r��WxË|pblXWbadc�u­ij_�TJijcfe|m8a8lÄuvij_f{�RUago�agija���m8a8lÄuvij_f{�agido8WG`�L�o�lX`fcf_fl]T8m��
cflXija�Z��nm8_DpGijadcf_fl]T8m8cflXija¿lX`#T8m8l]V]cDm8^�ija*cfegWt{�WGp6eqRUa8lX`f{�`n^8_6WG`6Wbadc6WGozl]aÂ`6WGpbcflXija Y[Z ¬ �gWba8eqRUagpGWGozc6i�iUÉ�Wb_
R�o�lX`fcf_fl]T8m8c6WGo¿cfl]{�Wx��TqRj`6WGozu­RUl]_fagWG`6`npGija�cf_6ijVSl]a MON RjpGpGWG`k`rZÎ¾BpGpGij_6o�l]a8}�V]���Jl]cD^8_6iÇ³dlXo8WG`hR�`kWbVÄu���pGijadcf_6ijV]VXWGoRUV]}�ij_fl]cfe8{Áuvij_ U i M {|RUaqRU}�Wb{�Wbadcr���Bl]cfegijm8c�cfegW�agWGWGo
uvij_KcfegW|pGWbV]V�c6iz¢[agir�>cfegW|pbm8_f_6Wba�c�adm8{�T�Wb_�iUu
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pGija�c6Wbago�l]a8}�agi[o8WG`r�8ij_?uvij_BcfegW�agido8WG`Bc6i�{|RUl]a�ckRUl]a=REV]lX`6cDiUuSagWbl]}�edTJij_6`rZ
Q?egW�ij^8cfl]{�l]ÐÇRUcflXija(^8_6ijT8VXWb{ ^8_6WG`6Wba�c6WGoFl]a(W VdmqRUcflXija Y[Z]\�� iUuE`kWGpbcflXija Y[Z ¬�Z ª ��Rj`ÂRUm8}�{�Wbadc6WGoFc6i

l]agpbV]mgo8WtRtcfl]{�Wx��TqRj`6WGo~u�RUl]_fagWG`6`�pGijag`fcf_kRUl]a�c��vpGijag`fcf_kRUl]adcD¬��xZ�²¡W#_6Wxu­Wb_®c6i
αij(t1, t2)

Rj`ÎcfegWn`6Wb_f³[lXpGWncfl]{�W
��u­ij_�·D¾�Qµ¾(cf_kRUag`f{�lX`k`flXijaA�ÎiUu�agido8W

i
ija MON j

T�Wbc��ÎWGWba
t1
RUago

t2
Z�²¡W#_6Wxu­Wb_�c6i

f(i, j, k, x)
Rj`BR�}�l]³�Wba

uvm8agpbcflXija4pGijadcf_6ijV]V]l]a8}�cfegWtRU{�ijm8a�cBiUu�cfl]{�Wx��TqRj`6WGo�u�RUl]_fagWG`6`Îl]a�cfegW/`f��`fc6Wb{zZ�Q?egWhij^8cfl]{�l]ÐÇRUcflXija*^8_6ijT8VXWb{
prRUa�TJW�u­ij_f{�m8VyRUc6WGoÏ�´l]agpbV]mgo�l]a8}4cfegW�Rjo8o�l]cflXijaqRUV�pGijag`fcf_kRUl]a�c1�nl]a={|RUcfegWb{|RUcflXprRUV�c6Wb_f{�`tRj`nuvijV]VXiÇ�D`rZtQ?egW
ijT � WGpbcfl]³�W�iUu�cfegW|ij^8cfl]{�l]ÐÇRUcflXija�^8_6ijT8VXWb{�lX`�c6i
��uvij_tcfegW�agijckRUcflXijag`�_6Wxu­Wb_�c6izW VdmqRUcflXija Y[Z]\�� iUuB`6WGpbcflXija
Y[Z ¬�Z ª � Y
{|R w ∑

i

∑

j

aijcij

`rZ crZ Y { (1)− (4)
¤�w8RjpbcfV]�4cfegWt`kRU{�W�pGijag`6cf_kRUl]a�c6`nRj`Dl]aÂW V�mqRUcflXija Y[Z]\�� iUu�`6WGpbcflXija Y[Z ¬�Z ª

(5) Pr(|αik(t1, t2)− αjk(t1, t2)| ≥ x) ≤ f(i, j, k, x)

��Y[Z]\��d�

��������3 � 0�� $7%(02CE+�$7FG) � 098 F�� C.< �#FG) ��<�02% " F � � � D ��'�%(02$ �.8

Q?egW�cfl]{�Wx��TqRj`6WGoEu�RUl]_fagWG`6`�{�WGp6eqRUa8lX`f{ l]{�^8VXWb{�Wba�c6WGo�pGijag`flX`6c6`�l]a�Rn{�i[o�lÄÃqprRUcflXija�iUuAcfegW?pGWba�cf_kRUV]l]ÐrWGo
³�Wb_6`flXijaÏ^8_6WG`kWba�c6WGoÏl]a(° ��¬ ±hRjogRU^8c6WGo¨c6i
R�o�lX`fcf_fl]T8m8c6WGo¯�/¶�·h¸=¾ pGijadc6Wxw[crZ¯Q?egWzRUV]}�ij_fl]cfe8{�RUV]VXir�D`�R
pGija�cf_6ijV]VyRUT8VXW�`6ckRUcflX`fcflXprRUVµT�ijm8ago*u­ij_/cfegWtu�RUl]_fagWG`6`#Td�z{�WrRUag`hiUuÎR�`fl]a8}�VXWK^qRU_kRU{�Wbc6Wb_

ξ
�vprRUV]VXWGo

β
l]a=cfegW

ij_fl]}�l]aqRUV�RU_fcflXpbVXWÇ�x�S�Be8lXpke%pkeqRUa8}�WG`�cfegW~pGi�`fc�iUuBmg`fl]a8}¿R4}�l]³�Wba MON ZS�nm8_K³�Wb_6`flXija�RUV]VXir�D`�WrRjpke
agi[o8W�c6io�lÄÉ�Wb_�l]c6`�pGijadc6Wba�cflXija¨ij_�agijcr��o8Wb^�Wbago�l]a8}=ija
cfegW�u�RUl]_fagWG`6`�cfe8_6WG`6egijVXo¡^8_6ijTqRUT8l]V]l]c���Z¿Q?egW~RUV]}�ij_fl]cfe8{ÁlX`
Wxw8WGpbm8c6WGo¡l]a�c6Wb_faqRUV]V]�
T���WrRjp6e%agido8W~RUago¡_6W Vdm8l]_6WG`�agiÂWxw8p6eqRUa8}�W~iUuBl]a�uvij_f{|RUcflXija%TJWbcÀ�ÎWGWba%cfegW�agi[o8WG`rZ
¾/`nR�_6WG`fm8V]cr�qcfegW�}�WGij}�_kRU^8e8lXprRUV�o�lX`f^�Wb_6`flXijaÂiUu�cfegW�agi[o8WG`DlX`#{�ij_6W�ij_#VXWG`k`Be8lXo8o8Wba�Rj`/REuvm8agpbcflXija¿iUu�cfegW
o8WG`fl]_6WGo
VXWb³�WbVÎiUu?u­RUl]_fagWG`k`rZ4snijc6W�cfeqRUcEijm8_ERUV]}�ij_fl]cfe8{ÁlX`�`6prRUVyRUT8VXW|�Bl]cfe
cfegW|a�m8{�T�Wb_�iUu?agi[o8WG`�l]a�cfegW
pGWbV]V�Z
¾#u´c6Wb_|cfegW¿Wbago¯iUuhcfegWÂ_6WG`6ijm8_6pGWG`~mg`6W��BRUV]V#agi[o8WG`|m8^�ogRUc6WzcfegWbl]_|u­RUl]_fagWG`6`|³jRUV]mgWG`|u­ij_~RUV]V#cfegW MON ``6Wb^qRU_kRUc6WbV]���BTqRj`kWGoNijaNcfegWÂ��RUl]c6WGo�� cf_kRUag`f{�l]cfc6WGo�cfl]{�W��

γij
VdmqRUa�cfl]cÀ�¯RUagoNo�m8_kRUcflXija iUutcfegWz^8_6Wb³[lXijmg`

_6WG`6ijm8_6pGWtmg`kW�Z
¥Àa~cfegWnVXWb}�Rjpb��RUV]}�ij_fl]cfe8{z��cfegW/pGWba�cf_kRUVJu�RUl]_fagWG`6`?pGija�cf_6ijV]VXWb_D`6pkegWGo�m8VXWG`?cfegW#agi[o8W/�Bl]cfe~cfegWn{�l]a8l]{�m8{

³�RUV]mgW
V
`fmgpkezcfeqRUc�Y

V = mini
Li(p)−Ki(p) + Ui(p)

φi�Bl]cfe4Y














φi
cfegWt�ÎWbl]}�edcniUuS£qir�

i
Li(p)

cfegWtegWrRjo[��iUu´��V]l]agW�^qRjpk¢�WbcDVXWba8}�cfezu­ij_?£qir�
i
RUcDcfl]{�W

p
Ki(p)

pb_6WGo�l]cnpGijm8adc6Wb_niUuS£qir�
i
RUcDcfl]{�W

p
Ui(p)

cfegW�WG`fcfl]{|RUc6WGoÂpGi�`fcBu­ij_Bagido8W
i
c6i�cf_kRUag`f{�l]cDcfegW

pth ^qRjp6¢�Wbc

��Y[Z]\r¬��

¥Àa
ijm8_�`fcfmgo�����W~Rj`6`fm8{�WGo
φi = 1

� ∀i Z|¥Àa¡cfegW�o�lX`fcf_fl]T8m8c6WGo�³�Wb_6`flXija��µ�ÎW�mg`kW|R4{�i[o�lÄÃqWGo
¶gWb_f{�lÄ�·/l]_kRjp�o�lX`fcf_fl]T8m8cflXija¡c6i~Ãgago=cfegW�u�RUl]_fagWG`6`hcfe8_6WG`fegijVXo=^8_6ijTqRUT8l]V]l]cÀ�
fij
u­ij_nagi[o8W

i
c6i�pGijadc6Wbago�u­ij_ MON j

�
`fmgpkezcfeqRUc�Y

fij =
1

1 + αFaireβFair(Li(p)−Ki(p)+Ui(p))

��Y[Z]\����
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Q?e8lX`*RUV]}�ij_fl]cfe8{ lX`4Rjpke8lXWb³�WGo�l]a�c6Wb_faqRUV]V]�NTd�NWrRjp6e agi[o8WG`*RUagoN_6W Vdm8l]_6WÂagi%Wxw8p6eqRUa8}�W�iUu�l]a�u­ij_f{|RUcflXija
T�Wbc��ÎWGWba=agi[o8WG`rZÎQ?egWKija8V]�4_6W V�m8l]_6WGoÂl]a�uvij_f{|RUcflXijaÂuvij_ncfegWtagido8WG`/R u´c6Wb_hR�mg`6W�iUu�_6WG`6ijm8_6pGW

j
Td�*agido8W

ilX`?c6iE¢dagiÇ�FcfegWh³jRUV]mgWZY
Ki(p)−Li(p)

���Be8lXp6ezprRUaz`fl]{�^8V]�~TJW/l]agpbV]mgo8WGo4l]aÂRKT8_6i�Rjo8prRj`fcB{�WG`6`1RU}�WhRj`DRUa
Rjo8o�l]cflXijaqRUV�ÃqWbVXo�Z
Q?e8lX`ERUV]}�ij_fl]cfe8{Êe8lXo8WG`�cfegW�}�WGij}�_kRU^8e8lXprRUV?o�lX`f^JWb_6`6lXija
iUuBcfegW�agido8WG`ÇZ~¥Àa�Rjo8o�l]cflXija���o�mgW�c6izl]c6`�o�lX`��

cf_fl]T8m8c6WGo|Rj`f^�WGpbcr��l]c�lX`�`6prRUVyRUT8VXWD�Bl]cfe�cfegW?a�m8{�T�Wb_®iUu�agido8WG`ÇZµs/ijc6W?cfeqRUc�l]a�cfegW#RUV]}�ij_fl]cfe8{ ��WBprRUa|Wbl]cfegWb_
mg`6WhcfegWhu�RUl]_fagWG`6`Dij_Bagijcr�ARUago*�BegWbazmg`fl]a8}�l]cB��W�prRUaÂpGijadcf_6ijV�cfegW�RU{�ijm8a�c/iUuµu�RUl]_fagWG`6`B_6W Vdm8l]_6WGo�Z
Q?egW*agWxw�c|`6WGpbcflXija¯^8_6WG`6Wba�c6`|cfegWz`fl]{Km8VyRUcflXija¯_6WG`fm8V]c6`~ijT8ckRUl]agWGoÏl]aÏcfegWÂpGija�c6Wxw�c~iUut`6Wb³�Wb_kRUV#agi[o8WG`

o�lX`fcf_fl]T8m8c6WGoÂl]aÂR�pGWbV]V�Z

��������� � F �&+,D $ � � " <�D � �&0 �

Q?egW#adm8{�Wb_flXprRUVJ³�RUV]mgWG`Îmg`6WGo�l]a~cfegWDu­ijV]VXir�Bl]a8}�`6pGWbaqRU_flXi�RU_6WD{�i[o�lÄÃqWGo|³�RUV]mgWG`®ckRU¢�Wba~uv_6ij{>RUa~¥¦¤�¤�¤
§�©�ª�Z]\�\rR�`f��`fc6Wb{zZ�»/ir��Wb³�Wb_r�AijcfegWb_D³�RUV]mgWG`DpGijm8VXo*T�WhckRU¢�Wbaz�Bl]cfegijm8chRUV]c6Wb_fl]a8}�cfegW�pGijagpbV]mg`flXijag`rZ
QSRU¢dl]a8}�Rj`ERUa%Wxw8RU{�^8VXW�RUa §�©�ª�Z]\�\rR¿`f��`fc6Wb{�° ª ±�l]a
cfegW~TqRUago

[5.25 − 5.35]
�h»nÐ�����W~prRUVXpbm8VyRUc6WGo

cfegW�{|R w�l]{�m8{Á_kRUa8}�W�iUu M s-P ³jRUV]mgWG`tuvij_KRUad��pGWbV]V®agi[o8W�Z|Q?egW�{|R w�l]{�m8{Ê_kRUa8}�W|iUuBprRU^qRjpbl]c���³�RUV]mgWG`^�Wb_ MON ��Rj`ho8WGo�mgpGWGo�Zh¾Duvc6Wb_nprRUVXpbm8VyRUcflXijag`KRUagoÂckRU¢[l]a8}~l]adc6i*RjpGpGijm8a�chcfegW�{|R w�l]{�m8{�cf_kRUag`f{�l]ch^�ir��Wb__6Wb}�m8VyRUcflXijag`r�JcfegW MON TqRUago��BlXo�cfe¡RUagozcfegWE`6Wbc/iUu�^Ji�`6`6l]T8VXW�cf_kRUag`f{�l]c/{�ido8WG`Ç�q��WKijT8ckRUl]a�cfeqRUc/RUV]V M sRP³�RUV]mgWG`
γij (∀i, j) RU_6W��Bl]cfe8l]a4Y [γmin; γmax] = [13.5; 78.07]

o S Zn¥�a=ijm8_/`fcfmgo�����ija8V]�*cfegWEpGija�cfl]admgijmg`prRU^qRjpbl]c��¿prRj`6W�lX`npGijag`flXo8Wb_6WGo�ZB²¡W�prRUa¿agir�	cf_kRUag`�u­ij_f{ÅcfegWG`6W M s-P:³jRUV]mgWG`nc6i�Ãgago=ijm8c#cfegW�{|R w[l]{Km8{prRU^qRjpbl]c��|_kRUa8}�W
cij (∀i, j) RU_6WD�Bl]cfe8l]a4Y [cmin; cmax] = [4.54; 25.9]

T �U` �U»#Ð½��uvij_?R MON TqRUago��BlXo�cfe*iUu�\»nÐ �xZ
cij
³�RUV]mgWG`®RU_6W�m8a8lÄuvij_f{�V]��o�_kRG�Ba��Bl]cfe8l]a

[cmin; cmax]
Zµs/ijc6W���cfeqRUc�cfegWBRUl]{ iUuAcfegWG`6WB`6cfmgo�lXWG`�lX`�agijc

c6i�uvi[pbmg`Îija�cfegW/p6eqRUa8agWbV�{�i[o8WbV��dT8m8c�_kRUcfegWb_?c6iKo8Wb{�ijag`6cf_kRUc6WncfegWnT�WbagWxÃgc?iUu�cfegWn^8_6ij^�i�`6WGo*RUV]}�ij_fl]cfe8{zZ

Q?egW � I G�= I F�G � 
C=�GDpGij{�^qRU_6W/RtprRj`6WB�BegWba~cfegW?u�RUl]_fagWG`6`�lX`�agijc®ckRU¢�Wba|l]a�c6iERjpGpGijm8a�cÎ�Bl]cfe�RtprRj`6WD�BegWba�l]c
lX`�ckRU¢�Wba�l]a�c6i�RjpGpGijm8adc��Bl]cfe|Rn³jRU_flyRUT8VXW?VXWb³�WbV8iUuqu�RUl]_fagWG`6`rZµ²¡WBRU_6W?l]a�c6Wb_6WG`fc6WGo�l]a�pGij{�^qRU_fl]a8}�l]a�WrRjpke�prRj`6W
cfegWt^�Wb_�uvij_f{|RUagpGW�iUuScfegW�RUV]}�ij_fl]cfe8{Ål]azc6Wb_f{�`#iUu�`f^�WGWGo*iUu�pGijad³�Wb_f}�WbagpGWKRUagoTVdmqRUV]l]c��*iUu�cfegW�`6ijV]m8cflXija�Z
Q?egWÂ_6WG`fm8V]c6`|^8_6WG`kWba�c6WGo RU_6WÂijT8ckRUl]agWGo¨u­ij_|cfegWzuvijV]VXiÇ�Bl]a8}
_kRUa8}�W=iUut³jRUV]mgWG`�Y

N = 90
�

M = 20
�

nmin = 1
RUago

nmax = 5
�
ξ
��Rj`�³�RU_flXWGo�Z
¾nVX`6i¿agido8WG`�RU_6W4`f^8V]l]c�T�Wbc��ÎWGWba�Í¿prRUc6Wb}�ij_flXWG`�iUuhp6eqRUa8agWbV

pGijago�l]cflXijag`�Y�ÆxTqRjo�Æj��ÆxagWbm8cf_kRUV�Æj�SÆx}�i[i[o�ÆjZB¤®Rjp6e�prRUc6Wb}�ij_f�*lX`/o�_kRG�Bl]a8}�l]c6` M sRP ³�RUV]mgWG`Buv_6ij{�R�cfe8l]_6o¿iUucfegWtc6ijckRUV�_kRUa8}�W�iUuS³�RUV]mgWG`rZ
¶Sl]}�m8_6WG` Y[Z ª�§ RUago Y[Z ª�Ì `fegir� cfegW�ijT8ckRUl]agWGoz_6WG`fm8V]c6`ÇZ
²¡WDprRUa~`6WGW?cfeqRUc�cfegW?l]{�^qRjpbcÎiUu�Wbag`fm8_fl]a8}tu�RUl]_fagWG`6`�pGij{�^qRU_6WGo|c6i�Rt`f��`fc6Wb{,agijc®pGija�cf_6ijV]V]l]a8}Ku�RUl]_fagWG`6`

RUcERUV]V��µlX`�R4_6WGo�mgpGWGo�`6�[`fc6Wb{ÊprRU^qRjpbl]c���RUago%RUa
l]agpb_6WrRj`6W|l]a
cfegW�adm8{�T�Wb_EiUuBagWb}�ijcflyRUcflXija¨`fc6Wb^g`rZ4¾nVX`6i
agijc6WtcfeqRUcDcfegWh_6WG`6m8V]c6`Bu­ij_BcfegW�prRj`6Wh�Bl]cfezagiEu�RUl]_fagWG`6`DpGijadcf_6ijV�_6Wb{|RUl]agWGozl]ago8Wb^�Wbago8Wba�c#u´_6ij{

ξ
Z

� D1;>=��1F�I�H/;�D1G A ��F
IJF � G�H/F D1?OI A&;¨lX`�`fcfmgo�lXWGo¨RUago¨pGijag`flX`fc6`�l]a
M = 50

�
N = 10

�
nmin = 1

RUago
nmax = 2

Z�¾nVX`6i8��agijc�RUV]V�cfegWKagi[o8WG`�RU_6WEl]a�cfegWE`1RU{�WK_kRjo�lXi*pGijago�l]cflXijag`Ç��c6i4`fl]{�m8VyRUc6W�agi[o8WG`hpbVXi�`6WEc6i
cfegW�¾/¹NRUagozijcfegWb_6`Du­RU_?uv_6ij{Èl]crZ�Q?egWhu­ijV]VXir�Bl]a8} M sRP(³�RUV]mgWG`#RU_6Wtl]{�^�i�`6WGo%Y
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¶Sl]}�m8_6WKY[Z ª�Ì@Y®Q�ijckRUV M m8{ N RU^qRjpbl]c��4^JWb_D·#¾�Q�¾MQ�w�° T �U` �U»nÐb±SRj`#RKuvm8agpbcflXijaÂiUu ξ
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• M = [1 : 5]
RUago

N = [1 : 5]
Y �hidi[ot_kRjo�lXi/pGijago�l]cflXijag`�`fmgp6eKcfeqRUc

γij ∈ [γmax−28.07; γmax ]
o S Z

• M = [1 : 5]
RUago

N = [6 : 10]
Y S Rjo~_kRjo�lXi�pGijago�l]cflXijag`D`6mgp6e*cfeqRUc γij ∈ [γmin; γmin + 20.0]

o S Z
• M = [6 : 50]

RUago
N = [1 : 10]

Y®¸¿WrRUaz_kRjo�lXi|pGijago�l]cflXijag`#`fmgpkezcfeqRUc
γij ∈ [γmin; γmax]

o S Z

Qµi�WG`fcfl]{|RUc6WDcfegW�u�RUl]_fagWG`6`®l]a�`f^JWGpbcf_fm8{>RjpGpGWG`6`r����W#pGij{�^8m8c6WD«�RUl]a4L `�u­RUl]_fagWG`k`�l]ago8Wxw
Fj
ija MON j

��cfegW
`fckRUagogRU_6o�cf_kRjo�l]cflXijaqRUV®{�WrRj`fm8_6W�iUu�agWbcÀ�Îij_f¢=u�RUl]_fagWG`6`�° ¬�ª ±�ZE²¡W�_6WxuvWb_tc6i

Dij
Rj`hcfegW�adm8{�T�Wb_KiUu�cfl]{�WG`

agi[o8W
i
mg`6WGo MON j

Z�Q?e�mg`r�g�ÎW�ijT8ckRUl]azcfegW�Wxw[^8_6WG`6`6lXija4Y

Fj =
(
∑M

i=1 Dij)
2

M ·∑M
i=1 Dij

2

²�egWba
Fj = 0

cfegWb_6WtlX`Bagi�u�RUl]_fagWG`6`r�gRUagoz�BegWba
Fj = 1

cfegWb_6WtlX`D^JWb_�u­WGpbc?u­RUl]_fagWG`k`rZ
¶Sl]}�m8_6W Y[Z Í�© ^8_6WG`kWba�c6`DcfegW�ijT8ckRUl]agWGo*VXWb³�WbV�iUuSu­RUl]_fagWG`6`D�BegWba

ξ
³�RU_flXWG`rZ

 0.84
 0.86
 0.88
 0.9
 0.92
 0.94
 0.96
 0.98
 1

Jain’s fairness index per SC

 1e-04
 0.01

 1
 100

 10000
 1e+06

 1e+08

ξ
 1  2  3  4  5  6  7  8  9  10SC index

 0.84
 0.86
 0.88

 0.9
 0.92
 0.94
 0.96
 0.98

 1

Jain’s fairness index

¶Sl]}�m8_6WKY[Z Í�©@Y�«�RUl]a4L `Du­RUl]_fagWG`k`Bl]ago8Wxw*^JWb_ MON Rj`nRKu´m8agpbcflXijaÂiUu ξ
Q?egW�VXWb³�WbV8iUugu�RUl]_fagWG`6`SlX`S`6mgpGpGWG`6`�uvm8V]V]��pGija�cf_6ijV]VXWGo�Td�

ξ
Y�uvij_�`f{|RUV]V[³jRUV]mgWG`�iUu

ξ
cfegWb_6W�lX`�RUV]{�i�`fcµ^�Wb_�u­WGpbc

u�RUl]_fagWG`6`rZ*¶gij_Ke8l]}�e�³�RUV]mgWG`KiUu
ξ
����W�Ãgago�ijm8cKcfegW|l]a8l]cflyRUVÎ_kRjo�lXi¿pGijago�l]cflXijag`�p6egi�`6Wba iUuDcfe8lX`�`6pGWbaqRU_flXi8Z

¤®RjpkeÂ^�ijl]a�cD_6Wb^8_6WG`6Wbadc6`nRUa¿Rr³�Wb_kRU}�W�iÇ³�Wb_�\r©�©�©�`6Wbadc#ogRUckREuv_kRU{�WG`Bl]a*cfegW�`f��`fc6Wb{zZ
¶Sl]}�m8_6W Y[Z Í�\ ^8_6WG`kWba�c6`DcfegW�ijT8ckRUl]agWGo*^JWb_�u­ij_f{|RUagpGW��BegWba

ξ
³�RU_flXWG`rZ

¾/`h`6WGWba�l]a¿Ãg}�m8_6W Y[Z Í�\ ��cfegWEVXir��Wb_tcfegW�VXWb³�WbV�iUu�u­RUl]_fagWG`k`��
ξ
l]agpb_6WrRj`6WG`1�x��cfegWEVXir��Wb_tcfegWEa�m8{�T�Wb_�iUu

l]c6Wb_kRUcflXijag`nRUagozcfegWtTJWbcfc6Wb_BcfegW�prRU^qRjpbl]c����gT�WGprRUmg`6WtcfegW�TJWG`fc?agi[o8WG`nRU_6W/u�RG³�ij_6WGo�Z
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¶Sl]}�m8_6WKY[Z Í�\ZY�Q�ijckRUVµ`fm8{ prRU^qRjpbl]c��ÂRUagoz`6^JWGWGo*iUu�pGija�³�Wb_f}�WbagpGW�Rj`#RKuvm8agpbcflXijaÂiUu
ξ

¾BpGpGij_6o�l]a8}�V]���JcfegW�VXWb³�WbVSiUu�u­RUl]_fagWG`6`nprRUaÂT�W�WxÉ�WGpbcfl]³�WbV]�ÂpGija�cf_6ijV]VXWGo¿T��*cfegWK`fl]a8}�VXW�^qRU_kRU{�Wbc6Wb_
ξ
RUago

l]c6`Bl]{�^qRjpbc/ija*cfegWt^JWb_�u­ij_f{|RUagpGWteqRj`BT�WGWbaÂWb³�RUV]mqRUc6WGo�Z�Q?egWb_6W�lX`nREcf_kRjo8WGiUÉ�T�Wbc���WGWba¿Wbag`fm8_fl]a8}�R�}�idi[o
VXWb³�WbV�iUuSu­RUl]_fagWG`k`#RUago*eqRG³[l]a8}�{|R w�l]{�m8{�prRU^qRjpbl]c���uvij_BcfegW�`f�[`6c6Wb{zZ

��������� � '?".-=D9+ �&02'?"

