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U k Y r Yl]3i@Q�YZa�] [ a k ;VQ�a [ U � � ] [ i \ Q�YZy^n k i \ �<QbSVU [3\ aV: k U r a@f�_3UXQ�U \�r Y|]VYl]Vw ��SVU^]�QTSVU$W�;�W�Q�U r _3U p ]VYl]Vw
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Wbn3:VQ�aVn \�� U k Y r Y|]3i�Q�YZa�] [ a k ;VQ�a [ U8W�QTnV_3Y�UX_ Yl]�QTSVY�WdQbSVUXW�YZW � � Q	QbSVU^] UXW�Qbi<: k YZWbSVUXW�W�a r U�yXa r :VY|]3i�Q�a �
\ Yli kH[3\ a [ U \ Q�YZUXW{a@f yXU \ Qbi�Y|]EyXU \ Q�Y p y^i@Q�UXW�a@f2n3]VW�a k e0i<:VY k YZQ�;!a@fHQbSVU	W�;VW�Q�U r � �Va r U	W�Y r�[Vk UdWbn 3!yXYZU^]<Q
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Y r i k YZQ�; i \ U!yXa�]VW�Y�_3U \ UX_ � � SVU [3\ a�: k U r a@f�_3UXQ�U \�r Yl]VYl]Vw�Yqf8iJw \ i [ S �	YZQbS r i��VY r n r _3UXw \ UXU
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QbSVUXW�U4a [ U \ i�Q�YZa�]VW8y^i<] :3U!i [3[Vk YZUX_7Q�a�w \ i [ SVW�a@f	Yl]VW�y \ Yl:3i<: k U�Q�; [ U�Q�a�a�:VQbi�Y|] ]VU � a�]VUXW � � SVU
r a<W�Q	Y r�[ a \ Qbi<]sQ�a@f{QTSVU8a [ U \ i@Q�YZa�]VW�_3YZW�y^nVW�W�UX_/YZW�QbSVU�w k nVYl]Vw�a [ U \ i@Q�YZa�]H� ��SVYZyXS i kZk a��	Wda�]VU�Q�a
yXa�]VW�Q \ nVyXQ�i`]Va�] � Q \ YZeVY|i k y k i@W�W�a@f r i��VY r i k-[Vk is]3i \ w \ i [ SVW8a@f	Yl]VW�y \ Yl:3i<: k U`Q ; [ U4QbS3i@Q8i \ U9]Va<Q
( � yXa�]3]VUXyXQ�UX_ � � SVU�yXS3i [ Q�U \ U^]V_3W �	YZQbS�i r i�Y|] \ UXWbn k Q	a@f QbSVUdQbSVUXW�YZW^� ��SVYZyXS9w<YZe<UXW	i�y S3i \ i@yXQ�U \ Y �
�^i@Q�YZa�]4f a \ QbSVU�W�;VW�Q�U r Q�a�S3i^esU i<]9Yl]3]VU \ W�a k nVQ�YZa�]�� � SVYZW	yXS3i \ i@yXQ�U \ Y��^i�Q�YZa�]9Yl]VyXa \�[ a \ i@Q�UXW	W�a r U
yXa r :VYl]3i@Q�a \ Y|i k Yl]sf a \�r i�Q�YZa�] ��SVYZy S`i kZk a ��W	a�]VUdQ�a�WbSVa��+QbS3i@Q ( � yXa�]3]VUXyXQ�UX_ [Vk is]3i \ w \ i [ SVW�i<]V_
� � yXa�]3]VUXyXQ�UX_ � � \ UXw�n k i \�[Vk i<]3i \ : \ YZy $ W�i<]V_ : \ i�yXUXWEi \ U�a@f�Yl]VW�y \ Y|:3is: k U`Q�; [ U<� QbSVnVW [3\ a@eVY�_3Yl]Vw��
Q�aJi9yXU \ QTi@Yl]JU&�VQ�U^]sQ^� i�n3]VY p UX_ [3\ a�a@f-a@f$Q �-a [3\ UXe�YZa�nVW \ UXWbn k Q�W�a�:VQbi@Yl]VUX_�:s; x Y kZk U^]VyXa�n \ Q�i<]V_
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U k Y r Yl]3i@Q�YZa�] [ a k ;�Q�a [ U	i<]V_8QTSVU [ U \ fvUXyXQ r i@Q�yXSVYl]Vw [ a k ;�Q�a [ U-YZW U&� [Vk a<YZQ�UX_�Q�a�a�:VQbi@Yl]�i-_3Y r U^]VW�YZa�]
f a \�r n k i!i<]V_/i<]`U43!yXYZU^]sQ�yXa r :VYl]3i@Q�a \ Yli k i k w<a \ Y�QTS r QbS3i@QdyXa r�[ nVQ�UXW�QbSVU�_3Y r U^]VW�YZa�]�� � SVU�i k��
w<a \ Y�QTS r y^i<]�i k W�a!:�U8nVW�UX_JQ�a \ UXyXa<w�]VYZ�XU ; � UX_3wsU � yXa�]3]VUXyXQ�UX_ ; � \ UXw�n k i \	[Vk i<]3i \ w \ i [ SVW	QTS3i@Q	i \ U
a@f2Yl]VW�y \ Y|:3is: k U4Q ; [ U � � SVU \ UXWbn k Q�W	Yl] QbSVYZW	y S3i [ Q�U \ i \ U \ i@QTSVU \ W�U k f � yXa�]sQbi@Yl]VUX_�is]V_Jy^i<]�:�U \ U^i@_
Yl]V_3U [ U^]V_3U^]sQ k ; a@fhQTSVU \ UXW�Q	a@f QbSVU�QbSVUXW�Y�W��

}�S3i [ Q�U \ Ed:3UXw<Yl]VW �	YZQbS�i	_3UXQTi@Y k UX_�W $ UXQ�y S a@f�"dY�eVYl]65 W#U k U r U^]<Qbi \ ; [3\ aVa@f�a@f�SVY�W yXS3i \ i�yXQ�U \ YZ�^i �
Q�YZa�] a@fhw \ i [ SVW	a@f Yl]VW�y \ Yl:3i<: k U�Q�; [ U � � QdyXa�]<Q�Y|]VnVUXW �	YZQbSJi�W�UXyXQ�YZa�]`a�]9W�a r U�w \ i [ S � QbSVUXa \ UXQ�YZy^i k
yXa�]V_3YZQ�YZa�]VW � P \ U p ]VU r U^]<Q9a@f�i QbSVUXa \ U r a@f�g�i@w�]VU \ a�:VQbi@Yl]VUX_ :s;jfvaVy^nVW�Yl]Vw7a�]7w \ i [ SVW�a@f
Yl]VW�y \ Yl:3i<: k U�Q�; [ U�U^]V_3WdQbSVU�y S3i [ Q�U \ �
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;



E ��� � � ��	���� � ����	�� ��� ��� ����� 	��

QbS3i@Q	S3i e<UdQbSVU�Wbi r U�U^]V_ � e<U \ Q�YZyXUXW�i \ U�y^i kZk UX_ -	�4P^���ZA�P^�E� N >Q��: � � f D S3i [3[ U^]VWdQ�a�:3U8i�W�UXQ �3QbSVU^]
�(YZWdWbi@YZ_�Q�a!:�U :I�;-LA�P^� �

�)a \ iDWbn3:VW�UXQ � � C4����
 � Y�W4QbSVU�w \ i [ S a�:VQbi�Y|]VUX_jf \ a r � :s; \ U r a@eVYl]Vw � f \ a r C
i<]V_ i kZk QbSVU UX_3w<UXW �	YZQbS+i<]7U^]V_ � esU \ Q�U&� Yl] � f \ a r D � ��a \ i Wbn3:VW�UXQ
� � D ����
�� Y�W
QbSVU�w \ i [ S a�:VQTi@Yl]VUX_/f \ a r � :<; \ U r a0eVYl]Vw�� f \ a r D � � f:L�i<]V_ ��i \ U!]Va�] � i@_���i@yXU^]sQ^�#QbSVU^]
� - L � ; �0C ��D�� �!L �M% � �

� UXQ���
Eis]V_ � ��:3U�Q �-aJW�Y r�[Vk U`w \ i [ SVW � � SVU^] ��
 � � ��_3U^]Va<Q�UXW�QbSVU9w \ i [ S �0C ��� 
%� �
C���� �4� � D ��� 
 � � D ��� �%� �{i<]V_ ��
�� � �-_3U^]Va<Q�UXW{QbSVU	w \ i [ S �0C ��� 
 ���	C ��� �4� � D ��� 
 ��� D ��� �%�%� �
� 
�i<]V_ � �9i \ U9Wbi@YZ_7Q�a/:3U ��:�(+-F(+* A�&D�\G � � \ YZQ�Q�U^]�i@W � 
��; � �4�8Yqf�QbSVU \ U�U&�VYZW�Q�W�i/:VY � UXyXQ�Y�aV]
�8� C���� 
%��� C���� � �-WTnVy S9QbS3i�Q��#�0L����#� � � " D ��� �%�~Y f$is]V_�a�] k ;�Y fJL �E" D ����
 � �

�dYZe<U^]Ji�esU \ Q�U&�
����is]<;�UX_3w<U�QbS3i@Q�S3i�W ��i@W�i<] U^]V_ � e<U \ Q�U&��YZWdWbi@YZ_JQ�a!:3U ����G�� N �.�����]����& � �
$ U \ Q�YZyXUXW�i�_�� i@yXU^]sQ-Q�a ��i \ Udy^i kZk UX_`QbSVU ���.� >?&��g(��b*I: a@f � � � SVUFN �K>+*,�)� a@f �)�V_3U^]Va<Q�UX_�:<;9_3UXw � � �X�
YZW�QbSVUm]Vn r :3U \ a@f�]VUXYZw�SV:3a�n \ W4a@f � ��P W�UXQ � � C YZW�y^i kZk UX_ i<] �;� N �KAT��� N ����� :B� � Yqf ]Va`Q �-a
e<U \ Q�Y�yXUXWdYl]��7i \ U8i@_�� i�yXU^]<Q �

P6w \ i [ S�� ; �0C � � D � �dY�W8i : �!� >?*@<BA & a@f(� Yqf�C � � C i<]V_ D � � D � � f�C � ; C�� ��YZW8i
:2A4<+��� ���4>L: �"�2>+*,<IA�& a@f2� � � f��$#; �4�<QbSVU^]�� YZW�y^i kZk UX_Ji A�*@(BA4��*L: �"�2>+*,<IA & a@f � � � f � yXa�]sQbi@Yl]VW
i kZk QbSVUdUX_3w<UXW	a@f � QTS3i@Q
��a<Yl]9Q �$a�e<U \ Q�YZyXUXW-Yl]�C �v�VQbSVU^]�� YZW	WTi@YZ_!Q�a�:�U�QbSVU�WTn3:Vw \ i [ S �;� N �TG)� N
:s;HC � i<]V_�YZW�_3U^]VasQ�UX_J:<;�� d C � f � � f � ; � d C � f �VQbSVU^] � YZW i<] ��� N �4GI� N Wbn3:Vw \ i [ S9a�f � �

P W�Y r�[Vk U�w \ i [ S YZW G)(+-LA�P^� ��� Yqf�UXe<U \ ;/e<U \ Q�U&� YZW�i@_���i@yXU^]<Q�Q�aJUXesU \ ; a<QbSVU \ esU \ Q�U&�����VYl]VyXU
i<]s;!Q �-a�yXa r4[Vk UXQ�U8w \ i [ SVW S3i eVY|]Vw9QbSVU�Wbi r U8]Vn r :3U \ a@f e<U \ Q�YZyXUXW�i \ U�Y�W�a r a \�[ SVYZy<� �-U8W�Y r�[Vk ;
y^i kZk i�yXa r�[Vk UXQ�U8w \ i [ S9a�]&% e<U \ Q�YZyXUXW�i�' � �

� YZW GI(+� ���)G ��� N�Yqf	f a \ i<]s;�_3YZW�Q�Y|]VyXQ9]Va�] � i@_���i@yXU^]<QEL � � " C���� �X� QTSVU \ U!U&�VYZW�Q � 
 ��	�	�	 � � ��"
C����7�Ef a \ W�a r U + $ . WbnVy S QbS3i�QHL � 
�� � 
 � ��� � � � W �
	�	�	�� � �)( 
 � � � � � �/" D ���7� � ��YZW)+�M � N >D� M
GI(+� ���)G ��� N ��+ $ �,�dYqf$YZQ8S3i@W�i@Q k U^i@W�Q�Q �-a9e<U \ Q�YZyXUXW8i<]V_ �*
+�6YZW�yXa�]3]VUXyXQ�UX_Dfva \ i<]s;�� � D
�	YZQbS I � I�, +-
)./.�� YZW�+�M GI(+�����IG`��� N7��+ $ �,� Yqf2UXYZQbSVU \ �RS3i@W-i0' � � 
	i@W$i W [ i<]3]VYl]Vw�Wbn3:Vw \ i [ S
a \ YZQ{S3i@W{i@Q k U^i�W�Q�+2-4�de<U \ Q�YZyXUXW{i<]V_'�1
 � YZW yXa�]3]VUXyXQ�UX_�f a \ UXe<U \ ;�W�UXQ � ��C ��Y�QTS I � I�, +�
'. �

P e<U \ Q�U&� ��a@f2i�yXa�]3]VUXyXQ�UX_�w \ i [ S � Y�Wdi G2�4� M = �.*B���23 Yqf �4
���YZW�]Va<Q-yXa�]3]VUXyXQ�UX_ � P W�UXQ � ��C
YZW�y^i kZk UX_�i +�M :B�@A4<+*,<D��(?* Y f I � I ; +Ji<]V_ �*
 � YZW8]Va<Q�yXaV]3]VUXyXQ�UX_ �dP ] UX_3w<U 9 a�f$i�yXa�]3]VUXyXQ�UX_
w \ i [ S��(YZW i �B*)� N >D� Yqf��5
 9 YZW ]Va<Q-yXa�]3]VUXyXQ�UX_ �

P r i��VY r i k yXa�]3]VUXyXQ�UX_�Wbn3:Vw \ i [ S9a@f � YZW	y^i kZk UX_�i G)(+-LAT(+���.��� a@f#� � � f �(YZW�� � yXaV]3]VUXyXQ�UX_ �



� � � ��� �������-� O

i�Wbn3:Vw \ i [ S��6a@f��(YZW�i ��P^( G��E(@9 �(Yqf{UXYZQbSVU \ �6Y�W�i�: \ YZ_3w<U��CQ�a<wsUXQbSVU \ �	YZQbS Y�Q�W	U^]V_ � e<U \ Q�YZyXUXW �
a \ YZQ	YZW�i r i��VY r i k � � yXa�]3]VUXyXQ�UX_JWbn3:Vw \ i [ S�a@f#� �

P G�RDG`P^� YZW8i9yXa�]3]VUXyXQ�UX_/W�Y r4[Vk U9w \ i [ S�WbnVyXS QbS3i@QdUXe<U \ ;`e<U \ Q�U&�JS3i�W�_3UXw \ UXU�Q �-a �dg/U�Wbi ;
QbS3i@Q-i�w \ i [ S � S3i@W7�Ca \ yXaV]<Qbi�Y|]VW4�$i yX;�y k U�Yqf2QbSVU \ U�U&�VYZW�Q�W	i�Wbn3:Vw \ i [ S4a@f2� QbS3i@Q{YZW	i�yX;Vy k U � � Q
YZW ]VasQ	_3Y�3!y^n k Q�Q�a�W�UXU�QbS3i@Q	a�]VU�y^i<] k i<:�U k QTSVU8e<U \ Q�Y�yXUXWda@f QbSVU8yX;Vy k U�i@W��
� �
	�	�	�� � � ( 
-WbnVy S QbS3i@Q
��� ��� � 
 YZW�i<]DUX_3w<U�f a \ i kZk�� ; � �
	�	�	�� +0
 . ��SVU \ U!i@_3_3YZQ�YZa�] YZW [ U \ fva \�r UX_ r aV_�n k a +�� �3nVyXS/i
k i<:3U kZk Yl]Vw�YZW$y^i k�k UX_ i G.RDG`PZ�\GY(?* N ��* a@f QbSVU�esU \ Q�YZyXUXW � � SVU�UX_3wsU � W�UXQ-a@fhi�yX;Vy k U�YZW	y^i kZk UX_�i G.�;*,G2�b��� �
P ��*,�)� YZW�i9yXa�]3]VUXyXQ�UX_/W�Y r�[Vk U9w \ i [ S`QbS3i�Q8S3i@W�]Va�yX;Vy k UXW � � Q8YZW $ ]Va���]`QbS3i@Q�QbSVU!]Vn r :3U \ a@f
UX_3w<UXW�Yl]7i`Q \ UXU9YZW�a�]VU4fvU �-U \ QbS3i<]jQTSVUm]Vn r :3U \ a@fde<U \ Q�YZyXUXW � P P^�)<K9 a@f�iJQ \ UXU�YZW�esU \ Q�U&�/a@f
_3UXw \ UXU�a�]VU ��P A4<D��& YZW�i�Q \ UXU �	YZQbS`U&�3i@yXQ k ;�Q �-a k U^i^esUXW ��SVYZy S`QbSVU [ i@QbS GI(+�����IG`��: � � Q�YZW�U^i@W�;
Q�a�W�UXU4QbS3i@QdUXe<U \ ; e<U \ Q�U&�`a�] i [ i@QbS QTS3i@Q�YZW�]Va<Q8i k U^i f�S3i@W8_3UXw \ UXU�Q �-aJi<]V_ w<YZe<U^]/is]<;`Q �-a
_3YZW�Q�Yl]VyXQ�e<U \ Q�Y�yXUXWdYl] i�Q \ UXU<�)QbSVU \ U�Y�W�i�n3]VYZt3nVU [ i@QbS9yXa�]3]VUXyXQ�Y|]Vw�QTSVU r � � ]`i@_3_3YZQ�YZa�]H�HYZQ�YZW�]Va<Q
_3Y�3!y^n k Q�Q�a8W�UXU�QbS3i�Q$aV]VU�y^i<] k i<:�U k QbSVUde<U \ Q�YZyXUXW	a�fhi [ i@QbS9i@W � 
 ��	 	�	�� � �	WTnVy S9QbS3i�Q � � � � � 
-YZW�i<]
UX_3w<U�f a \	� ; . ��	�	�	 � + 
 . �'�3nVy S/i k i<:�U kZk Yl]Vw/YZW�y^i kZk UX_7i :���
2�4�.������<DP](+* N ��* a@f$QTSVU�e<U \ Q�YZyXUXW ��P
*,(`(D��� N ��*,�)� YZW8i4Q \ UXU �	YZQbSJi4_3YZW�Q�Yl]Vw�nVYZWbSVUX_je<U \ Q�U&�`y^i kZk UX_/QbSVU *,( (D� � � ] i \ a�a<Q�UX_JQ \ UXU � �	YZQbS
\ aVa<Q
���3QbSVU AT<+*,����� a�f��B"�C���� ��YZW�QbSVU�]VUXYZw�S�:�a�n \ a@f��4a�]9QbSVU [ i�QbS9yXa�]3]VUXyXQ�Yl]Vw���i<]V_�� � � f
e<U \ Q�Y�yXUXW�L � �E" C ��� ��i \ UdWbnVyXS�QbS3i�Q ��YZW$aV]�QbSVU [ i@QbS4yXa�]3]VUXyXQ�Yl]Vw L9i<]V_����VQbSVU^] L9YZW-y^i kZk UX_Ji
N �.:BGI��� N <+��� a@f ��i<]V_ ��YZW{y^i kZk UX_Ji<] <+��G)�.:B��(?* a@f L � P G�&Q�\P N-a@f ��YZW	i�_3UXW�yXU^]V_�i<]<Q�a@f �8i@_���i@yXU^]sQ
Q�a � �

� SVU!]�n r :�U \ a�f�UX_3w<UXW8Yl]7i [ i@QbS a \ i yX;�y k U�YZW�QbSVU P^���T>D��& � � SVU N ��:���<+��GI� :3UXQ �-UXU^] Q �-a
e<U \ Q�Y�yXUXW�YZW{QbSVU k U^]Vw<QTS�a@fNQTSVU	WbSVa \ Q�UXW�Q [ i@QbS�yXa�]3]VUXyXQ�Yl]Vw�QbSVU r �#P�] ( NQN G.RDG`P^� YZW	idyX;�y k U�S3i^eVYl]Vw
aV_3_ k U^]Vw<QbS��-P�] ( NDN G.�;*,G2�b��� YZW�i�yXY \ y^nVYZQ8S3i^eVYl]Vwmis]�aV_3_�]Vn r :�U \ a@f{UX_3w<UXW��{P�] � = ���
G.R?G P^� Y�W
i�yX;Vy k UES3i eVYl]Vw�UXe<U^] k U^]Vw<QTS��{P�] � = ���
G.�;*,G �'��� Y�W�i�yXY \ y^nVYZQ8S3i e�Yl]Vw!is]�UXe<U^]�]Vn r :3U \ a@fhUX_3wsUXW �
P yX;Vy k U�a@f k U^]Vw<QbS9QTS \ UXU	YZW-y^i kZk UX_ i ��*I�\<?�4>DP^� �2P AT<D��&F��� � Y�W	i Wbn3:Vw \ i [ S4a@f2� QbS3i@Q{YZW	i [ i�QbS��
P G�RDG`P^� �;� � YZW�i9WTn3:Vw \ i [ S a�f � QbS3i�Q�Y�W�i�yX;Vy k U ��P yX;Vy k U�� Yl] � YZW�i G�&b(?* N P^�.:):FG�RDG P � Yqf
QbSVU \ U4_3a�UXW�]Va<Q�U&��YZW�Q�WOL � �)"�C ���!� WbnVy SDQbS3i@Q�L �)" D ��� ��� D ���7� ��P Q \ Yli<]Vw k U � Yl] � YZW <
:��KA4<?*@<Q���;�T>F��*I�\<+�T>DP^� Yqf(�*
)C�� � ��Y�W�]Va<Q	yXaV]3]VUXyXQ�UX_ �

�6YZW �I�ZA4<?*B������� Yqf$QbSVU�e<U \ Q�YZyXUXW�y^i<] :3U [ i \ Q�YZQ�YZa�]VUX_ Yl]sQ�a�Q �$a4W�UXQ�W�� i<]V_�� WbnVyXS`QbS3i@Q�]Va
Q �-a�e<U \ Q�YZyXUXW{Yl]��+i \ U	i@_���i@yXU^]<Q-i<]V_�]Va8Q �-a�esU \ Q�YZyXUXW{Yl]�� i \ Udi@_�� i�yXU^]<Q � � ]�QTSVY�W-y^i@W�U<����� � � �

YZW�y^i kZk UX_ i �B�SAT<+*����\����(+� i<]V_�� i<]V_�� i \ U�y^i kZk UX_ A4<?*B�������\(?� : � � Q8YZW�U^i@W�; Q�a�WbSVa��6QbS3i@Q!� Y�W



C ��� � � ��	���� � ����	�� ��� ��� ����� 	��

:VY [ i \ Q�YZQ�U�Y f i<]V_�a�] k ;�Y f
�+S3i@W{]Va�a�_3_�yX;Vy k U � P GI(+-LA�P^�`��� �I�ZA4<+*�������� >+*,<IA & YZW{idW�Y r�[Vk U�:VY [ i \ Q�Y�Q�U
w \ i [ S �	YZQbS�:VY [ i \ Q�YZQ�YZa�] ��� � � ��Yl] ��SVYZyXS9U^i@y S4e<U \ Q�U&��a@f�� Y�W � a<Yl]VUX_�Q�a�U^i@yXS4e<U \ Q�U&��a�f ��.VYqf
I � I ; � i<]V_ I � I ; %#�3WbnVyXSJi�w \ i [ S9YZW	_3U^]Va<Q�UX_ :<;&'��

�
� �

� Y�W A�P^<+��<+* Yqf�YZQ8y^i<]/:�U!_ \ i �d] Yl]/QbSVU [Vk is]VU!W�a`QbS3i@Q�YZQ�W�UX_3w<UXW�Y|]sQ�U \ W�UXyXQ8a�] k ;�i@Q�QTSVUXY \
U^]V_3W � �3nVyXSji�_ \ i �	Yl]VwJYZW�y^i kZk UX_ i A�P^<+��<?* �.- �g� NDN ���4> a@f � �!P [Vk i<]3i \ U r :3UX_3_3Yl]Vw��� a@f �
y^i<]`:3U�W�UXU^] i@W�i�w \ i [ S�YZW�a r a \�[ SVYZy�Q�a�� �	YZQbS`QbSVU�n3]V_3U \ W�Qbis]V_3Y|]Vw`QbS3i@Q�C�� �� ��YZW�QbSVU8W�UXQ�a@f
[ asY|]sQ�W \ U [3\ UXW�U^]<Q�Y|]Vw�esU \ Q�YZyXUXW�a�f(� is]V_ D ���� ��Y�W�QTSVU1� r n k Q�Y � ��W�UXQ�a@f k Yl]VUXW \ U [3\ UXW�U^]sQ�Yl]Vw�UX_3w<UXW
a@f�� i<]V_/i9e<U \ Q�U&�`a@f �� Y�W�Yl]VyXY�_3U^]sQ �	YZQbS/i kZk QbSVU4UX_3w<UXW�a@f �� yXa�]<QTi@Yl]VY|]Vw`YZQ � � SVU \ UTf a \ U<� �-U
y^i<] \ UTf U \ Q�a�i [Vk i<]3i \ U r :�UX_3_3Y|]Vw a@f$i [Vk i<]3i \ w \ i [ S i@W i A�P <?���[>?*@<BA & ��P - < 3`��- <QP�A�P^<+��<+*
>+*,<IA�& YZW�i9W�Y r�[Vk U [Vk i<]3i \ w \ i [ S S3i^eVYl]Vw�i@Q k U^i@W�Q�QbS \ UXU4e<U \ Q�YZyXUXW�WbnVyXS QbS3i@Q*��a<Yl]VYl]VwDis]<;`Q �-a
]Va�] � i@_���i@yXU^]sQ e<U \ Q�YZyXUXW �	Y kZkN\ UXWbn k Q Y|]4i�]Va�] � [Vk i<]3i \ w \ i [ S��2P [Vk i<]3i \ U r :3UX_3_3Yl]Vw8a�f i r i��VY r i k
[Vk i<]3i \ w \ i [ S4YZW i A�P^<+���V��*I�\<+�T>��TP^<D���\(?� �

P [Vk i<]VU�w \ i [ S [ i \ Q�YZQ�YZa�]VW`QbSVU \ UXW�Q�a@f�QbSVU [Vk i<]VU/Yl]sQ�a i7]Vn r :3U \ a�fEyXaV]3]VUXyXQ�UX_ a [ U^]
\ UXw<YZa�]VW�� � SVU�y k a<Wbn \ UXW{a@f QbSVUXW�U \ UXw<YZa�]VW	i \ U	y^i k�k UX_9QbSVU 9�<DGI��: � ��i@yXS [Vk i<]VU�w \ i [ S�S3i@W-i�n3]VYZtunVU
n3]V:3a�n3]V_3UX_�f i@yXU�y^i kZk UX_4QbSVU � 3 ���.*)��(+*�9�<DG)� � � SVU	:�a�n3]V_�i \ ;�a@f�QbSVU{U&�VQ�U \ YZa \ f i@yXU�Y�W QTSVU �g(��'� N <?*)R
(K9F<VA�P <?���[>?*@<BA & ��P :3a�n3]V_3UX_ f i@yXU�Y�W�y^i kZk UX_�i<] �;������*I�\(?* 9�<DG)� �dP(f i@yXU�Y�W ����G.� N ����� �	YZQbS`QbSVU
e<U \ Q�Y�yXUXW	i<]V_9UX_3w<UXW�Y|]9YZQ�W-:3a�n3]V_�i \ ; � P Q \ Y|is]Vw k U�QbS3i�Q$:3aVn3]V_3W~i f i@yXU	YZW-y^i kZk UX_Ji 9�<DGI�Y��*)��<+�T>DP^� �
� f 9 YZW�i4: \ YZ_3w<U�Yl]Ji [Vk i<]VU8w \ i [ SH�Va�] k ;!a�]VUdf i@yXU�YZW	Yl]VyXYZ_3U^]<Q ��Y�QTS 9 .Va<QbSVU \ ��Y�W�U�Q �-a�f i@yXUXW	i \ U
Yl]VyXYZ_3U^]<Q �	YZQbS 9 � g/U�WTi^;9i<]�UX_3wsU :B�@A4<+*,<D���.: QbSVU�foi@yXUXW�Y|]VyXYZ_3U^]sQ ��Y�QTS9Y�Q�� P	� (+* N <+�
G �'*�=+� YZW�i
yXa�]sQ�Yl]�nVaVnVW ]Va�] � W�U k f � Yl]<Q�U \ W�UXyXQ�Yl]VwJy^n \ e<U ��SVasW�U�a \ YZw<Yl] i<]V_�Q�U \�r Y|]VnVWdyXa<Yl]VyXY�_3U � � SVU�n3]VYZa�]�a@f
QbSVU�U k U r U^]sQ�Wda@fhi�yXY \ y^nVYZQda@f i [Vk i<]VU�w \ i [ S9yXa�]VW�Q�YZQbnVQ�UXW�i � a \ _�i<]9y^n \ esU � � Q	YZW $ ]Va���]9QbS3i@Q-Yqf
�9YZW8i�esU \ Q�U&��a@f{i [Vk i<]3i \ w \ i [ S����)QbSVU^]�� y^i<] :3U�U r :3UX_3_3UX_ Yl] QbSVU [Vk is]VU�WTnVy S`QbS3i@Q��4Y�W
a�]9QbSVU�U&�VQ�U \ YZa \ f i@yXU�a@f QbSVU�U r :3UX_3_3Yl]Vw �

� f � YZW�i�� � yXa�]3]VUXyXQ�UX_ [Vk i<]VU8w \ i [ SH�VQbSVU A�P^<+��<+* N �T<DP a@f �4�3_3U^]Va<Q�UX_J:s;���
@�VYZW�_3U p ]VUX_ i@W
f a kZk a��	W �2QTSVU \ U�YZW�i e<U \ Q�U&� ��
�a@f2��
�yXa \�\ UXW [ a�]V_3Yl]Vw�Q�a8U^i@yXS�f i@yXU ��a@f2�(i<]V_9QbSVU \ UdYZW�i<]4UX_3w<U
9 
 a@f2� 
 yXa \�\ UXW [ a�]V_3Yl]Vw�Q�a�U^i@y SEUX_3w<U 9 a�f � .VQ �-a�e<U \ Q�YZyXUXW � 
 i<]V_�
 
 i \ U ��a<Yl]VUX_m:s;�QbSVUdUX_3w<U
9 
 Yl] ��
dYqf~is]V_�aV] k ;`Yqf$QbSVUXY \ yXa \�\ UXW [ a�]V_3Yl]Vw9f i@yXUXW0�/i<]V_�
�i \ U8W�U [ i \ i@Q�UX_�:s;�QbSVU�UX_3w<U 9 Yl]
� �

P [ i@QTS Yl] � QTS3i@Q8yXa�]sQbi@Yl]VW�UXe<U \ ; e<U \ Q�U&�`a@f � YZW�y^i kZk UX_ i�� <?-E��P^��(+� ��<+� A4<D��& �!P yX;Vy k U
Yl] ��QTS3i@Q!yXaV]<Qbi�Y|]VW�UXesU \ ;7e<U \ Q�U&�7a�f!��YZW�y^i kZk UX_Ri�� <?-E��P^��(+� ��<+� G�RDG P � � � SVU UX_3w<U � W�UXQ!a@f



