
���������	�
���
���������
�����������������
��� �"!#�$���%�
�&���(')!*�,+�-��.���(�0/#��101 �

243 �	!5���76&1 �8�8�"9:�;1 <��0/=�8�	��/>�

? �)@��0�A')@CBED�F
�GBH��F�IKJLB)MONPBQD 2SR BH�GBTB)JLB)M:U��0F���V 2 ��WXI R �ZY

R)2 �[F�'�J(\ R)2 D 2 MGI]��V 2 JL�^B)J R 6]IKV_�GBC@CF���IKJ

�P` �����
�����7-
b"�nm+�
�ba(�
�nm

���������t *!:#%��&'�
�(�

ac d#e>e>f ���������t *!:#%��&'�
�(�

#+&����c�7�
�
�(k ��- b��
�1�
� �
324/&�3hg/3�37� ��-n�
	
�O������o��$i%&��7�
�(�c�(-n�
�
� 	.�_�
����)d�(,.�1�(�q	
�

)d	.aC��	.� 	
�6b*����37	.�
	
���nm

�t&�,.&��Y� dje>e>f

LIGO-P060036-00-Z



` ���q�������
�7�V	��6�t�h������ *!$#+��&'�
�(���_���V�1���+�����`��kp�
-'kj�
�'���
	��.��k��t�nm �
����� 	.3�37	����7-�,��

 2�(��#'�
��&��(3546�7-�-
b*�
	
� ���
�1	.��	
�*b*�nm+�
� a�����-�k ���1�
�
	.-'	.��m	� �t�1�
�
	.���nm+�
�ba(�
` �����
���V��kf�f�7�
	.��
:g`�/�
�7� 	
� g`	.� �c�7�1�����

b6����3�	c 5�
,.&�-��
b*�
	
� ���
�1	.��	
� �t�1���1	.-�	.��m�� �t�1���1	.���nm+�
�ba(�t�
-�k b"�nm+�
�ba(�

#+�fe�(���/��-��hg`	
&'��&
���1�
		a(��������b*�
	
� ���
�1	.��	
� b*�nm+�
�ba(�t�
-�k ���1�
�
	.-'	.��m	� ���1�
�
	.�'�%m+�1� a(�

#+�
�(��-'-j#+��,.&��1k��
�1	.-
���1�
		a(��������b*�
	
� ���
�1	.��	
�6�t�1�
�
	.-�	
��m	� �t�1�
�
	.���nm+�
�ba(�

l.�Gmn�
-n�
�poq!/r_�
-/�G���
�
b*�
	
� ���
�1	.��	
�*b*�nm+�
� a��

t�(�
k 	
���
����)d�(�/���1���c�(-n��	
�6b*�nmf�1� a��

� #f�7,.-/���
&��
���V�
�
��	.-�g/37����- �����������
k'&/������#	a ��	f	
3<!



� * �)� !���2 �

` ��� �
k'�
�(-n� 	
�c��-n�����1� ���
	.�c���
�
� ai,.���G�+�7�������7	.-/�
3 �_�G�
� 	
���
���1������	
�
����� 
h�1&�a � �
�  �� ���
�  5�
�1�(��� -n�
�(�1� ���
	.�c���
�
�ba �����G�+�7�������7	.-/�
3�� �`���
�	�d���1�(�Y�
�0��	.�Ym�
 
D�/�G�
� ���
	.�c���1��	��"	.����-���-',
�q-���� �1���
a����1&�� ��- �
�1�
�
	.-'	.��m.!Z` ���
	.&',.��	.&'� ���7�1��	
�1m 
%�(�ja � ���7� � �%&�� �
-��T�/�G�.�t3�	+	
�
��k
���d�
���h&�-'�7�.���
�1� ��- � k����D���
��-%�q�1���
a��
�
&�� �����Cmp�/�G�.� � �
k���k���� a(	��.���
�����d���/�0� �`���
� -�	��
�
-n���ba(�7�/������k[!�� � ��� �����7����- �c��-�k 
������ �
�(�
� a � � 	.���
�'	.�1�qk�&'�����
��	.- ,.�
���+� � ���
��	.-/��3 �`�G�.�
��&��1�1�
�6� �
	.� &'-/�
-n���ba(����������k��1	.&�� a��(� �7��&'-�k��(� �_�Gm
!T#f���
�(����3'k/�������
-��
37m+�
�7�5� �C����	+k��6�����
�
�$�(�(- k'���.��3�	.�$�(kp�
	 �
�(�
� a �p� 	
�t���'�(�
����&��
�Y��� ���'� a � ����3735������&��
�7�(kp�7- � �1�G� 	
�"�7-��1�
�
&��
�c�(-n� �
3"-�	
���
��! 
V	�� ���
�(��
*��-n�.���1���7,n���
��	.-��q�/�G�
� -�	
���$�(��- &�-�k����1�����
��-i��	 k����
�(�
�c��-'�c� �
���'�(�
� �c���
��	fk'� �
�
� � &�-'k/�
�c�(-n� �
3737m��$i%&�� �
��3��(-n� ��-�k 
T�7�V-�	
� 
 �������c�
�
� �
���(�7� �
��3 ���
�7�.�
�1�
�
��-�,
���'���
-'k	� �G���+-'�(�
�1�(��!

` ����� � 	.��� k�		a(&��c�(-n�
�_�������1�(�
&'37��� 	��6�����%��-�,h�
���d� 	.373�	 ����-�, i%&��(�Y���7	.-���	
�2���'����&��
�Y�
,.�
���+� � ���
��	.-/��3 �_�G�
�dk/�������
-/��37m+�
�7� �c���
��	fk'� �*�
�1�V�
�����c���
��	+k�� �
i%&��7���
37�(-n� 
f�
-�k �7�D�
����m
�
�1�d-�	
� 
 ���/���_�
���c��� k�	.� �
��-c�
�7,.-/�
3����
	.�$�(�Y���7�(�_k�	+�(� �(�ja � � �C����	+k �Q�G�.	.���j�
-�k ���
�d���'�
���7� ��� k�	
� �
�7-Ca �/�
�
�ja��
�(�1���1�
� a��t	
�*�c�1��,.-/��32� 	.�1���7� �$	.�Y� �
-n�_�
	 �7�
��k����
�$a��
��	.- �nmj� k/�����
�
-/��37m+�
�7� � �C����	+k 	.���
�
���
����� �
�$i%&���-�a�m�� k�	.� �
��-�a �/�
�
�ja��
�(�1���1�
� a��V�c	.�1�����c��	.�Y� �
-n���

`�	 k��C���(�1� �7-�� �7������� ��&��1�1� k/����� ��-/�
37m+�1��� � �C����	+k�� �
�1� �
i%&��7���
37�(-n� 
��
����m � �(�1�
�
���'3�����k ��	  �� ��� � a(�7�(-�a�� k/�0� � �
-�k ����� �
���
&�3 ���q� �
	.� �G�ja ��� �C����	+k �`���
�c���
-����(k��%m
�1�
�
��-�,
���j�
��� �(�
�
&'�
�(k �nm �G�ja � � �C����	+k[!�� � �����q�c���
��	fk'��� �(�1���
i+&'�7���
3���-n� 
����'�(-j�(�ja �
�c�����'	fk � 	.&�3�k �1�(� ����� �
�
�c� ���.��-n���p��-�k ���
-�� ������� ��- �
�'���
	��f��� ������37m ����� �
�
�c�
�`��m
! ` ����� �`�
� -�	
� �
���)aG���
�
! � � ��� �
�������%-�	 ��3���k�,.� 
 �1���h&�3������7	.-�� ���7��� ��k �1&��1���
��37�
�/�
�
�
�c�������
� �`���
� ��-!�1�$a��
�(k �7-%�
	 � � �(373 a(	
-%�
�
	.373���ki�/�ja��%,.�1	.&�-�k 	
� ���'�7��� -�	.�7�
�
!L` ���
�#"Ka(�ja�mc	
�D�G�ja � k���� ���
-/�
3 m+�
���"�c���
��	fk �`�
�`�'�
	.�$�(k ���7���c�
���
�$�$aC�`��	��
�7�h&�3������7	.- �
�7,.-/�
3
� m+��� 
'� �
�
i%&��(-�aCm 
:k�&��
�����7	.- �
-'k �
� �'3��7�
&�k���!Z` ������" a�����-�a�m �c�G���
&��1�(�c�(-n���_� �1	.� �
���(�1�
�
�7�h&�3������7	.-�� �73�37&�� �7-/���
�(k �
��� �
�7,.-/�
3����
�C� �(�
��-�a(���j	
���G�#a � �c���
��	fk �
-'k �1�(�Y�.�(k �
� �
�/�
�1�(37��-�� ��	���-n�.���1���7,n���
� �
���j���D�
a�� 	��d���
�1m+��-', �
���j�1��,.-/��3��%$ �
���c��� k�	.� �
��- ���1	.�$�(�1�
�����
�����73�� ��	.37k���-',i��������� � �1�$i%&��(-�a�m�� k�	
� �
�7- � �
,.-'�7��&'k���a(	
-��1���
-n�G! ` ����� �C���
3�&/�0���(k ���'�
�
��3 ���
�7�
�h���c��	
�1� ��-�a(��	
�"�������
���c��� k�	.� �
��- �.���
�
&'��� �1�$i%&��(-�a�m�� k�	
� �
�7- ���
	
�����1���7�(��� 	
���

�7���



�
�7,.-/�
3 $a� k'�����
a��
��	.- �#"Ka����(-�a�m.!
�t3 ����� ���
�(37m 
`���'��� � 	.��� �
��	 ��� �
�/��� �����73��p-'	
� � &�-�k��
� ��-n� �
3737m �$i%&�� ���
3���-%� 
V�
���(�1�

k/�����h�
-/��37m+�
�7� �c���
��	fk'�_�
�1��a(	.�c��37�(�c�(-n� �
�Ym ��	h�(�ja � 	
�
���(� ��- �
���(�7� �1�(3 �0���7�
���Y���
��-�,
�
���
�
-�k � �G�0��&��1�(�(!

�7�



� � * �
� � � � ���'�/�.�'�/�

M � �
�K1:<�� �89 -�!*�.� �
M � �
�K1:<E� � 3 �8�	� ���
B)/�� ��1�� �8�	+�9
	(�.� �*� ��� � �
6&���������"!�


F$� ��!*1 +
-�/j�*��1 � 

� ! � �q�
�G�f� � ���
��	.-��
3$�i�G�.��� !�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! �
� ! d ` ����#f�G��� a � � 	
� �q�
���+� � ���
��	.-/��3$�i�G�.�(� !�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! �

� ! d ! � o��(�1	.-/�
-n���j�
�1��)d�C���
a���	
�
�d!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! �
� ! d ! d � -n�
�(�1� ���
	.�c���
�
�baq)d�����
a��
	.�
� !�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! f

� !��  �� ��� #.a(�7�(-�a�� !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! �
� !�� ` ���(�1��� �d&'��37��-���!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ���

6&���������"!��
')!*�=� 2 � 
��
d ! � � -n���
	+k�&�aC���7	.- !�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ���
d ! d )d�
� �.�(��4/&�-�a����7	.- ������ "!�#%$ !�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f

d ! d ! � #%���
&�a���&'�
�q	
�6�
����)d�
� �.�(�i!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f
d ! d ! � ! � ���(-'�(���0�����d�
��,
��-/�
3:�i���
��� 	.�1� � !�!�!�!�!�!�!q!�!�!�!�! ��&
d ! d ! � ! d �V�
��b*�
��� ,.��-��(�
������k �i���
��� 	.�1� � !�!�!�!�!�!�!q!�!�!�!�! ��&

d ! d ! d �d&'�
��&'�
� !�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �
d !�� ` ���c��b"�1	 �1�$aC��	.��r`��� � �(��- �����hg`�(-n�����d	
�6�
���('"�
�Y��� ��-�k �
���h)d�C���$aC��	.�

��)�*,+%-.#./� 10 !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �
d !�� � ���
�
�baqb��(�Y��&��1�/���
��	.- 4/&�-�a��
��	.- �32, "4�#"5i!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! dje
d ! � ` ` �q�
&�,.�qb*�1	 �1�$aC��	.� �32, "46#"7�7 !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! d>d

�



d ! f )d���
�$a��
	.��b*�
	 �1�
a��
	.� ��-.#"7��.�,+�� !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! d �
d ! f ! � )d� g/-�� ����	
- 	
���
����b�	.3��
�
���G���
��	.- ��-�,.37��� !�!�!�!�!�!�!q!�!�!�!�! djf

d ! & � - �1�$aC���7-�, #f���h&'3 ���
�(k #+�
���
�7- )��0� �	� -n��	 ������)d�C���$aC��	.�V)�������!�!q!�!�!�!�! d �
d ! & ! � � -n�
�(�
�1� g_�
37�����
����	
���	�" ./�)�

��) 26*�- !�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! d �

d ! & ! � ! � g_��3����'�����
��	.-���!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! d �
d ! & ! � ! d 4/�1�$i%&��(-�a�m )d	.� �
��- � -%�
�(�1�
� g_��3����'�����
	.��!�!�!q!�!�!�!�! � e

6&���������"!��
? �810/ � J;1:!%	(�,� � �
�'! � � -n���
	+k�&�aC���7	.- !�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d
�'! d ` ���(	
�1m !�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ���

�'! d ! � #+�G�
� a ����-�, � 	.� �d-���g`�/�
-',.��� ��	.�7-n� !�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �
�f! d ! � ! � ` �'������46��,
&��
�d	�� � ���
� � !�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � &
�f! d ! � ! d g`	
-��1���
-n����� 
��i�
-�k���� !�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � &

�'! d ! d #+�G�
� a ����-�, � 	.��� 	
�
�H` �/�
- �d-���g`�/�
-�,.��� �$	.��-n� !�!�!�!q!�!�!�!�! ���
�f! d ! d ! � ��� !�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ���
�f! d ! d ! d 
V	 � ��	 � -n�����
���1���V���������t46��,
&��
��	
�3� ���
�7� !q!�!�!�!�! � e
�f! d ! d !�� � �
�(�
����� �.����� !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d

�'!�� r`3�		a����t	.�1� ��3[)������ �t-/�
3 mf�1����b*���$�(37��-�� !q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d
�'!��'! � )��0� � g`	.-�k'�7���7	.-��7-�, !�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! �1�
�'!��'! d r 3�		a����V	.�
� �
3 '*�
�(-n��`O�
�7,.,.�����q��-��(�
����	
� !�!�!�!�!�!�!q!�!�!�!�! ���

�'!�� `�&'-���-�,cr`37	.a����V	.�
� �
3D	
- �
����#�� b"3��Gmf,
�
	.&�-'kj)������ #f��� !�!�!q!�!�!�!�! � f

6&���������"!	�
� MGI]� 2 � �
��! � � -n���
	+k�&�aC���7	.- !�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ���
��! d b*�
���+�7	.&��������'3�� a(�����7	.- 	
� #' ��b ' ��	 ������# �  �� � � )������p!�!�!q!�!�!�!�! � e
��!�� ` ���(	
�1m !�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �

��!��'! � #f ��b ' �7-;`O�(�1� ��	
�646�7-��7�
��)d� ���(�1�(-�a��(� !�!�!�!�!�!�!q!�!�!�!�! ���
��!�� oV��k����
�(37	.���c�(-n�V	
���
����#' ��b�' ' ` � !�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f

��!���! � ` �'�
�(�1��	.37k���-�, !�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��&
��!���! d `O�(�c�$	.���
32#f3�	.�$��g`3�&'�1�����
�7-�, !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �

��! � `�&'-���-�, #' ��b ' 	.- ������#�� b*3 �Gm+,.�1	.&�-�k )���� � #+��� !�!�!�!�!�!q!�!�!�!�! f �
6&���������"!��

! ��� � �.�8�8��� " �
� ! � � -n���
	+k�&�aC���7	.- !�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! f �
� ! d )���� � g`	
-�k��7�
��	.-'��-�, !�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! f>f
� !�� )d��� a(�
�C����# `O����-��1� 	.�1� !�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! f>f
� !�� `��1��,.,
�(� � k���-n���bg�aG���
��	.- !�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! f �

�+�



� ! � g_�
-�k��7k/���
� '*�
�(-n��� k'�(-n���hg,aG���
��	.-j!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! f �
� ! f b6�
�
�
�c�������
�V�
-�k�`O&�-��7-�,j!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! f �

6&���������"!�"
B)���������$� � F5Y�6&����!5��/j���"!#���=���*��1 �(1:< �*�����[��!51 ��9:�.� �&B)/=/=�8+��.� ���,��� !5�89:9:�"!#�����
f ! � � ���
��	+k�	.3�	
,
m !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! &.�
f ! d `���� �$	.�
�
32 2	.a(�����7	.- 	
� #+���1	.-�,.���1�E`O�
��,
,.�(�1� !�!�!�!�!�!�!�!�!�!q!�!�!�!�! & d
f !�� ` ���c�(�1�(�
�7�(�Vg`	.�c�/�
�1���1	.- 	
�*#%���
	
-�,.�(�Y�E`��1��,.,.���
� !�!�!�!�!�!�!�!q!�!�!�!�! & �

f !��'! � r 3�		a����V	.�
� �
3 !�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! & �
f !��'! d #f ��b ' !�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! & �
f !��'! � # b*���$�(3��7-��p!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! & f

f !�� ot��-�� g`	.�c�/�
�1���1	.- 	
�Z`O�
�7,.,.���
� � k���-%�
�bg/��kj�nm � &'37���7��3�� ' ` ��$ � !�!�!�!�! � e
f !���! � d � ' ` � `O�
��,
,.�(�1� !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �
f !���! d �!� ' ` � `O�
��,
,.�(�1� !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �

f ! � �d���
���1�������7	.-��_!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � &
6&���������"!��

B)���������$� ��F�F#Y46&����!*�,/j���"!5���=�.�*�81 � 1:<&����� 2 �]'��	� ���"!5< 1 ! 	 ���
/>� NA���*�
@C�	� � �	/j� ��1 � � �./=��
Z/ �0�89 ���,�8� � �
& ! � � ���
��	+k�	.3�	
,
m !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e

& ! � ! � �V	.-�� ���c��&�3��1�7�
� 
f� �'�7�����V	.���1��#f��,
-/�
3�� !�!�!�!�!�!�!�!�!q!�!�!�!�! � d
& ! � ! d �V	.-�� ���c��&�3��1�7�
� 
/#+��-�,.37��4/�
�
i+&'�(-�aCm #f��,.-��
3�� !�!�!�!�!�!q!�!�!�!�! � d
& ! � ! � � �c��&�37�
� �.� 
/#f��-�,
3���4/�
�
i%&��(-�aCmj#f��,.-��
3�� !�!�!�!�!�!�!�!�!q!�!�!�!�! ���

& ! d ' ` � )d�����
a��
��	.- ' "Ka(����-�a�m b*�1	jg/3���� !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ���
& ! d ! � r 3�		a����V	.�
� �
3 !�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! �"�
& ! d ! d #f ��b ' !�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �
& ! d ! � # b*���$�(3��7-��p!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � &

& !�� oV��3 ���
�7�
�db*�
	.���
����37�7� mc	
��)d���
�$aC����	
- ���7��� o��(�1���
a�� ��	c�
- �t�1�
�
	.���nm+�
�baG�
3
b�	.�'&�3 ���
��	.-�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � eje
& !��'! � )d�7��� b�	.��&'3 ���
��	.- !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e �
& !��'! d � �1	
���1	.���baqb�	.��&'3 ���
��	.- !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e �

& !�� g`	.�c�/�
�
�7�
	.- �
	cb"�1���+��	
&���o��(�1&�37�
�i!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e �
& !���! � ' ` � )d�C���$aC���7	.- ' "Ka����(-�a�m b*�
	jg�3��(� !�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e �

& !���! � ! � r 3�		a����V	.�
� �
3 !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e �
& !���! � ! d #f ��b ' !�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � ejf

& !���! d o��(3������ �.��b"�1	.�/�
�'��3�� � mc	
�O)d���
�$a��
��	.- ��� ��� o��(�1���
a�� ��	 ��- ���1�
�
	��
�'�%m+�1� aG��35b�	.��&'3 ���
��	.- !�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e &
& !���! d ! � )d�7��� b�	.��&'3 ���
��	.- !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e &
& !���! d ! d � �1	
���1	.���baqb�	.��&'3 ���
��	.- !q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e �

& ! � �d���
���1�������7	.-��_!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e �

�f�7�



6&���������"! �
B)���������$� � F�F�F#Y 2 � �	/j� 1:< ��� 	(��� R 1 	 �,�8�A����� � !*���0-��	��/j��� R 1 	 ��� �
��!*1 � �"!��*�8�	� 1 � 2 � ' ���"!5< 1 ! 	 ���
/>� 
 
 

�'! � � ���
��	+k�	.3�	
,
m !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� d
�'! d ' ` � )d�����
a��
��	.- ' "Ka(����-�a�m b*�1	jg/3���� !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� �

�'! d ! � r 3�		a����V	.�
� �
3 !�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� �
�'! d ! d #f ��b ' !�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� �
�'! d ! � # b*���$�(3��7-��p!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� &

�'!�� oV��3 ���
�7�
�db*�
	.���
����37�7� mc	
��)d���
�$aC����	
- ���7��� o��(�1���
a�� ��	c�
- �t�1�
�
	.���nm+�
�baG�
3
b�	.�'&�3 ���
��	.-�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � djd
�'!��'! � )d�7��� b�	.��&'3 ���
��	.- !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d �
�'!��'! d � �1	
���1	.���baqb�	.��&'3 ���
��	.- !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d �

�'!�� �d���
���1�������7	.-��_!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d �
6&���������"!��

6�1���/=�8-
����1 �
� 
�� �
�'! � g`	.-�a�3�&��1��	.-�� !�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d &
�'! d #f&��c� ���1m 	
�*g`	
-%�
�
�7��&'���7	.-�� !�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d �
�'!�� )d���1�$a��
��	.-'�`� 	.��4/&'��&'�
�q�
���
�G��� a � !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � e

B � � �.��+�� ��B
')!*�=� 2 � F
� �8-
� ��!*���*��1����7< 1:! I �*���"!_F$�����	!*< �"!*1 	 �=��!5� / 'C!5�=�����������81 ���,�
N �=� �(I 3 �$�"!�������1 !5���	� 
�� 

��! � ` ���c�db*�
	!�1�$a��
��	.- r`�C� �`���(- ������g`��-%�
�(��	
�5���'� 'T���1��� ��-�k �d�
���(� � -n�
�(� �

� �(�1	.� �C���1� a �����G�+�7�������7	.-/�
3:� �G�
�	�d���1�(�1�����
	.�
�7�(� !�!�!�!�!�!�!�!q!�!�!�!�! � � �
��! d ��-n����-�-/�db����
�
�(�1-��6� 	.� ��������� � -n�����1� ���
	.�c���
�
� a �����G�+�7� �0����	
-/�
3
�i�G�.� �d���

�
���1������	
�
����� !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �%�

B � � �.��+�� � ?
6�1
	 �Z���=��� R �"!5�������*��1 � 1:< 2 �0-��.�*�81 � �	��� 
�� "

B � � �.��+�� �L6
� � �&���=� 9:!51 -��
+ R �.�����[�"9 	 �	���*� 
�� �

B � � �.��+�� � R
�&� 	 �	�$�"!5�8�	�G6&1 	 ����!5�8�$1 �;1:<
����!*1 ��9:�	�
�Q� !5��9:9 �"!5� � !*1 +�-
/>�	+�1��)NA�
�����
J�1 �8�$� 
��
�

B � � �.��+�� � 2
��-
�8� 2�
 /=���.��/j� � !51 
Z�8�	� 1:< 2 � ' ���"!*< 1:! 	 �,��/>�.� NA���*� @C�	� � �	/j�)��1
��� � �	/=��
Z/�� ��9 ���,� 
�� 


�+���7�



B � � �.��+�� � �
��-
�8� 2 
 /=���	�
/j� ��!*1 
 ���	� 1:< ? ��1 /�� J�1:! 	 �,�����
+ � MGI]� 2 ���"!*< 1:!%	(�,�
/>�	�
NA���*� @C�	� � �	/j� ��1 � ��� �	/=��
 / � ��9 ����� �����8��9(�,� B)�����"!5�����*�����;�G-���� ��9 
�" �

B � � �.��+�� �L'
��-
�8� 2�
 /=���.��/j� � !51 
Z�8�	� 1:< 2 � ' ���"!*< 1:! 	 �,��/>�.� NA���*� @C�	� � �	/j�)��1
��� � �	/=��
Z/�� ��9 ���,� ��!*���0-��	�
/j��� R 1 	 �,�8� � ��9 ���,� 
�� �

? � 3 �8�81:9:!*�6�
��� 
����

���



� 
 �)� � � �"

���"!����

� ! � � 3�37&��1�
�����
��	.- 	����
���q�#���$a��V	
��������� � ��	
� 
_�
-�k�� � �$	
�
�
	.� 
 ��	
3 �
�1� �G�0����	
-[! �
� ! d b*3�	
��	
�$bT#'o � � � ��� � f $ ��a(&��h&'3 ���
�7�.� �
��� � � �7-��$�(�
���
�1�
�
	.-��
��-�a(�_3������ � � & �

�
�c�p� &�-�a��
��	.- 	
�t���7� ��! ` ��� 3���-'� �/�
�
�1��-�, �
���
	.&',.� �
��� k/����� �$	.�7-%�%$a�
�(�1�
	.�q�/�
�1���1�(���1�(�1�(-n��������� �
,.�1�(�(�c�(-n� ���7�
� ,
�(-������
3"�
��3 ���
�7�+�7� m � 	.�������
�(�c���1�
��	
- 	
�5��-��(�1,
m �7- �����t� 	.�
� 	
�5,.�
���+� � ���
��	.-/��3 �`�G�.���(!�� � �
,
�t� �
	
��� �
	 ! �

� !�� � 3�37&��1�
�����
��	.- 	
�"����� a�&��
�1�(-n�q	.�'�
� aG��3Za(	
-�g/,.&��
�����7	.-p	
�"�
���  �� ��� ��-n����� �
� �(�1	.� �C�����
�(! � � �
,.�d� �1	.��� d 	 !�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! �

� !��  �� ��� k����
�$a��
	.�5�1�
���
�7-��1�(-��1�7�
�7�+�7� m�37���c�7�
��� �
	
� �7�
�[���
�
�7	.&��2-�	.�7�
�"�
	
&�� a��(�(!
� � ��,.� a(	.&'�1�����1m 	
�6 �� ���h!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! �

� ! �  �� ��� k����
�$a��
	.�c�1���
�
��- �
��-��
� ��� �f� � m k�&��1��-�, �
��� �
���c�(�1�/�
- 	
���
��� k/��� �
&��
��k �7- �����7�_�������
��� � #.��
C! � � �
,.�d� �1	.��� � 	 ![!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e

d ! � ` ����-%&��������d	
�*�
�
� �'3��(����	 �
k�k �
	 �
�7,.-/�
35�Y� �
�Y�����7� � ��� ���p�1�(�
�$�$aC�d��	
����� �
	.&�� a(� ���nm 37	.a(�����7	.-�� 	
�����'�  � � � 
��
-'� 	
�
k �d���
���1�����
	.�1m � ����� �
��3��7-�,h� �
�
i%&��(-�aCm�
 � f 
����"� �
�
�c��3��������1�$a 
 !�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �

d ! d ` ���p-%&��h�$�(� 	��q���
�c��3���� �
	 �
k�k ��	i�
��,
-/�
3V�1� ���1� �
���c� ���7�
� �
���
�$�$aC�
��	 �
��� �
	.&�� a(� ���nm 37	.a(�����7	.- � 	
� �����  �� � �  2�7�+��-',.�1�
	.- �d���
���1�����
	.�1m
� �
�
� �'3���-',�� �
�
i+&'�(-�aCm�
 � f 
����"� ����� ��37�(�����
�
a 
�!�!�!�!�!�!�!�!�!q!�!�!�!�! dje

d !�� � 3�37&��1�
�����
��	.- 	��6�1	.&�� a����7-n���(�1-/�
32��-�,.3���� !�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! d �
d !�� ��-n����-�-/� �/���1���(�1- � 	
�_������ �� ��� 
��
-f� 	.�
k �d���
���1������	
�1m 
��p� !q!�!�!�!�! d �
d ! � ��-n����-�-/� �/���1���(�1- � 	
�_������ �� ���  2�7�+��-�,
�1��	
- �d���1�(�Y�
�0��	.�Ym 
: 2� !�!�!�!�! djf
d ! f ��
 )d�
g/-'�7���7	.- 	
�������q���
�
-��1�
�(�1�
�h��3��
-��q�$��� � �(�(- �������
	.&'� a(���
-�k '"�
�1�
�

a(	+	.�
k'��-/���
� �Ym+�1����� ��! � 
6)d� g/-�� ����	
-�	
�/�
���`�$	.3��
�
���G���
��	.-��
-�,
3�� � �
���
�(��-
	.- �������
���
-��Y�.���
�
����3 ��-��
! !�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! d &

d ! & )d� �
,
���
� 	
�"�
����� �(��k��/�ja��j3�	+	.�p&��1�(k ��	 �c�G�
�1&��
������� �1�(�
�$	.-��1� 	
�"�����
 �� ��� ��-n�����1� �(�1	.�c�������_��	c�
- ���+�����
-/��32k����Y��&��1�/�
-�a��
! � � ��,.�d� �
	.��� � 	 !d!�! d �

�



�'! � ` ��� ��� g/,.&'�
�d	
�5�c�(�1�7�`���`�1��	 ��- ��- �
������	
� ��3�	
� � 	.�`�(�ja � ��	
��-n�_�7- �����
���7� ���
�(�1����� k/��� � �1��	 ��-j��- �
���q��	��
��	
� ��3�	��G! !�!�!�!�!�!�!�!�!q!�!�!�!�! ���

�'! d ` ��� ��� g/,.&��1�_	
�$�c�(�
� �G!�r`3�&'�_�
��,.��	.-'�6�
�����
���
��-%�T�7-�k�� a��(� ��� ��� 37	�� ���1	.���
�
���73��7� mj	
�Qa �/�
-',.��� ��	.�7-n��37	.a(�����7	.- ������37� �1�(k �
��,.��	
-����1�(���1�(�1�(-n� ����,
���(�
���
	
�/�
���73��7� m
!�� ��� ��� �
��,.��	.-'�����
� ��-�k'� a(��� �����(�1� �
��� g/,.&��1� 	
� �c�(�
� �q���
-�	
�EaG��3 a(&'3 ���
�(k � �<! �
! 
 �(���
	 
 �
�7-�a(�q���'��m �
�
��-�	
�V�7-�a(37&�k��(k ��- ���'��k�	
&���3��
�
&�� ��- ' i+&������7	.- �'! djd ! !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �

�'!�� ` ���c�(�1�(�
�7�(�_k���� � a�	.-n� �
�7-���-�,h� a �/�
-�,.���7- � �(�
- ������� �$�(,.�7-�� �����'���
k 	��
����� �`�Gm ��-n��	h�
���qk/��� �c�
-�k ��-�k���� �`	��<�����7�
k���	
�O���'� �`�Gm ��-n�
	 �
���qk/�����'! � �

�'!�� �q�
�
�����baG�
3��
�����
���
�(-n�������7	.-j	
�O���'��r 3�		a����V	.�
� �
3�k/��� � �
-��
37m+�
�7� �����$�(37��-���! �1�
�'! � � 3�37&��1�
�����
��	.- 	
�5r 3�		a����V	.�
� �
3��
���
���
��	.37k���-',�	.- �����7� ���
���
�����(! ` �'��� �
,��

-��7�
&�k��c	
��� k����
�$a��
�(k ��37	.a�� $ �����
�1� �
-�a(�c�����
��	 ��- �7-i,.�1�(�(-D! �d-�3 m �����
��3�		a�� ����	
�
��� �
,.-'�7��&'k�� ���",.�1�G���
�(�*���/��- ���'�t�1��	 ��- �����1�(�1��	.3�k � �7- �1�(k 

�����
k'� � �
����k �
�V�h���
�7,.,.���(! !�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �

�'! f r`3�		a����t	.�1� ��3��
�
��,
,.�(�j���
�(�
�
,.� k�&��
�����7	.- 
�	.- ����� 
t�
-'� 	.�1k #�� ��3���m��
,.�
	
&�-�k ���C� �`���(- �.� d 
��c�
-�k f � e 
 � 
 ���7�
� �
�(�1���
a��q��	 r`37	.a����V	.�
� �
3
a �/�
-�,
��� �$	.�7-%� �
���
���
��	
3�k � ��� 
_�
-�k �
��3 ���
�7�
�����.a(���
���$	 �`��� �����1�(�
�'	.3�k ��� 
>! � &

�'! & r`3�		a����t	.�1� ��3 ���
�7,.,.�����
����� 
 	.- ����� 
��
-'� 	
�
k #.�j��3 �Gm+,.�1	.&�-�k����C� �`���(-
�.� d 
 � �
-�k f � e 
 � 
 ���7�
� �
���
�$�$a�� �
	 r 3�		a����V	.�
� �
3�a �/�
-�,.��� �$	.��-n�
�����1�(�1��	.3�k � ����
_��-�k �1�(3������ �.�����.a��(�
�t��	 � �(� ���'�
�(�1��	.37k ��� 
C! !�!q!�!�!�!�! � &

�'!�� r`3�		a����t	.�1� ��3>a �/�
-�,
��� �$	.�7-%� � ��� 
2�
-�k��1�(3������ �.�*���.a��(�
�6��	 � �(�5�����1�(�
�'	.3�k��
��� 
[�������O� �����O����� a(�1�7�����
����	����/�G�+��-�,��
-h�G�
�(����,.� k'&������
��	.-��$��� � �(�(- e ! e=d
�
-�k e ! e � �
�
a(	.-�k'�d�
-�k ��	.��� �����
�q���C� �`���(- e ! d � �
-'k e ! &�� 
���! !�!�!�!�! �1�

��! � 
 � � �(�
�
&'�
�(k �
37	.��� � �
�
i%&��(-�aCm 	.- # � ��� � k���� � ���7��� �
-�k ���7�
��	.&'�
�
�7�h&�3 �0����	
-��(! � � ��,.� a�	.&��Y���(�Ym 	
�2 O��&���� g_��k�	.-/���
�$� 	
� ���'�d �� ��� r`&'�
�1�
�q�1	.&�� � � 	 !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! �.�

��! d 
 d � �(�
�
&'�
�(k �
37	.��� � �
�
i%&��(-�aCm 	.- # � ��� � k���� � ���7��� �
-�k ���7�
��	.&'�
�
�7�h&�3 �0����	
-��(! � � ��,.� a�	.&��Y���(�Ym 	
�2 O��&���� g_��k�	.-/���
�$� 	
� ���'�d �� ��� r`&'�
�1�
�q�1	.&�� � � 	 !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d

��!��  � �c�G�
�1&��
��k �
37	.�$��� �1�$i%&���-�a�m 	.- # � ��� � k/�0� � ��� ��� �
-�k ���7���'	.&'� �
�����
&�3 �0����	
-��(! � � ��,.��a(	.&��Y�����1m 	
�� 5�
&��
�ig_��k�	.-/���
� � 	.� �����  �� ��� r`&'�
�1�
�q�1	.&�� � � 	 !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d

��!�� #' ��b�' &����$�(� 3��7� � � 	����
�
���'3��La�	.��-�a(��k'�(-n� ���1��,.,.���
��
 ��� ��� �
���
�$�$a�� ��	
�����1�(�1��	.3�k 
$� 	.� 
 � ���7��� ����� 
 d �
���
���
��	
3�kp����3�kj��� � d 
 � eje �
-�k �����h �
�����1�(�1��	.3�kj���(37k ��� f 
 eje>e ! � � �
,
�&a(	
&��1�
�(�1m 	
�T 5�
&��
� g_�
k'	.-/���
�O� 	.�V�����
 �� ��� r`&��
�Y� �q�1	.&�� � � 	 ! !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �

�f�



��! � #' ��b�' &����$�(� 3��7� � � 	����
�
���'3��La�	.��-�a(��k'�(-n� ���1��,.,.���
��
 ��� ��� �
���
�$�$a�� ��	
�����1�(�1��	.3�k 
$� 	.�t � ���7�
� �
��� 
 � �����1�(�1��	.3�kj���(37kp��� � e 
 e>e>e �
-�kj�
��� 
 d
�����1�(�1��	.3�k ���(37k ��� � d 
 � eje ! � � �
,.� a(	.&��Y�����1m 	��O O��&���� g_��k�	.-/���
��� 	.�T�����
 �� ��� r`&��
�Y� �q�1	.&�� � � 	 ! !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �

��! f � 3�37&��1�
�����
��	.- 	��*#' ��b ' ���'�
�(�1��	.37k���-�, 	.- �h���7� ���
�(�1�����(! !�!�!�!q!�!�!�!�! � �
��! & �t-�� � ���1� �
-�,
3�� �`�G�.���
-�k � �(�
�
&'�
�(k �
37	.�$�(�q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! f>e
��!�� �t-�� �`�
�
� ��-�,.3�� �_�G�
����-�k�a(3�&'�1�����
��kj#f ��b ' �
�
��,
,.�(�1�`&��1��-�,h�
��� a(37&��1�
�(� �

��-�, a��
� ���(�1� �h	
�6� � &�3�3�	.�
k���� � ��	
� 
_�
-�k � �/�
37�6�
- 	.�1k��(� � �$	
�1��	.� 
C! !�!�! f �
��! � #' ��b�' ���
�7,.,.��� �G�.�(�
�
,.� k�&��
�����7	.- 
t	.- ����� 
���-'� 	.�
k #�� ��3��Gmf,
�
	.&�-'k

���C� �`���(- �.� d 
�����-�k f � e 
�� 
 ���7�
� �
���
�$�$aC� ��	 #' ��b ' 	.�
k���� ��� 
 �
-'k
���
	
�/�
���73��7� m �
���
���
��	.37k ��� 
C! !�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! f �

��! � e #' ��b�' �
�
��,
,.�(� ���0��� 
 	
- ����� 
��
-f� 	.�
k #��i��3���m+,.�1	.&�-�k ���C� �`���(- �.� d

����
-�k f � e 
�� 
 ���7�
�p�
���
�$�$aC�d��	 #f ��b ' 	.�
k'�(� ��� 
t��-�kp���1	.�/�
���73�� � m
�����1�(�1��	.3�k ��� 
C! !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! f �

��! ��� #' ��b�' 	.�
k���� ��� 
 ��-�k ���
	.���
����37�7� m �����1�(�1��	.3�k'� ��� 
 ���/�0� �c�(�C� �����
a(�1�7�����
���V	
���/�G�f�7-�,d��-h�G�.�����
,.�`k�&����0����	
-��$��� � �(��- e ! e=d �
-�k e ! e �V�
�
a(	.-'k��
�
-�k �0	.��� �����
���$��� � �(��- e ! d � �
-�k e ! &�� 
���! !�!�!�!�!�!�!�!�!�!q!�!�!�!�! f �

� ! � � 3�37&��1�
�����
��	.-t	
�%�����*���7� ��� � �1�$i%&��(-�a�mdk'	.� ����-d�/���
�(�5	.-n�
	 ����� a � # b*�7����3���-'�
���
	!�1�$a��
� ���
���c�(�1�(�
�7�(��! ` ���(�1�d�/�
�1�(� ���
��37	.,n�
�1�7�
��� �baG�
3737m��
���ja(��k ��- � �1���
i%&��(-�aCm �
-�k # 
/�
-�k 3��7-��G�
�137m ��- �
���c�
! � � �
,.�d� �
	
��� f 	 !�!�!�!�!q!�!�!�!�! f &

f ! � ` ���c�(37��-��_	����
���V�
	.� � e �1���1	.-�,.���1�T���1��,.,.���
� � �1	.� �q�
��-',.3�� k/�0� �q�
�(,
� ��-%�
� 	.��r`37	.a����t	
�
� �
3 
'#' ��b�' �
-�k # b*���$�(37��-���! !�!�!�!�!�!�!�!�!q!�!�!�!�! & d

f ! d ` ���c�(37��-���	
�*���'�h��	.� � e �Y���1	.-�,.���1�����1��,.,
�(�
�V� �
	.� � �
�7-�,.37������� ���h-�	
���
�
k/����� �1�(,.�c�(-n��� 	.��r`37	.a����V	.�
� �
3 
�#' ��b�' �
-�k # b*���$�(37��-���!�!�!q!�!�!�!�! & �

f !�� #+���1	.-�,.���1�_r`3�		a����t	.�1� �
3��
�
�7,.,.�(�"� �
	
� �
3�3�#����'3 �Gm+,.�
	.&'-�k k/�0� ���1�(,.�c�(-n����! &��
f !�� #f�$a�	.-�k �1���1	.-�,.���1�dr`3�		a����t	.�1� �
3����
�7,.,.���_� �
	.� ��3�3O#�� ��3 �Gm+,.�1	.&�-�k k/��� �

�
��,.� ��-n���(! !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! &��
f ! � ` �����1k �1�
�
	.-',.�(�Y� r`3�		a����t	.�1� ��3"�
�
�7,.,.�(�q� �
	
� ��3�3 #��j��3��Gmf,
�
	.&�-'k k/��� �

�
��,.� ��-n���(! !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! & f
f ! f #+���1	.-�,.���1��#' ��b ' ���1��,.,.���`� �
	
� �
3�3[#�� ��3 �Gm+,.�
	
&�-�k k/����� �1�(,.�c�(-n�
�(!j!�! &�&
f ! & #f�$a�	.-�k �1�
�
	.-�,
�(�1�h#' ��b ' ���1��,.,.����� �
	
� �
3�3 #�� ��3 �Gm+,.�
	
&�-�k k/����� �1�(,��

� ��-n���(!i!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! &�&
f !�� ` �����1k �1�
�
	.-�,
�(�1�`#' ��b '����1��,.,
�(�6� �1	.� ��3�3/#.�q�'3 �Gm+,.�
	.&'-�k k/��� ���1�(,.�c�(-n����! & �
f ! � #+���1	.-�,.���1� # b*�7����3���-'�����1��,.,.���`� �
	
� �
3�3[#�� ��3 �Gm+,.�
	
&�-�k k/����� �1�(,.�c�(-n�
�(! & �
f ! � e #f�$a�	.-�k �Y���
	
-�,.�(�Y��# b*���$�(37��-�� ���1��,.,
�(� � �
	.� �
373t#��i��3���m+,.�1	.&�-�k k/��� �

�
��,.� ��-n���(! !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! & �
f ! ��� ` �����1k �Y���
	
-�,.�(�Y�	# b*���$�(37��-��_�
�
��,
,.�(�"� �
	.� ��3�3$#����'3 �Gm+,.�
	.&'-�k k/�0� ���1�(,��

� ��-n���(!i!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! & �

�'�7�



f ! � d #.aG�0�
�����h��37	
���1��	 ����-�, ����� �
�
-�� 	
�V� d � ' ` � �
�
��,
,.�(��k����
�$aC���(k �7-i�����
r`3�		a����t	.�1� ��3 ' ` � ��	i�
���j�
�
-�� �
� k'�����
a��
�(k ��- �����p#' �qb ' ' ` � !
` ���(�1�h���t� �
	
� �
3O	
� � ��& d d � ' ` � �
�
�7,.,.�(�1�t�$��� � �(��- r`3�		a����t	.�1� �
3O�
-'k
#' ��b�' ! !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �

f ! � � #.aG�0�
�����h��37	
���1��	 ����-�, ����� �
�
-�� 	
�V� d � ' ` � �
�
��,
,.�(��k����
�$aC���(k �7-i�����
r`3�		a����t	.�1� ��3�' ` � ��	 �
�������
- � �
� k��C���$aC����kj��- �
����# b*�7����3���-'� ' ` � !
` ���(�1���7�`�q��	
���
3:	
� d ��� d � ' ` � ���1��,.,
�(�
�"�$��� � �(��- r 3�		a����V	.�
� �
3:�
-'k #
b*���$�(3��7-��
!q!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d

f ! � � #.aG�0�
�����h��37	
���1��	 ����-�, ����� �
�
-�� 	
�V� d � ' ` � �
�
��,
,.�(��k����
�$aC���(k �7-i�����
#' ��b�' ' ` � �
	��
�������
-��h�
� k'�����
a��
�(k �7-c�
����# b*���$�(37��-�� ' ` � !"` ���(�1�
�����h��	�� �
3[	�� � � � d � ' ` � ���1��,.,
�(�
� �$��� � �(��- #' ��b ' �
-�k # b*���$�(37��-���! ! ���

f ! ��� #.aG�0�
�����t�'3�	
���1��	 ����-�,c���������
- � 	
�*� � � ' ` � ���1��,.,
�(� ��- ���'��r`37	.a����V	.� �
� ��3�' ` � ��	 ���'���
�
-�� ���Vk'�����
a��
�(kj�7- ������#' ��b ' ' ` � ! !�!q!�!�!�!�! � f

f ! � f #.aG�0�
�����t�'3�	
���1��	 ����-�,c���������
- � 	
�*� � � ' ` � ���1��,.,
�(� ��- ���'��r`37	.a����V	.� �
� ��3�' ` � ��	 ���'���
�
-�� ���Vk'�����
a��
�(kj�7- ����� # b*���$�(37��-�� ' ` � !5!q!�!�!�!�! � f

f ! ��& #.aG�0�
����� �'3�	
� �1��	 ����-�, ����� ���
- � 	
��� � � ' ` � �
�
��,
,.�(� �7- �
��� #' �qb '
' ` � ��	 �����q�
�
-�� �
� k'�����
a��
�(kp�7- ����� # b*���$�(37��-�� ' ` � ! !�!�!q!�!�!�!�! � &

& ! � � e�� �#"Ka����(-�a�m�a�&��1�
�(�d� 	.��r`3�		a����t	.�1� ��3 ��� ��� �1�(�
�$�$aC�d��	 �
��,
-/�
35� mf�$� 

�
�c��3�� ��&�k����
-�k k�&��
�����7	.-[! !�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f

& ! d #f��,
� 	.�7k �Y�����(��-����
��a(&'�1�.��� � 	.� r`37	.a����V	.�
� �
3����7��� �
�(�1���
a�� �
	 �
��,
-/�
3
� m+��� 
:�
� �'3��7�
&�k�����-�k k'&������
��	.-D! !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � &

& !�� � e�� ��"Ka(����-�a�m(a(&'�1�.����� 	.��#' ��b ' ���7�����
���
�$�$a�����	 �
�7,.-/�
3 � m+�$� 
*�
���
��3�� ��&�k'���
-�k k�&��
�����7	.-[!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ���

& !�� #f��,
� 	.�7k �1�
�(����-��(�1� a�&��1�
�(� � 	
� #f ��b ' ��� ��� �
���
�$�$a�� ��	 �
�7,.-/�
3 � mf�$� 

�
�c��3�� ��&�k����
-�k k�&��
�����7	.-[! !�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ���

& ! � � e�� �#"Ka����(-�a�mOa�&��1�
�(� � 	.� # b*�7����3���-'�	��� ��� �1�(�
�$�$aC� ��	i�
��,
-/�
3�� mf�$� 

�
�c��3�� ��&�k����
-�k k�&��
�����7	.-[! !�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � eje

& ! f #f��,
� 	.�7k �1�
�(�(�'-��(�1�Ga(&��Y�.���`� 	.� # b*���$�(3��7-�� ���7�
� �1�(�
�$�$aC�`�
	��1��,.-/��3�� mf�$� 

�
�c��3�� ��&�k����
-�k k�&��
�����7	.-[! !�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e �

& ! & � e�� �#"Ka����(-�a�m�a�&��1�
�(�d� 	.��r`3�		a����t	.�1� ��3 ��� ��� �1�(�
�$�$aC�d��	 �
��,
-/�
35� mf�$� 

�
�c��3�� ��&�k����
-�k k�&��
�����7	.- &��
�7-�,c�
- �
37�
�(�
-������ �.�d��&'-���-�,'!`!�!�!�!q!�!�!�!�! � ejf

& !�� � e�� ��"Ka(����-�a�m(a(&'�1�.����� 	.��#' ��b ' ���7�����
���
�$�$a�����	 �
�7,.-/�
3 � m+�$� 
*�
���
��3�� ��&�k'���
-�k k�&��
�����7	.- &��
�7-�,c�
- �
37�
�(�
-������ �.�d��&'-���-�,'! !�!�!�!�!q!�!�!�!�! � e &

�'! � � e�� �#"Ka����(-�a�m�a�&��1�
�(�d� 	.��r`3�		a����t	.�1� ��3 ��� ��� �1�(�
�$�$aC�d��	 �
��,
-/�
35� mf�$� 

�
�c��3�� ��&�k�� �
-�k k�&'�����
��	.- &��1��-�, a�	.-��Y� �
-n� � �
�
i+&'�(-�aCm � k�	.� �
��- � �
,.-����
��&�k'���1��,.-��
3���!V!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� �

�f���7�



�'! d #f��,
� 	.�7k �Y�����(��-����
��a(&'�1�.��� � 	.� r`37	.a����V	.�
� �
3����7��� �
�(�1���
a�� �
	 �
��,
-/�
3
� m+��� 

�
�c��37�7��&'k��6��-�kqk�&����0����	
-�&��
�7-�, a(	.-'�1� ��-%�5� �1�$i%&��(-�a�m�� k�	
� �
�7-q� �
, �
-��7�
&�k����1��,.-/��3��(!T!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� f

�'!�� � e�� ��"Ka(����-�a�m(a(&'�1�.����� 	.��#' ��b ' ���7�����
���
�$�$a�����	 �
�7,.-/�
3 � m+�$� 
*�
���
��3�� ��&�k'� �
-�k k�&��
�����7	.- &��1��-�,Xa(	
-��1���
-n�c� �1�$i%&���-�a�m�� k'	.� ����- � ��,.-��7�
&�k��
�
�7,.-/�
37�(!O!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� &

�'!�� #f��,
� 	.�7k �1�
�(����-��(�1� a�&��1�
�(� � 	
� #f ��b ' ��� ��� �
���
�$�$a�� ��	 �
�7,.-/�
3 � mf�$� 

�
�c��3�� ��&�k�� �
-�k k�&'�����
��	.- &��1��-�, a�	.-��Y� �
-n� � �
�
i+&'�(-�aCm � k�	.� �
��- � �
,.-����
��&�k'���1��,.-��
3���!V!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� �

�'! � # b"�7����3��7-��t��"Ka(����-�a�m ��	 �q�
&��1�
���
- �c	fk�&'3 ���
�(k ���'�7����-�	.���1� ��� ��� ���
�Ym �
��-�,h�
� �'3��7�
&�k����
-�k k�&��
�����7	.- � �1��	 ��-j�
��� a�	.-n��	.&'� ��3�	
��
 � a(	.-��Y�G!"� �
,��
-��7�
&�k�� 	 ! !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d#e

�'! f # b*���$�(37��-����#"Ka(�7�(-�aCm���	 � f 
 �*�
��-'��� �q�
&��1�
���
-�� ���7�
���
���1m+��-�,���� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� a(	.-n�
	.&�����3�	���
 � a(	.-'�1�G!T� �
,.-�� ��&�k�� 	 !6!�!�!�!�! � d#e

�'! & # b*���$�(37��-����#"Ka(�7�(-�aCm���	 f � 
 �*�
��-'��� �q�
&��1�
���
-�� ���7�
���
���1m+��-�,���� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� a(	.-n�
	.&�����3�	���
 � a(	.-'�1�G!T� �
,.-�� ��&�k�� 	 !6!�!�!�!�! � d �

�'!�� # b*���$�(3��7-����#"Ka(�7�(-�aCm �
	����f�$	.-���-%�
� �
3737m k��
aG�Gm+��-�,��/�
�
�c	.-��ba�	.� a���3�3�����	
�
�
	
� � f 
�� ���7�
� �
���1m+��-�,c�
�c��37�7��&'k��d�
-'k k�&'�����
��	.- � �
��	 ��-p���t� a�	.-n��	.&��
��3�	���
 � a(	.-'�1�G!"� �
,.-�� ��&�k'� 	 !h!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d �

�'! � # b*���$�(3��7-����#"Ka(�7�(-�aCm �
	����f�$	.-���-%�
� �
3737m k��
aG�Gm+��-�,��/�
�
�c	.-��ba�	.� a���3�3�����	
�
�
	
� f � 
�� ���7�
� �
���1m+��-�,c�
�c��37�7��&'k��d�
-'k k�&'�����
��	.- � �
��	 ��-p���t� a�	.-n��	.&��
��3�	���
 � a(	.-'�1�G!"� �
,.-�� ��&�k'� 	 !h!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � djd

��! � ` ���p-%&��h�$�(� 	��q���
�c��3���� �
	 �
k�k ��	i�
��,
-/�
3V�1� ���1� �
���c� ���7�
� �
���
�$�$aC�
��	 ����� �1	.&�� a�� ���%m 37	.a(�����7	.-p� 	.� � ' � � ���
�c��37��-�, � �1�$i%&��(-�a�m 
 � f 
����"�
���
�c��37�(���0�
�$a�
q!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � d

��! d ` ����-%&��������d	
�*�
�
� �'3��(����	 �
k�k �
	 �
�7,.-/�
35�Y� �
�Y�����7� � ��� ���p�1�(�
�$�$aC�d��	
����� �
	.&'� a(� ���nmi37	.a(�����7	.- � 	.��� � o � � � ���
�c��37��-�, � �
�
i+&'�(-�aCm 
 dje 
 e>e>e
���
�c��37�(���0�
�$a�
q!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � d

��!�� ` ����-%&��������d	
�*�
�
� �'3��(����	 �
k�k �
	 �
�7,.-/�
35�Y� �
�Y�����7� � ��� ���p�1�(�
�$�$aC�d��	
����� �
	
&�� a�� ���%m 37	.a(�����7	.- � 	.�]`�� � � � ����� ��37��-�,p� �1�$i%&���-�a�m 
 dje 
 e>e>e
���
�c��37�(���0�
�$a�
q!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �"�

��!�� ��-n����-�-/� �/���1���(�1- � 	
� ��'�� !�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �%�
��! � ��-n����-�-/� �/���1���(�1- � 	
����� o � � !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � �
��! f ��-n����-�-/� �/���1���(�1- � 	
� `�� � � !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � �
)h! � #+���1	.-�,.���1�tr`37	.a����t	
�
� �
3��
�
��,
,.�(�`� �1	.� �
373 ����� ���q-�	.�7�
��k/�0� � �
��,.� ��-n���(!T! � � f
)h! d #f�$a�	.-�k �1�
�
	.-',.�(�Y��r`3�		a����t	.�1� ��3$�
�
��,
,.�(�T� �
	.� �
373 �����7�d-�	.�7�
�dk���� ���1�(,��

� ��-n���(!i!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � f

�f�7�



)h! � ` �����1k �1���1	.-�,.���1��r`3�		a����t	.�1� ��3����1��,.,
�(�_� �
	
� �
373 �����7�
��-�	.�7�
�qk/����� �1�(,��
� ��-n���(!i!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � &

)h!�� #+���1	.-�,.���1��#' ��b ' ���1��,.,.���`� �
	
� �
3�3[#�� ��3 �Gm+,.�
	
&�-�k k/����� �1�(,.�c�(-n�
�(!j!�! � � &
)h! � #f�$a�	.-�k �1�
�
	.-�,
�(�1�d#' ��b ' ���1��,.,.���`� �
	
� �
3�3 �����7�
�q-�	.���1��k/����� �1�(,.�c�(-n�
�(! � ���
)h! f ` �����1k �1���1	.-�,.���1��#' ��b ' ���
�7,.,.���`� �
	.� �
3�3 �����7�
��-�	.���1�qk/��� � �1�(,.�c�(-n����! � ���
)h! & #+���1	.-�,.���1� # b*�7����3���-'�����1��,.,.���`� �
	
� �
3�3 �����7�
�q-�	.���1��k/����� �1�(,.�c�(-n�
�(!i!�! � ���
)h! � #f�$a�	.-�k��1�
�
	.-�,
�(�1� # b*�7����3���-'�6���1��,.,.���D� �
	
� �
3�3 �����7�
�"-�	.���1�*k/�����V�1�(,.�c�(-n����! � ���
)h! � ` �����1k �Y���1	.-�,.���1� # b*���$�(37��-��_�
�
��,
,.�(�6� �1	.� �
373 ����� ����-�	.�7�
��k/�������1�(,.�c�(-n����! � � e
' ! � r`3�		a����t	.�1� ��3���"Ka(����-�a�m ��	 �q�
&��1�
� ��- � 	+k�&�3�������k ����� ��� -�	
���
� ���7���

���
�1m+��-', ��� ��37�7�
&�k��d��-�k k'&������
��	.- � �
��	 ��-j�
�V� �!� k��7� ��-��
�7	.-/�
3��
&��Y�Q�ja(��
C! ��� d
' ! d r`3�		a����t	.�1� ��3���"Ka(����-�a�m ��	 �q�
&��1�
� ��- � 	+k�&�3�������k ����� ��� -�	
���
� ���7���

���
�1m+��-', ��� ��37�7�
&�k��d��-�k k'&������
��	.- � �
��	 ��-j�
�V�]a�	.-n��	.&'�V�'3�	
��
C! !�!�!�!�! ��� d
' ! � #' ��b�' ��" a�����-�a�m ��	 ���
&'�
�
���
- � 	+k�&�3�������k ����� ����-�	.���1� ��� ��� �
���1m+��-�,

�
�c��3�� ��&�k����
-�k k�&��
�����7	.- � �
�'	���- �
�V� � � k��7� ��-��
�7	.-/�
3$�
&'�1�Q�ja�� 
C! !�!�!�! ��� �
' !�� #' ��b�' ��" a�����-�a�m ��	 ���
&'�
�
���
- � 	+k�&�3�������k ����� ����-�	.���1� ��� ��� �
���1m+��-�,