¥�a=cfe8lX`t`6WGpbcflXija�����WK^8_6WG`kWba�c6WGo¡R~o�lX`fcf_fl]T8m8c6WGo�cfl]{�Wx��TqRj`6WGo¿u­RUl]_fagWG`k`hRUV]}�ij_fl]cfe8{ Rjo8o8WGo�ija=cfegWEc6ij^
iUuDR4pGijV]VyRUTJij_kRUcfl]³�W~`f^JWGpbcf_fm8{ agWb}�ijcflyRUcflXija%RUV]}�ij_fl]cfe8{zZ�Q?egW�ij^�Wb_kRUc6ij_�lX`�RUT8VXW�c6i*pGija�cf_6ijV®cfegW|o8WG`fl]_6WGo
VXWb³�WbVDiUuDu�RUl]_fagWG`6`Eu­ij_Ke8lX`�`f��`fc6Wb{�T���cfm8a8l]a8}�cfegW�^qRU_kRU{�Wbc6Wb_

ξ
Z
Q?egWba���agi[o8WG`EprRUaÏ`kWbVÄu���pGijadcf_6ijVBcfeqRUc

cfe8lX`�ij^JWb_kRUc6ij_���_6W Vdm8l]_6WGo¨VXWb³�WbVBiUuDu�RUl]_fagWG`6`ElX`�Wbag`fm8_6WGo�Z�Q?e8lX`�prRUa TJW~{�ijcfl]³jRUc6WGo%c6i�RjogRU^8c�c6i�`6Wb³�Wb_kRUV
pGijago�l]cflXijag`�iUu?p6eqRUa8agWbV�`f^�WGWGo�RUago¡RU{�^8V]l]cfmgo8W�iUuÎ³�RU_flyRUcflXija�Z M mgp6e
RUa
RUV]}�ij_fl]cfe8{ lX`h³�Wb_f�=WxË|pblXWba�ctu­ij_agWxw�c�}�WbagWb_kRUcflXijag`�iUug²�Ò�¾ns `f��`fc6Wb{�`r� c6i#ij^8^�ij_fcfm8a8lX`fcflXprRUV]V]��mg`kW�cfegW�RU^8^8_6ij^8_flyRUc6W�^qRU_fcSiUugcfegW®`f^�WGpbcf_fm8{
RjpGpGij_6o�l]a8}|c6i�cfegW�agido8WG`�L�agWGWGo8`/RUago*�Bl]cfe¿RKu�RUl]_fagWG`6`DpGijadcf_6ijV�Z

-/.�� �h�SP�CE@BHJ3k9D5 �(3�7JI���LN9 ��O�PS7A36C�� L �k@D5q5AP�5F9D; �hP�H �t36�µP

¥ÀaÂcfe8lX`n`6WGpbcflXijaÂ��W�^8_6WG`6WbadcncfegW�_6WG`fm8V]c6`#pGijagpGWb_fa8l]a8}*`6Wb³�Wb_kRUVS`6pGWbaqRU_flXi�`n�Bl]cfe=ª�pGij{�^�Wbcfl]a8}�pbVyRj`k`6WG`
iUu�`6Wb_f³dlXpGW�ZÎQ?e8_6WGW�`6pGWbaqRU_flXi�`#eqRG³�W�T�WGWbaÂ`fcfmgo�lXWGo�Z®¥�aÂWrRjpkeÂ`6pGWbaqRU_flXi8�qcfegW�pbVyRj`6`6WG`DiUu�`6Wb_f³[lXpGWteqRG³�W�cfegWbl]_
ir�Ba¿`6WbcDiUu

ni
_6W Vdm8l]_6Wb{�Wba�c6`hRj`D`fegir�BaÂTJWbVXiÇ� Y

• M pGWbaqRU_flXiz\ZY�l]a*cfe8lX`B`kpGWbaqRU_flXi M Wb_f³dlXpGW�\tRUago M Wb_f³[lXpGW�ªEeqRG³�W/uvm8V]V]�~ir³�Wb_fVyRU^8^8l]a8} ni
_6W Vdm8l]_6Wb{�Wba�c6`

`6mgp6ezcfeqRUc�Y
� M Wb_f³[lXpGW�\ZY nmin = 1

RUago
nmax = 6

Z
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� M Wb_f³[lXpGW�ª@Y nmin = 1
RUago

nmax = 15
Z

• M pGWbaqRU_flXi*ª@Y?l]a=cfe8lX`n`6pGWbaqRU_flXi M Wb_f³[lXpGW�\ERUago M Wb_f³[lXpGW�ª�eqRr³�W�^qRU_fcflyRUV]V]�=ir³�Wb_fVyRU^8^8l]a8} ni
_6W Vdm8l]_6Wx�

{�Wbadc6`#`fmgpkezcfeqRUc�Y
� M Wb_f³[lXpGW�\ZY nmin = 1

RUago
nmax = 10

Z
� M Wb_f³[lXpGW�ª@Y nmin = 5

RUago
nmax = 15

Z
• M pGWbaqRU_flXi4Í@Y�l]a¿cfe8lX`#`6pGWbaqRU_flXi M Wb_f³dlXpGW~\�RUago M Wb_f³[lXpGWKª�eqRr³�W�uvm8V]V]��agija¿ir³�Wb_fVyRU^8^8l]a8} ni

_6W Vdm8l]_6Wx�
{�Wbadc6`#`fmgpkezcfeqRUc�Y
� M Wb_f³[lXpGW�\ZY nmin = 1

RUago
nmax = 6

Z
� M Wb_f³[lXpGW�ª@Y nmin = 7

RUago
nmax = 15

Z

¤®Rjpke¯pbVyRj`6`|iUuh`6Wb_f³[lXpGWzpGijm8VXoÏpGij_f_6WG`6^JijagoNc6i¡R�o�lÄÉ�Wb_6Wbadc~`6Wb_f³[lXpGW4�Bl]cfeN`f^�WGpblÄÃqp*_6W Vdm8l]_6Wb{�Wba�c6`~l]a
RU{�ijm8a�ctiUu®`f^�WGpbcf_fm8{�c6i|mg`6W�Z/¾/`#Wxw�^8VyRUl]agWGo¿l]a�`6WGpbcflXija Y[Z ¬�Z ª �JcfegW

ni
pGijag`fcf_kRUl]adc6`tpGij_f_6WG`f^�ijagoÂc6i~cfegW

{�l]a8l]{�m8{
nmin

RUago¡{|R w�l]{�m8{
nmax

a�m8{KTJWb_�iUu MON `KRUV]VXiÇ�ÎWGo%^JWb_�agido8W�uvij_�·#¾�Q�¾Ècf_kRUag`f{�lX`k`flXija�Z¤®Rjpke¿`6pGWbaqRU_flXi�lX`#Wxw[^�WGpbc6WGo4c6i�}�l]³�W�o�lÄÉ�Wb_6Wba�cD_6WG`6m8V]c6`r�qRj`Do�lÄÉ�Wb_6Wba�c#pGijag`6cf_kRUl]a�c6`hRU_6Wt^8_6WG`6Wba�crZ
Q?egWtadm8{�Wb_flXprRUV�³�RUV]mgWG`Bmg`6WGo*l]a*cfegWG`kW�`fl]{�m8VyRUcflXijag`hRU_6Wt`fm8{�{|RU_fl]ÐrWGoÂl]a*ckRUT8VXW�Z

:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G
ξ

¹SRU_kRU{�Wbc6Wb_DpGijadcf_6ijV]V]l]a8}�cfegW#VXWb³�WbV�iUu�cfl]{�Wx��TqRj`6WGo~u�RUl]_fagWG`6`�l]a~cfegW/`f��`fc6Wb{
1

nmin
¸Âl]a8l]{Km8{ `fl]{Km8V]ckRUagWGijmg`#adm8{�T�Wb_#iUu MON `Dmg`6WGo4^�Wb_#Rjpbcfl]³�W�agi[o8W ³�RU_flXWGo*^�Wb_D`6Wb_f³dlXpGW

nmax
¸=R w�l]{�m8{ `fl]{�m8V]ckRUagWGijmg`na�m8{KTJWb_/iUu MON `Bmg`kWGo*^JWb_#Rjpbcfl]³�W�agido8W ³�RU_flXWGo*^�Wb_D`6Wb_f³dlXpGW

M
s#m8{KTJWb_#iUu�agi[o8WG`

100

N
s#m8{KTJWb_#iUu�RG³�RUl]VyRUT8VXW MON `Dc6i�RUV]VXidprRUc6W 20

�F���6�A���B'>���?)��#�I'(�<� � D � '�& D ' �O" ��' �O�����+G ���F"���$%��& '>���?)��#5>���B'>���?)�� 3!)����B��"���)���5�"M�=)%',�=)>�='>&�)I@
K = 10000���I'��+"�$%���?�<�!5 �FE�G�E @��B'�$R��"TKVG ���R.�0M1 3!)���5������?)��S" 3���'����Y�-'B@��<���-�B'(3��
�FE�G�E @��B'�$R� ���I'��+"�$%�J"�"��?)��S*

�B�?�Y'��I5S& ��"�"%)I@ ���S��" ��� � ��3����Y" �B5

QSRUT8VXWKY[Z]\�\ZY�snm8{�Wb_flXprRUV X RUV]mgWG`Bu­ij_BcfegW M l]{�m8VyRUcflXija�¹�RU_kRU{�Wbc6Wb_6`E�´_6Wxu­Wb_Dc6iEÃg}�m8_6WG` Y[Z Í�ª c6i Y[Z Í�Y �
Q?egW�_6WG`6m8V]c6`KRU_6W�ij_f}�RUa8l]ÐrWGo�T���`6pGWbaqRU_flXi8Z~¶gij_KWrRjpke�`6pGWbaqRU_flXi8�µ�ÎW�pGij{�^qRU_6W|cfegW�_6WG`fm8V]c6`KijT8ckRUl]agWGo

�Bl]cfegijm8cDu�RUl]_fagWG`6`#�Bl]cfezcfegW�ijagWG`#ijT8ckRUl]agWGoÂ�Bl]cfezu�RUl]_fagWG`6`rZÎQ?egWtcfl]{�Wx��TqRj`6WGo*u�RUl]_fagWG`6`#{�WGp6eqRUa8lX`f{ mg`6WGo
lX`D`fl]{�l]VyRU_#c6i�cfegW�ijagWt^8_6WG`6Wbadc6WGo*l]aÂ`6WGpbcflXija Y[Z § Z®¥�azWrRjpkeÂprRj`6W���cfegWhu­ijV]VXir�Bl]a8}~_6WG`fm8V]c6`#RU_6Wt^8_6iÇ³dlXo8WGo%Y

\�ZDQ?egW�c6ijckRUV�a�m8{KTJWb_/iUuScfl]{�WG`nWrRjp6ezagi[o8Whmg`6WGoÂRE}�_6ijm8^ÂiUu
i MON `?u­ij_Bl]c6`D·D¾�Qµ¾MQ�w�Z

ª�ZDQ?egW�c6ijckRUV�a�m8{KTJWb_/iUu MON `#mg`6WGo4T��*WrRjp6eÂagido8Whu­ij_D·D¾�Qµ¾	Q�w��ARU}�}�_6Wb}�RUcfl]a8}�RUV]V�cfegW�prRj`kWG`B�BegWbamg`6l]a8}|R�}�_6ijm8^ziUu
i MON `rZ�¾/`?RUazWxwgRU{�^8VXW��gRKagido8Whmg`6l]a8} i MON `�uvij_DRE·D¾�Q�¾,Q�w~�Îijm8VXo¿Rjo8o i

c6i
cfe8lX`#a�m8{KTJWb_rZ

Q?egWhÃg}�m8_6WG`/RU_6Wtij_f}�RUa8l]ÐrWGo¿Rj`?u­ijV]VXir�D`BY

• ¶Sl]}�m8_6W Y[Z Í�ª ^8_6WG`6Wba�c6`#cfegWt_6WG`fm8V]c6`?u­ij_D`6pGWbaqRU_flXiz\t�Bl]cfegijm8cDu­RUl]_fagWG`6`ÇZ
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• ¶Sl]}�m8_6W Y[Z Í�Í ^8_6WG`6Wba�c6`#cfegWt_6WG`fm8V]c6`?u­ij_D`6pGWbaqRU_flXiz\t�Bl]cfezu­RUl]_fagWG`6`ÇZ
• ¶Sl]}�m8_6W Y[Z Í � ^8_6WG`6Wba�c6`#cfegWt_6WG`fm8V]c6`?u­ij_D`6pGWbaqRU_flXi|ª��Bl]cfegijm8cDu­RUl]_fagWG`6`ÇZ
• ¶Sl]}�m8_6W Y[Z Í�¬ ^8_6WG`6Wba�c6`#cfegWt_6WG`fm8V]c6`?u­ij_D`6pGWbaqRU_flXi|ª��Bl]cfezu­RUl]_fagWG`6`ÇZ
• ¶Sl]}�m8_6W Y[Z ÍZ� ^8_6WG`6Wba�c6`#cfegWt_6WG`fm8V]c6`?u­ij_D`6pGWbaqRU_flXi|Í��Bl]cfegijm8cDu­RUl]_fagWG`6`ÇZ
• ¶Sl]}�m8_6W Y[Z Í�Y ^8_6WG`6Wba�c6`#cfegWt_6WG`fm8V]c6`?u­ij_D`6pGWbaqRU_flXi|Í��Bl]cfezu­RUl]_fagWG`6`ÇZ

Q?egWhu­ijV]VXir�Bl]a8}~{|RUl]azpGijagpbV]mg`flXijag`ncfeqRUcDprRUazTJWto�_kRr�Bazuv_6ij{ÈcfegWt_6WG`fm8V]c6`B^8_6WG`kWba�c6WGozl]a4Ãg}�m8_6WG` Y[Z Í�ª
c6i Y[Z Í�Y RU_6WZY

• ²�l]cfegijm8ctu�RUl]_fagWG`6`tcfegW�pGij{�^�Wbcfl]a8}ÂpbVyRj`6`6WG`�iUu?`6Wb_f³[lXpGW�o8i*agijct^8_6ij^JWb_fV]��pGi[Wxw[lX`fc�Wb³�Wba
lÄuÎl]a¡WrRjp6epbVyRj`k`*iUuE`6Wb_f³[lXpGW�RUV]V/cfegW�agi[o8WG`4_6WrRjp6e RU^8^8_6irw[l]{|RUc6WbV]� cfegW�`kRU{�W�c6ijckRUV�RU{�ijm8a�c¿iUuE`f^�WGpbcf_fm8{
_6WG`kijm8_6pGW�Zt¥�ago8WGWGo���`6ij{�W�RUV]VXir��WGo�³jRUV]mgWG`hiUu

ni
RU_6WE`6ij{�Wbcfl]{�WG`hagijchWb³�Wba�_6WrRjp6egWGo=T���RUa��zagi[o8W

uv_6ij{ RE}�l]³�WbaÂpbVyRj`k`DiUu�`kWb_f³dlXpGW�Z
• ¾Bo8o�l]a8}�cfegW*cfl]{�Wx��TqRj`6WGo¨u�RUl]_fagWG`6`��?Rj`�uvm8V]V]� TJWbagWxÃqpblyRUVDc6i¡eqRG³�W¿R�^8_6ij^JWb_|pGi[Wxw�lX`fc6WbagpGWziUuhcfegW`kWb_f³dlXpGWG`r��WrRjp6e��Bl]cfe�l]c6`®ir�Ba|`6Wbc�iUu�_6W Vdm8l]_6Wb{�Wba�c6`rZ�¤®Rjpke~iUu�cfegW?cfe8_6WGWD`6pGWbaqRU_flXi�`��?Rj`®`fmgpGpGWG`k`�u´m8V]V]�
pGij_f_6WGpbc6WGo¡T���Rjo8o�l]a8}zcfegWEu­RUl]_fagWG`k`rZK¾nVX`6i8��WrRjpke¡agi[o8WK_6WGpGWbl]³�WGo�RU^8^8_6iGw�l]{|RUc6WbV]��cfegW�`kRU{�W�c6ijckRUV
RU{�ijm8adc�iUu®`f^�WGpbcf_fm8{�_6WG`kijm8_6pGWERj`/cfegWEijcfegWb_6`/u´_6ij{�cfegWK`1RU{�WKpbVyRj`6`hiUu®`6Wb_f³[lXpGW�Rj`n��WbV]V�Rj`Duv_6ij{
cfegW/ijcfegWb_?pbVyRj`6`?iUu�`6Wb_f³dlXpGW�Z�¥Àago8WGWGo��[cfegW#cfl]{�Wx��TqRj`6WGo~u�RUl]_fagWG`6`ÎlX`®{|RUaqRU}�WGo�T�� MON u­ij_ÎWrRjp6e4agi[o8W�Z

• s/ijc6W�cfeqRUc®Rn`6cf_flXpbc6Wb_SVXWb³�WbVgiUuAu­RUl]_fagWG`k`?�v`6{|RUV]VXWb_ ξ ³�RUV]mgWÇ�SRj`��ÎWbV]VqRj`�RnVXija8}�Wb_�`fl]{�m8VyRUcflXija|o�m8_kRUcflXija��ijm8VXozRUV]VXir� c6iKTJWbcfc6Wb_?W V�mqRUV]l]ÐrW/cfegWn_6WG`fm8V]c6`�TJWbcÀ�ÎWGWbaÂRUV]VJcfegW#agi[o8WG`r�[T8m8c��Îijm8VXo�agijcBp6eqRUa8}�W/cfegW
pGijagpbV]mg`6lXijag`rZ

¾BpGpGij_6o�l]a8}�V]���8cfegWtRUV]}�ij_fl]cfe8{ �?Rj`B`fmgpGpGWG`6`�uvm8V]V]�~RUT8VXW/c6i�o�lX`fcf_fl]T8m8c6WhcfegWh`f^�WGpbcf_fm8{>_6WG`kijm8_6pGWG`?uvij_?Ñ/Ò
cf_kRUag`f{�lX`6`6lXija�T�Wbc���WGWba%`6Wb³�Wb_kRUV�agi[o8WG`KWrRjpke%ijagW|�Bl]cfe�l]c6`Eir�Ba `6WbcKiUuB_6W Vdm8l]_6Wb{�Wba�c6`rZ=¥Àa�Rjo8o�l]cflXija���R
}�_6WrRUcD_6WG`fm8V]cnlX`BcfeqRUc#WrRjpkeÂagi[o8W�o8idWG`Dagijc#agWGWGo*c6i�¢[agir� egir� {|RUad�zijcfegWb_Dagi[o8WG`nRU_6W�`fl]{Km8V]ckRUagWGijmg`fV]�
pGija�c6Wbago�l]a8}g��RUago¡egir� {|RUad�¡o�lÄÉ�Wb_6WbadcKpbVyRj`6`kWG`�iUuB`6Wb_f³dlXpGW¿�­RUago�Rj`6`6i[pblyRUc6WGo¡`f^�WGpbcf_fm8{ _6W Vdm8l]_6Wb{�Wba�c6`x�
RU_6Wt^8_6WG`6WbadcDl]azcfegWtpGWbV]V�Z�Q?e8lX`#��Rj`#Rjpke8lXWb³�WGozl]a¿R�pGij{�^8VXWbc6WbV]�zo�lX`6cf_fl]T8m8c6WGo4u­Rj`6e8lXija�Z

-/.10�� LN9 ��O�@BH�365q9DC �(3�7AI ��7JIKP�H � PS7AIK9t�E5

¥Àa¡cfe8lX`E`6WGpbcflXija
��W|pGij{�^qRU_6W~ijm8_�{�Wbcfegi[o¡�Bl]cfe�ijcfegWb_K{�Wbcfegido8`Kl]a
c6Wb_f{�`KiUuBc6ijckRUV®_6WrRjp6egWGo%Ñ/Ò
`fm8{�prRU^qRjpbl]cÀ��R uvc6Wb_�pGij{�^8VXWbcfl]a8}¿RUa
RUV]VXi[prRUcflXija�ZEQ?e8lX`��Bl]V]V�TJW�Wb³�RUV]mqRUc6WGo��Be8l]VXW�cfegWEc6ijckRUV�a�m8{KTJWb_�iUu
agi[o8WG`

M
l]azcfegW�`f�[`6c6Wb{>³�RU_flXWG`rZ�Q?egW/u­ijV]VXir�Bl]a8}~{�Wbcfegido8`/RU_6Whmg`6WGo4u­ij_DpGij{�^qRU_flX`6ija4Y

• � '���;AG�)>�='�& YSl]cÎpGij_f_6WG`f^�ijago8`®c6i�cfegWnRUV]VXi[prRUcflXija~iUu
N
³�RUV]mgWG`ÎRUc

cmax
���Be8lXp6e�lX`��BegWb_6WncfegW#`f��`fc6Wb{

c6Wbago8`�uvij_�RUa�l]a�Ãga8l]c6WDa�m8{�T�Wb_®iUu�agido8WG`��BegWba�mg`fl]a8}t{�m8V]cflÄ��mg`kWb_®o�l]³�Wb_6`fl]c���Z S m8c�cfe8lX`�VXWb³�WbVgprRUa8agijcT�Wh_6WrRjp6egWGoÂl]az_6WrRUV]l]c����ql]cBlX`Bl]a�c6Wbago8WGoÂc6i�}�l]³�W�RUazm8^8^�Wb_DT�ijm8ago�uvij_BcfegWtc6ijckRUVµ`fm8{ prRU^qRjpbl]c���Z
• 	�
 � � EQY�cfe8lX`DlX`#ijm8_Do�lX`fcf_fl]T8m8c6WGoz{�Wbcfegi[o�Z



\���ª ��������	
	���
��������������������! #"���	
$%�%�&��'(�)��*,+-��*%./��*1032�'4
��6570-8�*9�����90-��'%�

 0

 50

 100

 150

 200

 250

        1        2        3        4        5        6        7        8        9       10       11       12       13       14       15       16       17       18       19       20

N
um

be
r 

of
 ti

m
es

 e
ac

h 
us

er
 u

se
d

a 
gr

ou
p 

of
 i 

su
b-

ca
rr

ie
rs

 fo
r 

its
 D

A
T

A
 T

x

Groups of i sub-carriers further divided per user

Spectrum usage without fairness for Scenario 1:
Service 1 and Service 2 have fully overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 1, nmax = 15
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Spectrum usage without fairness for Scenario 1:
Service 1 and Service 2 have fully overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 1, nmax = 15
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Spectrum usage with fairness for Scenario 1:
Service 1 and Service 2 have fully overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 1, nmax = 15
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Spectrum usage without fairness for Scenario 2:
Service 1 and Service 2 have partially overlapping ni requirements

Service 1: nmin = 1, nmax = 10
Service 2: nmin = 5, nmax = 15
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Spectrum usage without fairness for Scenario 2:
Service 1 and Service 2 have partially overlapping ni requirements

Service 1: nmin = 1, nmax = 10
Service 2: nmin = 5, nmax = 15
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Spectrum usage with fairness for Scenario 2:
Service 1 and Service 2 have partially overlapping ni requirements

Service 1: nmin = 1, nmax = 10
Service 2: nmin = 5, nmax = 15
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Spectrum usage with fairness for Scenario 2:
Service 1 and Service 2 have partially overlapping ni requirements

Service 1: nmin = 1, nmax = 10
Service 2: nmin = 5, nmax = 15
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Groups of i sub-carriers further divided per user