� � � ��� �������-� F

i��di r Y k Q�a�]VYli<] yX;Vy k U!YZW�y^i kZk UX_ i�� <+-V��P ��(?� ��<+�HG���*,G �'�\� ��P w \ i [ S`YZW � <+-V�\P^��(+���\<+� Yqf	YZQ8S3i@W8i
�di r Y k Q�a�]VYli<]�yX;�y k U � � nVQ�Q�U d (=F.f�WbSVa��-UX_�QbS3i@Q UXe<U \ ;�( � yXaV]3]VUXyXQ�UX_ [Vk is]3i \ w \ i [ SdYZWh�di r Y k Q�a�]VYli<]��
� SVU�fva k�k a��	Yl]Vw�W�Q \ U^]VwsQbSVU^]VYl]Vw�a�f � nVQ�Q�U,5 W \ UXWbn k Q-_�nVUdQ�a!�3i<]V_3U \ W d (��.f �	Y kZk :3U�nVW�UX_�idf U �+Q�Y r UXW
Yl]�QbSVYZWdQbSVUXW�YZW �

� �8� �I%'��4 1 ��*�� 7"9 � �;: < ( M GI(+� ���)G ��� N A�P^<+��<?* >?*,<IA &DC ��&b�.� ��&b�.*,� �23`��:B��: < � <+-V�\P^��(+���\<+��G���*@G2�b���
��&D*,(��D>+&�<+��RJ� � (=� N >D�.: a

�)a \ � � � ��C4� � � � � � � _3U^]Va<Q�UXW	QbSVU'� r n k Q�Y � � W�UXQ-a@f2UX_3w<UXW#��a<Yl]VYl]Vw!i<]4U^]V_ � e<U \ Q�U&�9Yl]
�7i<]V_
i<]jU^]V_ � e<U \ Q�U&��Yl] � �!��a \ i`Wbn3:VW�UXQ � a@f C4� k UXQ�� � � � ; � � " C�� � � � YZW!i�_�� i@yXU^]sQ�Q�a/i
e<U \ Q�U&��Yl] ��% ��� � � �M%��dY�W�i<:3: \ UXe�Yli@Q�UX_7i@W�� � � � � � f I � I + .<� k UXQ'� � � _3U^]Va<Q�U4QbSVU!w \ i [ S
a�:VQbi�Y|]VUX_9f \ a r �6:<; :)&Q*)��� � �;�T> �	�VQbS3i@Q-YZW^� \ U r a@e�Yl]Vw!i kZk QbSVU�e<U \ Q�YZyXUXW	Yl]��7i<]V_Ji kZk QTSVU�UX_3w<UXW
Yl]VyXYZ_3U^]<Q ��Y�QTS/i�e<U \ Q�U&� Y|] �+f \ a r � i<]V_�i@_3_3Yl]Vw/iJ]VU �6e<U \ Q�U&� �`i<]V_�UX_3wsUXW�L � f a \ UXe<U \ ;
UX_3w<U�L�� " D ��SVU \ U�� " � � � SVUJ]VU � e<U \ Q�U&� � YZW�y^i kZk UX_+i A :B�2� N ( M =+��*���� 3 a�f � � � �6:{;
yXa�]se<U^]sQ�YZa�]H�
� �)� � % ; � fva \ i kZk ��" C � � UXQ �
	�� � �	_3U^]VasQ�U � � � � C	� ��� � � f-QbSVU�w \ i [ S/�6Y�W
y k U^i \ Yl]4QbSVU	yXa�]sQ�U&�VQ^���-U	W�Y r�[Vk ; � \ Y�Q�U ��� ��� � ��� ��� YZW$y^i k�k UX_�i G2�4� a@f2� i<]V_4Y f#�+YZW{yXa�]3]VUXyXQ�UX_ �
� � C � �ji \ U�QbSVU :I&b(+*,��: a�f2QbSVU�y^nVQ ��� � � � P WbSVa \ U��jYZW	y^i kZk UX_�i A *,(IAT��*Y:I&b(+*,� Yqf I � I , I C I 
 � �
}	nVQ�W�a@f{QbSVUdf a \�r ��� � � % � � i<:3: \ UXe�Yli@Q�UX_ i@W�� � � �%� ��SVU \ U �4Y�W�i4e<U \ Q�U&��i \ U�y^i kZk UX_ ��*I� = �\<QP y^nVQ�W �
P k�k asQbSVU \ y^nVQ�W i \ U8y^i kZk UX_ ��(?� M ��*I� =`��<DP y^nVQ�W �dg/U�_3U^]Va<Q�U�QbSVU�W�UXQ�a@f$]Va�] � Q \ Y�eVYli k y^nVQ�W�a@f(� :<;
�����7� � � �-a!y^nVQ�W ��� � �	i<]V_ ����� �di \ U�Wbi@YZ_ Q�a G.*,(+:): Yqf$QbSVU�f a�n \ W�UXQ�W �
� �8� ��� �8� � � �	�Hi<]V_
C���� � � � ��i \ U8i kZk ]Va�] � U r4[ Q ; � � �-a�y^nVQ�W	QbS3i@Q	_3a9]Va<Q	y \ a<W�W�i \ UdWbi@YZ_JQ�a!:3U ��(+� M G�*,(+:I:I�;�T> �

� SVU8]�n r :3U \ a@f2yXa r�[ a�]VU^]sQ�W	a�f � Y�Wd_3U^]Va<Q�UX_ :<;�� ��� � �2� Y�W�
 M ��(��?>?& Yqf I � I $�� ����
 ���

f a \ UXe<U \ ;�Wbn3:VW�UXQ �ja@f C ��Y�QTS�� ���4
�� � + . ��� YZW -F(+*,� M ��&b<+� M�
 M ��(��D>+& Yqf I � I +�� ��� 
�� � f a \
UXe<U \ ;4Wbn3:VW�UXQ � a@f C �	YZQbS�� ���4
���� + . � � tunVYZe@i k U^]<Q k ;<�
� YZW r a \ U � QTS3i<] � . � Q�a�nVwVS�Yqf�� 
 ��Y�W
. � Q�aVnVw�S4fva \ UXesU \ ; � "�C �

P f i r Y k ;�� a@f2W�UXQ�W�YZW	y^i kZk UX_ ���.:B��� N9Y f f a \ is]<;�]Va�] � _3YZW���a<Yl]<Qd_3YZW�Q�Yl]VyXQ�U k U r U^]<Q�W � � � "��J�
UXYZQbSVU \ � � � a \ �/� � � ��YZe<U^]Ji9]VUXW�Q�UX_ foi r Y k ;��J�Va�]VU8y^is]�yXa�]VW�Q \ nVyXQ i \ a�asQ�UX_JQ \ UXU �!��� �

i@W-f a kZk a��	W`����a \ U^i@yXS9U k U r U^]<Q�Yl]��J�Vy \ U^i@Q�U�i�e<U \ Q�U&��yXa \�\ UXW [ a�]V_3Yl]Vw!Q�a�QbSVU8U k U r U^]sQ �d} \ U^i@Q�U
i<]jU&�VQ \ i esU \ Q�U&��� Q�a�:3U`QbSVU \ a�a<Q�� �)a \ U^i@yXS � 
7"��`� k UXQ
� � "�� :3U`QbSVU r Yl]VY r i k W�UXQ
[3\ a [ U \�k ;!yXaV]<Qbi�Y|]VYl]Vw � 
 � � fh]Va�WbnVyXS9W�UXQ{U&�VYZW�Q�W^�3QTSVU^] [ nVQ	i<]4UX_3w<U8:3UXQ �-UXU^]��Ri<]V_9QbSVUde<U \ Q�U&�
yXa \�\ UXW [ a�]V_3Yl]Vw�Q�a � 
 � �dQbSVU \ �	YZW�U<� [ nVQ$i<]�UX_3wsU :�UXQ �-UXU^]�QTSVU	e<U \ Q�U&��yXa \�\ UXW [ aV]V_3Y|]Vw�Q�a � 
$i<]V_