�
�c��3�� ��&�k����
-�k k�&��
�����7	.- � �
�'	���- �
�V�]a(	.-n��	
&�����3�	
��
C! !�!�!�!q!�!�!�!�! ��� �
' ! � # b"�7����3��7-��t��"Ka(����-�a�m ��	 �q�
&��1�
���
- �c	fk�&'3 ���
�(k ���'�7����-�	.���1� ��� ��� ���
�Ym �

��-�, ��� ��37�7�
&�k����
-'k k�&'�����
��	.- � �
��	 ��-p���t� � � k����c�(-'�
��	
-/�
3$�
&��Y�Q�ja(��
C! !�! ��� �
' ! f # b"�7����3��7-��t��"Ka(����-�a�m ��	 �q�
&��1�
���
- �c	fk�&'3 ���
�(k ���'�7����-�	.���1� ��� ��� ���
�Ym �

��-�, ��� ��37�7�
&�k����
-'k k�&'�����
��	.- � �
��	 ��-p���t� a�	.-n��	.&���
C!p!�!�!�!�!q!�!�!�!�! ��� �
' ! & r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 � f 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����

��&�k'����-�k k'&������
��	.- � �
��	 ��-j�
�V� �!� k��7� ��-��
�7	.-/�
3$�
&��Y�Q�ja(��
C! !�!q!�!�!�!�! ���"�
' ! � r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 � f 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����

��&�k'����-�k k'&������
��	.- � �
��	 ��-j�
�V�]a�	.-n��	.&'�V�'3�	
��
C!$!�!�!�!�!�!�!�!q!�!�!�!�! ���"�
' ! � #' ��b�' �#"Ka(�7�(-�aCm ��	 � f 
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��

�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� � � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
>! !�!�!�!�!q!�!�!�!�! ��� f
' ! � e #' ��b�' �#"Ka(�7�(-�aCm ��	 � f 
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��

�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� a(	.-n�
	.&�����3�	���
C! !�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� f
' ! ��� # b*���$�(37��-����#"Ka(�7�(-�aCm���	 � f 
 �*�
��-'��� �q�
&��1�
���
-�� ���7�
���
���1m+��-�,���� ��37�7�
&�k��

�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� � � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
>! !�!�!�!�!q!�!�!�!�! ���"&
' ! � d # b*���$�(37��-����#"Ka(�7�(-�aCm���	 � f 
 �*�
��-'��� �q�
&��1�
���
-�� ���7�
���
���1m+��-�,���� ��37�7�
&�k��

�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� a(	.-n�
	.&�����3�	���
C! !�!�!�!�!�!�!�!�!�!q!�!�!�!�! ���"&
' ! � � r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 f � 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����

��&�k'����-�k k'&������
��	.- � �
��	 ��-j�
�V� �!� k��7� ��-��
�7	.-/�
3$�
&��Y�Q�ja(��
C! !�!q!�!�!�!�! ��� �
' ! � � r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 f � 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����

��&�k'����-�k k'&������
��	.- � �
��	 ��-j�
�V�]a�	.-n��	.&'�V�'3�	
��
C!$!�!�!�!�!�!�!�!q!�!�!�!�! ��� �
' ! ��� #' ��b�' �#"Ka(�7�(-�aCm ��	 f �	
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��

�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� � � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
>! !�!�!�!�!q!�!�!�!�! ��� �

�+�



' ! � f #' ��b�' �#"Ka(�7�(-�aCm ��	 f �	
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� a(	.-n�
	.&�����3�	���
C! !�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��� �

' ! ��& # b*���$�(37��-����#"Ka(�7�(-�aCm���	 f � 
 �*�
��-'��� �q�
&��1�
���
-�� ���7�
���
���1m+��-�,���� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� � � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
>! !�!�!�!�!q!�!�!�!�! � fje

' ! � � # b*���$�(37��-����#"Ka(�7�(-�aCm���	 f � 
 �*�
��-'��� �q�
&��1�
���
-�� ���7�
���
���1m+��-�,���� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� a(	.-n�
	.&�����3�	���
C! !�!�!�!�!�!�!�!�!�!q!�!�!�!�! � fje

' ! � � r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� � f 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
� � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
>! !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f �

' ! dje r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� � f 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
a(	.-n�
	.&�����3�	���
C! !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f �

' ! d � #' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
� f 
�� ��� ���d���
�Ymf�7-�,��
�c��3�� ��&�k'� �
-�kqk�&'�����
��	.- � �
��	 ��-��
�5� � � k'���c�(-��1��	.-/��3
�
&��Y�Q�ja(��
C! !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f>d

' ! d>d #' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
� f 
�� ��� ��� ���
�1m+��-',q�
� �'3��7�
&�k�� ��-�k k�&����0����	
- � �
�'	���- �
�"� a(	.-n�
	.&��"��3�	���
C! � f=d

' ! d � # b*���$�(37��-�� ��" a�����-�a�m ��	 ���f�$	.-���-%�
� �
3737m k��$a(��m+�7-�, �/���
�c	.-�� a 	
� a(�73�3�� �
��	.�1� 	
� � f 
�� ��� ��� ���
�1m+�7-�, �
�c��3�� ��&�k��j�
-�k k�&��
�����7	.- � �1��	 ��- ��� �
� � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
>! !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f �

' ! d � # b*���$�(3��7-����#"Ka(�7�(-�aCm �
	����f�$	.-���-%�
� �
3737m k��
aG�Gm+��-�,��/�
�
�c	.-��ba�	.� a���3�3�����	
�
�
	
� � f 
�� ���7�
� �
���1m+��-�,c�
�c��37�7��&'k��d�
-'k k�&'�����
��	.- � �
��	 ��-p���t� a�	.-n��	.&��
��3�	���
C!O!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f �

' ! d � r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� f � 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
� � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
>! !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f �

' ! djf r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� f � 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
a(	.-n�
	.&�����3�	���
C! !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f �

' ! d & #' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
f ��
�� ��� ���d���
�Ymf�7-�,��
�c��3�� ��&�k'� �
-�kqk�&'�����
��	.- � �
��	 ��-��
�5� � � k'���c�(-��1��	.-/��3
�
&��Y�Q�ja(��
C! !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f �

' ! d � #' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
f � 
�� ��� ��� ���
�1m+��-',q�
� �'3��7�
&�k�� ��-�k k�&����0����	
- � �
�'	���- �
�"� a(	.-n�
	.&��"��3�	���
C! � f �

' ! d � # b*���$�(37��-�� ��" a�����-�a�m ��	 ���f�$	.-���-%�
� �
3737m k��$a(��m+�7-�, �/���
�c	.-�� a 	
� a(�73�3�� �
��	.�1� 	
� f � 
�� ��� ��� ���
�1m+�7-�, �
�c��3�� ��&�k��j�
-�k k�&��
�����7	.- � �1��	 ��- ��� �
� � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
>! !�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � fjf

' ! � e # b*���$�(3��7-����#"Ka(�7�(-�aCm �
	����f�$	.-���-%�
� �
3737m k��
aG�Gm+��-�,��/�
�
�c	.-��ba�	.� a���3�3�����	
�
�
	
� f � 
�� ���7�
� �
���1m+��-�,c�
�c��37�7��&'k��d�
-'k k�&'�����
��	.- � �
��	 ��-p���t� a�	.-n��	.&��
��3�	���
C!O!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � fjf

�+�+�



4`! � r`3�		a����t	.�1� ��3���"Ka(����-�a�m ��	 �q�
&��1�
� ��- � 	+k�&�3�������k ����� ��� -�	
���
� ���7���
���
�1m+��-',h�
�c��3�� ��&�k'�t��-�k k�&��
�����7	.- � �
��	 ��- �
� � � � k'���c�(-��1��	.-/��3/�
&��Y�Q�ja(��

� ��37�_�
&�-�� 	 ! !�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � f �

4`! d r`3�		a����t	.�1� ��3���"Ka(����-�a�m ��	 �q�
&��1�
� ��- � 	+k�&�3�������k ����� ��� -�	
���
� ���7���
���
�1m+��-', ��� ��37�7�
&�k��d��-�k k'&������
��	.- � �
��	 ��-j�
�V�]a�	.-n��	.&'�V�'3�	
��
 � �
3 �_��&'-�� 	 ! � f �

4`!�� #' ��b�' ��" a�����-�a�m ��	 ���
&'�
�
���
- � 	+k�&�3�������k ����� ����-�	.���1� ��� ��� �
���1m+��-�,
�
�c��3�� ��&�k��V�
-'k k�&��
�����7	.- � �
��	 ��- �
�_� � � k����c�(-��1��	.-��
3/�
&��Y�Q�ja(��
 � �
37�T��&'-�� 	 ! � f �

4`!�� #' ��b�' ��" a�����-�a�m ��	 ���
&'�
�
���
- � 	+k�&�3�������k ����� ����-�	.���1� ��� ��� �
���1m+��-�,
�
�c��3�� ��&�k����
-�k k�&��
�����7	.- � �
�'	���- �
�V�]a(	.-n��	
&�����3�	
��
 � �
37�_�
&�-�� 	 ! !�!�!�! � f �

4`! � r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 � f 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����
��&�k'����-�k k'&������
��	.- � �
��	 ��-j�
�V� �!� k��7� ��-��
�7	.-/�
3$�
&��Y�Q�ja(��
�� �
3 �_��&�-'� 	 ! !�! ��& e

4`! f r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 � f 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����
��&�k'����-�k k'&������
��	.- � �
��	 ��-j�
�V�]a�	.-n��	.&'�V�'3�	
��
 � �
3 �_��&'-�� 	 ! !�!q!�!�!�!�! ��& e

4`! & #' ��b�' �#"Ka(�7�(-�aCm ��	 � f 
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� � � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � ��37�_�
&�-�� 	 !c!�!�!�!�! ��&��

4`!�� #' ��b�' �#"Ka(�7�(-�aCm ��	 � f 
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� a(	.-n�
	.&�����3�	���
 � �
37� �
&�-�� 	 !p!�!�!�!�!q!�!�!�!�! ��&��

4`! � r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 f � 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����
��&�k'����-�k k'&������
��	.- � �
��	 ��-j�
�V� �!� k��7� ��-��
�7	.-/�
3$�
&��Y�Q�ja(��
�� �
3 �_��&�-'� 	 ! !�! ��& d

4`! � e r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 f � 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����
��&�k'����-�k k'&������
��	.- � �
��	 ��-j�
�V�]a�	.-n��	.&'�V�'3�	
��
 � �
3 �_��&'-�� 	 ! !�!q!�!�!�!�! ��& d

4`! ��� #' ��b�' �#"Ka(�7�(-�aCm ��	 f �	
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� � � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � ��37�_�
&�-�� 	 !c!�!�!�!�! ��& �

4`! � d #' ��b�' �#"Ka(�7�(-�aCm ��	 f �	
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� a(	.-n�
	.&�����3�	���
 � �
37� �
&�-�� 	 !p!�!�!�!�!q!�!�!�!�! ��& �

4`! � � r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� � f 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
� � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � �
37� �
&�-�� 	 ! !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��& �

4`! � � r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� � f 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
a(	.-n�
	.&�����3�	���
 � �
37� �
&�-�� 	 !/!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��& �

4`! ��� #' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
� f 
�� ��� ���d���
�Ymf�7-�,��
�c��3�� ��&�k'� �
-�kqk�&'�����
��	.- � �
��	 ��-��
�5� � � k'���c�(-��1��	.-/��3
�
&��Y�Q�ja(��
 � �
3 �_��&'-�� 	 ! !�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��&"�

4`! � f #' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
� f 
��	���7��� ���
�1m+�7-�, �
� �'3��7�
&�k�� �
-'k k�&��
�����7	.- � �1��	 ��- �
� � a�	.-n��	.&��
��3�	���
 � �
37� �
&�-�� 	 ! !�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��&"�

4`! ��& r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� f � 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
� � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � �
37� �
&�-�� 	 ! !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��& f

�+�f�7�



4`! � � r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� f � 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
a(	.-n�
	.&�����3�	���
 � �
37� �
&�-�� 	 !/!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��& f

4`! � � #' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
f ��
�� ��� ���d���
�Ymf�7-�,��
�c��3�� ��&�k'� �
-�kqk�&'�����
��	.- � �
��	 ��-��
�5� � � k'���c�(-��1��	.-/��3
�
&��Y�Q�ja(��
 � �
3 �_��&'-�� 	 ! !�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��&"&

4`! dje #' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
f � 
��	���7��� ���
�1m+�7-�, �
� �'3��7�
&�k�� �
-'k k�&��
�����7	.- � �1��	 ��- �
� � a�	.-n��	.&��
��3�	���
 � �
37� �
&�-�� 	 ! !�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��&"&

� ! � r`3�		a����t	.�1� ��3���"Ka(����-�a�m ��	 �q�
&��1�
� ��- � 	+k�&�3�������k ����� ��� -�	
���
� ���7���
���
�1m+��-',h�
�c��3�� ��&�k'�t��-�k k�&��
�����7	.- � �
��	 ��- �
� � � � k'���c�(-��1��	.-/��3/�
&��Y�Q�ja(��

� a�	.-��Y�G!"� ��,.-��7�
&�k�� 	 ! !�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��& �

� ! d r`3�		a����t	.�1� ��3���"Ka(����-�a�m ��	 �q�
&��1�
� ��- � 	+k�&�3�������k ����� ��� -�	
���
� ���7���
���
�1m+��-',j�
�c��37�7��&'k��c�
-�k k�&'�����
��	.- � �1��	 ��- �
�h�;a(	.-n��	
&�����37	
��
 � a(	.-'�1�G!
� ��,.-��7�
&�k�� 	 ! !�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! ��& �

� !�� #' ��b�' ��" a�����-�a�m ��	 ���
&'�
�
���
- � 	+k�&�3�������k ����� ����-�	.���1� ��� ��� �
���1m+��-�,
�
�c��3�� ��&�k����
-'kpk�&��
�����7	.- � �
��	 ��- �
��� � � k����c�(-��1��	.-��
32�
&��Y�Q�ja(��
 � a(	.-'�1�G!
� ��,.-��7�
&�k�� 	 ! !�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � e

� !�� #' ��b�' ��" a�����-�a�m ��	 ���
&'�
�
���
- � 	+k�&�3�������k ����� ����-�	.���1� ��� ��� �
���1m+��-�,
�
�c��3�� ��&�k��`�
-�kck�&��
�����7	.- � �
�'	���- �
�T� a(	.-n��	
&�� �'3�	
��
 � a�	.-��Y�G!*� �
,.-�� ��&�k�� 	 ! � � e

� ! � # b"�7����3��7-��t��"Ka(����-�a�m ��	 �q�
&��1�
���
- �c	fk�&'3 ���
�(k ���'�7����-�	.���1� ��� ��� ���
�Ym �
��-�,_�
� �'3��7�
&�k��6�
-�kqk�&��
�����7	.- � �1��	 ��-��
�5� �!� k��7� ��-��
�7	.-/�
30�
&��Y�Q�ja(��
 � a�	.-��Y�G!
� ��,.-��7�
&�k�� 	 ! !�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � �

� ! f r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 � f 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����
��&�k'����-�k k'&������
��	.- � �
��	 ��-p���t� � � k����c�(-'�
��	
-/�
3D�1&��1�Q�#a(� 
 � a(	.-'�1�G!T� �
,��
-��7�
&�k�� 	 ! !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � d

� ! & r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 � f 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����
��&�k'����-�k k'&������
��	.- � �
��	 ��-j�
�V�]a�	.-n��	.&'�V�'3�	
��
 � a�	.-��1�(!"� �
,
-��7�
&�k�� 	 !�!�! � � d

� !�� #' ��b�' �#"Ka(�7�(-�aCm ��	 � f 
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� � � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � a�	.-��Y�G!"� ��,.-��7�
&�k�� 	 ! � �"�

� ! � #' ��b�' �#"Ka(�7�(-�aCm ��	 � f 
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� a(	.-n�
	.&�����3�	���
 � a(	.-'�1�G!T� �
,.-�� ��&�k�� 	 !6!�!�!�!�! � �"�

� ! � e # b*���$�(37��-����#"Ka(�7�(-�aCm���	 � f 
 �*�
��-'��� �q�
&��1�
���
-�� ���7�
���
���1m+��-�,���� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� � � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � a�	.-��Y�G!"� ��,.-��7�
&�k�� 	 ! � �%�

� ! ��� r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 f � 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����
��&�k'����-�k k'&������
��	.- � �
��	 ��-p���t� � � k����c�(-'�
��	
-/�
3D�1&��1�Q�#a(� 
 � a(	.-'�1�G!T� �
,��
-��7�
&�k�� 	 ! !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � �

� ! � d r`3�		a����t	.�1� ��3'�#"Ka����(-�a�m ��	 f � 
 �V�1��-���� �q�
&��1�
� ��-�� ���7�
� ���
�Ym+��-�,��
�c��3����
��&�k'����-�k k'&������
��	.- � �
��	 ��-j�
�V�]a�	.-n��	.&'�V�'3�	
��
 � a�	.-��1�(!"� �
,
-��7�
&�k�� 	 !�!�! � � �

�+�+���7�



� ! � �t#' ��b�' �#"Ka(�7�(-�aCm ��	 f �	
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� � � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � a�	.-��Y�G!"� ��,.-��7�
&�k�� 	 ! � � f

� ! � ��#' ��b�' �#"Ka(�7�(-�aCm ��	 f �	
 �c�1��-���� �q�
&��1�
� ��-�� ���7�
� �
���1m+��-�, ��� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� a(	.-n�
	.&�����3�	���
 � a(	.-'�1�G!T� �
,.-�� ��&�k�� 	 !6!�!�!�!�! � � f

� ! ��� # b*���$�(37��-����#"Ka(�7�(-�aCm���	 f � 
 �*�
��-'��� �q�
&��1�
���
-�� ���7�
���
���1m+��-�,���� ��37�7�
&�k��
�
-�k k�&��
�����7	.- � �1��	 ��-p�
�V� � � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � a�	.-��Y�G!"� ��,.-��7�
&�k�� 	 ! � � &

� ! � f r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� � f 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
� � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � a(	.-��Y�G!T� ��,.-��7�
&�k�� 	 ! !�!�!�!�!�!�!�!�!q!�!�!�!�! � �"�

� ! ��& r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� � f 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
a(	.-n�
	.&�����3�	���
 � a(	.-'�1�G!"� �
,.-�� ��&�k'� 	 ! !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �"�

� ! � �t#' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
� f 
�� ��� ���d���
�Ymf�7-�,��
�c��3�� ��&�k'� �
-�kqk�&'�����
��	.- � �
��	 ��-��
�5� � � k'���c�(-��1��	.-/��3
�
&��Y�Q�ja(��
 � a�	.-��1�(!"� �
,
-��7�
&�k�� 	 ! !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � �

� ! � �t#' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
� f 
��	���7��� ���
�1m+�7-�, �
� �'3��7�
&�k�� �
-'k k�&��
�����7	.- � �1��	 ��- �
� � a�	.-n��	.&��
��3�	���
 � a(	.-'�1�G!"� �
,.-�� ��&�k'� 	 !h!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � e

� ! dje # b*���$�(37��-�� ��" a�����-�a�m ��	 ���f�$	.-���-%�
� �
3737m k��$a(��m+�7-�, �/���
�c	.-�� a 	
� a(�73�3�� �
��	.�1� 	
� � f 
�� ��� ��� ���
�1m+�7-�, �
�c��3�� ��&�k��j�
-�k k�&��
�����7	.- � �1��	 ��- ��� �
� � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � a(	.-��Y�G!T� ��,.-��7�
&�k�� 	 ! !�!�!�!�!�!�!�!�!q!�!�!�!�! � � e

� ! d � r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� f � 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
� � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � a(	.-��Y�G!T� ��,.-��7�
&�k�� 	 ! !�!�!�!�!�!�!�!�!q!�!�!�!�! � � �

� ! d>d r`3�		a����t	.�1� ��3t��" a�����-�a�m �
	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, �/�
�
�c	.-��baj	.� a(�73��
3 ���
	.�
��	
� f � 
�� ���7�����
���1m+��-�,j�
�c��3�� ��&�k��c�
-'k k�&��
�����7	.- � �
��	 ��- �
���
a(	.-n�
	.&�����3�	���
 � a(	.-'�1�G!"� �
,.-�� ��&�k'� 	 ! !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � �

� ! d �t#' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
f ��
�� ��� ���d���
�Ymf�7-�,��
�c��3�� ��&�k'� �
-�kqk�&'�����
��	.- � �
��	 ��-��
�5� � � k'���c�(-��1��	.-/��3
�
&��Y�Q�ja(��
 � a�	.-��1�(!"� �
,
-��7�
&�k�� 	 ! !�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � d

� ! d ��#' ��b�' �#"Ka(�7�(-�aCm ��	 ���f�$	.-��(-n�
� �
3737m k��$a(��m+�7-�, ���
�
�c	.-��bad	.� a���373 ���
	.�
�_	��
f � 
��	���7��� ���
�1m+�7-�, �
� �'3��7�
&�k�� �
-'k k�&��
�����7	.- � �1��	 ��- �
� � a�	.-n��	.&��
��3�	���
 � a(	.-'�1�G!"� �
,.-�� ��&�k'� 	 !h!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � �"�

� ! d � # b*���$�(37��-�� ��" a�����-�a�m ��	 ���f�$	.-���-%�
� �
3737m k��$a(��m+�7-�, �/���
�c	.-�� a 	
� a(�73�3�� �
��	.�1� 	
� f � 
�� ��� ��� ���
�1m+�7-�, �
�c��3�� ��&�k��j�
-�k k�&��
�����7	.- � �1��	 ��- ��� �
� � k'���c�(-��1��	.-/��3��1&��1�Q�ja�� 
 � a(	.-��Y�G!T� ��,.-��7�
&�k�� 	 ! !�!�!�!�!�!�!�!�!q!�!�!�!�! � �"�

�f���



� 
 �)� � � � � * �6���

f ! � g`�/�
�
�ja��
�(�
�7�1�
� a(�`	
�5�����dk���� � ��� �����7- ����� � e �1�
�
	.-�,
�(�1� �
�
�7,.,.�(�1� � �1	.� ��3�3
��3 �Gm+,.�1	.&�-�k k/��� �c�
��,.� ��-n��� � �
�7-�a(� # b"�7����3��7-��q���t�c� �
�
i%&��(-�aCm�� k�	.� �
�7-
' ` � 
 �
��� k'&������
��	.- 	
�d�p���
�7,.,.��� ��� -�	
� � �(3�3 k'�
g/-���k 
 �
-'k ���'�(�
�C� 	.�
�
-��(� �������������
��� �c�G�
- 	.�����
�1� �
-�a(�h	
�T���'�h���
�7,.,.����
C! ` ���c�G�.�����
,.� �c�G�
-
�
-�k ���
�1� �
-�a(��	��O�
3�3$	
�2���'�d��3 �Gm+,.�1	.&�-�k k���� ���1���
� ��� �����1� f � � � e � � �
-'k
������� � � � � e ��� 
/�
���
�$�$aC���7�
�(3 m.!D!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e

f ! d 4/���jaC����	
-p	
� d � ' ` � ���
�7,.,.���
���$��� � �(��- r`37	.a����V	.�
� �
3 
O#' �qb ' �
-�k #
b*���$�(3��7-��
! ` ��� �
	
� ��3_-%&��h�$�(� 	
�V���
�7,.,.���
� �
k��c�7�1����k � �1	.� �(�ja � ' ` �
� �
	.� �
3�3D	
���
���q��3 �Gm+,.�1	.&�-�k k/����� �
�(,
� ��-%�
�t�7� � d 
�� e>e ! !�!�!�!q!�!�!�!�! � d

f !�� #f�$�G�
�1� �
- ���
- � a�	.�
�1�(3 �0����	
- a�	f��" a�����-%�_���C� �`���(- ���������
-�� 	
�O� d � ' ` �
���1��,.,.���h��- 	.-'� ' ` � � �
	 ����
 �
-�k ���'� -%&��������c	��t�
���c�(���
�/���c���
- � ���
	.���1�(�1�
�(k ��- �
-�	
�
���(��' ` � � 	.� �(�ja � d � ' ` � a(	
�h����-������7	.- � a�	.3�&��c-���
C! ! � �

f !�� #f�$�G�
�1� �
- �
�
-��)a(	
�
�
��3 ���
��	.-)a�	f��"Ka(����-n���$��� � �(��-j����������-�� 	
� �
- ' ` �
�
-�k ����� -%&��h�$�(� 	
�����7� ��� ���/�0� ���
-�� ��� 	.���1�(�1�
�(k 
 ��� ��� �
���
�$�$a�� ��	
�
-�	
�
���(� ' ` � 
�� 	.� � � ' ` � �
�
�7,.,.�(�1�(!V!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � &

& ! � oV��3 ���
�7�
�T�'�
	.�/������37�7� md	���k��C���$aC���7	.-�� 	.�O�G�#a � ' ` � ��� �����
���
�$�$a��6��	t�tk��7���
��	
��&�3 �0����	
- � -'	.�
� �
3����(��k���	 ����� r`37	.a����V	.�
� �
3"���
	
�/�
���73��7� m � 	
� ����&�� �
�
���
- � 	+k�&�3�������k �����7�
��-�	.���1� 
>!`!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e �

& ! d oV��3 ���
�7�
� ���
	.���
����37�7� m 	
�_k'�����
a��
��	.- � 	.���G�#a � ' ` � ���7��� �1�(�
�$�$aC���
	 ��-
���1	
���1	.��� a"�$	.��&�3������7	.- � -�	.�1� ��3�� ���(kq��	V�����`r`3�		a����t	.�1� �
3%���1	.�/�
�'��3�� � md� 	.�
����&��
�1� �
- �c	fk�&'3 ���
�(k ����� ����-�	.�7�
��
C! !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � e �

& !�� oV��3 ���
�7�
�T�'�
	.�/������37�7� md	���k��C���$aC���7	.-�� 	.�O�G�#a � ' ` � ��� �����
���
�$�$a��6��	t�tk��7���
��	
��&�3 �0����	
- � -'	.�
� �
3����(��k���	 ����� r`37	.a����V	.�
� �
3"���
	
�/�
���73��7� m � 	
� ����&�� �
�
���
- � 	+k�&�3�������k �����7�
��-�	.���1� 
_&��1��-�,c�
- �
3 ���(�1-/���
�d��&�-��7-�,�! !�!q!�!�!�!�! � e �

& !�� oV��3 ���
�7�
� ���
	.���
����37�7� m 	
�_k'�����
a��
��	.- � 	.���G�#a � ' ` � ���7��� �1�(�
�$�$aC���
	 ��-
���1	
���1	.��� a"�$	.��&�3������7	.- � -�	.�1� ��3�� ���(kq��	V�����`r`3�		a����t	.�1� �
3%���1	.�/�
�'��3�� � md� 	.�
����&��
�1� �
- �c	fk�&'3 ���
�(k ����� ����-�	.�7�
��
 &'�
��-', ��- ��37�����
-/�0���d��&'-���-�,'! !�!�!�! � e �

� �



�'! � oV��3 ���
�7�
� ���
	.���
����37�7� mi	
�dk��C���
a����7	.- � 	.� �G�ja � ' ` � ���7�
� �1�(�1���
a��c��	��
k��������$	.��&'3 ���
��	.-h&'�
��-', a(	.-��Y� �
-n�"� �
�
i%&��(-�aCm�� k�	.� �
�7- � �
,
-��7�
&�k��`�1��,.-��
3��
� -�	
�
� �
3����(�(kt��	 �����Tr`37	.a����V	.�
� �
3
�'�
	.�/������37�7� m�� 	.� �q�
&��
�1� �
-q�c	fk'&�3 ���
�(k
�����7�
��-�	.�7�
� 
>!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d �

�'! d oV��3 ���
�7�
� ���
	.���
����37�7� m 	
�_k'�����
a��
��	.- � 	.���G�#a � ' ` � ���7��� �1�(�
�$�$aC���
	 ��-
���1	
���1	.��� a �$	.��&�3������7	.- &��
�7-�,Oa(	
-��1���
-n�p� �
�
i+&'�(-�aCm � k�	.� �
��- � ��,.-��7�
&�k��
�
�7,.-/�
37� � -'	.�
� �
3����(��k ��	 �
��� r`3�		a����t	.�1� ��3t���1	.�/�
�'��3�� � m � 	.�	�q�
&��
�1� �
-
� 	+k�&�3�������k �����7�
��-�	.�7�
� 
>! !�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � d �

�'! � #f&��c� ���1m 	��(' ` � ���1��� �(�1�(-�a����
	 k����D���
��-%� �1��,.-/��3d���
	
�����1���7�(��! ` �'�
a(	.-'�
���Y����-�a�m �
�
-��h�
�������*�G�ja � ' ` � $ �"�����1� 	.�1� �
-�a(�_	��.��� k'� ���(�
��-n�"�
��,
-/�
3
� m+�����6�
�O�c�G�
�1&��
��k��7-h#f�
a��
��	.- & !������ ���q���
- � � �$�(�7-�, �����T� 	
�1��a(	.-'�
���Y����-%�(! � d �

g�! � #�� b*3 �Gm+,.�
	
&�-�k k/����� �
��,.�c�(-n����&��1�(k ��	Ca�	.�c�/�
�
�(' ` ���(! � g`	.-n����-%&���k
��-�`��
��3���g�! d ! 
 !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � �

g�! d #�� b*3 �Gm+,.�
	
&�-�k k/����� �
��,.�c�(-n����&��1�(k ��	Ca�	.�c�/�
�
�(' ` ���(! � g`	.-n����-%&���k
��-�`��
��3���g�!��'! 
 !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � � d

g�! � #�� b*3 �Gm+,.�
	
&�-�k k/����� �
��,.�c�(-n����&��1�(k ��	Ca�	.�c�/�
�
�(' ` ���(! � g`	.-n����-%&���k
��-�`��
��3���g�!���! 
 !�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�!�!�!�!�!�!�!q!�!�!�!�! � ���

g�!�� #�� b*3 �Gm+,.�
	.&'-�k k���� � �
��,.�c�(-n���V&��
��k �
	 a�	.�c�/�
�
� ' ` ���q! � g`	.-�a�3�&�k���k 
 � �"�
)h! � g`�/�
�
�ja��
�(�
�7�1�
� a(�`	
�5�����dk���� � ��� �����7- ����� � e �1�
�
	.-�,
�(�1� �
�
�7,.,.�(�1� � �1	.� ��3�3

�����7�
��-'	.���1��k/�0� � �1�(,.�c�(-n�
� � �1��-�a�� # b*�7����3���-'���7�V�c� �
�
i%&��(-�aCm�� k�	.� �
�7-
' ` � 
 �
��� k'&������
��	.- 	
�d�p���
�7,.,.��� ��� -�	
� � �(3�3 k'�
g/-���k 
 �
-'k ���'�(�
�C� 	.�
�
-��(� �������������
��� �c�G�
- 	.�����
�1� �
-�a(�h	
�T���'�h���
�7,.,.����
C! ` ���c�G�.�����
,.� �c�G�
-
�
-�k ���
�
���
-�a(��	
�[�
3�3'	
�D�
��� ���'�7����-�	
���
�Vk/�������1���
� �7� e �
-�k � 
%�
���
�$�$a��
�7�
�(37m
! � � e

� �f�



� 2�� ����� �6� & ��� � �'�)�

�_� ���.���1m �1�
�(� 	��d��m ��k�&�aG�0����	
- 
 �h�����
�j�$�(��- ��3����
�1�(k ��� ��� 	.-�37mi����� �.���1m �����1� 	
�
�(k'&�aG���
	.�
��! ` ���Hg/�1�1�t�����
�
	
- ��	 � 	.�1� ��3�37m ��-n�
�
	+k�&�a(�q�c�d��	 �������(37�(,n��-�a(�q	
�6���nmf�1� a��t�7�
��m ����,
�p� a ��	+	.3 �'�%m+�1� a(�d�
�G�ja �'�(� 
 @C1 3 �"!�� ? 1.� 	 ��� !H` �/�
- � m.	
& � 	
����&'�1���7-�, m.	
&��
�
373`��-n�
	 �
�G�ja �'��-�, m.	
&�� �1��&'k��(-n��� �
-�k �%-�	 � �
�/��� ���
�(- ����	.&',.� �����Cm � �Gm -'	
� �
��	 �
�7� � 	
� �%-�	 � � ��
q�����
��� �
���c� 
��
����m �
�����1�$a�� ���
� m.	
&��h�#��	.�Y���(! � m a�	.3�37�(,.� ���f�$�(�
�7�(-�a��
�`�
�h� �
k�� ���'	.3�� �%m ���'� � ��-n��	.�1�
���7� 	
� ')�"1:!59:���=V_101 �$��� ��� ���*��� � !�` �/��-�� m
	.&
� 	.� �
&����$	.�Y����-',h� � �����(- -'	 	.-�����3��1�d��- �
����k'�(�/�
�Y���c�(-n� � 	.&�37k �
-�k -��C�.��� ���(�1�7� �0����-',
��	 �
�'	�� �c� ��	.&',.��37	��.� �����(- � �`�
��,.	
��-�, �
	�� ��	
-���m+�1�(37���t���.��- ��� �
�(� ���c	R�
�(k�	.-
��	 ,.����k�&/���
��� a ��	+	.3<!G` ���
-�� m.	.&p�
3��1	c�
	 'C!5�"9:1:!��7M ������� �
-�k @ 1 3 �"!�� R 1	���8� ����	
� �(�
� �7-��1�
�
&��c�(-n���
35��-p��m &�-'k��(�1,.���
k'&/�������
&�a
a(�(�1� � �����73�3[� 	.�1���
�(���$��,.�
�����C� &�3O� 	
�t���'�
�
&'����	
�1��m.	.& ���1	R�+�7k��(k � ��!

� - ,
���
k�&�������� a �'	f	.3 
 �6�/�G�.�V�$�(�(-c��37�(�
�1�(kc��	��/�G�.�V� ��-%�
	.�
� ����	 � �(�
�V�c	.�
� �/�0������-n�
���7�
�i�c� �
�/�
-i�
����m �
�'	.&�3�ki�/�G�.� �$�(��-[!L` �/��-�� m
	.& ��	 ')� 3 !5�8�	��� ')1 � �	��,��� � 
 ����	
� � �(�(3���� ����	
3�37m �
���
�$	.-��1����37�j� 	.� ��m �
k��c���1�
��	
- ��	 bO�(-�- #+� �0��� �
-�k ����	 �
	f	
� �c�
&�-�k'�(� ���(� ���7-�, �
� ��m(g/�
�Y�c�
k'�+���1	.�(!(` �/�
-��im
	.& � 	.�h�$�(��-', �1&��1� �
�$	.&'�h�
��� -�� a��(�Y�
�$�(�
�1	.- �`�/�G�.���C�.��� �%-�	 ��- 
:� 	.�t�Y� �
-'k���-�,c&�� � 	.��� � 
:� 	
��m
	.&��V-����
�(�t�(-�k��7-�, �������7�(-�a��
�
-�k � 	.� � ���%��-�, �1&��
� �
�/��� � �`�
� � �����(- aG�
�1� 	�� ������- m
	.& 37��� �(! ` �/�
-�� m
	.& ��	 M �
�[�,	 � �8�
� � 	.�q� ���%�7-�, 	��
�(�h������m ��k'�+���
	
���
-'k����(�ja ���7-�,j�c� �'	�� ��	j�$�Ka(�
� ���baG�
3*�7-
k/����� �
-/�
3 mf�1����!K` ���
-��jm
	.&�� 	.���'&'�
�
��-�, &�� ���7�
����3�3 	
� ��m a�	.�c��3 �
�7-n�����
-'k���&'�
���7-�,
�c� �
3 �_�Gm+��� 	.� �_���
k[!�` ��� ���7,.��3��7,.�n�q	
����m ,.�
�
k�&/���
� a(�
�
���(�����
�h�$�(�(-i������-�,j�j�/�
�Y�
	
�������ig`�(-n����� � 	.� �����G�+�7�������7	.-/�
3V� �G�.�ib*�%m+�1� a(��! ` �/�
-�� m
	.& #f�
� � 	.� �
3�3�	
�h���'�
�
k��c��-'���1�
�����
�7�
� � 	.��� m.	.& ��&f� ��-n��	j�
���)a(��-n���(��
T� 	
�h���f�$	.�
�7-�, � � ��	 �
	 � �
-nmi	��������
,.�1�G�����c��-�k'���
-�k 3����1���7-�, � ���$��� �/�
�1��	��6�1	.� �C�����7-�, ���/�0����� ���7,.,.�(�_�
�/�
- ��m+�
��37� !

r`�(�7-�, � ���
�1��	
�`� �1�(�1�G�
� a �i,.�1	.&�� �/�
�q�
��	 ��-�� � ���'� �
�
&�� ���
37&�� 	
�`�
�G�
� �`	.���:!
` �/�
- � m
	.& �
	��
���t�$	.�Y��� k'	.a�� ����	����1�G���
�(k �c��3�� �
�V�
- �
i%&/�
3 ������37�V,
&���k��7-�,q� � ������- �
� �(3 �_37	.�1� � ������!5�8/ � � - ����1 � 
�
 1 ��� VP/=J�� 3
3 
 VP� �:�;B)�����8�=� 
�� �	����� ����1:!5��� 
/��-�k
�0���,� ���,�0- R �.�
�,� ! #f���
a(���
3[���/��-��%��,.	 ��	 l
	.��- �`�
�/�
-�� m
	.& � 	.�V�
3 �_�Gm+�4a �'�$a��%��-�, &��

� �'�7�



	.- � � 
��/�G�+��-', -���� ��k��(�
�V� 	
�t�c����-�k � 	.�����
�G�.�(37��-�,c��	 ��m k���� ��-��
�����.��-p����	
&�,.� m
	.&
k��7k�- $ ���/�G�.�q��	�!��T	.& $ �
���$�(��-j� ,.	+	fk � �1���(-'k �
	 � ��!

�q�/�G�.� � �
k�� � �
-nm ,.	+	fk � �
����-�k��hk'&��
�7-�,p��m � �����1� a(&'3 ���
��	.- ���hb��(-'- #%� ���
�
!�`O	
��m 	�"Ka(��� �0��� ��-�ki� �
�7�(-�k 
 �&� � �,���S�0- 	 	 �"!#�$/>�,�8�	� 
O���/��-�� m.	.& � 	.���
3 �_�Gm+�h�$�(��-',
���'�(�
� ��	 37���1�
�(- �
	 �c�
! �h�
����- � �
�/��� 	
-�37m m.	
& �
-�k ��m �c	
���'�(� a(�
- 3��7�1�
�(- �
	 �c�
a(	
� ��3��
��- ��-�k�3����
�137mc�
-�k �1�
��3�3/�����
�d���
�c��3�� 	
- m.	
&��T�Q�#a(�d��-�k �1�(�(� �7-%�
�(�1�(�1�
�(k[! `O	�� � 	
���.a��(�'�
��	.-/��3��$�(	.�'3�� ����	h�/�G�
���$�(�(- ,.	f	+k � �
����-�k��"��	����V�
�7-�a(�������t�����
�1���
a���� �.�t�1��&'k��(-n�
� �(�%���(-�k �$��� 	
�
� �`�c���
�(-�k��$a���k���k���	�a�	.� � �
	 bO�(-�- #+� �0��� �H` �/��-��pm.	.& ��	 J��.�*�����
�)! 3 �,� 
5� 	.��� ���%��-', �
��� �����c�h��	 � ���
�c�
&'�
� ���/��� ���
3 �`�Gmf���/�
k ��m �'	.� ���`	
���pk�	
-��
�
-�k ����3����7-�,p�c� g/373`�
-nm ,.�
���h��mi&�-�k����
,.�
�
k�&/�0��� �(k'&�aG���
��	.- 37��� ��� ��! � 	
�1� 	
�t�
373 

�����
-�� m.	.& � 	.�V� ���%�7-�, �1&��
�����/�0� �_k'��k�- $ � �_�
�1�p	.&'�t	
�*,
���
k � a ��	+	.3B! ��-�kj�
�/�
-�� m
	.&
��	 F$�$���,/ V_1:9����=� 

� 	.��,.�7�+�7-�,t�
��� � 	.�
37k������	��

������������
�������� � ���7�6	.37k��/��-�k 
���-�k �
3 �_�Gm+�
� ���%��-�, �c���
�c��37�d���
�(-jk'&��
�7-�, �����q� �
-nm �
3�3�� -��7,.�n�����
�(!

`�	 ��m �c	
������� 
02 � ���"�.� R ��� />!�� 	 � � � �Vm
	.& �
�
�h�
���h	.-�3 mj�$�(�1�
	.- ����	 �/���������(-
� a�	.-��Y� �
-n�t��-j��m 3��7� ����m.	.&j�
�
�q���'���1�G�
�1	.- ���nm �_�/�G�.��� �
k'��� �V�
����� �Q�
��!G` �/�
- � m
	.&
� 	.���1��	.�73��7-�, �c� ���7�
� ��	
�Ha ��		a(	.3������ �7-p����� �c	.�
-'��-�, ���'�(- � �`�
�q��	.�c�h�+���
� ���7-�,�
�� 	
�
����3����7-�, �c� g�-�kp��m ���1��	.�1�7���7�(����- 3�� � ����-�kp�
&'����	
�1���7-�, �c� �����(-p� 	.373�	 ����-', �
���(� �`�
�
k���" a�&�37�(! ` �/�
-�� m.	.& � 	.� � ���+�7-�, �c� ����	 � �
� �
	fk���m
!

��-�k 3��
�1����&'� -'	
�h37�G�
�Y� 
 �����
-�� m.	.& �
	p��m��+&'�
�/�
-'k 
 R �"!*��� ? !5� +�9:�.� !�` �/�
-��
m.	
& � 	
�h������-�,p�
���(�1� � 	.�h�c� �
�7-�a(� 	
&��h�
��-���	
��m.�(�
� 	
�V����,
� � a ��	+	.3<! ` �/�
- ��m.	
& � 	
�
3��7�1�
�(-��7-�, ��	 � �	�����(- ���`�
� �7-�a(	.-'�
	.3��
��3�� ��-�k � 	.� �1� �1	.�ba(��-', ��� ��� � � ��- ���'� ,.	+	+k
���7� ���(! ` �/�
-�� m.	.&p� 	.�t������-�, ��m�g/�1� �%�7�
���
-'k ��m 	.-����
�
&��h37	��.�
! �����73�3O�
3 �_�Gm+�d3�	��
�
m.	
& &�-�a(	.-�k'�7���7	.-/�
3737m
!

� �f���7�



� �'&%
 2 ��� 
 ���

`O	 ��m ���
	��������
�t�
-�k �
�7�1�����
��!7! !

� `�	 ? !*�,��+
�E���*- � �	! 
/��m ,.&/�
�1k�� ��- �t-�,.��3 ����	 -'���.���t,
	
� ��	]a(	
� ����	
� � 


� `O	 @)�8/ ��� ���*- ���"! 
 �*37	��.�tm
	.& � 	.�T��	 � �
�$�$a(���
3:m.	.& �
�1�d�
-'k �
k��c���1�Vm
	.&��`�7-�-�	��
a(��-�a(���
-�k &�-�a�	.-�k�� ���7	.-/�
3�3�	��.� 


� `O	�? !5���,����� R ��� />!*� 	 � � � 
���m � �
�7k�� 	�� � ��	.-'	.� ��m.	
& � ��k�� �c� k���� a(	��.���h��m
3�	��
�q� 	
�_���G�#a ����-�,c�
-'k �/�G�
�����
&�,.�n�V� �d�
��� �`	
-�k��(�Y� &�35��	
-�k ���C� �`���(-p�1���1�
�(�1� 


� `O	 VP�8/#�����	� R ��� />!�� 	 � �0� 
���m �
��-',.���(�
�
��� ��m
	.& �/�G�.� �
��	 ��- �c� k����'���'�h	
�
��� �
,.�7-/���
��	.-j�
�/��� � ���73�3"�
3 �_�Gm+����-n�+mi�
-�k �/�G�.� � �
&�,
�%���c�c�
�/��� ���7�
���
��� �1��,.�n���(- �
a(	
&����
,
�(�c�(-n� 
/�C�.�(- � a(�
- �'3 �Gm �1��	.�Y����!

� �f�7�



Chapter 1
� �'� !���&��.2 � 
 ���

����� ���	��

�������	����������� ��
����
� - �t��� �
	.-����
- �'�%m+�1� a(��
 ,.���G�+�7� m �_�
� ���'	.&�,.�n� ��	 �$�j�
- ��-'�1� ��-%���
-���	.&����X�#a����7	.- ���c�
k��7�1� ��-�a(��$ �c� �(�
-��7-�,i������� �
� �
	+	.- �
� 	.-'� � �
�1� � 	��
�(� 
����.���1m 	�������� � �
�1� ��- ���'�
&�-�� �.���
�
�d� ���(37� ���'�d�
���
&�3 � �
-n�Ga ���
-�,.�d�7- ,.�
���+� � ���
��	.-/��3�g/�(37k ���c� ��k�� �0���(3 m.!�` ����� ���c��3��7�(�
������� a �/��-�,.�(����-��
��� ,
���G�+�7� �0����	
-/�
3 g/��3�k ���1	.�/�
,.����� ����	
&�,.� �1�/�ja(� ���h�7-�g/-�� ���c�
�$�(�(kD!

t	 � ���
�(� 
%�1�(3 �0���7�+� � m��Y� ���
�(�6�
�/���*-'	
�����7-�,�
���-�a�3�&�k��7-�,t�
���_�7-'� 	.�
� ���
��	.-q	.- � �
�
��3�		aG���
��	.-
�(-�a(	+k��(k �7- �
����,.�
�G�f� � ���
��	.-��
30g/�(37k 
 aG�
- �����G�
�(3��Q���1�����t�
�/�
- �
�����1�����(k 	
� 3���,
�%�(!�� 	.�1�
	��.��� 
T,.�(-������
3 �
��3 ���
�7�+�7� m��
�1�
�(�Y��� ������� ,.�
���+� � mi�7� ��a(	.-'�
�$i%&���-�a(� 	
�����'�Ca(&��Y������&��1� 	
�
�
���ja(��� ���7� � �
-�k a �/�
-�,.���5��-d���'�T,
���G�+�7� �0����	
-/�
3*g/�(37k ���73�35a �/�
-�,
�"�
����� a�&��1�����
&��
�"	
�+�1�/�ja(���
���7� ��!Z` �����
�C� 	.�
� 
/��a �/��-�,.��-',�,.�
���+� � ���
��	.-/��3�g/�(37k ����373:���
	+k�&�a��d���1�����'3��V��- �1�/�ja���� �
���c� 

���1	.�/�
,n�0����-', ��� �����q�1�����(kj	��637��,.�n� 
 ����� a � ��� �1��� ���
�
��k �
	 ���t� ,.�
�G�f� � ���
��	.-��
3 �`�G�.��!

` ��� � &�-�k/�
�c�(-n���
3d�
��3 ���
��	.-'� ��- ,.��-��(�
�
3��
��3 ���
�7�+�7� m �
�
� �
��� '"�7-��1�
�(�7- g��(3�k �$i%&/�!�
���7	.-�� � & 	 ! �i�1�7�
�
�(- �
���  

!�" 
 �$#&% !'" � � ! � 

�������
�

 

)(�
 � �_�������
� �$i%&/���
��	.-'�ck'�(� a��
�7��� ���'�;a�&��1�����
&��
� 	
�t�
�/�#a(���<���7� � k�&'� �
	

���'� k����Y���
�7��&'�
��	.- 	
�V� �
�
� � �����h����� '*��-'�1������- �
�(-��1	.� 

 
!�" 
"	.- ���'� 37��� � ���
-�k �
�7k�� 	
�

���'� �
i+&������7	.- 
 �
-�k �1�
�
�(�1� � �(-����
,
m � �$�(� ���'� �Y���1�(�
� � ��-��(�1,
m �
�(-��1	.� 
*% !�" 
 	.- �
��� �
��,
�%�
�/�
-'k �
�7k���	
�D�
�����$i%&/���
��	.- 
C! ` ���7� �1�(3������7	.- ���"k��
a(�(�f���7�
�(3 m �
���c��37� ���
aG�
&��1��� ���*��-'���(�1�(-n�
-�	.- � 3��7-��G���
�7� m ���Ea(	.-�a(�G��3��(k �

 
!'" ���Qi%&/�
k��
�����ba��7- �
�����c���
�
�ba���-�kp�7�
� g/�
�Y�dk����
�7�����
�7�
�(� 


���'�c�
i%&/�����7	.-���� 	.�d�
��� �
�$a�	.-�k k��(�1�7�����
�7�.���q	
� �
��� � �C���1� a �
�1�]a(	.&��'3��(k �
-'k �
���(�1�c�7�q�



d

k�������-�k��(-�a(�d	.-c�����t�
	.&'� a(��$a� ��� �c	.�c�(-n��&�� 
 �����ba � ��- ��&'�
- k'�(�$�(-�k��`	.- �
�����c���
�
� a_� 	
�
-�	.�1� ��3�� �(�����7	.-[!	
V	�� ���
�(��
T� �V�
- 	.�'�
�(�Y�.��� �����Q����� �`��m�� �
	.� �
��� �
	
&�� a�� ��-(i+&'�(�1�
��	.- 

�
���ja(��� ���7� �t���`�
�����1	 �f�7� ���
�(3 m��/��� �
-'k)aG�
- �$���
���'�
	��f��� ������k �nm ���'� � ��- �
	 �����%�2�c�����
�
�ba 
�� !�" ! � ,.���G�+�7�������7	.-/�
3 �_�G�.� 
�� !�" 
:aG�
-j�
���(- �������1�G���
�(kp�����c�����1��&'�
�/���
��	.- 	.- �����7�
�:�����1�/�ja���� �
���c�dm+���(37k���-',h������� 	.373�	 ����-�,�� �C���
�ba �

� !'" 
�� !'" ��� !�" � � ! d 


' i%&/�����7	.- � ! d �7���%-�	 ��- �
�d�
��� �`�(���Lg/��3�k �
���'�
	��f��� �����7	.- �
-�k �7��&��
��ki�
�q��-���-������ �
��	 �1	.37�
�q�
����'*��-��Y���(�7-)g/�(37k �
i+&������7	.- � ' i%&/�����7	.- � ! � 
��

	�
� !
��
�� ! 	 � ��
 


� !�"!'"�� � 
� !
� !���
 � 
� !


�!���� 
 � f #&% ��
 � � ! �



�������
� 
� ��
 �7� k��
g�-��(k ��	 �����
���������#a(��� �
�C�.�(�1�
��kp� �C���1� ad�$�(�Y��&��1�/�����7	.- �


� ��
��
�
��
 	

�
d � !�" � � � !���


` ����g/�1�1�_�
�(�1� 	.- �
���d37��� �_���
-�k �
�7k��d	
� ' i%&/���
��	.- � ! ���1�(���1�(�1�(-n�����������:����� �
�/�#a(� �`�G�.�
	.�$�(�
����	.�d�
-�k �������
�(�Y��	
�"�����h�
�(�
�c�d	.- �
��� 3��C� �d�/�
-'k �1��k�� �7-��
&'�
�h,n��&�,.� ��-n���
�1� �
-�a��
!
` ���7�ZaG��-h���`�
���c��37�bg/��k��nm�� ���+�7-�,t�
���`,.�
&�,.� a ��	.� a��_	
��� 	
� a(�7-�,d�V�
��-����1����-�,tk��7�
�(�1,.�(-�a��
	
� 
� !'" �


� "!�"�� 
 e � � ! � 

` ���7���7���%-�	 ��- �
�������  2	.�
��-n� � ,.�
&�,.��! � -����'����,n�
&�,.� 
3' i%&/���
��	.- � !�� �
�7� �'3��bg��(�d��	j�
�`���
���
i%&/�����7	.- �

	�
� !
��
�� ! 
 � f #&% ��
 � � ! f 


` ���  2	.�1�(-n� � ,n�
&�,
� �Y����373"�
3�37	 ���q� &'�1���'�(��,n�
&�,.� � �
���(k�	
� !)` ���7��a(�
-i�$� ���f��3�	.� ����k
��	La ��	f	
�
� �La�	f	.�1k���-������ �1m+�1�
�(� ���'�(�
� �
��� ,.�
�G�f� � ���
��	.-��
3 �_�G�
� �7��	.�Y����	
,.	.-/�
3"��	p�
-
	.���1�(�Y�.�(��! ` �'���_,n��&�,.�d�7� �%-�	 ��- ���`�����d�
���
-'�1�.���
�1��� �
���ja��(37�(�
� � ` ` 
`,n�
&�,.��!"4/	.�_� �`�G�.�



�

���
�G�.�(37��-�, �7- �
������ k'���
�
a��
��	.- 
+�����q,.�
�G�f� � ���
��	.-��
3 �`�G�.�q� �����(��������� 	.�1� 	
� �

�
� �!'" 


�����
�

e e e e
e ��� �	� e
e �
� 	 ��� e
e e e e

��




� � � ! & 


���7�
�i���'� &��
&��
3`�/���
����	.�
k'�(��	�� �������	����� � 
��
-�k ���'�(�
� ��� ��-�k �	� �
�
�c����� � �`	 �7-�k����
�$�(-�k���-n��3��7-��G�
� �$	.3��
�
���G���
��	.-��`	
� ���'��,.�
���+� � ���
��	.-/��3 �_�G�
�
! � � �!�" a(�
- �
37�
	c�������f���1�(�1�
�(k
�
���

� !�" 
 d� k
k � ��� !'" ��� 
 � � ! �



�������
��� �7�6���'� k����Y� �
-�a�� ���C� �`���(- ����� �1	.&�� a(�V�
-�k ���'� 	.���
���1�
�(�T�
-�k � !�" ��������� �1�(k�&�a��(k
i%&/�
k��1&��$	.3����c	.�c�(-n��	
�O�����q�
	
&�� a��
!

� ���(-p� ,.�
���+� � ���
��	.-/��3 �_�G�.�����7��� � �$	.3 �
�1� �(�����7	.- ���V�����
�$�(-�k'� a(&'3 �
�137m �7-�a(�7k��(-n�t	.-
���1��-�,�	
�2���
�1�
� a(37�(� a(��-n���(�1�(k 	.-c�����t	.�
�7,.��- �7- � �
���V�Q��3�3 � �
���G�.��3��7-�,�	
- ,.�(	+k����
� a���
 
f� � ���73�3
g/�1�1�`���D�
a��T������� �nm ��&�3�37��-�,d�
���V��	.�
���(	.-n���
3,a(	.�c�$	.-��(-n�
� 	
�������V�/�
�Y���ba(3����%$
�
�$aC��	.� 3�		aG� �
���7	.- ��	 �_���
k��"�����t	.�
�7,.��- ��-�k ��&'�
���7-�,��
���(�7�"�
�(�Y��� a(�
3:a(	.�c�$	.-��(-n�`� �_�Gm � �
	.� �����V	.�
�7,.��-
�
-�k ������- �
37�
�(�
-������V��	h��&'�
���7-�,����'�d��	.�1� �(	
-%���
3 a(	.�c��	
-��(-n� � �`�Gm � �
	
� �
���d	.�1��,.�7- ��-�k
��&�373��7-�,������V�.�(�Y���baG�
3 a(	.�c�$	.-��(-n� ��	 �_���
k��`�
���4a��(-n�����(! ` ���t�
��-',�	
�2���
�1�
� a(37�(� ����373:�
37�
�(� �
-/���
�h��- �����7�d��&�37�����
��-�, � �
-'-��(� ��� ���j�
���h�
�
� ��� �
�$i%&���-�a�m �
�����'�h,.���G�+�7�������7	.-/�
3 �`�G�.�
�
-�k ��� ��� �
- �
�c��3�� ��&�k�� ���
	.�$	.�Y����	
-/�
3"��	 ����� �Y���
��-�,
�
� 	��t�
����i+&��
k��
&'��	.37� � 	
� ��-%�
	
�"���'�h�
	.&'� a(��!&` ��� �1�7�
&/�����7	.-p	
�T� ,
���G�+�7� �0����	
-/�
3 �_�G�
� ��� ��� � �$	.3��
�
���G���
��	.- ���t�h&�a �
���'������� ���
�t�
��� � �$	.3 �
�1� �(�����7	.- 
 �1&��Y�d�1	
� ���
�(kp�nm � ��� !4` �����#���$aC��	
�T� ,
���G�+�7� �0����	
-/�
3
�`���
��$ ���$	.3 ���
� �(�����7	.- �7� ��373�&��Y�����0���(k �7- 46��,.&'�
� � ! � !

` ���(�1� ��� �7-�k����1�$aC� ���+��k'�(-�a�� �
�/��� ,
���G�+�7� �0����	
-/�
3 �_�G�
�(� �
�
� �7-�k��(��k ���nm+�
� a(�
3<! � -
� � & ��
 
t&�37�
�h��-�k�`���m+37	.�tk'��� a�	��.�(�1�(k �c����-/���1m � �73�37���
�
a(	.-'k ��&�3��
�
� 
�bT#'o � � � ��� � f � � 	 

����	.�1� 	.�
�'�7� ��3f�$�(�1��	+k �_���*�
3�	 ��3 m�k��
aG�Gm+��-�,'! ` ��� aG��&��
� 	
�:�
������k��$a(��m �_�
�*�7-n�.�(�Y���7,n������k
��-n�
�(-��1�7�.��37m ��-�k � 	
&�-�k �
	c�
,.�
��� ���7��� ���'����� 	.&'-%�V	
���(-'�(�
,�m ���
k���������kj� �`�Gm ��- ,.���G�+���
� �0����	
-/�
3��`���
�(� � � 
 � e 	 
'���`�
�'	���- �7- 46�7,.&��1� � ! d !Z` ����� k���� a(	��.���1m �_�
� �����Eg/�
�Y�_��-'k����1�$a��
k��C���$aC���7	.- 	
��,.�
�G�f� � ���
��	.-��
3 �_�G�
�(�c�
-�k � 	.- �
��� k�&�	 ����� �V	.�$�(3 b"�1� ��� ��- b"�nm+�
�ba(� �7-
� ���"�'! �d���
���1�����
��	.-���	
�`�
���������7-/�
�1m �'&�3��
�
��a�	.-n���7-+&'� ��	 �����7�qk/�Gmi��-�ki���'� �Ymf�Y����� �7�
���f�$�$aC���(k ��	 � �������
��	
&'��� e>e �c��3�37��	.- m.�(�
�
����	 g/-��
3�3 mCa(	.�
3���� a(��!