Spectrum usage without fairness for Scenario 3:
Service 1 and Service 2 have fully non overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 7, nmax = 15
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Spectrum usage without fairness for Scenario 3:
Service 1 and Service 2 have fully non overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 7, nmax = 15
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Spectrum usage with fairness for Scenario 3:
Service 1 and Service 2 have fully non overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 7, nmax = 15
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Spectrum usage with fairness for Scenario 3:
Service 1 and Service 2 have fully non overlapping ni requirements

Service 1: nmin = 1, nmax = 6
Service 2: nmin = 7, nmax = 15
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• 1 '>��5()�$ Y�u­ij_DWrRjp6e MON �ARE_kRUago8ij{ agido8WtlX`#ckRU¢�WbaÂc6i�T�W�RUV]VXi[prRUc6WGozc6i�cfe8lX` MON Zg¥�a¿ijcfegWb_D�Îij_6o8`r�cfegWb_6W�lX`#RUTg`6ijV]m8c6WbV]�4agi�l]adc6WbV]V]l]}�WbagpGWKl]a*cfe8lX`np6egijlXpGW�Z�¥�c#lX`D`fl]{�l]VyRU_Dc6i�o8ijl]a8}4RzÆxT8V]l]ago�Æ�pkegijlXpGW�ZÎ¥Àc
lX`#Wxw[^�WGpbc6WGo*c6i�^8_6ir³[lXo8WKREVXiÇ�ÎWb_nTJijm8ago4u­ij_BcfegWtc6ijckRUV�`6m8{ prRU^qRjpbl]c���Z

• � '���; �F�A�B0,) 5Y��; 	 �����BEM&�& 0 ) 5Y��" Y|uvij_EWrRjp6e MON ��W�RUV]VXi[prRUc6W|cfegW|agido8W|eqRG³[l]a8}�cfegW�{|R w�l]{�m8{ cij³�RUV]mgW#iÇ³�Wb_?RUV]VAcfegW#ijcfegWb_Îagido8WG`rZ�Q?egWba��dcfe8lX`®agi[o8WBlX`®_6Wb{�ir³�WGo~u´_6ij{�cfegW?uvm8cfm8_6W#p6egijlXpGWG`Ç��RUago|cfegW
o8WGpblX`6lXijaz}�idWG`#ijaz�Bl]cfezcfegWhagWxw�c MON m8a�cfl]VµcfegW�pGij{�^8VXWbc6W�RUV]VXi[prRUcflXija¿iUu�RUV]V�cfegW MON `rZ

Q?egWtadm8{�Wb_flXprRUV�³�RUV]mgWG`Bmg`6WGo*l]a*cfegWG`kW�`fl]{�m8VyRUcflXijag`hRU_6Wt`fm8{�{|RU_fl]ÐrWGoÂl]a*ckRUT8VXW�Z
:<;�=�?@=BA&;9D E<F�G�H/I A&K1=BA&;9D �Q?�
 ��F
G

nmin
¸Âl]a8l]{Km8{ `fl]{Km8V]ckRUagWGijmg`#adm8{�T�Wb_#iUu MON `Dmg`6WGo4^�Wb_#Rjpbcfl]³�W�agi[o8W 1

nmax
¸=R w�l]{�m8{ `fl]{�m8V]ckRUagWGijmg`na�m8{KTJWb_/iUu MON `Bmg`kWGo*^JWb_#Rjpbcfl]³�W�agido8W 1

M
s#m8{KTJWb_#iUu�agi[o8WG`

[20 : 10 : 100]

N
s#m8{KTJWb_#iUu�RG³�RUl]VyRUT8VXW MON `Dc6i�RUV]VXidprRUc6W 20

E �=)(�='�& )I@
K = 1000

�2E�G�E/@��I'�$R��",'��!�W���B'��S"�$%���?�<�B52@A)����!'(3��
M

� '�& �+�

QµRUT8VXW�Y[Z]\rª@Y�s#m8{�Wb_flXprRUV X RUV]mgWG`Bu­ij_BcfegW M l]{�m8VyRUcflXija=¹SRU_kRU{�Wbc6Wb_6`��´_6WxuvWb_#c6i�Ãg}�m8_6W Y[Z Í�§ �
¶gij_hWrRjp6e

M
³�RUV]mgW���RUV]VµcfegW�{�Wbcfegi[o8`hprRUVXpbm8VyRUc6WEcfegW�{�WrRUa=c6ijckRUVSÑ/Ò `fm8{ prRU^qRjpbl]cÀ�=Rj`hR�_6WG`6m8V]c/iUu

cfegW
K
cf_kRUag`f{�l]cfc6WGoz·D¾�Qµ¾	u´_kRU{�WG`ÇZ

¶Sl]}�m8_6W Y[Z Í�§ ^8_6WG`kWba�c6`DcfegW�ijT8ckRUl]agWGo*_6WG`fm8V]c6`rZ
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¶µl]}�m8_6WEY[Z Í�§@Y N ij{�^qRU_flX`6ija¿iUu�¸=Wbcfegido8`?u­ij_DQ�ijckRUV M m8{ N RU^qRjpbl]c��4u­ij_#R X RU_f�dl]a8} M

¾/`*Wxw[^�WGpbc6WGo��ncfegW�1 '���5()>$Ê{�Wbcfegi[oFpGijag`fckRUa�cfV]� }�l]³�WG`*cfegW���ij_6`fc*_6WG`fm8V]c6`rZ>¥ÀaFRjo8o�l]cflXija��/T�ijcfe
cfegW � ' ��; �2���B0,) 5Y��; 	 �O���!EM& & 0 ) 5���"�RUago�cfegW 	�
 � � E {�Wbcfegido8`K_6WG`fm8V]c�l]a RUa
l]agpb_6WrRj`fl]a8}�prRU^qRjpbl]c�� Rj`
M
l]agpb_6WrRj`6WG`4o�mgWÂc6i�eqRG³[l]a8}%{�ij_6W¿agi[o8WG`~�Bl]cfe¯T�Wbcfc6Wb_�pkeqRUa8agWbVtpGijago�l]cflXijag`rZ:Q?egWG`kWÂcÀ�Îi%{�Wbcfegido8`
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Rj`f�[{�^8c6ijcflXprRUV]V]�*c6WbagoÂc6i�cfegW � ' �>;AG�)>�='�&8VXWb³�WbV�_6Wb^8_6WG`kWba�cfl]a8}4cfegW�T�WG`fcD^�i�`6`fl]T8VXWt_6WG`6m8V]c6`rZ?Q?egW�{�Wbcfegi[o8`
� ' �>; �F���!0 )X5Y��; 	 �O�A�BEM&�& 0,) 5Y��"*RUago 	�
 � � EÈ}�l]³�WzpGij{�^qRU_kRUT8VXW¿_6WG`fm8V]c6`�l]aÏcfe8lX`�`kpGWbaqRU_flXi8ZN»/ir�ÎWb³�Wb_r�
cfegW � ' ��; �F���!0 ) 5���; 	 �O���!EM&�& 0,) 5Y��"Â{�Wbcfegi[o��Îijm8VXoFpGij_f_6WG`f^�ijago c6i¨R%pGWba�cf_kRUV]l]ÐrWGo({�Wbcfegi[o��n�BegWb_6WrRj`
ijm8_ 	�
 � � E�{�Wbcfegi[o lX`�RÂo�lX`fcf_fl]T8m8c6WGo {�Wbcfegi[o l]a%�Be8lXp6e¨agi[o8WG`�o8i¿agijc�¢[agir� RUT�ijm8c�WrRjpke¨ijcfegWb_rZ
¾BpGpGij_6o�l]a8}�V]����ijm8_tRUV]}�ij_fl]cfe8{�}�l]³�WG`/³�Wb_f�z}�i[i[oz_6WG`fm8V]c6`/�BegWba�pGij{�^qRU_6WGo¿c6i�`6ij{�WEijcfegWb_n{�Wbcfegi[o8`tRUago
prRUazT�Whl]{�^8VXWb{�Wba�c6WGo¿l]aÂR�o�lX`fcf_fl]T8m8c6WGoz�?RG��Z

-/.10D0 LN9DCE� �k�K5A369DC�@DCK� ����7A�KHJP �FOKO�9BHq7J�KCE3�7A36P�5

¥Àa�cfe8lX`Sp6eqRU^8c6Wb_�ijm8_µpGijV]VXWGpbcfl]³�WÎÑnÒ*�/¶�·/¸=¾ `6ijV]m8cflXija�u­ij_�^�Wb_�uvij_f{|RUagpGW®l]{�^8_6ir³�Wb{�Wbadc���Rj`SWxw[^�i�`6WGo
RUagoÂ`6cfmgo�lXWGozl]a¿o8WbckRUl]VX`ÇZ?²¡W�eqRG³�WEo8WG`6pb_fl]T�WGozcfegW�{�ido8WbV]l]a8}�p6eqRUV]VXWba8}�W�Rjp6e8lXWb³�WGo¿c6i~RjogRU^8cncfegW�`f�?RU_f{
l]a�c6WbV]V]l]}�WbagpGWEc6i�RUa��/¶�·h¸¿¾MpGijadc6Wxw[crZDQ?egWK{|RUl]a=RUV]}�ij_fl]cfe8{TL `hpGijadcf_6ijVS^qRU_kRU{�Wbc6Wb_6`/eqRr³�W�T�WGWbaÂ³�RU_flXWGo
RUago cfegWbl]_�l]{�^qRjpbc�ija¨cfegW�^JWb_�u­ij_f{|RUagpGWG`�eqRr³�W*TJWGWba¨Wb³�RUV]mqRUc6WGo�Z ¾n`�`6WGWba%uv_6ij{ cfegW4_6WG`fm8V]c6`�l]a cfe8lX`
p6eqRU^8c6Wb_r�[ijm8_®o�lX`fcf_fl]T8m8c6WGo�RUV]}�ij_fl]cfe8{�o8i[WG`�agijc�eqRr³�W#Rt`fl]a8}�VXWBT�WbeqRG³[lXij_�T8m8c®prRUa|TJW?³�RU_flXWGo�T���pkeqRUa8}�l]a8}
`6ij{�WtiUu�cfegWt{|RUl]aÂpGijadcf_6ijV�^qRU_kRU{�Wbc6Wb_6`nc6i�TJWbcfc6Wb_nRjogRU^8c#c6i�cfegWt^8_6ijT8VXWb{�RUcBeqRUago�Z
Q?egWE¢�Wb�¿pGijagpGWb^8ctl]a�cfe8lX`hT�ijcfc6ij{���m8^
RU^8^8_6i�Rjp6e¡lX`/c6i4pGija�cf_6ijV®cfegWE`6�[`fc6Wb{ uv_6ij{�cfegWEl]ag`flXo8W�ZKQ?egW

pGij{�^8VXWxw�l]c��¿iUu�cfegWE`f��`fc6Wb{ prRUa=cfe�mg`/T�W�_6WGpb_6WrRUc6WGo�Rj`/R|_6WG`fm8V]cniUu�cfegWK{|RUa��ÂT8m8c/`fl]{�^8VXW�l]a�c6Wb_kRjpbcflXijag`
ckRU¢[l]a8}z^8VyRjpGW�T�Wbc���WGWba�cfegW�VXiÇ�ÎWG`fc�pGij{�^�ijagWba�c6`EiUu?cfegW|`f�[`6c6Wb{zZ|¥Àa
ijcfegWb_���ij_6o8`r��cfegW~pGij{�^8VXWxw[l]cÀ��lX`
agijc�egWbVXo|Td��WrRjp6e4agido8WZL `�o8Wb³[lXpGW�Z�Q?egW#T8m8_6o8Wba*iUu�pGij{�^8m8ckRUcflXija*prRUa~cfedmg`�TJWno�lX`fcf_fl]T8m8c6WGo�TJWbcÀ�ÎWGWba4cfegW
{|RUa��4agi[o8WG`rZ
¥Àa�cfe8lX`�`fcfmgo�������W�cf_flXWGo�c6i¿{�l]a8l]{�l]ÐrW�cfegW~pGi[ij_6o�l]aqRUcflXijaÏir³�Wb_fegWrRjo T�Wbc���WGWba¨cfegW|agi[o8WG`r��{|RU¢[l]a8}

mg`6W~iUu/R*^qRU_kRUV]VXWbV?_6WG`6Wb_f³�RUcflXija�{�WGpkeqRUa8lX`f{ RUago%RÂ³�RU_flyRUT8VXW VdmqRUa�cflÄÃqprRUcflXija �Bl]ago8ir�Èc6iÂV]l]{�l]cKcfegW�Ñ/Ò
agWb}�ijcflyRUcflXija�cfl]{�WG`fVXijcno�m8_kRUcflXija�ZnQ?e8lX`npGij_f_6WG`6^Jijago8`nc6i|o8ijl]a8}4pb_6i�`6`���VyRr��Wb_/ij^8cfl]{�l]ÐÇRUcflXija�Z#²¡W�`fcf_6ija8}�V]�
T�WbV]lXWb³�W~cfeqRUcE}�_6WrRUc�}�RUl]ag`�prRUa�_6WG`fm8V]cEuv_6ij{Áo8ijl]a8}�pb_6i�`6`���VyRr��Wb_�ij^8cfl]{�l]ÐÇRUcflXija¨l]ag`fc6WrRjo%iUun`6Wb³�Wb_kRUV?`fm8T��
ij^8cfl]{�l]ÐÇRUcflXijag`hRUcDWrRjp6eÂVyRr��Wb_rZ

S �4`fl]{�m8VyRUcflXijag`n�ÎWt³�RUV]lXogRUc6WGo*cfegWhu­ijV]VXir�Bl]a8}|l]a�c6Wb_6WG`fcfl]a8}~^8_6ij^JWb_fcflXWG`Duvij_Dijm8_nRUV]}�ij_fl]cfe8{TY

• PnijT8mg`fcfagWG`6`#RU}�RUl]ag`fcnp6eqRUa8}�WG`Dl]aÂcfegW�Wba�³[l]_6ija8{�Wba�c��´a�m8{�T�Wb_niUu�agi[o8WG`r�gp6eqRUa8agWbVX`np6eqRUa8}�WG`1�xZ

• ¶SVXWxw�l]T8l]V]l]c���Y�cfegW~RUV]}�ij_fl]cfe8{ÁprRUa�RjogRU^8c�c6i*³�RU_flXijmg`�pGija�Ãg}�m8_kRUcflXijag`�iUu M � N � nmin
�
nmax

RUago
³�RU_flXijmg`#`kWb_f³dlXpGWG`rZ

• M prRUVyRUT8l]V]l]cÀ��l]a4adm8{�T�Wb_#iUuµ`fl]{Km8V]ckRUagWGijmg`fV]�*pGija�c6Wbago�l]a8}�agi[o8WG`�Y�cfegWhpGija�³�Wb_f}�WbagpGWtcfl]{�Wh_6Wb{|RUl]agWGo_6WrRj`kijaqRUT8VXWKRUago*³�RU_flXWGo4agijc#`fl]}�a8lÄÃqprRUadcfV]�*�Bl]cfe¿RUa*l]agpb_6WrRj`fl]a8}|adm8{�T�Wb_#iUu�agido8WG`rZ

• ¤�Ë|pblXWbagpb��Y�cfegW V�mqRUV]l]cÀ�
iUuDcfegW�`6ijV]m8cflXija��?Rj`E³�Wb_f��}�idi[o¡�BegWba pGij{�^qRU_6WGo%c6i¿ijcfegWb_E{�Wbcfegido8`ÇZQ?egWh`f^�WGWGo�iUuµpGija�³�Wb_f}�WbagpGWtlX`�_6WrRj`6ijaqRUT8VXWhpGijag`flXo8Wb_fl]a8}�cfegWh`fl]ÐrW/iUu�cfegWhpGijag`flXo8Wb_6WGo�^8_6ijT8VXWb{�`rZ�¥Àa
Rjo8o�l]cflXija��AcfegW�pGijad³�Wb_f}�WbagpGW�prRUazTJWKRjpGpGWbVXWb_kRUc6WGoÂTd�ÂRjo � mg`fcfl]a8}~cfegW�RU^8^8_6ij^8_flyRUc6WEpGija�cf_6ijVS^qRU_kRU{��
Wbc6Wb_6`ÇZ

• ¶qRUl]_�Y�Q?egW/RUV]}�ij_fl]cfe8{ÈprRUa~pGija�cf_6ijV�cfegWDu­RUl]_fagWG`6`ÎT�Wbc��ÎWGWba4cfegW#agido8WG`Îmg`fl]a8}ER�cfl]{�Wx��TqRj`6WGo~u­RUl]_fagWG`k`{�WGpkeqRUa8lX`f{zZ
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�nm8_�RUV]}�ij_fl]cfe8{z��TqRj`6WGo
ija�cfegW|`f�?RU_f{Êl]adc6WbV]V]l]}�WbagpGW*RU^8^8_6i�Rjp6e���eqRj`ER*}�_6WrRUcE^Jijc6WbadcflyRUV®u­ij_�uvm8cfm8_6W
}�WbagWb_kRUcflXijag`�iUug�Bl]_6WbVXWG`6`�`6�[`fc6Wb{�`µmg`fl]a8}tpGij}�a8l]cfl]³�W�_kRjo�lXi�`rZ�¥�ago8WGWGo��jl]c�lX`�RUa�RUV]}�ij_fl]cfe8{ iUuAo��daqRU{�lXp?`f^�WGpx�
cf_fm8{ÅRUV]VXi[prRUcflXija*cfeqRUcDprRUa*TJW/l]{�^8VXWb{�Wba�c6WGoÂl]a*o8Wb³dlXpGWG`Bc6iET�Wbcfc6Wb_#RjogRU^8cBcfegWt`f^�WGpbcf_fm8{Èmg`6WtRjpGpGij_6o�l]a8}
c6i�cfegWtagi[o8WG`�L�agWGWGo8`Dl]a=REagWbc��Îij_f¢�Z
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M l]agpGW�R�u­Wb�,��WrRU_6`r�Jmg`fl]a8}zR~{�ijT8l]VXWK^8egijagW�lX`/agi�VXija8}�Wb_t`6ijVXWbV]�zV]l]{�l]c6WGo�c6i�T8mg`fl]agWG`6`/^�WGij^8VXW���T8m8c`f^qRUag`�cfegW*�BegijVXW4_kRUa8}�WÂiUuhRU}�WG`�uv_6ij{ p6e8l]VXo�_6WbaÏc6i�ijVXo8Wb_�^�WGij^8VXW�Z ¥�ago8WGWGo��Î{�ij_6WzRUago¨{�ij_6W4^�WGij^8VXW
RU_6W/mg`fl]a8}E�Bl]_6WbVXWG`6`?{�WrRUag`?iUuµpGij{�{�m8a8lXprRUcflXijazc6i�Wxw8p6eqRUa8}�W/l]a�u­ij_f{|RUcflXija���uvij_?o�lÄÉ�Wb_6Wba�c?^8m8_f^Ji�`kWG`rZ�Q?egW
^�i�`6`fl]T8l]V]l]c��¡iUu#pGij{�{Km8a8lXprRUcflXijaÏija�cfegW|{�ir³�W�lX`EijagW�{|R � ij_�Rjo�³�RUa�ckRU}�W4iUuB�Bl]_6WbVXWG`6`�pGij{�{�m8a8lXprRUcflXijag`
ir³�Wb_��Bl]_6WGoEijagWG`rZµ²¯l]_6WbVXWG`6`Smg`6Wb_6`�RUV]��Rr�[`�Rj`6¢huvij_�RUaKl]agpb_6WrRj`fl]a8}hadm8{�T�Wb_�iUuJ`6Wb_f³dlXpGWG`Ç�jRDTJWbcfc6Wb_ U i M �jRUagoR/`6Wb_f³[lXpGW?Rr³jRUl]VyRUT8l]V]l]cÀ��RUa��[cfl]{�W#RUago�RUa��[�BegWb_6W�Z�snijc6W?cfeqRUc��Bl]_6WbVXWG`6`�Wxw8p6eqRUa8}�WG`®iUuAl]a�u­ij_f{|RUcflXija~RU_6WBRUVX`6i
T�Wbl]a8}�Wxw�c6Wbag`fl]³�WbV]�Âmg`kWGoÂTd�Â`6Wb³�Wb_kRUV�o8ij{|RUl]ag`/uvij_/o�l]³�Wb_6`6W�RU^8^8V]lXprRUcflXijag`�`fmgpke�Rj`�Y#`fc6idpk¢z{|RUaqRU}�Wb{�Wba�cr�
`fm8^�Wb_f{|RU_f¢�Wbc#^8_flXpGWEo�lX`f^8VyRG�*{|RUaqRU}�Wb{�Wbadcr��RUl]_f^8VyRUagW�VyRUago�l]a8}�`f�[`6c6Wb{Ê� �h¹ M �x�A`6WrRU_6p6e�RUagoz_6WG`6pbmgW��AWbc6p�Z¾nV]VqcfegWD�Bl]_6WbVXWG`k`�RU^8^8V]lXprRUcflXijag`�mg`6WD`6^JWGpbcf_fm8{>c6i���ij_f¢|RUago~RU_6W#`6m8T � WGpbcÎc6i�`f^�WGpbcf_fm8{ _6Wbmg`6WnpGijag`fcf_kRUl]a�c6`
c6iKRr³�ijlXo�_kRjo�lXi�l]adc6Wb_�uvWb_6WbagpGW�Z N ijag`6lXo8Wb_fl]a8}EcfegW/RUTJiÇ³�W/Rj`Î�ÎWbV]V�Rj`ÎcfegWDu�Rjpbc®cfeqRUc�cfegW#WrRU_fcfe4L `�^�ij^8m8VyRUcflXijaeqRj`tRUa�WG`fcfl]{|RUc6WGo=l]agpb_6WrRj`fl]a8}4_kRUc6W4��u­ij_/cfegWK^�Wb_flXi[o�\rÌ�Ì �j�Àª�©�ª�¬��/iUun\�Z Í��Å^�Wb_n��WrRU_r��cfedmg`hcfegW��Bl]_6WbVXWG`k`
pGij{�{�m8a8l]cÀ��m8_f}�Wba�cfV]�EagWGWGo8`�c6i/Ãgago�l]a8agir³�RUcfl]³�WD`6ijV]m8cflXijag`�c6i/Wxw�^qRUago�cfegWBRUV]_6WrRjo���pGija8}�WG`fc6WGo�`f^�WGpbcf_fm8{
TqRUago8`rZ
¥Àa {�i�`fc*pGijm8a�cf_flXWG`r�ncfegW�pbm8_f_6Wba�cfV]�FRUV]VXidprRUc6WGoF`6^JWGpbcf_fm8{ TqRUago8`zRU_6W�RUV]{�i�`fcÂRUV]_6WrRjo��¯`1RUcfm8_kRUc6WGo��

�Be8l]VXW�{�WrRj`6m8_6Wb{�Wba�c6`�prRU{�^qRUl]}�ag`�eqRr³�W|`fegiÇ�Ba
cfegWbl]_E`f^qRU_6`6W�mg`6W�T�ijcfe
l]a
cfl]{�W|RUago
`f^qRjpGW�Z�¥Àa
ijcfegWb_
�Îij_6o8`Ç��ija8V]�=R�`f{|RUV]V�^Jij_fcflXija�iUu®cfegW�RUV]VXi[prRUc6WGo�`f^JWGpbcf_fm8{�lX`hmg`6WGo=Wb³�Wb_f�[�BegWb_6W�RUago�RUV]V�cfegWEcfl]{�W�Z�¾/`
RzpGijag`kW V�mgWbagpGW���cfegW�`6iU��prRUV]VXWGo Æb`f^�WGpbcf_fm8{Á`6prRU_6pbl]cÀ��Æ~Wxw�lX`fc6`Kija8V]��l]a%cfegW�`f^JWGpbcf_fm8{ RUV]VXi[prRUcflXija�^qRU^�Wb_
p6eqRU_fc®T8m8cSagijc�l]a�_6WrRUV�Z�¾BpGpGij_6o�l]a8}�V]���dcfegWÎagWb�¨_6Wb}�m8VyRUc6ij_f��`f^�WGpbcf_fm8{ RjpGpGWG`6`�_fm8VXWG`�c6iho8Wb³�WbVXij^|`fegijm8VXo�T�W
{�ij_6W#£qWxw[l]T8VXW#c6i�T�Wbcfc6Wb_Î_6Wx£qWGpbcÎcfegW#^�i�`6`fl]T8l]V]l]cÀ�Â�­Rj`®��WbV]V�Rj`®cfegW#c6WGpke8a8lXprRUVJprRU^qRUT8l]V]l]cÀ�8�®c6i�mg`kW#`f^�WGpbcf_fm8{
RjpGpGij_6o�l]a8}¨R¡`f��`fc6Wb{ agWGWGo8`��´�BegWb_6W=RUagoN�BegWba¯agWGWGo8WGoq�xZ	�#u�e8l]}�eNl]{�^�ij_fckRUagpGW��B_6Wb}�m8VyRUc6ij_6`4`fegijm8VXo
T�WKij^�Wba�c6i|_6Wx£qWGpbchl]a�cfegWbl]_h_6Wb}�m8VyRUc6ij_f�zuv_kRU{�Wb�Îij_f¢=cfegWKpbm8_f_6Wbadc�`6pblXWba�cflÄÃqp�RUago=c6WGp6e8a8lXprRUV�Wb³�ijV]m8cflXijag`ÇZ
¤�`f^�WGpblyRUV]V]���JcfegWb�z`fegijm8VXo¿TJW�³�Wb_f�ÂprRU_6Wxu´m8Vµ�BegWba�`6Wbcfcfl]a8}|m8^=_6Wb}�m8VyRUc6ij_f�z_fm8VXWG`/l]a¿�Be8lXpke¿cfegWE`f^�WGpbcf_fm8{
_6WG`6ijm8_6pGW�lX`4pGijag`flXo8Wb_6WGo(Rj`*R�{|RUc6Wb_flyRUVt_6WG`6ijm8_6pGW�Z M mgpke R�^Ji�`6`6l]T8l]V]l]c��¯`6egijm8VXo¯T�W=ija8V]�Nc6Wb{�^�ij_kRU_f�����RUl]cfl]a8}=u­ij_�cfegW~agWxw[cKc6WGp6e8agijVXij}�lXprRUVBT8_6WrRU¢[cfe8_6ijm8}�e��®RUago
`6egijm8VXo�pGWb_fckRUl]a8V]�¡agijc�`fckRUago¡uvij_6Wb³�Wb_�ij_KT�W
pGijag`flXo8Wb_6WGo�Rj`nRUa¿l]a�cfl]{|RUc6WK^8_6ij^JWb_fcÀ�ÂiUu�cfegW�`f^�WGpbcf_fm8{zZ?sniÇ��RjogRG��`r�Jl]c#lX`#c6WGp6e8agijVXij}�lXprRUV]V]�¿^Ji�`6`6l]T8VXWtc6i
o8Wbc6WGpbc�`f^JWGpbcf_fm8{	egijVXWG`�RUagoKi[pGpbm8^���cfegWb{z��Wb³�Wba�u­ij_SRn`fegij_fc�^�Wb_flXi[oKiUugcfl]{�W�ZS»niÇ�ÎWb³�Wb_r��T�Wxu­ij_6W�RUV]VXiÇ�Bl]a8}
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`fmgpke�RUa�ij^8^�ij_fcfm8a8lX`fcflXpB`f^�WGpbcf_fm8{:mg`6W��j_6Wb}�m8VyRUc6ij_6`�Wxw�^�WGpbcµl]ag`fm8_kRUagpGWG`�cfeqRUc�agi/eqRU_f{È�´l]a�c6Wb_�u­Wb_6WbagpGWÇ�S�Bl]V]V
R É�WGpbc�cfegW~^8_fl]{|RU_f��mg`6Wb_6`��´cfegW|V]lXpGWbag`6W~egijVXo8Wb_6`KiUunRÂpGijag`flXo8Wb_6WGo�`6^JWGpbcf_fm8{ÊTqRUagoq��pGij{�l]a8}¿u´_6ij{ÊcfegW
`6WGpGijagogRU_f��mg`6Wb_6`/�´cfegWDagija���V]lXpGWbag`6WGo|egijVXo8Wb_6`®�Bl]V]V]l]a8}Kc6i�ij^8^�ij_fcfm8a8lX`fcflXprRUV]V]��mg`6W#cfegWDpGijag`flXo8Wb_6WGo~V]lXpGWbag`6WGo
`f^�WGpbcf_fm8{ÊTqRUagoq�xZ�¹�_6ir³[lXo�l]a8}�l]a�c6WbV]V]l]}�Wba�c�RUV]}�ij_fl]cfe8{�`�c6iÂ{|RU¢�W�cfegW~TJWG`fcEmg`6W�iUu/R¿`f^JWGpbcf_fm8{Á^qRU_fc�lX`
�BeqRUcD��WteqRG³�Wt^8_6ij^�i�`6WGo*l]aÂcfe8lX`BcfegWG`flX`rZ
»nlX`fc6ij_flXprRUV]V]���DpGWbV]V]m8VyRU_*ij^�Wb_kRUc6ij_6`~eqRr³�WÂT�WGWbaFRj`6`fl]}�agWGo�`f^JWGpbcf_fm8{ºTqRUago8`�T��Ï_6Wb}�m8VyRUc6ij_6`��´mg`fmqRUV]V]�

V]l]{�l]c6WGoEl]aE`6l]ÐrW�� l]a�^qRU_fc6`�o�mgWÎc6i#l]c6`Sl]{�^�ij_fckRUa�c�pGi�`fc1��c6i#mg`6W?R#}�l]³�WbaEc6WGpke8agijVXij}���Z�Q?egWba���ij^JWb_kRUc6ij_6`SeqRr³�W
cf_flXWGozc6i�{|R w[l]{�l]ÐrW�cfegW�`f^�WGpbcf_fm8{ mg`6WtTd�*RU^8^8V]�[l]a8}�uv_6W VdmgWbagpb��_6Wbmg`kWt^8VyRUa8a8l]a8}gZÎ»/ir��Wb³�Wb_r�qagiÇ��RjogRr�[`r�
cfe8lX`|pGWbadcf_kRUV]l]ÐrWGo	ÆbpGij{�{|RUago RUagoNpGijadcf_6ijV�Æz_fm8VXWzl]{�^Ji�`6WGoNija¯ij^�Wb_kRUc6ij_6`�eqRG³�W=pb_6WrRUc6WGo¯RUa�RU_fcflÄÃqpblyRUV
`f^�WGpbcf_fm8{È`6prRU_6pbl]c����8�Be8lXpke*l]a*cfm8_fazRUVX`6iEl]{�^qRjpbc6`BcfegW/_6Wb}�m8VyRUc6ij_6`BcfegWb{�`6WbV]³�WG`Do�mgWhc6iEe8l]}�e8V]�~pGija8}�WG`6c6WGo
`f^�WGpbcf_fm8{�RUV]VXi[prRUcflXija�pkeqRU_fc6`rZ(¾BpGpGij_6o�l]a8}�V]���#_6Wb}�m8VyRUc6ij_6`4RU_6WÂTJWbcfc6Wb_4WrRU}�Wb_|c6i
VXidij¢NRUc~agWb�Å�?RG��`�iUu
RUV]VXi[prRUcfl]a8}�cfegWD`f^�WGpbcf_fm8{zZ�Q?egWBagWb�Ï^�Wb_6`f^JWGpbcfl]³�WG`®iUu�`f^�WGpbcf_fm8{�RUV]VXi[prRUcflXija~RUago�mg`6WB`6mgp6e~Rj`�YS`f^�WGpbcf_fm8{
cf_kRjo�l]a8}g�8`f^�WGpbcf_fm8{>Wxw8p6eqRUa8}�W��8`6^JWGpbcf_fm8{½^�idijV��d�Bl]V]V�TJWn_6Wbago8Wb_6WGo4`fmgpGpGWG`6`�uvm8VA�Bl]cfe4cfegW/o8Wb³�WbVXij^8{�Wba�c#iUu
cfegW�pGij}�a8l]cfl]³�Wt_kRjo�lXi�`E�v`f{|RU_fc6Wb_#o8Wb³[lXpGWG`1�xZ
¥Àa¿cfe8lX`hcfegWG`6lX`r�J�ÎWEeqRG³�W�pGij{�^qRU_6WGo�`6Wb³�Wb_kRUV�{�Wbcfegi[o8`��vo��daqRU{�lXp��JÃ8w8WGoq�niUu�Rj`6`fl]}�a8l]a8}*pkeqRUa8agWbVX`tc6i

mg`6Wb_6`Kir³�Wb_Ecfl]{�W�ZzQ?e8lX`��?Rj`�Rjpke8lXWb³�WGo
mg`6l]a8}ÂcfegW�}�_6WrRUc�RUaqRUV]�[cflXprRUVÎc6i[ijV®iUu VdmgWbm8l]a8}ÂcfegWGij_f��Zz¾n{�ija8}
RUV]VJcfegW/`6cfmgo�lXWGo~{�Wbcfegi[o8`t�´TqRj`6WGo4ija4RK¶�¥À¶S� VdmgWbm8l]a8}�^JijV]lXpb�g�x�[cfegW#e8l]}�egWG`fcB`f��`fc6Wb{>cfe8_6ijm8}�e8^8m8cDprRU{�W
uv_6ij{ÊcfegW~{�Wbcfegido%pGija�cf_6ijV]V]l]a8}�cfegW�p6eqRUa8agWbV#RjpGpGWG`k`ERUcEcfegW|mg`kWb_KVXWb³�WbVDRj`�R*uvm8agpbcflXija%iUuncfegW~pkeqRUa8agWbV
pGijago�l]cflXijag`rZ*Q?egW|TJWbagWxÃgc�pGij{�WG`tuv_6ij{ÁRÂo��daqRU{�lXp�RUago¡agWb}�ijcflyRUc6WGo%ij_6o8Wb_fl]a8}=iUuBcfegW�mg`kWb_6`�c6iÂRjpGpGWG`k`
lXo�VXWtp6eqRUa8agWbVX`Ç�gVXWrRjo�l]a8}�c6i�cfegWhT�WG`fc?^Ji�`k`fl]T8VXWt`f��`fc6Wb{½cfe8_6ijm8}�e8^8m8crZ®s/Wxw[cr����Wh^8_6WG`6Wba�cnRE{�ij_6W�_6WrRUV]lX`fcflXp
pGija�c6Wxw�cDcfeqRUazcfegW�¶S¥¦¶µ�	�?RUl]cfl]a8}�^�ijV]lXpb��Z
¥Àa�cfe8lX`�cfegWG`flX`Ç���ÎW#eqRG³�WD`fmgpGpGWG`k`�u´m8V]V]��Wxw�^8VXij_6WGo~R/^qRU_fc®iUu�cfegWD· M ¾�p6eqRUV]VXWba8}�WDmg`6l]a8}KRtpGijV]VyRUT�ij_kRUcfl]³�WRU^8^8_6i�Rjp6e=u­ij_#agWb}�ijcflyRUcfl]a8}*`f^�WGpbcf_fm8{Å_6WG`6ijm8_6pGWG`nT�Wbc��ÎWGWba�mg`6Wb_6`ÇZB¥�cn}�RG³�WK}�idi[oz_6WG`fm8V]c6`hRUagoÂWG`6^JWGpblyRUV]V]�

�ÎWD{|RUaqRU}�WGo��[R uvc6Wb_�{�i[o8WbV]l]a8}g��c6itl]agpbV]mgo8WBcfegW#`f��RU_f{ l]adc6WbV]V]l]}�WbagpGWZL `ÎuvijV]VXiÇ�Bl]a8}�^8_6ij^JWb_fcflXWG`®l]a|`f^�WGpbcf_fm8{
RUV]VXi[prRUcflXija�TJWbcÀ�ÎWGWba�`6Wb³�Wb_kRUVgmg`6Wb_6`�mg`6l]a8}�`6Wb³�Wb_kRUV MON `�YS`6prRUVyRUT8l]V]l]cÀ����_6ijT8mg`fcfagWG`k`�c6i�p6eqRUa8}�W���£qWxw�l]T8l]V]l]c���l]aagWb}�ijcflyRUcflXija�ZÎ�n�Bl]a8}�c6iKcfegWDu�Rjpbc®cfeqRUc�cfegWn`6��RU_f{½l]a�c6WbV]V]l]}�WbagpGWhlX`?R�{�WbckR ��egWbm8_flX`6cflXp���l]c®lX`Îcfe�mg`?^�i�`6`fl]T8VXW
c6i�mg`6W/l]cBc6i�`6ijV]³�WtijcfegWb_B^8_6ijT8VXWb{�`D_6WbVyRUc6WGo4c6i�`6^JWGpbcf_fm8{ÅRUV]VXi[prRUcflXija�Z�Q?e8lX`B��ij_f¢~l]ag`flX`6c6WGo*ija*^8m8_6`fm8l]a8}
cfegWt��ij_f¢4iUu�`6WGWbl]a8}�cfegWt�Bl]_6WbVXWG`k`D{�i[o8WbV]l]a8}~Rj`#RET�ijcfc6ij{���m8^=RU^8^8_6i�Rjp6e�Z
¾na�l]{�^Jij_fckRUadc�WxÉ�ij_fch��Rj`hagWGpGWG`k`kRU_f�zc6i*RjogRU^8ctcfegW�`f��RU_f{�l]a�c6WbV]V]l]}�WbagpGW�c6i4RUa
�/¶�·h¸¿¾ pGija�c6Wxw�crZ

²¡WE{|RUaqRU}�WGo�c6i�^8_6ir³[lXo8W�R~^JiÇ�ÎWb_�uvm8V�o�lX`fcf_fl]T8m8c6WGo
RUV]}�ij_fl]cfe8{�u­ij_tRjpke8lXWb³dl]a8} MON `�RUV]VXidprRUcflXija�T�Wbc���WGWba`6Wb³�Wb_kRUVnmg`6Wb_6`rZ(Q?egW=RUV]}�ij_fl]cfe8{�eqRj`�RUVX`6i¡cfegW=prRU^qRUT8l]V]l]c��Nc6i
pGija�cf_6ijVhcfegWzu­RUl]_fagWG`6`~l]a¯`6^JWGpbcf_fm8{ºmg`6W
T�Wbc��ÎWGWba�cfegW�mg`6Wb_6`#mg`6l]a8}�RUa�RjogRU^8c6WGoÂcfl]{�Wx��TqRj`6WGo�RUV]}�ij_fl]cfe8{zZD²¡WKmg`6WGo¿pb_6i�`6`���VyRG��Wb_hij^8cfl]{�l]ÐÇRUcflXija�c6i
o8WG`fl]}�aÏijm8_|RUV]}�ij_fl]cfe8{�`ki¿cfeqRUc���W*pGijm8VXo¨{�l]a8l]{�l]ÐrW4cfegW4agWb}�ijcflyRUcflXija¯o�m8_kRUcflXija¨�Be8l]VXWzc6WG`fcfl]a8}�{|RUa��
o�lÄÉ�Wb_6Wba�c�pGij{�T8l]aqRUcflXijag`�iUuDmg`6Wb_6`Kija MON `rZ*¾BpGpGij_6o�l]a8}�V]�����Bl]cfe%cfe8lX`�RUV]}�ij_fl]cfe8{Ê��W|eqRr³�W~`fmgpGpGWG`k`�u´m8V]V]�pGija�cf_fl]T8m8c6WGo
c6i�}�l]³dl]a8}ÂRUa
RUag`f��Wb_|�­RU{�ija8}ÂijcfegWb_t^�i�`6`fl]T8VXWÇ�#c6i4cfegW V�mgWG`6cflXija¨�v· M ¾>p6eqRUV]VXWba8}�WÇ� YhegiÇ�prRUa��ÎW~Rjp6e8lXWb³�W~R4`kWbVÄu��ÀRjogRU^8cfl]a8}Â`6^JWGpbcf_fm8{ RUV]VXi[prRUcflXija¡T�Wbc��ÎWGWba�{|RUa���mg`6Wb_6`tmg`6l]a8}*{|RUa�� MON `r��`fmgpkecfeqRUc�cfegW�`6^JWGpbcf_fm8{Ê�Bl]V]V�TJW�cfegW|TJWG`6c�RUV]VXidprRUc6WGo
c6i4cfegW�mg`6Wb_6`tl]a%RjpGpGij_6ogRUagpGW|�Bl]cfe¡cfegWbl]_�agWGWGo8` � ²¡W
u­ijm8agozcfegW�`f�?RU_f{ l]adc6WbV]V]l]}�WbagpGWERU^8^8_6i�Rjpke�³�Wb_f��^�ir��Wb_�u´m8Vµu­ij_#`6ijV]³[l]a8}|· M ¾Mij^8cfl]{�l]ÐÇRUcflXija¿^8_6ijT8VXWb{�`nl]aRUa=�/¶�·h¸¿¾	pGija�c6Wxw�crZ
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¥ÀchpGijm8VXo�T�WEl]a�c6Wb_6WG`fcfl]a8}Âc6i~l]ad³�WG`fcfl]}�RUc6W|R�`fV]l]}�edc�p6eqRUa8}�W�l]a¡ijm8_tij^8cfl]{�l]ÐÇRUcflXija
^8_6ijT8VXWb{ RUago�c6i*RUV]VXiÇ�
ir³�Wb_fVyRU^:TJWbcÀ�ÎWGWba	`6Wb³�Wb_kRUV�cf_kRUag`f{�lX`6`6lXijag`r�/l]a R N ·/¸=¾#��V]l]¢�W���Rr��ZÅQ?egW
RUV]}�ij_fl]cfe8{ ��ijm8VXo(eqRr³�W�c6il]agpbV]mgo8W�l]a l]c6`EpkegijlXpGW�cfegW~^�i�`6`fl]T8l]V]l]cÀ�¡c6i=eqRG³�W4`6ij{�Wbcfl]{�WG`�iÇ³�Wb_fVyRU^8^8l]a8}¡cf_kRUag`f{�lX`6`flXijag`�ijaÏRÂ^qRU_fc�iUu
cfegWz`f^�WGpbcf_fm8{z�Îl]a¯Rjo8o�l]cflXijaNc6i��BeqRUc���W¿RUV]_6WrRjo��¨`fcfmgo�lXWGo�ZÏQ?egW¿RU^8^8_6i�Rjp6eN��ijm8VXoÏeqRr³�Wzc6i�T�W*`fcfl]V]V
pGi[ij^JWb_kRUcfl]³�W�Z
¾/`®cfegW/`f�?RU_f{�l]adc6WbV]V]l]}�WbagpGWhlX`�R�{�WbckR ��egWbm8_flX`fcflXp/l]c�prRUa�T�WDmg`6WGo~c6iK`kijV]³�WnijcfegWb_�^8_6ijT8VXWb{�`Îu´_6ij{>cfegW

�Bl]_6WbVXWG`6`?��ij_fVXo�Z®¾(^�i�`6`fl]T8VXWtR w�lX`?iUuµ_6WG`6WrRU_6pkeÂpGijm8VXo4TJW/c6iEmg`6W/cfegWt`f�?RU_f{Èl]a�c6WbV]V]l]}�WbagpGW�{�WbckR ��egWbm8_flX`6cflXp
c6i/`6ijV]³�W®l]adc6Wb_���¾n¹�ij_Sl]a�c6Wb_�� S M pGi[ij_6o�l]aqRUcflXija�^8_6ijT8VXWb{�`rZ�snijc6WÎcfeqRUcSijcfegWb_�{�Wbcfegi[o8`�pGijm8VXo�T�W®mg`kWGoK`fmgpkeRj`ScfegW�}�RU{�WÎcfegWGij_f���j�Be8lXpke�lX`�pbm8_f_6Wba�cfV]��l]adc6Wbag`fl]³�WbV]��`fcfmgo�lXWGoET���`6Wb³�Wb_kRUV�_6WG`6WrRU_6pkegWb_6`�c6i/`6ijV]³�W®^8_6ijT8VXWb{�`
uv_6ij{ �Bl]_6WbVXWG`6`�`f��`fc6Wb{�`rZ N m8_f_6WbadcfV]����ija8V]�
R*V]l]{�l]c6WGo%a�m8{KTJWb_�iUuD^8_6ijT8VXWb{�`�prRUa�T�W|`kijV]³�WGo
mg`fl]a8}¿cfegW}�RU{�W/cfegWGij_f��Z�»niÇ�ÎWb³�Wb_r��l]c6`�{|RUcfegWb{|RUcflXprRUV�uv_kRU{�Wb�Îij_f¢|lX`Î_kRU^8lXo�V]�|^8_6ij}�_6WG`k`fl]a8}�RUago~�Bl]V]V�`6i[ija|^8_6ij^�i�`6W
l]a�c6Wb_6WG`6cfl]a8}¿`6ijV]m8cflXijag`�c6i*o�lÄË|pbm8V]c�^8_6ijT8VXWb{�`rZ|¾na��[egir����mg`fl]a8}¿R4pGijV]VyRUT�ij_kRUcfl]³�W�T�ijcfc6ij{���m8^�RU^8^8_6i�Rjp6e
u­ij_B{�ido8WbV]l]a8}|`6�[`fc6Wb{�`DlX`#RE�Bl]a8a8l]a8}|^qRUcfezc6iEu­ijV]VXir� l]azcfegW/u´m8cfm8_6W�Z
²¡W?`fcf_6ija8}�V]��T�WbV]lXWb³�W�cfeqRUcµcf_6Wb{�Wbago8ijmg`�^8_6ij}�_6WG`6`6WG` � }�RUl]ag`�prRUa8agijc�T�W�Rjpke8lXWb³�WGoE`kijVXWbV]��T��Kl]{�^8_6ir³[l]a8}

cfegWh¸¿¾ N VyRr��Wb_rZ�¥Àago8WGWGo���cfegWnm8V]cfl]{|RUc6W�lX`Îc6i�T�WbagWxÃgcDRUc?cfegWhm8^8^JWb_?VyRG��Wb_6`Bu´_6ij{ RKTJWbcfc6Wb_Bm8ago8Wb_6`6ckRUago[�l]a8}ÂiUuBcfegW�l]adcfl]{|RUc6W�^8_6ij^�Wb_fcflXWG`KiUuBWbVXWGpbcf_6ij{|RU}�agWbcflXp|�?RG³�WG`rZ�¶gij_K{�W���cfegWb_6W~RU^8^�WrRU_�cfeqRUc�`kij{�Wbcfe8l]a8}
l]{�^�ij_fckRUa�c®lX`�{�lX`6`fl]a8}tl]a�ijm8_�m8ago8Wb_6`fckRUago�l]a8}EiUuJcfegW#WbVXWGpbcf_6ij{|RU}�agWbcflXpD��Rr³�WG`®�Be8lXpke|eqRj`�VXWGo�mg`�c6itT8m8l]VXo
Æbo�m8{�T�_6WGpGWbl]³�Wb_6`ÇÆjZn¾,{|R � ij_ho�lX`6pGiÇ³�Wb_f�z�Bl]V]VS`6m8_6WbV]�*ckRU¢�W�^8VyRjpGWEl]aÂcfe8lX`/o�l]_6WGpbcflXija�l]a¿cfegW�u´m8cfm8_6W��Jcfedmg`
pb_6WrRUcfl]a8}=R*c6WGp6e8agijVXij}�lXprRUV�T8_6WrRU¢dcfe8_6ijm8}�e�l]a¡c6Wb_f{�`�iUuDRjp6e8lXWb³�RUT8VXW|^�Wb_�u­ij_f{|RUagpGWG`r�µRj`K`f^JWGpbcf_fm8{ lX`tcfegW
`fm8^8^�ij_fc?uvij_#�Bl]_6WbVXWG`6`DpGij{�{�m8a8lXprRUcflXija�Z
¾nVX`6i8��agWb�:o�lX`kpGir³�Wb_flXWG`Dl]aÂl]a�uvij_f{|RUcflXija¿cfegWGij_f�*RUagoz}�_6ijm8^ÂpGij{�{�m8a8lXprRUcflXija�cfegWGij_f�4�Bl]V]V�T�WbagWxÃgcDc6i

m8^8^�Wb_tVyRG��Wb_6`|�´l]agpbV]mgo�l]a8}zcfegW�¸=¾ N VyRG��Wb_1�xZ�¾BpGpGij_6o�l]a8}�V]����pb_6i�`k`���VyRG��Wb_�ij^8cfl]{�l]ÐÇRUcflXija
lX`�RUa�l]{�^Jij_fckRUadc¢�Wb�~uvij_Bm8a8VXWrRj`fe8l]a8}~cfegWhuvm8V]V�^Jijc6WbadcflyRUV�iUu�`6^JWGpbcf_fm8{Èu­ij_BcfegWhuvm8cfm8_6Wt}�WbagWb_kRUcflXijag`#iUu��Bl]_6WbVXWG`6`n`f�[`6c6Wb{�`rZ
¥Àa¯Rjo8o�l]cflXija��?VyRUc6Wb_kRUVDcfe8l]a8¢[l]a8}
lX`�RUaÏl]{�^Jij_fckRUadc~`fckRUc6WÂiUuh{�l]agoÏc6i�eqRG³�W��?T�WGprRUmg`6W*l]c|prRUa¯T8_fl]a8}

R¿uv_6WG`fe agWb�Å`fckRU_fc�c6i¡R�o8ij{|RUl]a���`fl]{�^8V]��Td��VXi[ij¢[l]a8}
RUc�cfegWzo�lX`6pGir³�Wb_flXWG`�u´_6ij{ ijcfegWb_�o8ij{|RUl]ag`�RUago
pb_6WrRUcfl]a8}�R�T8_flXo�}�W��Bl]cfe¿��ijm8_no8ij{|RUl]a�Z?¾n`nRUa¿WxwgRU{�^8VXW��gVyRUc6Wb_kRUV�cfe8l]a8¢[l]a8}|eqRr³�W�egWbV]^�WGo*l]a=o8Wb³�WbVXij^8l]a8}
`6Wb³�Wb_kRUVS{�WbckR ��egWbm8_flX`fcflXpG`h�Be8lXp6e¡RU_6WKl]ag`f^8l]_6WGo¿u´_6ij{�aqRUcfm8_6WEij_n^8ed�[`flXpG`��v`fl]{Km8VyRUc6WGo�RUa8agWrRUV]l]a8}g��}�WbagWbcflXp
RUV]}�ij_fl]cfe8{�`r��`f��RU_f{ l]adc6WbV]V]l]}�WbagpGW��ÎWbc6pÇ�xZ%Q?egWb_6WzRU_6W4`6Wb³�Wb_kRUVB^8egWbagij{�WbaqR�cfeqRUc��ÎW*o8ija4L c�m8ago8Wb_6`6ckRUago
l]a
aqRUcfm8_6W���T8m8cE�Be8lXp6eÏRU_6W�RUV]_6WrRjo��¡�Îij_f¢[l]a8}¿^8_6ij^�Wb_fV]�������z²¡W~agWGWGo
c6iÂ}�RUl]a Rz}�_6WrRUc6Wb_Epb_6i�`6`f��o8ij{|RUl]a
l]a�c6Wb_kRjpbcflXija�RUago4}�RUl]a¿R�}�_6WrRUc6Wb_#l]ag`f^8l]_kRUcflXija*uv_6ij{ aqRUcfm8_kRUV�`f��`fc6Wb{�`Dij_D`f^�WGpblXWG`rZ