�

���������
	���
���
��������������������! #"$ &%'��(�)*),+�).-,�/ &%'��(�)1032��� &4�5��&"�68792�:; &���� #<=5>4; #�����?��@.�����! #"BA

���.C DFE�� G�� � �IHJE K ��� ��� � 

��� � �	�'����� ��� ��
����
L�M�NOM�L PRQTS�U/VXWIVOY[Z W�S\S^]_Q`Y�QTa'Y;U�bBS

` ��� g/�1�1�q�0�
����� �f����	 k'���
�
a��
37m k����
�$aC�q,.���G�+�7�������7	.-/�
3 �`�G�.�(� �`�
�����7	.-��(���
��k �%m l
	.�
�����
���(�$�(�qk�&��1��-�, �
��� � � f>e $ � � ���
	 ! 
t�7�q�
���/�������
&�� a(	.-'�
���Y����k�	
� ���7,.� # aCmf37��-�k'�
� a(�
3��
3�&��
�c��-%&�� �/�
�1��g'�
����k ���7�
�&i%&/�
�Y� � �1���
�
��-�,n�
&�,
�(�(!O� ���(-h�t,.�
���+� � ���
��	.-/��3 �_�G�
�_���O��-�a���k���-n�
�$�(�
�$�(-'k�� a�&�3 �
�*�
	����'��3�	
-�,��!�'�7� 	��[�������
�t�
�(�1	.-/�
-n�`� �
�1� k'�����
a��
	.�
� ��-�k �+���'�����
��-�,�-��G���
���'� �/�
�%$ � �
���
	.-��
-�a(� � �1�$i%&���-�a�m 
_�
- �ja�	.&��Y��� a �_�G�.�	� 	.&�3�k �$� ,.��-��(�
������k a(�
&��1��-�,p�+���
���
�����7	.-��d�7- �
��� � �
�
�d�
�/���Ha(	
&�3�k �$� � 	
-��7�
	.�
��k ���7���p�
��� �1�
���
�7- ,n�
&�,.���(! r �(,.�7-�-���-',
��- )d�
a(���h�����d	
� � � f � �i������� a(3 �����c�(kj�
	 �/�G�.� k��7� a(	��
�(�
��k��
��� g/�
�Y���
�7,.-��hg,aG�
-n��,
���G���
�7�������7	.-/�
3 �_�G�.� �C�.��-%�
�(!�` �'� �
-�-�	
&�-�a(��� ��-n� aG�
&'�
�(k ,
�
�G�0������a��7�
�(�c�(-n�d�7- ���'�����nm+�
�ba(�
a(	
� �h&'-��7� m
! ���.�(���
��� -����+�q� ��� m.�G���
� 
5���'� �����
� �0� ����� a � ���'�(�
�c,.�
���+� � ���
��	.-/��3 �`�G�.�
���
�(-n��� � �(�1� �����%��-�, ��3 �ja����7-�a(�1�G�
�1�(k �
�����(�$�(��� �
k����
k �1&��Y���c�(-n���d�
	 �������/�
� �`� �
	.�
�
- ���
�(-n� � k/�Gm ��	 �
�C�.�����
3t� k���m
! 
V	�� ���
�(��
 �(-����
,
m�a�	.-��
�7k��(�
�����7	.-�� �
�'�(k �
���)g/�
�Y�
k�	.&'�'�V	.- �
���(�1��k'�����
a��
��	.-���! �_���
���q�����
���0� ���'� a � �������
�����.��-n��� � �(�1�����
���$�(-��7-�, ��-�k
�7� �����Cm �`���
� �
�G��3�37mj� ���%��-', ��3��ja(� �7- �
��� ,.�
3 �jaC���ba a(�(-n�
�(� 
�������-����'� ,n��3 � �+m � 	.&�37ki�$�
�G�0����-', �7�
�
��37�*��3��7�
��a�	.-n�.���1���7-�, �1	.&�,.��3 m 	.-����
	.3��
�t� �
�1�t� 	.�V���
�(�1mjk����
�$aC����	
-j��-n�
	 ��&��1�
,.�
���+� � ���
��	.-/��3+��-��(�1,
m.!Z` ��� aG�
�1���
,n�
�7-��1���������
� �C�.�(-n�
� �$�(�7-�,��jaC��&/�
3f,.���G�+�7�������7	.-/�
3 �`�G�.�



�

�����\� �
	 ��
 � 
�� �! &�  &%������
	���	�
#0�	���� � - ��< �����������&)$��(��!%�� ��" 4�) �����&������ #" �?��"�-,) ������)�	������ �&�
�=%���"�-,���! #"  &% ����< )&A��I( )X����" ) 4��&������"�� ��( �� #���#( ��( ) 6������=4; #��" ��� �/) �?�� &�/:\���?�J��) 4���).��)." ���J��( )
���&��) ).< )." ��������( �&)." ) �?�&�;��).�������!� �!�#" %� &����( )*).< ���?���! #"$ &% )."�) �$�%"$� "=��(�)*%  &�?<  &%&�&�?�'� �!�������� #"��&�
� ���&).� A � < ���&)1% �? #<)(*	,+ A

k��C���$aC���7	.-�� �$�$a(�
� �`�1���1	.-�,.��� ������-c	�������� � a����(-n�
���1�
�6���'�
	.&�,
��	.&'� �
��� � 	.�
37kh�
�C�*&��h�
���(�7�
	 ��- ���
�
�V�
-�k k��7k -'	
��k����
�$aC�d�
-nm%���'��-�, 	
���
�7,.-��bg�aG�
-�a��q	R�
�(��3�	
-�, �����
��	+k�� 	
�O���7� ��!

� -i���'� �(-'k 
6���(�$�(���Y��	+	fk�������,.�
	
&�-�k ��-�k � �(-n�h��	 ������,.�
���
� a�3 �
�7� �7-�, �����]g/�
�Y�
,.�
���+� � ���
��	.-/��3 �`�G�.��k'�����
a��
��	.-�����&f���%m �c��k � � � & �����'��,
�(-������
3 a�	.-��
��-��
&'����- �
���q� a����(- �
���hg,aEa(	.�c�h&�-�� � m �_��� �������_���tk���k -�	
�(!*oV��,n�
�1k�3����
�`	�� �������
���(�`	.� -'	
� ���(�$�(�`�ja��
&/�
3737m
k��C���$aC����k ,.�
�G�f� � ���
��	.-��
3 �_�G�.��� 
_�'� �_��� �
��� ��,
-��7�
��	.- -��(��k��(k ��	 ,
��� �$�(	.��37� ���'��-��%��-',
�
�$	.&'��k��C���$aC���7-�, ,
���G�+�7� �0����	
-/�
3 �`�G�.��� �
-�k ��	 � ��	 ��&'�
�i�
��� � �
	.-n���7�(�1��	��`���
a ��-�	.37	.,
m
��	 �ja$a�	.� �'3����1�j� �G!�l
	.�
����� �i�������d�������1&�37m ���'���Q�����'�(��	��*�����h�1�G�
� a �p� 	.��,
���G�+�7� �0����	
-/�
3



f

�`���
�(��! `O	+k/�Gm 
%�
���
	.-/��-%�T� �
�
�"k��C���
a���	
�
�T�
�
���Y����373'�7- &��
�t�
-�k ��-�a(3�&'k�� �d 5 ' ��o � � � d 	 

� ��o � ��� � � � 	 
 '���b" ��o�'"o � � � 	 
 �t� � ` �  ��# � ��� 	 �
-'k � � ��r ' � � f 	 ! ` ���(�1� a�	.� �
�$	.�
� � � 	.�13�k ���7k�� -'��� � 	.��� �
-�k �
�����
���
�(-n� ,.�
�(��� �C�.	.37&'���7	.- ��	 ����� 	.�
�7,.��-��
3 � �i�������
�/�
�1�%$R�nm��(�c��3�	�m+��-�, 

�
�c	.-�,V	
�
���(�5�����7-�,.��
#a��1m.	
,.�(-��ba(�O��	��'�(3����
��k�&�a(�T����� ���
��k�	.�c��-/��-%�
���'�(�
� �
3f-�	.���1� 
n&��1��-�,�#�# � � )d� � #f&��$�(� a(	.-'k�&�a��
��-�, # ����-%�
&�� � -n�����1� ���
�(-�a(�t)d���+� a��(��
��
	
k��C���$aC�h���'� �1� �
373*�f�7�����0����	
-��q	
�_���'� � �
�
���
-�k &'�
��-', �+�����
�����7	.- ���
	
3 ���
��	.- �Ymf�Y����� ���
	
�
��k�&�a�� �(-n�+���1	.-��c�(-n� �
3 a�	.-n���
�7��&'�
��	.-��q��	 ����� � ���
�%$5�+�����
�����7	.-[! 4/&'�
&��
�c� �
�
�1�(� 
6�
&�a �
�
� ` � ��� � `O�
&�-�aG���
�(k � a(	.�
�
���(k'���
3 �����G�+�7�������7	.-/�
3�� �`�G�.���t-n���(-'-/��
�
 ���73�3O3�� ���(3 mjk����/�
�Y�
� �
	
� �������/�
�V,.�(	
� �C���1m ��- �Q�G�
	.�t	�� �
�'���(�1� aG��36�
�'���
	��f��� �����7	.-��_�
�/��������3732���c���
	��.�q���'�
�
-n����-�-/�c�/���
�
�(�1- � �
	
� k����1�$a��
37m ����	��.���
-�k ����3�	 � �
����k'�����
a��
	.�t�
	 �$��-'�G�
�137m 	.�c-���k'���
�
�
a��
��	.-/��3 � � & 	 !

L�M�NOM�N ��VJY;QTb��.QTbBU�� Q`Y;b���a ] Q`Y;QTa'Y�U/bBS

` ��� a(&��1�
��-%�d�
���/�������
&���	
� a ��	
� a(����- �
�����1�G�
� a �j� 	.� ,.�
�G�f� � ���
��	.-��
3 �`�G�.�(����� ��������-n�
�(� �
� �(�1	.�c�������(! � - � ��� �
���c��37�(�1�T� 	.�1� �����(�
� 	��53 �
�1�(�`37��,.�n�T��� ��-�a���k���-n�_	.- ��� �7�
�
	
� 
"aG�
373���k
���'� ���(�
� �1��3�� �
�
�(� 
$���/�0�d���
�
-��
�c�7�
���/��37�"	
�*�
��� 3��7,.�n��k�	 ��- 	.-�� ���
� �
-�k �
� �/�$aC�������'�
	
�
���(�_���
37�5k�	 ��- �
-�	�������� �
�
� ������� ��� &��
&��
3�3 m �$�(�1����-�k�� a�&�3 ��� ��	h�
���4g/�1�1�(! r 	
��� �
�1� �
�
�1�h����� ����� � 37�(-�,
�
� ��	 � ����,.� ���1�$a����
�7	.- �O�
3736� �
�
�1�(���
�
� �%&�-�, ��- �$�(-'k�&�3 � �
-'k(a(�
-
�$� �
�
�(������ki�
��� �1�(� � ���
�
��������	��.� �
��� -/����&'���
3 � �1�$i%&��(-�a�m 	
�T����� �$�(-�k�&'3 �'!]` ����-����'�
3��7,.�n����-i�(�ja � �
�1� �����
� ���$a��
�(k � �1	.� ����� �(-�k'�h	
�_�
��� �
�1� ���/�ja�� �
	��`�
�1k������'� �$�G�
�
�
�'3��7�1��������-�k �����
373�	 �`��k��
	j��-n�
�(�1� ���
��! � �_�
��� 37�(-�,�������	
�_�
��� �
�1� � a �/�
-',.� k�&��c��	j�
-
��-�a(��k'�(-n��,
���G�+�7� �0����	
-/�
3 �`�G�.� 
 �������
� ���73�3 �$� �
-i�7-%�
�(�Y� �(�
��-�a(� �/���1���(�1- �����ba � a(	
-%���
��-'�
���'�d��-'� 	
�
� �����7	.- 	.- �������
�(3������ �.�tk�� ���(�1�(-�a��d��- 37�(-�,�������! ` ����� i+&��
-n���7� m ��� aG�
373���k �1�
���
�7-
�
-�k ��� k'�
g/-���k �
	c�$� �

� 

	��d �
� � ! �



�������
� � ���d�
��� 3���-�,
��� 	
�T���'� ���
�c� 
 	�� ���d�
���]a �/�
-�,
�c�7- �
�
� 3��(-',
��� �
-�k ���'� d �7-
���'��k'�(-�	.�c��-�����	.�`��� k�&����
	c�
���Ha(	.-n���1����&f����	
- 	
�6�$	
�
�j�
�1� � a ���
-�,.�7-�, 3��(-',
������!

` ��� �t-�� ���(k #+��������� �1&����$	.�1�
�T�
���
���t�7-%�
�(�Y� �(�
	
� �C���
�ba_k��C���$aC��	.�1� 
%� �`	���- �i�
�
���7-�,
�
	.-
�1������� ���5���'� 
t�
-'� 	.�1k�	.���1�(�Y�
�0��	.�Ym � � d �%� �
-�k���� �%� k'�����
a��
	.��
5�
-�k�	.-��T��-� 5	
&����1� �
-/�
���d�
���  2�7�+�7-�,.�1�
	.-p	.�'�
�(�Y������	.�Ym � � � �%� k��C���$aC��	.��
 � � � 
 � � 	 !H` ���7�d���1	 �1�$aC�����dk'&����$�(k
 �� ��� 
 ����� a � ��� �
��	.�Y� � 	.�  5�
�1�(� � -n�����1� �(�1	.�c������� �q�
�G�f� � ���
��	.-��
3�� �_�G�.� �d���
���1�����
	.�1m
!
� ���73����
��� �/�
�
�ba a(	.-�a(�(�f������-p���'�(�
�c��-n�
�(�1� ���
	.�c���
�(�1�q�
�
� ���'� ���
�c� �
�qk��(� a(�1���$�(k ���
���



&

�+��	.&'�
37m 
'���'��m �
37�
	]a(	.-n���
��-�a(	
� �$	.-���-%�
� ��	c���c���
	��.�d�
���(�7� �����1� 	.�1� ��-�a(��! 4:�
�'�1m�� bO�(�
	��
	.�'�
� a(�
3 aG�G�+�7�
���(�c�
�1��a��
�(������k �nm ��-��1�(�Y����-',��c���1�
	.�1� ��� ����� �
��� ���(�
� �
��37�7�1���(� �7- �(�ja �
�
�1� ���'� a � ��-�a��
�(�
�
�����������#���$a��
�7�
� 3��(-',
���p	��"�G�ja � �
�1� 
 �����ba � �7- �
&��
- �7-�a(�1�G�
�1�(�d���'�
���7� �V��,.���G�+�7�������7	.-/�
3 �`�G�.���/���T�
	h�����$aC�`���'� �`���
��� �1	.-n��� � dje 	 !*� �'�
		a(�(�1�GaG��3�3���k �$	 �`���
�
�
a�m	a(37��-�, ��-n�.	
37�.�����'3 �ja���-�, � ���
�1�
� �
3737mp�1� �/�
a��
��-�, � �7�
�
	
�����C� �`���(- ���'� 3��
�
������-�ki���'�
�$�G�
� �1��3�� �
�����_��	c�
� �/�$aC�����'���1�$a(	
�h����-'�(k 3���,
�%� �
�/���Vk�	+�(�V-�	
�t,.���V�1�(-n���
	c�
����	
&'����&f�
����	���	+k����
�$a��
	.�(! ` �'���`�1�$aCm.a�3����_�����7�`3��7,.�n�T�/�ja��c��-n��	��
�����7-n���(�Y� �(�1	.� �C�����_�
-�k �#���$a��
�7�
�(37m
��-�a(�
�(�
�
���d����� �$	 �`������-p�
��� k����
�$aC��	.��!�` ���7��	.�'�
� aG��3
a�	.-�g/,.&'�����
��	.-p� 	.�d � � � ���d�73�3�&'� �
���
������k �7- 46�7,.&��1� � ! �f! ��������� �7� ���1	��.�(�c�(-n�
�T�
	����'�t�7-%�
�(�Y� �(�
	
� �C���(�"k����
�7,.- ��3��
-�-���kc� 	
�
���'� -����+�6,.��-��(�
�����7	.-�	
�/ �� � � k����
�$aC��	.�1�6��-�a(3�&'k��"��-��1�(�1�
��-�,V�V�/�
�1�
� �
3737mV�
� �/�$aC���7-�,��c���1�
	.�
�$��� � �(�(- ����� �$�G�
� �
��37�7�
�
�(����-�k �
��� 	.&'�
��&'�q����	���	+k����
�$a��
	.�����/�0�Ha(�
�(��������� �1�(�
	
-/�
-n�
aG�G�+�7� m ���7�
�p���7,.�j�1� �/�
a���� �+�7� mj�����
��� aG���
�
�7�(��� �
�
i+&'�(-�aCm 	
�*���'��3 ���
�(��!d� ,
���G�+�7� �0����	
-/�
3
�`���
���
�7,.-/�
3 ����373��$��	.&f���
�7k��d	
�2�
����� �
���
	.-/��-�a(���/��-�k �
-�kCa(�
- �(� �������_�$���
�
a�m	a(37�(k �/�ja��
��-n�
	q�
������-n�����1� ���
	.�c���
�(�*��-c�q���
		a(���
� aG�
373���k �
��,
-/�
3��1�$a�m	a�3���-',�	.� �a3��(���
��k $.��	q���'�V	
&'����&f�
��- � ���1	.a��(�
�EaG��3�3���k �
���
	.-/��-%�t�
�7k��(���
-�k ���+���
�ja��
��	.- � d �
	 !

� -��1�
�
&��c�(-n���
35-�	.���1� ����373[k�	.�c��-/�0�����
���qk/��� � �1�
�
�(�
� 	
����-n�����1� ���
	.�c���
�
� a�k'�����
a��
	.�
��!
46�7,.&��
� � !��j�1��	 ���h����� �1���
�
��-��
��-��
� ���7�+� � m�37���c�7�
�����c��	.�1�(k�	.-  �� � � � �1	.� �7�
�����
�1��	.&��
-�	.�7�
���1	.&�� a��(��!  �� � � �7� a(&��1�
��-%�
37m k�	.�c��-/���
�(k �nm �
���
����� ����- �1	.&�� a��(�V	
�O-�	.�7�
�
!"4����
�Y� 

�
�����1� �ba -�	
���
�c� �
	.� �c�$a �/��-�� a(�
3*�f�7�����0����	
-���a(�
�
�1����ki�����1	.&�,.������� �G�
�Y��� �7�&aG��&��
��k �%m
��3������ ���
a���	
-�� a�� 
6		a(�(�
-��
��k���� 
�3�	.,.,
��-�,�
5�C� a
!�` �����
� �+�7�������
��	.-'�����
� ������-i���
�
-��
�c�7�1����k
��-n�
	����'�j��-n�
�(�1� ���
	.�c���
�(�c�nm �`�Gm 	��d����� k����
�$aC��	.� ��-'� �
�
�1�
�
&�aC��&��1�
! #f�$a�	.-�k 
_�
���(�1� �
3
-�	.�7�
� �7- �
��� �
&��1����-��
�7	.-������ aG��&��
��ki�nm �c	.3��
a(&�3��
�d�c	
���7	.- �
�1�
		a(� �0���(k ���7�
� -�	.-�� �(�(�1	
����� �$�(�
����&'�
�
! ` ���7�
k 
V�
��	�� -�	.���1�p��� aG�
&��1�(k �nm ���'� �1� �0�����Y���baG�
3 �/&�aC��&/���
��	.-'� ��- ���'�
-%&��h�$�(� 	
������	���	.-�� �c�G���
&��1��-�,h�
���q� �7�
�
	
�`�$	.�
� ����	
-[! �V37���7� �0���(3 m 
n���'�� �� � � k'�����
a��
	.�
���T3��7� � ����k �%mc���'�
�(�t	
���'�(�T�
	.&�� a(���_	
�2-�	
���
� � ,.�
���+� � m ,.���
k'���(-n� -�	.�7�
� � aG��&��
��k �%m ��3�		aG�
3
k����D���
�(-n�
� �
3[�7- �
����,.���G�+�7�������7	.-/�
3$� 	.� a�� 
�
/-'	.���1��� �1	.� �1�
���Gm 3��7,.�n� ��- ���'���7-n���(�Y� �(�1	.� �C�����
�
�1� �t�
-�k -�	
���
� aG��&��
��k �nm �������
���
��k'&/�
3O,n�
���7- �
��� �
�1� ��!�46�7,.&��1� � ! � �1��	 ���q �� ���	$ �
�$�(�1�_�1���
�
��- �
��-��
� ���7�+� � m k'&��
�7-�,����'�����7� ���
�/�
- 	
�2���'��k/������&��1�(k �����1	.&�,.�'	.&'�`�
�����"���'�(�
�7�
� �
�����1k � a(�7�(-�a��jk/�������1&�- 
Ga(�
3�37�(k � #���$ 
 ��� 	 ! '"�ja � � a(�7�(-�a��jk/�0� ���1&�- ���
� �1�(�1&�37�
�(k �7-
���c���1	R�
�(k �
��-��
� ��� �f� � m �
-�k �1���
���73��7� mc	
�������qk��C���
a���	
�
��� djd 
 d � 
 � 
 d � 	 !

` ���(�1�����
�V�
3��1	q��-n�����
-/���
��	.-��
3���-n�
�(�1� ���
	.�c���
�(�1�T�7- '"&'�
	.�$�V�
-�kc���
���'! ` �����
�t��-�a�3�&�k��
� ' � fje>e � � f>e>e � k����
�$a��
	.��37	.a(������ki-��(�
� 
t�
-�-�	��
�(� 
 ���(�1� ��-%m 
 � d � 	 

`�� � � � eje
� � � eje � k����
�$a��
	.��3�		aG���
�(k ��-�`O	
�nm.	�
�l.�
���
- 
 � djf 	 
/�
-�k ��� o � � � � ���%� k��C���
a���	
�t�7-



�

�����\� �
	 ��
�� 
 �������������������! #"O &% ��( ) - � �?��)." �� &4�����- �&� -, #"����#� �?�����! #"  &% ��(�)�� ���	�8��" ��) �?% ) �� #< ) ��) �?� A
��< ���&) %��� #<)(�
 + A

g_�
� a(��-�� 
�� ���
37m 
 � d & 	 !
` ���(�1�_k��C���$aC��	.�1� 	.�$�(�
�����T�h&�a �h�7-��
���`�
�
�c� �`�Gm����  �� ��� ���7�����
� ��� ���.a��(�'�
��	.-���! ��'�� f>e>e �
37�
�G��k'm���� �'3�	�m+�*�
��,
-/�
3'�1�$aCm.a�3��7-�,q��&'�"k�	+�(�*-�	��"&��
�V4:�
���Ym �
b����
	
� a(���+� ������� ���7�
����- � ���q�
�1� 
[a ��	f	
�
��-', ��	 �
�7� ��3 m � 	.3�k 37��,.�n�d��&�37�
����37�����7� ���d�$��� 	.�1�
�7� aG��- �
�
a(	.�h�'��-��t���`�
�����$�G��� �1��3�� �
�
�(�(!6�_�`���'�t���7� � �
�/���`�
�����"���'�(�
�7� �`�
� a�	.� �'3����
�(k 

 �� ��� 
 � '�� f>e>e �
-�kL`O� � � �/��kj�
&�a$a(���
�Y� &�3�3 mj�#a$i%&����1�(k k/��� � � 	.�V� a����(-n�
�bg,a��
-/�
3 m+�
���
�
-�k ��� o ��� �_�
�V��- �
��� g/-/�
32�Y� �
,
�(��	
� a�	.�c� �7�
�
�7	.-��7-�,�!

���
� ���	� � G H �'� � H �
 �� ��� �7� 	.�
,n��-�� ���(k �7- � � 	 � �
��- ,.�1	.&�����
`���'�p �� ���  5�
� ���/�0� �7� 	��
�(�
�1�(��- �nm ���'�
g_�
37�7� 	.�1-�� ��� -��Y���7�
&'����	
� `O�$a ��-'	.3�	.,�mj��-�kj���'� �j�
�1���ja �%&��1���1��� � -��1�
�7�
&'����	
� `O�$a ��-�	
3�	.,
m
�
-�kq���'�` �� � � #.a(�7�(-n���hg,a g`	.3�3��
�$	.�����
��	.- �  O#�g 
�
 ���'� a ���7-�a(37&�k����O�c�(�������
�5	
�'�
���T �� ���
 5�
� �
� �`��3�3 ����� a�����-%�
���Y���d� �
	
� 	�����������-'�1��� ��&'�
��	.-'���
-'k ��-�a�3�&�k����t�
���h�c�(�h�$�(�1�d	
�*���'�
� ' � a(	.373 �
�$	.���0����	
-[! ` ���d �� � �  5�
�c�
���(� �
	��
���t�
k��c��-��7�1���
�����7	.-h	
�$���'�t	.�'�
�(�Y������	.�1�����



�

�����\� �
	$��
�� 
���� � � 6�) ��).-,�� &�T�����?�&��"1��)."����!���!� �!�#"*����< �!��� % �� #<^�!��� �
�����! #���'"  #����)>�� #� �?-,).� A'��< ���&)
-, #� ����).�$"$ &% � ���	� A

�
-�k �����  O#�g ���q�
���
�$	.-��1����37�c� 	.�q���'� � a(����-n���bg�a �(-n�
�(�
�'�
���1�(�h&'-�k��(�Y� �����(- �
���(�1�
! � �7�
�
���'�� O#�g �������
���
�1���1���.�����
3 �`	.���%��-�, ,.�1	.&���� ��-�a�3�&�k'��-�,�������)d�C���
a���	
� g`�/�
�
�ja��
�(�1� �G�0����	
-
��	.���%��-', ���
	.&'� � ����� a � k�� ��,.-�	.�1�(�ck����
�$a��
	.�c���
�1&��(��
_���1	R�+�7k��(�KaG�
37�����
�����7	.- k/��������-�k
� 	.���%� ��	 ���c���
	��.�p�
��� 	R�
�(�
�
3�3dk'�����
a��
	.� �1�(-��1�7�
�7�+�7� m 
�
t����� )������ �t-/�
3 mf�1��� #f	�� � �_�
�1�
��	.���%��-', ���
	
&�� � �����ba � � �
��-n���
��-�� k/�����c��-/�
37m+�1��� �
	�� � �_�
�1�q�
�(�$	.�1�7��	
�
�������
-�k 	��.���
�
���(�
���'�`���
3��7k��7� m�	
�/�
���(�1� ���
	.,
���
�c��
 
n�
-�kh� 	.&'� &����$�(� 37���c�7� � 	.���%��-',�,.�
	.&'��� �����ba � ��-/�
37m����
k/��������- �
�(�
� a � 	
��,.���G�+�7�������7	.-/�
3 �_�G�
�(�`	
� 
n��-h�
���V�
���1�(-�a��t	
�D��k����
�$aC����	
- 
n�
�C�`��-c&'�������
3��7� � �_	.- ���'�����'�$�$aC� ���
��	.- 	
� ,
���G�+�7� �0����	
-/�
3 �`�G�.��k'�����
a��
��	.- �����
�(�t�
-�k �1���1�(-�,�������! ` ���
#+�
	.a �/���1���ba �t���$�(�  2���c�7� ���
	.&'� �1�(�%�%�`�
	�k'�����
a�� ���
�7� 	
�
k����
3',.�
�G�f� � ���
��	.-��
3 �`�G�.�(� � �
	.�



� e

10 100 1000 10000
Frequency [Hz]

1e-24

1e-23

1e-22

1e-21

1e-20

1e-19

1e-18

1e-17

1e-16

h[
f]

, 1
/S

qr
t[

H
z]
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� M,U�f6h,O u u UW�D�Wh � 5AO 0)�DL 7�^>� OkM�f � O�f6h,U)�<� U u �,OkfiO u&� L~M,L�M,�Ef6h,O � U)N ^ fiL�UWMAU>��f$��UAN�h ^ M,�WO@{�|UWL�M�f6V L�V f6U Vi� � f6h,O 7�^>� �,OkV L~M<O ^ N�h u U%� ^ M,�<O ^ N�h NkU � � � MAL�M,�,Ok�	OkM,�,OkM"f � 5 ^ M,�+L~�,O�M�fiL~� 5f6hDO u U%� ��L�f6h�fih,O ��^>u �WOkV&f 7�^>� �,O ^ V d O�L~M,� fih,O � U�N ^ f6L~UWMCU>� f6hDO
� u V&fIN�h ^ M,�WO@{$�|UWL�M�f ^ M,�f6hDOANkU � � � M ��L�f6hCf6h,O ��^�u �WOkV&f 7�^>� �,O ^ V d OkL�M,� fih,O � U)N ^ fiL�UWM U�� fih,O ViO�NkUWM,� ,
�sr q�r qsr � � � �O~Fzn��| ��� 
 &K�L~M,N�O f6hDO N�U � �,�Df ^ f6L~UWMIf6L � O U�� 
�� L�VoUWM�f6hDO�U u �,O u U>� � & � d OkN ^ �,V&O 
�� N�U>M"f ^ L�MDV ^ �DUW� d,� OVi� � $ �wf6h,O1ViO ^>u N�h9� U u�� � � f6L~� � O N�h ^ M,�>O�{$�|UWL~M"fiV�N ^ M 0"�,L~N98 � 5 d O�N�U � O NkU � �D�Df ^ fiL�UWM ^>��� 5O } �|O�M,V&L 7 O , 4 h,L~V V&L~fi� ^ f6L~UWM UWM � 59��U u V&O�M,V � U u fih,OzV&O ^>u N�h
U>� � N�h ^ M,�WO@{$�|UWL�M�f6V � ��hDL�N�hViN ^>� OkV ^ V � � ViL�MDN�O L�f<L~V+N�U � �|UWViOk� � u U � ^ f u L�� � O�Vi� � $ U u � U u O , � U%��O 7 O u � 
 &1N ^ Md O ^ �,� � L�Ok�zf6U<fih,O�O�M�fiL u OEf6L � OkViO u L�OkV ^ M,� V&� � L�f�L~M"fiU<f$��U�V �z^���� O u � ^ f ^ V&O�� � O�M�fiV ^ fgf6hDON�h ^ MD�WO�{��	UWL~M�f , 
 &�N ^ M
f6hDO�M d O u �DM UWM O ^ N�h U�� fih,O�V&OtV �z^>�~� O u ViOk� � O�M�f6V1f6U0� � u f6h,O ud,u O ^ 8�f6h,O � �,U%��M , 4 h,L�V�� u U)N�O�V&V�L�VI8"M,U%��M ^ V d L�M ^>u 5zViO�� � OkM"f ^ f6L~UWM ^ M,� � ^ V�V&fi�,�,L�Ok�L�MC�WOkM,O ui^>�od 5�� UWV5f u L 8>U 7�^ � /-. � ��h,U � u U 7 Ok��L~fiV�N�UWMDViL�V5f6OkM,N 5 ,
����� � � *������ *2$?� ��� '.�3��� � 
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, � U�N98�. U ui� ^>� � U ui� V ^ �,L~O�N�O�U>� ^ � �,N�h ��^>u �>O u � ^ f ^�^ M ^�� 5)ViL~V �,L~�	O � L~M,O � f6h,O �,L��|O � L�M,Od O��WL~M,V d 5 ^ M ^>� 5 ��L�MD� ^ V&L�M,� � O �,OkfiO�N�f6U u d 5 � OkfiN�h,L�MD�IL~fiV � ^ f ^ � u U ��^ � ^ f ^>d�^ ViO>���	O u � U u&� {L�MD� � ^ f ^ 0"� ^�� L~f�5 � O ^ Vi� u O�V � f6U �z^ 8�O V&� u OAf6h,O � ^ f ^ L�VE�,OkViL��>M ^ f6Ok��V&N�L�OkM,N�O � ^ f ^ ��L~fihM,U@8"M,U%��M N�U>M"f ^>� L�M ^ M�fiVAU u � ^ ��V $ � � ^ f ^ NkUWM,�,L�f6L~UWM,L�MD� � 0 ,�7 , K�O�N�f6L�U>M � , � ,). $ � f u L~�W�WO u�WOkM,O ui^ f6L~UWM � 0 , 7 , K�O�N�f6L�U>M � , � , * $ � ^ M,� 7 Okf6UA�WOkM,O ui^ f6L~UWM � fiU u O E&OkNkf f u L��>�WO u V/f6h ^ f ^>u O�N�U u {u O ��^ fiO��Cf6U L�M,V5f u � � OkM"f ^>� U u O�M 7 L u UWM � O�M�f ^>� ^>u f6L�� ^ NkfiV�fih ^ fEh ^�7 O d OkO�MJ�DOkf6OkNkfiO�� ^ fEf6hDOV ^�� O�f6L � O $ , 4 u L~�W�WO u Vgf6h ^ fEVi� uD7 L 7 O f6h,O V&L�M,� � OI�,O�f6O�N�f6U u �,L~�	O � L�MDO ^>u O��|U)U � Ok�CfiUW�WO�f6h,O u^ M,� N�U � � ^>u O�� � U u fiO � �	U u6^>� N�U>L�M,NkL��,OkM,N�O�L�M f u L~�W�WO u V d O�f$��OkO�M �,O�f6O�N�f6U u V ��L�f6h,L~M f6hDOO } �|O�N�f6O�� f6L � O�{�U>��{ �,L��Wh�f U>� ^ � ui^ 7 L�f ^ fiL�UWM ^�� � ^�7 O d Okf$��O�OkM f6hDO��DOkf6OkNkfiU u V � ��h,L~N�h L~V ^� ^�} L � � � f6L � O�U>� ^>d UW�Df .%�A� V d O�f$��OkO�M f6hDO_A�CD<
> � ^ MD� U u �w� q � �DOkf6OkNkfiU u V ^ M,�zf6hDOA�CD<
>XAoL 7 L~M,�WV&fiUWMw�vA � �,OkfiO�N�f6U u $ , 4 h,L�V � ^ f ^ ^ M ^>� 5�V&L�VE�,L��|O � L�M,OAL�V L �~� �,V5f u6^ f6O��tL�M : L���{� u O � , � , 4 u L~�W�WO u V�f6h ^ f V&� uL7 L 7 O fih,O<� ^ f ^�^ M ^>� 5)ViL�V��,L~�	O � L~M,O ^>u OAN ^���� Ok�CO 7 OkM�f6V ^ MD� ^>u ON�U>M,ViL~�,O u O��1N ^ MD�,L�� ^ f6Og� ui^�7 L�f ^ fiL�UWM ^>� � ^�7 OE�DOkf6OkNkfiL�UWM,V , 4 h,O�L~M 7 O�V5f6L�� ^ f6L~UWM,V fih u U>�,�Wh,UW��ff6hDL�Vg��U u 8 ��L ���j� U�U�8 UWM � 5 ^ f s 4 < f u L~�W�WO u V ,
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, � U�N98�. U ui� ^>��^ V&Vi� � O�V1f6h ^ f fih,OC�,OkfiO�NkfiU u U>�Df6�,��f � ^ f ^ h ^ V�M,U N�U u&u O ��^ f6L~UWM,V+��L�f6h,L~ML~f�� � O ^ M,L~M,�zfih ^ fIfih,O1� ^ f ^ h ^ V�O10"� ^>� �	U%��O uA^ f ^>�~� � u O10"�,O�MDN�L�OkV � f6hDL�VIL~VIN ^>�~� Ok�J��h,L~fiO� ^ f ^ $ , � U%��O 7 O u �)f6h,L~V L�V M,U>f fih,O�N ^ V&O�� U u f6h,O0A�CD<3> L~M"fiO u � O u U � O�f6O u V , 4 hDO u O ^>u O �z^ M65� U)N ^�� L��kO��1� u O 0)�DO�M,N�5z� O ^ f6� u O�V��DN ^>�~� O�� � L~M,O�Vk�)fih ^ f ^�u O L~M,V&f u � � O�M�f ^>��� 5 ^ M,� OkM 7 L u UWM � O�M){f ^���� 51L~M,�,�,NkO�� , � M O }D^>� � � O U>� L~M,V&f u � � O�M�f ^��	� L�M,OkV�L~Mzf6h,O � ^ f ^ L�V f6h,O 7 L d,u6^ fiL�UWM U>�of6hDO� L uiu U u Vi�,V&�	OkM,ViL~UWM,V ^ f f6h,OkL uEu O�V&UWM ^ M�f � U��DO�V , � MJOkM 7 L u UWM � O�M�f ^>�/� L�M,OAL�V L�M,�,�DN�O�� ^ ff6hDO � � � ��� �,M,� ^�� OkM"f ^>� � u O10"�,OkM,N 5<N ^ �,V&O�� d 5<fih,OgN�U>�,� � L~M,� U���f6h,Og�DOkf6OkNkfiU u O � O�N�f u U>M,L�NkV^ M,� f6h,O � M,L�f6O�� K)f ^ f6O�V ^>� fiO u M ^ f6L~M,�CN�� u&u O�M�f �|U%��O u � u L�� , � � ViU,� � U%� � u O10"�,O�MDN�L�OkV ^>u O�,U � L�M ^ f6Ok� d 5 ViO�L~V � L�N M,U>L�ViO � N ^ �DViO�� d 5
Vi�,N�hrf6h,L~M,�WV ^ V+fih,OCU�NkO ^ M d O ^ fiL�M,�9U>�Ef6hDOVihDU u OkV $ ^ M,�CVih,U�f MDUWL�V&O � N ^ �DViO�� d 5 f6h,O �,L~ViN u OkfiO M ^ f6� u O U>� �,h,U>fiUWM,V $ ,

� � ^ f ^ N�U>M,�,L~fiL�UWMDL�M,� � u U)N�Ok�,� u O h ^ V d O�OkM
�,O 7 O � U>�	Ok� d 5 4 L�	 ^ M65
K)� � � O u ViN ^>� OkV^ M,�tL�VE�,O�V&N u L d O��0L�M �,O�f ^ L � L~M � � � � , 4 h,L�V � u U)N�Ok�,� u O u O � U 7 O�V � L�M,OkV�� ��h,L~fiO�M,VEf6h,OA� ^ f ^^ M,� d,u O ^ 8"V fih,O�� ^ f ^ L~M�f6U9� u O10"�,OkM,N 5 d�^ MD�,V , 4 h,OkViO�� u O10"�,O�MDN 5 d�^ M,�,V ^ L��rL�Mr� ^ f ^N�U>M,�,L~fiL�UWMDL�M,� ViL�MDN�O f6h,O�5 u O��,�,NkO f6h,O M"� �+d O u U>� � O ^ f6� u O�VIfih ^ f M,OkO��9f6U d O ^ �,� u O�ViV&O��^ f UWMDO1fiL � O ^ M,� ^>� ViUCL � � u U 7 O � ^ f ^C^ M ^>� 5)ViL~V��	O u � U u&�z^ M,N�O d 59L�MDN u O ^ ViL~M,� f6h,O1V&�	OkO��U>��, � U)N98�. U u&�z^>�w^ VE��O �~� ^ V��WL 7 L�MD��V&U � O
8"M,U%� � Ok�,�WOAU>�/fih,O � u O10"�,OkM,N 5tN�h ^>ui^ NkfiO u L�V&fiL�NkV
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U>� f6h,O u O�Vi� � f6L~M,� f u L��W�WO u V d,^ ViOk��UWM f6hDO d,^ M,� L�M ��h,L�N�h L~f�� ^ V�� UW�,MD� ,
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4 h,O , � U)N98�. U u&�z^�� O 7 OkM�f<f u L��W�>O u �WOkM,O ui^ f6U u � s 4 < $ L�V d �,L � f UWM ^t� U��DL ��Ok� L�f6O u6^ fiL 7 O

 & � Okf6hDU�� ,_: L u V&f;�|f6h,O<� ^ f ^z^>u O+V&� d fiO�M,�,Ok� L~M�f6U�� } Ok� � O�MD�>f6hJL~M�f6O uD7�^>� V � L�M�� u6^ N�f6L~N�O>�f6hDO�ViOCL~M"fiO uD7>^�� V ^>u O ^>d UW�Df .%� V $ , 4 hDO�Mw� 
 & L~V+N�U � �,��f6O��
� U u f6h,O#� u V&f�� } O�� � O�M,�>fihL�M�fiO uL7�^>� , C��Ef6h,O 7�^>� �,O U>� 
 & L~V ^>d U 7 O ^ fih u OkVih,U � � ^>� U>�,M�f 
�
 � N ^>��� O�� f6hDO N�h ^ M,�WO@{�|UWL�M�f ^ �,� fih u OkVih,U � � $ �)fih,O h,L~�Wh,OkV&f 7>^�� �,OEL�M�f6h,O 
 &R���W� u O U�� � O u L�f�L~V u O�NkU u �,Ok� , 4 h,O�Mj�d O��WL~M,M,L�MD� ^ f f6h,O�� u V&f �,O�f6O ui� L�M,Ok� N�h ^ M,�WO@{$�|UWL�M�f;� 
 &CL�V N ^�� N�� ��^ fiO�� ^ � ^ L�M ^ M,� f6hDON�h ^ MD�WO�{��	UWL~M�f ^ �,�1f6h u O�VihDU � � ^ �,� � L�Ok� ^ � ^ L�M , C��jM,U N�h ^ M,�WO@{$�|UWL�M�f L�V �DOkf6O ui� L�M,Ok� ^ f f6h,L~VV&f ^ �WO�� ^ MDU>f6h,O u � } Ok� � OkM,�>fih U>��� ^ f ^ L~V ^ �,�	OkM,�,Ok� ^ M,� f6h,O 
 &<N ^>� Nk� ��^ f6L�U>M u O��|O ^ f6O�� ,4 h,L~V O�M�f6L u OJ� u U)N�O�V&V L�V u O��|O ^ f6O�� �DM"fiL � f6h,OJOkM,� U>� f6hDOJ� ^ f ^ ViO�f L�V u O ^ N�hDO�� , s ^ N�hU>��f6h,O1L~M"fiO uD7>^�� V d Okf$��O�OkM N�h ^ MD�WO�{��	UWL~M�f6V ^>u O+fih,O�M ViO ^>u N�hDO�� L�f6O u6^ fiL 7 O � 5t�,ViL~M,� d L�M ^>u 5ViOk� � O�M�f ^ fiL�UWMC�,M�fiL � M,U1� � u f6h,O u N�h ^ M,�WO@{$�|UWL�M�f6V ^�d U 7 O f6hDO 
�
�7�^>� �,O ^>u O��,OkfiO�NkfiO�� ,4 h,L�V � Okf6hDU��1� ^ V ^ �DUW�Df6Ok�zL~M�� ^�7 U u U��jf6hDO �,� u O d L�M ^�u 5 V&O�� � O�M�f ^ f6L�U>M � Okfih,U����,O@{ViN u L d Ok� L�MzK�O�N�f6L~UWM � , *-, *-, � d O�N ^ �,ViOIU�� ^ MzO } N�O�V&V�U>�w� ^>� ViOEN�h ^ M,�>O�{$�|UWL~M"fiV��,O�f6OkNkf6Ok� M,O ^�uf6hDO+O�M,�9�|UWL�M�fiV U>� fih,O�� } O��9� ^ f ^ ��L���f6h,V ��hDL�N�h0N ^ �,ViOk� V&� d V&O10"�,O�M�fA� ^>� V&O<NkUWL�M,NkL��,OkM�fO 7 O�M�f6V d O�f$��OkO�MJ�DOkf6OkNkfiU u V ,

,�O�N ^ �,V&O<U>� f6h,OAL~fiO ui^ f6L~UWM UWMC� u U>� u OkViViL 7 O � 5CV � ^>�~� O u � ^ f ^ ViOk� � O�M�f6Vk�|V&U � OAN�h ^ M,�WO@{�|UWL�M�f6V � ^ 5 d O1L~�,O�M�f6L ��O�� �,�,O1f6U V � ^>�~� V ^>� � � O V&f ^ f6L�V5f6L~N�V�f6h ^ f ^�u O1M,U>fAV&f ^>d,� O1��hDO�M^ M ^�� 5 ��Ok�rL~M ^9��^>u �>O u � ^ f ^ ViOk� � OkM�f , 4 h,O u O�� U u O���O ^ N�h N�h ^ M,�WO�{��	U>L�M�f1L�V u O�� u U�NkO�ViV&O���,V&L�M,� fih,O0� ^ f ^
^ � f6O u f6h,O0� u O 7 L~UW�,V N�h ^ MD�WO�{��	UWL~M�f ^ M,� d Ok� U u O�f6h,O0MDO } f , C��Afih,O 
 &7�^>� �DO L�V M,U>f�h,L~�Wh,O u f6h ^ M
fih,OtN�h ^ M,�WO@{$�|UWL�M�f1� u UW�
f6h u O�VihDU � �w� 

� � f6h,OCN�h ^ MD�WO�{��	UWL~M�fL�M 0"�,O�V5f6L~UWM L~V u O � U 7 Ok� � u U � f6h,O�N ^ M,�,L�� ^ f6O f u L��W�>O u N�h ^ MD�WO�{��	UWL~M�f � L�V5f , C�f<h ^ V d OkO�MU d V&O uD7 O��Jfih ^ f f6h,O u O<L~V � L~f&f � O�O 	jOkNkf UWM�f6hDO u O � U 7�^>� U>� �DM,V&f ^>d,� OAN�h ^ MD�WO�{��	UWL~M�f6V ��hDO�M


� L�V+V � L~�Wh�f � 5 ��^>u �WO u U u V �z^���� O u fih ^ M 
�
 , 4 h,O u Ok� U u O>� f6hDO 5 ^>u O ViO�f1f6U d O O10"� ^>� fiUO ^ N�h
U>f6h,O u L~M � ui^ NkfiL�N�O ^ M,� ��L ��� d O u Ok� O u&u Ok� f6U ^ V 
�� ^ M,� N ^>�~� O��9f6hDOzN�h ^ MD�WO�{��	UWL~M�ff6h u O�V&h,U � � ,4 h,OIM,O } fgV&fiO�� L~M�fih,O , � U)N98 .EU ui� ^>� s 4 < L�V f6U<L~�,O�M�fiL~� 5 V&L��WM,L ��N ^ M"f d,� U�N98"V�U��w� ^ f ^^ V �,O���M,Ok� d 5 N�h ^ M,�WO@{$�|UWL�M�f6V , 4 h,O V&L��WMDL ��N ^ M,N�OzL�V ^0� O ^ V&� u O U>�Eh,U%� �,L�		O u O�M�f f6hDO� O ^ M ^ MD� 7�^>u L ^ MDN�OIL~M,ViL~�,O f6hDO dD� U)N98 L~VgN�U � � ^>u O�� f6U+fih,O ��^>u �WO u � ^ f ^ ViOkf�� u U � ��hDL�N�hL~f�� ^ Vg� ui^ ��M , 4 h,O u Ok� U u O>�Dfih,O d,� U�N98 vxV � O ^ M ^ M,� 7�^>u L ^ M,NkO>� ���0^ M,��� � � ^>u O � O ^ Vi� u O��
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� dD� U)N98 L~V ^ � � L�fif6Ok� ^ V ^ f u L��>�WO u L~� � ��� ��h,O u O��<L�VAf6h,O�f6h u O�V&h,U � � 7>^�� �,O UWM f6hDOu O ��^ fiL 7 O�O } N�O�V&V �	U%��O u U>��fih,O d,� U�N98 � , 4 h,L~VAfih u OkVih,U � �,L�MD� � Okf6hDU�� L�VAL �~� �,V5f u6^ f6O��9L~M: L~�W� u O � , --,
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4 h,O N u L~fiO u L ^ � U u f6�DM,L�M,� f6h,O , � U�N98�.EU ui� ^>� � ^>ui^>� O�f6O u V � 
�� ^ M,� � $ UWMBA�CD<3> ViN�L~O�M,NkO� ^ f ^ L~V f6U ViO�f ^ M ^�7 O u6^ �WO�f u L��W�>O u �,� u6^ f6L�U>M ^ M,� ^ M ^�7 O u6^ �>O ^ N�NkL��,OkM�f ^>�Eu6^ fiO �.^>� V&U8"M,U%��M ^ V�f6hDO � ^�� ViO ui^ f6O $ , 4 U��,U1f6h,L~V�� , � U�N98�.EU ui� ^>� � ^ V u �,M U 7 O u ^ M O 7 O�M � 5tV&� ^ NkO��Vi� d ViO�f�U>� � ^ f ^ � u U � f6hDO f6h,L u � ViN�L~O�M,NkO�� ^ f ^<u �,M � K � $ N ^>�~� O�� f6h,OI� ��^ 5)� u UW�DM,� � ^ f ^ ViO�f� 0 , 7 , � �,�|O�M,�,L } � $ , 4 h,L�V�� ^ f ^ ViO�f�L�V�N�U � �	U>ViO��zU>� O 7 O�M � 5 Vi� ^ N�Ok�w�Df u L�� � O NkUWL�MDN�L��DO�M,NkO� ^ f ^ f6h ^ fIL�V�ViO�f ^ ViL~�,O+� U u fi�,M,L�MD�Cs 4 <�V Vi�,N�h ^ V , � U�N98�.EU ui� ^>� ^ M,�9L�V�M,U>fIL�M,N � �,�,Ok�L�Mtf6h,O V&N�L�OkM,N�O ^ M ^>� 5)V&L�V ^ � fiO u fih,O1s 4 < � ^�u6^>� OkfiO u V ^>u O V&Okf , � M65tf u L~�W�WO u V � u U � f6h,L~V� ^ f ^ ViOkf ^>u O ^ ViV&� � Ok� fiU d O ^ NkN�L��DO�M�f ^>� ,C$MJU u �,O u f6U �,O�f6O ui� L�M,O f6h,O ^ 7 O ui^ �WO+�,� u6^ fiL�UWM U>� f u L��W�>O u V ^ M,�tf6h,OA� ^>� V&O ui^ f6OA� u U �f6hDL�VI� ��^ 5�� u UW�,MD� � ^ f ^ ViO�f;� , � U�N98�.EU ui� ^>� � ^ V u �DM U>MJf6h,O1� ^ f ^ L~fiO u6^ f6L 7 O � 5t� U u �z^ M65N�U �+d L�M ^ f6L~UWM,V�U>� 
�� ^ M,� � � 
�� P .%�W��� L�MDO ^>u Vi� ^ N�L~M,�WV d Okf$��O�OkM �z^ M,� .%� � ��P � � � L�MDO ^>uVi� ^ N�L~M,�WV d O�f$��OkO�M . ^ M,� � � $ , 4 h,O ^ 7 O ui^ �WO �,� u6^ f6L�U>M u O�V&� � fiV � U u f6hDO � ��^ 5)� u UW�DM,�f u L��W�>O u V ^>u O V&h,U%��MJL�M : L~�W� u O � , � ^ M,�tfih,O ^�7 O u6^ �WO f u L��>�WO u�ui^ f6O u OkVi� � f6V ^�u OAVih,U%��MJL~M: L~�W� u O � , /-,q L~fih fih,L�V L�M�� U ui� ^ f6L~UWMw�w� ^>u6^>� OkfiO u ViO�f6VAf6h ^ f � Okf f6hDO �,OkViL u O�� ^�7 O ui^ �WO �,� u6^ f6L�U>MU>� d Okf$��O�OkM *>�<� V ^ M,� � � � V ^ MD� ^ M ^�7 O u6^ �>O � ^>� V&O ui^ f6O U>� d Okf$��O�OkM �-, *.- f u L~�W�WO u V��	O uViOkN�UWMD� ^ M,� � , /.- f u L��>�WO u V �	O u ViO�NkUWM,����O u O�ViO � O�N�f6Ok� , 4 h,O�V&O � ^>u6^>� OkfiO u V&Okf6V ^>u O�Vih,U%��ML�M : L~�W� u O � , ] ,> ��fih,O1� ^>u6^�� O�f6O u V�f6h ^ f � Okf ^���� U���fih,O f6�,M,L~M,�CN u L~f6O u L ^ �jf6hDO 
��
^ M,� ��f6h ^ f d O�V5f� ^ f6N�h,Ok�Afih,O�KVA=> � s f u L~�W�WO u �,� ui^ f6L~UWM ^ M,� � ^>� V&O u6^ fiO � 0 , 7 , K�O�N�f6L~UWM � , - $ ��O u O�ViO � O�N�f6O�� ,
� 
�� U>� � , *9^ M,� ^ M � U>� . V ^>� � � O ��O u OtViO � O�N�f6O�� ^ M,� 5�L~O � �,O�� ^ M ^�7 O u6^ �WO f u L~�W�WO u�,� ui^ f6L~UWM U>� ^>d UW�Df � , � * *-. V ^ M,� ^ M ^�7 O u6^ �WO�f u L~�W�WO ugu6^ fiO�U>� ^>d UW�Df � , � .0* f u L��>�WO u V��	O uViOkN�UWMD� ,
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0.02 < dur < 0.04 (s)
0.25 < rate < 0.75 (1/s)
Intersection
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4 h,OEKVA=> � s O 7 O�M�f f u L��>�WO u �WO�M,O u6^ fiU u � s 4 < $ L~V ^ f6L � O@{$�,U � ^ L~M � L�M,O ^>u � � fiO u fih ^ f L~�,O�M�{f6L ��O�V Vi� ^ M,V+U>��fiL � O�L~M � u O � � f6O u O�� � ��L~fih � ^ f ^ N�U>M,�,L~fiL�UWMDL�M,� L��,OkM�f6L�N ^>� f6U , � U)N98 .EU u {� ^>� vxV�� 0 ,�7 , K�O�N�f6L~UWM � , � , . $ � ui^ 7 L�f ^ fiL�UWM ^�� � ^�7 O � ^ f ^ f6h ^ f ^>u OIVi�5��NkL�O�M�f � 5 L~M,N�U>M,ViL~V&f6OkM�f��L~fih�< ^ �,ViV&L ^ M���h,L~fiO M,U>L�ViO , 4 U+�,U<fih,L�Vk� ^ ��L~M,�,U%� U>�o� ^ f ^ ��L�f6h2� } O�� � OkM,�>f6h L�V\�,f�fiU^1� L�MDO ^>u f u O�MD� 5)L�O � �,L~M,� ^ V � UW�|O � O ^ Vi� u O � O�M�f , q h,OkM ^ � u6^�7 L~f ^ f6L~UWM ^>� � ^�7 O L�V ^ �,�DO��f6U0fih,OC�,OkfiO�NkfiU u M,UWL�V&O>� f6h,O 7�^>u L ^ M,NkO U>�Ef6h,OC�,O�f6O�N�f6U u UW��f6�,�Df1��L ��� N�h ^ M,�WO ViL~M,N�O f6hDOViL~�WM ^>� L�V+MDU>f N�U uiu O ��^ fiO�� fiUJf6h,O �,O�f6OkNkf6U u M,UWL�V&O , KVA=> � s���L �~��� U)N ^ f6O fih,O�V&OCN�h ^ M,�WOkVd 5 � O ^ Vi� u L�M,��f6h,O � L~M,O ^>u f u O�MD�JU 7 O u ^ ��L~M,�,U%� � OkM,�>f6h , 4 hDO � O ^ V&� u Ok�JV � UW�	OAL�V�f6hDO�MN�U � � ^�u O��9f6UCf6hDO � ^�} L � � � V � UW�	O � O ^ V&� u O � OkM�f<O } �|O�N�f6Ok� ��L~fih,L�M ^ NkO u f ^ L~M � u U d�^ {d L � L~f�5 d�^ ViOk�
UWM fih,O�< ^ �,V&ViL ^ M ^ �,� u U } L �z^ f6L�U>M � U u f6hDO � ^ f ^td O�L�MD� ^ M ^>� 5 ��O�� , C���f6hDO� O ^ V&� u O � OkM"f+U>��f6h,O V � UW�|O L~V<Vi��� NkL�OkM"f � 5 �,M � L 8>O � 5W� f6h,O fiL � O U>��fih,O � u V&f1V ^�� � � OzL~Mf6hDO ��L�MD�,U%��L�V u OkN�U u �,O�� , 4 h,O ^ M ^>� 5)V&L�V���L�M,�DU3��L~V L~M,N u O � O�M�f6Ok� d 5 UWM,O fiL � O V ^>� � � O^ M,�1f6hDO ^>� �WU u L~f6h � ^ �D� � L~O���Vi�,NkN�O�V&ViL 7 O � 5 , . OkL��Wh d U u L~M,����L�M,�DU3��V ��L~fih �DM � L 8>O � 5 V � UW�|O�V����h,L~N�h ^>u O � L�8�O � 5 f6U d O NkU uiu O ��^ f6O��j� ^>u O N � �,V&fiO u O�� , 4 h,O V5f ^>u f ^ M,� V&f6U>�tf6L � OkV�U>�/fih,O�V&ON � �,V&fiO u V ^>u O u O�N�U u �,Ok� ^ V+f u L~�W�WO u V , 4 h,OCV&UW� u NkO N�U)�,O � U u fih,L�V+s 4 < L�V ^�7�^ L ��^>d,� O1� U u�,U%��M � U ^ � � u U � � / * � ,4 h,L�V N�h ^ �Df6O u d O��WL~M,V d 59�,O�V&N u L d L~M,� f6h,O1�,M,�DO ui� 5)L�M,� f6hDO�U u 50U>��f6h,O KVA=> � s s 4 <^ M,� f6h,O@� u V5f ^ �,� � L�N ^ f6L~UWMrU>�AKVA=> � s fiU A�CD<
> V&N�L~O�M,NkOJ� ^ f ^ L�M K�O�N�f6L�U>Md� , *-, 4 h,Of6hDO�U u Okf6L~N ^>��d�^ ViL�V�� U u KVA=> � s L�V�UW�Df � L~M,O�� L�M K)O�NkfiL�UWM � , � ^ M,� ��L~f6hrf6h,O 8"M,U%� � O��D�WOU>��KnAi> � s�v V � u O 7 L�UW�,VE��O ^ 8"M,O�V&ViOkV���Cg�,OkViN u L d O � 5 ��U u 8CUWM u O�V&f u �,N�f6� u L�M,� f6h,O s 4 <1vxV
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^ �,� � L�N ^ f6L~UWMrL�M K�OkNkf6L~UWM � , � , K��|O�NkL ��N ^>��� 5W�EKVA=> � s�vxV u OkV&f u �,N�f6� u L�M,� N�U>M,ViL~V&f6VzU>�AM,Ok�f6h u O�V&h,U � �,L�M,� � 0 , 7 , K�O�N�f6L~UWM � , � ,). $ ^ M,� f6O � �|U ui^>� f u L~�W�WO u N � �,V5f6O u L�M,� � 0 , 7 , K�O�N�f6L~UWM� , � , * $ f6OkN�h,M,L�0"�,OkV ,R: L�M ^���� 5>��fih,O�f6�,M,L~M,�1U>� f6h,O s 4 < � ^>u6^�� O�f6O u V�f6h ^ f���L ���wd O �,ViOk��L~Mf6hDO�s 4 < N�U � � ^>u L�V&UWM,V�L~M 7 O�V5f6L~� ^ f6Ok� L�M V&� d V&O10"�,O�M�f N�h ^ �DfiO u VEL~V�L ��� �DV&f ui^ f6Ok�zL~MCK�O�N�f6L~UWM� , --,
��� � 
 $%���@� *�� � � � ����� �0�3�%� *2
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KVA=> � s h ^ V/� u O 7 L~UW�,V � 5 d O�OkM ^ �,� � L�O�� f6U�A�CD<3> � ^ f ^ �,� u L�M,� f6h,OI� u V&f V&N�L�OkM,N�O�� ^ f ^Iu �,ML�M *>�>� *-, �E� f6L �z^ f6O � 5W���,MD� U u f6�,M ^ f6O�N�h,UWL~N�O�V�L�MzKVA=> � s�vxV ^ �,� � L�N ^ f6L�U>Mw� ^ V ��O ���|^ V L � � ^ {f6� u O � ^ f ^ NkUWM,�,L�f6L~UWM,L�MD�,� � Ok�zf6U+KVA=> � s d OkL�M,� O } N � �,�,Ok� � u U � f6hDO d � u V&f�� u6^�7 L~f ^ f6L�U>M ^>�� ^ 7 O �D�,�	O u � L � L~f�N ^>� N�� ��^ f6L~UWM � � . � ,4 h,OR� u V&f�A�CD<3> � ^ f ^ ^ N 0)�DL�ViL�f6L~UWMA� U u V&N�L�OkM�f6L �,N u OkVi� � f6V�� ^>d,d,u O 7 L ^ f6O�� K . �>fiU�U 8�� ��^ NkOd Okf$��O�O�M � �D�W�,V&f * � ^ M,� K�Ok�Df6O �+d O u p � *>�>� *-, 4 h,L�V u �,M u OkVi� � f6O�� L~M p --, / h,UW� u V U>�|NkUWL�M�{N�L~�,O�M�f � ^ f ^ d Okf$��O�OkM�fih,O�fih u OkO1A�CD<
> L�M�fiO u � O u U � OkfiO u V , ,�Ok� U u Og� ^ f ^ � ^ V � u U)N�OkViViOk� d 5s 4 < Vk�WL~f � ^ V h,L~�Wh�{$� ^ ViV�� � fiO u O�� ^>d U 7 O .�->� � � ^ M,� ��h,L~fiO�M,Ok� , 4 h,OghDL��Wh�{�� ^ V&V=� � f6O u L�MD�ViO uL7 O���fiU V&�,�,� u O�ViV ��^>u �WO�M,UWL~ViO ���,N�f6� ^ f6L�U>M,V���h,L�N�ht�,U � L�M ^ fiO�� f6hDO � U%��O u � u O10"�,OkM,N�L~O�V^ M,�Cf6hDO ��hDL~f6OkM,L�MD� � ^ fifiO�M,Ok�tfih,O M,UWL�V&O�Vi�|O�N�f u � � U>� fih,O u O �z^ L~M,L�MD� d�^ M,����L��Dfih , 4 h,O��h,L�f6O�MDL�M,� � � f6O u VE��O u O �,L 	jO u O�M�fI� U u O ^ N�h0L�M�f6O u � O u U � Okf6O uI^ MD��� } O���E&�,V5f�� u L~U u f6U f6hDOK . � ^ f ^1u �DM , � � ViU,�,fih,O u O � ^ V M,U�O
		U u f � ^ �,O�f6U u O � U 7 O38"M,U%��M0Vi�|O�N�f u6^�� � L�M,OkV�� u U �f6hDOA� ^ f ^ U u U>fih,O u ��L�V&O � u O 7 O�M�f fih,OAs 4 < V�� u U � f u L��W�WO u L~M,� d O�N ^ �,ViOAU>� f6h,OkViO � L�MDO�V ,4 h,O KVA=> � s
s 4 < N ^�� N�� ��^ fiO��1f6h,O�V � UW�|O��Df�L~M,ViL~�,O�U>� � U 7 L�M,����L~M,�,U%��V .;� V ^>� � � OkV� U>M,� � � .%� � V $ , 4 h,O f6h u O�V&h,U � � 7�^>� �DO�UWM fih,O V � UW�	O � O ^ V&� u O � OkM�f6V�� ^ V �,O�f6O ui� L�M,Ok�tL~M^ f$��UJ� ^>u f+L~M 7 O�V5f6L�� ^ f6L~UWM � - � , 4 h,L~V<NkUWM,ViL~V&fiO��
U>� � O ^ V&� u L~M,�tfih,O � u O10"�,OkM,N 5 U>��V � UW�|O^>� � � L�f6�,�DO�V1UWM ^ V&� d V&Okf U>� u6^ � � ^ f ^ ��L~fih ^ M,�r��L~f6hDUW�Df ^ �,�,O�� ViL � � ��^ fiL�UWMDV��>L 7 OkM^ � u O � L � L~M ^>u 5 fih u OkVih,U � � , 4 h,O9V&� d ViO�f�� ^ f ^ � u O�� O u&u O�� f6U ^ V fih,O0� ��^ 5)� u UW�,M,� � ^ f ^ViO�f;��N�UWMDViL�V5f6Ok� U>� O 7 O�M � 5 Vi� ^ N�O��rViOk� � O�M�f6V�U>��f u L�� � O N�UWL~M,N�L~�,O�MDN�OC� ^ f ^Jd O�f$��OkO�M � �>�^ M,� � �W� ViOkN�UWMD�,V � UWM,� ^ M,� N�U � � u L�V&O�� ^>d U>�Df .%�
� U>�Af6hDO f u L�� � OJNkUWL�M,NkL��,OkM�ft� ^ f ^ ,C�f L�V ^ ViV&� � Ok� f6h ^ f fih,O u O ^>u OtMDU � U u27 O u 5r� Ok� $ u O ^>� � u6^�7 L~f ^ f6L~UWM ^>� � ^�7 O d � u V5f6V L~Mf6hDO � ��^ 5)� u UW�,M,� � ^ f ^ , 4 h,O � u O � L � L�M ^>u 5Af6h u O�V&h,U � �DV���O u O ] � �>�W� � U u fih,O � ^ MD� U u � �
8 �L�M�fiO u � O u U � OkfiO u � � . $ � .0* � ]W�>� � U u f6h,O � ^ MD� U u � * 8 � L~M�f6O u � O u U � O�f6O u � � * $ ^ M,� �,� �W�W� � U u
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Chapter 5
� � ����� � �����
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#��$\*�"����1�%� *�

, � U�N98�. U ui� ^>�w^ MD��KnAi> � s ^�u O;E&�,V5f ^ NkUW�,� � O�U>� f6h,O�O 7 O�M�fEf u L��W�WO u �WOkM,O ui^ f6U u V	�cs 4 <�
f6h ^ f/h ^ 7 O d O�OkM+�,O 7 O � UW�	Ok� d 5
A�CD<3> L~M<�,� u Vi�,L�f/U�� d � u V&f/� u6^�7 L~f ^ f6L~UWM ^>� � ^�7 Og�DOkf6OkNkfiL�UWM ,4 h,L~VAN�h ^ �Df6O u UW�Df � L�M,OkV ^ M,U>fih,O u U���fih,O1� u U � L�MDO�M�fAs 4 < V�f6h ^ f ^>u O1Nk� uiu O�M�f � 5 ^ �,� � L�Ok�N ^���� Ok��� � L~�	O � L�MDO , 4 h,L�V s 4 < L~V � O u O � 5 UW�Df � L�M,Ok��h,O u O ViU�f6h ^ fof6h,O � �DM,� ^>� O�M�f ^�� f6h,OkU u 5U>��L~fiV ^ �,� � L�N ^ f6L�U>M �z^ 5 d O1�,M,�,O u V5f6U)U�� ViL~M,N�O�C h ^ � MDUth ^ M,� L~M0f6h,O1�,O 7 O � UW� � O�M�fAU>�f6hDL�V s 4 < U u L~M V&h ^ �,L~M,� L~fiV ^ �,� � L~N ^ fiL�UWM , 4 hDO
� � L��|O � L~M,O � u UW� u6^>� V �DViO�� L~M f6hDOL�M 7 O�V&fiL�� ^ f6L�U>M,V U�� f6h,O ��h ^ �DfiO u V � � / ^ M,� ] ��O u O f ^ 8�O�M0�,L u O�N�f � 5 � u U � fih,O ��U u 8C�,U>M,Od 5 K�h,UW� u U 7 ��h ^ fifiO u E&L ^ MD� f6hDO�� U �~� U%��L�MD� �,O�V&N u L~�Df6L~UWM,V ^>u O ^ � ^ �Df6Ok� � u U � h,L�V � h , 6 ,f6hDO�ViL~V ��� � , 4 h,OAViUW� u N�OAN�U)�,O�� U u fih,L�V�s 4 < L�V ^�7�^ L ��^>d,� O � U u �DU3��M � U ^ � � u U � � / � � ,

,�U>fih , � U)N98 .EU ui� ^>��^ M,��KVA=> � s ^>u O�O }D^>� � � OkV U>�|� ^ f ^�^ M ^>� 5)ViL�V � O�f6h,U)�,V/fih ^ f UW��{O ui^ f6O�ViU � O � 5 L~M fih,O�f6L � O@{$�,U �z^ L~M L�M fih ^ f f6h,O�5<�,L u OkNkf � 5A� u U)N�OkViV/fiL � O�ViO u L~O�V/� ^ f ^ , 4 h,O u O^>u O ^�� ViU�O
		O�N�f6L 7 O � O�f6h,U)�,V�f6h ^ f L~M,N�U u �|U u6^ fiO ^ M ^>� 5)ViL�V�L~MCfih,O � u O10"�,OkM,N 5�{��,U � ^ L�M � / - � ,4 U fih ^ f�O�M,�j��� � L��|O � L�M,OzL�V ^0� � � fiL�{ u O�V&U � ��f6L�U>M f6L � O@{�� u O 0"�,O�M,N�5
�,U � ^ L~M
ViO ^�u N�h � U uO } NkO�ViV��	U%��O u L�M1f6h,OE�,OkfiO�N�f6U u UW�Dfi�,�Df ,\: L u V5f;�Wfih,O � ^ f ^A^>u O���h,L�f6O�MDO��z�DViL�MD�
�kO u U �,h ^ V&O� L~M,O ^�u � u O��DL�NkfiL�UWM�� 0 ,�7 , K�O�N�f6L�U>M --, * 
 ^ MD�J� u U�E&O�NkfiO��0UWM�fiU d�^ V&O�VIf6h ^ f ^�u O � UW� ^>u L~f6h � L�{N ^���� 51V&� ^ NkO��CL�Mz� u O10"�,OkM,N 5 ^ M,����� 0"� ^>� L~f�51� ^ NkfiU u 
 ^ M,� � L�M,O ^>ui� 5 L�MzfiL � O�� 0 ,�7 , K�O�N�f6L~UWM
--, � 
 , K)L��WM,L ��N ^ M"f�fiL � O�V ^>u O�L~�,O�M�fiL ��Ok� ^ ViVi� � L~M,� ��h,L~fiO�MDUWL�V&O V&f ^ f6L�V5f6L~N�V ^ M,�0f6hDO � UWV&fViL~�WM,L ��N ^ M�f V&Okf�U>�|M,UWM){$U 7 O ui��^ �,�,L�MD�If6L � O�V ^�u O u Ok�	U u f6Ok� , 4 h,L~V L�V fih,O�O } f6OkM�f�U��	fih,O ^ �,� � L�{N ^ f6L�U>MzU>��� � L��|O � L�M,O�L�M�f6h,O L�M 7 OkV&f6L~� ^ fiL�UWM,V � U �~� U%��L�M,� V&L�M,NkO f6h,O L�M 7 OkV&fiL�� ^ fiL�UWMDV � U�U 8 ^ ff6hDO+UW�Dfi�,�DfIU�� f6h,O s 4 <�V d O�� U u O ^ M65�U�f6h,O u � u U)N�OkViV&L�M,� U�� f6h,O<f u L~�W�WO u V fih,O 5t� u U)�,�,NkO



� �
^>u O �|O u � U ui� O�� , : U u f6h,O��,� u �	UWV&O U��gf6h,O�L�M 7 O�V&fiL�� ^ f6L�U>M,V�L�M9f6h,L~VA��U u 8|� � � L��|O � L�M,O L~V^ �,� � L�Ok��f6h u UW�,�>h�f6h,O+f u L~�W�WO u L��DO�M�f6L ��N ^ fiL�UWMtL�M9K)O�NkfiL�UWM - , � , q hDO�M � � L~�	O � L~M,O L~V ^ ��{� � L�O�� ^ V�fih,O�� � ��� � ^ f ^ ^ M ^>� 5)ViL~Vg�,L~�	O � L�MDO f6h ^ f�L~f�L�Vk� � � � f6L�{$�,O�f6O�N�f6U u N�UWL~M,N�L~�,O�MDN�L�MD� ^ M,�f6hDO u O�E&O�NkfiL�UWM0U�� � ^>� V&O<f u L��W�WO u V ^>u O ^�� ViUz�	O u � U u&� Ok� � 0 , 7 , K�OkNkfiL�UWM --, - 
 , 4 h,L�VIN�h ^ �Df6O uN�U>M,N � �,�,O�VI��L�f6h ^ �,OkViN u L���f6L�U>M0U>� f6h,O � ^�u6^>� OkfiO u V��DViO�� d 5
� � L��|O � L~M,O ^ M,�9h,U%� L�fIL~Vf6�DM,O�� � 0 , 7 , K�OkNkf6L~UWM --, � 
 ,
� � L~�	O � L~M,O ^>� V&U<�,L 	jO u V�� u U � , � U)N98�. U u&�z^�� ^ M,� KVA=> � s L~M fih ^ fgL�f�L~M,N�U u �|U u6^ fiO�V ^� � �~� � ^ f ^ ^ M ^>� 5)ViL�V �,L��|O � L�M,O V&f ^�u f6L~M,� � u U � fih,O N�UWMD�,L~fiL�UWM,L~M,� U>� fih,O � ^ f ^ � U u ^ M ^>� 5)ViL�Vf6U � � � f6L�{��,OkfiO�N�f6U u N�U>L�M,NkL��,OkM,N�L~M,� , , � U)N98�. U u&�z^�� ^ M,� KVA=> � s���O u O d U>f6h � ^>u f6V<U�� ^�,L~�	O � L�MDO � � � L~�	O � L~M,O L~V ^ � � �~� {���O��,�>O�� � ^ f ^0^ M ^>� 5)ViL~V<�,L~�	O � L~M,O , � V+V&�,N�hw��L~f L�V � U u Of6h ^ M ^ V&L � � � O s 4 < ��h,L~N�hJN ^ M d O<L~M�f6O u N�h ^ M,�>O��9L�M ^z��^>u �WO u � ^ f ^ ^ M ^�� 5)ViL~V �,L~�	O � L�MDO ,C$M�fih,L�V��,OkViN u L��DfiL�UWMj�|fih,O O } f6O�M�f�U�� L~fiV ^ �,� � L~N ^ fiL�UWM ^ MD� ^ M65 Vi�|O�NkL ^>� N�U>M,ViL~�,O ui^ f6L~UWM � U uL~f�L~V��,O�V&N u L d O�� ,

��� � '(�
��� � *�
�"����%� *2
���
��
4 h,O � ^ f ^ N�U>M,�,L~fiL�UWMDL�M,� V5f6O�� � U u � � L��|O � L~M,O�N�U>M,ViL~V&f6VEU>� ^ �,� � 5�L~M,� ^ �kO u U �,h ^ V&O hDL��Wh�{� ^ V&V%� � fiO u fiU fih,O��,OkfiO�N�f6U u � ^ f ^ ^ M,� f6hDO�M1��h,L~fiO�M,L~M,�If6h,O�� ^ f ^ �,V&L�M,� ��O u UA�,h ^ V&O � L�MDO ^>u� u O��,L~Nkf6L~UWM , � M65 f6L � O fih ^ f=� � fiO u V ^>u O ^ �D� � L~O�� f6U � ^ f ^ � ^ NkO u f ^ L~M ^>� UW�,M�f U>�,�DL�Vi�|O u ViL~UWMu OkVi� � f6V ^ MD� L�V � ^ M,L�� O�V&fiO�� ^ V ^+u O ��^ f6L 7 O fiL � L�M,� O u&u U u � ��h,L�N�hCN ^ M d O�� ^ M,�WO u UW�,Vg��hDO�M^ �,� � 5)L�M,� � � � f6L�{$�,O�f6O�N�f6U u NkUWL�MDN�L��DO�M,NkL�M,�1f6U s 4 < f u L~�W�WO u V 
 , � V&L�M,� ^ �kO u Uz�,h ^ V&O3� � f6O uViL � � � 5CL � � � L�O�V�f6h ^ f fih,O+f6L � L~M,� O uiu U u L�V N�U u&u OkNkf6Ok�0� U u d 5JNkUWM 7 U � 7 L�M,� fih,O+� ^ f ^ ��L~fihf6hDOAL � �D� � V&O u O�V&�	U>M,ViOAU>�/fih,O�� � fiO u�^ MD� fih,O�MtN�UWM 7 U � 7 L�M,� fih,O u O�V&� � fiL�M,�1� ^ f ^ ��L~f6hCf6hDOf6L � O u O 7 O u V&O�� u O�V&�	UWMDViO<U��/f6hDO V ^>� O�� � f6O u , 4 h,O
�kO u U �,h ^ ViO h,L��WhC� ^ ViV�� � fiO u�u O � U 7 OkVf6hDO �,U � L~M ^ M�f � U%� � u O10"�,OkM,N 5tM,UWL~ViO L�MCf6h,O � ^ f ^ , . O } f��|fih,O � ^ f ^�^>u O���h,L�f6OkM,O��t�,ViL~M,���O u Ut�,h ^ V&O � L~M,O ^�u � u O��DL�NkfiL�UWM , q h,L�f6O�MDL�M,� ViOkO 8"V<f6U u O � U 7 O�f6h,O�N�U>M"f u L d �Df6L~UWM U>�gf6hDOO�M 7 L u UWM � O�M�f ^ M,�Cf6h,O �,O�f6OkNkf6U u fiU f6h,O � ^ f ^ ,
����� '.�	���0$\� ��� � � $%�&
 � ��*�$\�
4 h,O1�,L~ViN u OkfiO � f ui^ M,V5� U ui� � u UFE&OkNkfiV fih,O+��h,L�f6O�MDO�� � ^ f ^ U>M"fiU d�^ ViOkV U>����L~M,�,U%��O�� ViL�{M"�,ViU>L��,V���L~fih�N�U>M,V&f ^ M�f 0"� ^>� L~f�5 � ^ N�f6U u 5W� � , 4 h,O d,^ ViOkV ^>u O N�h,U>ViO�Mtf6UzNkU 7 O u ^ V&�	OkN�L ��N��M,L�f6O u O��WL~UWM U��EfiL � O>� � u O10"�,OkM,N 5 ^ M,� � Vi� ^ NkO ViUJfih ^ f+fih,O O�MDO u � 5 � U>ViV<�D�,O f6U ^ MO5
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� L�V � ^ fiN�h d O�f$��OkO�M ^ M ^>u&d L~f u6^>u 5�V&L��WM ^>� ^ M,� ^ d�^ V&L�VI� �,M,N�f6L~UWM9L�V�M,U>f � u O ^ f6O u fih ^ M ^Vi�|O�NkL ��Ok� ^>� UW�,M�f ^ M,� ^>u O � UW� ^>u L~f6h � L~N ^>�~� 5 V&� ^ N�Ok��L~M � u O10"�,O�MDN 5 ^ M,� �+� ^ M,� � L�M,O ^>ui� 5L�M fiL � O , 4 h,O�V&O d�^ ViO�V ^>u O L ��� �DV&f ui^ f6Ok� L�M : L~�W� u O --,). , � �,L�V&N u O�f6O f6L � O��D� u O 0)�DO�M,N�5 ^ M,�
� u O��WL~UWMCL�V18"M,U%��M ^ V ^#� f6L � O , v

� � f6h,UW�D�Wh f6h,O u O ^>u O N�U>M,ViL~�,O ui^ f6L~UWM,V<fiU d O f ^ 8>OkM L�M�f6U ^ N�N�U>�,M�f � U u f6hDO � u6^ Nkf6L~N ^>�^ �,� � L�N ^ f6L~UWM U>�	f6h,OE�,L�V&N u Okf6O � f ui^ M,V5� U ui� �Wf6h,OEN�U>M"fiL�M"�,UW�DV�� f u6^ M,V5� U ui� L ��� �,V&f u6^ fiO�V f6hDOUW�|O ui^ f6L~UWM U>��f6h,O �,L�V&N u O�f6O 7 O u ViL�U>M ��O ��� , 4 h ^ f+L�Vk�/f6hDOz� u UFE&O�N�f6L�U>M U>��fih,OzNkUWM�f6L�M"�,U>�,Vf6L � O ViO u L�OkV � � � 
 U>M"fiUJ��L�M,�DU3��O��rN�U � � � O } O } �|UWM,OkM"fiL ^>� V+U>�EN�OkM�f6O u � u O10"�,O�MDN 5�� ^ M,�
0"� ^>� L~f�5z� ^ Nkf6U u � L�V��WL 7 O�M � ^ f6h,O �z^ f6L�N ^>��� 5 d 5	P

� � � � � � � 
 S + � �l
� � � � 
�� � � � � � � � �	
DO } � � � � *0/ �"� 
5� � � --, . 




� ]
��h,O u O � � � � � � � � �	
�L�V ^ f6L � O@{$�,U �z^ L~M ��L~M,�,U%� NkO�M�f6O u Ok�JUWM f6L � O � ��L�f6h ^ �,� u6^ f6L�U>Mf6h ^ f L�Vz� u UW�|U u f6L�U>M ^>� f6U � ^ M,� L�M 7 O u ViO � 5 � u UW�|U u f6L�U>M ^>� f6U f6hDOJ� u O10"�,OkM,N 5 � �,M,�,O uN�U>M,ViL~�,O ui^ f6L~UWM ,
����� � $?� �2����$ 	�"���
#�%� � ���
��� *2

4 h,O � O ^ M O�M,O u ��5z� U u O ^ N�hCf6L � OIL~M f6h,O d�^ V&O � ��^ MDO�V�L�V�N ^>� Nk� ��^ fiO�� , 4 h,O � u U d�^�d L � L~f�5�U>�� O ^ V&� u L~M,� ^ M O�M,O u ��5 � u O ^ fiO u f6h ^ M f6h,O � O ^ Vi� u O�� O�M,O u ��5 � U u f6h,O�f6L � O1L�VAN ^>� N�� ��^ f6Ok�d�^ V&O��tUWM ^ f ^�u �WO�fE� ^�� ViO ui^ f6O ^ V&Vi� � L�M,� fih,O � ^ f ^1d OkL�M,� ^ M ^>� 5 ��Ok��L~V�V&f ^ f6L�U>M ^>u 5z��h,L~fiOM,UWL~ViO , 4 h,L~V f6h u O�VihDU � �rL�V ^ �,� � L�Ok�
f6U0f6h,O � f u6^ M,V5� U ui� f6L � O�V+fiU � u U)�,�,N�OCf6hDOtV&Okf�U>�f u L��W�>O u Vg� U u f6h,O � ^ f ^ ViOkf ,C�fEL�V�N�U ��� UWM � U u f6h,O V&OkfEU>�/f u L~�W�WO u V�� u U)�,�,NkO�� f6U u OkVi� � f L~M � � � fiL�� � OIU 7 O ui��^ �,�,L�MD�f6L � OkV�fih ^ f � ^ ViVzfih,Otfih u OkVih,U � �,L~M,� fiU �WO�MDO u6^ f6O�f u L��>�WO u V , 4 h,O u Ok� U u O>��UWM � 5rfih,O � UWV&fViL~�WM,L ��N ^ M�f U��	U 7 O ui��^ �,�,L~M,�If u L��W�>O u V ^>u O�V&O � O�NkfiO�� f6U � u U 7 L~�,O�fih,O d OkV&f � ^�u6^>� OkfiO u L � ^ fiL�UWMU>� � U)N ^>� L��kO��zf u6^ M,V&L�OkM"fiVE��L�f6h,L~M f6h,O�f ^>u �WO�f6Ok� ui^ M,�WO�U>� f6L � O���� u O 0"�,O�M,N�5 ^ M,� � ,
����� � �&
�"�� "��
��� � �2��
#� 	�"���
#�%� � ���
��� *2

4 h,O0V&L�M,� � O��,O�f6OkNkf6U u f u L~�W�WO u VzU�� � � � fiL�� � O �DOkf6OkNkfiU u V ^>u O0N�U � � ^>u O�� � U u ^ �	U�f6O�M�fiL ^>�f6L � OEN�U>L�M,NkL��,OkM,N�O��WL 7 OkM f6h,OIO } �	OkNkf6Ok� f6L � O U�� ��L��Wh�f�U�� ^ � u6^�7 L~f ^ f6L~UWM ^>� � ^�7 O d O�f$��OkO�Mf6hDO+�,OkfiO�N�f6U u V , ��UWL�M,NkL��,OkM�fIf u L��W�WO u V ^>u O<fih,O�M ^ V&ViL~�WM,O�� ^ E&UWL�M�fIV&L��WMDL ��N ^ M,N�O d�^ ViOk�9UWMf6hDO ^ ViVi� � �DfiL�UWMCf6h ^ f�f6h,O �,O�f6OkNkf6U u V h ^ 7 O L~M,�,Ok�	OkM,�,O�M�f V&f ^ f6L~UWM ^>u 5z��h,L�f6O M,UWL~ViO , � ^ M){�,L~� ^ f6OtO 7 O�M�f6V ^>u O�f6h,OkM ViO � O�N�f6Ok� � u U � f6h,OkViOJf u L��>�WO u V d�^ V&O�� UWM fih,OJf ^�u �WO�f6O�� � ^>� V&Ou6^ f6O+� U u NkUWL�MDN�L��DO�M�f O 7 O�M�f6V , .EO ^>u&d 5 u Ok�,�,M,� ^ M"fAO 7 O�M�fiV ^>u O O } N � �,�,Ok� d�^ ViO�� UWMJfih,O�L uE&UWL~M"f�V&L��WM,L ��N ^ M,N�O , : L�M ^���� 5>� N ^ M,�DL�� ^ fiOtO 7 OkM"fiV f6h ^ fzNkUWL�M,NkL��,O ��L�f6h fiL � O�V f6h ^ f ^ � } {L � L ^>u 50L�M�fiO u � O u U � OkfiO u<^ M,�
O�M 7 L u UWM � O�M�f ^�� N�h ^ MDM,O � V+L��,OkM�f6L~� 5 ^ V f6L � O�V U>� � L 8>O � 59� ^ f ^N�U>M"f ^>� L�M ^ fiL�UWM ^�u O u O�E&O�NkfiO�� , 4 h,L~V �,O�N u O ^ ViO�V�f6h,OE� u U d�^>d L � L~f�5 U>�	� ^>� V&OEL~�,O�M�fiL ��N ^ f6L~UWM U>�� ui^ 7 L�f ^ fiL�UWM ^�� � ^�7 O�V ,
����� 
 ��$\��� � ���_$ � ��
�" � ��
���
��
4 h,O u O ^>u OgViO 7 O ui^>� � ^�u6^>� OkfiO u V � � L~�	O � L�MDO�M,OkO��,V d Ok� U u O�L�f N ^ M ^ M ^>� 5n�kOg� ^ f ^I^ M,�+fih,O�V&O� ^>ui^>� Okf6O u V ^>u O ViO � O�N�f6Ok��f6U h ^�7 O<fih,O<V ^>� O 7�^>� �DO�V ^ V Nk� uiu O�M�f � 5t�DViO��0L~M�L�f6V�� u6^ Nkf6L~N ^>�



� p
^ �,� � L�N ^ f6L~UWM UWM ^ � 7 L�NkO � u U � f6h,L~V�s 4 < v V ^ �Dfih,U u , � UWV&f ^>u O u O ��^ fiL 7 O � 5<V&f u6^ L~�Wh�fi� U u � ^>u �Vi�DN�h ^ VIfih,O � ^ f ^ V ^>� � � L~M,� � u O10"�,OkM,N 5 � . � � � ] � V ^�� � � O ��V&O�N+� U u A�CD<3> 
��|f6h,O � u6^ M,�>Of6U L~M 7 O�V5f6L~� ^ f6O�����{ � � 
��|f6h,O+� u O10"�,O�MDN 5 u6^ M,�WO � --.0* { � � ��� � 
 ^ M,�0fih,O �,� ui^ f6L~UWMJU>��� ^ f ^ViOk� � O�M�fzfiU L�M 7 OkV&fiL�� ^ fiO ^ f UWM,O f6L � O � � � ViOkN�UWMD�,V 
 , > f6h,O u � ^>ui^>� Okf6O u V h ^�7 O � U u OL � � ^ N�f UWM fih,O�� ^ f ^ ^ M ^>� 5)ViL�V �WU ^>� V ^ f h ^ MD�wPof6h,O � L~M,L � � � d,� U�N98 U 7 O u&��^ � � .%� ViOkN�UWM,�DV 
Vi�|O�NkL ��OkV�h,U%� � �,N�h fih,O d,� U)N98"V�U>�/� ^ f ^ V&h,UW� � � U 7 O ui��^ � f6U u O � U 7 OA� ^ f ^ NkUWM,�,L�f6L�U>M,L�M,�f ui^ M,V&L�O�M�fiV ^ M,� V&f6L ��� O 7�^>� � ^ f6O ^���� U�� fih,O � ^ f ^ � f6h,O � ^�} L � � � � L�V � ^ fiN�h � ^>ui^>� O�f6O u
� �-, * 
 V&�	OkN�L �,O�V f6h,O�� u6^ N�f6L~UWM ^>�,� UWViV L~M V 0)� ^>u Ok� ViL~�WM ^>� OkM,O u ��5��,�,O�f6U � L~V � ^ f6N�h ^ MD� f6hDOUW�Df � L~O u � ^ Nkf6U u � *-, � 
 V&�	OkN�L ��O�V f6hDO 4 �b8�O 5 ��h,L~V 8�O u m � � � fiL�� � L�O u �,V&O��1� U u UW��f � L~O u u O E&OkNkfiL�UWM ,
� � L~�	O � L~M,O�L�V ^ �,M,L 0"�,OIs 4 < L�M fih ^ f�L~f�L�V�ViO � ��{�fi�,M,L~M,� , , � U)N98 .EU ui� ^>�|^ M,� KVA=> � sM,OkO��9f6U d O u �,M9U 7 O u ^ V&� d ViO�fAU>��� ^ f ^ ��L�f6h 7�^>u L~UW�,VI� ^>u6^>� OkfiO u V&Okf&f6L�MD�WV�L�M0U u �,O u fiU�,O�f6O u&� L~M,O fih,O f6h u O�V&h,U � �,Vgf6h ^ f d OkV&fI�Dfgf6h,O�� ^ f ^ ^ M ^>� 5)ViL~V��WU ^>� V , ,��Dfg� U u � � L~�	O � L~M,O>�Vi�|O�NkL~� 5)L�MD� ^ f ^>u �WOkf�� ^>� V&O � ^ N�N�L~�,O�M�f ^>� 
 f u L~�W�WO u�u6^ f6O ^���� U%��V�L~f�fiU ViO � ��{�fi�,M,O ViL�MDN�O�L~f��,ViOkVf6hDO � u U d�^>d L � L�f�5zU�� � O ^ V&� u L~M,� ^ MtOkM,O u ��5C� u O ^ f6O u fih ^ M ^�� O ^ Vi� u O���OkM,O u ��5 � U uE^ f6L � O ,4 h,O u Ok� U u O>��f6h,L~V s 4 < ViL � � � 5 MDO�O��DV ^ f ^�u �WO�fo� ^>� V&O u6^ fiO Vi�|O�N�L ��O�� ��L~fih,UW�Df ^ MO5 ��^>d U u L~UW�,Vf6�DM,L�M,� L�M 7 OkV&fiL�� ^ fiL�UWMDV ,0: U u fih,O<L~M 7 O�V5f6L~� ^ f6L~UWM,VEN ^>u&u L~O��JUW��f L~Mtf6hDO u OkV&f�U�� f6h,L~VEfih,O�V&L�Vk�

� � L��|O � L�M,O�v V � ^�� ViO�f u L��>�WO u ui^ f6O�� ^ V�V&Okf�f6U f6h,O ^�7 O u6^ �>OE� ^>� ViO u6^ f6O�U>� , � U)N98 .EU ui� ^>��^ M,�KVA=> � s ��h,L�N�h L�V �-, � . � f u L~�W�WO u V��	O u ViO�NkUWM,� � 0 ,�7 , K�OkNkf6L~UWM,V � , � ^ M,�@� , - 
 ,

���������	��
��
����������
��
��������������������� �"!�#%$��&�(')!+*-,/.�0&�-,/��������
����21�3�!4$5������67�8���7.+�9�2.:')!+*;')��$<�=�
��0
$��&�?>&�7�<$�.�0&�:$������7��@��A.4��$���3B���C!4��.D�����<$"����'���$"�B!�0FEG#5.���
��H$"���I�J$".4$����<$"��6�.43K#5������.�0����L$"���B0��B$�.�0&�M$�����0
���7.+�9�N���&����
����"�K$�!�������0O$��B� �P!���$"3B���
�7��QNR ST�����J
��
�7�
U�.4�"�V3���0����W$��A.X$�.4�"�Y���7.+��0?� �"!�#Z$��&�Y��0&���=!4�F$"���H'A!+*
$�!D$����?�[.��J$"�����J$21)!���0O$"�C$"�&.X$�.4�"�?0�!4$2!���$�3����
�7�
EG�&���&.43�3B�M����>A0�����'-�]\^D!4��$"���I�7.40�_��?�J1&.�0�0����;'O�:$��&�
')!+*:` a4b�E)a�aOE)aXcXdeQ



Chapter 6
� � ������� � � ��� � 	�

��
���� � � ��� 
�� ��� � ��� ��	 �

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

/�021"35476�198;:<3>=�?@:<35A�428CBD198FEHGF35IJ1HB�354K:<0D3>8LEM0N?@OD:<1HGP8F191HQ�:FARB21H:F19GFST3>4D1U35VW:F021"1H6�194':X:<GY3>=@Z
=�1HG�=�1H4219GF?@:<A�GY8\[^]_/a`\8Mb_B2198YE9GY3>Ic19BUO2GY1H6d3>A�e28Ffhgi=�356�1aVje242BN?@Si1H47:<?�f>fhgP19k7e23h6@?�f>1H47:lGF1H8Fe2fh:<8Hm
n 3542E91�:<0D1.:F0219A�GYgX?�ODO2f>3519BX3>4P19?�EM0o358pB235qJ19GY194':sr7A�421.E9?�4T:F023>4DQCA�VJ1s?�EM0o]p/a`t?�8u?vBD35qJ19G;Z
194':,8F1H:wA�Vp8YOJ1HEH:<?�E9f5198wx.3h:<0yB235qJ19GY194':zf519428Y198Hm�{|Vp1s?�EM0}8F1H:,A�V~8YOJ1HEH:<?�E9f5198z?@GF1�19k7e2356@?�f5194':sr
:<0D194�:<021�g�8F02A�e2f>B�8F1H1":<021(8<?@Si1U:F023>42=�8P3>4�:<0D1y8F?�ST1UxW?sg�m n 3>ST3>f�?@GFf5g�r�3hVw19?�EM0�]_/a`
3>8X1HkdeD356@?�f>1H4':sr_:<021H4�:<0D1Hg�8F0DA�e2f>B�B21�:<19E�:i:F021y8<?�ST1":<GF35=�=�1HGF8P3>4�:F021�8F?�ST1(x�?sg�m�/�021
A�I28Y19G;6�?�:<3>A�428W?�4DB"E9A�42EHf>e28Y3>A�4D8�A�V�:F023>8lEM0N?�OD:F19G�?�4DBU:<02A�8Y1,VjA�f5f>A�x.3>42=�?�GY1,3>STOcA�GY:<?�4':uVjA�G
:<0D1P��{;`���E9A�f5f�?�IcA�GF?@:<35A�4":<A(?�B2BDGF198Y8\8F3542E91@r�35V_A�421CA�G,STA�GF1CA�Vp:<021X]p/a`\8v?�GF1C19k7e2356@?�Z
f>1H4':srD:F021\ON?�GF?�f>f519fJ?�O2O2f53>Es?�:<3>A�4oA�V�:<0D19S-A�4(BN?�:M?CxlA�e2f>B(Ic1\GF1HB2e242BN?@47:w?�4DBUxW?�8;:<1�Vje2f�A�V
:<0D1�f53>ST35:F19B"?s6@?�3>f>?�I2f51,E9A�SiO2e�:<19G.GY198FA�e2GFEH1989m���eD:a35V�:<0D1Hgy?�GY1�4DA�:.19k7e23h6�?@f>194':9r2:<021H4�:<0D1
E9A�SiSTA�4"EM0N?�GF?�EH:F19GY3>8Y:F3>EH8aA@V�:F021v8Y:<GYA�42=�1H8Y:,?�E9EH3>B21H4':M?�f�:FGF35=�=�19GY8�42191HB�:FATIc1vQ742A�x.4�m

/�023>8"EM02?�OD:<1HG(8F191HQ78(:FA�3>B21H47:F35V�g�35V\:F021R8Y:FGFA�42=�198Y:y?@E9E935B2194':<?�fX[jV^?@f>8F1sbT:<GY3>=�=�19GF8oA�4
��{;`���8FE9351942EH1iB2?@:M?"VjGFA�S�1s?�EM0�]_/a`-?@GF1P:<021T8<?@Si1XA�G\8Y3>ST3>f�?@Gz?�42B�r�3hVl:F021Hg�?�GY1X42A�:sr
x.0N?@:�B23hq�1HGF1H42E91H8C1���358Y:�IJ1�:�x�1H194K:F0219Sym n 19E�:<3>A�4K�Dmh�TA�eD:<f53>421H8z:<021XST1H:F02A�BDA�f>A�=@g�e28Y19B
:<AX=�1H4219GF?@:<1\:F021v8Y:<GYA�42=�1H8Y:w?�EHE93>BD194':M?�f�:FGF35=�=�19GY89mp/�021v:<1HSiOcA�GF?�f�f5A�E9?@:<35A�4UA�V�:<021\:FA�O����
:<GY3>=�=�19GF8.x.35:F023>4y1s?@EM0�BN?@:<?o8F1H=�Si1H4':z3>8aB2358FE9eD8F8F1HBR3>4 n 19E�:<3>A�4��Dm��XVjA�f5f>A�xl19ByI7g}?�4�1H6@?�fhZ
eN?@:F3>A�4�A�Vp:<0D1L8Y:FGFA�42=�198Y:\:FGF35=�=�19GY89 N:<35Si1H8F1HGF3>1H8z?�8,G<?�42Q@19B�A�4�1H4':<3>GY1LBN?@:<?�8F1�:z354 n 19E�:<35A�4
�Dm¢¡Dm n 3542E91w42AL1HkdeD356@?�f>1H42E91w3>8u198;:M?�I2f53>8Y0219BUIc1H:�xl191H4":<021,]_/a`\8�?@:u:<0D3>8�f51H6�19f£r�?�EHA�STON?�G;Z
3>8YA�4TA�V�:<0D1a:FGF3>=�=�19GY8u:F0N?@:_x�1HGF1z35B2194':F35¤N1HBiI'gTSLe2fh:<3>ODf>1.]p/a`v8l3>8_e242BD19GY:<?�Q�1H4"3>4 n 19E�:<35A�4
�Dm¦¥2mz§�3>4N?�f5f5g�r2:<021LA�I28F1HGY6@?@:<35A�428wSo?�BD1�:<0DGFA�e2=�0}:<02358,35476�198;:<3>=�?@:<35A�4}?@GF1L8Ye2SiSi?�GY3>¨91HB}354



� �

n 1HEH:<35A�4y�Dm���m

����� � 	�

���������������

]_?�EM0 ]p/a`�x�?�8"e28Y19B :<A�?@4N?�f5gd¨H1R?K8FeDI28F1�:(A�Vv1H6�1942fhg 8FO2?�E91HB B2?@:M?K8Y19=�ST194':F8UVjGFA�S
:<0D1U:<0235GFB���{;`�� 8FEH3>1H42E91(BN?@:<?RGFe24%[^E9?�f>f519B n ¡Drpx.023>EM0�:<AdA�Q�O2f�?�EH1UIc1H:�xl19194 �zEH:<A�IJ1HG
¡D��r�������¡"?�4DB���?@4de2?�GYg���r�������¥�� ¥'¡Dr � �Dr����! �b,G<?�42=�3>42=UIc1H:�xl191H4�¡����U8F19EHA�42B28�?�42B������
8F1HE9A�4DB28X3>4�B2eDG<?@:F3>A�4�m}/�023>8LB2?@:M?�8Y1H:P358LEs?�f5f>1HBK:<021 n ¡�O2f�?sgd=�GYA�e242B�B2?@:M?"�#�D�� �?�42B�358
Es?�:M?�f5A�=�19BX354�$wO2Oc1942B23 �&%,m~{|:u3>8u?�8Y8Fe2ST19BT:<0N?@:p:F0219GY1,?@GF1.42A�A�Gp6�19G;gPVj1Hx =�G<?s6d35:M?�:<3>A�4N?�f
x�?�6�1\1H6�194':<8�EHA�4':M?�354219BU354i:F023>8lBN?@:M?�8F1H:W?�42Bo:F0N?@:W?�f>f A�V�:F021,:FGF3>=�=�19GY8lO2GYA�BDe2E91HB"I7gT:<0D1
]p/a`v8u?�GY1a?�E9EH3>B21H47:<?�f£m~�z42f5gCBN?@:M?\VjGFA�S :<0D1w��{;`��('w?�4DVjA�GYB�r*)+$#¥�Q7S 354':<19G;Vj19GYA�Si1�:<1HG
xl19GF1,?�4N?�fhgd¨919Bo3>4X:<021.VjGF1HkdeD1942E�gUIN?�4DBoIc1H:�xl19194,�d���-'a¨,?�4DBU��¥'�-'w¨@m_�,:<021HG�B21�:<19E�:<A�GY8
?�42B(VjGF1Hk7e21942E�gyIN?�42B28�xl19GY1C42A�:a?@4N?�f5gd¨H19By8F3>4DE91�?XVjeD42BN?�ST194':M?@f�19k7e2356@?�f51942EH1vA�V~]p/a`\8
3>8~?�8F8Ye2Si1HBX42A�:~:FA\IJ1WBD1H:<1HEH:FA�GpA�G~IN?@42BDx.3>B�:<0XB219Oc194DB2194':smp/�0D1�BN?@:M?,xl19GY1.E9A�42BD35:<35A�421HB
?�8�?�O2O2GYA�O2GY3�?@:F1_VjA�G�:F021�]p/a` ?�42B�1s?�EM0L]_/a` x�?�8/.1032547680*9;:<23=8.<>?4@9BA?4DC;: EFCGC;H;:<.B4;HI:1J80*9�476
:<2�:<.K9LC;03H;HM4;2?.NAOHPJ3C;.1:QC7JSRNJ;A*AORT:QC7JS.U:QV!2Nm�/�023>8uEM02A�35E91,A@V�:<eD423>42=�3>8_3>STOcA�GY:<?�4':_8F3>4DE91,3h:u3>8_A�V
:<0D1zSiA�8Y:W354':<19GY198;:W:<AX��{;`���?@42B�r2?@8�x.3>f5fcIc1z8Y19194(354 n 19E�:<35A�4 � m¦¥2r�:F021zEM02A�3>E91,3>4o:Fe2423>4D=
Es?@4 8Y3>=�4D35¤NE9?�4':<f5g�3>STON?�E�:"?�4 ]p/a`P ¢8(Oc19GYVjA�GFSi?�42E91@m ]_?�EM0 BN?@:<?�8F19=�Si1H47:(x�?�8U:<0D194
O2GYA�EH198F8Y19B�I7g}1s?�EM0�]p/a`Xm5$�Si19?�8Fe2GY1XA�V_:<GF35=�=�1HGz8Y:FGF194D=�:<0Rx�?�8v=�356�194R:<A"19?�EM0�:FGF35=�=�19G
IN?�8Y19BXA�4L:F021�E9GY35:<1HGF3>?w1s?@EM0i]p/a`%eD8F198~:FA\3>B21H4':<35V�gC?w:FGF3>=�=�19GXW�GY19f�?�:<356�1�1 �DEH198Y8uOcA�x�1HG_A�Vc?
:<GY3>=�=�19GpE9A�SiON?@GF19BX:<Av:<0D1wf>?�GF=�1HGpBN?@:<?�8Y1H:uVjA�Gu��f>AdEMQ3YwA�GYSo?�f�r�1H4219GY=�g�[^ST1s?�8Ye2GF1HBU?�8_:<0D1
GFAdA�:;Z�8FeDSXZ|8Fk7eN?�GY19BoA@V�:<021w8Ff5A�OJ1H8lx.3h:<02354o?�:FGF35=�=�19GpVjA�G n ���[Z_]�?�4DBo42A�GYSo?@f>3>¨H19BT19421HGF=�g
VjA�G-\]Zp3>Oc19f53>421@mU/�021X:<GF35=�=�1HGF8vVjGFA�S 19?�EM0�]p/a`!?�42BKB2?@:M?(8F1H=�Si1H4':P?�GY1T:F02194�GF?�42Q@19B
IN?�8Y19B(A�4U:F023>8W8;:<GY1942=�:F0y?�42B(?Lf�?@GF=�1a47e2SLIc19G�A�V�:<0D198F1z:FGF35=�=�19GY8\[j=�GF19?@:<1HG�:<0N?@4"A�GW19k7eN?@f
:<Ay:<021X:<A@:M?�f_47e2SLIc19G�A�V�8;:<GFA�42=�198;:C:FGF3>=�=�19GY8v:F0N?@:C?�GF1TA�V�354':<19GY198;:�:FA}3>4'6�198Y:F3>='?�:<1XVjGFA�S
:<0D1,194':F3>GF1 n ¡�ODf�?sgd=�GFA�eD42BUBN?@:<?�8Y1H: bu?�GF1,?�B2ST35:Y:<19BX:<A�:<021wf�?�GY=�19G_OcA�A�f A�V�:<GF35=�=�1HGF8_VjGFA�S
?�f5f�BN?@:<?U8F1H=�Si1H4':<89mC/�021X8Y:<GYA�42=�1H8Y:\:FGF3>=�=�19GY8,VjGFA�S ?�f>f�A�V_:<0D1PBN?@:M?"8Y19=�ST194':<8�?�GY1C:<0D194
G<?@42Q�1HB�?@='?�3>4D8Y:W19?�EM0"A�:F0219GWI2?�8F1HByA�4U:<021H3>G�8;:<GY1942=�:F0�mp/�021H8F1\:<GY3>=�=�1HGF8�?�GF1z354'6�198;:<35='?@:<1HB
I'gRE9A�SiON?@GF3>4D=o:<021L:F19STOJA�G<?�f�f>AdEs?@:F3>A�428wA�Vu:<021P8;:<GFA�42=�198;:v:<GF35=�=�1HGF8z35B2194':<3h¤N19B�x.3h:<02354�?
8F35=�4N?�f7BN?�:M?w8Y1H:9r�I'gCEHA�SiO2?�GF3542=a:F021l:F3>ST198Y19GF35198�EM0N?�GF?�EH:F19GF358Y:F3>E98�A�V2:F021�8;:<GFA�42=�198;:~:<GY3>=�=�19GF8
VjGFA�S ?@f>f A�V�:F021zBN?@:<?�8Y19=�ST194':<8W?�42Bo:F02194"I'giE9A�STON?�GY3>42=v:<021,G<?�42Q78WIc1H:�xl191H4y]_/a`\8lVjA�G
:<GY3>=�=�19GF8W:F0N?@:.SLeDf5:<35O2f>1,]p/a`v8a3>B21H4':<35¤219B�m

����¡ n ¡LO2f�?sgd=�GFA�e242B"BN?@:<?C8F1H=�ST194':<8�[^?�f>8YALQ742A�x.4�?@8^R_V�CD`�9�bpx�1HGF1v?�4N?@f5gd¨91HB(?�42BU:<0D1



� �

���������
	���
���
���������������� �&%"!$#��%!&�('*),+.-&!&/$�0��1(��-$!2!&/3�41(1(�,/5- %�/$�0�768-3����10�4�%9�6:!$6.-&�,10�����;! %��(/
< �4�>=$?>@��(/3�A6(��BDC>EGFIHKJ�6(�L9.MNHK��'D���������(O

�����\8;:<GFA�42=�198;:l:FGF35=�=�19GY8pVjGFA�S 19?�EM0oB2?@:M?v8F1H=�Si1H4':lxl19GY1,?�BDSi3h:F:<1HBPVjA�G_E9A�428Y3>B21HG<?@:F3>A�4�[ n ¡
O2f>?�gd=�GYA�e242BK8F19=�Si1H47:P`LZ n :F3>ST198�?�GY1of>358Y:F19BK354�$wO2OJ1H42B23 � %�b m}]~6�19GYgKBN?@:<?�8F1H=�ST194':
E9A�47:FGF35I2eD:<1HBR:<021PSi?���3>SLeDS �s���o8Y:FGFA�4D=(:FGF35=�=�19GY8wVjGYA�S�19?�EM0�]_/a`�VjA�G\?o:FA�:M?�f�OJAdA�f�A�V
:<GY3>=�=�19GF8WVjA�G�E9A�428Y3>B21HG<?@:F3>A�4(Ic193542="����r¢¡����L:<GY3>=�=�19GF8WVjA�G�1s?�EM0�]p/a`Xm

����P Q"	�R S��UTWV �YX �[Z\V-
^]��U_ �8`ba 
WT
�U_���	�c 
dQeT�]�����	�T�c

{�4'6�1H8Y:<35='?@:F3>42=,:F021�:F19STOJA�GF?�fdf>AdEs?@:F3>A�4�A�VN:<0D1W8Y:FGFA�42=�198Y:�:<GF35=�=�1HGF8�VjGYA�S�1s?�EM0PA@VN:<021�]p/a`\8
x.3>f5f�=�356�1}?�6�1HGYg�O2GF1Hf>3>ST3>42?�GYg�?�428Yxl19GT:<A�:<021�kdeD198Y:F3>A�4 A�V\19k7e23h6@?�f>1H42E91yIJ1�:�x�1H194 :<0D1
ST1H:<0DA�B28Hmw{|Vp:F021L]p/a`\8\?�GY1C3>4DB2191HB}Vje242BN?@Si1H47:<?�f>fhg"19k7e23h6@?�f>1H47:9r�3h:,358w1 �DOc19E�:<1HB�:F0N?@:,?
:<GY3>=�=�19GuI7giA�421,]p/a`�xlA�e2f>BoIJ1w8F191H4(I7gT:<0D1zA�:<0D19GF8�?�42B"3h:<8u8Y:<GY1942=@:<0UxlA�e2f>BoIJ1zGF?�42Q@19B
GFA�e2=�02fhgo:<0D1�8F?�ST1\IJ1�:�x�1H194}:F0219Sym

§�3>=�e2GF1o�Dm5�"8Y02A�x.8L:<021i:<19STOcA�G<?�fuf>AdEs?�:<3>A�428�A@V�:<021"8;:<GFA�42=�198;:L:<1H4�:<GF35=�=�1HGF8�VjGYA�S ?
8F3542=�f51�B2?@:M?�8F1�:�?�8yST1s?�8Ye2GF1HB�I'g 1s?�EM0�]_/a` ?�4DB�3>8(GY19O2GY198F1H4':M?@:F356�1�A�VC:F021KGY198Ye2f5:F8
VjGFA�S-?�f5fJA�V�:<0D1\O2f�?sgd=�GFA�e242B(BN?@:<?L8F19=�Si1H47:F89mu/�021v021935=�0':�A�V�:<021\8;:<1HS*VjA�GW19?�EM0y:FGF35=�=�19G
3>4DB23>E9?@:<1H8�:<0D1WG<?�4DQ�A�VN:F021�:FGF3>=�=�19GHrD�WIc193542=,:<0D1W8Y:FGFA�42=�198Y:�:<GF35=�=�1HG�?�4DB"���,Ic193>4D=,:<021,���gfih
8Y:FGFA�4D=�198;:\:<GF35=�=�1HG9m8$,8\358,1H6d35B2194':�0219GY1�r�:F021P]p/a`v8ve28YeN?�f5f5gyB2A"42A�:v35B2194':F35V�g(:<021P8F?�ST1
:<GY3>=�=�19GF8a3>4y:<021�8<?�ST1vxW?sg�m,§NA�G.1��D?�STO2f>1@rc:F0219GY1C3>8,?iEHf>e28;:<19GwA�V � :<GF35=�=�1HGF8w?�GFA�eD42B}:<0D1
`8Z n :<3>ST1�A�V � ��� � �D� � � E9A�47:<?�3>4D3>42=o��f>AdEMQ3YwA�GYSo?�f r n ���[Zu] ?�42B+\ Z_35OJ1Hf>35421�:FGF35=�=�19GY89m
'wA�xl1H6�19G9r@:<021uG<?�4D=�1_A�VDGF?�42Q78�GFe2428�:<0D1l='?@SLI235:�A�V��_:<0DGFA�e2=�0i���a?�42B�r@1�6�194�:<02A�eD=�0�:F02198Y1
:<GY3>=�=�19GF8C?�GF1iE9f5A�8F1Hf5g�8FON?�EH19B�rp:F0219GY1U3>8�42ARA�6�19GYf�?�O�A@V�:<GF35=�=�1HGF8CIc1H:�xl191H4�]_/a`\89m�/�0N?�:
8FeD=�=�198;:<8W:F0N?@:sr7x.0235f>1w:F0219GY1z3>8lf>35Q�19fhgX8FA�ST1,4DA�3>8Y1z?�G;:<35V^?@EH:l3>4o:F023>8�?�GF19?�:<0N?�:WEs?@e28F1HBU:<02358



� ¡

���������
	 ��
 � 
[�����������������&%W!$#��A!&�(' ),+�-&!&/$�0��1(��-&! !&/3�41(1(�,/3- %�/$�0�76�-$����10�4����#��4!&� ���0��-&� 9�6:!$6
-&�,10�����;!�%��(/ < �4�>=$?>@��(/5�%6(��B�C>EGFIHKJ�6(�L9.MNHK��'D���������(O

E9f5e28Y:F19G�A�V�:<GY3>=�=�19GF8HrD:<0D1v]_/a`\8.B23>B(42A@:.O2GFAdE91H8F8.35:�1Hk7e2356@?�f5194':<fhg�m_��A�A�Qd3542=X?@:a?�f5f�A�V�:<0D1
8Y:FGFA�4D=�198;:�:FGF3>=�=�19GY8vVjGYA�S :F023>8vBN?@:<?y8Y19=�ST194':�8F02A�x.8�:<0N?@:9r�x.0D3>f>1P:F0219GY1o?�GY1XE9f>eD8Y:<1HGF8�A�V
:<GY3>=�=�19GF8�?�GYA�e242BKE919G;:M?�354�:F3>ST1989r�:<0D19GF1o?�GF1T3>8YA�f�?�:<19B�:<GY3>=�=�19GF8Hm"{|:C358�1H8FOc19EH3�?�f5f5g�:FGFe21TA�V
��f5A�EMQ3YwA�GFSi?�fu?�42B \ Zp3>Oc19f>35421�my/�02358L8Fe2=�=�198;:<8L:<02?@:C:F021"]p/a`v8CB2A�42A�:L3>B21H47:F35V�g�:<0D1
8<?@Si1z:FGF3>=�=�19GY8�3>4":<021v8F?�Si1zx�?sg�m