� . �+�B3T������$ �J"���)(� & � ( �,D ) )X5O* � �O�A�7� @���� � " ��'��I5 �=) ���B) �S����& � "�& �?3 �,���	� �

¾nagija��[{�ijmg`
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M Wb³�Wb_kRUV�Wxw8RU{�^8VXWG`BiUuS`fmgpGpGWG`6`�uvm8V�RUcfc6Wb{�^8c6`BiUuµmg`fl]a8}�cfegW M ¥�u­ij_B`6Wb³�Wb_kRUV�RU^8^8V]lXprRUcflXijag`#RU_6W/^8_6ir³[lXo8WGol]a�cfe8lX`�¾#^8^�Wbago�lÄw�ZµQ?egW M ¥�{�WbckRUegWbm8_flX`6cflXpBeqRj`�^8_6Wb³dlXijmg`6V]��T�Wbl]a8}/mg`kWGo���TqRj`6WGo�Wbl]cfegWb_�ija�cfegWÎc6WGpke8a8l V�mgWG`iUu#¾na�c N ijVXijad�%�n^8cfl]{�l]ÐÇRUcflXija(�v¾ N �t��° �Z� ±?ij_K¹�RU_fcflXpbVXW M ��RU_f{��n^8cfl]{�l]ÐÇRUcflXija(�v¹ M �t��° ��Y ±��Sc6i¿`6ijV]³�WT�ijcfez`fckRUcflXp�RUagozo��[aqRU{�lXp�ij^8cfl]{�l]ÐÇRUcflXijaÂ^8_6ijT8VXWb{�`BY

• M ckRUcflXp N ij{KT8l]aqRUc6ij_flyRUV®�n^8cfl]{�l]ÐÇRUcflXija¿¹�_6ijT8VXWb{�`E�­Rj`6`fl]}�a8{�Wba�c���cÀ�d^�WK^8_6ijT8VXWb{�`1� Y
�
Q�_kRG³�WbV]l]a8} M RUVXWG`f{|RUaÂ¹�_6ijT8VXWb{Á° �Z� ±�Z

� U mqRjo�_kRUcflXpERj`6`fl]}�a8{�Wbadc#^8_6ijT8VXWb{ ° ��§ ±�Z
�
·/�[aqRU{�lXphQµRj`f¢�¾#V]VXi[prRUcflXijazRUago M p6egWGo�m8V]l]a8}�¹�_6ijT8VXWb{�° ��Ì ±���° Yj© ±���° Y[\ ±���° Yjª ±���° YjÍ ±���° Yj© ±���° Y[\ ±�Z

�
�h_kRU^8e�� N ijVXij_fl]a8}�¹�_6ijT8VXWb{Á° Y � ±�Z

• ·/�[aqRU{�lXp N ij{�T8l]aqRUc6ij_flyRUVq�n^8cfl]{�l]ÐÇRUcflXija�¹�_6ijT8VXWb{�`?�´_6ijm8cfl]a8}#^8_6ijT8VXWb{�`�uvijm8agotl]aKpGij{�{�m8a8lXprRUcflXijaagWbcÀ�Îij_f¢�`1� Y
� N ija8agWGpbcflXija��¦�n_flXWbadc6WGo�snWbcÀ�Îij_f¢<P#ijm8cfl]a8}¿° Yj¬ ±���° Y � ±�Z
� N ija8agWGpbcflXija8VXWG`k`ns/Wbc���ij_f¢TP#ijm8cfl]a8}Â�v¥Àa�c6Wb_fagWbc���c��[^�W�agWbc���ij_f¢[`x�t° Y�Y ±���° Yj§ ±���° YjÌ ±���° §�© ±�Z

¾/`SR#_6WrRUVÄ���Îij_fVXo�RU^8^8V]lXprRUcflXija�WxwgRU{�^8VXWBRUago�c6ine8l]}�e8V]l]}�e�c�cfegW�T�WbagWxÃgcSiUuAcfegW M ¥x� �tWbagWb_kRUV[¸=ijc6ij_6`SeqRj`RUV]_6WrRjo��z_6WrRUV]l]ÐrWGo=`6Wb³�Wb_kRUVS{�l]V]V]lXijag`/iUu®o8ijV]VyRU_6`/iUu®`kRr³dl]a8}�`/T��z`kijV]³dl]a8}4R�u�Rjpbc6ij_f�zij^8cfl]{�l]ÐÇRUcflXija�^8_6ijT8VXWb{
° ��ª ±�mg`fl]a8}�cfegW M ¥Î{�WbckRUegWbm8_flX`fcflXp�ZÎQ?egWt^8_6ijT8VXWb{ ��Rj`/RE_6WrRUVÄ��cfl]{�W�ij^8cfl]{�l]ÐÇRUcflXija¿^8_6ijT8VXWb{ÅiUu�Rj`k`fl]}�a8l]a8}cf_fmgp6¢�`�c6i�^qRUl]a�cÎTJi[ijcfeg`�u­ij_ÎRhcf_fmgp6¢�^qRUl]adcfl]a8}Kij^�Wb_kRUcflXija�Z�Q?egWb����RUadc6WGo|c6iteqRr³�WnRt`6l]{�^8VXWBT8m8cÎWxË|pblXWbadc
RUV]}�ij_fl]cfe8{z�A�Be8l]VXW�cf_fmgp6¢�`n�ÎWb_6W�}�ijl]a8}�ijm8cDuv_6ij{ cfegW�^8_6i[o�mgpbcflXijaÂV]l]agWG`Ç�gc6WbV]V]l]a8}|�Be8lXpke¿cf_fmgpk¢z`fegijm8VXozT�W
^qRUl]a�c6WGoÂT����Be8lXp6e¿TJi[ijcfe���l]a¿RE{�l]a8l]{�m8{�RU{�ijm8a�c/iUuScfl]{�W�RUagoz�Bl]cfe¿RE{�l]a8l]{�m8{�RU{�ijm8a�cniUu���Rj`6c6WGo
^qRUl]a�crZ
Q?egW M ¥SlX`Îpb_6WrRUcfl]a8}�Rt}�_6iÇ�Bl]a8}El]adc6Wb_6WG`fc�l]a|T�ijcfe~_6WG`6WrRU_6pke4RUago|l]ago�mg`fcf_f�|pGij{�{Km8a8l]cflXWG`�u´_6ij{>`6Wb³�Wb_kRUVo8ij{|RUl]ag`r�jWb³�Wba�l]agpbV]mgo�l]a8}/cfegW��Bl]_6WbVXWG`6`SpGij{�{�m8a8l]cÀ��Z�Q�WG`fcflÄuv�dl]a8}#c6iDcfeqRUc�WxÉ�ij_fcSRU_6W�`kWb³�Wb_kRUV�l]a�c6Wb_faqRUcflXijaqRUV

l]a8l]cflyRUcfl]³�WG`#o8WG`kpb_fl]TJWGo*T�WbVXir� Y
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• PnWG`6WrRU_6p6ez}�_6ijm8^g`#l]a*m8a8l]³�Wb_6`fl]cflXWG`�Y
�
Ñna8l]³�Wb_6`fl]c���Ò�l]T8_6W�o8W S _fm�w8WbV]VXWG`¡� S WbV]}�l]m8{~�x�/�Bl]cfe(«�WrRUa���Ò�ijm8lX`z·hWbagWbm8TJijm8_f}¯RUago ¸�RU_6pGi·hij_fl]}�i8Z

� M ckRUa�u­ij_6ozÑna8l]³�Wb_6`fl]c��¡�vÑ M ¾h�x�g�Bl]cfeÂ·hWbTJij_kRUe �hij_6o8ija�Z
� N sRP M �8Qµijm8VXijmg`6W~�v¶g_kRUagpGWÇ�x�g�Bl]cfe �/m8�4Q?egWb_kRUm8VyRUÐ�Z
�
¤®¹�¶�Ò M �?RU_f{���¥�adc6WbV]V]l]}�Wba�c P#WG`6WrRU_6pke �/_6ijm8^=��uvijm8ago8WGo�l]a M Wb^8c6Wb{�T�Wb_�ª�©�©�Í��x���Bl]cfe~¾#VXpkegWb_flXi¸�RU_fcfl]agijV]l�Z

• N ij{�^qRUa8lXWG`neqRG³[l]a8}�mg`6WGo*ij_#`6cfmgo��dl]a8}�cfegW M ¥ Y
�
·hWbm8c6`6pkegW�QµWbVXWb¢�ij{ ¾ �È� �hWb_f{|RUad�8�x�q�Bl]cfe M c6WxÉ�WbaÂÒ�l]^8^�Wb_fc6`rZ

�
¸=ijc6ij_6ijVyR��ARUcBVXWrRj`6cD�Bl]cfez«�WrRUa�� N e8_flX`fc6ij^8egWE·/m8aqRUcDl]azcfegWt¸=ijc6ij_6ijVyR�Ò�RUTg`K�v¶g_kRUagpGWÇ�xZ

�
�tWbagWb_kRUV�¸¿ijc6ij_6`ÇZ

• Ñ M ��}�ir³�Wb_fa8{�Wbadcnuvm8ago8WGo*ij_f}�RUa8l]ÐÇRUcflXijag`�Y
�
s/¾ M ¾KZ

�
·#¾-Pn¹A¾>`fm8^8^�ij_fcfl]a8}*m8a8l]³�Wb_6`fl]c���^8_6i � WGpbc6`tcfe8_6ijm8}�e¡}�_kRUa�c6`~�vW�Z }gZ Y S lXiU��s/Wbc���ij_f¢dl]a8}¿¾#_6pke8lÄ�c6WGpbcfm8_6WK¹�_6i � WGpbc1�xZ

• ¥Àa�c6Wb_faqRUcflXijaqRUVS�Îij_f¢�`fegij^g`r�gpGija�u­Wb_6WbagpGWG`nRUago � ijm8_faqRUVX`�Y
�
¥Àa�c6Wb_faqRUcflXijaqRUVS²¡ij_f¢�`fegij^zijaÂ¾na�c#¾nV]}�ij_fl]cfe8{�`K�v¾/snQ M �xZ

�
¥Àa�c6Wb_faqRUcflXijaqRUV8²¡ij_f¢�`fegij^�ija S lXijVXij}�lXprRUV]V]��¥Àag`f^8l]_6WGoK¾n^8^8_6i�Rjp6egWG`�c6i/¾Bo�³�RUagpGWGoE¥Àa�u­ij_f{|RUcflXijaQµWGp6e8agijVXij}���� S lXiU��¾/·h¥ÀQ#�xZ

�
¥¦¤�¤�¤ M ��RU_f{ ¥�adc6WbV]V]l]}�WbagpGW M �[{�^Ji�`fl]m8{Á� M ¥ M �xZ

�
¥¦¤�¤�¤ ¥�adc6Wb_faqRUcflXijaqRUV N ija�uvWb_6WbagpGW|ija�¤�³�ijV]m8cflXijaqRU_f� N ij{�^8m8cfl]a8}g�µ¶8m8ÐGÐG� N ij{�^8m8cfl]a8}g�SRUagos/Wbm8_6i[pGij{�^8m8cfl]a8}gZ

�
¥¦¤�¤�¤�Q�_kRUag`1RjpbcflXijag`#ijaÂ¤�³�ijV]m8cflXijaqRU_f� N ij{�^8m8ckRUcflXija�Z
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sniÇ��RjogRG��`r���Bl]_6WbVXWG`6`nmg`6Wb_6`n_6W V�m8l]_6WKl]agpb_6WrRj`fl]a8}4`f^�WGpbcf_fm8{ _6WG`6ijm8_6pGWKc6i~eqRUago�VXWK`6Wb_f³[lXpGWG`hRUa��[�BegWb_6W
RUagoÏRUa��[cfl]{�W��Î�Bl]cfeÏ`6WrRU{�VXWG`6`�pGija�cfl]adm8l]c��ÏiUuh`6Wb_f³dlXpGW�Z%·hWb³�WbVXij^8l]a8}¡agWb�Èc6WGp6e8a8l VdmgWG`�c6i�T�Wbcfc6Wb_�{|RUa��
RU}�W�`f^�WGpbcf_fm8{ _6WG`6ijm8_6pGW�prRUa�l]agpb_6WrRj`6W�l]c6`hmg`kRU}�W�WxË|pblXWbagpb����_6WGo�mgpGW�_kRjo�lXi4l]a�c6Wb_�u­Wb_6WbagpGWG`KRUago�agWbcÀ�Îij_f¢
pGija8}�WG`fcflXijag`rZ�¾/`�R�_6WG`fm8V]cr��cfegW�agWGWGo8`hu­ij_t`fcfmgo�lXWG`�o8WrRUV]l]a8}*�BegWbcfegWb_��Bl]cfe�cfegW�pGi[Wxw�lX`fc6WbagpGW�ij_tcfegW�l]a��
c6Wb_6ij^�Wb_kRUT8l]V]l]c��¡iUu?{�m8V]cfl]^8VXW Pn¾�Q�`r���BegWbcfegWb_��Bl]cfe¡cfegW�^�Wb_�uvij_f{|RUagpGW|iUu?R*`fl]a8}�VXW Pn¾�Q RUctcfegW�`f��`fc6Wb{
VXWb³�WbVS¢�WGWb^�ija¿l]agpb_6WrRj`fl]a8}gZ�PnRjo�lXi�ij_flXWba�c6WGo�`f��`fc6Wb{ÅVXWb³�WbV�`fl]{Km8VyRUcflXija�{�ido8WbVX`tRU_6WKagWGpGWG`6`kRU_f�4u­ij_/`f^�WGpx�
cf_fm8{�{|RUaqRU}�Wb{�Wbadc~_6WG`kWrRU_6p6eNc6i¡³jRUV]lXogRUc6W=RUagoÏ_6Wbl]a�u­ij_6pGW*cfegWGij_6WbcflXprRUV/`6cfmgo�lXWG`~RUc�cfegWÂmg`6Wb_r�ÎpGWbV]VhRUago
agWbc���ij_f¢4VXWb³�WbVX`?^8_flXij_�c6i�o8Wb^8VXiÇ�d{�WbadcrZÎ¥Àa4Rjo8o�l]cflXija��gcfegWb�|egWbV]^4l]a4lXo8Wba�cflÄuv�dl]a8}�lX`6`6mgWG`��´l]a�c6Wb_�u­Wb_6WbagpGW��8_kR �
o�lXih_6WG`6ijm8_6pGWDRjpGpGWG`6`�m8a�u�RUl]_fagWG`6`r��Wbc6pÇ�µRUago�^8_6iÇ³dlXo�l]a8}K`6ijV]m8cflXijag`#�´_kRjo�lXih_6WG`6ijm8_6pGW?{|RUaqRU}�Wb{�WbadcÎ`6pkegWb{�WG`r�
Wba8eqRUagpGWGo�^8_6ijc6i[pGijV���Wbc6pÇ�nc6i*RUa�cflXpbl]^qRUc6W�^8_6ijT8VXWb{�`tcfeqRUc�pGijm8VXo�i[pGpbm8_tl]a�_6WrRUV�Z�¾/`/`6mgp6e���R�`fl]{Km8VyRUcflXija
^8VyRUc�u­ij_f{ÅprRUazegWbV]^zl]a*l]agpb_6WrRj`fl]a8}�pGi�`fcD`kRr³dl]a8}�`rZ
¥Àa¡cfe8lX`tcfegWG`flX`Ç�µR4{Km8V]cflÄ� P#¾�Q `6l]{�m8VyRUcflXija
^8VyRUc�u­ij_f{ eqRj`�TJWGWba¡o8WG`6l]}�agWGo�Z~Q?egW�agWxw�c�`6WGpbcflXijag`��Bl]V]V

o8WG`6pb_fl]T�W/l]c6`DRU_6p6e8l]c6WGpbcfm8_6W��gl]c6`Îuvm8agpbcflXijaqRUV]l]cflXWG`#RUago4c6iE�BeqRUcBWxw[c6Wbago4l]c?eqRj`?T�WGWba�mg`kWGo~l]a*ijm8_?_6WG`6WrRU_6pke�Z

� . � � � ��7A3 ��� 
 � � �6@?7A;G9DH�� �FH>�#@DCK3��µ@?7J369DC

�nm8_�`f��`fc6Wb{ VXWb³�WbVn`6l]{�m8VyRUcflXija�^8VyRUc�uvij_f{�u´m8VÄÃgV]VX`~cfegWz`fl]{Km8VyRUcflXija¯agWGWGo8`4RUagoÏegWbV]^g`|l]a¯`fcfmgo��[l]a8}
�v`fckRUcflXp�ij_*o��daqRU{�lXp�`kpGWbaqRU_flXi�`1�~cfegW=^JWb_�u­ij_f{|RUagpGW�iUuER%`fl]a8}�VXW P#¾�Q��´lX`6ijVyRUc6WGoFij_*pGiU��Wxw�lX`fcfl]a8}¨�Bl]cfe
`6Wb³�Wb_kRUV�_kRjo�lXi|`f�[`6c6Wb{�`1�x�8ij_BcfegWtl]a�c6Wb_6ij^�Wb_kRUT8l]V]l]c��¿iUuS{Km8V]cfl]^8VXW P#¾�Qµ`rZ
�nm8_D^8VyRUc�u­ij_f{ lX`Do8WGpGij{�^�i�`6WGo*l]adc6i�cÀ�Îi�pGij{�^8VXWb{�WbadckRU_f�zc6idijVX`nRj`D`fegir�BaÂl]a*Ãg}�m8_6W S Z]\ Y

• ¾	`fl]{�m8VyRUcflXija¿c6idijV Y®pGija�ckRUl]ag`DcfegW�{�ido8WbVX`#RUagoz^JWb_�u­ij_f{�`BcfegW�`fl]{Km8VyRUcflXijag`rZ
• ¾�o�lX`f^8VyRr�¨c6idijV YÂegWbV]^g`�l]aÏ³[lX`fmqRUV]l]ÐGl]a8}%RUago¯Wxw[^8VXijl]cfl]a8}�cfegWz`fl]{Km8VyRUcflXija¯_6WG`fm8V]c6`|mg`fl]a8}�R¡}�l]³�Wba`kiUu´cÀ��RU_6W~�vW�Z }gZ Y®¸=RUcfVyRUT�� �ha�m8^8VXijcr�q¤�w�pGWbV��gWbc6pÇ�xZ
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¶Sl]}�m8_6W S Z]\ZY�¸¿m8V]cflÄ� P#¾�Q M l]{�m8VyRUcflXija�¹�VyRUc�u­ij_f{��n³�Wb_f³[lXWb�

S ijcfeFc6i[ijVX`*pGij{�{�m8a8lXprRUc6W¡Td��Wxw8p6eqRUa8}�l]a8}¯c6Wxw[c�ÃgVXWG`4u­ij_f{|RUcfc6WGo(RjpGpGij_6o�l]a8}Ïc6iÏR%}�l]³�Wba u­ij_f{|RUcpGij{�{�ija%c6izT�ijcfe
c6i[ijVX`rZ4¤�w8RU{�^8VXWG`�iUuD`fl]{Km8VyRUcflXija%ijm8cf^8m8c�ogRUckRj`r��Wbl]cfegWb_EpGijV]VXWGpbc6WGo%ir³�Wb_Kcfl]{�W~ij_�Rj`
o�lX`fcf_fl]T8m8cflXijag`r�ARUagozWbl]cfegWb_nRUcDcfegWtmg`kWb_r��cfegW�pGWbV]V�ij_BcfegWtagWbcÀ�Îij_f¢*VXWb³�WbVµRU_6Whl]agpbV]mgo8WGoÂTJWbVXiÇ� Y

• P/Rjo�lXi�^qRU_kRU{�Wbc6Wb_6`�Y�pGiÇ³�Wb_kRU}�W#{|RU^g`r�[o8WG`fl]_6WGo�RUago�l]a�c6Wb_�u­Wb_fl]a8}�`fl]}�aqRUVX`®_6WGpGWbl]³�WGo4RUc®`6ij{�Wno8Wb³dlXpGWG`Ç�Wbc6p�Z
• ¹�_6ijc6i[pGijVq^�Wb_�u­ij_f{|RUagpGWZYµadm8{�T�Wb_�iUu�^qRjpk¢�Wbc6`Î`6Wbadcr��cfe8_6ijm8}�e8^8m8cr�[��RUl]cfl]a8}Eo8WbVyRG��T�Wxuvij_6W#`fmgpGpGWG`6`�uvm8VpkeqRUa8agWbVSRjpGpGWG`6`Ç�8��RUl]cfl]a8}|o8WbVyRr�*c6i�cf_kRUag`f{�l]cnRE}�l]³�Wba¿^qRG�[VXi�Rjoz`fl]ÐrW��8Wbc6p�Z
• ¤�c6p�Z

Q?egW�l]a8agiÇ³jRUcfl]³�W�Rj`f^JWGpbc6`tiUu�cfe8lX`t}�WbagWb_flXp�^8VyRUc�u­ij_f{�_6WG`flXo8W�l]a�cfegW�`fl]{Km8VyRUcflXija¡c6idijV�l]c6`kWbVÄu�ZE¾ pkeqRUVÄ�
VXWba8}�l]a8}|WxÉ�ij_fcB��Rj`B}�ijagW�cfe8_6ijm8}�ezc6i�}�Wbc#RKu´m8V]V]�~{�ido�m8VyRU_#RUago*£qWxw[l]T8VXWh^8VyRUc�u­ij_f{ RU_6p6e8l]c6WGpbcfm8_6WERUago4c6i
ij_f}�RUa8l]ÐrWnRUV]VqcfegWD`6pGWbaqRU_flXi�`®WbVXWb{�Wbadc6`®l]adc6i�`6Wb³�Wb_kRUVJij_fcfegij}�ijaqRUVqV]l]T8_kRU_flXWG`n�vWb³�ijV]³[l]a8}ERj`�l]ago8Wb^JWbago8WbadcfV]�~Rj`
^�i�`6`fl]T8VXWÇ�®pGij_f_6WG`f^Jijago�l]a8}�c6iE³�RU_flXijmg`ÎVXWb³�WbVX`?iUuSRUTg`6cf_kRjpbcflXija�Z�¾F`6pGWbaqRU_flXi�`6WbVXWGpbc6`?`6Wb³�Wb_kRUV�WbVXWb{�Wba�c6`�uv_6ij{
`6Wb³�Wb_kRUV�iUu�cfegWG`6WhV]l]T8_kRU_flXWG`rZÎ¶Sl]}�m8_6W S Z ª ^8_6WG`6Wba�c6`/R�`6pGWbaqRU_flXi|ij_f}�RUa8l]ÐÇRUcflXija¿l]a�³�ijV]³[l]a8}|cfegWG`6WhV]l]T8_kRU_flXWG`rZ
Q?e8lX`B^8VyRUc�u­ij_f{ÈlX`?ckRU_f}�Wbc6WGo*c6iÇ��RU_6o8`#`6�[`fc6Wb{>^�Wb_�uvij_f{|RUagpGW�RUaqRUV]��`flX`DRUc?cfegWhmg`6Wb_r�8pGWbV]V�RUago4agWbcÀ�Îij_f¢

VXWb³�WbVX`rZSQ?egW®`fl]{Km8VyRUcflXijaKc6i[ijV�mg`6WG`SRUaKijT � WGpbc���ij_flXWba�c6WGo�RU^8^8_6i�Rjp6ez�´cfegWbaKpGi[o8WGo�mg`6l]a8}DcfegW N���� VyRUa8}�mqRU}�Wu­ij_�l]c6`�_kRU^8lXo�l]c���iUu�Wxw8WGpbm8cflXija|iÇ³�Wb_�«�RG³�R�RUago�l]c6`®RUT8l]V]l]cÀ�Ec6iheqRUago�VXWBijT � WGpbc���ij_flXWba�c6WGo~{�i[o8WbV]l]a8}d�Sc6ihT8_fl]a8}
{�i[o�m8VyRU_fl]c��~�vWrRj`f�tc6i#mg`6W®RUagoK³jRUV]lXogRUc6WÇ�x� £qWxw�l]T8l]V]l]c��~�vWrRj`6l]V]�tm8^8}�_kRjo8WrRUT8VXWÇ�µRUagoKpGido8W®_6Wx��mg`6W®prRU^qRUT8l]V]l]cflXWG`ÇZ
QµRUT8VXW S Z]\ }�l]³�WG`D{�ij_6W�o8WbckRUl]VX`#RUT�ijm8c#WrRjpkezV]l]T8_kRU_f��Z
Q?egW/agWxw�c�`6WGpbcflXija4o8WG`6pb_fl]T�WG`�{�ij_6Wn^8_6WGpblX`kWbV]��cfegW/{�m8V]cflÄ� P#¾�QFRj`f^�WGpbc6`?iUu�cfegWh`fl]{�m8VyRUcflXija4^8VyRUc�u­ij_f{zZ