/�023>8u3>4'6�198Y:F3>='?�:<3>A�4Tx�?�8W?@f>8FAvOc19G;VjA�GFST19BiA�4i8Y3>SLeDf�?@:F19BTBN?@:M?v8F1�:<8lE9A�STOJA�8F19BiA�V�A�42f5g
x.023h:<1v42A�358F1\A�V�¨91HGFATSi19?�4y?�42Bye24235:�6�?@GF3�?@42E91z:FAi8Y191v35V�:<021�]p/a`\8.xlA�e2f5B(8Y:<35f>f�35B2194':F35V�g
B23hq�1HGF194':a8Y:FGFA�4D=T:FGF3>=�=�19GY89mu§�3>=�e2GF1\��m �P8F02A�x.8.:<021v:<1HSiOcA�GF?�f�f5A�E9?@:<35A�428WA�V�:<021v8;:<GFA�42=�198;:
:<1H4�:<GY3>=�=�1HGF8�VjGFA�S ?}8F3542=�f51ix.023h:<1o4DA�3>8Y1UBN?@:<?}8F1H=�Si1H4':T?�42B�358LGF1HO2GF1H8F194':<?@:<3h6�1"A�V.:<0D1
GF1H8Fe2fh:<8\VjGFA�S :F021XA�:<021HG\8F35SLe2f�?�:<19BRB2?@:M?"8F1H=�ST194':<8Hm�$,8vEs?�4�Ic1X8F191H4�0D19GF1@r�:<021XA�I28Y19G Z
6@?@:<35A�4�Si?�B21UVjA�GX§�35=�e2GY1"�Dmh�(:F0N?@:P:F021y]_/a`\8XB2A�42A�:X35B2194':<3hV�gK:F021(8<?�ST1U:<GY3>=�=�1HGF8P354
:<0D1T8F?�ST1LxW?sg�3>8v?@f>8FA"6@?�f53>B�354�:F021XEs?�8Y1XA�V�B2?@:M?"E9A�SiOcA�8F1HB�A@V�A�4Df5g}x.0D35:<1X42A�3>8F1X?@42B
:<0D19GF1�VjA�GF1P35SiODf>3>1H8a:F0N?@:z:F023>8,O202194DA�Si1H42A�4�3>8,42A�:v?UIc190N?s6d3>A�Gz8FOc19EH35¤NEL:FAU:<021PBN?�:M?U8F1�:
Ic193>4D=TEHA�428Y3>B21HGF19B�m

����� Q ]:R 	�c 	�T�]�	�c�� �UR S V T�]:c �U_ �8` a 
WT
�U_���	�c 
 QeT�]�����	�T�c

)#35:F0U:<021z?�O2ON?�GY194':.42A�4D19k7e2356@?�f51942EH1\A�V�:<021v]p/a`\8�A�4"8F0DA�GY:�:F3>ST1,8FE9?�f>1H89rD:F021zk7e21H8Y:<35A�4
3>8lG<?�358F1HB(?�8�:<A�x.021H:F0219G.A�Gl42A�:W:F023>8lO202194DA�Si1H42A�4(3>8lA�I28Y19GY6�19ByA�6�19G�f5A�42=�1HGl:F3>ST198FE9?�f>1H89m
/�0N?@:L3>89r�VjA�G�:F021o:FGF3>=�=�19GY8�:F0N?@:P?@GF1UGF?�42Q�1HB�:<A�Ic1"?�STA�42=y:<021i8Y:FGFA�42=�198Y:L8F3>4D=�f>1o]_/a`
:<GY3>=�=�19GF8zVjGYA�S�:F021X194':<35GF1PO2f>?sg�=�GFA�e24DB�B2?@:M?"8F1�:sr�B2A":<021XA�:F0219Gv]p/a`\8v3>B21H47:F35V�g}8F3>ST3>f>?�G
:<GY3>=�=�19GF8_?@8p8Y:<GYA�42=	�(/�A�?�428;x�1HGu:F023>8pk7e21H8Y:F3>A�4�r':F021�:<3>ST198Y19GY3>198pA@VJ:F021�8Y:FGFA�42=�198Y:u:<GY3>=�=�19GF8



� ¥

VjGFA�S*1s?@EM0�]p/a` ?�GF1\EM02?�G<?�E�:<1HGF3>¨H19B�m

��������� �	��

���
��
��������

/�021u8Y:FGFA�42=�198Y:���f5A�EMQ3YaA�GFSi?�f@:FGF35=�=�19GY8�:<1H42B�:FAaIc1_f>AdEs?�f53>¨H19B\?�GYA�e242Bv:<35Si1H8�A�V�G<?�O235B�r�8Fe2BdZ
B21H4CEM0N?�4D=�198�:<0N?@:�?�GY1_1s?�8Y3>f5gzO23>EMQ@19BCA�eD:�A@VD:<0D1uB2?@:M?.8Y:FGF1s?@S I7g�1�g�1�m�/�02198Y1l:<GY3>=�=�19GF8�x.35f>f
E9A�f>f>Adk7e23�?@f>f5gLIJ1\E9?�f>f519B��¢=�f>3h:<EM021H89 28Y3>42EH1\8Fe2EM0y:<GF35=�=�1HGF8�?�GY1v?�f>STA�8;:�E91HGY:M?@3>42fhgo35428Y:FGFe2ST194�Z
:M?@f>f5g�3542B2e2EH19B�mp/�021�:FGF3>=�=�19GY8p?�GF1�A@V�:<194X358FA�f>?@:<1HBy[jx.35:F023>4L:F021��
�.8F1HE9A�42BT421H3>=�07IcA�GF02AdAdB
A�V�:<0D1v:FGF35=�=�19G<blI2eD:�x.0D194(:<021�g(?�GF1\4DA�:srD:F02198Y1v8Y:<GYA�42=�1H8Y:.:<GY3>=�=�19GF8lx�1HGF1�?�f>8YAPA�I'6d3>A�e28Yf5g
8Y:FGFA�4D=�19GC:F0N?�4K:F021UA�:F0219G���=�f>35:FEM02198H �354�:F021U421H3>=�07IcA�GF02AdAdB�m}/�021H8F1"8;:<GFA�42=�198;:L:<GY3>=�=�19GF8
?�f58FA�:F1942Bi:<AC02?�6�1z=�GY1s?@:F19GW?@I28FA�f5eD:<1.6@?�f>eD198�A@V�:<021wf>AdEs?�fNSi?���3>SCe2S A�V�:F021w:FGF3>=�=�19Gp:<02?�4
:<0D1C?�ID8FA�f5eD:<1v6@?�f>e21vA�V�:<021�f>AdEs?�f�ST3>4D3>SLe2S A�V�:F021v:<GF35=�=�1HG9mF$wf>f�:<A�=�1H:F0219GHrc:F02198Y1CA�I28Y19G Z
6@?@:<35A�428WOcA�3547:l:<AX?�4(A�6�1HG<?�f5f�=�GY1s?@:F19G�ST1s?�4"A@V�:<021\8;:<GFA�42=�198;:.:<GF35=�=�1HGF8�EHA�STON?�GF1HBU:<AP:<0D1
x.02A�f51LBN?@:<?U8F1�:�?�8zx�1Hf>f�?�8v?Uf�?�GY=�19Ga6@?�GF3>?�42E91@mv/�021XOJA�xl19G\8FOc19E�:<GF?�f~B21H428F3h:<3>1H8T[UZ n�� 8<b
A�VW:F021i:FGF35=�=�19GY8�?�8�xl19f5fl?@8�:<0D1if>?�GF=�1HG�B2?@:M?(8F1�:L35:�x�?�8CB2GF?sx.4KVjGFA�S xl19GY1UEs?@f>E9eDf�?@:F19B�m
� e21a:<A�:F021,8Y02A�G;:WB2e2GF?@:<35A�4oA@V�:<021a:<GY3>=�=�1HGF8_gd3>19f5B23>4D=�35f>fhZ|B21H¤24219B Z n�� 89rd:<021�Z n�� A�V�:<0D1
:<GY3>=�=�19GF8H ��X�w8F19EHA�42B"421H3>=�07IcA�GF0DA�AdBix�?�8�E9?�f>EHe2f�?�:<19B�m~]~6�1H4(:F02194�rd:F021,GY198FA�f>eD:F3>A�4iA�V�:<0D1
:<GY3>=�=�19G9 ¦8[Z n�� xW?@8\42A�:\8Ye� TE93>1H4':�1H42A�e2=�0�:FA"GF1�6�1s?@f_?�4'gR8F35=�4235¤2Es?�4':zBD35qJ19GF1H42E91H8\VjGFA�S
:<0D1Uf�?�GY=�19G�BN?@:<?}8F1�:sm�[^/�021i:<A�O�:F02GF1H1"��f>AdEMQ3YwA�GYSo?@fu:FGF3>=�=�19GY8"[^354�GF1HB bC?�GY1U8F0DA�x.4�354
§�35=�e2GF1H8.�Dm¢¡DrN�Dm¦¥T?�42B��Dm �dm b

�������"! #�$&%('*)

/�021w8Y:<GYA�42=�1H8Y: n ���[Zu]K:FGF35=�=�19GY8px�1HGF1,f5A�42=�1HGp3>4TB2e2GF?@:<35A�4T:F0N?�4X:<021w��f5A�EMQ3YwA�GFSi?�f2:<GY3>=@Z
=�1HGF89m�)#021HGF1s?@8�:F021X8Y:<GYA�42=�1H8Y:C��f>AdEMQ3YwA�GYSo?@f�:<GY3>=�=�1HGF8\0N?@BK?"8F0DA�GY:�3>STO2e2f58F3h6�1Pk7eN?�f535:�g
:<AP:F0219Syr2:<021v8;:<GFA�42=�198;: n ���8Z_]�:FGF35=�=�19GY8�0N?s6�1�?TSTA�GY1zB21H¤24219B�1�6�A�f5eD:<35A�4�m~/�0D1Hg":<1H42B
:<A�k7e23>EMQ7f5gX=�GFA�x#3>4i?�STO2f>3h:<e2B21.?@42Bi:F02194U35SiST19BD3�?@:F19f5g�B21HEs?sg,+D:<021�gi?�GF1aSLe2EM0U8;:<GYA�42=�1HG
:<02?�4 ?@47g7:F023>42=�19f58F1(3>4�:F021-� �(8Y19E9A�42B 421H3>=�07IcA�GF02AdAdB�?�42B�?�GF1y?�f5SiA�8;:T?�f5x�?sgd8T358FA@Z
f�?�:<19B�x.35:<0D3>4�:F0N?@:,421935=�07IJA�GY02AdA�B�m,/�021P?�I28YA�f>e�:<1�6@?�f5e21CA@Vp:<021Lf5A�E9?�f�Si35423>SCe2S A�Vp:<0D1
:<GY3>=�=�19GL358PA�V�:<1H4�=�GY1s?@:F19GL:F0N?�4�:<021(?�ID8FA�f5eD:<1"6@?�f>eD1UA�Va:<021":<GY3>=�=�19G9 ¦8Pf>AdEs?@f�Si?���3>SLe2Sym
/�021H8F1vA�I28Y19GY6@?@:F3>A�4D8W8Fe2=�=�198;:�:<0N?@:�:F021zST1s?�4"A@V�:F021z8;:<GFA�42=�198;:.:<GF35=�=�1HGF8lx.35f>f :<1H42B":<APIc1
421H='?@:<3h6�1i?�42B�0N?s6�1"?yf�?�GY=�19G\6@?�GF3>?�42EH1X:F0N?�4�:<021if�?�GY=�19GvBN?@:<?y8Y1H:9m,$w='?�354�r�BDe21i:FA�:<0D1
8F0DA�GY:CB2e2G<?�:<3>A�4�A�V�:<021i8Y:<GYA�42=�1H8Y:�:<GF35=�=�1HGF89r�421H35:<0D19G�:F021 Z n�� 8�A�VW:F021i:FGF35=�=�19Gv42A�G�:<0D1
� �o8Y19E9A�42B�421H3>=�07IcA�GF02AdAdB�A�Vl:<021T:<GY3>=�=�1HGzx�1HGF1Tx�1Hf>f_1942A�e2=�0�GY198FA�f56�1HBK:<AyGF1�6�19?�f�?@47g



� �

9.3598 9.3598 9.3598 9.3599 9.3599 9.36

x 10
4

−0.05

0

0.05

0.1

0.15
BlockNormal, lock 170, strongest trigger rank 1

Seconds +754100000 (GPS)

10
0

10
1

10
2

10
−6

10
−5

10
−4

10
−3

Frequency (Hz)

D
b

Trigger Power Spectral Density

 

 

Trigger
Lock

��������� 	 ��
���
 C>!&/$�0��1(��-&! < �4�>=$?>@ �(/3�%6(� !&/5�41(1(�,/I%�/$�0� 6(��� C�� '���6�� 1(/$������9 9L6:!$6%-&�,10�����;!$-,O

1861 1861.5 1862 1862.5 1863 1863.5
−0.04

−0.02

0

0.02

0.04

0.06
BlockNormal, lock 368, strongest trigger rank 2

Seconds +756300000 (GPS)

10
0

10
1

10
2

10
−6

10
−5

10
−4

Frequency (Hz)

D
b

Trigger Power Spectral Density

 

 

Trigger
Lock

���������
	 ��
	� 
�C>��= �0��9 -&!&/$�0��1(��-&! < �4�>=$?>@��(/5�%6(�"!&/3�41(1(�,/X%i/3�0� 6(���^C��U'L��6
�;1(/3������9 9�6:!$6 -&�,1��
�����;!$-,O



� �

1.9032 1.9033 1.9033 1.9034 1.9034 1.9035

x 10
4

−0.04

−0.02

0

0.02

0.04

0.06
BlockNormal, lock 177, strongest trigger rank 3

Seconds +754200000 (GPS)

10
0

10
1

10
2

10
−8

10
−6

10
−4

10
−2

Frequency (Hz)

D
b

Trigger Power Spectral Density

 

 

Trigger
Lock

���������
	%��
�� 
"��#��4/39 -&!&/$�0��1(��-$! < �4�>=$?>@ �(/3�%6(� !&/3�41(1(�,/`%�/$�0�e6(���>C���'L��6
�;1(/3������9 9�6:!$6I-&�,10�����;!$-,O

8F35=�423h¤NEs?�4':lB235qJ19GY1942EH198uVjGFA�S�:<0D1,f�?@GF=�1HGuB2?@:M?�8F1H:9ma[^/�021a:<A�Oi:<02GY191 n ���[Z_]�:<GY3>=�=�1HGF8,[^354
GF1HB b�?�GF1v8Y02A�x.4�354�§�3>=�e2GY198.�Dm¢�Dr �Dm � ?�42By�Dm �Dm�b

��������� � '������ �	��
��

%�0N?�GF?�EH:F19GY3>¨93542=�:<021�:<35Si1H8F1HGF3>1H8"A�V�\ Z_35OJ1Hf>35421}:<GY3>=�=�19GF8(358(?�I23h:(SiA�GF1�E9A�STO2f53>Es?�:<19B
:<02?�4oVjA�Gl��f>AdEMQ3YwA�GYSo?@fJ?@42B n ���[Z_]�8Y3>42EH1[\ Zp3>Oc19f>35421�:<GY3>=�=�1HGF8�?�GF1wB21H:F19GFST3>4D19Bo354o:<0D1
VjGF1Hk7e21942E�g'Z�B2A�Si?�354�m /�021H8F1y:<GF35=�=�1HGF8XB2A�42A�:T0N?s6�1}?�xl19f5fhZ�BD1H¤N421HB B2eDG<?@:F3>A�4�ruI2eD:T:<0D1
E91H4':<G<?@f�:<35Si1�A�Vp:<0D1L:<GF35=�=�1HGF8,358,GY19OcA�GY:F19B�mv/�021L8;:<GYA�42=�1H8Y:-\ Z_35OJ1Hf>35421�:FGF35=�=�19GY8wx.3h:<02354
:<0D1�4D193>=�0dIcA�GY02A�AdB(?�GY1�19?�8F35f5goO23>EMQ@19ByA�eD:aI'gU:<021v1�g�1�?�8.IJ1H3>42=PB23hq�1HGF1H47:.VjGYA�S :F021vGF198;:
A�V~:F021LBN?�:M?�+c:<021H8F1C:F3>ST198.x.3>f>f�?�=�?�3>4yIJ1�GF1�Vj19GFGY19B�:FA"?�8 �¢=�f535:<EM0D1989mh a/�021LGF1HOJA�GY:<1HB}:<35Si1
e28YeN?�f>fhgPB2Ad198l42A�:lE9A�3542E935B21ax.3h:<0X:<021wSo?��D35SLe2S A�GlST3>4235SLe2S A�V�:F021,=�f535:FEM0iI2e�:�8Y02A�GY:Ff5g
?@V�:F19G�:<021WOc1s?@Qcm�/�021WGY198FA�f>eD:F3>A�4�A�V2:F021FZ n�� A�VD:<021l421935=�07IJA�GY02AdA�BC?�GFA�eD42BC:<0D1�GF1HOJA�GY:<1HB
:<GY3>=�=�19Gv:<3>ST1TB23>B�42A�:L02?�6�1"8Fe� TEH3>194':PGY198YA�f>eD:F3>A�4�:<A�GY1H6�1s?�f�?�4'gKB23hq�1HGF1H42E91H8LVjGFA�S�:<0D1
f�?@GF=�1HGwBN?�:M?U8F1�:smT[j/�021C:<A�O}:<02GY191�\ Zp3>Oc19f53>421v:<GY3>=�=�1HGF8L[^3>4�GF1HB b,?�GY1L8F02A�x.4�3>4�§�3>=�eDGF198
�Dm �DrN�Dmh���X?�42B��Dmh����m�b



� �

2606 2606.5 2607 2607.5 2608 2608.5
−0.15

−0.1

−0.05

0

0.05

0.1
SLOPE, lock 318, strongest trigger rank 1

Seconds +756000000 (GPS)

10
0

10
1

10
2

10
−8

10
−6

10
−4

10
−2

Frequency (Hz)

D
b

Trigger Power Spectral Density

 

 

Trigger
Lock

� �i�D� �
	 ��
���
 C !&/3�0��1(��-&! C>EGFIHKJ�!&/3�41(1(�,/I%�/$�0� 6(��� C � 'L��6
�;1(/$���L��9 9�6:!$6%-&�,10�%���g!$-,O

9.3588 9.3589 9.3589 9.359 9.359 9.359 9.3591

x 10
4

−0.15

−0.1

−0.05

0

0.05
SLOPE, lock 170, strongest trigger rank 2

Seconds +754100000 (GPS)

10
0

10
1

10
2

10
−6

10
−5

10
−4

10
−3

Frequency (Hz)

D
b

Trigger Power Spectral Density

 

 

Trigger
Lock

���������
	�� 
��D
 C ��= �0��98-$!&/$�0��1(��-&! C�E FIH J�!&/3�41(1(�,/�%i/$�0� 6(��� C�� 'L��6
�;1(/3������9 9�6:!$6%-$�,10�����g!$-�O



� �

3.9226 3.9226 3.9227 3.9228 3.9228 3.9228 3.9229

x 10
4

−0.15

−0.1

−0.05

0

0.05

0.1
SLOPE, lock 133, strongest trigger rank 3

Seconds +753600000 (GPS)

10
0

10
1

10
2

10
−6

10
−5

10
−4

10
−3

Frequency (Hz)

D
b

Trigger Power Spectral Density

 

 

Trigger
Lock

���������
	�� 
�� 
���#��4/59 -$!&/$�0��1(��-&! C�E FIH J !&/3�41(1(�,//%i/$�0� 6(��� C�� 'L��6
�;1(/3������9 9�6:!$6%-$�,10�����g!$-�O

8.2461 8.2461 8.2462 8.2462 8.2462 8.2463

x 10
4

−0.02

0

0.02

0.04
Q Pipeline, lock 510, strongest trigger rank 1

Seconds +757500000 (GPS)

10
0

10
1

10
2

10
−8

10
−6

10
−4

10
−2

Frequency (Hz)

D
b

Trigger Power Spectral Density

 

 

Trigger
Lock

�����D� �
	�� 
���
 C !&/$�0��1(��-&! MNH �4' ��������� !&/3�41(1(�,/�%�/$�0� 6(��� C�� 'L��6
�;1(/$���L��9 9�6:!$6%-&�,10�%���g!$-,O



� �

9.3589 9.3589 9.359 9.359 9.359 9.3591

x 10
4

−0.15

−0.1

−0.05

0

0.05
Q Pipeline, lock 170, strongest trigger rank 2

Seconds +754100000 (GPS)

10
0

10
1

10
2

10
−6

10
−5

10
−4

10
−3

Frequency (Hz)

D
b

Trigger Power Spectral Density

 

 

Trigger
Lock

���������
	%��
���� 
WC ��= �0�L9 -&!&/3�0��1(��-&!KM HK�4' ��������� !&/3�41(1(�,/`%i/3�0�Y6(���>C���'L��6
�;1(/3������9 9�6:!$6I-&�,10�����;!$-,O

8828.5 8829 8829.5 8830 8830.5 8831
−0.1

−0.05

0

0.05

0.1
Q Pipeline, lock 163, strongest trigger rank 3

Seconds +754000000 (GPS)

10
0

10
1

10
2

10
−6

10
−5

10
−4

10
−3

Frequency (Hz)

D
b

Trigger Power Spectral Density

 

 

Trigger
Lock

���������
	8��
��L�L
^��#��4/39%-$!&/$�0��1(��-&!�M H �4' ���������W!&/5�41(1(�,/ %�/$�0� 6(��� C�� 'L��6�� 1(/$������9 9�6:!$6 -&�,10�����;!$-,O



���

/�021lSi19?�4C?@42B�6@?�GY3�?�42EH1uVjGYA�S�:F021�8;:<GFA�42=�198;:W����:<GY3>=�=�19GF8�VjA�G���f5A�EMQ3YwA�GFSi?�f'?�42B n ���[Zu]
?�GY1,8FeDSiSi?�GF35¨91HBi354o/�?�I2f>1,�Dmh��mp��1HEs?�e28Y18\ Zp3>Oc19f53>421a3>8l?�VjGY19k7e2194DEHg'Z�B2A�So?�354"]p/a` ?@42B
B2Ad198u42A�:u0N?s6�1,?�xl19f5fhZ�BD1H¤N421HBT:FGF35=�=�19G_B2eDG<?@:F3>A�4�r�:F021aSi19?�4o?@42Bi6@?�GY3�?�42EH1.A�V�:F021a:FGF35=�=�19G
3>4":F021\:<3>ST1�Z|B2A�Si?�3>4i3>8�42A@:�x�1Hf>f�B21�¤N4219B�m

���������
	��
����������������������� ��f5A�EMQ3YaA�GFSi?�f n ���[Z_] \ Zp3>Oc19f53>421
$w6�19GF?�=�1�B2e2G<?�:<3>A�4 � ��m¢�'� �LSi8Y19E ���D��m �LST8F19E Y�� $
$a6�1HG<?�=�1�ST1s?�4 ������� �������s�� �! " �����S�'���#������ �$ Y�� $

$w6�1HG<?�=�1�6@?�GY3�?�42EH1 �%�¢� � � �#���s�  �! �&���D��� �'�����  �$ Y�� $
(*)�+-,i	 � 
 �L
/.^#L6:/36(= !&�,/3��-&!$��=,- �&%^!$#��A9�6:!$6 ���4!$#�����!$#��.),+U-&!&/$�0��1(��-&!2!&/3��1(1(�,/3- %�/$�0� 6(��� 'L��6�� �
1(/$�����L9.9�6:!$6 -&�,10�%���g!$-�0 -$����= ��M HK��'D���������\��- 6$%i/$�21 ������= � � 9��0�%6(���UJK��3 B !$#�� 9 ��/36:!$�4�0�U�&% 6
!&/3�41(1(�,/ ��-W���(! �"������9��54�����9�B�6(��9 !$#��,/$� %i�(/3�2�����4!$#��,/���-W!$#��\����6(�U�(/76
6:/5��6(��= �\�&%G!$#�� !&/3��1(1(�,/985O
��#�� 626(�,/36:1(�%����6(��6(��9�6
6:/5��6(��= �\�&%K6(��� �&% !$#�� 'L��6�� 1(/$�����L989�6:!$6 -&�,!$-I��-;:=<?> ��@�ACB ),+  &D 6(��9
�=<?>�A�E�ACB[),+  �F B�/$��-&' ��= !$�G6(���	�(O

$,='?@3>4�r�:F02198Y1aA�I28F1HGY6@?@:<35A�428_?�f58FA�?�O2ODf5gC:FA\:<021�8;:<GFA�42=�198;:l:FGF35=�=�19GY8~O2GYA�B2eDE919BTA�4XO2e2GY1
x.023h:<1v42A�358F1T[^k m 6cm@$wO2Oc1942B23 � � VjA�G�E9A�STO2f>1�:<1zBDA�EHe2Si1H4':M?@:F3>A�4 b m

���IH J V _LK � �UR S V T�]
c �U_ �8` QeT�]�����	�T�c M ��	�_ 
W]ON�	[� P �

� Q+�X
W]
S+��	 R QTS U5c

n 3542E91W:F0219GY1,?�GY1�42Av8FOc19EH35¤NE.A�I'6d3>A�eD8u8Y3>ST3>f>?�GF3h:<3>1H8�A�GpB235qJ19GY1942EH198_3>4P:F021�:<3>ST198Y19GY3>198�O2GFA�OdZ
19G;:<35198UA�V\:F021�8;:<GFA�42=�198;:y]p/a` :<GY3>=�=�19GF8Hr.?�4'g EHA�GFGY19f>?@:<35A�4 Ic1H:�xl191H4 :F021}:<GY3>=�=�19GF8T:<0N?�:
xl19GF1CB21H:F19EH:F19B�I'g(:�x�A"A�GaSTA�GF1�]p/a`v8z358w354'6�198;:<35='?@:<1HB�m,/�AUB2Ai:<023589rcE9A�428Y3>B21HGw:F021�:FA�O
�����P:<GY3>=�=�19GF8�ODGFAdB2e2E91HB�I'g(1s?�EM0}O2f�?sgd=�GFA�e242ByBN?@:M?X8F1H=�ST194':z?@42B}35B2194':<3hV�g(?�4'g":<GY3>=�=�19GF8
Ic1H:�xl19194�:<021(]p/a`\8P:<0N?@:L8F0N?�GY1(?@:Xf>19?�8Y:LA�421"BN?@:<?R8<?�STO2f>1i3>4�EHA�SiSTA�4�m�)#021H4�A�4D1
:<GY3>=�=�19Gp3>8p35B2194':F35¤N1HBo?�8l?�f58FAvIJ1H3>42=�?\:<GY3>=�=�1HGp3>4T?�42A@:<021HGl]p/a`Pr':<021.BN?@:<?�8Y19=�ST194':l47e2SXZ
Ic19Gz358,GF1HE9A�GYB219B�?@f>A�42=ix.35:<0�:<021LGF?�42Q�J!9'V&47J!9;03HM476XW
:<.<>3:<2�J 9;:<23=SR_4 6*JS. J 9�4Q==V&4;2?..I7g
1s?@EM0R]p/a`Xm {|V�:F0219GY1C358w?@4�1HkdeD356@?�f>1H42E91�Ic1H:�xl19194�:F021�]_/a`\8,A�4y:F023>8af>1�6�19f r2:<021�G<?@42Q"A�V
:<0D1\SLe2f5:F3>O2fhgPB21�:<19E�:<1HBy:FGF3>=�=�19GY8lx.3>f5fJIc1\GFA�e2=�02fhgT:F021\8<?@Si1z354U1s?@EM0�]p/a`Pr2O2GYA�B2eDE93>4D=P?
E9f5e28Y:F19GY3>42=X?�f5A�42=C:F021\B23>?�=�A�4N?@fJA�V�?L8YEs?@:Y:<19G�ODf>A�:�A�V�:<021\GF?�42Qo354UA�421v]p/a` :FAL:<021\GF?�42Q
3>4y?�4DA�:<021HG9m



�D�

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100
Rank/Rank Plot of All Coincident Triggers

BlockNormal Rank

S
LO

P
E

 R
an

k

���������
	[��
�� � 
\C�=,6:!&!&�,/ '��4�(!�-$#�� ������1A!$#��2/36(��? �&% 6�� � JK��3 !&/3��1(1(�,/ 9��,!&��= !&��9 ���8!$#�� < �4�>=$? �
@ �(/3�%6(�>JK�;3 !&�I!$#��^/36(��?26(- 9��,!&��= !&��9%��� !$#���C>EGFIHKJ JK��3 O(��#��,/$�^��-G6 !&�(!$6(�>�&% �>)������ � JK��3
!&/3�41(1(�,/5-�� �,! �"�,��� < �4�>=$?>@��(/3�A6(� 6(��9.C�E FIH J�O

���	� ��� !�
 )
��� � � ����� � ���

§�35GF8Y:9r�f51H:�e28�E9A�428Y3>B21HG�:F021i:FGF3>=�=�19GY8v:F0N?@:�x�1HGF1UBD1H:<1HEH:F19B�I'g�:�x�A�A@V�:<0D1i:<0DGF191o]p/a`v8Hm
/�021H8F1,:FGF3>=�=�19GY8ux.35f>fNIc1,GF1�Vj19GYGF19Bi:<AL?@8W��Z�]p/a` :FGF3>=�=�19GY89m~§�3>=�e2GY1,��m5���\8F0DA�x.8l:<021w8FEs?�:F:<1HG
O2f5A�:.A�V�:F021�G<?�42Q"A@V~��f5A�EMQ3YaA�GFSi?�f���Z�]_/a`�:<GF35=�=�1HGF8�:<AX:<021�G<?@42QUA�V�:<021�E9A�GYGF1H8FOcA�42B23542=
n ���[Z_] ��Z ]p/a` :<GY3>=�=�1HGF8Hm n 3>ST3>f>?�GFfhg�r�§�3>=�e2GY1T�Dm5�s¡y8Y02A�x.8C:<021T8FE9?@:F:F19G�O2f>A�:vVjA�G\:F021"��Z
]p/a` :<GY3>=�=�19GF8WVjA�G���f>AdEMQ3YwA�GYSo?@f�?�42B \ Z_35OJ1Hf>35421z?�4DB�§�3>=�e2GY1\�Dmh�s¥PVjA�G n ���[Z_] ?�42B \
Zp3>Oc19f53>421v��Z ]p/a` :<GY3>=�=�19GF8Hm

/Wx�A�A�I28Y19GY6@?@:F3>A�4D8�?�GY1.GF1s?@B23>fhgLSi?�B21SW�:<021HGF1a3>8_42A�E9f5e28Y:F19GF3542=�?�f>A�42=\:<021aB23�?@=�A�4N?�f�A�V
:<0D198F1\ODf>A�:F8u:FAP8Fe2=�=�198Y:�?�4U19k7e23h6@?�f>1H42E91zIc1H:�xl191H4":<021\]p/a`\8�?�42BU:F0219GY1\?�GY1,Si?�4'goSTA�GF1
:<GY3>=�=�19GF8.:<02?@:,IcA�:F0���f5A�EMQ3YwA�GFSi?�f�?�42B n ���8Z_] 3>BD194':<3h¤N19B�E9A�STON?�GY19B�:FAi:F02A�8F1�:<0N?�:[\
Zp3>Oc19f53>421.?�4DBo��f5A�EMQ3YaA�GFSi?�f2A�G@\(Z_35OJ1Hf>35421.?�42B n ���[Zu]�35B2194':F35¤N1HB�m~/�02358u358_?@:F:FGF35I2eD:<1HB
:<A\:F021�V^?�EH:p:F0N?@:p:<0D19GF1.358p42A�:l?zx�1Hf>fhZ|B21H¤24219BP:<GY3>=�=�19GpB2e2GF?@:<35A�4LVjGFA�S \(Zp35OJ1Hf>3>4D1W8F3542E91.35:
?�4N?@f5gd¨91H8�BN?@:<?,3>4�:<021uVjGF1HkdeD1942E�g7Z|B2A�Si?�3>4�m�/�021HGF1HVjA�GF1�r@:<021u:<GF35=�=�1HGF8�35:�O2GFAdB2e2EH198p?�GY1lA�42f5g
?X8F3>4D=�f>1z:F3>ST1\8<?�STO2f>1v?@42B�02?�6�1C?X8FSi?�f5f>19G�EM0N?�42EH1CA�V�IJ1H3>42=TE9A�3>42EH3>B21H47:.x.3h:<0y?X:FGF35=�=�19G
VjGFA�S�?�42A�:F0219G�]_/a`Pmd/�021wVjGF?�EH:F3>A�4iA�V�:<GY3>=�=�19GF8_:<02?@:W?@GF1aE9A�3542E935B2194':�x.3h:<0o?�42A�:F0219G�]_/a`



�'�

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100
Rank/Rank Plot of All BlockNormal/Q Pipeline Coincident Triggers

SLOPE Rank

Q
 P

ip
el

in
e 

R
an

k

���������
	[��
�� � 
\C�=,6:!&!&�,/ '��4�(!�-$#�� ������1A!$#��2/36(��? �&% 6�� � JK��3 !&/3��1(1(�,/ 9��,!&��= !&��9 ���8!$#�� < �4�>=$? �
@ �(/3�%6(�"JK�;3 !&�.!$#��A/36(��? 6(- 9��,!&��= !&��9 ��� !$#�� M HK�4' ����������JK�;3 O ��#��,/$� ��-26U!&�(!$6(�"�&% ��:�:
� � JK��3N!&/3�41(1(�,/5-�� �,! �"�,��� < �4�>=$?>@��(/3�A6(� 6(��9UM HK�4' ���������(O

3>8�8Ye2STSo?�GY3>¨H19B(3>4"/�?�I2f51���m ��m
����� ��� ��������������� § GF?�EH:F3>A�4"A@V�:<A@:M?�f�:FGF35=�=�19GY8 /�A�:<?�f�:<GY3>=�=�19GF8

��f5A�EMQ3YwA�GFSi?�f�?�4DB n ���[Z_] �Dm �S� � � ¡D� � �
��f5A�EMQ3YwA�GFSi?�f�?�4DB�\ Z_35OJ1Hf>35421 ��m��'�@¡�¥2� � � �
n ���[Zu] ?@42B \ Zp3>Oc19f>35421 ��m���¥�¡*��� �@¡*�

(*)�+-,i	.��
 � 
	��/36(= !$���0� �&% � � J �;3e!&/3�41(1(�,/3- � �,! � �,��� < �4�>=$?>@��(/5�%6(�GBLC>E FIH J 6(��98MYHK�4' ���������(O
��#��2!&�(!$6(� � ��� � �,/��&% !&/3�41(1(�,/5- 6(9��A�4!&!&��9 %�/$�0� ��6(=5# JK�;3R%i/3�0� 6(��� �&% !$#��2'���6�� 1(/$������9U9�6:!$6
-&�,10�����;!$-���-\) � B �:+(+>O

/�0219GY1�B2Ad198~8Y1919S :<A\Ic1�8YA�Si1�E9A�GYGF19f>?@:<35A�4CA@V G<?�42Q�Ic1H:�xl19194X:<0D1 n ���[Zu]�?�42BX�lf>AdEMQ'Z
YwA�GFSi?�f���Z ]p/a` :FGF3>=�=�19GY8w?@42B n ���[Z_]#?�42B \ Z_35OJ1Hf>35421���Z ]p/a`
:<GY3>=�=�19GF8Hm n Oc19EH35¤NE9?�f>fhg�r
35:�?�O2Oc1s?@GF8�:F0N?@:�:F021W0235=�021HG�G<?@42Q73>42=X[jG<?�4DQd8�E9f>A�8F19G�:<AL��b�?\��Z�]p/a` :FGF3>=�=�19G�3>8�354 n ���[Z_]�r
:<0D1PSiA�GY1Lf>35Q�1Hf5gy35:\358,:<A"Ic1P8F1H194�I'g�:<0D1PA�:<021HG\]p/a`v8�?@:\?�4'g�G<?@42Q m�%�A�4'6�1HGF8Y19f5g�r�:<02358
3>STO2f53>198�:<0N?@:u:<0D1wf5A�xl19GuG<?@42Q73>42=C?v:FGF3>=�=�19G_3>8_354 n ���[Z_]�rd:F021wf5198Y8lf53>Q�1Hf5gP3h:u3>8p:<A�IJ1a8F1H194
?@:z?�f>f�I'g}:F021LA�:F0219G,]_/a`\89m\/�0D3>8,358w6d3>8YeN?�f5f5g(STA�GF1�O2GFA�4DA�e242EH19BRx.02194Rf5A�A�Qd3542=i?@:z:<0D1
n ���[Z_] ?�42B,\ Zp3>Oc19f53>421z��Z ]p/a`�:FGF35=�=�19GY8�?�8W8Y02A�x.4�354"§�35=�e2GF1,�Dmh�s¥2mp{|:�358Wf>1H8F8�A�I'6d3>A�eD8



��¡

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100
Rank/Rank Plot of All Slope/Q Pipeline Coincident Triggers

SLOPE Rank

Q
 P

ip
el

in
e 

R
an

k

���������
	U��
�� � 
 C>=,6:!&!&�,/W'L�4�(!^-$#�� ������1 !$#�� /36(��?%�&% 6 � � JK�;3e!&/3��1(1(�,/�9��,!&��= !&��9 ��� !$#��\C>E FIH J
JK��3 !&� !$#�� /36(��? 6(- 9��,!&��= !&��9���� !$#��8M H �4' ��������� JK�;3 OG��#��,/3� ��- 6�!&�(!$6(�^�&%�E ��E � � JK��3
!&/3�41(1(�,/5-�� �,! �"�,����C>EGFIHKJ�6(�L9.MNHK��'D���������(O

Ic1H:�xl19194 n ���[Zu] ?�42B���f5A�EMQ3YwA�GFSi?�fW��Z ]p/a` :<GY3>=�=�19GF8"[ §�35=�e2GF1o�Dmh����b�Ic19E9?�e28F1(A�Va:<0D1
f�?@GF=�1�4deDSLIJ1HGzA�Vp:F02198Y1PON?�GY:F3>EHe2f�?�G,��Z�]_/a` :<GY3>=�=�19GF8wf>19?�B}:<Ai:<021 �¢8Y:<?�EMQ73>42=D �A�Vp:<GY3>=�=�19GF8
x.35:F0�:<021"8F?�ST1UG<?�4DQd8PIc1H:�xl191H4�:F021(]p/a`X ¦8CZz:F023>8C3>8��Ye28;:T?�8F02A�GY:<EHA�ST3>42=�A@V.e28F3542=�?
8FE9?@:F:F19G.O2f5A�:�:<AX3>f5f>e28;:<GF?@:<1a:<021H8F1v:<GF35=�=�1HGF89m

/�A�:F198;:L:<021o8Y:<GY1942=@:<0�A�V�:<0D3>8CEHA�GFGY19f>?@:<35A�4�r�:F021 n Oc1s?�GYSo?@4�G<?�4DQ�EHA�GFGY19f�?�:<3>A�4�EHA�1�V�Z
¤NEH3>194':��#�'�! w3>8iEs?�f5E9e2f>?@:<1HB�mt/�021R0D3>=�021HGi:F021R?�I28YA�f>e�:<1�6@?�f5e21}A@V�:F023>8iE9Ad1  TE935194':sr.:<0D1
8Y:FGFA�4D=�19GL:F021"E9A�GYGF1Hf�?@:F3>A�4�r�x.023>f51o35:F8L8F35=�4�GF1HO2GF1H8F1H47:F8o?ROcA�8F3h:<3h6�1oA�GP4219='?�:<356�1UE9A�GFGF1Hf�?�Z
:<35A�4�ru3£m¦1�m�?�OcA�8Y35:<3h6�1(E9A�GFGF1Hf�?@:F3>A�4�xlA�e2f5B�Ic1yA�I28F1HGY6�19B x.021H4�:F021�47e2SCIJ1HGiA�Vz��Z�]_/a`
:<GY3>=�=�19GF8,3>42EHGF1s?@8F198\354�?�42A�:F0219Gv]p/a`*?@8,:<021 n ���[Z_]�GF?�42Q�?�O2O2GYA'?�EM021H8T�X?@42B�?U4219='?�Z
:<3h6�1vE9A�GFGF1Hf�?@:F3>A�4Ux.0D194�:F021�4deDSLIJ1HG.A�V_��Z�]p/a` :<GF35=�=�1HGF8�B21HE9GF19?�8F1H8,354�?@42A�:<0D19Ga]p/a`�?@8
:<0D1 n ���[Z_] GF?�42QU3542E9GY1s?�8Y1989m

/�APE9?�f>EHe2f�?�:<1.:<02358WE9A�GYGF1Hf�?@:F3>A�4�r78;:M?@:F1,:<021,4deDf>fc07gdOcA�:<0D198F358�[U'�� buVjA�G�?�4'go=�3h6�1H4(]_/a`
?�42B(:<0D1�EHA�GFGY19f>?@:<35A�4U0'gdOJA�:F02198Y3>8.:<0N?�:.3>8�:<AXIc1v:F198;:<19BK[U'��Fb;W

��� WP/�0219GY1U3>8�42A�EHA�GFGY19f>?@:<35A�4�Ic1H:�xl191H4�:<021U8;:<GY1942=�:F0�A�Va?(:<GF35=�=�1HG�354KA�421
]p/a` ?�42B(3h:.f>3>Q@19f53>02AdA�BT:<ATIJ1\BD1H:<1HEH:F19B�354(?�42A�:F0219Ga]p/a`Xm



��¥

� �IWX/�021U8Y:FGFA�4D=�19GC:F021o:FGF3>=�=�19G�3>8�3>4KA�421"]p/a`Xr�:<021iSiA�GF1of53>Q@19f5g�3h:L358�:FA
?�f58FAXIc1\B21H:F19EH:F19B�I7gy?@42A�:<0D19Ga]p/a`Xm

/�AU3>f5f>e28;:<G<?�:<1z:<0D1CST1H:<0DA�B2A�f>A�=�goVjA�G,E9?�f>EHe2f�?@:F3>42=P:F021 n Oc1s?@GFSi?�4}GF?�42Q(E9Ad1  TE935194':srJE9A�4dZ
8F35B219G�3>4'6�1H8Y:<35='?@:F3>42=,:F021�E9A�GFGF1Hf�?@:F3>A�4�IJ1�:�x�1H194T:<021�8;:<GF1H42=�:F0TA@Vc? n ���8Z_]K��Z ]p/a`#:FGF35=�=�19G
:<Ay:<021T47e2SLIc19G�A�VW:<35Si1H8v35:vxW?@8C8F1Hf>1HEH:<1HB�I'gK?@42A�:<0D19G�]_/a` ?@:C?�4'g�G<?�4DQcmy§NA�Gv1H6�19G;g
n ���[Z_]�GF?�42Q r�EHA�e24':�:F021�47e2SCIJ1HG�A�V2:FGF35=�=�19GY8�:<0N?@:�xl19GF1W?�f>8YAwB21�:<1HEH:<1HBPI'gC�lf>AdEMQ YaA�GFSi?�f
A�G \ Zp3>Oc19f>35421�m�/�021H4T:F021�47e2SLIc19GpA�Vc:<GY3>=�=�1HGF8~BD1H:<1HEH:F19BT3>4X��f5A�EMQ3YwA�GFSi?�fDA�G
\(Zp3>Oc19f53>421
3>8wG<?�4DQ�19B�[�x.35:<0}G<?�42Q��PIc193>4D=o:<021C=�GF19?@:<1H8Y:\47e2SLIc19G,A�Vp:<GY3>=�=�1HGF8Hr��i:<0D1L421��d:\=�GF1s?�:<198;:
?�42B}8FAUA�4Nb�m./�023>8ax.3>f5f�Ic1�Es?�f5f>19By:<021�:<GY3>=�=�1HG.4deDSLIJ1HGzG<?@42Q mw{|Vp8Y1H6�19G<?@f n ���[Zu] GF?�42Q78
0N?s6�1(:<0D1y8F?�ST1"4deDSLIJ1HGXA�Vw:FGF35=�=�19GY8P3>4���f5A�EMQ3YwA�GFSi?�f�A�G \ Z_35OJ1Hf>35421�rp:<0D194�:<021�g�GF1 Z
E91H356�1a:F021,?s6�19G<?@=�1,GF?�42QPA�VJ:<021.:<GY3>=�=�1HGp47e2SLIc19GuG<?�42Q78u:<021�gX8FON?�4�mp/�021 n Oc1s?@GFSi?�4iGF?�42Q
E9A�GFGF1Hf�?@:F3>A�4REHA�1  TE93>1H4':C358\E9A�STO2eD:F19B�I7g�EHA�STON?�GF3542=U:<0D1 n ���[Z_]�G<?@42Q}:<A(:<0D1X:FGF35=�=�19G
47e2SLIc19G.G<?@42QoVjA�G.��f5A�EMQ3YaA�GFSi?�f�?@42B�\ Zp3>Oc19f>35421�m

/�021 n OJ19?�GFSi?�4(G<?@42QUE9A�GFGF1Hf�?@:F3>A�4oE9Ad1  TE935194':����a3>8�=�356�1H4�I'gOW
� ��� � " �� ! "��

�	 

� �
� �



[^�Dm5��b

� � � � ��� "��� [^�Dm ��b

x.021HGF1 � 358�:<021�B235qJ19GY1942EH1�Ic1H:�xl191H4�:<021 n ���8Z_] G<?@42Q(?�42By:<GF35=�=�1HGa47e2SCIJ1HGwGF?�42Q r�?@42B� 3>8z:F021X4deDSLIJ1HGvA�V n ���[Z_]�GF?�42Q789mi§NA�Gz:<02358\3>4'6�1H8Y:F3>='?@:F3>A�4�r�� x.3>f>f~?�f5x�?sg�8vIc1(�����Dm
/�021v6@?�GF3>?�42E91\354�� � 358.=�356�194(I'gNW

� � � �� " � [^�Dm�¡�b

x.021HGF1�� 358w:<0D1P4deDSLIJ1HGzA�Vl��Z�]p/a`�:FGF3>=�=�19GY8,Ic193>4D=UE9A�4D8F3>BD19GF1HB�m\/�021HGF1HVjA�GF1�r�:F021L1HGFGFA�G
3>4�:<021 n Oc1s?�GYSo?�4�G<?�4DQ�EHA�GFGY19f>?@:<35A�4�EHA�1  TE93>1H4':ox.3>f5f�IJ1�198;:<3>Si?@:F19B I'g�:<0D1�8Y:<?�42BN?�GYB
B21�6�3>?@:<35A�4�r � W � � ��� � � � � �� � " � [^�Dm¢¥'b

/�?@I2f>1(�Dm¢¡R8F02A�x.8X:<021 n Oc1s?@GFSi?�4�G<?�4DQ�E9A�GYGF1Hf�?@:F3>A�4�EHA�1  iEH3>1H47:TIc1H:�xl191H4�:<0D1yGF?�42Q
A�Va?�4�]p/a` [^GFA�x.8<bC?�42B�:F021U47e2SLIc19GLA@V�:<3>ST198�:<0N?�:LG<?@42Q�358LA�I28Y19G;6�19B�r_x.3h:<0�GY198FOc19E�:
:<A�?@42A�:<0D19G"]p/a`PrlVjA�GU19?�EM0%��Z ]p/a` E9A�SLID3>4N?@:F3>A�4t[^EHA�f>e2ST428<b�m ' �i358oE9A�4D¤NGFST19B VjA�G
n ���[Z_] 8F3542E91\:<0D1�EHA�1  TE93>1H4':<8a3>4U:<0D1 n ���[Z_] GFA�xt?�GF1\8Y3>=�423h¤NEs?@47:Ff5gi=�GF19?@:<1HG�:<0N?�4(:<0D1



�*�

E9Ad1  TEH3>194':F8w354yA@:<021HG�GFA�x.89m
� � ��� ���C	����
�������
� 	�� ��f>AdEMQ3YwA�GYSo?�f ��f>AdEMQ3YwA�GYSo?@f n ���[Zu]

� 	 ���	� ��������� 
 n ���8Z_] 
 \ Zp3>Oc19f53>421 
 \ Zp3>Oc19f53>421
��f5A�EMQ3YwA�GFSi?�f ��m ����¥*� � �Dm¢�D� � � �Dm �@�D��� � �Dm¢�*�S��� Y�� $
n ���8Z_] ��m�� ����¡ � �Dm¢�D� � � Y�� $ �Dm ��¡D����� �Dm¢��¥'¡�¡

\ Zp3>Oc19f53>421 Y � $ �Dm �d���S� � �Dm¢�*�S��� �Dmh����¡�¥ � �Dm¢��¥'¡�¡
(*)�+-,i	 � 
	� 
IC ' ��6:/3�A6(� /36(��? = �(/$/$����6:!$�4�0�8= � ���A=,�4���;!�� �,! �"�,���U!$#��2/36(��? �&% 6 � � J �;3 !&/5�41(1(�,/
���U�0��� J �;3 0�/$� � - 8�6(�L9U!$#�� � ��� � �,/ �&% !$������- !$#�6:! /36(��?8��- � �L-&�,/ 6(��9 ���.6(���(!$#��,/ JK��3R%��(/
��6(=3# � � JK��3N= �0� ������6:!$�4�0� 0 = �0� ���%��- 85O

���	� �"! � 
 )
��� � � ����� � ���

§�354N?�f>fhg�rJf>1H:�e28vEHA�428F35B219G\:F021P:<GF35=�=�1HGF8z:<02?@:vx�1HGF1TB21H:F19EH:F19B�I'g��lf>AdEMQ YaA�GFSi?�f r n ���[Zu]
?�42B�\ Zp3>Oc19f53>421@ml/�021H8F1�:<GF35=�=�1HGF8�x.3>f5f�IJ1vGY1HVj19GYGF1HB}:<Ai?�8w¡�Z ]p/a` :<GY3>=�=�19GF8Hm�§�3>=�e2GY1��Dm5���
8F0DA�x.8w:<021�8FEs?�:F:<1HG,O2f5A�:aA�V~:F021CGF?�42Q(A�V�:F021L¡�Z ]p/a`
:<GF35=�=�1HGF8a3>4���f>AdEMQ3YwA�GYSo?�f�:FAi:F021935G
G<?@42QK354 n ���8Z_]�m n 35Si35f�?�GYf5g�r�§�35=�e2GY1U�Dmh����8F0DA�x.8X:<0D1(¡�Z ]p/a`!:FGF35=�=�19G�G<?�4DQK3>4��lf>AdEMQ'Z
YwA�GFSi?�f~:<A(:<021H3>GvG<?@42QR3>4�\ Zp3>Oc19f53>421X?�4DB�§�35=�e2GF1X��m5� � 8F0DA�x.8�:<021T8<?�ST1PVjA�G n ���[Zu]
?�42B�\ Zp3>Oc19f53>421@mi/�0D19GF1i?�GY1o�S��¡�¡�Z ]p/a` :<GY3>=�=�1HGF8zx.0235EM0�?�GY1i��m�� � ��
 A�Vl:<021X:<GY3>=�=�19GF8
?�B2ST35:Y:<1HBTI'gX19?�EM0U]p/a`Pm 'wA�x�1�6�1HG9rD:F0219GY1a358u?�SLeDf5:<3 Z|:FGF3>=�=�19GY3>42=a3>8Y8Fe21.x.35:F0 \ Z_35OJ1Hf>35421 +
:<02?@:y3>89rw8F3542E91�\ Zp3>Oc19f53>421RODGFAdB2e2E91H8�8Y3>42=�f>1ROcA�3>4':<8Ux.0D19GF1�:<021R:FGF3>=�=�19G"358"f>AdEs?�f53>¨91HB�r
:<0D19GF1X358v?U023>=�0D19G\O2GYA�IN?�I235f>3h:�gy:F0N?@:\:F0219GY1TE9?�4�IJ1XSTA�GF1�:<0N?�4�A�4D1&\ Zp3>Oc19f>35421�:FGF35=�=�19G
E9A�47:<?�3>4D19B�3>4�1H35:<0D19GP?���f5A�EMQ3YwA�GFSi?�flA�G n ���8Z_]�:<GF35=�=�1HG9m�/�0219GY1�?@GF1y��¡�¡�eD423>k7e21(¡�Z
]p/a`�:<GY3>=�=�19GF8wIJ1�:�x�1H194���f>AdEMQ3YwA�GYSo?@f�?�4DB n ���[Z_] ?�42B�� ��¡oeD423>k7e21X¡�Z�]p/a`�:<GY3>=�=�19GF8
Ic1H:�xl19194��lf>AdEMQ YaA�GFSi?�fp?@42B \ Z_35OJ1Hf>35421�r�?�42B n ���[Z_] ?�42B \ Z_35OJ1Hf>35421�m��a1H='?�GYB2f>1H8F89r
:<0D1w8YSo?�f5f2Oc19GFEH194':M?@=�1wA@V�¡�Z�]_/a`%:FGF35=�=�19GY8pE9A�STON?�GY19BX:<Av:<021aA�6�1HG<?�f5fN4deDSLIJ1HGlA@V�:<GY3>=�=�19GF8
VjGFA�S�1s?�EM0�]p/a` GF19354DVjA�GYE9198�:<0N?�:C:<0D19GF1i3>8�42A�:L?�4�19k7e23h6@?�f>1H42E91iIJ1�:�x�1H194�:<0D1"]p/a`!354
:<0D1v:FGF35=�=�19GY8W:<0N?�:�:<021�gy?�f>fJ3>B21H47:F35V�g�m

$,='?@3>4�r�:<021HGF1u3>8�42A,EHf>e28;:<1HGF3>4D=,?�f5A�42=�:<0D1lB23>?�=�A�42?�f>8�A�VD:<021H8F1�8YEs?@:Y:<1HG�O2f5A�:<8�:<Aa8FeD=�=�198;:
:<02?@:X:<021HGF1(3>8X?�E9A�GYGF1Hf�?@:F3>A�4�Ic1H:�xl191H4 :<021y]p/a`\8T8Y191H4 3>4�:<0D1(:FGF35=�=�19GY8L:<0N?�:P:<021�g�?�f>f
B21�:<19E�:sm@'wA�xl1H6�19G9r�:<021HGF1\?�ODOJ19?�GF8u:<ALIc1z?�8F3>ST3>f>?�GpE9A�GFGF1Hf�?@:F3>A�4TIc1H:�xl19194":F021,8;:<GF1H42=�:F0UA�V
? n ���[Zu]�¡�Z ]p/a` :FGF35=�=�19G�?�42BP:<0D1a47e2SCIJ1HGpA�VJ:F3>ST198~3h:p3>8�B21H:F19EH:F19BT3>4P:<0D1�A�:<021HG_]p/a`v8Hm

/�?@I2f>1\��m¢¥P8Y02A�x.8.:F021 n Oc1s?�GYSo?@4"G<?�42QTE9A�GFGF1Hf�?@:F3>A�4oE9Ad1  TE935194':.IJ1�:�x�1H194(:<021\GF?�42QTA�V
?�4�]p/a` ?@42BR:<021L47e2SCIJ1HG\A�Vp:<35Si1H8,:<0N?�:\G<?�4DQ�358zA�I28Y19GY6�19B�r�x.3h:<0RGF1H8FOc19E�:\:<A(?�42A@:<021HG



���

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100
Rank/Rank Plot of All BlockNormal/SLOPE/Q Pipeline Coincident triggers

BlockNormal Rank

S
LO

P
E

 R
an

k

���������
	 ��
�� � 
 C>=,6:!&!&�,/%'L���(! -$#�� ������1U!$#�� /36(��? �&%�6 � � JK�;3 !&/3��1(1(�,/ ��� !$#�� < �4�>=$?>@��(/5�%6(�
JK��3Y!&�%!$#��\/56(��? 6(-�9��,!&��= !&��9.��� !$#�� C>EGFIHKJ�J �;3 O

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100
Rank/Rank Plot of All BlockNormal/SLOPE/Q Pipeline Coincident triggers

BlockNormal Rank

Q
 P

ip
el

in
e 

R
an

k

���������
	 ��
�� ��
 C>=,6:!&!&�,/%'L���(! -$#�� ������1U!$#�� /36(��? �&%�6 � � JK�;3 !&/3��1(1(�,/ ��� !$#�� < �4�>=$?>@��(/5�%6(�
JK��3Y!&�%!$#��\/56(��? 6(-�9��,!&��= !&��9.��� !$#�� MNH �4' ��������� JK�;3 O



� �

0 10 20 30 40 50 60 70 80 90 100
0

10

20

30

40

50

60

70

80

90

100
Rank/Rank Plot of All BlockNormal/SLOPE/Q Pipeline Coincident Triggers

S
LO

P
E

 R
an

k

Q Pipeline Rank

���������
	�� 
 � ��
 C>=,6:!&!&�,/ 'L�4�(!�-$#�� ������1 !$#��\/36(��? �&% 6 � � JK�;3 !&/3�41(1(�,/���� !$#�� C>E FIH J�JK��3Y!&�
!$#��\/56(��? 6(- 9��,!&��= !&��9.��� !$#�� MNHK��'D���������IJK�;3 O

]p/a`Xr VjA�G.1s?@EM0R]p/a`Xmc/�02198Y1L47e2SLIc19GY8,GF1HO2GF1H8F1H47:,:<021�Si19?�4}EHA�1  iEH3>1H47:ax.021H4�:<021�B235V�Z
Vj19GY194':vE9A�SLI23>42?@:<35A�428zA�Vue24D3>k7e21X¡�Z�]_/a`�E9A�SCI23>4N?�:<3>A�428z?�GY1PEs?�f5E9e2f>?@:<1HB�:<A(?�EHE9A�eD47:\VjA�G
:<0D1zSLe2fh:<3hZ£:<GY3>=�=�1HGF8_O2021H42A�ST1942A�4yA@V \ Zp3>Oc19f53>421@m~/�021\EHA�1  iEH3>1H47:F8�e28F1HB"VjA�G�19?�EM0(Si19?�4
xl19GF1�?�f5fJxl19f>f�x.3h:<02354":<021v8Y:<?�42BN?@GFBy19GFGYA�G9m

�lf>AdEMQ YaA�GFSi?�f n ���[Z_] \ Zp3>Oc19f>35421
�Dm��S� ��� � �Dm����*� � ��m������ � � �Dm¢���*� � �Dm5�9¥*��¥�� �Dm¢����¡��

(*)�+-,i	���
	� 
 C>'D��6:/5�%6(� /36(��? = �(/$/$����6:!$���0� = �;���A=,�����g! � �,! � �,���U!$#�� /36(��? �&% 6(�UJK�;3N6(�L9 !$#��
� ��� � �,/G�&%D!$������-G!$#�6:! /36(��? ��- � �L-&�,/I6(��9�B ���4!$# /3��-&' ��= ! !&�\6(���(!$#��,/KJK��3 B�%i�(/ � � J �;3*!&/3��1(1(�,/3-,O

����� � P c 	 T��AVL
W]��U_ c

/�02358�35476�198;:<3>=�?@:<35A�4�8YA�e2=�0':�:<A�B21H:F19GFST3>4D1T3hVW8Y1H6�1HG<?�f���{;`�� IDe2GF8;:L]p/a`\8�xl19GF1TVje242BN?�Z
ST194':M?�f5f5g�19k7e23h6@?�f>1H47:~3>4L:<0D1�8Y:<GYA�42=�1H8Y:u?�EHE935B2194':M?@fD:<GY3>=�=�1HGF8�:F021HgCO2GFAdB2e2EH19BT1H6�194X:<02A�eD=�0
1s?@EM0�Si1�:<02AdB}eD8F19B�?iB23hq�1HGF194':a:<021HA�GYg(:FAiO2GYA�EH198Y8,:<021�BN?@:<?Dm�{�423h:<3�?@f�3>428YOJ1HEH:F3>A�4�A�V~:<0D1
:<1HSiOcA�GF?�fNf>AdEs?@:F3>A�4D8pA�V�:<0D1w8;:<GFA�42=�198;:�:FGF3>=�=�19GY8u354i3542B23h6�35B2eN?�fNB2?@:M?v8F1�:<8�ODGFA�6�1HBU:<0N?@:u:<0D1



� �

]p/a`v8Xx.3>f5f�A�V�:F194�3>B21H4':<35V�gKB235qJ19GY194':X:<35Si1H8LVjA�GP8Y:FGFA�42=�198Y:X:FGF3>=�=�19GY8X?�42B�1H6�1H4 :<GY3>=�=�19GF8
VjGFA�S�SLeDf5:<35O2f>1�]p/a`\8,:<0N?�:zx�1HGF1Pf5A�E9?�f>35¨919B}?�GFA�e242B�?o8YOJ1HE935¤2EL:<3>ST1�G<?�GY19f5gyA�6�1HGFf>?�O2Oc19B
3>4�:<021H3>G�:<GF35=�=�1HG�:F3>ST1TA�GCG<?@42Q�1HB�:<021o:FGF35=�=�19G\x.3h:<0�1HkdeD356@?�f>1H4':L8Y:FGF1H42=�:<0�mR��A�A�Q73542=}?�:
:<0D1UVj1Hx�:<GY3>=�=�1HGF8C:F0N?@:C1s?�EM0�]p/a`�3>BD194':<3h¤N19B�?�8L?}:<A�O ������:<GY3>=�=�1HG�VjGYA�S ?@4�3>42B23h6d3>B�Z
eN?�f�BN?@:M?U8Y19=�ST194':9r�:F0219GY1P3>8z4DA(VjeD42BN?�ST194':M?@f~19k7e23h6�?@f>194DE91PIc1H:�xl19194�:<021X]p/a`\8v3>4�:<0D1
8Y:FGF1H42=�:<0R:F0N?@:v1s?@EM0�GF?�42Q@19B�:<021L:FGF3>=�=�19GHm 'aA�xl1H6�19GHr�:F0219GY1LxW?�8�?UEHA�GFGY19f�?�:<3>A�4�IJ1�:�x�1H194
:<0D1w8;:<GF1H42=�:F0oA�VJ:<021.:<GY3>=�=�1HG_?�8 n ���[Zu]�35B2194':<3h¤N19BT35:p:FA�:F021af>3>Q@19f53>02AdA�B�:<0N?@:_:F021a:FGF35=�=�19G
xlA�e2f>ByIc1\8F191H4}I'g(A�:F0219G.]p/a`\89m



Chapter 7
� � 
-)����R$�� ���	� � 	�
 ��
����  �,$ � 
��}$ ��� ��� ��	  


 + � �
� �  � �.� ��� 
 � �  $���	 �  ���  ��� � �

� �  �%$�� � � $ � � 
*)��

n 3542E91W:F0219GY1.xl19GY1.42AvA�I'6�35A�e28p8Y3>ST3>f�?@GF35:F3>1H8�A�G~B235qJ19GY1942EH198_3>4P:F021�8Y:FGFA�42=�198Y:_:FGF3>=�=�19G�O2GFA�OdZ
19G;:<35198PIc1H:�xl19194�:<021y]p/a`\8L:<A�8Fe2=�=�198;:o?}VjeD42BN?�ST194':M?@fW19k7e23h6�?@f>194DE91�ru02A�x-19?�EM0�]_/a`
Oc19GYVjA�GFST8wx.35:F0�GF1H8FOc19E�:z:<A"8YOJ1HE935¤2EL8F35=�4N?�f�O2GYA�OJ1HGY:F3>198,8Fe2EM0�?�8,8F3>=�4N?�f�:�g�Oc1�rJVjGF19k7e21H42EHg�r
?�STO2f>3h:<e2BD1i?@42B�B2e2GF?@:<35A�4K358C35476�198;:<3>=�?@:<1HB�m�/�0D3>8C358CB2A�421oI'g�:M?�Q73>4D=�?}8YOJ1HE935¤2EU8F35=�4N?�f
:�gdOJ1@r 3>4 �Y1HEH:<3542=P35:.Si?�4'go:F3>ST198�3547:FAXIN?�8F1vBN?�:M?PVjA�GW6@?�GF35A�e28�?�STO2f535:<eDB2198.?�4DByBDe2G<?@:F3>A�4D8
?�42BXST1s?�8Ye2GF3542=z:<0D1WVjG<?�E�:<3>A�4LA�Vc3>4 �Y1HEH:F19BX8F35=�4N?�f58~B21H:F19E�:<19BTI'gX?�4X]p/a`Pm %�A�STON?�GF3542=z:<0D1
GF1H8Fe2fh:<8�A�V�:F021\B21H:F19E�:<3>A�4(VjGF?�EH:F3>A�4iVjGFA�S�B235qJ19GY194':.8F35=�4N?�fc:�gdOJ1H8.x.35f>f gd3>19f5BUSTA�GF1z8YOJ1HE93h¤NE
3>4�VjA�GFSi?@:<35A�4oA�4yx.0N?�:w8Y3>=�42?�f�O2GYA�OJ1HGY:F3>198�19?�EM0�]p/a` V^?s6�A�GF89m

n 19E�:<35A�4 � mh�LA�eD:Ff>3542198.:<021�Si1�:<02AdB2A�f5A�=�g"eD8F19B�:FAUST1s?�8Ye2GF1�:<021�B21H:F19EH:F3>A�4R1  TE93>1H42EHg
O2GYA�¤Nf>1H8�[j:F021�B21�:<1HEH:<35A�4 VjG<?�E�:<35A�4�8F?�SiODf>19B�?�:}6@?�GF35A�e28R?@SiO2f535:Fe2B2198�?�42B BDe2G<?@:F3>A�4D8Mb�m
/�021H8F1(O2GFA@¤Nf>1H8Le28Fe2?�f>fhg�GY198Y19SLI2f51U8F35=�STA�3>B�Vje242EH:F3>A�4D8LA�Va?�STO2f>3h:<e2BD1�m�/WxlA�3>STOJA�G;:M?�4':
ON?�GF?�ST1H:<1HGF8_A�V�?�8Y3>=�STA�3>BX?@GF1�:<021 ��� 
 1  TE9351942E�gTSo?�GYQP?�42BX:<0D1a8;:<1H19O2421H8F8WA@V�:<0D1a:FG<?�4�Z
8F3h:<35A�4LGF1H=�3>A�4PIJ1�:�x�1H194X:<021�ST3>4235SLe2S�?�4DBTSi?���3>SCe2S�1  TE9351942EH3>198Hm~/�021H8F1w?�GF1WBD3>8FEHe28F8Y19B
VjA�G.:<021�B235qJ19GY194':,]_/a`\8,354 n 1HEH:F3>A�4 � m �dma/�0D198F1CO2GFA�¤2f>198w?�GY1�:<0D194}Vje2G;:<021HG,?@4N?�f5gd¨H19B�354
n 1HEH:<35A�4 � m¢¡oI'gR?�ODO2f5gd3>4D=o:<021HS�:FA"?�4�?�8;:<GFA�O20'g�8Y3>E9?�f~OcA�O2e2f>?@:<35A�4�?�4DBR4deDSi1HGF3>E9?�f>fhg(3>4�Z
:<1H=�G<?�:<3>4D=U:<021PGY198FeDf5:smC/�023>8z6�A�f>e2ST1LGY19O2GY198F1H4':<8�:F021PGF1Hf�?@:F356�1LO2GFA�IN?�I235f>35:�gyA�VlB21�:<19E�:<35A�4
A�V�?"8F3>=�4N?�f�VjGYA�S :<02?@:vOJA�O2e2f�?�:<3>A�4R?�42B�=�356�198�?"8F3542=�f>1Pk7eN?@47:F35:�g�:F0N?@:vE9?�4�Ic1Xe28F1HB�:FA
E9A�SiON?@GF1\]p/a` Oc19G;VjA�GFSi?�42EH198Hm_��A�:<0U:F021\1  TEH3>194DEHg"O2GYA�¤Nf5198�?�4DB"OJA�ODe2f�?@:F3>A�4iE9A�STON?�GY3hZ



���

8FA�4(xl19GY1�?�f>8YALB2A�421\A�4��lf>AdEMQ YaA�GFSi?�fJ?�42B n ���[Z_]�x.35:F0(?�4"19GYGFA�4D19A�e28�:Fe2423>4D=2m~/�021H8F1
GF1H8Fe2fh:<8v?�GY1P8F02A�x.4�3>4 n 19EH:F3>A�4 � m¦¥2m�§�3>42?�f>fhg�r :<02358zEM0N?�OD:F19GvE9A�42E9f5e2B2198\I'gR8Ye2STSo?�GY3>¨H3>42=
:<0D1�A�I28F1HGY6@?@:<35A�428.A�V�:<02358�3>4'6�1H8Y:F3>='?@:F3>A�4"354 n 19E�:<3>A�4 � m ��m

� ��� � 	�

���������������

§NA�Gi:F023>8o3>4'6�1H8Y:<35='?@:F3>A�4�r.8Y3>SLe2f>?@:<1HB 8Y3>=�4N?@f>8"?�GY1�3>4 �Y19EH:F19B 3547:FA�?KIN?�8Y1RBN?@:<?�A�Vvx.0235:F1
42A�358F1"x.35:F0�¨919GYA�ST1s?@4 ?�4DB�e24D35:P6@?�GF3>?�42EH1�m�/�021yGF19?�8FA�4�VjA�GXB21HON?�GY:Fe2GF1"VjGYA�S ?�E�:<eN?�f
��{;`���8FEH3>194DE91TBN?@:M?"358z:<Ay?s6�A�35B�EHA�4':M?�ST3>4N?�:<3>A�4}VjGFA�S�1��d:<1HGF4N?@fu35428Y:FGFe2ST194':<?�f~8FA�e2GFEH198
3>4L:F023>8p1  TEs?�E�gX3>4'6�1H8Y:<35='?@:F3>A�4PA�V�?�4T]p/a`X ¦8_OJ1HGYVjA�GYSo?@42E91Wx.3h:<0PGF1H8FOc19E�:l:FA�8YOJ1HE93h¤NE�r'xl19f>f
B21�¤N4219B 8F3>=�4N?�fWO2GYA�Oc19GY:F3>1H89m $!IN?@8F1yA�V,x.023h:<1(42A�358F1y?�f5f>A�x.8LVjA�GX1H6�19GYg�?�8YOJ1HEH:iA�Va:<02358
3>4'6�198Y:F3>='?�:<3>A�4�:FA}Ic1iEHA�4':<GFA�f>f>1HB�mU/�02358CBN?�:M?(3>8�8FOc19E93h¤N19B�:<A}02?�6�1i:F021o8F?�Si1T8<?@SiO2f53>42=
VjGF1Hk7e21942E�g�[£� �@�(8F?�STO2f>1H85�@8Y19E9A�42B b\?�8z:<0D1T=�1947e23>4D1i��{;`���BN?�:M?Ue28Y19BK354�:<021X8;:<GFA�42=�198;:
?�EHE93>BD194':M?�f_:<GY3>=�=�19G\3>4'6�198Y:F3>='?�:<3>A�4K?�4DB�r�8Y3>42EH1i:<0D1iBN?�:M?�EHA�42B23h:<35A�423>4D=�?@O2O2f>3519B�I'g�19?�EM0
A�Vp:F021P]p/a`v8,0N?�8\?ox.023h:<1H423>42=oE9A�STOJA�42194':src:<021C=�19421HGF35ECx.0235:F1CIN?@8F1PBN?@:<?oB2Ad198zSi?�Q@1
VjA�GT?�GF1s?@8FA�4N?@I2f>1(3>BD1s?�f53>¨s?�:<3>A�4�m���1HEs?�e28Y1y:F023>8XIN?@8F1yBN?@:M?�3>8T?�f5GF19?�BDgKx.0D35:<1@r�42A�BN?@:<?
E9A�42B235:F3>A�4D3>42=L358�OJ1HGYVjA�GYSi1HB(I7gy?@47gUA�V�:F021�]p/a`v8Hm

/�0219GY1�?�GY1�:F02GF1H1�Si?�354 E9?@:<1H=�A�GY3>198(A�VL8F3>=�4N?�f>8"eD8F19B�3>4#:<02358y354'6�198;:<35='?@:<35A�4 W�42A�4dZ
3>STO2e2f58F3h6�1lx.0D35:<1�4DA�3>8Y1�8F3>=�4N?�f>8Hr�42A�4dZ�3>STO2e2f58F3h6�1�8Y3>42=�f>1�VjGY19k7e2194DEHgX8F35=�4N?�f58~?�4DBT35SiODe2f>8Y356�1
8F3542=�f51XVjGY19k7e21H42EHg�8F35=�4N?�f589mo/�0D1o42A�4dZ�3>STO2e2f58F3h6�1Lx.023h:<1X42A�358F1T8F3>=�4N?�f>8�?�GY1iEHA�STOJA�8Y19B�A�V
`v?�e28F8Y3�?�4�STAdB2e2f�?�:<19B�x.0D35:<1"4DA�3>8Y1 +l:F021"42A�4dZ�3>STO2e2f58F3h6�1o8Y3>42=�f>1oVjGY19k7e2194DEHg�8F35=�4N?�f58P?�GY1
`v?�e28F8Y3�?�4 STA�B2eDf�?@:F19B#8F354deD8FA�35B28�A@VP?�8YOJ1HE93h¤NE�VjGY19k7e21H42EHg�?�42B :<021�3>STO2e2f58F356�1R8F3542=�f>1
VjGF1Hk7e21942E�gU8Y3>=�4N?@f>8l?�GF1wSiAdB219f519Bo?�8�1 �DOcA�421H4':<3�?@f>f5gXBD19Es?sgd3>4D=L0N?�GYSiA�4D3>EaA�8FEH3>f>f>?@:<A�GF8~x.35:F0
?P8FOc19EH35¤NEvVjGF1HkdeD1942E�g�m

{�4 �Y19E�:<3542=�8Y3>=�42?�f>8p3547:FAvBN?@:M?v3>8_?vB21Hf>3>E9?@:<1�eD42B219G;:M?�Q73542=�1H8FOc19EH3�?�f5f5gCx.0D194i:F021�:<02GY198Y0�Z
A�f5B23>42=oA�V_:<021PBN?�:M?(?�4N?�fhgd8F3>8,Si1�:<02AdB28zB21HOJ1H42B28�A�4�:<0D1TODGFA�Oc19G;:<3>1H8zA�Vu:<021PB2?@:M?U3h:<8F1Hf5V m
/�A�A�So?�4'g�354 �Y19E�:<19BK8F3>=�4N?�f>8v354�?�8YON?�4�A@VWBN?@:<?yx.35f>fpGF1H8Fe2fh:L354�EM0N?@42=�3>4D=�:<0D1ix�?�g�:<0D1
]p/a`v8v8Y191L:<0D1Pf�?�GY=�19GzB2?@:M?U8Y1H:�?�8v?ox.02A�f51P8FA":<02?@:z:<0D1P8F3>SCe2f�?@:F19BR8Y3>=�4N?@f>8,f5A�A�Q�STA�GF1
?�42B�SiA�GF1�f>3>Q@1\:<021�IN?�EMQ7=�GYA�e242B�m.{�4 �Y1HEH:F3>42=i8F3>=�4N?�f>8.3547:FAU?XIN?�EMQ7=�GYA�e242B�A@V~x.0235:F1�4DA�3>8Y1
0N?�8p:�xlA�BD3>8Y:F3>42E�:_?�BD6@?�4':<?�=�198XWW��b�:F021�:<GFeD1aST1s?@4i?@42BP6�?@GF3�?@42E91�A�Vc:<0D1aI2?�8F1.BN?@:<?\3>8~xl19f>f
B21�¤N4219B�?�42B���bw?�8\SLe2EM0�BN?@:<?(?�8\3>8z4D1919BD19B�:<A(3>428Ye2GF1CO2GFA�Oc19G\8YON?�EH3>42=(A�V_:<0D1P8F3>=�4N?�f>8
Es?@4yIc1z=�1H4219GF?@:<1HB(A�4�Z|:F021�Z��2g�mp/�0D3>8.?�f5f>A�x.8lVjA�Gl:<021\IN?@EMQd=�GFA�e24DByST1s?@4(?�42B"6@?�GF3>?�42E91wA�V
:<0D1�BN?@:M?z:FA\IJ1WVjA�GYE91HBX:FA\:<021�IN?@8F1�BN?@:<?\Si19?�4X?�42BP6@?�GF3>?�42EH1v[^Si?�Q73>42=w:<021.8FSi?�f5f>19G�BN?@:<?



�D�

8F1H=�ST194':vIJ1H3>42=(?@4N?�f5gd¨H19B�I'g�:<021X]p/a`*?@O2OJ19?�Gz:<A"Ic1PON?�G;:vA�Vl?Uf�?�GY=�19G,BN?@:M?U8Y1H:Mbv?@42B
?s6�A�35B28�:F021W421H19BL:FA,35:F19GF?@:<1uA�6�19G~?,8FSi?�f>f7O23519EH1�A�VN=�1947e23>4D1WBN?@:<?wSLe2fh:<35O2f>1p:<35Si1H8�:FA,354 �Y19E�:
:<0D1�BD198F35GF1HB}47e2SLIc19G.A�V�8F3>=�4N?�f>8Hm n 3>SLeDf�?@:F3>A�428�?�GF1v354 �Y19E�:<19By1H6�19G;g���� �P��8Y19EHA�42B28aVjA�G.?
:<A@:M?�f~A@Vw�s���"3>4 �Y1HEH:<35A�428HmL/�021X8<?�ST1X]p/a`�:<eD423>42=(358v?�O2O2f53>19BR0D19GF1T?�8\354R:<021PO2GY1H6d3>A�e28
3>4'6�198Y:F3>='?�:<3>A�4289m

)#023>f51o:<0D1"IN?�8F1(BN?�:M?�B2Ad198X3>4DB2191HB�EM02?�42=�1":<0D1"OJ1HGYVjA�GYSo?�4DE91UA�Va:<0D1U:<e2423542=2rp:<0D1
Oc19GYVjA�GFSi?�42E91T3>8�O2GFA�OJA�G;:<35A�4N?�fpIc1H:�xl191H4�:F021U]p/a`\89m}§ A�GC��f5A�EMQ3YaA�GFSi?�f£r�:F021oO2GY1H6d3>A�e28
:<eD423>42=}='?s6�1"?}V^?�f58F1T:<GF35=�=�1HG�GF?@:<1UA@Va�Dm�¡������(:FGF35=�=�19GY85�@8Y19E"?@42B�:<021o421Hx�V^?�f58F1oGF?@:<1oA�4
x.023h:<1z42A�3>8F1,BN?@:M?L358.��m¦¥'�D�,:FGF35=�=�19GY85�@8Y19E +DVjA�G n ���[Z_]�:F021zO2GY1H6d3>A�eD8W:<e2423542=L='?s6�1�?�V^?�f>8Y1
:<GY3>=�=�19GaG<?@:F1LA�Vu�Dm¢¡D��¡D��:<GY3>=�=�1HGF8 �@8F1HEP?�42B�:F021L421�x V^?@f>8F1�G<?@:F1LA�4}:F021Cx.023h:<1L4DA�3>8Y1CBN?@:<?
3>8,��mh��� � ¡P:<GY3>=�=�19GF8 �@8F1HE�ma/�021CST1s?@8Fe2GY19B}V^?�f58F1�B21H:F19E�:<3>A�4}VjG<?�E�:<35A�4�[�:<021�VjG<?�E�:<35A�4}A�V~¨919GYA
?�STO2f>3h:<e2BD1"8F3>=�4N?�f>8PBD1H:<1HEH:F19B b r���=�356�1H8T:F021yO2GFA�I2?�I23>f535:�g�:<0N?@:i?�4'g�A�4D1�OcA�3>4':Xx.3>f5fWIc1
x.35:F023>4T?\V^?�f>8Y1W:<GY3>=�=�1HG_?�42BT3>8p1H8Y:<35So?�:<19BTI'gP:<021.ST1s?�8Ye2GF1HBiV^?�f58F1W:FGF3>=�=�19GpGF?@:<1�[�� �����	��
	

������ b
?�42B�?s6�1HG<?�=�1\:FGF3>=�=�19G�B2eDG<?@:F3>A�4�[��� ������������� bIW

� ��� � ���
�������	�� � �� �����������	� [ � m5��b

n 3542E91X:<021i?s6�1HG<?�=�1T:<GY3>=�=�1HG\B2e2GF?@:<35A�4�358v42A�:�Si19?�8Fe2GY19B�:<02GYA�e2=�0�:<02358�354'6�198;:<35='?@:<35A�4�r�35:
Es?@4RIJ1L1H8Y:F3>Si?@:<1HB�VjGFA�S :F021LST1s?�8Ye2GF1HSi1H47:zA�V ��x.0235EM0R3>8wSi19?�8Fe2GY19B�:FAUIJ1L�Dm��@¥7���TVjA�G
��f5A�EMQ3YwA�GFSi?�f�?@42B��Dm¢� � � �yVjA�G n ���[Zu]�m~/�0D3>8Cgd3>1Hf>B28L?�4�?s6�19GF?�=�1U:FGF3>=�=�19G�B2e2G<?�:<3>A�4�A�V
�Dm¢�D� � ¡�8F19EHA�42B28"VjA�GU��f>AdEMQ3YwA�GYSo?�fa?�4DB%��m���¡�¡'��8F1HE9A�4DB28"VjA�G n ���[Z_]�mW/�023>8"358o42A@:(?
f�?@GF=�1UBD19ON?�G;:<e2GY1UVjGFA�S :<0D1U:<e2421HB�Oc19G;VjA�GFSi?�42EH1UA�Vw�Dm¢�'�����"8Y19EHA�42B28PVjA�GP�lf>AdEMQ YaA�GFSi?�f
?�42BK�Dm¢�'���s¥(8F1HE9A�4DB28�VjA�G n ���[Z_]�m n 3>42EH1 \ Zp35OJ1Hf>3>4D1L:<e2421H8�3h:<8Y19f5V�IN?�8Y19BKA�4K?(B2198Y3>GY19B
V^?�f58F1WGF?@:<1@r'35:~x�?�8_So?@4de2?�f>fhg�8Y1H:_:<A\02?�6�1,?z4D1Hx V^?@f>8F1�G<?@:F1�8F3>ST3>f>?�G�:<Az:<0D1aGF?@:<1H8pA�I28Y19GY6�19B
3>4y��f5A�EMQ3YaA�GFSi?�f�?@42B n ���[Z_] ?@:w�dm5���S�P:FGF35=�=�19GY85�@8Y19E@m

§NA�G\:<021H8F1U35476�198;:<3>=�?@:<35A�4289r�:F021U?�STO2f535:<eDB21PA�V�?y8F35SLe2f�?�:<19B�8Y3>=�4N?@fp3>8�B21H¤N4D19BK:FA}Ic1
:<0D1�GYA�A@:YZ�8Ye2SPZ�8Fk7eN?@GF1T[ � n2n b�A@V�:<0D1�1H4':<3>GY1\8F35=�4N?�f�?@42B�358�=�356�194yI'gNW

!#"%$&$ � ')(
 ()*

! [ � b
*
� [ � m ��b

x.021HGF1 ! [ � bW358W:<021\:<35Si1H8F1HGF3>1H8�A�V�:<021v8F35SLe2f>?@:<35A�4�m



�'�

� ��� ��� ��
 
 
 ��� ��� � � ��� ����� 	 ��
 � ��
 � � ��# ��� 
 �����

`\G<?s6d35:M?�:<3>A�4N?�f�x�?s6�1iI2e2GF8;:<8�?�GF1XVjGFA�S e24N?�4':F3>E935ON?@:F19B�8FA�eDGFE91H8CA�Vlx.023>EM0�:<021HGF1T3>8\f535:F:Ff>1
:<Ai42ATQd4DA�x.f519B2=�1�ma��19E9?�e28Y1LA�V�:F023>8HrN:<021HGF1C358.42AoGY1s?�8YA�4�:FAo1���Oc19E�:,xl19f>f Z�B21�¤N421HB�8F35=�4N?�f
O2GYA�OJ1HGY:F3>198.VjGFA�S�?TI2e2GY8Y:sma/�021HGF1HVjA�GF1�r�`�?�eD8F8F3>?�4}STAdB2e2f�?�:<19B(x.023h:<1�42A�3>8Y1�x.35f>f�Ic1Ce28Y19B
VjA�G.?PIN?�8Y19f53>421v]p/a`
EM0N?�GF?�EH:F19GY3>¨s?�:<3>A�4yA@V~?P8F35SLe2f>?@:<1HBy=�G<?s6d35:M?�:<3>A�4N?�f xW?s6�1�8F35=�4N?�fUW

! [ � b � ! �J1 ��O
� " ���� � SLeDf5:<35O2f>3519BUI'g(x.023h:<1\42A�358F1 [ � m�¡�b

x.021HGF1 ! �}358U:<021�Si?���3>SLe2S B21H8F3>GY19B�?�SiODf>35:Fe2B21�A@V�:F021�8Y3>SLeDf�?@:F19B#8F35=�4N?�f\?@42B � 358
:<0D1"`v?�e28F8Y3�?�4�:<3>ST198YEs?�f51�m"/�021 !#"%$&$ 3>8�?�O2O2GYAs�D35So?�:<19B�:<021oI7g � n2n 6@?�f5e21iA@Va?�O2e2GY1
`v?�e28F8Y3�?�4y?�4DB�358�=�356�194yI7gOW

! "%$&$ � ! ���� � � �� [ � m¢¥'b

� ��� �"! ��
 
 
 ��� ��� � � ��� ��� # ��
 � � ��� � ������� 
 ��� # ��� 
 �����

)#35:F0�:F021UIN?�8Y19f53>421TEM0N?�GF?�EH:F19GF35¨s?@:F3>A�4�A�V�:<0D1U]p/a`v8�:<AR?}8Y3>=�42?�fpx.35:<0K42A�8FOc19EH35¤NETVjGF1 Z
k7e2194DEHgvE9A�SiO2f51H:F1�r�02A�xK:F021u]_/a`\8�OJ1HGYVjA�GYS%:FAa8Y3>ST3>f>?�G�8Y3>=�4N?@f>8�x.3h:<0�?�8FOc19E93h¤NEpVjGF1HkdeD1942E�g
3>8w3>4'6�1H8Y:F3>='?@:F19B�mw/�AoB2Ao:<0D3>89r :<0D1P]p/a`v8H �GF1H8FOcA�428Y1C:<A(`v?�e28Y8F3>?�4}STA�BDe2f�?@:F19B�8F3>47e28YA�3>BD8
[^8Y3>421 Z;`v?�e28Y8F3�?@428MbTx.3h:<0#?�VjGF1Hk7e21942E�g A�VT��� 'a¨�?�42B :<021H4 ��¥"'w¨Rx.3>f5fwIc1REM0N?�GF?�EH:F19G Z
3>¨H19B�m(/�021H8F1oVjGY19k7e21H42E935198Cxl19GY1UEM02A�8Y194�:<A�3>4'6�1H8Y:F3>='?@:F1of5A�x
VjGF19k7e21H42EHgK?�42BKSi35B�Z�GF?�42=�1
VjGF1Hk7e21942E�g�EM0N?@G<?�E�:<19GY3>8;:<3>EH8CA�V�:F021U]p/a`\8 +u8F3542E91T:<021i8<?�STO2f>3542=(VjGF19k7e21H42EHgKA�V�:<0D1oIN?�8Y1
BN?@:<?�358�B21�¤N421HB�:<A�Ic1"� �@�y8F?�SiODf>198 �@8F1HE9A�4DB�r~:<021&Yagdk7e23>8;:CVjGY19k7e2194DEHg#[�:<021TVjGF1HkdeD1942E�g
x.021HGF1�?�f>3>?�8F3542=LIc19E9A�Si1H8w?@4y358F8Ye21�bW3>8\���S��'w¨�m

/�021C`�?�eD8F8F3>?�4(SiAdB2e2f>?@:<1HB"8F354deD8FA�35B28.A�V�VjGY19k7e21H42EHg��R?�GF1\=�356�1H4�I'gOW
! [ � b � ! � 8Y3>4�[ � � � � bD1 �DO � " ���� � [ � m ��b

/�021 !#"%$&$ 358�:<021H4�=�3h6�1H4yI'gOW
! "%$&$ � ! � �� � � �� [ � m���b



��¡

� ��� ��� � � ��� ��� � � � � # �	
 ��� ��� � � ����� 
 ��� # � � 
 �����

{�STO2e2f>8Y356�1y8Y3>=�42?�f>8T?�GY1yA@Vz3>4':F19GF1H8Y:T:<A�=�G<?s6d35:<?@:<35A�4N?�fuxW?s6�1}BN?@:M?�?�4N?@f5gd8F358T8Y3>42EH1y:F02198Y1
8F35=�4N?�f58�?�GF1_42A@:�A�42f5g,1���OJ1HEH:F19BC:FAw?@O2O2GFAs��3>Si?@:F1~:<021_xW?s6�1HVjA�GYS A@V2?.I2f�?@EMQz02A�f51pGF3>4D=�B2A�x.4
I2eD:vE9?�4�?�f>8YA"IJ1P35428Y:FGFe2ST194':M?@f>f5gy3542B2e2EH19B�I7g�?���GY3>42=�3542=2 cA�V�?(BD3>=�3h:M?�f�¤Nf5:F19GX[j1�m¦=2mhr�35Vl?
Es?@f>3>IDG<?@:F3>A�4�f>3>4D1�?�8pB21H8FE9GY3>Ic19BX3>4 n 19EH:F3>A�4i��m � mh��mh�Wx�1HGF1.:<A\8FeDB2B2194Df5gLV^?�35f�:FA\IJ1.?�E�:<eN?�:<19B�r
:<0D19GF1LxlA�e2f5BRIJ1X?@4R3>STO2e2f>8Y1C354�:<021CVj1H19B2I2?�EMQRf>AdA�O}A@Vu:F021P3>4':F19GYVj1HGFA�ST1H:F19G,:F0N?@:zxlA�e2f5B
3>4DB2e2E91T?"8F35=�4N?�f�3>4R:<021TB21�:<19E�:<A�GvA�e�:<O2eD:�8Y3>ST3>f�?@Ga:FA}?"BN?�STOc19B�0N?�GYSiA�4D3>EPA�8YE93>f5f�?@:FA�GMb m
$,=�?�3>4�rDf>A�x�[ ����'w¨sb.?@42B(Si35B�Z�GF?�42=�1X[^��¥�'w¨sbWVjGY19k7e21H42E935198w?�GF1vEM0N?�GF?�EH:F19GY3>¨91HB�m

/�021�3>STO2e2f>8Y356�1�rD8Y3>42=�f>1zVjGF1Hk7e21942E�g(8F35=�4N?�f58.?�GF1\=�3h6�1H4�I'gOW

! [ � b � ! �c1 ��O �-" ���� EHA�8�[ � � � � b [ � m � b

/�021 !#"%$&$ 358�:<021H4 W
!#"%$&$ � ! � �

¥
[ � � � � b ��� �
[ � � � � b � � � [ � m���b

� ��P R Q S � 	�
 	�Z 
^]��U_ R�� Z2]�	�_ ZG� �bT
�#N���	�c

��19?�8Fe2GY3>42=P:F021z1  TEH3>194DEHg"A�V�?L8Y3>=�4N?@f�A�V�6@?�GYgd3542=P?�STO2f>3h:<e2BD1z?�42B"BDe2G<?@:F3>A�4"ODGFAdB2e2E91H8.?
:<0DGF191�B23>ST194D8F3>A�4N?�f�8Ye2GYV^?�EH1�x.0D3>EM0�E9?�4}Ic1�EHA�STON?�GF1HB�Ic1H:�xl191H4�]p/a`v8Hm�/�02198Y1L8Fe2G;V^?�E91H8
x.3>f5f�Ic1"Q742A�x.4 ?�8 4	� C;:Q4;25C�
&AOHMV E R_4D9�m�§NA�GP�lf>AdEMQ YaA�GFSi?�f�?�42B n ���[Zu]�r_?RB21�:<19E�:<35A�4
3>8oB21H¤N4D19B I7g ?K:<GF35=�=�1HGUA�6�19GYf�?�O x.3h:<0 :<0D1�:<3>ST1�A�V�Si?���3>SLeDS 8Y3>SLeDf�?@:F3>A�4 ?�I28FA�f>eD:F1
?�STO2f>3h:<e2BD1 +�VjA�G \ Z_35OJ1Hf>35421�r�B21�:<19E�:<35A�4C358�EHGF1HB235:F19BC3hV�:F021�8;:<GYA�42=�1H8Y:�:<GF35=�=�1HG�354 �P��8Y19EHA�42B
A�V�:<021\Si?���3>SCe2S 8Y3>SLeDf�?@:F3>A�4o?�I28FA�f>eD:F1v?�SiODf>35:Fe2B21w3>8�?�f58FALx.3h:<02354 �����h�v8F1HE9A�42BD8wA�V�:<0D1
8F35SLe2f>?@:<35A�4K:<35Si1"A@V,Si?���3>SLeDS ?�I28YA�f>e�:<1(?�STO2f>3h:<e2BD1�m�{�4�=�19421HG<?�f ru:F021(8F0N?@OJ1yA�Va:<02358
8FeDGYV^?�EH1U3>8P?@O2O2GFAs��3>Si?@:F19f5g�?�8F3>=�SiA�35B�VjeD42EH:F3>A�4�A�Va?@SiO2f535:Fe2B21Px.35:F0�Si3542A�GvON?�GF?�Si1�:<1HG
EM0N?�4D=�198�x.3h:<0LGY198YOJ1HEH:~:FAzB2e2GF?@:<35A�4�m�/�02198Y1�ON?�G<?@Si1�:<19GY8~?�GY1l:F021lV^?�f58F1lB21H:F19EH:F3>A�4�VjG<?�E�:<3>A�4
[���b�r�:<0D1iSi?���3>SLeDS 1  TEH3>194DEHg�O2f>?@:<19?�e [
��b�r�:<021&��� 
 B21H:F19EH:F3>A�4�1  TEH3>194DEHg [ ! F ��bv?@42B:<0D1P8Y:<1H19O24D198F8�A�V_:<021X?@O2O2GFAs��3>Si?@:F19f5gyf53>4219?�G,:<GF?�428Y35:<35A�4�Ic1H:�xl191H4 � ?�4DB�� [���b mC/�021H8F1
E9A�SLI23>4D1z:<APVjA�GFS :<021vB21�:<19E�:<35A�4(1  TE9351942E�g(8F3>=�SiA�35B�r��s[ ! bIW

��[ ! b � � � [;� " �~b � � ��� � :M?�4D0�����f54 � !! F � ��� � [ � m���b
§NA�Gu:F02198Y1z3>4'6�198Y:F3>='?�:<3>A�4289rd?�STO2f>3h:<e2BD1�3>8uf>A�='?@GF35:F02ST3>Es?@f>f5g�8F?�SiODf>19BTIc1H:�xl19194y�Dmh�z?@42B



��¥

���\x.35:F0������v354':<19G;6@?�f>8u?�42BX:<0D1w1 �DOcA�421H4':<3�?@f :F3>ST198YEs?�f51�r � [^8Y3>=�4N?@fNB2e2G<?�:<3>A�4 b�r'358uf53>4219?�GFfhg
8<?@SiO2f519BXIc1H:�xl19194 � � � �U���  �$ ?�42Bi�Dm��v8Y19E9A�42B28lx.3h:<0 ���v8<?�STO2f51989m $ I2?�8F1Hf>3>4D1a1  TE93>1H42EHg
O2GYA�¤Nf>1R358"198;:M?�I2f53>8Y0219B#VjA�G"1s?@EM0�]p/a` e28Y3>42=�:<0D1K`v?�e28Y8F3>?�4%STAdB2e2f�?�:<19B x.0D35:<1R4DA�3>8Y1
8F35=�4N?�f589m~/�0D198F1\ODGFA�¤Nf5198�?�GF1w8F02A�x.4(3>4 $,O2Oc1942BD3h�U]�354U§�35=�e2GF1H8W]�mh�\?�42B(]�m���VjA�GW�lf>AdEMQ'Z
YwA�GFSi?�f£rl3>4 §�3>=�e2GY198i]�m�¡�?@42B ]�m¢¥�VjA�G n ���[Z_]�?�42B 354 §�35=�e2GY198i].m��K?�4DB ]�m���VjA�G \
Zp3>Oc19f53>421@mC§NA�G\�lf>AdEMQ YaA�GFSi?�f�?�42B n ���[Zu]�r�:F021PO2GFA@¤Nf>1P358zGFA�eD=�02f5g�?"8F3>=�SiA�35B�r x.35:<0 �
?�O2ODGFA'?�EM0D3>42="e24D35:�g}x.3h:<0RGY198FOc19E�:v:<A(?�STO2f>3h:<e2BD1C?�4DB�A�6�19G\:<021P1H4':<3>GY1LB2e2GF?@:<35A�4RG<?@42=�1�m
'wA�xl1H6�19G9r5\ Zp3>Oc19f53>421,3>8�GFA�e2=�02fhg"?P8F35=�SiA�3>BUx.35:F0 ��4219?�GF3542=Xe24235:�goVjA�G � � ��IDeD:w?�8 �
3>4DE9GF19?�8F1H8p:<021 �UBD19Es?sgd8_:<A�?�IcA�eD:_�Dm¢�v?�8 � ?�O2O2GYA'?�EM021H8���m �,8Y19E9A�42B289m_/�021.f5A�x�B21�:<19E�:<35A�4
VjG<?@EH:<35A�4"VjA�Ga?�f>f�]_/a`\8w?@:,1 �d:<GF1HSi1Hf5g"8Y02A�G;:,B2eDG<?@:F3>A�428�[ � � ���¢�'� �P8F1HE9A�4DB28Mb.GF19=�?�GFB2f5198Y8
A�V_?@SiO2f535:Fe2B21v3>8aB2e21�:<Ao8Y3>SLeDf�?@:F3>A�428W:F0N?@:z?�GF1�A�42fhgy?iVj1Hx�8F?�SiODf>198a3>4�B2e2GF?@:<35A�4yx.0D3>EM0
f>AdA�QTSiA�GF1\f>35Q�1\GF?�42B2A�S*8Y:M?�:<3>8;:<35Es?�f �Ne2EH:FeN?@:F3>A�428�:F0N?�4yEs?�42BD3>BN?@:F1z:<GY3>=�=�1HGF8Hm

n 3>4DE91T42A�421iA�V�:F02198Y1UO2GFA@¤Nf>1H8�358v:FGFe2fhg�?�8Y3>=�STA�3>B�?@42BKEHe2GY6�1o¤2:F:F3>42=(:<AdA�f58�?@GF1X:<AdA
8F1H428F3h:<3h6�1P:<A":<0D198F1XB21HON?�G;:<e2GY198\:<A(=�3h6�1PGF1Hf>3>?�I2f>1�ON?�GF?�Si1�:<1HG\Si19?�8Fe2GY19ST194':<8Hr � 3>8\ST1s?�Z
8FeDGF19B�I'g�B21H:F19GFST3>4D3>42=":<0D1o?�EHE935B2194':M?@fpB21H:F19EH:F3>A�4�VjG<?@EH:<35A�4�[^I'g�3>4 �Y19EH:F3>42=(8Y3>=�4N?@f>8zx.35:F0
¨91HGFAT?�STO2f>3h:<e2BD1w3547:FAL:<021zx.0D35:<1,42A�3>8Y1zIN?�EMQ7=�GYA�e242B�?�42B"ST1s?@8Fe2GY3>42=L:F021zVjG<?�E�:<35A�4UA�V�B21 Z
:<1HEH:F19BR8F35=�4N?�f58Mb r ��3>8w8F1H:,:<AU4219?�Gze24D35:�gyI'g}B21�V^?�e2fh:sr�?@42B ! F ��?�4DB��T?@GF1CBD19GF3h6�1HB�VjGFA�S?Uf>35421s?@Ga¤2:,:<AU:<0D1PE9194':FG<?�f�:<G<?@428F3h:<3>A�4�GF1H=�3>A�4�r�?�8\?oVjeD42EH:F3>A�4RA�Vu?@SiO2f535:Fe2B21�m,/�021���� 

B21�:<19E�:<35A�4"VjG<?�E�:<3>A�4"0N?�8�Ic19194�?P8Y:<?�42BN?�GYB(OJ1HGYVjA�GYSo?�4DE91\ST1s?�8Ye2GF1zVjA�G.]p/a`\8�x.35:<0D3>4U:<0D1
��{;`��-I2eDGF8Y:L=�GFA�eDO�?�42B�8YA�:<021oB219GY356�1HB ! F �POcA�3>4':F8�VjA�G�1s?�EM0�8Y3>=�4N?@f_:�gdOc1"3>8�O2f>A�:Y:<1HBVjA�GW19?�EM0y]p/a`
?�f>A�42=Cx.35:F0"O2f>A@:<8�A@V�:F021\8F35=�STA�3>Bi8Y:<1H19O24D198F8Hr �'m_¡�Z�B235Si1H428F35A�4N?�fc8Fe2G;V^?�E91H8
?�42ByE9A�47:FA�e2G.O2f5A�:<8WVjA�G.19?�EM0�1  TE93>1H42EHgyO2GYA�¤Nf51\B23>8YE9e28Y8F19B�3>4":<0D3>8.8F1HEH:<35A�4yEs?�4yIJ1\VjA�eD42B
3>4�$wO2OJ1H42B23 �y]�m

� �"! ��� �	��

���
��
��������

§�35=�e2GF1 � mh�C8Y02A�x.8,:<0D1CST1s?�8Ye2GF1HB ! F �,VjA�G,��f5A�EMQ3YaA�GFSi?�f�x.0235EM0�0N?�B}?�4}A�ID8F19G;6�1HB�V^?�f>8Y1B21�:<19E�:<35A�4"VjG<?�E�:<3>A�4�[��~b�A@V���m���¥'���Dm 'w1HGF1v35:W3>8WA�ID8F19G;6�1HB�:<02?@:�:<021�`v?�e28Y8F3�?@4"SiAdB2e2f>?@:<1HB
x.023h:<1a42A�3>8Y1.8F3>SCe2f�?@:F3>A�4D8a[ � )#0235:F1� �b_?@GF1aE9A�STON?�GF?�I2f>1�:FA�:F021w8Y3>421 Z;`v?�e28Y8F3�?@4i8Y3>SLe2f>?@:<35A�428
[ � n `P���D �?@42B � n `v��¥2 �bix.35:F0%?�ST3>B�Z|G<?�4D=�1�[ � � ����� ��8F1HE�b ! F �yA�VC?�IJA�eD:��Dm���m�/�021
3>STO2e2f58F3h6�1.8F35=�4N?�f58,["� �/'����D 7?@42B ���F',��¥D  b_?�GF1w?�f58FA�E9A�STON?�GF?�I2f>1�:FA�19?�EM0UA�:F0219Gl?�42BU02?�6�1
?�4 ! F ��:<02?@:�:F1942B28�:<A,Ic1W?@IJA�e�:_��� 
 f5A�x�1HG�:<02?�4C:<0D1�A�:F0219G�8F3>=�4N?�f>8�?@:�f�?�GY=�1 � x.35:F0LST3>B�Z
G<?@42=�1 ! F �� ¦8�A@V�?�IcA�eD:��Dm���mT/�023>8�3>STO2f53>198w:<0N?@:���f5A�EMQ3YaA�GFSi?�f~0N?@8�?(8Ff53>=�0':vO2GY1HVj1HGF194DE91



�*�

:<AT3>STO2e2f58F3h6�1z8Y3>=�4N?@f>8W:<02?�4y:F02A�8Y1�:F0N?@:a0N?s6�1�E9A�4':F3>47e2A�e28.x�?�6�1HVjA�GYSi8Hm��,6�1HG<?�f5f£r2:F021 ! F �3>4DE9GF19?�8F1H8v?�8,:F021L8F35=�4N?�f�B2e2GF?@:<35A�4�3542E9GY1s?�8Y198X[^?�IJA�eD:8��� 
 A�6�1HGz:<021 � G<?�4D=�1LA�Vu�Dm¢�*�T:FA
�Dm��C8F1HE9A�42BD8.VjA�G�:<021\35SiODe2f>8Y356�1w8F35=�4N?�f58W?�42B(?@IJA�e�:\���S� 
 VjA�G�:F021�`v?�e28F8Y3�?�4oSiAdB2e2f>?@:<1HB
8F35=�4N?�f58Mbl8Ye2=�=�1H8Y:F3>42=i?PSiAdB219GF?@:<1\ODGF1HVj1HGF1H42E91vVjA�G�8F0DA�GY:F19GaB2e2G<?�:<3>A�4"8F3>=�4N?�f>8Hm

$,42A@:<021HGw35SiOcA�GY:<?�4':�E9A�SiOcA�421H47:aA�V�:<021v8Y3>=�STA�3>B"358W:<021�8Y:F191HO242198Y8zA�V�35:F8.:FG<?�4D8F35:F3>A�4
GF1H=�3>A�4�m~/�02358WB2198YE9GY3>Ic198.02A�x G<?�O235B2f5gi?L8Y3>=�4N?@f£ ¦8�B21�:<19E�:<35A�4"1  TE9351942E�g"3>4DE9GF19?�8F1H89mu§�35=�e2GF1
� m��C8F02A�x.8.:<021\ST1s?@8Fe2GY19B(8F35=�SiA�3>BU8Yf>A�Oc198v[ ��blVjA�G���f5A�EMQ3YwA�GFSi?�f£m�{�4y=�19421HG<?�f rD:<021\f5A�x�1HG
:<0D1 ! F �aSi19?�8Fe2GY19ST194':sr2:F021\=�GY1s?@:F19GW:<0D1�8Y3>=�STA�35Bo8Ff5A�Oc1�rN?�4DB(6d35E91\6�1HGF8<?�mu/�02?@:.3>STO2f>35198:<02?@:�?C8Y3>=�42?�fcx.3h:<0o?Cf>A�x ! F �Wx.35f>f 0N?s6�1\3542E9GY1s?�8Y19B"GF?�O23>BDf5gXIc1H:�xl19194(3h:<8 ��?�42B ��?�4DB"?8F35=�4N?�f�x.3h:<0�?T023>=�0219G ! F �zx.35f>f�0N?s6�1L?iSTA�GY1�=�GF?�B2eN?@f�3542E9GY1s?�8Y1C354�B21�:<1HEH:<35A�4�1  iEH3>1H42EHg�m/�02358\3>8\3>4':F19GF1H8Y:F3>42=(Ic19Es?@e28F1T35:\35SiODf>3>1H8w:F0N?@:v1H6�194�:<02A�e2=�0�?(8Y3>=�42?�f�Si?sg�0N?s6�1i?"023>=�0! F ��rc35:aSi?sg(8Y:<35f>f�0N?s6�1P?iIc1H:Y:<19Gw1  TE9351942E�g�?�:,f5A�xl19Gw?�STO2f>3h:<e2BD198�:<0N?@4�?o8Y3>=�4N?@f�x.35:<0}?f>A�xl19G ! F ��m��af5:F3>Si?@:<1Hf5g�rD35:.3>8a8F1H194�0D19GF1�:<0N?�:a:F021CSTA�8;:w8Y3>=�4D35¤NE9?�4':wBD35qJ19GF1H42E91�IJ1�:�x�1H194:<0D1L`v?�e28Y8F3�?@4�STA�BDe2f�?@:F19By8F35=�4N?�f58�[^8F3542E91v:<0D19GF1�xW?@8,42A�:aSLeDEM0}B23hq�1HGF194DE91C354y:F021935G ! F �Oc19GYVjA�GFSi?�42E91sbC3>8L:F021(8Y:<1H19O24D198F8iA�Va:<021H3>GP8F35=�STA�3>B�8Yf>A�Oc198Hm�/�023>8X?�f58FA�?�O2ODf>3>1H8LVjA�GL:<0D1
3>STO2e2f58F3h6�1"8F35=�4N?�f589m %�f5A�8F1y3>428YOJ1HEH:F3>A�4�A�Va:<021y8F35=�STA�3>B�8Yf>A�Oc1"O2f>A@:<8X8F02A�x.8X:<0N?�:T:F0219GY1
3>8�?(8Ff>35=�0':�B235qJ19GY1942EH1o3>4�8F35=�STA�3>B�8Ff5A�Oc1T8;:<1H19O2421H8F8Lx.3h:<0KGY198YOJ1HEH:C:FA}8Y3>=�4N?@f~VjGF19k7e21H42EHg�m
/�021\0235=�021HGlVjGF1Hk7e21942E�g"8F35=�4N?�f58�0N?s6�1\8Y:<1H19Oc19G�8Yf>A�Oc198Hr�:<0D1zf>A�xl19G�VjGY19k7e2194DEHg"8Y3>=�4N?@f>8�02?�6�1
8F02?�f>f5A�xl19G,8Ff>A�OJ1H8\?�42BR:<0D1PI2GFA'?@B2IN?�42BR8Y3>=�42?�f�0N?@8v?�IJA�eD:,:F021X?s6�19GF?�=�1POc19G;VjA�GFSi?�42EH1LA�V
:<0D1v:�xlAXVjGF19k7e21H42E935198Hm

� �"! �"! #�$&%('*)

§�35=�e2GF1 � m¢¡�8Y02A�x.8C:<021iSi19?�8FeDGF19B ! F �LVjA�G n ���[Zu]tx.0235EM0�0N?�B�?�4KA�ID8F19G;6�1HB�V^?@f>8F1TB21 Z
:<1HEH:F3>A�4�VjG<?�E�:<3>A�4 [	�~bzA�V.�Dm¢� � �S��m 'w1HGF1i35:�3>8�A�I28Y19GY6�19B�:F0N?@:�:<021U`�?�eD8F8F3>?�4�SiAdB2e2f>?@:<1HB
x.023h:<1(42A�358F1y8F3>SCe2f�?@:F3>A�4D8([ � )#0235:F1� �bL0N?s6�1�?�E9A�428F358Y:<1H4':"?s6�1HG<?�=�1yOc19GYVjA�GFSi?�42E91":FA�:<0D1
A�:F0219G�8Y3>=�4N?@fc:�gdOc1989mu/�021\Ic198;:.OJ1HGYVjA�GYSi3542=L8F35=�4N?�f :�gdOJ1v358�:<021,3>STO2e2f>8Y356�1z��¥�'a¨\8F3>=�4N?�f>8
[ ���F'w��¥2 �bux.35:F0(?LSi35B�Z�GF?�42=�1C[ � � ����� �C8Y19E�b ! F �.A�V�?�IJA�eD:.�Dm¦¥y[ ?�IcA�eD:W¡�¡ 
 f>A�xl19GW:<02?�4
:<0D1WIN?�8Y19f>35421�8Y3>=�42?�f�b�VjA�f>f5A�xl19B�I'gC:<0D1W8F35421�Z `�?�eD8F8F3>?�4L8Y3>=�4N?@f>8�A@Vc��¥['w¨�["� n `���¥D  b�x.35:<0L?�4! F � �YeD8Y:�?@IJA�e�:,� � 
 f5A�x�1HGl:<02?�4i:F021zIN?�8Y19f53>421aA�6�19Gl:<021w194':<35GF1 � G<?�4D=�1�mp/�021,421��d:WIc198;:
Oc19GYVjA�GFST3>42=U8Y3>=�42?�f�:�gdOc1i?�V�:<19Gz:F021PIN?�8Y19f53>421P358,:<021X35SiO2eDf>8F3h6�1i����'w¨P8F35=�4N?�f58X[ ���F'����D �b
x.35:F0�?�4 ! F � �Ye28;:\?XVj1Hx�Oc19GFEH194':v?�IcA�6�1�:<021�IN?�8F1Hf>35421�VjA�f>f>A�xl19B�I2eD:,:F021C8Y3>421 Z;`v?�e28Y8F3�?@4
8F35=�4N?�f58CA�Vv�s��'w¨�["� n `P���D �bvx.3h:<0�?@4 ! F �T?�IcA�eD:P¡�¡ 
 0D3>=�021HG�:F0N?�4�:<0D1"IN?�8F1Hf>35421oA�6�1HG



���

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

A
m

pl
itu

de
 (

R
S

S
)

BlockNormal A
50

 WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
���
 E:+�� ���A=,�4����= �8= ��/I6(��-����(/ < �4�>=$?>@ �(/3�%6(� ���4!$# /$��-$'D��= ! !&� -$��10��6(� ! �;' �(B�6(�%'L��� �
! ��9��\6(�L989 ��/36:!$���0��O

:<0D1�1H4':<3>GY1 � GF?�42=�1@ml/�021H8F1�A�I28F1HGY6@?@:F3>A�428.8Ye2=�=�1H8Y:a:<0N?@: n ���[Z_] x.3>f5f�0N?s6�1�?Xf>A�x�1HG ! F �VjA�G_8F35=�4N?�f58px.35:<0T0235=�0219GpVjGY19k7e2194DEHgiE9A�STOJA�42194':<8�?�42Bi?�0235=�021HG ! F ��VjA�G_f>A�xl19G_VjGF1HkdeD1942E�gE9A�SiOcA�421H47:F89my��GYA'?�B2IN?@42BKVjGF1Hk7e21942E�gK8Y3>=�42?�f>8�GF1HO2GF1H8F194':F19B�I'g�:F021oI2?�8F1Hf>3>4D1o`v?�e28Y8F3>?�4
STA�B2eDf�?@:F19BUx.023h:<1v42A�358F1�r�x.3>f>fJ0N?s6�1�?�4�?�6�19GF?�=�1vOJ1HGYVjA�GYSo?@42E91vA�V�:<021v0235=�0y?�42B(f>A�x VjGF1 Z
k7e2194DEHgROc19G;VjA�GFSi?�42EH1989m �.19='?�GYB2f>1H8F8zA@Vl8Y3>=�42?�f�VjGY19k7e2194DEHg�r n ���[Z_]%Oc19G;VjA�GFST8zIc1H:F:F19G,:FA
3>STO2e2f58F3h6�1U8Y3>=�4N?@f>8L:<02?�4�:F02A�8Y1y:F0N?@:X0N?s6�1yE9A�47:F3>47e2A�eD8Tx�?s6�1HVjA�GFST89m �z6�19GF?�f>f ru:F021 ! F �3>4DE9GF19?�8F1H8a?�8�:<021\8Y3>=�4N?@f�B2e2GF?@:<35A�4"3>42EHGF19?�8F1H8C[^?�IcA�eD:v� � � 
 A�6�1HG.:F021 � G<?�42=�1\A�V~��m��*��:FA
�Dm��L8F19EHA�42B28<b.8Ye2=�=�1H8Y:F3>42=i?PSiAdB219GF?@:<1\ODGF1HVj1HGF1H42E91�VjA�G�8F02A�GY:<1HG.B2e2G<?�:<3>A�4"8F3>=�4N?�f>8Hm

§�3>=�e2GF1 � m¦¥C8Y02A�x.8l:<0D1wST1s?�8Ye2GF1HBU8F35=�STA�3>BP8Yf>A�Oc198,[���b~VjA�G n ���8Z_]�m3$,8_xW?�8lA�I28Y19GY6�19B
3>4y:<021C��f>AdEMQ3YwA�GYSo?@f�8Y3>=�STA�35By8Yf>A�Oc1CST1s?@8Fe2GY19ST194':<8HrJ:<0D1Cf>A�xl19Ga:<021�Si19?�8Fe2GY19B ! F �zGF1 Z8FeDf5:<8a3>4�?X=�GF19?@:<1HGw8Y3>=�STA�3>B"8Yf>A�Oc1vSi19?�8FeDGF19ST194':,?�42By:<021�023>=�0219G�:<0D1�VjGF1Hk7e21942E�gyA�V~:<0D1
8F35=�4N?�f r�:F021v8Y:<1H19Oc19Ga35:F8�8Ff>A�OJ1@m



� �

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

S
ig

m
oi

d 
S

lo
pe

BlockNormal Sigmoid Slope WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
 � 
 C>��10���0��9 -&!&�,�,'L����-$- = ��/ 6(��- ���(/ < �4�>=$?>@ �(/3�%6(� ���4!$# /$��-$'D��= ! !&� -$��10��6(��! �;' �(B
6(��'L���4! ��9��I6(��989 ��/36:!$�4�0��O