� . � � 
 � 	 P�5q�µHJ36O�7A3k9DC

¾#V]V�RUVXija8}�cfegWnV]lÄuvWbcfl]{�WniUu�cfegWD^8VyRUc�u­ij_f{z�[`kWb³�Wb_kRUV9P#¾�Qµ`®�Bl]V]VATJW#{�ido8WbVXWGo4RUago�mg`kWGo|Wbl]cfegWb_�lX`6ijVyRUc6WGo
ij_�l]a4RtpGidij^�Wb_kRUcfl]³�WD�?RG��Z�¾BpGpGij_6o�l]a8}�V]���[T�Wbl]a8}ERUT8VXWBc6i�l]a�cf_6i[o�mgpGW#agWb� P#¾�Q�`�WrRj`fl]V]��lX`ÎRt{�mg`fcrZ�»hRG³[l]a8}
`6Wb³�Wb_kRUVQP#¾�Qµ`�{�ido8WbVXWGo�l]a�cfegW=`1RU{�W¿`fl]{Km8VyRUcflXijaF�Îijm8VXo {|Rjo8W=l]c�^Ji�`6`6l]T8VXWÂc6i%`fcfmgo��Ïl]adc6Wb_���`f�[`6c6Wb{
l]a�c6Wb_�u­Wb_6WbagpGWKRj`6^JWGpbc6`Dij_#l]a�c6Wb_���`f��`fc6Wb{ eqRUago8iÇ³�Wb_#{�WGp6eqRUa8lX`6{�`rZ
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M �[`fc6Wb{
Ñ/`6WGo�c6i*_fm8a�cfegW�`fl]{�m8VyRUcflXijag`BYKR*¹ N ij_�cfegW�pbV]mg`fc6Wb_rZ~¹�_6ir³[lXo8WG`E`6ij{�W�}�Wba��Wb_kRUV�l]a�u­ij_f{|RUcflXijaz_6Wb}�RU_6o�l]a8}�cfegWt`fl]{Km8VyRUcflXijaÂogRUc6W�RUago4cfl]{�W���cfegWtpGij{�^8m8cfl]a8}
Rjpbcfl]³[l]c����qcfegWt`f�[`6c6Wb{ `fckRUcfmg`r�8Wbc6p�Z

M l]{�m8VyRUc6ij_�L ` N ij_6W
�n_f}�RUa8l]ÐrWG`ÂcfegW¡`fl]{�m8VyRUcflXija	`6pGWbaqRU_flXi�`rZ N RUa TJW�ij^�Wb_kRUc6WGoFl]a(cÀ�Îi¨{�i[o8WG`�Y`fckRUcflXp�RUago o��[aqRU{�lXp�Z ¸�RUaqRU}�WG`zRUV]V/cfegW�o�lÄÉ�Wb_6Wba�c*VyRr��Wb_6`*l]a�³�ijV]³�WGo l]a cfegW
`fl]{Km8VyRUcflXija�Z¿¤�w8RU{�^8VXWG`�Y�^8ed�[`6lXprRUV�Wbad³dl]_6ija8{�WbadcÇ�v`1�x��pGij{�{�m8a8lXprRUcfl]a8}¡Wbadcfl]c��
o8Wb^8VXiÇ�d{�WbadcÇ�v`1�B^qRUcfc6Wb_fa��v`x�x��P#¾�Q��v`1�x�8Wbc6p�Z

�hWGij}�_kRU^8e8lXprRUV ¾nV]V�`fl]{Km8VyRUcflXija=`6pGWbaqRU_flXi�`nmg`6W�R�`fl]{�^8VXW�ij_fcfegijagij_f{|RUV�pGidij_6o�l]aqRUc6WK`f��`fc6Wb{ c6i
Wxw�^8_6WG`6`#RUV]V�pGi[ij_6o�l]aqRUc6WG`n¤�w8RU{�^8VXWZY�`6l]{�m8VyRUc6WGo¿RU_6WrR�Z

M ^qRjpGW
M ij{�W*TqRj`6lXp4}�WGij{�Wbcf_flXprRUV#`feqRU^�WG`�eqRG³�W*T�WGWbaÏo8WxÃgagWGo �vW�Z }gZ Y4^�ijl]a�cr�Î³�WGpbc6ij_r�pbl]_6pbVXW��h_6WGpbckRUa8}�VXW��hegWxwgRU}�ija��tWbc6pÇ�xZ Q?egWG`6W¡`6l]{�^8VXW�`feqRU^JWG`z{�l]}�e�cÂcfegWba TJW
_6Wb^8_6WG`6Wbadc6WGo
Rj`hijT � WGpbc6`�l]a=m8^8^�Wb_hVyRG��Wb_6`|�vW�Z }gZ YhR�` VdmqRU_6WEpGijm8VXo�_6Wb^8_6WG`kWba�c�R
ªj·	T8m8l]VXo�l]a8}|l]a*cfegW�^8e���`flXprRUV�Wba�³[l]_6ija8{�Wba�c/VyRG��Wb_1�xZ

Q?l]{�W ·hWxÃgagWG`#pbVXi[p6¢4pGijm8a�c6Wb_6`n�Bl]cfeÂo�lÄÉ�Wb_6Wba�cDVXWb³�WbVX`niUuS}�_kRUadm8VyRU_fl]c���Z

¹�e���`flXprRUV�¤�ad³dl]_6ija8{�Wbadc
Ñ/`fmqRUV]V]��iUuJcfe8_6WGWÎcÀ�d^�WG`�Y�m8_fTqRUaÂ�vW�Z }gZ Yµ¸�RUa8eqRUcfckRUa�Wba�³[l]_6ija8{�Wba�c1�x�d`fm8T���m8_fTqRUa
RUago�_fm8_kRUV�Z�¥Àc/lX`KR~pGij{�^8VXWb{�Wbadc�c6i4cfegW�^8_6ij^qRU}�RUcflXija�{�ido8WbV���RUago�o8i[WG`hagijc
l]agpGij_f^�ij_kRUc6W�RUa��¿_kRjo�lXi4Rj`6^JWGpbc/T8m8ch_kRUcfegWb_tl]c/{|Rr�¿pGijag`fcf_kRUl]adctmg`6Wb_6`�LA^qRUcfeg`rZ
¤�wgRU{�^8VXWG`�Y�T8m8l]VXo�l]a8}�`Ç�g`fcf_6WGWbc6`r�gWbc6p�Z

N ij{�{�m8a8lXprRUcfl]a8} ¤�a�cfl]cÀ�·/Wb^8VXiÇ�d{�Wbadc/¹�RUcfc6Wb_fa Ò�lX`6c#iUu�RUV]V�cfegW�pGij{�{�m8a8lXprRUcfl]a8}4Wba�cfl]cflXWG`#iUu�cfegW�`kRU{�W�c��[^JW�Z
¥�a�uv_kRj`fcf_fmgpbcfm8_6W ·/Wb^8VXiÇ���
{�Wba�cn¹�RUcfc6Wb_fa

Ò�lX`6c?iUuµcfegWnl]a�uv_kRj`fcf_fmgpbcfm8_6WhW Vdm8l]^8{�Wba�c6`Do8Wb^8VXiÇ��WGo4l]a�cfegWh`fl]{Km8VyRUc6WGo4^8e���`flXprRUV
Wbad³dl]_6ija8{�WbadcrZÎ¤�wgRU{�^8VXWG`�Y�agWbcÀ�Îij_f¢
�´V]lX`fc1�BiUu S M `r�8¾/¹�`r�8Wbc6p�ZÑn`6Wb_	·hWb^8VXir�[{�Wba�cM¹SRUc��

c6Wb_fa
Ò�lX`6c�iUu8cfegW�mg`6Wb_6`µo�lX`fcf_fl]T8m8c6WGo�l]aKcfegW�`fl]{�m8VyRUc6WGoK^8e���`flXprRUV[Wba�³[l]_6ija8{�Wba�crZ�Q?egWbl]_
o�lX`fcf_fl]T8m8cflXijaFprRUa¯TJWZY=m8a8lÄu­ij_f{z�Begijc���`f^�ijcr�DWbc6p�Z(¤�wgRU{�^8VXWZY��Bl]_6WbVXWG`6`�mg`6Wb_6`
o�lX`fcf_fl]T8m8c6WGoÂl]aÂR�pbl]c���Z

N ij{�{�m8a8lXprRUcfl]a8}4¤�a�cfl]cÀ�
¥Àc�_6Wb^8_6WG`6Wba�c6`�cfegW�W Vdm8l]^8{�Wba�c6`�`6m8^8^Jij_fcfl]a8}DcfegW�_kRjo�lXiDpGij{�{�m8a8lXprRUcflXija�RUago�RU_6W
iUu�cÀ�ÎiK¢dl]ago8`�YS_kRjo�lXiERjpGpGWG`6`®l]a�uv_kRj`fcf_fmgpbcfm8_6WhW Vdm8l]^8{�Wba�cBRUago|mg`6Wb_�W V�m8l]^8{�WbadcrZ

¥�a�uv_kRj`fcf_fmgpbcfm8_6W�¤�VXWb{�Wbadc
¥Àc�lX`®R/¢dl]ago�iUu�pGij{�{�m8a8lXprRUcfl]a8}�Wba�cfl]cÀ��Z�¾#a�l]a�uv_kRj`fcf_fmgpbcfm8_6WDWbVXWb{�Wbadc�lX`�eqRG³[l]a8}
RzVXidprRUcflXija��SlX`KRUcfckRjpkegWGo%c6i¿RTPn¾�Q RUago�lX`KRUT8VXW�c6i¿`fm8^8^�ij_fcERUV]V®cfegW~l]{�^8VXWx�
{�Wbadc6WGo P#¾�QF`kWb_f³dlXpGWG`rZ�¤�w8RU{�^8VXWZY S M `Ç�8¾n¹�`Ç�8Wbc6p�Z

Ñn`6Wb_D¤�VXWb{�Wba�c
¥Àc~lX`*R�¢[l]ago�iUuEpGij{�{�m8a8lXprRUcfl]a8}NWbadcfl]c���Z ¤ÎRjp6eFmg`6Wb_4eqRj`zR
m8a8l V�mgW�¥¦·E�?R
{�ijT8l]V]l]cÀ�|^8_6iUÃgVXW��8R�`kWb_f³dlXpGW#^8_6iUÃgVXWhRUago4R Pn¾�Q¯¥¦·�Z�¤�wgRU{�^8VXWG`�Y�Ñ/¸¿Q M mg`6Wb_r�² Ò�¾/s mg`6Wb_r�8Wbc6p�Z

¸¿ijT8l]V]l]cÀ�4¹�_6iUÃgVXW N eqRU_kRjpbc6Wb_fl]ÐrWGo|T��E^Ji�`fl]cflXija���`f^JWGWGo�RUago�o�l]_6WGpbcflXija�Z X RU_flXijmg`�{�ijT8l]V]l]c���^8_6iUÃgVXWG`RU_6W�o8WxÃgagWGo
mg`fl]a8}z`f^�WGpblÄÃqp�_fm8VXWG`�ija
cfegW�Wb³�ijV]m8cflXija�iUuD`f^�WGWGo¡RUago¡o�l]_6WGpbcflXija
iÇ³�Wb_Dcfl]{�W�Z�¤�wgRU{�^8VXWG`�YÎRUVXija8}~`fcf_6WGWbc6`r��_kRUago8ij{Å{�iÇ³�W��g`fckRUcflXijaqRU_f���AWbc6p�Z

PnRjo�lXi N ijadckRUl]ag`Î`6Wb³�Wb_kRUVq^8_6ij^qRU}�RUcflXija~{�i[o8WbVX`rZ�¤�wgRU{�^8VXWG`�Yµu´_6WGWB`f^qRjpGW��d»/RUckR��d`feqRjo[�iÇ�Bl]a8}g�q¸�RUa8eqRUcfckRUa S Wb_f}g�gWbc6p�ZP#¾�Q Q?e8lX`ÂV]l]T8_kRU_f��lX`Âo8WbckRUl]VXWGo(l]a(cfegW�u­ijV]VXir�Bl]a8}�`6WGpbcflXija�ZÅ¤�w8RU{�^8VXWG`�Y¯Ñn¸=Q M �² Ò�¾/sK�8Wbc6p�Z

M Wb_f³dlXpGW�¹�_6iUÃgVXW
¾>mg`6Wb_�lX`ERUcfckRjp6egWGo�c6i¿R<Pn¾�QMu­ij_KR4^qRU_fcflXpbm8VyRU_�`6Wb_f³[lXpGW�l]cKiUÉ�Wb_6`rZ�Q?egW�l]a��
uv_kRj`fcf_fmgpbcfm8_6WhRUago|cfegWnmg`6Wb_6`ÎeqRG³�WtR�`kWb_f³dlXpGW#^8_6iUÃgVXW��[Wbl]cfegWb_Bpbl]_6pbm8l]c?ij_Î^qRjpk¢�Wbc��
`f�Bl]c6pkegWGo¡c6i¿`fm8^8^Jij_fc�³�ijlXpGW|ij_�ogRUckR�Z4¤�wgRU{�^8VXWG`KiUuBcf_kR Ë|p|{�ido8WbVX`�YK`fl]{�^8VXW
`kRUcfm8_kRUc6WGo��g²¡WbT��gWbc6p�Z

¸=RUcfegWb{|RUcflXpG` M ij{�W¿}�WbagWb_flXp=RUago¯Wxw[c6Wbag`6l]³�WbV]�¨mg`6WGoN{|RUcfegWb{|RUcflXprRUV/uvm8agpbcflXijag`|eqRr³�WÂT�WGWbal]{�^8VXWb{�Wbadc6WGo~l]a~cfe8lX`®^qRU_fcrZ�¤�wgRU{�^8VXWG`�YD�vW�Z }gZ YS^g`6Wbmgo8iU��_kRUago8ij{½a�m8{KTJWb_�}�Wba��
Wb_kRUc6ij_r�8^8_6ijTqRUT8l]V]l]cÀ�zo8Wbag`fl]c���uvm8agpbcflXijag`r�gWbc6pÇ�xZ

¥�a8^8m8c ���nm8cf^8m8c N ijadckRUl]ag`#³�RU_flXijmg`?uvm8agpbcflXijag`Dc6i�{|RUa8l]^8m8VyRUc6W�l]a8^8m8c/RUagozijm8cf^8m8cBÃgVXWG`rZ
QµRUT8VXW S Z]\ZY�¸Âm8V]cflÄ� Pn¾�Q(¹�VyRUc�u­ij_f{ Ò�l]T8_kRU_flXWG`n·/WG`kpb_fl]^8cflXija
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¶Sl]}�m8_6W S Z ª@Y M pGWbaqRU_flXi��n_f}�RUa8l]ÐÇRUcflXija

·/mgW�c6inWrRjp6e�P#¾�QQL `S`f^�WGpblÄÃqp�^qRU_kRU{�Wbc6Wb_6`r�UÃgago�l]a8}tRB}�WbagWb_flXpÎ{�Wbcfegido�c6iD{�i[o8WbV[`kWb³�Wb_kRUV�P#¾�Qµ`�l]aKcfegW
`kRU{�W/pGido�l]a8}�Wbad³dl]_6ija8{�WbadcBlX`?R�_6WrRUV�p6eqRUV]VXWba8}�W�Z M ij{�Wn{�Wbcfegi[o8`ÎegWbV]^4l]adcf_6ido�mgpGW/_6WrRUVJ£qWxw[l]T8l]V]l]cÀ�|l]a�cfegW^8VyRUc�u­ij_f{	Wb³�ijV]m8cflXija�`fmgpke�Rj`ScfegW�ijT � WGpbc���ij_flXWbadc6WGo�^8e8l]VXi�`6ij^8e����jcfegW M ckRUagogRU_6o�Q�Wb{�^8VyRUc6WBÒ�l]T8_kRU_f�~� M QBÒS�x�o8WG`fl]}�a¿^qRUcfc6Wb_fag`/RUagoÂc6Wb{�^8VyRUc6W�uvm8agpbcflXijag`rZ?¶gij_D£qWxw�l]T8l]V]l]c�����`fl]{�^8V]lXpbl]cÀ�ÂRUagoz{�Wb{�ij_f�z`kRr³dl]a8}g�q�ÎWEprRU{�W
m8^Â�Bl]cfe=cfegWtu­ijV]VXir�Bl]a8}*RU_6p6e8l]c6WGpbcfm8_6W�c6i~WxË|pblXWba�cfV]�Âij_f}�RUa8l]ÐrW�RWPn¾�QQL `#^qRU_kRU{�Wbc6Wb_6`Ç��Rj`#�ÎWbV]V�Rj`#�Bl]cfe�R
{�WGp6eqRUa8lX`6{ u­ij_#REmg`6Wb_Dc6i�T�W�RUcfckRjp6egWGo¿c6i�R�P#¾�QtZ
¾ P#¾�Q%lX`�pGij{�^�i�`6WGo�iUu�R/mg`6Wb_�^qRU_fcr�dRUa�l]a�uv_kRj`fcf_fmgpbcfm8_6WB^qRU_fcÎRUago�R/{�i[o8WbV�u­ij_�cfegW3P#¾�QF�´^8_6ijc6i[pGijV��

`f^�WGpblÄÃqp~u´m8agpbcflXijag`1�xZ�»/ir��Wb³�Wb_r�Î`kij{�W|u­WrRUcfm8_6WG`�RU_6W4`6ij{�Wbcfl]{�WG` P#¾�Q½`f^�WGpblÄÃqp���{|RU¢[l]a8}=l]cEl]agWxË|pblXWba�c
c6i=mg`6W*R=}�WbagWb_kRUVB{�ido8WbV?u­ij_�RUV]V?cfegW<P#¾�Q�`ÇZ
»/ij^JWxuvm8V]V]����cfegW�u­ijV]VXir�Bl]a8}�{�Wbcfegi[o¨o8WxÃgagWG`|R=pGij{�{�ija
^8_6i[pGWGo�m8_6Wh�Îij_f¢[l]a8}�uvij_DRUV]V�cfegWQPn¾�Q�`rZ�Ò�WbcBmg`DRj`k`fm8{�WhcfeqRUc#RKmg`6Wb_r�8Ñn`kWb_

i
��lX`?�Bl]V]V]l]a8}|c6iKT�W�RUcfckRjp6egWGo

c6i P#¾�Q
j
�8cfegW/u­ijV]VXir�Bl]a8}~`6c6Wb^g`#RU_6Wt}�ijagWtcfe8_6ijm8}�e��­RUVX`ki�_6WxuvWb_Bc6i�Ãg}�m8_6W S Z Í � Y

\�ZDÑ/`6Wb_
i
Rj`6¢[` Pn¾�Q

j
c6i�_6Wb}�lX`fc6Wb_rZ

ª�ZD¥�u�l]c#lX`n^Ji�`k`fl]T8VXW��>Pn¾�Q
j
pb_6WrRUc6WG`/R|pGij^��ziUuÎR�mg`kWb_�L ` P#¾�Q ^qRU_kRU{�Wbc6Wb_6`nuvij_/Ñn`6Wb_

i
�´l]cnlX`/R|pGij^��

iUu�cfegWtagWGpGWG`6`1RU_f�~^qRU_kRU{�Wbc6Wb_6`#uvij_#REmg`kWb_Dl]aTP#¾�Q
j
�xZ

Í�ZDQ?egWba��[Ñ/`6Wb_
i
lX`?Rjo�³�Wb_fcflX`6WGo|cfeqRUc®egWDlX`®agir�FRUcfckRjp6egWGo~c6i Pn¾�Q

j
��RUago�cfedmg`ÎegWDm8^JogRUc6WG`Îe8lX` Pn¾�Q

Rjo8o�_6WG`k`�RjpGpGij_6o�l]a8}�V]��Z�Q?egW�V]l]a8¢zT�Wbc���WGWba
Ñn`kWb_
i
RUago=e8lX`h`6WbctiUu P#¾�QQL `h^qRU_kRU{�Wbc6Wb_6`tl]a P#¾�Q

j�vpGij^d�8�BlX`DRjp6e8lXWb³�WGo¿T���e8lX`Bm8a8l VdmgW�¥À·MRj`B��WbV]VµRj`BTd��cfegWQPn¾�Q Rjo8o�_6WG`6`rZ

²�egWba~Ñ/`6Wb_
i
�Bl]V]Vqagi�{�ij_6W#TJWD^qRU_fcÎiUu4P#¾�Q

j
�vo�lX`kpGija8agWGpbcflXijaA�x�dcfegWnpGij^���iUu�e8lX` P#¾�Q¨^qRU_kRU{�Wbc6Wb_6`

�Bl]V]V�TJW�_6Wb{�iÇ³�WGoEu´_6ij{ P#¾�Q
j
Z�Q?e8lX`�{�Wbcfegi[o�RUV]VXir�D`®Rnmg`6Wb_�c6ih`fmgpGpGWG`6`fl]³�WbV]��mg`6W?`6Wb³�Wb_kRUVOP#¾�Q�`��Bl]cfegijm8c

e8l]{ T�Wbl]a8}|RG�?RU_6W�iUu�cfegW�`f^�WGpblÄÃqpt^qRU_kRU{�Wbc6Wb_6`Dmg`6WGo*uvij_Be8l]{ÈTd�4WrRjpke P#¾�QtZ
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¶Sl]}�m8_6W S Z Í@Y�Ñ/`6Wb_D¾?cfckRjp6e8{�Wbadc/¹�_6i[pGWGo�m8_6Wtc6i|R�Pn¾�Q
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¶qijV]VXir�Bl]a8}ÂcfegW�^8_6Wb³dlXijmg`fV]��^8_6WG`6Wbadc6WGo�RU_6pke8l]c6WGpbcfm8_6W��µ��W�eqRr³�W�mg`6WGo�cfegW�`6l]{�m8VyRUcflXija
^8VyRUc�u­ij_f{�u­ij_
`6Wb³�Wb_kRUV�`6cfmgo�lXWG`Do�m8_fl]a8}�cfegW�¹�eg·,_6WG`kWrRU_6p6egWG`rZ�²¡W�eqRG³�W�ija8V]��l]a�³�WG`fcfl]}�RUc6WGo¿o��daqRU{�lXp�`fl]{�m8VyRUcflXijag`��´agijc
`fckRUcflXpÇ��l]ad³�ijV]³dl]a8}�o8Wb^8VXir�[{�Wba�c6`/iUuSmg`kWb_6`#RUagoziUu�REagWbc��Îij_f¢ziUu�pGWbV]VX`rZ
¤�³�Wba%cfegijm8}�e%l]agpbV]mgo8WGo
l]a�cfegW�^8VyRUc�u­ij_f{�RU_6pke8l]c6WGpbcfm8_6W����ÎW|eqRG³�W~agijc�c6WG`fc6WGo%`6pGWbaqRU_flXi�`Kl]a�³�ijV]³[l]a8}

{�m8V]cfl]^8VXW�P#¾�Qµ`Dl]azcfegW�`1RU{�W�`6pGWbaqRU_flXi8Z®»/ir��Wb³�Wb_r�qo8Wb^8VXiÇ�d{�Wbadc6`/iUu�`6Wb³�Wb_kRUV�pGWbV]VX`/RUago*mg`6Wb_6`BeqRr³�W�T�WGWba
l]a�³�WG`6cfl]}�RUc6WGo�Z®Q?egW�`fcfmgo�lXWG`#_6WrRUV]l]ÐrWGo*mg`fl]a8}�cfegWt`6l]{�m8VyRUcflXijaÂ^8VyRUc�u­ij_f{ RU_6Wt^8_6WG`kWba�c6WGozegWb_6WrR uvc6Wb_�Y

• ¥¦¤�¤�¤F§�©�ª�Z]\�\K²�Ò�¾/sM¸=ido8WbV?�v`6WGW�¾n^8^JWbago�lÄw N RUago=p6eqRU^8c6Wb_ � � Y��ÎWKeqRG³�WK{�ido8WbVXWGo¿cfegW�¸=¾ NRUago ¹�»D¼�VyRG��Wb_6`¿iUuKcfegW¡¥¦¤�¤�¤�§�©�ª�Z]\�\¡`fckRUagogRU_6o �vWG`6^JWGpblyRUV]V]��cfegW¡¥¦¤�¤�¤ §�©�ª�Z]\�\rR��4�Bl]cfe(cfegW
^�i�`6`fl]T8l]V]l]cÀ�¿c6i*`6cfmgo��ÂcfegW�l]{�^qRjpbc�iUu�cfegW�²�Ò�¾/s�^8_6ijc6idpGijV�ija�cfegW�^�Wb_�uvij_f{|RUagpGW�_6WG`fm8V]c6`hl]a�cfegW
prRj`kWziUutR¡o8Wb^8VXir�[{�Wba�c~iUu�`6Wb³�Wb_kRUV#mg`6Wb_6`�l]a¯R=agWbcÀ�Îij_f¢ÏiUuh{�m8V]cfl]^8VXW=pGWbV]VX`rZÏQ?egWz¥¦¤�¤�¤>§�©�ª�Z]\�\
`6ckRUagogRU_6o~mg`kWG`�R�^qRjp6¢�Wbc���TqRj`6WGo��gRj`f�[agp6e8_6ijagijmg`?cf_kRUag`6{�lX`6`flXija4iUu�^qRjp6¢�Wbc6`?mg`fl]a8}�`6Wb³�Wb_kRUVJcf_kRUag`f{�l]c
{�i[o8WG`rZ�Q?egW�_6WG`fm8V]c6`�ijT8ckRUl]agWGo��ÎWb_6W?{|RUl]a8V]�Ku­idpbmg`6WGoEija�cfegW�l]{�^qRjpbc�iUuql]a�c6Wb_���pGWbV]Vql]a�c6Wb_�u­Wb_6WbagpGWDija
cfegW�mg`6Wb_#^�Wb_�u­ij_f{|RUagpGW���uv_kRU{�WG`�LqpGijV]V]lX`6lXija¿_kRUc6W��q{�WrRUa¿�?RUl]cncfl]{�W��qcfe8_6ijm8}�e8^8m8c1�nRUc/pGWbV]V�VXWb³�WbV��Al]a
R�agWbc���ij_f¢�iUu�{Km8V]cfl]^8VXWhm8agW V�mqRUV]V]�|VXi�Rjo8WGo�pGWbV]VX`ÇZ�¥�ago8WGWGo���`6Wb³�Wb_kRUVJV]l]{�l]ckRUcflXijag`DWxw�lX`fc®�Bl]cfe4² Ò�¾ns
`6�[`fc6Wb{�`BYµe8lXo8o8Wba*agi[o8WG`r�[l]a�c6Wb_���pGWbV]V�l]a�c6Wb_�u­Wb_6WbagpGW��g`f^qRUcflyRUV�m8a�u­RUl]_fagWG`k`r�8Wbc6p�Z�¾n`BRUa*Wxw�c6Wbag`flXija���cfegW
pbm8_f_6Wbadc�`6pGWbaqRU_flXi�`r�µÍ � � ²�Ò�¾ns�`6pGWbaqRU_flXi�`tpGijm8VXo�TJWEl]ad³�WG`fcfl]}�RUc6WGo��µRj`6`6m8{�l]a8}*cfegW�Í �È`fckRUagogRU_6o
��ijm8VXozT�Wh{�ido8WbVXWGozl]azcfegWh^8VyRUc�uvij_f{ Ãgcfcfl]a8}|�Bl]cfe8l]azcfegWt^8_6Wb³[lXijmg`fV]��^8_6WG`6Wba�c6WGo=RU_6p6e8l]c6WGpbcfm8_6W�Z

• M l]{Km8VyRUc6ij_�c6i#³�RUV]lXogRUc6W�cfegW VdmgWbm8l]a8}n{�i[o8WbV[_6WG`fm8V]c6`B�v`6WGWÎpkeqRU^8c6Wb_ � � Y�l]aEcfegW®^8_6WbV]l]{�l]aqRU_f��RUaqRUV]��`flX`r���W�eqRr³�W�³jRUV]lXogRUc6WGo
ijm8_�W V�mqRUcflXijag`�mg`fl]a8}zcfegWÂÆ VdmgWbmgW�Æ�pGijadckRUl]agWb_KiUÉ�Wb_6WGo�T���cfegW M QBÒ�RUago�T��l]adc6Wb_6pGija8agWGpbcfl]a8} cfegWÂo�lÄÉ�Wb_6Wba�c VdmgWbmgWG`~c6i¡pb_6WrRUc6W¿R�agWbcÀ�Îij_f¢NiUu�pGija8agWGpbc6WGo V�mgWbmgWG`ÇZ¯¶gij_|cfe8lX`
`6cfmgo����g`6ij{�W/uvm8agpbcflXijag`D�ÎWb_6W�ckRU¢�Wba*uv_6ij{ÈcfegWt^8VyRUc�uvij_f{ÅV]l]T8_kRU_flXWG`rZ

• ·/lX`fcf_fl]T8m8c6WGo�² Ò�¾/sÏ¸¿i[o8WbV��v`6WGWÎpkeqRU^8c6Wb_ Y � Y�c6i/l]{�^8VXWb{�Wbadc�ijm8_�`6��RU_f{,l]a�c6WbV]V]l]}�WbagpGWDo�lX`6cf_fl]T8m8c6WGoij^8cfl]{�l]ÐÇRUcflXija�RUV]}�ij_fl]cfe8{z�g��WteqRG³�W�mg`6WGo*`6ij{�Whuvm8agpbcflXijag`DckRU¢�Wba*uv_6ij{ÈcfegWt^8VyRUc�u­ij_f{ V]l]T8_kRU_flXWG`rZ
• ¤�c6p�Z
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Q?egWB_6WrRUV]l]ÐrWGo|{�m8V]cflÄ� Pn¾�QÏ^8VyRUc�u­ij_f{ eqRj`�T�WGWba|`fcf_fmgpbcfm8_6WGo|RUago�Wxw�c6Wbag`fl]³�WbV]�Emg`6WGo�o�m8_fl]a8}�cfe8lX`Î¹�eg·�Z
¸=ij_6WEo8WbckRUl]VX`KRU_6WK^8_6iÇ³dlXo8WGo�l]a
RU_fcflXpbVXW*° §�\ ±�ZK¤®Rjp6e�cfl]{�W��µR|}�l]³�Wba�^qRU_fctiUu�cfegWK^8VyRUc�u­ij_f{ V]l]T8_kRU_flXWG`t�?Rj`
mg`6WGo4c6i�T8m8l]VXo¿R�`fl]{�m8VyRUcflXija¿{�ido8WbV�Z



\r§�Í

� � � ��������� �

) 	 	 	 ���������	� � ��$ �'��&½
������ � � �,�

L:.k0 � Cn7qH�9t�E�K��7A369DC

¥Àa|cfe8lX`Îp6eqRU^8c6Wb_r�[�ÎW/o8WG`6pb_fl]T�WBcfegW#¥¦¤�¤�¤¨§�©�ª�Z]\�\rR � e�{�ido8WbVAl]{�^8VXWb{�Wba�c6WGo~u­ij_®ijm8_®² Ò�¾/s�`6cfmgo�lXWG`rZ
²¡W?eqRG³�WDl]{�^8VXWb{�Wba�c6WGo�cfegWD^qRU_fc6`�iUuAcfegWB`fckRUagogRU_6o�eqRG³[l]a8}KRUa�l]{�^qRjpbc�uv_6ij{MR/_kRjo�lXi�`fckRUago�^Jijl]adcr�dRj`�Wxw[�
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• S Ñ M ¼ � ¸=WrRUag`ncfeqRUctR|pbm8_f_6Wba�ctcf_kRUag`f{�lX`k`flXija¿lX`nckRU¢[l]a8}�^8VyRjpGWKl]a=cfegWKpGWbV]V�ZhQ?e�mg`Ç��R M Q�¾ �Bl]V]Vo8Wxu­Wb_Dl]c6` S N o8WGpb_6Wb{�Wbadcnm8adcfl]V�cfegW�WbagoziUu�cfegWtpbm8_f_6Wba�c/Q�w*^8V]mg`#R�·h¥À¶ M ^�Wb_flXidoÂiUuScfl]{�W�Z
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¶Sl]}�m8_6W N Z ��Y�¸=¾ N ¹�_6ijc6i[pGijV�¹�eqRj`6WG`K° \ ±

Q?egW|agWxw[cK^8_6ijc6idpGijV�`fckRUc6W~RUago%RjpbcflXija�lX`KpGijago�l]cflXijagWGo�Td��cfegW�{�WGo�l]m8{Á`fckRUc6W~RU_6ijm8ago%WrRjp6e M Q�¾EZ·/mgW/c6iER M Q�¾ V]l]{�l]c6WGo�cf_kRUag`f{�l]cB_kRUa8}�W��[cfegWn_6WG`6m8V]c?iUuµcfegW/prRU_f_flXWb_B`6Wbag`6l]a8}�ij^�Wb_kRUcflXija4lX`?ija8V]�|³�RUV]lXo|u­ij_RKpGWb_fckRUl]a*_6Wb}�lXija*RU_6ijm8ago4cfegW M Qµ¾��´e8lXo8o8Wba4agido8W/^8_6ijT8VXWb{~�x�gRUago�cfe�mg`?lX`�VXi[prRUcflXija*o8Wb^JWbago8WbadcBVXWrRjo�l]a8}c6i�`6ij{�WtV]l]{�l]ckRUcflXijag`hRj`Do8WG`6pb_fl]T�WGo4l]aÂ`6WGpbcflXija ��Z � Z
: � �
Q?egW�sn¾ X {�WGpkeqRUa8lX`f{ÅlX`Dmg`6WGo*l]azpGij{�T8l]aqRUcflXija�iUu�cfegW P�Q M � N Q M {�WGp6eqRUa8lX`6{��v`6WGW/Ãg}�m8_6W N Z ¬ �xZ¥Àa�Rjo8o�l]cflXija4c6i�cfegW/¹�»#¼ prRU_f_flXWb_B`6Wbag`fl]a8}Kij^�Wb_kRUcflXija��8R�¸=¾ N ³dl]_fcfmqRUV�prRU_f_flXWb_�`kWbag`fl]a8}KlX`Î^�Wb_�uvij_f{�WGo~T��RUV]V�cfegWhagijazcf_kRUag`6{�l]cfcfl]a8}�Rjpbcfl]³�W M Qµ¾n`rZ

¶Sl]}�m8_6W N Z ¬@Y�s/¾ X ¸=WGp6eqRUa8lX`f{Á° \ ±
Q?egW*s/¾ X l]a�uvij_f{|RUcflXijaÏlX`�l]agpbV]mgo8WGo l]aNRUV]VBcfegW�cf_kRUag`f{�l]cfc6WGo¨u´_kRU{�WG`z�vpGijadcf_6ijVnRUago¨ogRUckR���RUago lX`_6WrRjogRUT8VXW�T���RUV]V M Q�¾/`*�´{�ido8W=\Ç�xZ�Q?egW~s/¾ X l]a�uvij_f{|RUcflXija l]ago�lXprRUc6WG`�cfegW~cfl]{�W|�BegWba cfegW�pGij{�^8VXWbc6WogRUckR|cf_kRUag`f{�lX`6`flXija �´_6WGpGWb^8cflXija�iUuÎR|¾ N � uv_kRU{�WÇ�?^8_6i[pGWG`6`nlX`DÃga8lX`6egWGo��ApGij_f_6WG`f^�ijago�l]a8}4c6i�cfegWK`fckRU_fc/iUucfegW�agWxw�c#·h¥¦¶ M ��RUl]c#^�Wb_flXi[o*^8_flXij_#c6i�cfegW�agWxw[cnpGija�c6Wbago�l]a8}4^JWb_flXi[o�Z�¾n`D`6mgp6e��ARUV]VµcfegWtV]lX`fc6Wba8l]a8} M Q�¾/`T�WGpGij{�W�RG�?RU_6W�iUu�cfegWtcfl]{�Whu­ij_BcfegWhagWxw[c#pGijadc6Wba�cflXija=^JWb_flXi[o*iUu�cfegWt{�WGo�l]m8{zZ
Q?egW�s/¾ X o�m8_kRUcflXijaÂlX`#W V�mqRUV�c6i�cfegWtuvijV]VXiÇ�Bl]a8}�³jRUV]mgWZY

• P�Q M uv_kRU{�Wt_6WGpGWbl]³�WGo%Y TTX = TSIFS + TCTS + TSIFS + TDATA + TSIFS + TACK

• N Q M uv_kRU{�Wt_6WGpGWbl]³�WGo%Y TTX = TSIFS + TDATA + TSIFS + TACK

• ·D¾�Qµ¾	u´_kRU{�Wh_6WGpGWbl]³�WGo%Y TTX = TSIFS + TACK
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Tx
pGij_f_6WG`f^Jijago8`nc6i��?RUl]cncfl]{�WKo�m8_kRUcflXijag`nij_#u´_kRU{�Wtcfl]{�WK`f^�Wba�c#l]a¿cfegW�RUl]_rZ?¶gij_#{�ij_6WKo8WbckRUl]VX`/RUagoÂcfegW

^qRU_kRU{�Wbc6Wb_6`�Lq³jRUV]mgWG`B_6Wxu­Wb_Bc6i�cfegW�§�©�ª�Z]\�\rR�`fckRUagogRU_6o¡° ª ±�Z
� � � 
��>;9IJAC=���� ?�D � �Q?OI AC?�� 
&F � �

Q?egW N M ¸=¾ � N ¾�^8_6ijc6idpGijV/mg`6WGoÏTd�ÏpGija�c6Wbago�l]a8} mg`6Wb_6`~lX`�R¡_kRUago8ij{ RjpGpGWG`k`|{�Wbcfegi[o�Z(¤�³�Wb_f�^�Wb_flXido4^8_flXij_Dc6i�REcf_kRUag`6{�lX`6`flXijazlX`D`6VXijcfc6WGo¡�vo8WGpGij{�^Ji�`6WGozl]azcfl]{�Wt`fVXijc6`1��o�mgWtc6i�cfegW S N ³�RUV]mgW�Z�Q?edmg`r�cfegWb_6W�lX`/agi�^8_6Wx��WG`fckRUT8V]lX`fegWGo�cf_kRUag`f{�lX`k`flXija�`6p6egWGo�m8VXW�ZE¤®Rjp6e M Qµ¾ o8WbVyRr�[`tl]c6`/cf_kRUag`f{�lX`k`flXija¡`fckRU_fchcfl]{�WT��¨`6ij{�W4_kRUago8ij{ S N ³jRUV]mgW
�´}�WbagWb_kRUc6WGo�RjpGpGij_6o�l]a8}
c6i¡R�m8a8lÄu­ij_f{�o�lX`fcf_fl]T8m8cflXijaA���Bl]cfe8l]a¯R�³�RU_flyRUT8VXWN ²,Z�¾¯u­RUl]V]m8_6WBc6i�cf_kRUag`f{�l]cÎWxw�^JijagWbadcflyRUV]V]��l]agpb_6WrRj`6WG`ÎcfegW N ²'`fl]ÐrWBl]a|ij_6o8Wb_Îc6it_6WGo�mgpGWDcfegW#^8_6ijTqRUT8l]V]l]c��cfeqRUc/c��Îi�mg`6Wb_6`/ij_/{�ij_6WKo�_kRr�	cfegWK`kRU{�W S N ³�RUV]mgW��JRUago=`fl]{�m8V]ckRUagWGijmg`6V]�Âcf_kRUag`f{�l]crZ/Q?e8lX`#{�l]a8l]{�l]ÐrWG`pGijV]V]lX`flXijag`�TJWbcÀ�ÎWGWba%{�m8V]cfl]^8VXW M Q�¾/`�T���c6Wb{�^�ij_kRUV]V]�¡`f^8_6WrRjo�l]a8}ÂcfegWbl]_Kcf_kRUag`f{�lX`6`flXija�`fckRU_fc�cfl]{�WG`rZ�Q?egWo�m8_kRUcflXija¨iUuDcfegWG`6W��?RUl]cfl]a8}�^JWb_flXi[o8`�lX`K_kRUago8ij{z��RUago%o8Wb^JWbago8`�ija
cfegW~a�m8{KTJWb_�iUu#pGijadc6Wbago�l]a8}�mg`6Wb_6`
RUago*cfegWh{�WGo�l]m8{�`fckRUc6W�RU_6ijm8agoÂWrRjpke M Q�¾EZgQ?egW�RUV]}�ij_fl]cfe8{ mg`6WGo4lX`B^8_6WG`6Wbadc6WGozT�WbVXir� Y

CWn+1 = 2× (CWn + 1)− 1

�BegWb_6W
n
lX`ÎcfegW#adm8{�T�Wb_?iUu�cf_kRUag`6{�l]cBRUcfc6Wb{�^8c6`ÇZ�Q?egW#{|R w�l]{�m8{Èadm8{�T�Wb_?iUu�cf_kRUag`6{�lX`6`flXija*RUcfc6Wb{�^8c6`?lX`

V]l]{�l]c6WGo¿T��zpGijm8a�c6Wb_6`�Rj`#^8_6WG`6Wba�c6WGo=l]a¿cfegWtu­ijV]VXir�Bl]a8}4^qRU_kRU}�_kRU^8e � M egij_fc�P#Wbcf_f� N ijm8adc6Wb_�� M P N � �UÒ�ija8}P#Wbcf_f� N ijm8a�c6Wb_¿�vÒ1P N �f�xZ�¾/`�R�pGijag`6W VdmgWbagpGW���cfegW*¸=¾ N ^8_6ijc6i[pGijVB��RUl]cfl]a8}
^8e8l]VXi�`6ij^8e��%lX`�cfegW4{�ij_6WR M Qµ¾½u�RUl]VX`�c6izcf_kRUag`6{�l]c�R*u´_kRU{�W��ScfegW~{�ij_6W�l]c��?RUl]c6`E�BeqRUc6Wb³�Wb_Kl]c6`EogRUckR*uv_kRU{�W|`6l]ÐrW~RUago�cf_kRUag`f{�l]c{�i[o8W�ÆjZ

 � � � � � �
¤®Rjp6e%m8ag`fmgpGpGWG`6`�uvm8VÎRUcfc6Wb{�^8cEc6i*cf_kRUag`f{�l]c�R�u´_kRU{�W|l]agpb_6WrRj`6WG`�R4_6Wbcf_f��pGijm8a�c6Wb_rZ*Q?egWb_6W~RU_6W|c���i

pGijm8a�c6Wb_6`/o8Wb^�Wbago�l]a8}|ijazcfegW/uv_kRU{�W�`fl]ÐrW��vpGija�cf_6ijVSij_#ogRUckREuv_kRU{�WG`1� Y

• M P N � V]l]{�l]c6`BcfegWha�m8{KTJWb_niUuµcf_kRUag`f{�lX`6`6lXijaÂRUcfc6Wb{�^8c6`?uvij_BpGijadcf_6ijV�u´_kRU{�WG`DRUago�u­ij_BogRUckRKu´_kRU{�WG`�Begi�`kW�`fl]ÐrWhlX`BVXWG`6`DcfeqRUazcfegW
RTSThreshold

�

• Ò4P N �,V]l]{�l]c6`DcfegWtadm8{�T�Wb_niUu�cf_kRUag`f{�lX`6`flXija=RUcfc6Wb{�^8c6`#iUu�ogRUckREuv_kRU{�WG`D�Begi�`6W�`6l]ÐrWtWxw�pGWGWGo8`#cfegW
RTSThreshold

Z

¾#u´c6Wb_/WrRjp6e�`fmgpGpGWG`6`fu´m8Vµcf_kRUag`f{�lX`6`flXija�iUuÎR�uv_kRU{�W��qcfegWEpGij_f_6WG`f^�ijago�l]a8}4_6Wbcf_f�zpGijm8a�c6Wb_hlX`#_6WG`kWbcrZ S m8cR uvc6Wb_t_6WrRjp6e8l]a8}zcfegW�{|R w�l]{�m8{�³�RUV]mgW�iUu�Wbl]cfegWb_tcfegW M P N ij_�Ò4P N ��cfegW�pGij_f_6WG`f^�ijago�l]a8}ÂogRUckR~uv_kRU{�W�lX`o�lX`6prRU_6o8WGo�Z
� � 
 � � � 
 � F�H ��?�D�ACG �

Qµi¡_6WGo�mgpGW*cfegWz^JWb_�u­ij_f{|RUagpGWÂo8Wb}�_kRjogRUcflXija�o�mgW*c6i�e8lXo8o8WbaNc6Wb_f{�l]aqRUVX`Ç�?R�{�WGo�l]m8{�_6WG`6Wb_f³�RUcflXija
c6WGp6e8a8l VdmgW*TqRj`6WGo ijaÏR¿_6WG`6Wb_f³�W¡� P�Q M u´_kRU{�WÇ��RUago pGija�Ãg_f{ � N Q M uv_kRU{�WÇ�K{�WGp6eqRUa8lX`f{ T�Wbc���WGWbaÏcfegW`6ijm8_6pGW�RUago4cfegWto8WG`fcfl]aqRUcflXijaÂlX`?^8_6ij^Ji�`6WGo4l]az· N ¶%{�i[o8W�Z®�nagpGWtcfegWh{�WGo�l]m8{ÈlX`D`fmgpGpGWG`6`fu´m8V]V]�~_6WG`6Wb_f³�WGou­ij_ER M Qµ¾K�µcfegW|ogRUckRzuv_kRU{�W|prRUa%TJW|cf_kRUag`f{�l]cfc6WGo
�Bl]cfe¨R*e8l]}�egWb_�p6eqRUagpGW4iUu#`fmgpGpGWG`k`rZ*¾#VX`ki8�µ�BegWba RpGijV]V]lX`flXija�idpGpbm8_6`®TJWbcÀ�ÎWGWba4`6Wb³�Wb_kRUV>P�Q M uv_kRU{�WG`r��u�RU_�VXWG`6`�TqRUago��BlXo�cfe~lX`®��Rj`fc6WGo|�BegWba~pGij{�^qRU_6WGo~�Bl]cfe~RVyRU_f}�Wb_hogRUckR�uv_kRU{�WKpGijV]V]lX`flXija�Z#Q?e�mg`r�Amg`fl]a8}�cfegW P�Q M � N Q M {�WGpkeqRUa8lX`f{�lX`#_6WGpGij{�{�Wbago8WGo=�BegWba={|RUa��mg`6Wb_6`/RU_6W�pGija�c6Wbago�l]a8}~u­ij_DcfegW�{�WGo�l]m8{ c6i�cf_kRUag`f{�l]cnVyRU_f}�W�ogRUckR�uv_kRU{�WG`rZ�»niÇ�ÎWb³�Wb_r�J`fl]{�m8VyRUcflXijag`h`fegiÇ�
cfeqRUchcfegWEe8lXo8o8Wba�agido8WE^8_6ijT8VXWb{ lX`/agijctpGij{�^8VXWbc6WbV]�¿_6WG`6ijV]³�WGo=Td�ÂcfegW�P�Q M � N Q M {�WGp6eqRUa8lX`f{z�µWb³�Wba=lÄul]cBlX`B}�_6WrRUcfV]�4_6WGo�mgpGWGo�Z
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� ��� � ����� � � � 
 � � 
&? �9F�I � ?�D1? �9F	�6F�D�= ��D�=BAC= � ��� � � ;�
 � � � �
¹�_6WG`kWba�ckRUcflXija�iUuScfegW�¸=¾ N `fm8T8VyRr��Wb_#{|RUaqRU}�Wb{�Wba�c/Wba�cfl]cÀ��Y

• ?�� 
 �1D�H ��IJ;9D�A��
?@=BAC;�D ��� � ��� � ; 
 � � � � �¯¾naF¤ MOM lX`*pGij{�^�i�`6WGo iUuE`6Wb³�Wb_kRUV S MOM `zWrRjpke(ijagWpGijadcf_6ijV]VXWGo T��
RUa%¾n¹SZ S MOM `�RU_6W|agijc�`f�[agp6e8_6ija8l]ÐrWGo�l]a%ij^�Wb_kRUcflXija%agWbl]cfegWb_Kl]a%cfl]{�W�Zz»/ir�ÎWb³�Wb_r�l]ag`6lXo8WDR S MOM RUV]Vg`fckRUcflXijag`�RU_6W?`fm8^8^�i�`6WGoEc6ih¢�WGWb^�cfegWB`kRU{�W�cfl]{�W?³jRUV]mgW���cfedmg`�TJWbl]a8}�`6�dagpke8_6ija8l]ÐrWGo�Bl]cfe¨cfegW*¾/¹McfegWb� RU_6WzRj`6`6i[pblyRUc6WGo �Bl]cfe�Z�¥Àago8WGWGo��ÎWrRjpkeÏ¾n¹ _6Wb}�m8VyRU_fV]�%`6Wbago8`�T�WrRjpGija uv_kRU{�WG`
pGijadckRUl]a8l]a8}¿RUa�m8^JogRUc6W�iUu®cfegWEcfl]{�W�³�RUV]mgW���RUago=`kijVXWbV]�Âl]a�c6Wbago8WGo=u­ij_hcfegW S MOM l]chpGija�cf_6ijVX`rZKQ?egW{�WGpkeqRUa8lX`f{ iUuh`6Wbago�l]a8}�TJWrRjpGijaÏu´_kRU{�WG`|lX`�agijc�{�i[o8WbVXWGoÏl]a¨cfegWÂ`6l]{�m8VyRUc6ij_|T�WGprRUmg`6W*l]c|lX`�agijc
o�l]_6WGpbcfV]�4V]l]a8¢�WGo*�Bl]cfeÂcfegWtcf_kRUag`�u­Wb_#iUu�ogRUckR�Z

• � � �R; � F
I�� ?�D�? �>F�� F�D�= ��� ��� ���,;�
 � � � � ��Q?egW�^�ir��Wb_K`kRr³�WÂ�v`fVXWGWb^A�/{�i[o8W�prRU^qRUT8l]V]l]c���u­ij_�R
M Qµ¾(lX`ÎagijcÎ{�i[o8WbVXWGo�l]a~cfegW/`fl]{Km8VyRUcflXija�{�i[o8WbV��[cfe�mg`r�8RUV]VJcfegW M Qµ¾n`BRU_6W/`fm8^8^�i�`6WGo|c6iKT�WnRUV]��Rr�[`Rjpbcfl]³�W�Z�¾nVX`6iDcfe8lX`S{�WGpkeqRUa8lX`f{,{�l]}�e�c�l]agpb_6WrRj`6WÎcfegWÎTqRUcfc6Wb_f�ERUm8c6ijagij{���cfe8lX`µlX`Sagijc�RDc6ij^8lXp?`fcfmgo�lXWGo
l]aÂcfegWt`fl]{�m8VyRUcflXijag`rZ

• H���� G�G�;%H
A&?@=BA&;9D ?�D �,I F�?OG�G�;%H
A&?@=BA&;9D ��� � ��� � ;�
 � � � � � PnWxuvWb_Îc6iK`6WGpbcflXijag` N Z ª�Z ¬�Z ª RUago N Z ª�Z ¬�Z �u­ij_B{�ij_6W�o8WbckRUl]VX`rZ