� �"! ��� � '������ �	��
��

§�35=�e2GF1 � m ��8Y02A�x.8X:F021(Si19?�8FeDGF19B ! F �XVjA�G�\ Zp3>Oc19f>35421ox.0235EM0�0N?�B�?�4�A�I28Y19GY6�19B�V^?�f>8Y1
B21�:<19E�:<35A�4�VjGF?�EH:F3>A�4�[���bWA�Vp�Dmh����¡��Dml/�0D19GF1�xW?@8,?XSi3542A�G�EM0N?@42=�1�3>4yON?�G<?@Si1�:<19G.8Y1H:F:F3>42=�8
VjA�G,:F023>8,3>4'6�1H8Y:<35='?@:F3>A�4�VjGYA�S :F02A�8Y1TBD198FEHGF35IJ1HB�354R8F1HEH:<35A�4 ��m¢��+�IJ1HEs?�eD8F1XA�Vl?�4�A�I28Y19GY6�19B
Oc19GF35A�BD3>E.B21H:F19E�:<3>A�4iV^?�35f>e2GY1�A�V�f�?@GF=�1a?�STO2f>3h:<e2BD1�8F3>=�4N?�f>8,[^1�6�1HGYg � � � 3>4 �Y19EH:F3>A�4i?�42Bi35:F8 �P�
421H3>=�07IcA�GMb r�:<0D1zSi35423>SCe2S�I2f>AdEMQTA�6�19GYf�?�O"ON?@G<?�ST1H:F19Glx�?�8�EM0N?@42=�19B"VjGYA�S��s�L8F19EHA�42B28W:FA
¡'�P8F1HE9A�42BD89m/$wf>8YA2r2:<021�ST3>4235SLe2S�?�42B�So?���35SLe2S�VjGF19k7e21H42EHg�G<?@42=�1v0N?�8.Ic19194�EM0N?�42=�19B
VjGFA�S �d��� 'a¨o:<AR�@¥'� 'a¨U3>4�:<021UODGF1H6d35A�e28L35476�198;:<3>=�?@:<35A�4�:FAR��'a¨o:<A����S� 'a¨oVjA�Gv:<02358
3>4'6�198Y:F3>='?�:<3>A�4�m

§NA�GW:<021\¤NGY8Y:.:<35Si1,3>4y?�4'g"A�V�:<021H8F1�]p/a`v8Hr ?�4�3542E9GY1s?�8Y1v3>4 ! F �w?�8.IJA@:<0 � B2e2G<?�:<3>A�4?�42B�?@SiO2f535:Fe2B21X3>42EHGF19?�8F1@rp3>8CA�I28F1HGY6�1HB�m�/�023>8�6�19G;g�xl19f>fuSi?�g�Ic1i:<0D1UEs?�8Y1UVjA�GL�lf>AdEMQ'Z
YwA�GFSi?�f�?�4DB n ���[Z_]�rNI2eD:.:<021vEHe2GFGY194':a3>4'6�1H8Y:<35='?@:F3>A�4"GF?�42=�1H8w?@GF1v42A�:.f>?�GF=�1,1942A�eD=�0y:FA
A�I28Y19G;6�1L:<0D3>8,OD021942A�Si1H42A�4�[jx.0D3>EM0�x.3>f5f�Ic1CGY1HVj1HGFGF1HBR:<A"?�8 .U03HI2?:<23=2b�m n 3>42EH1�:<0D1 ! F �\35842A�f>A�42=�19G�?�8F35=�STA�3>BRVje242E�:<35A�4KA�V�?�SiODf>35:Fe2B21@r�:F021 �@� 
 1  TE9351942E�g�OJA�354':C8Y1919Q73542=}x�?�8



� �

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

A
m

pl
itu

de
 (

R
S

S
)

SLOPE A
50

 WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
���
XE:+��7���A=,�4����= � = ��/I6(��- ���(/�C�E FIH J ���4!$# /$��-&' ��= !\!&� -$�410��6(� ! � 'D�(B 6(��'����4! ��9��
6(��989 ��/36:!$�4�0��O

Oc19GYVjA�GFST19B�?@f>A�42=XIcA�:<0y:<021C?�STO2f>3h:<e2B21v?@42B � ?���1989m./�021CIN?�8F1Hf>35421v8F3>=�4N?�f�A�V_`v?�e28Y8F3>?�4
STA�B2eDf�?@:F19Bzx.023h:<1p42A�358F1a["� )#023h:<1@  bJ:Fe2GF428�?@8YgdSiO�:<A�:F198�8Ff53>=�0':<fhgz?@IJA�6�1p:F021pSo?��D35SLe2S � A�V
�Dm��.8Y19EHA�42B28Hmp]~6�194C?@:�f>A�xl19G � BDe2G<?@:F3>A�4D8u[ ��� ���h� �.8Y19EHA�42B28<b�:F023>8�8F35=�4N?�f'02?�8�A�4C?s6�19G<?@=�1
:<0D1�0235=�021H8Y: ! F �,A@V~:<021�8F35=�4N?�f�:�gdOc198w3>4'6�1H8Y:<35='?@:F19B�?@8axl19f5f�?@8a:F021�=�GF1s?�:<198;:,3542E9GY1s?�8Y1C354! F �,?�42B � 3542E9GY1s?�8Y1989m�/�021CA�:F0219G.8Y3>=�4N?@f>8W:<02?@:,EHf>19?�GFfhgU8F0DA�x :F023>8.O20D1942A�ST194DA�4�x.3h:<02354
:<0D1�35476�198;:<3>=�?@:<35A�4�GF?�42=�1�?�GY1�:F021C35SiO2eDf>8F3h6�1\8Y3>=�4N?@f�A@VW��� 'w¨o[ ���F'�����  bWx.023>EM0�:<e2GY428a:FA
?�8;g�STOD:FA�:<1H8�?�:C?@IJA�e�: � � ���h���"8F1HE9A�4DB289m�$W:�f>A�x�1HG � BDe2G<?@:F3>A�4D8o[ ��� ���h� �U8F1HE9A�42BD8Mb
:<0D3>8�8F35=�4N?�f'EHf>A�8Y19f5g,:<G<?@EMQ�19B�:<021_Oc19GYVjA�GFSi?�42E91_A�V�:<021u3>STO2e2f58F3h6�1p8F35=�4N?�f'A@VN��¥ 'w¨,[ ���F'w��¥2 �b
x.0235EM0}?�f58FAX8F0DA�x.8a:<021\:FGF194DB�A�V�G<?�OD3>B"3>4DE9GF19?�8F1�3>4 ! F �,?�8 � 3>42EHGF19?�8F1H8a8Ye2=�=�1H8Y:F3>A�4(:<0N?�::<0D3>8W:<AdALx.3>f5fJ:Fe2GF4yA�eD:F8F3>BD1\A�V�:F021v3>4'6�1H8Y:F3>='?@:F3>A�4"GF?�42=�1@mp/�02198Y1�35SiODe2f>8Y356�1,8F3>=�4N?�f>8�IJA�:F0
0N?�B�=�GY1s?@:F19G ! F �T6@?�f5e2198C:F0N?�4�:<0D1y8Y3>421 Z;`v?�e28Y8F3�?@4�8F3>=�4N?�f>8"[ � n `X�s�D ~?�4DB � n `v��¥2 �b�m $W:f>A�xl19G � B2e2GF?@:<35A�428v[ ��� ���5���P8Y19EHA�42B28<b�:F02198Y1�8Y3>=�42?�f>8WEHf>A�8Y19fhgo:<GF?�EMQ�1HB�19?�EM0yA�:<021HG�[ �Ye28;:
?�8�:<021i3>STO2e2f>8Y356�1i8Y3>=�4N?@f>8v0N?�B bvI2eD:L?�8 � 3542E9GY1s?�8Y198Hr�:<021U��¥�'a¨o8F35=�4N?�f_358�:<0D1i¤NGY8Y:C:FA
8F0DA�x 8Y3>=�428a:<02358,8Y3>=�4N?@f�x.35f>f�?�f58FAi:Fe2GF4}A�eD:<8Y3>B21�A�Vp:<0D1C3>4'6�198Y:F3>='?�:<3>A�4}G<?@42=�1�mw/�021LSTA�8Y:



� �

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

S
ig

m
oi

d 
S

lo
pe

SLOPE Sigmoid Slope WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
	� 
�C>��10���0��9 -&!&�,�,'L����-$-K= ��/ 6(��- ���(/ C>E F HKJ ����!$# /3��-&' ��= ! !&�\-$�410��6(�>! �;' �(Bg6(��'����4! ��9��
6(��989 ��/36:!$�4�0��O

E9A�428F358Y:<1H4':lA@Vc:F02198Y1.8F3>=�4N?�f>8�3>8�:F021�8F35421�Z `�?@e28F8Y3�?�4PA�V����['a¨Wx.023>EM0TA�42fhgC3542E9GY1s?�8Y198p354 ! F �?�IcA�eD:�¡*� 
 A�6�19G�:<021 � G<?�4D=�1T?�42B�r�x.35:F0K?@4K?s6�1HG<?�=�1 ! F �CA�VW?�IJA�eD:��Dm�� ��r�3>8\:<0D1TIc198;:Oc19GYVjA�GFST3>42=U8Y3>=�42?�f~3>4�?@47gR]_/a`Pm�/�02358z:<e2GY423>4D=yOD021942A�Si1H42A�4�8F02A�x.8v:<0N?�:-\ Zp3>Oc19f53>421
0N?�8a?P8Y:FGFA�4D=iO2GY1HVj1HGF194DE91v:<AX8F02A�GY:aB2e2GF?@:<35A�4(8F3>=�4N?�f>8Hm

§�3>=�e2GF1 � m��"8F0DA�x.8v:<0D1PSi19?�8Fe2GY19B�8F35=�SiA�3>B�8Yf>A�Oc198T[ ��bwVjA�G8\ Zp3>Oc19f53>421@m �PxW?@8�A�42f5g
ST1s?�8Ye2GF1HBTx.021H4o:<0D1 ! F �lx�?�8u8Y:<35f>fD?vVje24DEH:<35A�4XA�V�?@SiO2f535:Fe2B21W8Y3>42EH1.:F023>8_358~:<021aA�42fhgC:<35Si1:<02?@:W:<0D1z8F35=�SiA�3>Bo8Yf>A�Oc1z358�x�1Hf>fJB21H¤N4D19B�m_{|:�358�?�='?�354UA�I28Y19G;6�19By021HGF1z:<02?@:W:<0D1zf>A�xl19GW:<0D1
ST1s?�8Ye2GF1HB ! F �vGF1H8Fe2fh:<8z354R?U=�GF19?@:<1HGz8F35=�STA�3>By8Ff5A�OJ1CSi19?�8Fe2GY19ST194':v?�4DB�:<021L0D3>=�021HG,:<0D18F35=�4N?�fJVjGF19k7e21H42EHg�rc:F021v8Y:F1919Oc19G�:F021v8Ff>A�OJ1i[jVjA�G�Si19?�8Fe2GY19ST194':<8.Si?�B21\Ic1HVjA�GY1\:<021\:<eDGF4 b m



�����

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

A
m

pl
itu

de
 (

R
S

S
)

Q Pipeline A
50

 WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
�� 
7E:+�� ���A=,�4���L= �A= ��/ 6(��- ���(/�M HK��'D��������� ���4!$# /$��-&' ��= !"!&� -3�410��6(��! � 'D�(B�6(��'����4! ��9��
6(��989 ��/36:!$�4�0��O

� ��� J 	^�
V-
^] ��	 �bT
� P V'P ] �:];
 � �8` � 	 
 	�ZG
W]��U_ �d]X

� J 	��

c"S�	�ZG
 
 � V _ � c 
^T
�.S+� � c^]
Z2V � � �USLQ+�
V-
^]��U_

)#0235f>1.:<021zST1s?@8Fe2GY19ST194':�A�V�:<0D1 ! F �W6@?�f5e2198l=�356�198W354DVjA�GFSi?@:F3>A�4TA�4o:F021zOc19GYVjA�GFSi?�42E91wA�V?�4y]p/a`XrD35:�B2Ad198.42A@:.=�356�1v?LE9A�STO2f>1�:<1\B21H8FEHGF3>O�:<3>A�4"A�V�3h:<8WOc19G;VjA�GFSi?�42EH1�m_§NA�GW1 �D?�SiODf>1�r
:�xlAo]p/a`\8aE9?�4y0N?s6�1�3>B21H47:F3>E9?�f ! F �aOc19GYVjA�GFSi?�42E91H89r2IDeD:a35V�A�421�]p/a`
0N?�8a?P8Y:F1919Oy8Ff5A�Oc1
:<A}35:<8�8F35=�SiA�3>BR:<GF?�428F3h:<35A�4�?�4DBK:<021oA�:<021HGC0N?@8P?}8F02?�f>f5A�x 8Ff>A�OJ1@r�:<021H4�:<021U]_/a`-x.35:F0
:<0D1o8F02?�f>f5A�x
8Ff5A�OJ1Xx.3>f5f_0N?s6�1U?�SLe2EM0�Ic1H:Y:<19G�Oc19GYVjA�GFSi?�42E91X:<A}f>A�x�?�STO2f>3h:<e2BD1P8F3>=�4N?�f>8
:<02?�4R:<021X]p/a`�x.3h:<0�:<0D1P8Y:<1H19O�8Ff5A�OJ1@mL)#0D194�:<021H8F1T]p/a`v8v?�GY1X?�O2O2f53>1HB}:<A"GY1s?�f~B2?@:M?Dr
:<0D1z8F0N?@f>f>A�x 8Ff5A�Oc1z]p/a` xlA�e2f>B"Ic1zO2GY1HVj1HGFGF1HB":<AL:<0D1z8Y:F1919O(8Yf>A�Oc1\]p/a` 8Y3>42EH1z:<021HGF1\3>8�?
Ic1H:F:F19G.EM0N?�4DE91v:<AXB21H:F19E�:w:F021\x�19?�Q"8F35=�4N?�f58�:<0N?�:wSi?sgUIc1v3>4U:<0D1�B2?@:M?Dm

{|:ixlA�e2f5B�Ic1(0219f5ODVje2f�:<A�Ic1�?@I2f>1":<A�k7eN?�4':<3hV�g�:<0D1�A�6�1HG<?�f5f�OJ1HGYVjA�GYSo?@42E91y?�4 ]_/a`
3>4�?�8F35=�4N?�f�k7eN?�4':F35:�g,+�:<02358Tk7eN?@47:F35:�g�8Y02A�e2f5B�O20'gd8F35Es?�f5f5g�GY19f>?@:<1U:FA�:F021�B2?@:M?�?�4N?�fhgd8F3>8
A�I �Y1HEH:F356�1@m 'w1HGF1�rw:<021�A�I �Y1HEH:F356�1RVjA�Gi:<021�I2e2GY8Y:�]p/a`v8(358o:<A�B21�:<19E�:y8F02A�G;:yB2e2G<?�:<3>A�4



�����

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

S
ig

m
oi

d 
S

lo
pe

Q Pipeline Sigmoid Slope WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 �D
4� 
 C>��10���0��9�-&!&�,�,'L����-$-2= ��/ 6(��- ���(/ M HK�4' ��������� ���4!$#�/$��-$'D��= !I!&�U-3�410��6(� ! � ' �(B 6(� �
'L����! ��9��I6(��989 ��/56:!$�4�0��O

=�GF?�6d3h:M?@:F3>A�4N?@fDxW?s6�198WVjGFA�S ?@8Y:<GYA�O20'gd8F35Es?�fc8FA�eDGFE91H89m n A2r�?Ck7eN?�4':F35:�gXx.023>EM0oB2198YE9GF35IJ1H8�:<0D1
GF1Hf�?@:F356�1CO2GYA�IN?�I235f>3h:�g"A�Vu?�4�]p/a`�:FAUB21�:<19E�:�?o=�GF?�6d3h:M?@:F3>A�4N?@f�xW?s6�1X8Y3>=�4N?@f�x.3h:<0�GY198FOc19E�:
:<AT?�4�?�8;:<GFA�O20'g�8Y3>E9?�f�OJA�O2e2f�?�:<3>A�4"3>8�B21H8FE9GY3>Ic19By0219GY1�m

%�A�428Y3>B21HG"?�OcA�O2e2f>?@:<35A�4�E9A�STOJA�8F19B�A�V�?�4�3>4D¤N4D35:<1Hf5g�:F023>4�B23>8YQ�A@V\e2423hVjA�GFSTf5g�BD3>8;Z
:<GY3>I2e�:<19B�8Y:<?�42BN?@GFB E9?�42B2f51989m /�021�47e2SCIJ1HGiA�Vz8FA�e2GYE91H8o3>4�1s?@EM0 3>4�¤N4235:F198Y3>Si?�fWGF3542=�A�V
x.3>B�:<0(B��X?@:.GF?�B23>eD8��L3>8XW ��[���b � � � �@B�� [ � mh���'b

$,f58FAUQ742A�x.4�3>8a:<0N?@:w:<021C8Y:<GF?�3>4�r���r�V^?�f5f>8.A�qK?�8,:F021L3>4'6�19GF8Y1PA�V~:F021Lf>AdEs?�:<3>A�4�GF?�B23>eD8
A�V�:<021v8YA�e2GFEH1SW

��[���b ���� [ � mh����b
x.021HGF1 � 358a?XODGFA�OcA�GY:F3>A�42?�f>3h:�giEHA�428;:M?�4':sm/�021�ST1s?�8Ye2GF1WA@Vc:F021WO2GYA�IN?�ID3>f>3h:�gvA�VcB21H:F19E�:<3>A�4Lx.35:<0CGF198YOJ1HEH:p:FAz:<021WST1s?@8Fe2GY19BX8Y:FG<?�354
?@:�:F021vB21H:F19EH:FA�G.3>8�O2GYA�OcA�GY:F3>A�4N?@fJ:<AP:F021v1  TE9351942E�g"A�V�:<021vB21�:<19E�:<A�Ga?�4DBy:F021v4deDSLIJ1HG�A�V



�����

8FA�e2GFEH198"x.35:F0 :<0N?@:U8Y:<GF?�3>4�raIcA�:F0#?�8"?KVje242E�:<35A�4 A�V�8Y:FG<?�354�m�/�0219GY1HVjA�GY1�rz?�EM02?�42=�1R354
6@?�GF3>?�I2f51zSLe28;:wIc1\Si?�B21z:<Ai]pk7eN?@:<35A�4 � mh���Pe28F3542=T]_k7eN?�:<3>A�4 � mh��� W

� � �� [ � mh����?'b
B�� � " �� � B � [ � mh���@I b

n e2ID8Y:<3h:<eD:F3>A�4"gd3>1Hf>B28XW
�K[ � b � ",� � � �� ! B � [ � mh��¡'b

n 3>ST3>f>?�GFfhg�r�:F021(47e2SLIc19GXA�Vw3>8FA@:<GFA�O23>E9?�f>fhg�BD3>8Y:FGF35I2eD:<1HB�8Y:M?@42BN?�GYB�E9?�42B2f5198T3>4�?�4�3>4�Z
¤N423h:<1H8F3>Si?�fJ8F021Hf>f�A�V�B219O�:<0yB��X?@:.f>AdEs?�:<3>A�4UG<?�BD3>e28��L358.=�356�194(I'gNW

��[ ��b � ¥ � � � B � [ � mh�s¥7b

�}?�Q73542=P:<021v8FeDI28Y:F35:<e�:<3>A�428.A�V~]pk7eN?@:F3>A�4 � mh����?X?�4DB � mh���@I"gd3>1Hf>B28XW
�K[ � b � "a¥ � � !� $ B � [ � mh� ��b

/�0219GY1HVjA�GY1�rN:<0D1�47e2SCIJ1HGaA@V�8YA�e2GFEH198.VjA�G�1s?@EM0}OcA�O2e2f>?@:<35A�4U3>8�ODGFA�OcA�GY:F3>A�42?�fJ:FA W

�K[ � b � � �  �! � VjA�G�B2358FQUOcA�O2eDf�?@:F3>A�4
�  �$ � VjA�G�358FA�:FGFA�O235EzOcA�O2e2f>?@:<35A�4 [ � mh���'b

)#35:F0(:F023>8.OcA�O2e2f>?@:<35A�4UQ742A�x.f>1HB2=�1@r :F021vB21H:F19E�:<3>A�4�1  iEH3>1H42EHg(8Ye2GYV^?�EH198.x.35:F0�GY198FOc19E�:
:<AK?�STO2f>3h:<e2B21y?�4DB B2e2GF?@:<35A�4 E9?�4 Ic1}SLe2fh:<35O2f>3519B�I'g�:F021�?@O2O2GFA�O2GF3>?@:<1yOJA�O2e2f�?�:<3>A�4�:FA
O2GYA�B2eDE91\:<021vO2GYA�IN?�ID3>f>3h:�goA@V�B21�:<1HEH:<35A�4(VjA�G.?P8FOc19E93h¤NEvOJA�O2e2f�?�:<3>A�4 W
�o[jB21H:F19EH:F3>A�4

*
! ����� � � b � � � ����
	���
�������� ��� ��
��� �s[ ! ����� � � b !  �!����� B ! ����� B � �.B23>8YQUOJA�O2e2f�?�:<3>A�4� 	���
�������� � � ��
��� �s[ ! ����� � � b !  �$����� B ! ����� B � �.3>8FA@:<GFA�O23>E\OcA�O2e2f>?@:<35A�4[ � mh� � b

x.021HGF1 �u358_:F021.B21H:F19E�:<3>A�4i1  iEH3>1H42EHgT?�4DBT:F021,?@SiO2f535:Fe2B21 ! ����� 358p3>B21H4':<35¤219Bi?�8p:<021a8Y:FG<?�354
��m

� e21w:FA�:F0219GY1,Ic193>4D=L?�4DA�4�Z�¨H19GYACV^?�f>8Y1wBD1H:<1HEH:F3>A�4oVjGF?�EH:F3>A�4}[���b�r ��[ ! ����� � � buSLeD8Y:W02?�6�135:F8,V^?�f58F1CGF?@:<1CGF19STA�6�1HB�mP�z42EH1L:<02358,B235GF19E�:sr�1Hf>1HSi1H47:zI7g}19f519ST194':sr�8Ye2ID:FG<?�E�:<3>A�4R3>8zEHA�SXZ



����¡

O2f51H:<1HB�r���x.35f>f�42ATf>A�42=�19G.?@O2O2GFA�?�EM0�eD4235:�g�ml/�02358�x.3>f>f�0N?s6�1�f>35:Y:<f51,1HqJ19E�:,A�4y:F021�354':<19=�G<?�f
8F3542E91 ��[ ! ����� � � bX358oSLe2fh:<35O2f>3519B�I'g ?�:of51s?�8;:i:F021}35476�19GY8F1�EHe2IJ1}A�Vz:<0D1�?�STO2f>3h:<e2BD1�?@42BSi?���3>SLe2S�1  iEH3>1H42EHg"1Hf>1HSi1H47:F8Wx.3>f5f�E9A�47:FGF35I2eD:<1,A�42f5gU?L8FSi?�f>fcOcA�GY:F3>A�4"A�V�:F021z:<A�:<?�fJ6�A�fhZ
e2ST1�mLYwA�421H:F0219f5198F8Hr�:<021LV^?�f58F1LBD1H:<1HEH:F3>A�4RGY19STA�6�19B���[ ! ����� � � bw3>8,42A�GFSi?�f53>¨91HB�:FA"GF198;:<A�GY1:<0D1ySi?���3>SCe2S 1  TE9351942E�g�:<A�35:F8LA�GF35=�3>42?�fu6@?�f5e21�[^?@V�:<1HGX?�f>f r~VjA�GC6�1HGYg�f>?�GF=�1U?�SiODf>35:Fe2B21
8F35=�4N?�f589r2BD1H:<1HEH:F3>A�4(1  TEH3>194DE93>1H8w4D1s?�G�e24D35:�g(?�GY1v1���OJ1HEH:F19B}GY19='?@GFB2f5198F8.A�V �~bIW

� � [ ! ����� � � b � �
� " � � ��[ ! ����� � � b*" �  [ � mh���'b

x.021HGF1 � � 3>8W:F021\V^?�f>8Y1\GF19STA�6�1HB�r 42A�GFSi?�f53>¨91HBUB21�:<19E�:<35A�4�1  TE93>1H42EHg�m
{�4':<19=�G<?@:F3>A�4v3>8�Oc19G;VjA�GFST19Bv47e2ST19GY3>Es?@f>f5gaI'gv8FeDSiST3>42=l:<021p6�A�f>e2ST198�A�V�E9A�f>e2ST428�x.02A�8Y1

021H3>=�0':X3>8C198Y:F3>Si?@:<1HB�:<ARIc1U:<021(ST1s?�4�A�Va:<0D1"023>=�0D198Y:XEHA�GF4D19GX?�42B�:F021(f>A�x�1H8Y:XEHA�GF421HG
[ ��(r�x.021HGF1�� � � � [ ! ����� � � b,SLe2f5:F3>O2f53>1HB�I'g�:<021T?�ODO2GFA�ODGF3�?�:<1POcA�O2e2f>?@:<35A�4�V^?�EH:FA�GMbz?@42Bx.02A�8Y1vE9GFA�8F8.8F1HEH:<35A�4N?�f�?�GF19?L3>8W:<0D1\O2GFAdB2e2E�:.A�V�:<021�?�O2ODGFA�O2GY3�?@:F1z8FO2?�E93542=P3>4 ! ����� ?@42B �[ � ! ����� � � b;W

' 	���
�������
�

' � � 
��
�

�XB ! ����� B ��� 		 ����� 	 � ���� 	 � � ��� �	� � ! ����� � � [ � mh���'b

�z42E91���3>8\3>4':F19=�GF?@:<1HB�VjA�G\1s?�EM0�]p/a`-?�42B�8F35=�4N?�f r�?U47e2SLIc19G\:<02?@:vGF1HO2GF1H8F194':F8�:<0D1
GF1Hf�?@:F356�1�O2GYA�IN?�ID3>f>3h:�gUA�V~B21H:F19EH:F3>A�4yVjA�G.:<0N?@:w8F35=�4N?�f�x.3h:<0}GY198YOJ1HEH:,:FAi:F0N?@:wOJA�ODe2f�?@:F3>A�4(358
A�ID:<?�3>4D19B�m~/�0D3>8�k7eN?@47:F35:�gTEs?@4UIJ1wE9A�STON?�GY19Bo?�E9GYA�8F8�]p/a`\89m n 3542E91a:<021w1��d:<GY19ST19fhgi8Y02A�G;:
B2e2GF?@:<35A�4T8F3>=�4N?�f>8H �OcA�A�G_B21�:<1HEH:<35A�4o1  TE93>1H42EHgT358uf53>Q@19f5gLB2e21.:<A�8F3>SCe2f�?@:F3>A�4D8pA�V�A�4Df5gX?\Vj1Hx
8<?@SiO2f5198�3>4�f>1H42=�:<0�r�:<0D1i3547:F19=�GF?@:<35A�4�IJA�eD42B28�VjA�G � ?�GF1i�Dm¢��¡�� � �*�":FA��Dm��y8Y19EHA�42B28P?@42B
:<0D1�?@SiO2f535:Fe2B21zIcA�e242BD8a3542E9f5e2B21z:F021\Vje2f>f�GF?�42=�1\354'6�198;:<35='?@:<1HB�[^�Dm¢�D�\:<A ���'b m

� ������� 
 ����� ' 
 ��� � � 
 � 
 

/�?�I2f>1 � mh�C8Y02A�x.8w:<0D1CGF1Hf�?@:F356�1�ODGFA�IN?@I23>f535:�gUA@VpB21H:F19E�:<3>A�4�x.35:F0}GY198FOc19E�:,:FAU?iBD3>8FQ"OcA�O2edZ
f�?�:<3>A�4�VjA�G,��f>AdEMQ3YwA�GYSo?�f r n ���[Z_]�?@42B�\ Zp35OJ1Hf>3>4D1�rc42A�GFSi?�f53>¨91HB�:FAU:<021P�lf>AdEMQ YaA�GFSi?�f
`v?�e28F8Y3�?�4"STAdB2e2f�?�:<19Bix.0235:F1z42A�358F1z6@?�f>eD1�m
'a19GF1v3h:W3>8�A�I28F1HGY6�19B�:F0N?@:�19?�EM0(A�V�:<021v]p/a`\8
Oc19GYVjA�GFS ?@O2O2GFAs��3>Si?@:F19f5g�?�8Uxl19f5f\?�8"A�4D1�?�42A�:F0219GUVjA�Gi:<021�IN?�8Y19f53>421�8Y3>=�42?�f,A�VL`v?�e28;Z
8F3>?�4�SiAdB2e2f>?@:<1HB�x.023>f51U42A�358F1@m���f>AdEMQ3YwA�GYSo?�fl0N?�8L:F021(SiA�8;:XE9A�4D8F3>8;:<1H47:TOc19G;VjA�GFSi?�42EH1
?�EHGFA�8Y8a8Y3>=�42?�f�:�gdOJ1H8,?�4DB(VjGY19k7e21H42E935198,IDeD:aB2A�1H8.8F02A�x�?P8Ff53>=�0':.O2GY1HVj1HGF194DE91v:<ATf>A�x�1HGWVjGF1 Z



���@¥

� ��������	���� �����
� 	�� ��f5A�EMQ3YaA�GFSi?�f n ���[Z_] \ Z_35OJ1Hf>35421
`v?�e28Y8F3>?�4(SiAdB2e2f>?@:<1HBUx.0235:F1\42A�3>8Y1 ��m¢����� ��m¢¡D� � �Dm �*��¡ �

n 3>421 Z;`v?�e28Y8F3�?@4289r��s��'a¨ ��mh����¡ �Dm�����¡�¥ ��mh����¡
n 3>421 Z;`v?�e28Y8F3�?@4289rN�@¥ 'a¨ �Dm�� � ¥2� ��m¦¥'� � ¡Dm����D�

��f�?�EMQi02A�f51\GF3>4D=�B2A�x.4289r��s��'a¨ ��m¦¥'� � ��m¢� � � ��m �����
��f�?�EMQi02A�f51\GF3>4D=�B2A�x.4289r �@¥ 'a¨ ��m¢¡�¡�¡ ��m����S� ��m¢�D�s¥

(*)�+-,i	 ��
���

	�����6:!$�G6(�I'�/$� �L6��L�����4! ��� ��9��,!&��= !$�4�0� ���(/^��6(=3#8J �;3 ���4!$# /$��-&' ��= !^!&��6 9L��-&?�' �(' � �
��6:!$�4�0��0 ���(/3�%6(�����,��9 !&�2!$#�� < �4�>=$?>@ �(/3�%6(��'�/3� �L6��L������! � ���(/*3I6 �L-$-$��6(�%�%� 9 �L��6:!&��9 ��#��4!&�����0��-&��85O

k7e2194DEHg�8F35=�4N?�f58\?�42B�8F02A�x.8C?(STAdB219GF?@:<1PO2GY1HVj1HGF194DE91iVjA�G\3>STO2e2f>8Y356�1P8F3>=�4N?�f>8Hm n ���[Zu]� ¦8
Oc19GYVjA�GFSi?�42E91�6@?�GF35198,STA�GY1�:<02?�4���f>AdEMQ3YwA�GYSo?@f£ ¦89ma{|:\8F02A�x.8v?oSTAdB219GF?@:<1�O2GF1�Vj19GF1H42E91L:FA
3>STO2e2f58F3h6�1"8F35=�4N?�f58PI2eD:9r�e242f53>Q@1��lf>AdEMQ YaA�GFSi?�f ru8Y02A�x.8U?�8Y:FGFA�42=�O2GY1HVj19GY1942EH1�:FA�0235=�021HG
VjGF1Hk7e21942E�g(8F35=�4N?�f589m \ Z_35OJ1Hf>35421z8F0DA�x.8.:<0D1\f�?�GY=�198;:.G<?�42=�1\3>4"Oc19GYVjA�GFSi?�42E91H8�Wp3h:.8F02A�x.8a?
O2GY1HVj19GY1942EH1i:FAy:F021X8F3>4D1�Z;`v?�e28Y8F3>?�4�8F3>=�4N?�f>8\A�6�19Gv:<021T3>STO2e2f58F356�1P8F35=�4N?�f58zI2eD:�42A�:v:<A(:<0D1
I2GYA'?�B2IN?@42B `v?�e28Y8F3�?@4 STA�B2eDf�?@:F19B�x.0235:F1�4DA�3>8Y1�m )#35:F023>4�:F021}8Y3>421 Z;`v?�e28F8Y3�?�4�8F35=�4N?�f589r
:<0D19GF1i3>8�?(8Y:<GYA�42=�O2GF1�Vj19GF1H42E91i:<A(:<021if>A�x�1HG�VjGY19k7e21H42EHg�8F35=�4N?�f58\x.023>f51X:F0219GY1o358�?ySiAdB�Z
19GF?@:<1yO2GY1HVj19GY1942EH1�:FA�:<0D1�0235=�021HGXVjGY19k7e21H42EHg�8F35=�4N?�f58LVjA�GP:<021y3>STO2e2f58F356�1"8F35=�4N?�f589m {|:T358
?�f58FAC4DA�:<1HBi:<02?@: \ Zp3>Oc19f53>421.0N?@8�0235=�0219GuOc19GYVjA�GFSi?�42E91a47e2SLIc19GY8l:<02?�4o:<0D1wA�:F0219G�]p/a`v8Hm
)#0235f>1,:F02198Y1�?@GF1\3>STO2GY198F8Y356�1�r2A�4D1\Es?�424DA�:.E9A�STO2f51H:<1Hf5giGF1Hf5giA�4":<02358�]p/a` VjA�GWB21�:<19E�:<35A�4
O2e2GYOJA�8F198�8Y3>42EH1,3h:W3>8ue242f53>Q@19f5gX:F0N?@:�?�8Y:<GYA�42=L35SiODe2f>8Y356�1a=�GF?�6d3h:M?@:F3>A�4N?@f x�?s6�1zx.3h:<0"? � A�V
�Dm¢¡P8F19EHA�42B28,?�42By?�4 � nDn ?@SiO2f535:Fe2B21zA�Vl���LxlA�e2f>ByIc1\B21H:F19EH:F19BR?�:a?�f>f m

� �����"! � ��
 
 � 
 � � � '-
 ��� � � 
 ��
 


 � 	 ���
	��*� ����	���� �����
� 	�� ��f5A�EMQ3YaA�GFSi?�f n ���[Z_] \ Z_35OJ1Hf>35421

`v?�e28Y8F3>?�4(SiAdB2e2f>?@:<1HBUx.0235:F1\42A�3>8Y1 ��m¢����� ��m � � � �Dm � � �*�
n 3>421 Z;`v?�e28Y8F3�?@4289r��s��'a¨ ��m��@¥2� �Dm¢¥ ����� ���dm � �
n 3>421 Z;`v?�e28Y8F3�?@4289rN�@¥ 'a¨ �Dm¢¥ � � ¥ ��m � ��� � m¢¡'�@¥

��f�?�EMQi02A�f51\GF3>4D=�B2A�x.4289r��s��'a¨ ��m � � � ��mh���'� ¥2m¢��¥ �
��f�?�EMQi02A�f51\GF3>4D=�B2A�x.4289r �@¥ 'a¨ ��m��@¥7� ¡Dm¦¥ � � ¥2m �D� �

(*)�+-,i	 ��
 � 
�	�����6:!$�G6(�\'�/$� ��6��L�����4! �%� � 9��,!&��= !$�4�0� �i�(/���6(=3#�JK�;3 ���4!$# /$��-$'D��= !�!&�A6(�U��-$�(!&/$�('L��=
' �(' ����6:!$���0� 0 ���(/3�%6(�����,��9 !&� !$#�� < �4� =3? @ �(/3�%6(� '�/$� �L6��L�����4! � ���(/ 3I6 �L-$-$��6(� ���>9 ����6:!&��9 ��#��4!&�
���0��-$��85O

/�?@I2f>1 � m �.8F02A�x.8~:F021�GY19f�?�:<356�1lODGFA�IN?@I23>f535:�g\A�V2B21H:F19EH:F3>A�4�x.35:<0�GF1H8FOc19EH:�:<A\?�4�3>8YA�:<GYA�O23>E
OcA�O2e2f>?@:<35A�4CVjA�Gp�lf>AdEMQ YaA�GFSi?�f r n ���[Z_]�?�42B \(Zp35OJ1Hf>3>4D1�r�42A�GFSi?�f>35¨919B�:<Az:<0D1w�lf>AdEMQ YaA�G;Z



��� �

Si?�fp`v?�e28Y8F3�?@4�STAdB2e2f�?�:<19B�x.0D35:<1P4DA�3>8Y1L6�?@f>e21@mL/�023>8\1HEM02Ad198v:<021X8<?@Si1Pe24DB219G;:<A�421H8C?@8
:<0D1"A�I28F1HGY6@?@:F3>A�428CSo?�BD1oVjA�GC:F021"B23>8YQ�OcA�O2eDf�?@:F3>A�4 WT��f5A�EMQ3YaA�GFSi?�f�8Y02A�x.8T?�SiAdB219GF?@:<1
O2GY1HVj19GY1942EH1}:<A�3>STO2e2f58F3h6�1"8F35=�4N?�f58T?�42B 8Y3>=�42?�f>8Px.35:F0�f5A�x�1HGTVjGY19k7e2194DEHg�r n ���[Z_] 0N?�8i?
8Y:FGFA�4D=PO2GF1�Vj19GF1H42E91\:FAP023>=�0D19GlVjGY19k7e21H42EHg"8Y3>=�42?�f>8�?�42B(?LSTA�B21HG<?@:F1,O2GY1HVj1HGF194DE91\:<AP35SiO2eDfhZ
8F3h6�1(8F35=�4N?�f589r@\ Z_35OJ1Hf>35421o8;:<3>f5f�O2GY1HVj1HGF8X8F35421�Z `�?�eD8F8F3>?�4�8F35=�4N?�f58LA�6�1HGi35SiO2eDf>8F3h6�1i8F3>=�4N?�f>8
?�42BoI2GFA'?@B2IN?�42Bo8F3>=�4N?�f>8Hrd?�42BUO2GY1HVj1HGF8�f5A�x�1HGlVjGF1Hk7e21942E�gU8Y3>421 Z;`v?�e28F8Y3�?�4D8�?�4DBU023>=�0219G_VjGF1 Z
k7e2194DEHgU35SiODe2f>8Y356�1.8Y3>=�4N?@f>89m )#023>f51�:<021wB219=�GY191zA@V�O2GF1�Vj19GY1942EH1z0N?�8lEM0N?�42=�1HB"IJ1�:�x�1H194":<0D1
B2358FQUOcA�O2e2f>?@:<35A�4"?�4DBy:F023>8�OcA�O2e2f>?@:<35A�4�rd:<021H8F1�A�I28F1HGY6@?@:F3>A�428.?@GF1vE9A�4D8F3>8;:<1H47:9m

� �IH � �UR S V T�]:c �U_ 
 � �bT
	 � ]X��Q c J 	�c Q+�X
^c

��1�VjA�GF1L:F021PGF1H8Fe2fh:<8vB23>8YE9e28Y8F1HB�354�:F023>8,EM0N?�OD:F19G\x�1HGF1XA�ID:<?�3>4D19B�r�:F023>8z354'6�198;:<35='?@:<35A�4�x�?�8
Oc19GYVjA�GFST19ByA�4}�lf>AdEMQ YaA�GFSi?�f�?@42B n ���[Z_] x.35:F0}?�4y3>4DE9A�GYGF19E�:.:<e2423542=}[ ?�4y19GYGFA�G.3>4(:<0D1
ON?�GF?�ST1H:<1HGo:<eD423>42=�ODGFA�=�GF?�STSi3542=�ODGFAdB2e2E91HB :<e2423542=�8U:F0N?@:"B235B 42A�:"GY1 �N1HEH:":F021�:<e24dZ
3>4D=�A�I �Y19E�:<356�198TA�V\?s6�19G<?@=�1y:FGF35=�=�19GCG<?@:F1�?@42B�BDe2G<?@:F3>A�4�?�4DB ?�4�19GYGFA�GX354�:F021 n ���[Zu]
E9f5e28Y:F19GY3>42=UODGFA�=�GF?�STSi3542=XGF198Ye2f5:F19BR354R?of>A�x�ST1s?�8Ye2GF1HSi1H4':\A�Vp:<GY3>=�=�19GaB2e2G<?�:<3>A�4 b�mw/�021
GF1H8Fe2fh:M?�4':\:Fe2423>4D=UON?�GF?�Si1�:<1HGF8zxl19GF1P8Y1H:\VjA�Gz��f>AdEMQ3YwA�GYSo?�f�?@:���� � ¥(?@42B�� � �y[^k m 6cm
n 1HEH:<35A�4�¡Dm¢¥'b.?@42B�� � � � ?�4DB � � �����S�}[jkcm 6cm n 1HEH:<35A�4y¥2m ��b�mu/�023>8aGF1H8Fe2fh:<19B�3>4y?PV^?�f>8Y1
G<?�:<1aA�Vp��m������a:<GF35=�=�1HGF85��8F19EaVjA�Gl��f>AdEMQ3YwA�GYSo?�f ?@42B"�Dm � � ¥7�z:<GY3>=�=�19GF8 �@8F1HEwVjA�G n ���[Z_]�?@42B
?�4 ��A�V��Dm¢�'���*�vVjA�GW��f5A�EMQ3YaA�GFSi?�fc?�42B"��m ����� � VjA�G n ���[Zu]�m � 1HGF3h6�3542=v:<021\?s6�19G<?@=�1z:<GY3>=@Z
=�1HG�B2e2GF?@:<35A�4�VjGYA�S ]pkde2?@:<35A�4 � mh��gd3>1Hf>B28�?�4P?s6�19G<?@=�1�:<GY3>=�=�19G�B2e2G<?�:<3>A�4CA�V ��m��D�s¡*�a8Y19E9A�42B28
VjA�Gv��f5A�EMQ3YaA�GFSi?�fp?�4DBK�Dm���¡��(8F1HE9A�4DB28�VjA�G n ���[Z_]�m�/�021iGY198Ye2f5:F8�A@V�:<0D3>8\3>4'6�198Y:F3>='?�:<3>A�4
?�GY1C3>4DE9f>eDB219B�0219GY1�:<AiA�I28Y19GY6�1C:<0D1C1HqJ19E�:\A�V_]p/a` :<e24D3>42=iA�4�:F021CB21�:<1HEH:<35A�4�1  iEH3>1H42EHg�m
¡�Z|B23>ST19428Y3>A�42?�f78Fe2G;V^?�E91H8_?�42BPE9A�47:FA�e2GpO2f5A�:<8�VjA�G~19?�EM0X1  TE9351942E�gPO2GFA@¤Nf>1lB23>8YE9e28Y8F19BT3>4�:<02358
8F1HEH:F3>A�4yEs?�4yIc1zVjA�e242By3>4�$,ODOJ1H42B23h�(§�m

� �	� ��� ) ��� 
 ��
 � � 
 ��
 
 )�� � � � 
 ��� ' � 
	� ��� �


���
�� � � � � � 	 � ��� 	���� � �

§�35=�e2GF1 � m � 8Y02A�x.8o:<021�Si19?�8FeDGF19B ! F �oVjA�Gi��f>AdEMQ3YwA�GYSo?@f£m 'w1HGF1�3h:T3>8TA�I28F1HGY6�19B :<0N?�:
:<0D1P`v?�e28F8Y3�?�4�SiAdB2e2f>?@:<1HB�x.023h:<1�42A�358F1C8Y3>SLeDf�?@:F3>A�428�["� )#0D35:<1@  ba?�GF1�E9A�STON?�GF?�I2f51v:FAo:<0D1
8F35421�Z `�?@e28F8Y3�?�4 8Y3>SLeDf�?@:F3>A�428}[ � n `P���D �?�42B � n `��@¥2  b m�/�021R3>STO2e2f58F356�1}8Y3>=�4N?@f>8R["� �/'����D 
?�42B ���F',�@¥2  bL?@GF1y?�f>8YARE9A�STON?�GF?�I2f51o:<A�1s?@EM0�A�:F0219GX?@42B�0N?s6�1�?�4 ! F �X:<0N?@:X358PA�6�19GF?�f>f



�����

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

A
m

pl
itu

de
 (

R
S

S
)

BlockNormal A
50

 WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
 ��
 E:+�� ���A=,�4����= �8= ��/I6(��-����(/ < �4�>=$?>@ �(/3�%6(� ���4!$# /$��-$'D��= ! !&� -$��10��6(� ! �;' �(B�6(�%'L��� �
! ��9��\6(�L989 ��/36:!$���0� ��-$����1�6(�86(��!&�,/3��6:!$�G6(�\! �L������1�O

?�IcA�eD:w��� 
 f>A�xl19G_:<0N?@4o:<021wA�:<0D19G�8Y3>=�42?�f>8Hm�/�02358�3>STO2f53>198~:F0N?@:W��f>AdEMQ3YwA�GYSo?�fN8;:<35f>fN0N?�8�?
8Ff53>=�0':.O2GY1HVj1HGF194DE91�:FAi35SiODe2f>8Y356�1\8Y3>=�42?�f>8W:F0N?�4�:F02A�8Y1�:F0N?@:a0N?s6�1�E9A�4':<3547e2A�e28.xW?s6�1HVjA�GYSi8Hm
�,6�1HG<?�f5f£r~:<0D1 ! F �X3>42EHGF1s?@8F198T?�8P:F021"8F35=�4N?�flB2e2G<?�:<3>A�4�3>42EHGF1s?@8F198�[^?�IJA�eD: � � 
 A�6�19GX:<0D1� GF?�42=�1TA�V.��m��*�":<A}�Dm �(8F1HE9A�42BD8CVjA�Gv:<021T3>STO2e2f58F356�1X8F3>=�4N?�f>8�?�4DB�?�IcA�eD:i��� � 
 VjA�Gv:<0D1
`v?�e28F8Y3�?�4�SiAdB2e2f>?@:<1HBC8Y3>=�4N?@f>8Mb�8FeD=�=�198;:<3542=z?,STAdB219GF?@:<1uO2GF1�Vj19GY1942EH1WVjA�G�8Y02A�G;:<19G�B2e2G<?�:<3>A�4
8F35=�4N?�f589m~/�0D198F1�A�I28Y19GY6@?@:F3>A�4D8.?�GF1v8F35Si35f�?�G_:<AP:F02A�8F1�Si?�B21zx.35:F0":<021vE9A�GFGF1HEH:.:<eD423>42=Dm


���
�� � � � ����� � �

§�35=�e2GF1 � m ��8Y02A�x.8W:<021wSi19?�8Fe2GY19B ! F ��VjA�G n ���[Z_]�m 'a19GF1w35:l3>8lA�I28F1HGY6�19BU:<02?@:�:F021v`v?�e28;Z8F3>?�4RSTA�B2eDf�?@:F19B�x.0D35:<1C42A�3>8Y1L8F35SLe2f>?@:<35A�428a8F02A�x :<021P0235=�021H8Y:\Oc19G;VjA�GFSi?�42EH1LA�6�19G\A@:<021HG
8F35=�4N?�fN:�gdOc198W?@f>A�42=vx.35:F0i:F021C���-'w¨a8F35421�Z `�?�eD8F8F3>?�4o8Y3>SLeDf�?@:F3>A�428Hm %�A�SiON?@G<?�I2f51�:<A�:F02198Y1
Oc19GYVjA�GFSi?�42E91H8.?�GF1z:F021X����'w¨v35SiO2eDf>8F3h6�1w8F3>=�4N?�f>8Hm n 02A�x.3>4D=i?LSCe2EM0�0D3>=�021HG ! F ��[ ?@IJA�e�:���*� 
 b.?�GY1�:F021L��¥&'w¨�8F3>4D1�Z;`v?�e28Y8F3>?�4}8Y3>=�4N?@f>8a?�42By:<021C��¥ 'a¨C3>STO2e2f58F3h6�1v8F35=�4N?�f589m�/�02358
8FeD=�=�198;:<8\:<02?@: n ���[Z_]%0N?�8v?U8;:<GYA�42=(O2GF1�Vj19GY1942EH1X:FA"8F35=�4N?�f�VjGF19k7e21H42EHg�IDeD:sr�eD42f>35Q�1L:<0D1



��� �

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

A
m

pl
itu

de
 (

R
S

S
)

SLOPE A
50

 WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
���
XE:+��7���A=,�4����= � = ��/I6(��- ���(/�C�E FIH J ���4!$# /$��-&' ��= !\!&� -$�410��6(� ! � 'D�(B 6(��'����4! ��9��
6(��989 ��/36:!$�4�0� ��-3����1�6(�86(�4!&�,/3�L6:!$�G6(�\! ��������1�O

GF1H8Fe2fh:<8ux.35:<0T:<021aE9A�GFGF1HEH:l:<e2423542=2r7:<021aO2GY1HVj19GY1942EH1z0N?�8lEM0N?�42=�19BoVjGYA�S�023>=�0iVjGF1Hk7e21942E�gi:FA
f>A�x#VjGF1Hk7e21942E�g�m n ���8Z_]�8Y:<35f>fJ1���023>ID35:<8W:F021z:<1H42B21H42EHg(A�V�:F021 ! F �.:<AX=�GYA�x%f�?@GF=�1HGW?�8�:<0D18F35=�4N?�f�B2e2GF?@:<35A�4R3>42EHGF19?�8F1H8T[ ?�IcA�eD:�¡�¡ 
 VjA�Gw:<021Pf5A�x�VjGY19k7e2194DEHg�8F35=�4N?�f58\?�42B�`v?�e28Y8F3>?�4
STA�B2eDf�?@:F19B}x.023h:<1L4DA�3>8Y1P?�42B�?�IcA�eD:^��� 
 VjA�Gw:<0D1P023>=�0�VjGY19k7e21H42EHgR8Y3>=�42?�f>8<b�m\/�02358v?�f>8YA
8FeD=�=�198;:<8w?P8Ff>35=�0':�:<AXSTA�B21HG<?@:F1\O2GF1�Vj19GY1942EH1�VjA�G�8Y02A�G;:<19G.B2eDG<?@:F3>A�4(8F35=�4N?�f589m

� �	� �"! � � ��� 
 ��� � ' � 
�� ��� ���	��
 ��
�� 
 � 
 � � 
 � 
 
�� ��
 	�� � � � � � 


�
�� 

	 � 
 � 
 ��	 � � � � ��� ' 
 ��� � � 
 � 
 



���
�� � � � � � � � ��	���� � �&�
��	 �

/�?�I2f>1 � m¢¡i8Y02A�x.8w:<0D1CGF1Hf�?@:F356�1�ODGFA�IN?@I23>f535:�gUA@VpB21H:F19E�:<3>A�4�x.35:F0}GY198FOc19E�:,:FAU?�4�B23>8YQyOcA�O�Z
e2f>?@:<35A�4�VjA�GC��f>AdEMQ3YwA�GYSo?@f£r~?@42B n ���[Zu]�42A�GYSo?@f>3>¨H19B�:<A�:<0D1"��f>AdEMQ3YwA�GYSo?@f�`v?�e28Y8F3>?�4
STA�B2eDf�?@:F19Bix.0D35:<1,42A�3>8Y1,6@?�f>eD1�m )#021H4(E9A�STON?�GY3>42=�:<021\42A�GFSi?�f>35¨s?@:F3>A�4PV^?�E�:<A�GY8WIJ1�:�x�1H194
:<0D1}`v?�e28Y8F3>?�4�x.0235:F1"42A�3>8Y1"k7eN?�4':<3h:<3>1H8LVjGFA�S :<021(EHA�GFGY19EH:X:Fe2423>4D=�:<AR:<02358L:<e24D3>42=2r_:<0D1



���S�

E9eDGFGF1H4':l4DA�GFSi?�f>35¨s?@:F3>A�4�V^?�EH:FA�G~358pGFA�e2=�02f5go����� 
 A�V x.0N?@:u35:~x�?�8_O2GY1H6d3>A�eD8Ff5g�m~/�021.A�I28Y19G Z
6@?@:<35A�428�VjA�G��lf>AdEMQ YaA�GFSi?�f�?�GF1_?�=�?�3>4\8Y3>ST3>f�?@Gc:FA.:F021_A�I28Y19GY6@?@:F3>A�4D8�Si?�B21�x.35:<0v:<0D1pE9A�GYGF19E�:
:<eD423>42= WC:<021HGF1i3>8�?}GF1Hf�?@:F356�1Hf5gREHA�428Y3>8Y:F194':POc19G;VjA�GFSi?�42EH1iIc1H:�xl191H4�8Y3>=�42?�fp:�g�Oc198�x.35:<0K?
8Ff53>=�0':�O2GF1�Vj19GF1H42E91v:<APf5A�x�1HGWVjGF19k7e21H42EHg(8Y3>=�42?�f>8�?�42B(3>STO2e2f58F356�1,8Y3>=�4N?@f>89m n ���8Z_]�rNA�4":<0D1
A�:F0219GU02?�42B�r.0N?�8oEM0N?�42=�1HB B2G<?@8Y:<35Es?�f5f5g�x.3h:<0 SLeDEM0 x.3>B21HGo6@?�GF3>?@:<35A�4�354 Oc19G;VjA�GFSi?�42EH1
Ic1H:�xl19194�8Y3>=�4N?@f>8w?�42BR?TGF1H6�19GY8<?�f~354�VjGY19k7e2194DEHg�ODGF1HVj1HGF1H42E91LVjGYA�S 023>=�0219GaVjGF19k7e21H42E935198,:FA
f>A�xl19G�VjGF1Hk7e21942EH3>1H8,?�4DByVjGYA�S*35SiO2eDf>8F3h6�1z8Y3>=�42?�f>8�:FAU`v?�e28Y8F3>?�4(SiAdB2e2f>?@:<1HB"8F3>=�4N?�f>8Hm

� � � � � 	 � � � ������	 � ��f5A�EMQ3YwA�GFSi?�f n ���8Z_]
`v?�e28Y8F3�?@4ySTAdB2e2f�?�:<19BUx.0D35:<1v42A�3>8F1 ��m������ �dm�¡'�@�

n 35421�Z `�?@e28F8Y3�?�428Hr�����'w¨ ��m��*�d� � �dm �����
n 35421�Z `�?@e28F8Y3�?�428HrN��¥�'w¨ ��m���¡@¥ � ��m �S� ���

��f>?�EMQo0DA�f>1\GY3>42=�BDA�x.4D89r�����'w¨ ��m �S��� ��m � � �
��f>?�EMQo0DA�f>1\GY3>42=�BDA�x.4D89r ��¥�'w¨ ��m5����� ��m �S�S���

(*)�+-,i	 ��
���

	�����6:!$�G6(�I'�/$� �L6��L�����4! ��� ��9��,!&��= !$�4�0� ���(/^��6(=3#8J �;3 ���4!$# /$��-&' ��= !^!&��6 9L��-&?�' �(' � �
��6:!$�4�0�/0 ���(/3�A6(�����,��9 !&� !$#�� < �4�>=$?>@ �(/3�%6(�D'�/$� �L6��������4! � ���(/ 3I6 ��-$-3��6(� �%� 9 �L��6:!&��9 � #��4!&� ���0��-&��8
��-$����1�6(�86(�4!&�,/3��6:!&�2! ��������1�O


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

/�?�I2f>1 � m¢¥"8Y02A�x.8�:F021PGF1Hf�?@:F356�1CO2GFA�I2?�I23>f535:�gyA�VlB21H:F19E�:<3>A�4�x.3h:<0�GF1H8FOc19E�:�:FA(?�4�3>8YA�:<GYA�O23>E
OcA�O2e2f>?@:<35A�4�VjA�G���f>AdEMQ3YwA�GYSo?@f£r�?�4DB n ���[Z_]t42A�GFSi?�f53>¨91HB�:<A(:<021i��f5A�EMQ3YwA�GFSi?�f_`v?�e28;Z
8F3>?�4#SiAdB2e2f>?@:<1HB x.0235:F1R42A�358F1�6@?�f>eD1�m )#021H4%EHA�STON?�GF3542=�:<0D1R42A�GFSi?�f53>¨s?�:<3>A�4�V^?�E�:<A�GY8
Ic1H:�xl19194�:<0D1X`�?@e28F8Y3�?�4}x.0D35:<1�42A�358F1Ck7eN?@47:F35:F3>198wVjGFA�S :<0D1LE9A�GYGF1HEH:z:Fe2423>4D=o:<Ao:F023>8a:<e24dZ
3>4D=2r�:F021TE9e2GYGF194':P4DA�GFSi?�f>35¨s?@:F3>A�4�V^?�EH:FA�G�358vGFA�e2=�02f5g��s¥*� 
 A�V�x.02?@:L3h:�x�?�8�O2GF1�6�35A�e28Yf5g�m
$,=�?�3>4�r���f>AdEMQ3YwA�GYSo?@f£ ¦8,Oc19GYVjA�GFSi?�42E91�GF1HSo?�35428zEHA�SiO2?�G<?�IDf>1�:FAo:<0D1PA�I28F1HGY6@?@:F3>A�428wVjGFA�S
:<0D1�B23>8YQ�OcA�O2eDf�?@:F3>A�4�x.35:<0�:<02358o:<e24D3>42=�?@42B x.35:F0 :<021}OJA�ODe2f�?@:F3>A�4�GF1H8Fe2fh:<8ox.3h:<0 :<0D1
E9A�GFGF1HEH:v:<eD423>42=Dm n ���[Z_]�0N?@8�EM02?�42=�1HB�:<A(0N?s6�1o?�4�1H6�194�SiA�GY1P1��D?�=�=�19G<?�:<19B�6@?�GF3>?�42EH1
3>4�OJ1HGYVjA�GYSo?@42E91�IJ1�:�x�1H194R8Y3>=�4N?@f>8a?�42B�8Y02A�x.8\?�42B�1H6�194R8Y:FGFA�4D=�19GwO2GF1�Vj19GF1H42E91�VjA�Gwf5A�x�1HG
VjGF1Hk7e21942E�gy8F3>=�4N?�f>8Hm

� ��� � P c 	 T��AVL
W]��U_ c

/�02358�35476�198;:<3>=�?@:<35A�4�8YA�e2=�0':�:<Aw198Y:<?�I2f53>8F0�:<021uB23hq�1HGF194DE9198�3>4�]p/a`#1  iEH3>1H42EHgvx.35:F0CGY198FOc19E�:
:<ACB235qJ19GY194':�8F35=�4N?�f :�gdOJ1H89r2VjGY19k7e2194DE93>1H89rN?@SiO2f535:Fe2B2198l?�42B"BDe2G<?@:F3>A�4D89mp/�02358lx�?�8�B2A�421,I7g