� ��3���� @ � � � < �?FG%

Q?egW¿§�©�ª�Z]\�\rR�c6WGp6e8agijVXij}��¯�/¶�·h¸ ¹�»#¼�VyRr��Wb_|lX`�o8WG`kpb_fl]TJWGo¨l]aNcfegWÂ§�©�ª�Z]\�\rR¡`fckRUagogRU_6o:° ª ±�ZN¾/`
`fegiÇ�Ba¡l]a
`6WGpbcflXija�¬�Z §ziUut° \ ±���cfegW�¹�»#¼>VyRr��Wb_�lX`Ko8WGpGij{�^Ji�`6WGo¡l]a�c6izcÀ�ÎiÂVyRG��Wb_6`�Y�cfegW�¹�»#¼®`flXprRUV®Ò�Rr��Wb_
N ija�³�Wb_f}�WbagpGWE¹�_6ijc6i[pGijVÎ�v¹�Ò N ¹��DRUago*cfegW�¹�e���`flXprRUV�¸=WGo�l]m8{Å·hWb^JWbago8WbadcE�v¹�¸=·��xZ

� ��� � � ��� � � 
C=BA&IJ?@=�F 
 �1K�K);9IB= ����� � � ; 
�� � � ?�D � � � ��� ����� ��� ;�
 � � � �

M ij{�W*¹�»#¼ÅVyRG��Wb_6`z�vWG`f^�WGpblyRUV]V]�
cfegWz�/¶�·h¸ ¹�»#¼�iUu#cfegW*§�©�ª�Z]\�\rR=`fckRUagogRU_6oq�K^8_6iÇ³dlXo8W4{Km8V]cfl]^8VXWogRUckR=cf_kRUag`�u­Wb_�_kRUc6W*prRU^qRUT8l]V]l]cflXWG`�cfeqRUc|RUV]VXir�Èl]{�^8VXWb{�WbadckRUcflXijag`|c6i�^�Wb_�u­ij_f{�o��[aqRU{�lXp4_kRUc6W*`f�Bl]c6pke8l]a8}
�Bl]cfeNcfegW¿ijT � WGpbcfl]³�W¿iUutl]{�^8_6ir³[l]a8}�^�Wb_�uvij_f{|RUagpGW�Z Q?egWÂe8l]}�egWb_|cfegWzcf_kRUag`6{�l]c|{�i[o8W��ÎcfegWzu­Rj`6c6Wb_�cfegW
ogRUckREcf_kRUag`f{�lX`6`6lXija*Rj`?��WbV]V�Rj`?cfegWhe8l]}�egWb_BcfegW/agWGpGWG`6`kRU_f� (

C
I

) _kRUcflXi8Z�¾BpGpGij_6o�l]a8}�c6i�ijm8_DÒ�¾	RUV]}�ij_fl]cfe8{
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°]\rÍ ±K¥xZ ��RUcfÐrWbVyR�RUago�¸�Zds/RU}�eg`fe8l]agWbe�Z N eqRUa8agWbV�Rj`6`fl]}�a8{�Wba�c?`6pkegWb{�WG`�uvij_�pGWbV]V]m8VyRU_�{�ijT8l]VXWnc6WbVXWGpGij{�{�m��a8lXprRUcflXija
`6�[`fc6Wb{�`BYnR�pGij{�^8_6WbegWbag`fl]³�W�`fm8_f³�Wb��Z ������� �F����"A)��6'�&28 )�$%$%���+�?3!'>���?)��S"b�J^qRU}�WG`�\r©��[Í�\��
«�m8agW|\rÌ�ÌZ��Z
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°]\��j±K¥ M QF¶�¹®¬�·�PDl X ¤Ï¹�_6i � WGpbcrZ�e�cfcf^4Y � � �B�B��Z lX`6c���o�_fl]³�W�Z ij_f}gZ
°]\r¬ ±K¥ M QF¶�¹®¬|�n³�Wb_6·�PDl X ¤N¹�_6i � WGpbcrZ�edcfcf^4Y � � �B�B��Z lX`fc���ir³�Wb_6o�_fl]³�W�Z ij_f}gZ
°]\�� ±K·�ZOP#WGWGo�Z P#WGWGo%L `Dij^�Wbaz`f^�WGpbcf_fm8{ ^qRU}�W�Z�e�cfcf^4Y � � �B�B��Z _6WGWGo�Z pGij{ �[��ª�©�©�Í�Z
°]\ÇYÇ±K·�Z PnWGWGo�Z ²�e�� `6^JWGpbcf_fm8{ lX` agijc ^8_6ij^JWb_fcÀ� � cfegW prRj`6W u­ij_
RUa Wba�cfl]_6WbV]� agWb� _6Wb}�l]{�W iUu �Bl]_6WbVXWG`6` pGij{�{�m8a8lXprRUcflXijag` ^�ijV]lXpb��Z
edcfcf^4Y � � �B�B��Z _6WGWGo�Z pGij{ �Uo�^8_�u´_kRU{�Wb��WGT �Uo�^8_fuv_kRU{�W�Z Rj`f^g`6WGpbcflXi�a �n^qRj^�Wb_ �nuva �/ij^�Wbag`6^JWGp�Z edcf{�V��
ª�©�©�\�Z

°]\r§ ±K¾EZ8Ò�l]^8^8{|RUa=RUagoÂ·EZ ¹SZ�PnWGWGo�Z X l]_kRUV�pGij{�{Km8a8lXprRUcflXijag`rZ � �B5��?' &�' $ )��I'(�=)���� �!��"T�B'>�I3��[�A¸�RG�*ª�©�©�Í�Z
°]\rÌ ±K·�Zb²¡Wbl]a�T�Wb_f}�Wb_rZ�Q?egW�{K�dcfeKiUu[l]adc6Wb_�uvWb_6WbagpGW�Z�edcfcf^4Y � � �B�B��Z `kRUVXija�Z pGij{ � c6WGp6e �Çu­WrRUcfm8_6W �jª�©�©�Í �j©�Í ��\rª �U`6^JWGpbcf_fmg{ �[�
ª�©�©�Í�Z

° ª�© ± ��Z®²¡Wb_fTqRjp6e�Z �n^�Wba¯`f^�WGpbcf_fm8{TY¿Q?egWÂagWb�Å�Bl]_6WbVXWG`6`|^qRU_kRjo�l]}�{zZ 0,��D EM$R������3!' 
 )����65('>���?)�� ;
. �+�B3T������$ � )�& ��3 � � �B)!���B'�$��J�/pbc6ijT�Wb_nª�©�©�ª�Z

° ª�\x±K·�Z ¹SZOP#WGWGo4«gZ »EZ M RUV]cfÐrWb_#RUago*·EZ ·�Z N VyRU_f¢�ZSQ?egWtWbago[��c6iU��Wbago¿RU_f}�m8{�Wba�c6`Bl]az`f��`fc6Wb{½o8WG`fl]}�a�Z E%8 �G+�I'>�S"A'(3 ����)��+" ���C8 )�$������<�A� . �O"��<��$W"x��^qRU}�WG`/ª�Y�Y �[ª�§�§���\rÌ�§ �gZ
° ª�ª ±K«gZ�¸Âl]c6ijVyR�Z N ij}�a8l]cfl]³�WD_kRjo�lXi/�SRUa�l]adc6Wb}�_kRUc6WGo~RU}�Wba�c�RU_6p6e8l]c6WGpbcfm8_6W#uvij_�`6iUuvc��?RU_6WDo8WxÃgagWGo�_kRjo�lXi8Z � ���

G ����"�� " )B@ ����� 1 ) �('�& ���S"A���������<�,)B@ G��B3A�Y��)�& )!� ���q¸�RG�zª�©�©�©�Z
° ª�Í ±K«gZ�¸¿l]c6ijVyR�Z N ij}�a8l]cfl]³�WE_kRjo�lXi|u­ij_/£qWxw[l]T8VXWK{�ijT8l]VXW�{�m8V]cfl]{�WGo�lyR4pGij{�{Km8a8lXprRUcflXijag`rZ ����������� �<������'�;

���?)���'�& 
%)�� ( " ��) � )�� � ) $ ��& � � ��& ����$R�B5��?'U8 )�$%$W���+�?3!'>���?)��S"b�d^qRU}�WG`/Í��A\r©���\rÌ�Ì�Ì�Z
° ª �j±K«gZd¸Âl]c6ijVyRERUago ��Z U Z�¸�RU}�m8l]_6W�Z N ij}�a8l]cfl]³�W#_kRjo�lXiOY�¸�RU¢[l]a8}K`6iUuvc��?RU_6W#_kRjo�lXi�`Î{�ij_6W#^�Wb_6`6ijaqRUV�Z��������

�F�A� "T)���'�& 8 )>$W$%���+�?3!'>���?)��S"x�[^qRU}�WG`K\rÍ��A\r§��g¾#m8}�mg`6c�\rÌ�Ì�Ì�Z
° ª�¬ ± N Zg¤�³�pbl�Z�¶Sl]_6`fcB_6Wb^Jij_fc/RUagozij_6o8Wb_Dl]azWbc#o8i[p6¢�WbcDagi8ZA©�© � �dY[��\��KuvpGph_6pGo
\ÇYjÍ�YjÍ�Z®ª�©�©�\�Z
° ªZ� ±K¹SZ «gZ �#ijVXi[o�ÐG��Z�Q?egWn_6ijVXWniUuSpGij}�a8l]cfl]³�Wn_kRjo�lXiEija�agir³�WbV�`f^�WGpbcf_fm8{�{|RUaqRU}�Wb{�WbadcrZ�� � 
W)>� ( "���) ��)��

E25 � '���3��B5#D ���B��& ��"�",�<�B3��Y��)>&�)!�>�?��" � ��$���& ��3 '>����)>�S" @A)�� "��S�B3T������$ $ '���'X�Y��$R��� �­�A�/pbc6ijT�Wb_nª�©�©�Í�Z
° ª�YÇ±K¹SZ ¸�RUa8a8lXija�Z M eqRU_fl]a8} `f^JWGpbcf_fm8{ cfegW `f{|RU_fc6Wb_ ��Rr��Z

���?� � � �
�6D D D KJ3!)>$W$W"T5Y��"�� ���6K 3!)�$ � "���)�D EM�A����3T& � K ������$%&�'��A���?3A& � �B� � � � 	 � � �
� ���q¾n^8_fl]Vµª�©�© �gZ
° ª�§ ± ��Z M ckRU^8VXWKRUago ��Z8²¡Wb_fTqRjp6e�ZÎQ?egW�WbagoziUu�`f^JWGpbcf_fm8{ `6prRU_6pbl]c���Z!������� . �S�B3T������$��A¸=RU_6pke¿ª�©�© �gZ
° ª�Ì ±K¶?Z N RU^qRU_®Wbc�RUV�Z N ij{�^qRU_flX`6ija|iUuJTqRUago��BlXo�cfe�m8cfl]V]l]ÐÇRUcflXija�u­ij_�pGija�cf_6ijV]VXWGo~RUago�m8agpGijadcf_6ijV]VXWGo|pkeqRUa8agWbVRj`6`6l]}�a8{�Wba�c#l]aÂR�`6^JWGpbcf_fm8{ ^�i[ijV]l]a8}|`f��`fc6Wb{zZ���������� G 8�� � � ��¸�RU_6p6e¿ª�©�©�ª�Z
° Í�© ±K¶?Z N RU^qRU_?RUago|¶?Z�«�ijago�_kRUV�Z�P#WG`kijm8_6pGWnRUV]VXi[prRUcflXija|l]a~Rt`6^JWGpbcf_fm8{ ^�i[ijV]l]a8}K`f��`fc6Wb{,u­ij_�^qRjp6¢�Wbc�_kRjo�lXiagWbcÀ�Îij_f¢�`�mg`fl]a8}�iUu­o�{ � c6o�{|R�Z � . G � ) $ � & �
	 
#� �!��& ��" "�G6��& �!3!)�$%$%���+�?3!'>���?)��S" .���$%$%��� � � � � ��«�m8agWª�©�©�ª�Z
° Í�\x±KQ?egW=agWxw�c~}�WbagWb_kRUcflXija ��w�}d��³[lX`flXija¯�E_6W VdmgWG`fc~uvij_4pGij{�{�Wba�c6`r�n³�Wb_6`flXija,\�Z ©�Z ���B����'��!�B5 $ ���
� 0

G6�B3��Y�6)�&�) ���?��" * 8 '>$ $ ���?5 �Y��* � 'YKy�[«�m8agWKª�©�©�Í�Z
° Í�ª ±KQ?egWhagWxw�cB}�WbagWb_kRUcflXija���w�}d�?RU_6p6e8l]c6WGpbcfm8_kRUV�uv_kRU{�Wb�Îij_f¢���_6W VdmgWG`fc?uvij_BpGij{�{�Wbadc6`r�g³�Wb_6`flXija¡\�Z ©�Z ���!��;

��'>�B�B5 $ ���
� 0 G6�B3��Y�6)�&�) ���?��" * 8 '>$ $ ���?5 �Y��* � 'YKy�8«�m8agW�ª�©�©�Í�Z
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° Í�Í ±K·�Z M pkeqRjWxuvWb_rZ*¾BogRU^8cfl]³�W4`f^�WGpbcf_fm8{ m8cfl]V]l]ÐÇRUcflXija%�Bl]cfe�`kiUu´cÀ��RU_6W�o8WxÃgagWGo
_kRjo�lXi�`rZ � �B��" ��� �='>���?)��/)I@
����� � �>G	1 � 8 )�����)��B'>���?)��q�A�/pbc6ijT�Wb_nª�©�©�ª�Z

° Í �j± S Z S Rr�daqRUcrZ G ���B)����?�,5Y��" � & ��" 5 � '>�?�<��� �<��" * 5Y��" 3A��'����6��" 5�� � '�� ( ) �%'����%����"T�B'������ @A)>��$R� ���B) 5������­Z
¤�o�l]cflXijag`n»n¤ P#¸=¤ MTM pblXWbagpGW�¹�m8T8V]lXprRUcflXijag`Ç�Aª�©�©�©�Z

° Í�¬ ± ��Z�¸=RUÐGÐGl]a8l®¶?Z »EZ�¶Sl]cfÐrWb¢J�µ·�Z�¾#a8}�WbV]l]a8l?RUago¡¸%Z��Jij_fÐGl�Z|·hWG`fl]}�a�RUago
l]{�^8VXWb{�Wba�ckRUcflXija iUu#RUa
Wba��
eqRUagpGWGoÂlXWGWGWK§�©�ª�Z]\�\�{|Rjp�^8_6ijc6idpGijV�uvij_#{�m8V]cfl]egij^�pGir³�Wb_kRU}�WEWxw[c6Wbag`flXija�Z ������� 
#���!��& ��" " 8 )�$%$%��;
�+�?3!'>���?)��S"b�8·hWGpGWb{�T�Wb_/ª�©�©�Í�Z

° ÍZ� ±KÒ�Z �hVXWbl]a8_6idpk¢JZÏ·/lX`fcf_fl]T8m8c6WGo¯`f��`fc6Wb{�`rZL8 )�$%$%���+�?3!'>���?)��S" )I@-����� E%8 � * . �S�B3A�?'�& � "�"��+�b�?ª�§8��\�\Ç�x�
s/ir³�Wb{KTJWb_E\rÌ�§�¬�Z

° Í�YÇ±K¸%Z ²	ZÎ¸=Rjpb��RUago¯¾EZ®¶SVyRjp6egW�Z,Ò�WrRU_fa8l]a8}¨o��[aqRU{�lXpG`�l]a�`6i[pblyRUVno�l]VXWb{�{|Rj`ÇZ � �B) 3 � �B5������O" )I@����S�
0,'>����)>��'�&�EF3 '(5Y��$ �-)I@ .63A�=����3 ��" � .�E * �
�
	 � ���j��^qRU}�WG`nYjª�ª�Ì���Yjª�ÍZ����ª�©�©�ª�Z

° Í�§ ± ��Z S ZDÒ�WbckRUlXWxu N Z ¼�Z?²¡ija8}g�QP�Z M Z N egWba8}¯RUago�P�Z ·�Z?¸Âm8_6pke�Z ¸Âm8V]cfl]mg`kWb_ÂiUuvo�{'�Bl]cfe	RjogRU^8cfl]³�W
`fm8T�prRU_f_flXWb_r�8T8l]cr�gRUago4^�ir��Wb_nRUV]VXidprRUcflXija�Z�����������)�������'>& )�� .	��& �!3T�<�B5 EM�!�B'O" ��� 8 )�$%$%��� ��3!'(����)��+"x�
\ÇY���\r©�� Y]\ÇY �dY �A\ÇYj¬�§����/pbc6ijTJWb_K\rÌ�Ì�Ì�Z

° Í�Ì ± N Z «gZ �hl]¢d¢�Wb_fcz¤DZBÒµRG�B_6Wb�(RUago�Z½¾BogRU^8cfl]³�W�u´_6W VdmgWbagpb��egij^8^8l]a8}¨uvij_4{Km8V]cfl]mg`6Wb_¿iUu­o�{zZ .	�B3!)���5
��� �<�A����'(����)��6'�& 8 )��X@T���!����3�� )�� ���X@A)���$ '>���?)��S*%8 )>$W$%���+�?3!'>���?)��S" '��657. � ����'�& � �I)X3 ��" "�� ���O*���8 ��8 .
�
�>* . � ���(' ��)��!�b�A·/WGpGWb{KTJWb_K\rÌ�Ì�Ì�Z

° ��© ±�²,Z�P#egWGW�RUago%«gZ ¸%Z N lXiUËÂZ�¥Àagpb_6WrRj`6W~l]a%prRU^qRjpbl]cÀ��iUu#{Km8V]cflÄ��mg`6Wb_�iUuvo�{�`f��`fc6Wb{ mg`fl]a8}�o��[aqRU{�lXp`fm8T���pkeqRUa8agWbVSRUV]VXi[prRUcflXija�Z � �B) 3XK����������+���Y�?3A��&�'��#G��B3A�Y��)�& )!� �
8 )�� @ KX��¸�RG�zª�©�©�©�Z
° �g\x±�PKZ ²	Z N eqRUa8}gZ¡�n_fcfegij}�ijaqRUV?u´_6W VdmgWbagpb�
o�l]³[lX`flXija�{Km8V]cfl]^8VXWxw[l]a8}gZ � K . K � '>�<����� � � �
� �
� �O* � & �!5

0,) �OK�� �S* ��� 	
	 * � " "��S�!5O* ��'>�6K 	 * ��� 	 �jZ
° ��ª ±�²,Z ¼�Z
�Jijm=RUago4¼�Z�²�m�Z N iUu­o�{TY�¾nazir³�Wb_f³[lXWb��Z �������QG+�B'��S"TK �F�I)X'(5(3!'O"A�<KX� �g\��8¸�RU_6p6e�\rÌ�Ì�¬�Z
° ��Í ±K¹SZ M egWbVX`f�ÎWbV]V�Z�Q?egWhpGiUu­o�{>{�i[o�m8VyRUcflXijaÂ`f��`fc6Wb{TY�Q?egW/egWrRU_fcDiUuµo�l]}�l]ckRUV�RUmgo�lXiET8_6i�Rjo8prRj`fcfl]a8}gZ�� & �B3A;

���B)��+�?3%'���578 )�$%$W���+�?3!'>���?)�� � �������6�!��������� ��)������6'�& �JY Y]\rª�Y �A\rÍ�¬��q«�m8agW�\rÌ�Ì�¬�Z
° � �j± M Z S Z�²¡Wbl]ag`fc6Wbl]a4RUago�¹SZ ¸�Zd¤�TJWb_fcrZJ·tRUckRtcf_kRUag`f{�lX`k`flXija�T��Euv_6W V�mgWbagpb�d��o�l]³[lX`flXija�{�m8V]cfl]^8VXWxw�l]a8}Emg`fl]a8}cfegWKo�lX`6pb_6Wbc6Wtu­ijm8_flXWb_Dcf_kRUag`�u­ij_f{zZ ������� GS�B'��S" K 8 )�$%$%��� K G��B3A�Y��)�& KX� N ij{��k\rÌ@Y ��ª�§ � ��Í �g���/pbc6ijT�Wb_
\rÌ�Y[\�Z

° ��¬ ±KÒ�Z «qZ N l]{�l]a8l�Z�¾naqRUV]�[`6lX`ÎRUago|`6l]{�m8VyRUcflXija4iUu�R�o�l]}�l]ckRUVq{�ijT8l]VXW/p6eqRUa8agWbVJmg`fl]a8}Kij_fcfegij}�ijaqRUVAuv_6W V�mgWbagpb�o�l]³[lX`flXijaz{Km8V]cfl]^8VXWxw[l]a8}gZ!������� GS�B'��S" K 8 )�$%$W���6Ky� N �/¸z�ÀÍ�Í@Y �Z��¬�� ��Yj¬��J«�m8V]��\rÌ�§�¬�Z
° �
� ±K¾EZ X RUe8V]l]aÏRUago!P�Z Ò�ZS¶8_kRUa8¢�Z¿Ñ/`6W|iUunRÂ}�mqRU_6o%l]a�c6Wb_f³�RUVÎl]a iUu­o�{Áija%{�m8V]cfl]^qRUcfeÏpkeqRUa8agWbVX`rZ �����

� & �B3T�<K�� �A�?�<Ky�gÍ�©@Y ª�©�\r¬��[ª�©�\�����\rÌ�Ì �gZ
° �dYÇ±K»EZ �hl]{�»EZ ��RUa8}
RUago ��Z�»n��RUa8}gZ��#u­o�{ `f��`fc6Wb{Ê�Bl]cfe cfegW4}�mqRU_6o%l]a�c6Wb_f³�RUV#RUago%cfegW4ijagWx��ckRU^
W VdmqRUV]l]ÐrWb_*TqRUa8¢Nu­ij_4cfegW��Bl]_6WbVXWG`6`���VyRUa�Z ��� �<������'>���?)���'�&%8 )�� @ ���!����3 � )�� 8 )��+"���$ �A� � & �B3T���B)��+�?3�"b�
^qRU}�WG`/ª�©��[ª�\��qª�©�©�©�Z

° ��§ ±K«gZ ¾EZ N Z S l]a8}�eqRU{zZ�¸Âm8V]cflXprRU_f_flXWb_�{�i[o�m8VyRUcflXija�u­ij_togRUckR�cf_kRUag`f{�lX`6`flXija4Yh¾na�lXo8WrR��Begi�`6WEcfl]{�W�eqRj`pGij{�W�Z �������Q8 )�$%$W���6K � ' ��KX�gª�§@Y ¬��A\��g�A¸=Rr�=\rÌ�Ì�©�Z
° ��Ì ±KQtZ�²�l]V]¢[l]ag`6ija|¤DZ ¾EZ�«�ijagWG`�RUago M Z S RU_fc6ija�Z S VXi[p6¢�pGi[o�l]a8}�`6p6egWb{�WBuvij_�_6WGo�mgpbcflXija�iUuJ^�WrRU¢d��c6iU��{�WrRUaWbad³�WbVXij^JWK^JiÇ�ÎWb_h_kRUcflXi|iUu�{Km8V]cflXprRU_f_flXWb_hcf_kRUag`f{�lX`6`flXija�`6p6egWb{�WG`ÇZ ����� � & �B3T�<K�� �A�?�<Ky�AÍ�©@Y ª�©�Ì�§��[ª�©�Ì�Ì��
·hWGpGWb{�T�Wb_K\rÌ�Ì �gZ



ª�©Z� ��5 ���)57��� �  �+����

° ¬�© ±K¹SZq¸=idi�`kW�Z�¾	c6WGp6e8a8l VdmgWtu­ij_#ij_fcfegij}�ijaqRUV�uv_6W V�mgWbagpb�*o�l]³[lX`flXijaz{Km8V]cfl]^8VXWxw[l]a8}~u´_6W VdmgWbagpb�*iUÉ�`kWbc#pGij_��
_6WGpbcflXija�Z!�������QGS�B'��S" K 8 )�$%$W���6Ky� ��ª@Y ª�Ì�©�§��[ª�Ì�\��g�J�/pbc6ijT�Wb_�\rÌ�Ì �gZ

° ¬�\x±K¹®§�©�ª�Z]\�\b��Z?¾n{�Wbago�{�Wba�c/c6i|`fckRUagogRU_6ozuvij_#l]a�uvij_f{|RUcflXija¿c6WGp6e8agijVXij}��d��c6WbVXWGpGij{�{�m8a8lXprRUcflXijag`KRUagoÂl]a��
u­ij_f{|RUcflXija�Wxw�pkeqRUa8}�WÎT�Wbc���WGWba�`f�[`6c6Wb{�`���VXidprRUV8RUagoK{�Wbcf_6ij^JijV]l]ckRUa�agWbc���ij_f¢[`f��`f^JWGpblÄÃqp?_6W Vdm8l]_6Wb{�Wba�c6`f�
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° ¬�§ ±K¸%ZrÑna�T�WbeqRUm8aERUago�¸%Z���RU{�WbagWbc6`f¢[��Z��na�cfegW�o8Wb^8VXiÇ�d{�WbadcSiUu8^8lXpGi[pGWbV]V]m8VyRU_��Bl]_6WbVXWG`6`�l]a�u´_kRj`6cf_fmgpbcfm8_6W�Z
������� 
#���!��& ��" " 8 )�$%$%��� ��3!'(����)��+"x��·hWGpGWb{�T�Wb_/ª�©�©�Í�Z

° ¬�Ì ±�PKZ �hagij^8^�Z¡¾Bpke8lXWb³dl]a8}�{Km8V]cfl]mg`6Wb_�o�l]³�Wb_6`fl]cÀ�
m8ago8Wb_�eqRU_6o�u­RUl]_fagWG`6`�pGijag`fcf_kRUl]adc6`rZ � �B) 3 � �B5������O"7)I@
��� �<�A����'(����)��6'�& . ��$���)O"�����$ )�� ��� @A)>��$ '>���?)�� G ���!)������8^qRU}�W ��¬�\��qª�©�©�ª�Z
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