���S�


 � 	 ���
	 � � � � 	 � � � ������	 � ��f5A�EMQ3YwA�GFSi?�f n ���8Z_]
`v?�e28Y8F3�?@4ySTAdB2e2f�?�:<19BUx.0D35:<1v42A�3>8F1 ��m������ ¡�m ��� �

n 35421�Z `�?@e28F8Y3�?�428Hr�����'w¨ ��m�������� ¥Dm �����
n 35421�Z `�?@e28F8Y3�?�428HrN��¥�'w¨ ��m¢¥'¡���� ��m5��� � ¥

��f>?�EMQo0DA�f>1\GY3>42=�BDA�x.4D89r�����'w¨ ��m ����� �dm¢¥'� �
��f>?�EMQo0DA�f>1\GY3>42=�BDA�x.4D89r ��¥�'w¨ ��m�� ��� ��m5� �@� �

(*)�+-,i	 ��
	� 
�	�����6:!$�G6(�\'�/$� ��6��L�����4! �%� � 9��,!&��= !$�4�0� �i�(/���6(=3#�JK�;3 ���4!$# /$��-$'D��= !�!&�A6(�U��-$�(!&/$�('L��=
' �(' ����6:!$���0� 0 ���(/3�%6(�����,��9 !&� !$#�� < �4� =3? @ �(/3�%6(� '�/$� �L6��L�����4! � ���(/ 3I6 �L-$-$��6(� ���>9 ����6:!&��9 ��#��4!&�
���0��-$��8 ��-$����1�6(�86(��!&�,/3��6:!&�\! ���L����1�O

3>4 �Y19EH:F3>42=o8F3>SCe2f�?@:F3>A�4D8a354':<A"?UIN?@8F1LA�V_x.023h:<1�42A�3>8Y1�mv{|:zx�?�8zA�ID8F19G;6�1HB�:F0N?@:z:F021LEM0N?�4D=�1
3>4�IN?�8Y1UBN?@:<?yVjGFA�S ��{;`��*8FEH3>194DE91UBN?�:M?�ODGFAdB2e2E91HB�?}O2GYA�OJA�GY:<35A�4N?�fpEM02?�42=�1U354�:Fe2423>4D=
Oc19GYVjA�GFSi?�42E91_Ic1H:�xl191H4P��f>AdEMQ3YwA�GYSo?@f'?�42B n ���[Zu]�m n 3542E91 \ Zp3>Oc19f53>421~:Fe2421H8�3h:<8F1Hf5V�IN?�8Y19B
A�4}?T:M?@GF=�1�:aV^?@f>8F1�G<?�:<1�r 3h:ax�?�8w42A�:,?@q�1HEH:F19B�I'g":<0D1CIN?�8Y1CBN?�:M?XEM0N?�42=�1�1���E91HOD:z:F0N?@:a35:F8
V^?�f58F1\G<?�:<1\xW?@8aGY198Y1H:a:<AXSo?�:<EM0":<02A�8F1vA�Vp�lf>AdEMQ YaA�GFSi?�f�?�42B n ���8Z_]�m

{�428FOc19E�:<35A�4RA�Vp:<0D1L1  TE9351942E�g�O2GYA�¤Nf51 ! F �\ST1s?@8Fe2GY19ST194':<8\=�1H4219GF?@:<1HB�VjA�Gz�lf>AdEMQ YaA�G;ZSi?�f�8F02A�x.8\?T8Ff53>=�0':wO2GF1�Vj19GF1H42E91�:<Ao35SiODe2f>8Y356�1v8Y3>=�4N?@f>89m n ���8Z_] 8F0DA�xl19B�?T8Y:<GYA�42=iO2GF1�V�Z
19GY1942EH1U:<A�0D3>=�0�VjGF19k7e21H42EHg�8F3>=�4N?�f>8�?�42B�?}8Ff53>=�0':LODGF1HVj1HGF1H42E91U:FA�3>STO2e2f58F356�1i8Y3>=�42?�f>8Hm�\
Zp3>Oc19f53>421W8Y02A�x�1HB"?�.U03HI2?:<23=POD021942A�Si1H42A�4}[ ?�4T3>42EHGF19?�8F1.3>4 ! F �l?�8_IcA�:<0 � B2e2G<?�:<3>A�4i?@42B?�STO2f>3h:<e2BD1�3>4DE9GF19?�8F1sb�x.023>EM0TEs?�eD8F19Bi?\B219O2?�GY:Fe2GF1.VjGFA�S :<021�8Y3>=�STA�35BL1  TE9351942E�gXA�I28Y19GY6�19B
3>4(:<0D1�A�:F0219Gw]p/a`v8HmW{|:w3>8.42A�:wQ742A�x.4�35V�:<02358,?@f>8FATAdE9E9eDGF8w?@:a023>=�0D19G.B2e2GF?@:<35A�428a42A�:a3>4�Z
6�1H8Y:F3>='?@:F19BX021HGF1�VjA�G�:F021�A�:<0D19G_]p/a`v8Hm@\ Zp35OJ1Hf>3>4D1�Oc19GYVjA�GFST19BXIJ1�:F:F19G~VjA�G~8Y3>421 Z;`v?�e28Y8F3�?@4
8F35=�4N?�f58lI'gi0N?s6d3>42=Lf5A�x�1HG ! F �� ¦8W?@42B"f>1H8F8l:Fe2GF4D3>42=2m $,f>f A�V�:F021z]p/a`\8W8F0DA�xl19B(O2GY1HVj1HGF194DE91:<A\8Y02A�G;:<19G_B2eDG<?@:F3>A�4P8Y3>=�4N?@f>8~?@8p3>f>f5e28Y:FG<?@:F19BLI'gL:F021�e2O'x�?�GFBX:<GY1942BXA�V ! F �_ST1s?�8Ye2GF1HSi1H47:F8?�8 � 3>42EHGF19?�8F1HB�m�{�4�=�1H4219GF?�f£r�:F021Uf5A�xl19G�:<021oSi19?�8Fe2GY19B ! F �PA�G�:F021U0235=�021HG�:<0D1U8F35=�4N?�fVjGF1Hk7e21942E�g�r :<021v8;:<191HOJ1HG�:<021vST1s?�8Ye2GF1HB}8Ff5A�Oc1\A�V�:F021v8F35=�SiA�3>B�m

{�4�A�GFB21HGX:FA�SiA�GY1(?�E9EHe2G<?�:<19fhg�OcA�GY:FG<?sg�:<0D1yOc19G;VjA�GFSi?�42EH1"A�V,?�4 ]p/a`Pr~:<021(1H47:F3>GY1
8F02?�OJ1TA�V�35:<8v1  iEH3>1H42EHg�O2GYA�¤Nf>1XSLeD8Y:�IJ1TE9A�4D8F3>BD19GF1HB�mU/�02358�E9?�4KIc1Tkde2?�4':<35¤219BKI'g�?�O�Z
O2fhg�3542=�?yOcA�O2e2f>?@:<35A�4R:<A(:<021TO2GYA�¤Nf>1H8C?@42BK3547:F19=�GF?@:<3542=2mT/�023>8v6�A�f>e2ST1X3>8�O2GFA�OcA�G;:<3>A�4N?�f
:<AP:F021�GY19f>?@:<3h6�1zO2GYA�IN?�ID3>f>3h:�goA@V�B21�:<1HEH:<3542=i?T8Y3>=�4N?@f�VjGFA�S�:<02358.OJA�ODe2f�?@:F3>A�4�m
%�A�428Y3>B21HGF3542=
:<0D1�B23>8YQ�OcA�O2e2f>?@:<35A�4�r���f>AdEMQ3YwA�GYSo?�fd0N?�BP:F021�SiA�8Y:pEHA�428F358Y:F194':_OJ1HGYVjA�GYSo?@42E91WA�6�19G_8F35=�4N?�f
:�gdOJ1v?@42B"VjGF19k7e21H42EHg(IDeD:�0N?�By?L8Yf>3>=�07:WO2GF1�Vj19GF1H42E91\:FA�x�?�GYB28.3>STO2e2f>8Y356�1,8F35=�4N?�f589r n ���[Zu]
O2GY1HVj19GY8�023>=�0UVjGF19k7e21H42EHgy?@42B"3>STO2e2f58F356�1,8Y3>=�4N?@f>8�?�4DB,\ Zp3>Oc19f53>421wO2GF1�Vj19GY8a8Y3>421 Z;`v?�e28Y8F3�?@4
8F35=�4N?�f58P?�42B�358LI23�?@8F19B�?�=�?�3>428;:L8Y3>=�4N?@f>8Cx.3h:<0�I2GYA'?�B2IN?@42B�8FOc19EH:FGFe2Sym"\ Zp3>Oc19f>35421UE9?�4



���s�

A�eD:FOJ1HGYVjA�GYS IcA�:F0#��f>AdEMQ3YwA�GYSo?�fw?�42B n ���[Z_] IDeD:"0N?�8(?�f>?�GF=�1�6@?�GF3>?�42EH1}3>4 Oc19G;VjA�G;Z
Si?�42E91�x.35:<0RGY198YOJ1HEH:v:<A"8Y3>=�4N?@f�:�gdOJ1X?@42BRVjGF19k7e21H42EHg�m )#021H4�EHA�428Y3>B21HGF3>4D=(?�4R3>8YA�:<GYA�O23>E
OcA�O2e2f>?@:<35A�4�r�:F021v8<?�ST1\A�I28Y19G;6�?�:<3>A�428.Es?�4(Ic1�Si?�B21v?@42B}?@GF1vA�42fhgU1��D?�=�=�19GF?@:<1HB�m

��A�A�Q73542=T?@:�:<021�GF1H8Fe2fh:<8�VjA�G.��f5A�EMQ3YaA�GFSi?�f�?�4DB n ���[Z_] x.35:F0�?@4�1HGFGFA�4219A�eD8a:Fe2423>4D=
0N?�8�8F0DA�x.4�:<0N?@:�:<eD423>42=yEs?@4K0N?s6�1o?y8;:<GYA�42=}1�q�1HEH:�A�4�]p/a`-Oc19GYVjA�GFSi?�42E91@r�1H8FOc19EH3�?�f5f5g
VjA�G n ���[Z_] x.0235EM0 02?�8y?�GY1H6�19GF8F?�fv3>4 VjGY19k7e2194DEHg O2GF1�Vj19GY1942EH1K?�4DB 8Y3>=�42?�fw:�gdOc1�rz42A�x
O2GY1HVj19GYGF3542="f>A�x VjGF19k7e21H42EHg�8Y3>=�42?�f>8,?�42B�8F35421�Z `�?�eD8F8F3>?�428HmL��f5A�EMQ3YwA�GFSi?�f£ ¦8,Oc19G;VjA�GFSi?�42EH1
x�?�8wGY19f>?@:<3h6�19fhgUEHA�428F358Y:F194':wx.3h:<0(:<021�GF1H8Fe2fh:.VjGFA�S*:F021�E9A�GYGF19E�:.:<e2423542=TI2eD:a35:w?�f58FAX0N?�B�?
SLe2EM0y8FSi?�f5f>19G�EM0N?�42=�1v354y3h:<8W:Fe2423>4D=TOc19G;VjA�GFSi?�42EH1zVjGFA�S n 19E�:<35A�4}¡�m¢¥2m



Chapter 8
� ��� )����R$�� �����	� 
��  ���� � � + $ �  	��
 � � � $ �

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


 + � �  � ��� ��� �-���  

{�4�%�0N?�O�:<19G � :<021�Oc19G;VjA�GFSi?�42EH1�A�V :<0D1�]p/a`v8�:FA\B235qJ19GY194':p8Y3>=�4N?@fd:�gdOc198_?�42BLVjGY19k7e21H42E935198
x�?�8l354'6�198;:<35='?@:<1HB�mp/�021H8F1,8Y3>=�42?�f>8p0N?@BTxl19f5fcBD1H¤N421HB"?�42BT8FOc19EH35¤NE.:<35Si1H8F1HGF3>1H8_O2GFA�Oc19G;:<351989m
'wA�xl1H6�19G9rN8Y3>42EH1z=�GF?�6d3h:M?@:F3>A�4N?@f2xW?s6�1vI2eDGF8Y:F8WE9A�Si1aVjGFA�S�e24N?@47:F3>EH3>ON?@:F19BU8YA�e2GYE9198HrN35:lEs?�4dZ
42A�:aIc1C?@8F8FeDSi1HB�:<02?@:aI2e2GF8;:,8Y3>=�42?�f>8Wx.35f>f�0N?s6�1�xl19f>f�BD1H¤N421HB}x�?�6�1HVjA�GYSi8HmW/�021HGF1HVjA�GF1�rc35:
3>8,3>4':<1HGF198;:<3542=U:<A"35476�198;:<3>=�?@:<1C:F021POc19GYVjA�GFSi?�42E91CA�Vu8F3>=�4N?�f>8w8F35Si35f�?�G�:<AU:F02A�8Y1L:<0N?@:v02?�6�1
?�f5GF1s?@BDgCIc191H4iEM02?�G<?�E�:<1HGF3>¨H19BTI2eD:px.3h:<0XSiAdB23h¤N19BC:F3>ST1�Z|B2A�Si?�3>4�O2GFA�Oc19G;:<351989m�/�0N?@:_3589r7?�GY1
:<0D1P]p/a`v8\8Y19428Y35:<3h6�1L:FAo:<021P8YOJ1HE93h¤NEL:<35Si1 Z�B2A�Si?�354yODGFA�Oc19G;:<3>1H8zA�Vu?U8Y3>=�4N?@f�A�Gz?�GF1C:F021Hg
8F1H428F3h:<3h6�1\:<AX:<021\VjGY19k7e2194DEHg'Z�B2A�So?�354(8F3>=�4N?�f�Si?�=�423h:<e2BD1 �

/�023>8�EM02?�OD:<1HG.IJ1H=�3>428�I7gUB2198YE9GF35I23>4D=L:<021\STA�BD35¤NE9?@:<35A�428l:FAL:<021\354'6�198;:<35='?@:<35A�4UA�V�:<0D1
f�?@8Y:WEM02?�OD:<1HGW421H19B21HB(:FALEM0N?�GF?�EH:F19GY3>¨91w:<021w1HqJ19EH:.A@V�02A�f>BD3>42=v:<021wVjGF19k7e21H42EHg'Z|B2A�Si?�3>4U8Y3>=@Z
4N?�fJSo?@=�4235:Fe2B21zEHA�428;:M?�4':.3>4 n 19EH:F3>A�4���m5��mp/�0D3>8W35476�198;:<3>=�?@:<35A�4UO2GYA�B2eDE9198.8Y3>ST3>f�?@G_¤2=�e2GF1H8
A�V�Si1HGF35:�?�8v:<0DA�8F1TB23>8YE9e28Y8F1HB�3>4�%�0N?�OD:F19G � ?�42B�:<021TB21�:<19E�:<35A�4K1  iEH3>1H42EHg�O2GFA@¤Nf>1H8vVjA�G
1s?@EM0R]p/a`�?�GY1CB2358FEHe28F8Y19BR3>4 n 19E�:<35A�4+�Dm��i?�8a3>8a:<021H3>GaOJ1HGYVjA�GYSo?@42E91vx.35:F0}GF1H8FOc19E�:z:<Ao?�4
?�8;:<GFA�O20'g�8Y3>E9?�f�OcA�O2e2f>?@:<35A�4y3>4 n 1HEH:F3>A�4+��m�¡Dmw/�02198Y1PGF1H8Fe2fh:<8\?�GY1C8Ye2SiSi?�GY3>¨91HB�3>4 n 19E�:<35A�4
�Dm¦¥2m



�����

����� � 	�

���������������

/�Ai35476�198;:<3>=�?@:<1\:<0D1�]p/a` 8F1H428F3h:<3h6�3h:<35198W:<AP¤D��1HB�VjGF1Hk7e21942E�g'Z�B2A�Si?�354�Si?�=�423h:<e2BD1\8F3>=�4N?�f>8
E9A�SiON?@GF19B�:<A(:<021TA�GY3>=�354N?�f~8YOJ1HE935¤2ET:F3>ST1�Z�BDA�So?@3>4�8Y3>=�4N?@f>89r�:<0D1i8Y3>=�4N?@fp8F1H:Ce28F1HB�3>4�:<0D1
O2GY1H6d3>A�eD8�EM0N?�O�:<19G\[£`v?�e28F8Y3�?�4iSiAdB2e2f>?@:<1HBTx.0D35:<1w42A�358F1�rD`v?�e28F8Y3�?�4dZ�STA�B2eDf�?@:F19BT8F3>47e28YA�3>BD8
A�Vl����'w¨�?�42By��¥�'a¨�?@42B(1���OJA�42194':<3>?�f>fhgoBD19Es?sgd3>4D=i0N?@GFSTA�423>E,A�8FEH3>f>f>?@:<A�GF8�A@V�����'a¨�?@42B
��¥�'a¨�bw358zSo?@O2OJ1HB�3>4':FAU:<021CVjGY19k7e21H42EHg'Z�BDA�So?@3>4�?�42B�:F021P8F35=�4N?�f�O20N?@8F1P3>8,G<?�42BDA�Si35¨91HB
x.0235f>1v:<021�So?�=�4235:Fe2B21v3>8a0219f5B�E9A�428Y:<?�4':sma/�023>8w3>8aB2A�421�So?�4'g(:<35Si1H8�:<AUSi?�Q�1�SLe2fh:<35O2f>1
:<35Si1 Z�B2A�So?�354(So?�ODO23>42=�8wA�Vu?i8F3>4D=�f>1�VjGF19k7e21H42EHg'Z|B2A�Si?�3>4�Si?�=�4D35:<eDB21�mz�z:F0219Gw:<0N?�4�:<02358
STA�B23h¤NEs?�:<3>A�4i:<AP:F021v8F3>SCe2f�?@:F19BU8Y3>=�42?�f>8Hr�:<0D3>8�3>4'6�198Y:F3>='?�:<3>A�4"O2GFAdE91H19B28.3>4U:F021v8<?�ST1zx�?�g
?�8�B2198YE9GF35IJ1HBL3>4 n 19E�:<35A�4 � mh��3542E9f5e2B23>4D=w354 �Y19E�:<3>4D=w8Y3>SLe2f>?@:<35A�428�3>4':FA,?,I2?�8F1lA�V2x.023h:<1�4DA�3>8Y1
?�42B(:<0D1v:Fe2423542=XON?�G<?@Si1�:<19GY8�e28F1HB�VjA�G�19?�EM0�]_/a`Pm

n 3>SCe2f�?@:F3>A�4 =�19421HG<?@:F3>A�4#Ic19=�35428"I'g#§NA�e2GY3>19GU:FG<?�4D8YVjA�GYSi3542=�?�:<3>ST1�Z|B2A�Si?�3>4�8F35=�4N?�f
[���[���bYb�354':<AP:<021\VjGY19k7e2194DEHg(B2A�Si?�354 W

���[ � b � �	 � � � ��[���bD1 ��O � "��|� � [ � " ��b � " �� � [1�Dm5��b

VjA�GX�
	 � 	 � ?�4DB�x.021HGF1 � 358v:F021Tf>194D=�:<0�A�Vu:<021X:<35Si1 Z�B2A�Si?�354�8F35=�4N?�fp354�8F?�STO2f>1H8
?�42B ���[ � bp3>8_:<0D1,E9A�SiO2f51��TVjGF1Hk7e21942E�g'Z�B2A�Si?�354o8F35=�4N?�f m n 3542E91 �� 358lEHA�SiODf>1��Jrd35:lEs?�4U?�f>8YA
Ic1�1 ��O2GF1H8F8F1HBR?�8a?PE9A�SCI23>4N?�:<3>A�4"A�V�Si?�=�4D35:<eDB21X[��yb�?�4DB�O202?�8F1i[
��b;W

�� � �%1 ��O�[�����b [1�Dm ��b

/�021�So?@=�4235:Fe2B21z358�1���O2GY198F8Y19B�I'gOW

� � ���� �� � [
��[ ���b ��� [ ���bFbH[
��[ ���b*" � [ ���bFb [1�Dm�¡�b

x.021HGF1 � 3>42B235Es?@:F198�:F021zEHA�SiODf>1��oE9A�4 �Ye2='?@:F1v?�42B���?@42B � 3>4DB23>E9?@:<1a:<021\GY1s?�f�?@42B(3>Si?�=@Z
3>42?�GYgoON?�GY:F8.A�V~?PEHA�SiODf>1��U47e2SLIc19G9m_/�021�O20N?@8F1v3>8�=�3h6�1H4�I'gOW

� � :M?�4  ��� � [ ���b�C[ ���b�� [1�Dm¢¥'b

/�A�=�194D19G<?�:<1TSo?�4'gR:F3>ST1�Z�BDA�So?@3>4�Si?�O2O23542=�8vA�VW?(VjGY19k7e2194DEHg'Z�B2A�So?�354K8Y3>=�4N?@f£r�02A�f5B



���s¡

:<0D1�Si?�=�423h:<e2BD1yA@V,:<0D1yVjGY19k7e2194DEHg'Z�B2A�So?�354 8Y3>=�4N?@f�E9A�428;:M?�4':U?�42B ?@f>f>A�x�:<021�O20N?�8Y1y:FA
6@?�GYgOW

� � �C[ ���b � � � [ ��Rb � � E9A�428Y:<?�4': [U�Dm���?'b�� � � �%1 ��O�[���� � b [U��m �@INb

x.021HGF1 � 3>42BD3>Es?�:<198\STAdB235¤N1HBR6�?@f>e21H8zVjGFA�S :F02A�8Y1T=�356�1H4�354�]_k7eN?�:<3>A�4 ��m ��m�'aA�f>B23542=U:<0D1
Si?�=�423h:<e2B21CE9A�428;:M?�4':C?�42B�So?@423>O2eDf�?@:F3>42=T:<021XO20N?@8F1TGF19k7e235GF1H8v:F0N?@:�IcA�:<0R:<0D1TGY1s?�f_?@42B
3>Si?�=�354N?�G;gLON?�G;:<8lA�V�:<021aVjGF1HkdeD1942E�g7Z|B2A�Si?�3>4o8F3>=�4N?�f IJ1wSo?@423>O2eDf�?@:F19B�m�/�ACB2AC:<0D3>89rd1H6�19G;g
8<?@SiO2f51�3>4P:<0D1wSi?�=�423h:<e2BD1 �-3>8pSCe2f5:F3>O2f53>19BCI7gXGF?�42B2A�S 47e2SLIc19GF8_x.35:F0P6�?@f>e21H8 � � "����s�� 
?�42BR8Y1H:\1Hk7eN?�f�:FAo:<021P4D1Hx GF19?�f�ON?@GY:\A�V ���m\/�021P3>Si?�=�354N?�GYgUON?�GY:,3>8,:F02194RBD1H:<1HGFST3>421HB
:<AX35428Fe2GY1\:<0N?@:�:F021vSo?@=�4235:Fe2B21\GY19Si?�3>428�e242EM0N?�4D=�19B W

� [ �� � b � � � � " ��[ �� � b � [1�Dm���b

x.021HGF1i:F021X8F35=�4�358vG<?�42BDA�Sifhg�B21�:<1HGFST3>421HB�VjA�Gv19?�EM0K8F?�SiODf>1�m�)#35:F0R:<021T421Hx GF1s?@fl?@42B
3>Si?�=�354N?�G;g�O2?�GY:F8iA�Va:<0D1�STA�BD35¤N1HB�VjGY19k7e21H42EHg'Z�BDA�So?@3>4�8F3>=�4N?�fWB21�:<1HGFST3>421HB�r�3h:X3>8L:<0D194
:<GF?�428;VjA�GFST19B(IN?�EMQ"354':<AP:<021\:F3>ST1zB2A�Si?�3>45W

� � [���b � �� �	 

� �

�� � [ � bD1���O � ��� � [ � " ��b � " �� � [1�Dm � b

x.021HGF1 � 	 � 	 ��m /�023>8}GF198Ye2f5:F3>42=�:<35Si1 Z�B2A�Si?�354 8Y3>=�42?�fU[ � � [���bYby0N?�8�:<021�8F?�ST1
VjGF1Hk7e21942E�g'Z�B2A�Si?�354�Si?�=�423h:<e2B21�?@8y:F021�A�GF3>=�3>4N?�fw8F35=�4N?�fT[ ��[���bYby?@8yxl19f5f�?@8y:F021�8F?�ST1!#" $ $ m

$,8_3>4P:F021.f�?�8;:_EM0N?�OD:F19G9rc�����\A�Vc:<0D198F1.:<35Si1 Z�B2A�So?�354CSi?�O2O23542=�8p?@GF1.3>4 �Y1HEH:F19BT3>4':<A\:<0D1
IN?�8Y1�A�V x.0235:F1W42A�358F1�x.3h:<0P¨H19GFA\ST1s?@4X?�42BPe2423h:~6@?�GF3>?�42EH1W1H6�19GYgU� � ����8F1HE9A�4DB28u?�42BL:<0D194
O2GYA�EH198F8Y19B�I7g(19?�EM0�]_/a` :FAXSi19?�8Fe2GY1\:<021\VjG<?@EH:<35A�4(A�V�8F3>=�4N?�f>8l:<0N?@:w?�GY1z:<021H4�BD1H:<1HEH:F19B�m

����P R Q S � 	�
 	�Z 
^]��U_ R�� Z2]�	�_ ZG� �bT
�#N���	�c

�.19Es?@f>f�:F0N?@:aSi19?�8FeDGF3>4D=X:F021v1  TE9351942E�gyA�V~?X8F35=�4N?�fJx.35:<0"6@?�G;g�3542=T?�STO2f>3h:<e2B21z?�42ByB2e2G<?�Z
:<35A�4UO2GYA�BDe2E91H8.?C:<02GY191\B235Si1H428F35A�4N?�f 8FeDGYV^?�EH1zx.023>EM0(Es?@4"IJ1zEHA�STON?�GF1HB"IJ1�:�x�1H194�]p/a`v8Hm
ZpGF1�6�35A�e28Yf5g�ru:<021yIN?�8Y19f53>421":<02?@:U?@f>fWA�:F0219GT8F35=�4N?�f58Lx�1HGF1�E9A�STON?�GY19B�:<A�xW?�8T:<021}`v?�e28;Z



���9¥

8F3>?�4 SiAdB2e2f>?@:<1HB x.0235:F1�4DA�3>8Y1�8Y3>=�42?�f>8 +�VjA�G":F021�ODe2GFOcA�8F1H8�A@VC:<0D3>8(3>4'6�1H8Y:F3>='?@:F3>A�4�rw:<0D1
1  TEH3>194DEHgTO2GFA@¤Nf>1H8uVjGYA�S
:<0D1wO2GY1H6d3>A�e28l354'6�198;:<35='?@:<35A�4X8F1HGY6�1z?�8u:F021aIN?�8F1.VjA�G_E9A�SiON?@GF3>8YA�4�m
¡�Z|B23>ST19428Y3>A�42?�f'8Fe2G;V^?�E91H8p?�42BCE9A�4':<A�e2G~O2f5A�:<8�[^1 �DEH19OD:pVjA�G
\ Zp3>Oc19f>35421�r�k m¦6cm n 19EH:F3>A�4 �Dm �dm�¡'b
VjA�G�19?�EM0}1  iEH3>1H42EHg(O2GYA�¤Nf51\B23>8YE9e28Y8F19B�3>4":<0D3>8�8F1HEH:F3>A�4yEs?�4yIc1zVjA�e242By3>4�$,ODOJ1H42B23h�y`Xm

���"! ��� �	��

���
��
��������

§�35=�e2GF1 �Dmh�,8Y02A�x.8�:<021wSi19?�8FeDGF19B ! F ��VjA�Gl��f5A�EMQ3YwA�GFSi?�fNx.023>EM0U02?�Bo:<0D1,8<?@Si1aA�I28Y19GY6�19BV^?�f58F1}BD1H:<1HEH:F3>A�4 VjGF?�EH:F3>A�4t[��~bT?�8U8Y19194 354 n 1HEH:<35A�4 � m���mh��[ ��m���¥'���'b�m �z6�19GF?�f>f r�:<021 ! F �VjA�G\19?�EM0K8Y3>=�4N?@f�:�gdOJ1T3>42EHGF19?�8F1HB�A�6�1HG�:F021T194':<35GF1 � B2e2G<?�:<3>A�4�GF?�42=�1Lx.0D3>f>1L:F021T=�19421HG<?�f
8F02?�OJ1}A�V\:<021}O2f>A�:F8oGY19Si?�3>421HB�:F021�8<?@Si1@mt/�021}xlA�GF8;:"Oc19GYVjA�GFST3>42=�A�Vz:<0D1�8F35=�4N?�f58i358
:<0D1U`v?�e28Y8F3�?@4KSTA�B2eDf�?@:F19BRx.0235:F1i4DA�3>8Y1}["� )#0D35:<1@  b\8F3542E91T35:�358�4DA�:�xl19f5f_B21H¤N4D19B�354�:<0D1
VjGF1Hk7e21942E�gyB2A�Si?�3>4�m_{|:F8aST3>BdZ�G<?@42=�1X[ � � ����� �L8F1HE�b ! F �w3>8a?�IcA�eD:���mh��m $,f>f�A@V�:F021�A@:<021HG8F35=�4N?�f58"["� n `P���D hr � n `v��¥2 hr � �F'����D �?�42B ���F',��¥D  b�?�GF1UEHA�STON?�G<?@I2f>1T:<A�19?�EM0�A�:<021HGCx.35:F0
ST3>B�Z|G<?�42=�1 ! F �� ¦8PA�V,?�IcA�eD:X�Dm ��[ ?@:L8F02A�G;:<1HGTBDe2G<?@:F3>A�4D8C:<021(35SiO2eDf>8F3h6�1i8F3>=�4N?�f>8C0N?s6�1y?8Ff53>=�0':Ff5g�023>=�0D19G ! F �X:<02?�4�:<021(8F35421�Z `�?@e28F8Y3�?�4�8F35=�4N?�f58Mb m�/�023>8PGY19O2GY198Y194':<8o?�IJA�eD:���� 
B21H=�G<?�B2?@:<35A�4�354 ! F �,VjA�G�:<0D1�35SiO2eDf>8F3h6�1v8F35=�4N?�f589r ?�IcA�eD:���� 
 B219=�GF?�BN?@:F3>A�4(VjA�G�:<0D1�8Y3>421 Z
`v?�e28F8Y3�?�4K8F3>=�4N?�f>8�?�4DB�?�IJA�eD: ��¡ 
 B219=�GF?�BN?@:F3>A�4�VjA�Gv:<021(`v?�e28Y8F3>?�4KSTA�BDe2f�?@:F19B�x.0235:F1
42A�358F1_8F35=�4N?�f589m ZpGF1�6�35A�e28Yf5g�r���f>AdEMQ3YwA�GYSo?@f�8F0DA�xl19BX?.8Ff53>=�0':�O2GY1HVj1HGF194DE91l:FA�xW?�GYB�35SiODe2f>8Y356�1
8F35=�4N?�f58�I'g�42191HB23>4D=v?,8Ff53>=�0':<fhgvf>A�xl19G ! F �pI2eD:~:F0N?@:�3>8�4DAzf>A�4D=�19G�:<021�Es?�8Y1W0219GY1�m $wf>8YA2r�:<0D1! F �aA�V�?�f5f�8F35=�4N?�f58W3>4DE9GF19?�8F1i[^?�IJA�eD:\����� 
 A�6�1HG.:F021 � G<?�4D=�1\A�V��Dm¢�*�C:<AX�Dm��L8F19EHA�42B28<ba?@8
:<0D1�8F3>=�4N?�fDBDe2G<?@:F3>A�4P3542E9GY1s?�8Y198p8Ye2=�=�1H8Y:<3542=�?zSiAdB21HG<?@:F1WO2GF1�Vj19GY1942EH1aVjA�G�8F02A�G;:<1HGpB2e2G<?�:<3>A�4
8F35=�4N?�f589m

§�3>=�e2GF1&�Dm �(8F02A�x.8L:F021UST1s?�8Ye2GF1HB�8F3>=�SiA�35B�8Ff>A�OJ1H8CVjA�G���f>AdEMQ3YwA�GYSo?�f m $w8�x�?�8PA�I�Z
8F1HGY6�19B�354�:F021if>?�8Y:�35476�198;:<3>=�?@:<35A�4�r�0235=�0219G\:F021 ! F �CST1s?�8Ye2GF1HSi1H4':<8C=�356�1X8Y0N?�f>f5A�x�1HG�8Y3>=@ZSTA�3>BR8Yf>A�Oc1PSi19?�8FeDGF19ST194':F89mP/�02358�358\1���19STO2f535¤N1HBR0219GY1iI'g�:F021Px�A�GY8Y:�Oc19GYVjA�GFST3>42=U8Y3>=@Z
4N?�fu[ `�?@e28F8Y3�?�4ySiAdB2e2f>?@:<1HB"x.0235:F1�4DA�3>8Y1�r � )#0D35:<1@  bW0N?s6d3>4D=iEHA�428F358Y:F194':<fhg":<021�8F0N?@f>f>A�xl198;:
8Ff5A�Oc198aE9A�STON?�GY19B(:<Ai:F021�A�:<021HGw8Y3>=�42?�f>8Hm���1HEs?�eD8F1�:F021CGY198;:,A�V�:<021�8F35=�4N?�f58.0N?�B}GYA�e2=�0Df5g
19k7e23h6@?�f>1H47:XOc19G;VjA�GFSi?�42EH198Hru:F021"B23>8;:<3542=�e2358F023542=}Vj1s?�:<e2GY1"3>4�:<021H3>GL8Yf>A�Oc1"ST1s?�8Ye2GF1HSi1H47:F8
3>8a:<021H3>G.VjGF1HkdeD1942E�g�B21HOJ1H42B2194DE91�m8$w8z42A�:F19B�354�:<0D1Lf�?�8;:,354'6�198;:<35='?@:<35A�4�?@42B�3>8wA�I28Y19GY6�19B
021HGF1�r':F021.023>=�0D19G~:<0D1�8F3>=�4N?�fDVjGY19k7e2194DEHg�rd:<021�8;:<1H19Oc19G_:<021�8Yf>A�Oc1.?�42BX:<021�f5A�x�1HG_:F021.8F35=�4N?�f
VjGF1Hk7e21942E�g�:<0D1L8F0N?@f>f>A�xl19G,:F021L8Yf>A�Oc1�m n 3542E91C:F021 ! F �vVjA�G,1s?@EM0�8Y3>=�42?�f�3542E9GY1s?�8Y19B�3>4�:<023583>4'6�198Y:F3>='?�:<3>A�4�r�:F021oST1s?�8Ye2GF1HB�8F35=�SiA�3>B�8Ff>A�OJ1H8L?�GY1U?�f58FA}1 ��OJ1HEH:<1HB�:<A�B21HE9f53>421@m�/�02358C358



�����

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

A
m

pl
itu

de
 (

R
S

S
)

BlockNormal A
50

 WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
���
 E:+�� ���A=,�4����= �8= ��/I6(��-����(/ < �4�>=$?>@ �(/3�%6(� ���4!$# /$��-$'D��= ! !&� -$��10��6(� ! �;' �(B�6(�%'L��� �
! ��9��\6(�L989 ��/36:!$���0� ��-$����1�= �0��-$!$6(�g! ��/$�21 ������= � � 9��0�%6(��� �A6:10���4! ��9��\-3�410��6(��-,O

A�I28Y19G;6�19Bi?�8~xl19f5f£m ZpGY1H6d3>A�eD8Ff5g�r�:<0D1�Si35B�Z�GF?�42=�1l8Ff>A�OJ1lSi19?�8Fe2GY19ST194':<8pxl19GY1.?�IJA�eD:u�&��� ���
x.0235f>1z:<0D3>8�3>4'6�198Y:F3>='?�:<3>A�428�Si35B�Z�GF?�42=�1wSi19?�8FeDGF19ST194':F8,?�GY1v?�IcA�eD:v�%���
� ��� �dm

���"! �"! #�$&%('*)

§�35=�e2GF1��Dm¢¡C8F02A�x.8�:<0D1zSi19?�8FeDGF19B ! F ��VjA�G n ���[Z_]�x.0235EM0"0N?�BU:F021z8<?@Si1zA�I28F1HGY6�1HB"V^?�f>8Y1B21�:<19E�:<35A�4�VjG<?�E�:<35A�4�[	�~bw?@8z8F1H194�3>4 n 19E�:<3>A�4 � m �dm ��[^�Dm¢� � � ��b m,{|:,3>8\?�=�?�3>4�A�I28F1HGY6�19BR:<0N?�:
:<0D1 ! F �\VjA�Gz19?�EM0�8Y3>=�42?�f�:�gdOc1P3>42EHGF1s?@8F19B�A�6�1HG\:<021P1H47:F3>GY1 � B2e2G<?�:<3>A�4�G<?�4D=�1Lx.023>f51C:<0D1=�1H4219GF?�fl8Y0N?�Oc1UA�V�:F021oO2f5A�:<8�GF1HSo?�354219B�:<021i8<?�ST1�m,)#0219GY1�rp354�:<0D1Uf�?�8;:C354'6�198;:<35='?@:<35A�4�r
35:\x�?�8v:<021PVjGY19k7e2194DEHg�A�Vl:F021T8F3>=�4N?�f�:F0N?@:�B21H:F19GYSi354219B�02A�x
xl19f5fu3h:vOJ1HGYVjA�GYSi1HB�r�8F35=�4N?�f
:�gdOJ1i3>8�42A�x :<0D1oB2A�ST3>42?@:<3542=UV^?�EH:FA�G�3>4�:<02358�35476�198;:<3>=�?@:<35A�4�m n 35421�Z `�?@e28F8Y3�?�428vOc19G;VjA�GFS
xlA�GF8Y1(:F0N?�4�:F021"3>STO2e2f58F356�1o8Y3>=�4N?@f>8(["� �F'����D �?�42B � �/',��¥2 �b�x.0235EM0�?�GF1"EHA�SiO2?�G<?�IDf>1i:FA



���s�

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

S
ig

m
oi

d 
S

lo
pe

BlockNormal Sigmoid Slope WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
 � 
 C>��10���0��9 -&!&�,�,'L����-$- = ��/ 6(��- ���(/ < �4�>=$?>@ �(/3�%6(� ���4!$# /$��-$'D��= ! !&� -$��10��6(��! �;' �(B
6(��'L���4! ��9��I6(��989 ��/36:!$�4�0� ��-$����1�= �0��-&!$6(�;!���/$�21 ������= � � 9��0�%6(��� �%6:10����! ��9�� -$�410��6(��-,O

1s?@EM0KA�:F0219G +�:F021(����'w¨T8F3>4D1�Z;`v?�e28Y8F3>?�4R8F35=�4N?�f58T[ � n `X�s�D  b,Oc19G;VjA�GFS E9A�STON?�GF?�I2f5gy:<A(:<0D1
`v?�e28F8Y3�?�4TSTA�B2eDf�?@:F19BXx.0235:F1w42A�3>8F1a8F35=�4N?�f58a[ � )#0235:F1� �bu?@42BoIcA�:<0o?�GF1a8F35=�423h¤NEs?�4':Ff5gLxlA�GF8Y1
:<02?�4o:<0D1z8F35421�Z `�?�eD8F8F3>?�4oA@V���¥�'a¨X[ � n `v��¥2 �b�m %�A�STON?�GY19Bo:FA�:F021zf�?@8Y:l3>4'6�1H8Y:<35='?@:F3>A�4�r7:<0D1
ST3>B�Z|G<?�42=�1R[ � � ����� �}8Y19E�b ! F �� ¢8T?�GY1U198;:<3>Si?@:F19B�:<AR0N?s6�1y3542E9GY1s?�8Y19B�VjGFA�S �Dm¢��:<A���mh�
[U��¡ 
 blVjA�G�:<021�`v?�e28F8Y3�?�4(STA�BDe2f�?@:F19BUx.023h:<1v42A�358F1v8F35=�4N?�f589rDVjGYA�S-��m��L:<Ay��m¢�*�([ ¡D� 
 blVjA�G
:<0D1��s�['w¨.8F35421�Z `�?�eD8F8F3>?�428Hr�VjGFA�S
�Dm �,:FA���m��T[ ��� 
 b�VjA�G~:<0D1w�@¥-'a¨�8F35421�Z `�?�eD8F8F3>?�428Hr�VjGFA�S
�Dm¢�(:FA}��m � ��[ � � 
 b,VjA�G\:<021y����'w¨T3>STO2e2f58F356�1P8F35=�4N?�f58v?�42B�VjGFA�S���m¢¥(:<A��Dm � VjA�G\:F021T��¥
'w¨�3>STO2e2f58F3h6�1z8Y3>=�4N?@f>89m $wf>8FADr2:<021 ! F �wA�Vp?�f5f�8F35=�4N?�f58�3>42EHGF19?�8F1i[ ?@IJA�e�:������ 
 A�6�1HGa:F021 �
G<?@42=�1WA�Vc��m��*�.:<A\�Dm��w8Y19E9A�42B28Mbp?�8�:<021�8F3>=�4N?�fdB2e2G<?�:<3>A�4L3>42EHGF19?�8F1H8p8Fe2=�=�198Y:F3>42=z?zSiAdB219GF?@:<1
O2GY1HVj19GY1942EH1�VjA�G�8F02A�G;:<1HGwB2eDG<?@:F3>A�4"8Y3>=�4N?@f>89m

§�3>=�e2GF1��Dm¦¥�8F02A�x.8X:<021(ST1s?�8Ye2GF1HB�8Y3>=�STA�35B�8Ff5A�OJ1H8PVjA�G n ���[Zu]�m
$w8Xx�?�8TA�I28Y19GY6�19B
3>4�:F021�f>?�8Y:X354'6�198;:<35='?@:<35A�4�r_0235=�0219G ! F �iST1s?�8Ye2GF1HSi1H4':<8T=�356�1y8Y0N?�f5f>A�x�1HGX8F3>=�SiA�35B�8Ff5A�Oc1



��� �

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

A
m

pl
itu

de
 (

R
S

S
)

SLOPE A
50

 WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
���
XE:+��7���A=,�4����= � = ��/I6(��- ���(/�C�E FIH J ���4!$# /$��-&' ��= !\!&� -$�410��6(� ! � 'D�(B 6(��'����4! ��9��
6(��989 ��/36:!$�4�0� ��-3����1�= �0��-&!$6(�;! ��/$�21 ������= � � 9��0�%6(��� �%6:10����! ��9��\-$�410�L6(��-,O

ST1s?�8Ye2GF1HSi1H47:F89mp/�02358_3>8_1���19STO2f535¤N1HBi021HGF1aI'gP:<021.x�A�GF8Y:lOc19GYVjA�GFST3>42=\8Y3>=�4N?@f>8w[£`v?�e28Y8F3�?@4
STA�B2eDf�?@:F19BPx.0235:F1w4DA�3>8Y1�rd?�42BT:<021����L'w¨,8Y3>421 Z;`v?�e28Y8F3�?@428Mb�x.0235EM0oE9A�428F358Y:<1H4':<f5gX02?�6�1,:<0D1
8F02?�f>f5A�xl198;:o8Yf>A�Oc198Hm n 3>42EH1y:F021 ! F �oVjA�GT1s?�EM0 8F3>=�4N?�f.3>42EHGF19?�8F1HB 3>4�:<02358i354'6�198;:<35='?@:<35A�4�r:<0D1�Si19?�8FeDGF19B 8F3>=�SiA�35B�8Yf>A�Oc198U?�GF1}?�f>8YAK1���Oc19E�:<19B :FA�B219EHf>35421�m%/�023>8U358oA�ID8F19G;6�1HB%?@8
xl19f>f m�Z_GY1H6d3>A�e28Ffhg�r~:<0D1"Si35B�Z�GF?�42=�1T8Ff5A�OJ1oSi19?�8Fe2GY19ST194':<8Lxl19GY1(?�IcA�eD:"�%��� �t��� ��x.0D3>f>1
:<0D3>8�3>4'6�198Y:F3>='?�:<3>A�4� ¢8�ST3>BdZ�G<?@42=�1zST1s?�8Ye2GF1HSi1H4':<8a?�GF1�?�IcA�eD:a�&����� ������m

���"! ��� � '������ �	��
��

§NA�G&\ Z_35OJ1Hf>35421�r�:F021}1�q�1HEH:oA�Vve28F3542=�:F3>ST1�Z|B2A�Si?�3>4�Si?�O2O23542=�8TA�VzVjGY19k7e2194DEHg'Z�B2A�So?�354
Si?�=�423h:<e2B21H8C358�8YAR8F1H6�19GY1U:<0N?@:C:<021iEs?�f5E9e2f>?@:<35A�4�A@V ! F �L6@?�f>eD198L358�42A@:POJA�8F8F35I2f>1XVjA�GC?�f>f8F35=�4N?�f�:�gdOJ1H8\?�42B�VjGY19k7e21H42E9351989m\/�0D19GF1�VjA�GF1@r�:<0D1C=�1H4219GF?�f�EM0N?@G<?�E�:<19GY3>8;:<3>EH8zA�Vp19?�EM0�8F35=�4N?�f



��� �

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

τ

S
ig

m
oi

d 
S

lo
pe

SLOPE Sigmoid Slope WRT to Signal Duration

White
SG16
SG64
BH16
BH64

���������
	 ��
	� 
�C>��10���0��9 -&!&�,�,'L����-$-K= ��/ 6(��- ���(/ C>E F HKJ ����!$# /3��-&' ��= ! !&�\-$�410��6(�>! �;' �(Bg6(��'����4! ��9��
6(��989 ��/36:!$�4�0� ��-3����1�= �0��-&!$6(�;! ��/$�21 ������= � � 9��0�%6(��� �%6:10����! ��9��\-$�410�L6(��-,O

?�GY1wB2358FEHe28F8Y19BU354iGY1HVj19GY1942EH1w:FA�:F021wEHA�4':<A�eDGlO2f5A�:<8uA�VJ:<021H3>G_1  TE9351942E�gT8Fe2G;V^?�E91H8\[j:F021af�?�Ic19f
� � EHA�428Y:9m_So?�=�4235:Fe2B21X  d3>8�?�ODO2f>3519Bo:FAL:<021,¤2=�e2GF1\E9?�OD:F3>A�428l:<APB2358Y:<3542=�e2358F0o:F0219S�VjGFA�S�:<0D1
¤N=�eDGF198v354+$,O2Oc1942BD3h��]�m�b�m�%�A�GFGF1H8FOcA�42B23542=y¡�Z�BD3>ST19428Y3>A�4N?@f�8Ye2GYV^?@E9198�A�V_:<0D198F1XEHA�4':<A�e2GY8
?�GY1TVjA�eD42BK354�$,ODOJ1H42B23h��`PmU/�021oV^?@f>8F1XB21�:<1HEH:<35A�4�VjGF?�EH:F3>A�4 [���bvGY19Si?�3>4D19B�e242EM0N?�4D=�19B
VjGFA�S :<0D1�f>?�8Y:.354'6�198;:<35='?@:<35A�4(?@:w�Dmh����¡��([jk m¦6cm n 19E�:<3>A�4 � m ��m¢¡'b m

§NGFA�S :<021}GF198Ye2f5:F8UA�V���f5A�EMQ3YwA�GFSi?�fa?�42B n ���[Z_].r�35:U358o42A@:"8Fe2GYO2GF358F3542=K:<02?@:U:<0D1
xlA�GF8;:COc19G;VjA�GFST3>42="8Y3>=�42?�fp3>8\:<0D1o`v?�e28Y8F3>?�4�STAdB2e2f�?�:<19BRx.023h:<1X42A�358F1@m $w8�B2358FEHe28F8Y19B�354
:<0D1�f>?�8Y:T3>4'6�198Y:F3>='?�:<3>A�4�[jk m¦6cm n 1HEH:<35A�4 � m ��m¢¡'b rl:<0D19GF1y3>8T?�O2021H42A�ST194N?�Es?�f5f>19B .10 HI2?:<23=
A�I28Y19G;6�19B%x.0219GY1�:F0219GY1�358�?@4%3542E9GY1s?�8Y1�354 ! F ��?@8yIcA�:F0 � B2e2GF?@:<35A�4 ?�42B%?�SiODf>35:Fe2B213>4DE9GF19?�8F1@m[)#0219GY1s?�8z:F021L:<e2GY423>4D=UOJA�3>4':z354}:<021PODGF1H6d35A�e28z35476�198;:<3>=�?@:<35A�4}x�?�8\A�V�:<1H4R421s?@G
:<0D1TSi?���3>SCe2S � A�V��Dm��U8F19EHA�42B28Hr�:F021P:<e2GY423>4D=yOcA�3547:z0219GY1i358,6�1HGYg�8F02?�GFO�?@: � � �������
8F1HE9A�4DB28}x.35:F0�?�Si35423>SCe2S ! F ��A�VL?�IJA�eD:��Dm�¡�rv?�8�8Y191H4t3>4%§�3>=�e2GF1��Dm���m )#0235f>1R:<0D1



��� �

Si?���3>SLe2S�1  iEH3>1H42EHg�[
��bu3>8W4219?�G�e2423h:�goVjA�G�1 �d:<GF1HSi1Hf5go8F02A�G;:.B2e2GF?@:<35A�4289r ��358W421s?@GF19GW:FA
�Dm �LVjA�GW:<021�?�GY1s?X3>428Y3>B21w:<021\:<eDGF4�m

��� 'a¨w8Y3>421 Z;`v?�e28Y8F3�?@4289rd?�8u8F1H194U354o§�35=�e2GY1 ��m��Dr71 �D0D3>I23h:l8Y3>ST3>f>?�G�:<eDGF423542=�OD021942A�Si1H4N?
?@:X?@IJA�e�: � � �&� � �y8F19EHA�42B28Px.3h:<0�?�ST3>4235SLe2S ! F �PA�Vw?�IJA�eD:P�Dm¢¡R?�42B�? � A�Va?@IJA�e�:�Dm �oI2eD:\?�f>8YAU8F02A�x.8v?o8Y19EHA�42BN?�G;g�Oc1s?�Qy3>4}1  TE9351942E�g�[j:F1942BD3>42=o:FA�xW?�GYB28v�Dm �'bw?�:zf>A�42=�19G
B2e2GF?@:<35A�428�[ ?@IJA�e�: � � ���¦¥ �P8F1HE9A�42BD8Mb.x.3h:<0y?Xf�?�GY=�19G�ST3>4235SLe2S ! F �L[ ?�IcA�eD:w�Dm¢�'b�mu/�023580N?�8v42A@:vIJ1H194KA�I28F1HGY6�1HBKIc1HVjA�GY1T?�8\:<021HGF1PxW?@8�42A":Fe2GF423542=(A�I28Y19GY6�19BKVjA�Gz:<02358\8F3>=�4N?�f~354
:<0D1Uf�?�8;:L35476�198;:<3>=�?@:<35A�4�m}{|:C3>8�e242f>35Q�1Hf5g�:<0N?�:C:<0D3>8CE9?�4�Ic1UA�I28Y19GY6�19B�VjA�G�A�:<021HGL8F35=�4N?�f589r
3>4�=�1H4219GF?�f£r�?�:of5A�42=�1HGTBDe2G<?@:F3>A�4D8X:F0N?�4�:<02A�8Y1}35476�198;:<3>=�?@:<1HB 0219GY1�8Y3>42EH1�:F021�`v?�e28Y8F3>?�4
STA�B2eDf�?@:F19B�x.0235:F1(42A�3>8Y1�8Y3>=�42?�f>8P0N?s6�1�?�8F0N?�GYOJ1HGT:Fe2GF4�?@:T8F0DA�GY:F19GTB2e2G<?�:<3>A�428XI2eD:iB2A
42A�:v8Y02A�x�?�4'g�:F1942BD3>42=U:FA�x�?�GYB28�?(8Y19EHA�42BN?�G;g�OJ19?�Q�?�:vf>A�42=�19GzB2eDG<?@:F3>A�428HmC/�021T��¥,'a¨
8F35421�Z `�?@e28F8Y3�?�428Hru?�8L8F1H194�3>4�§�35=�e2GY1 �Dm � r_?�f>8YAR8F02A�x.8P:<0D1U:<e2GY423>42=ROD021942A�Si1H4N?RI2eD:X35:
3>8PSTA�GY1y=�G<?�B2e2?�f�:<02?�4�:F021�����'w¨(8F35421�Z `�?�eD8F8F3>?�428Hm�/�0D1(:Fe2GF4D3>42=�OJA�3>4':X3>8X?@:T?@IJA�e�:
�Dm¦¥"8F1HE9A�42BD8U[�x.35:<0�?UST3>4D3>SLe2S ! F ��A@V�?@IJA�e�:v�Dm¢¡*�U?�42B�? ��A�Vl?�IJA�eD:v�Dm �'bz?�42B�:F0219GY1B2Ad198P42A@:T?�O2Oc1s?�GC:FARIJ1(?}:FGF1H42B�:FA�xW?�GYB28X?R8F1HE9A�42B2?�GYg�Oc1s?@QK3>4�1  TE93>1H42EHg�?@:Pf>A�42=�19G
B2e2GF?@:<35A�428Hm

/�021T����'w¨v3>STO2e2f58F356�1z8F35=�4N?�f58�?�8.8F0DA�x.4�3>4(§�35=�e2GY18�Dm��P42A@:.A�42f5go8F02A�xt:F021\:<e2GY423>4D=
O2021H42A�ST194N?�[jx.35:F0R?T:Fe2GF4D3>42=iOJA�354':z?@:z?�IcA�eD:,�Dm �T8F19EHA�42B28Hr�?oST3>4235SLe2S ! F �\A�V_?@IJA�e�:�Dm��K?�42B#? � A�V�4219?�G"�Dm �'bXI2eD:(?�f58FA�8Y02A�x�:F021�Ic19=�3542423542=�8oA@V�?K8F1HE9A�42B2?�GYg Oc1s?@Q�354
1  TEH3>194DEHg�3>4K:F021U?�STO2f535:<eDB21 � r � � ���¦¥ ��8Y19EHA�42B28P?@GF1s?�m}/�021iSi35423>SLeDS ! F �PA�V�:<02358Oc1s?�QU358a?�f>8YAPf�?�GY=�19G�[^?�IJA�eD:w��b�:<0N?@4(:F021�O2GF35So?�G;goOc1s?@Qcml§�354N?�f>fhg�r7:<021���¥�'a¨�35SiODe2f>8Y356�1
8F35=�4N?�f58.8F02A�x :<0D1�V^?�ST3>f53�?�Gl8F3>=�SiA�35B"Vje242EH:F3>A�4yA�V_?@SiO2f535:Fe2B21\I2eD:w:<021 �R:<1H42B28,:FAo?@IJA�e�:
�Dm �*�}3>4D8Y:<19?�B�A�Vae2423h:�g�mK/�0D1"Si35B�Z�GF?�42=�1 ! F �X3>8X?�IcA�eD:P�Dm���rp3>42EHGF1s?@8F19B � � 
 VjGFA�S :<0D1
O2GY1H6d3>A�eD8z3>4'6�1H8Y:F3>='?@:F3>A�4�VjGFA�S ?�IcA�eD:v��m�¡*�dmz/�0219GY1PB2Ad198\42A�:z?�O2Oc1s?�Gw:<AUIc1L1H6d35B21942EH1PA�V
3>STST3>421H47:C:<e2GY423>42=�354�:F021(1  TE9351942E�g�rWIDeD:i:F0219GY1(3>8T?R=�G<?�BDeN?�fW:<GY1942B�:<A�x�?�GFBD8i0235=�021HG! F �� ¦8�?�8W:F021 � B2eDG<?@:F3>A�4U3542E9GY1s?�8Y198Wx.0235EM0"3>8W8Y3>ST3>f>?�G~:<AL:F021\GF1H8Fe2fh:<8WA�V�:F021zA�:F0219G�]p/a`\83>4�:F023>8\354'6�198;:<35='?@:<35A�4�?�8zxl19f5fp?�8z:<0D1Tf>?�8Y:9mC/�02358\=�194D19G<?@f~IJ1H0N?s6d3>A�G\358\?�f>8YA"E9f51s?�G\354�?�f>f
A�V~:F021LA�:F0219Gw8F35=�4N?�f�:�gdOJ1H8\?�42B�VjGF19k7e21H42E935198Hm\��198Y3>B21H8,:<0D1LA�I'6d3>A�e28aV^?s6�A�GY35:<358FS-:FA�x�?�GYB28
8F0DA�GY:CB2e2G<?�:<3>A�4�8Y3>=�4N?@f>8�?�8C8Y191H4�3>4�:<021X:<e2GY423>4D=}O2021H42A�ST194N?�r�:<0D19GF1i3>8�?�f>8YA�?y=�19421HG<?�f
I23>?�8W:<A�x�?�GFB28a0235=�0219GWVjGY19k7e21H42EHg(8Y3>=�4N?@f>89m



���@�

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

Duration (seconds)

A
m

pl
itu

de
 (

R
S

S
)

Q Pipeline Efficiency to Gaussian Modulated White Noise

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

���������
	 � 
 ��
 M7H �4' ���������U���A=,�4����= ��!&� 3 6 ��-$-$��6(�*���>9 ����6:!&��9 ��#���!&�����0��-&� � �4!$# 6:6:/ �>����1
6(��'L���4! ��9��I6(��989 ��/36:!$�4�0�X0 -$#�� ���86(- 6�= �0�g!&����/ 'L�4�(! 8�� = �0�L-&!,OK�%6:10����! ��9���� O

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
10

−2

10
−1

10
0

10
1

Duration (seconds)

A
m

pl
itu

de
 (

R
S

S
)

Q Pipeline Efficiency to Sine−Gaussians (f = 16)
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Q Pipeline Efficiency to Exponentially Decaying Harmonic Oscillator (f = 16)
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