.^� ��� � � ��	���� � ����	�� ��� ��� ����� 	��

QbS3i@Q-yXa \�\ UXW [ aV]V_3Y|]Vw�Q�a ��� �
�)a \ i�w \ i [ S � ; �0C � D �T��i9WTn3:VW�UXQ�� a@f D YZW�i -F<D��G�&Q�;�T> a@f � Yqf~]Va`Q �-a9UX_3w<UXW8Yl]��

WbS3i \ U~i�yXa r�r a�]�U^]V_3e<U \ Q�U&���#P A4�.*;9��IG`��-F<D��G.&D�;�T> a@f �+YZW-i r i�Q�y SVYl]Vw�a@f
� S3i e�Yl]Vw�y^i \ _3Y|]3i k YZQ�;
I C I < � � � SVU fva kZk a��	Yl]Vw!yXS3i \ i�yXQ�U \ YZ�^i@Q�YZa�]9YZWd_�nVU�Q�a � nVQ�Q�U �

� �8� �I%'��4 1 �#1 � � &b<+:L<LA4�.*;9��)G � -F<D��G.&D���4> � 9 <+� N (+��PZR[� 9 9B(?*_� = ��*IR � ��C C������ ����
 ��� ��: <D�
-F(+:�� I � I a � � ��*,��C����	� � �)�YN �.��(D���.:[��&b� �!�'- �g��*[(@9EGI(+-LA4(+��������:Y(K9 � &'<(=`���4>�<+�H( NDN �!�'- �g��*
(K9:=+��*����\GI��: a 6

P6y^nVQ	� " ����� �dY�W ���">+&'� Yqf~UXesU \ ; [ U \ fvUXyXQ r i@Q�yXSVYl]Vw�a@f � nVW�UXW8U&�3i@yXQ k ; a�]VU�UX_3w<U�Yl])� �
� YZW	y^i kZk UX_ -F<D��G.&D�;�T> M G)((=+��*,� N�Yqf f a \ UXe<U \ ;4UX_3w<U 9 " D �VQbSVU \ UdU&��YZW�Q�W�i [ U \ f UXyXQ r i@Q�yXSVYl]Vw�QbS3i@Q
yXa�]sQbi@Yl]VW 9 � �6YZW8Wbi�Y�_ Q�a�:3U �B�\G.*)�����\GI<DP Yqf�� 
 �!L � �M%�S3i@W8i [ U \ f UXyXQ r i@Q�yXSVYl]Vw9fva \ UXe<U \ ; [ i@Y \
L � � " C �jP � � yXa�]3]VUXyXQ�UX_+:VY�y \ Y�Q�Y�y^i k w \ i [ SjYZW�y^i kZk UX_
i �I*I�\G � �/P�:VY [ i \ Q�YZQ�U�w \ i [ S � �	YZQbS
:VY [ i \ Q�YZQ�YZa�] ��� � � �dY�W�y^i kZk UX_ i �B*,<DG)� Y f � 
 �!L ��
 � L � ��
 � %mS3i�W�i [ U \ f UXyXQ r i@Q�yXSVY|]Vw fva \ i<]<;
Q �-aJe<U \ Q�Y�yXUXW L � L ��" � i<]V_jQ �$a e<U \ Q�YZyXUXW 
 ��
 ��" � � � Q�y^is]7:3U�WbSVa���]jQbS3i�QEi :VY [ i \ Q�Y�Q�U
w \ i [ S � Y�W�i�: \ i@yXU�Yqf�i<]V_/a�] k ;JYqf I � I ; I � I is]V_Jf a \ i<]s;JWTn3:VW�UXQ�
 a�f � �Ca \ a@f � � �	YZQbS
� , I 
 I , I � I 
/� �Ca \ � , I 
 I/,�I � I 
j�3� I � ��
 � I $ I 
 I -7� �

� UXQ$z � ��� � _3U^]Va<Q�U	QbSVUdyXa�]<esU&�ESVn kZk a@f2Yl]VyXYZ_3U^]VyXU8e<UXyXQ�a \ W{a@f [ U \ fvUXyXQ r i�Q�y SVYl]Vw<W�a@f � �2P�]
Y r�[ a \ Qbi<]sQ \ UXWbn k Q	Yl] r i@Q�yXSVYl]Vw!QbSVUXa \ ;�YZW�QTSVUdfva kZk a��	Yl]Vw �
� �8� �I%'��4 1 �#< �F��� N -F(+� N : / 
�� 526 z � ��� � ��:[��&b� :B� � (K9Y:�(DP �4����(+��:[��(=��&b� :)R+:�����-��

 
� ��� � �%� ; . � �E" C �
 2� ��� � �%� $ . � � ��C � � ,�I � I ,�� ���� � I � I ��:[( NDN
 �$ � 	

P�]9Y r�r UX_3Yli@Q�U�yXa�]VW�UXt3nVU^]VyXU�a@fhQTSVU8i<:3a@e<U�QbSVUXa \ U r YZW	QbSVU fva kZk a��	Yl]Vw �
�
�8%��83?3�7�%'A 1 � H%� 7"9 z � ���7� ��: ��(?� M �.-LA���R+C ��&b��� � &b<+:Y<YAT��*�9B�IG`� -F<D��G�&D���4> a�� �b*���&b��*I-F(+*,��C%� 9
z � ��� � GI(+����<+��� :Y< A4(+����� � �+ � C ��&b��� � �;:Y-F<D��G.&D���4> M G)( = ��*,� Nba

g U �	Y k�k nVW�U�QbSVU�Q �$a \ UXWbn k Q�W�i<:3a@e<U8i�fvU � Q�Y r UXW	Yl]�QbSVU�QbSVUXW�Y�W��
� \ a r ]Va�� a�]H�#W�Y r�[Vk U�w \ i [ SVW�i \ U�y^i k�k UX_ w \ i [ SVW �9P w \ i [ S QbS3i@Q�YZW!]Va<Q�W�Y r�[Vk U �	Y k�k :�U

y^i kZk UX_/i -	�4P^���">+*,<IA & �



� ��� � � � ��� � ����	�� .,.

�	��� � ����� � � @ 
 �

P W�UXQ � � U � YZW G)(?��= �23 Yqf2f a \ UXe<U \ ; [ i�Y \  ��- "�� i<]V_�UXe<U \ ;
	�" d � � .If ��	� - � . 
�	�� - "�� �

�dYZe<U^] � � U � �HQbSVU G)(?��= �23F&/�TP;P a@f �	�)_3U^]Va<Q�UX_/:<;`yXa�]se2� ���X�)YZW�QbSVU�W r i kZk UXW�Q�yXa�]se<U&�`W�UXQ
yXa�]sQbi@Yl]VYl]Vw � ��P A4(DPZRD��(IA4� Yl] U � Y�W�QbSVU4yXa�]<esU&�DSVn kZk a@f~i p ]VY�Q�U�Wbn3:VW�UXQ8a�f U � � � f � � U �
YZWmi [ a k ;VQ�a [ U<�	YZQ�W8N ��- �.� :I�\(?� YZW!aV]VU k UXW�W�QbS3i<]jQTSVU r i��VY r n r y^i \ _3Y|]3i k YZQ�; a�f i<] i 3m]VU k ; �
Yl]V_3U [ U^]V_3U^]sQ�W�UXQ � � � � � f QbSVU�_3Y r U^]VW�YZa�] a@f � YZW %#�VQbSVU^] � YZWdWbi@YZ_�Q�a�:3U 9 �4P�P MON ��-F����:)��(+��<QP
a \ (@9]9 �TP;P N �;-F�.� :I�\(+� �

P k Yl]VU^i \ Yl]VUXt3n3i k Y�Q�;�
��  ,�� YZW = <DPZ� N4fva \ i [ a k ;�Q�a [ U � Yqf �/� �! ���
��  ,�� % � � f�
��  ,��
YZW�i9e0i k YZ_7Yl]VUXtun3i k YZQ�;<�{QTSVU�W�UXQE�( "��e��
 �  ; � %�YZW�y^i kZk UX_7QTSVU 9B<QG)� a@f � Y|]V_�nVyXUX_ :s; QbSVU
Yl]VUXtun3i k YZQ�; ��P A�*@(BA4��* 9�<DGI� a@f � YZW8i4f i@yXU�]Va<Q�UXt3n3i k Q�a � ��P r i��VY r i k [3\ a [ U \ f i@yXU�a@f �6Y�W
y^i kZk UX_ i 9B<DGI�`� �`P�]jY r4[ a \ QTi<]<Q \ UXWbn k Q�Yl] [ a k ;3SVUX_ \ i k QbSVUXa \ ;/W�Qbi�Q�UXW8QbS3i�Q8w<YZe<U^]7i [ a k ;VQ�a [ U<�
QbSVU \ U4U&��YZW�Q�W�i p ]VYZQ�U!W�;�W�Q�U r a@f k Yl]VU^i \ Yl]VUXtun3i k YZQ�YZUXW ��SVa<W�U�W�UXQ�a@f$W�a k nVQ�Y�aV]VW8YZW�QbSVU [ a k ;VQ�a [ U �
� f{QTSVU [ a k ;VQ�a [ U�YZW�fon kZk�� _3Y r U^]VW�YZa�]3i k � QbSVU^]�YZQ�S3i�W i�n3]VYZt3nVU � n [ Q�a [ a<W�YZQ�YZe<U�W�y^i k i \dr n k Q�Y [Vk UXW �
r Yl]VY r i k _3U p ]VY|]Vw�W�;VW�Q�U r yXa�]VW�YZW�Q�Y|]Vw�a@fNaV] k ;�QbSVU�f i@yXUXQ � Yl]V_�nVyXYl]Vw�Y|]VUXt3n3i k YZQ�YZUXW � � SVU-_3Y r U^]VW�YZa�]
a@f{i�f i@yXUXQ-Y�WdU&�3i@yXQ k ;�a�]VU k UXW�WdQbS3i<]9QbSVU�_3Y r U^]VW�YZa�]`a@f QbSVU [ a k ;�Q�a [ U �

g U�y^i kZk  " � i<] �23 ��*,��-F� A4(?�;��� a�f � Y f	QbSVU \ U�_3a�]Va<Q�U&��YZW�QO � �  � � " ���� � #;  � � i<]V_
	�" � � � .0� WTnVy S4QbS3i@Q  ; 	� � - � . 
�	 �  � � � � �-a�U&��Q \ U r U [ asY|]sQ�W�a@f �Ri \ U	Wbi@YZ_�Q�a�:3U < N>N <DGI�����
Yl] � Y f QbSVUX;Ji \ U�Y|] QbSVU�Wbi r U'. � _3Y r U^]VW�YZa�]3i k foi�yXU�a@f � �

P � M :I�;-LA�P^�23 Y|] U � YZW�QbSVU9yXa�]se<U&��SVn k�k a@f	W�a r U � - .�i 3m]VU k ; � Y|]V_3U [ U^]V_3U^]<Q [ a<Yl]<Q�W �JP
� � _3Y r U^]VW�YZa�]3i k [ a k ;VQ�a [ U�YZW�y^i kZk UX_ :)��-LA�PZ�\G.�\<QP Yqf i k�k YZQ�W-f i@yXUXQ�W�i \ U � � 
 .0� � W�Y r�[Vk Y�yXUXW��

� f � YZW�i�� � _3Y r U^]VW�Y�aV]3i kh[ a k ;�Q�a [ U<� �-U�_3U^]Va<Q�U�QbSVU�w \ i [ S9a@f �(:s;�� � � � .VY � U ��� � � �-YZW	QbSVU
w \ i [ S �0C � D � ��SVU \ U,C Y�W-QbSVU�W�UXQ{a@f2U&�VQ \ U r U [ a<Yl]<Q�W�a@f �(i<]V_HL � " D Yqfhi<]V_�a�] k ;�Yqf L�i<]V_ �
i \ Udi@_�� i�yXU^]<Q-Yl] � � � Q-YZW~]VasQ$_3Y�3!y^n k Q	Q�a8W�UXUdQbS3i@Q�Y f � YZW	W�Y r�[Vk YZyXYli k ��QTSVU^]�� � � � Y�W	i r i��VY r i k
[Vk i<]3i \ w \ i [ S�� � f7� �; � � � � fva \ W�a r U!� � _3Y r U^]VW�YZa�]3i k [ a k ;�Q�a [ U � Y|]VW�y \ Yl:3UX_+Yl]7iJW [ SVU \ U<�
QbSVU^]/� Y�WdWbi@YZ_`Q�a�:3U8a�f ��� :�G�*I� �g< �.P � ��RIA4� �





� ���������
	 �

� � � 	 ��� � � � ���

� UXQ �6:3U�i�w \ i [ S�S3i eVYl]Vw!i@Q k U^i@W�Q�QbS \ UXU8esU \ Q�YZyXUXW � � UXQ�W�;�W����7��_3U^]Va<Q�U�QbSVU�W�;VW�Q�U r

 2� ��� � �%� ; � � �B"�C����7� �

 2�0� � $ � �7��"������7� �

 $ �

� SVU : �!����(��'* M �`PZ��-V�;��<D���\(?�=A4(DPZRD��(IAT�E(@9 �(YZW�_3U p ]VUX_ i@W

���{z ���7� � ; �! " U�� �  Y�W�i�W�a k nVQ�Y�aV]�a@f W�;VW ���7� % 	

� SVU�yXa�]VW�Q \ i@Yl]sQ�W
 
� ��� � �%� ; � � �E"�C���� �

i \ U�y^i k�k UX_ N �K>+*,�I�[GI(+� :���*,<+�;����: i<]V_JQbSVU�yXaV]VW�Q \ i@Yl]sQ�W

 2� � � $ � �7� " ����� �

i \ U�y^i k�k UX_ : �"�.��(��b* M � PZ�;-V����<D����(+�
G)(?� :���*@<?�;����: �
� YZW	WTi@YZ_�Q�a�:�U 9��)<+:I����P^� Yqf����{z ���7� Y�Wd]Va�] � U r�[ Q�; �{�dQbSVU \ ��Y�W�U<��� YZW	Wbi@YZ_�Q�a�:3U ���`9��I<+:)����P^� �
� Q	YZW�U^i�W�;�Q�a�W�UXU�QbS3i@Q	QTSVU�yXa�]<esU&�JS�n kZk a@fhYl]sQ�UXw \ i k2[ a<Yl]sQ�WdY|])����z ��� �{YZW�QbSVU�WTi r U�i�W	QbSVU

.^�



. ( ��� ������	�� � ����	
� � ��� � � � � �

yXa�]se<U&��SVn kZk a@f$Yl]VyXYZ_3U^]VyXU�e<UXyXQ�a \ W�a�f~�di r Y k Q�a�]VYli<] yXY \ y^nVYZQ�W�a@f � ��P�W8i \ UXWbn k Q^� QbSVU�Wbn3:VQ�a�n \��
U k Y r Yl]3i@Q�YZa�] [ a k ;�Q�a [ UJa�f i w \ i [ Sjw<YZe<UXW!ij]3i@Qbn \ i k	\ U k i��ui�Q�YZa�]7a@f�QbSVU � \ i e<U kZk Y|]Vw �3i k UXW r is]
z \ a�: k U r � � �3z � � x UXW [ YZQ�U�QbSVU�U&� [ aV]VU^]<Q�Yli k ]Vn r :�U \ a�f2yXa�]VW�Q \ i@Yl]<Q�W �unVW�Y|]Vw9QbSVU�UXtunVYZe0i k U^]VyXU�a@f
W�U [ i \ i@Q�YZa�]�i<]V_9a [ Q�Y r YZ�^i@Q�Y�aV] �CW�UXU � \�casQ�W�yXSVU k UXQ$i k � d � ( f �X�@aV]VU�y^i<]Ea [ Q�Y r YZ�XU8i k Yl]VU^i \ fon3]VyXQ�Y�aV]
a@e<U \ ���{z ���7� Y|] Q�Y r U [ a k ;3]Va r Yli k Y|]9QTSVU�W�YZ�XU�a@f2QbSVU�w \ i [ S � �{�de<U \ QbSVU�;<U^i \ W^� ����z ���7��S3i@W
:3UXU^]4W�QbnV_3YZUX_!:s;�e0i \ Y�aVnVW \ UXW�U^i \ y SVU \ W Y|]4QbSVU-y^i@W�U ��SVU^]'�+YZW$i yXa r�[Vk UXQ�U	w \ i [ S�����a \ Yl]VW�QTi<]VyXU<�
:�a@;�_7i<]V_7z{n kZk UX;u: k i<] $ d (?f$W�QbnV_3YZUX_7QbSVU9W�Q \ nVyXQbn \ U9a@f�a [ Q�Y r i k W�a k nVQ�YZa�]VW ��SVU^]/yXU \ Qbi@Yl]/yXasW�Q
f n3]VyXQ�YZa�]VW�i \ U�a [ Q�Y r Y��XUX_7a@e<U \ QbSVU�Wbn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�] [ a k ;�Q�a [ U � � SVUX;/i k W�a WbSVa��-UX_/QbS3i@Q
QbSVU�U&�VQ \ U r U [ a<Yl]<Q�W i \ U8]Va<Q �b]VYZyXU �9Y|] w<U^]VU \ i k �

� ]`QbSVYZW�y S3i [ Q�U \ � �-U8W�QbnV_3; [3\ a [ U \ Q�YZUXW�a@f(���{z ��� � ��SVU^] �6YZW8]Va<Q�]VUXyXUXW�Wbi \ Y k ;/yXa r�[Vk UXQ�U �
� ] [ i \ Q�YZy^n k i \ � �$U k aVa $ i@Q-W�a r U�U&��Q \ U r U�y^i@W�UXW	Yl] a�n \ W�QbnV_3; � g/U pN\ W�Q$_3U \ Y�esU�]VUXyXUXW�Wbi \ ;Ji<]V_
Wbn 3!yXYZU^]sQ8yXa�]V_3YZQ�YZa�]VW fva \ ���{z ���7��Q�aJ:3U�U r4[ Q ; i<]V_ W�QbnV_3; QbSVU�yXU \ Q�Y p y^i@Q�UXW8a@f$n3]VW�a k e@i<:VY k YlQ�;
a@f8W�;VW ��� � � g/UJQTSVU^] k aVa $ i�Q!W�a r U W�Y r�[Vk U \ UXWbn k Q�W�a�]Lf U^i@W�Yl: k U/w \ i [ SVW � � �-a ]Va<Q�Y�aV]VW!a@f
r Yl]VY r i k YZQ�;�i \ U�_3YZW�y^nVW�W�UX_ � � SVU [3\ aV: k U r a�fh_3UXQ�U \�r Yl]VY|]Vw�Yqf	i�w \ i [ S �	YZQbS r i���Y r n r _3UXw \ UXU
QbS \ UXU�YZW f U^i@W�Yl: k U-Y�W WTSVa �d]dQ�a�:3U	i@W _3Y 39y^n k Q{i�W2QbSVU�w<U^]VU \ i kV[3\ a�: k U r �#g/U{yXaV]Vy k nV_3U-QbSVU�y S3i [ Q�U \
:s;/w<YZe�Yl]VwjQbSVU9yXa r�[ i@yXQ�f a \�r n k i@Q�YZa�]ja@f�QTSVU!Wbn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�] [ a k ;VQ�a [ U�a@f � � yXa�]3]VUXyXQ�UX_
[Vk i<]3i \ w \ i [ SVW-_�nVU�Q�a'"dY�eVYl]��

�	��
 � 
#�6��
����#	 � 
�� ���
	�� ���*���(	 ��
��5
 � �

� ]9QTSVY�W-W�UXyXQ�Y�aV]H� �-U�yXa�]VW�Y�_3U \ QbSVU�t3nVUXW�Q�YZa�]9a�f �dSVU^]�i8w \ i [ S4Y�W�f U^i@W�Yl: k U � � SVU�y k i@W�W�a@f f U^i@W�Yl: k U
w \ i [ SVW W�YZQ�W{:3UXQ �-UXU^]�QbSVU-y k i�W�W a@f �di r Y k Q�a�]VYli<]Ew \ i [ SVW{i<]V_�QbSVU-y k i@W�W a�f . � Q�aVnVw�S�w \ i [ SVW Yl]�QbSVU
W�U^]VW�U�QbS3i@Q UXe<U \ ;���i r Y k Q�a�]VYli<]�w \ i [ S�YZW f U^i@W�Yl: k U�i<]V_�UXe<U \ ; fvU^i�W�Yl: k Udw \ i [ S8YZW . � Q�aVnVw�S�:3nVQ{]Va<Q
i kZk . � Q�a�nVw�S4w \ i [ SVW	i \ Udf U^i@W�Yl: k U�is]V_J]Va<Q	i kZk fvU^i�W�Yl: k U�w \ i [ SVW	i \ U8��i r Y k Q�aV]VY|is]��(�VYl]VyXU8Q�UXW�Q�Yl]Vw
Yqf�i9w \ i [ S`YZW�f U^i@W�Yl: k U�YZW [ a k ;u]Va r Y|i k � Q�Y r U�W�a k e0i<: k U �dSVU \ U^i@W8QTSVU [3\ a�: k U r a@f-_3UXQ�U \�r Yl]VYl]VwJYqf
i�w \ i [ S YZW��di r Y k Q�a�]VYli<]7is]V_/QbSVU [3\ aV: k U r a@f	_3UXQ�U \�r Yl]VY|]Vw Yqf i w \ i [ S YZW . � Q�a�nVw�S i \ U!:�a<QbS

�� � S3i \ _ � a�]VU r Y�wVS<Q�i@W $ Yqf�QbSVU \ U9Y�W9iJW�Y r4[Vk U`yXa r :VYl]3i@Q�a \ Yli k y S3i \ i@yXQ�U \ YZ�^i@Q�Y�aV]ja@f	f U^i@W�Yl: k U
w \ i [ SVW �

PdW	W�;VW0���7��YZW�i�W�;VW�Q�U r a@f k Yl]VU^i \ UXt3n3i@Q�YZa�]VW�i<]V_�Yl]VUXt3n3i k YZQ�YZUXW^� QbSVU �Hi \%$ i@W � U r�r i�wsY�esUXW�i
]VUXyXUXW�Wbi \ ;mis]V_!Wbn 39yXY�U^]sQ	yXa�]V_3YZQ�YZa�]mfva \ YZQ-Q�a�S3i e<U�]Va�W�a k nVQ�YZa�]��{PdW	i�W�Q�U [ Q�a��~i \ _3W{a�:VQTi@Yl]VY|]Vw



� � � � ��	�����������������	�� � � � �-� � � � � � � � � � � .�;

ijW�Y r�[Vk UjyXa r :VY|]3i�Q�a \ Yli k yXS3i \ i@yXQ�U \ YZ�^i@Q�YZa�] a@f8f U^i@W�Yl: k Ujw \ i [ SVW^��QbSVU/w<aVi k a�f�QbSVYZWJW�UXyXQ�YZa�] Y�W
Q�ajU&� [Vk a \ U�QTSVUJyXa r :VYl]3i@Q�a \ Y|i k W�Q \ nVyXQbn \ U`a@f ��yXU \ Q�Y p y^i@Q�UXW�a@f�n3]VW�a k e0is:VY k YZQ�; �+i<]V_+Q�aja�:VQbi@Yl]
W�Q \ U^]Vw<QbSVU^]VYl]Vw<W�a@fdQbSVU �Hi \%$ i@W � U r�r i`f a \ QbSVU�W�;VW�Q�U r W�;VW ���7� � � ] [ i \ Q�YZy^n k i \ � �-U!a�:VW�U \ e<U
QbS3i@Q�]Va�] � . � Q�a�nVw�S7w \ i [ SVWJi \ U`y S3i \ i@yXQ�U \ YZ�XUX_ :s; �b]VYZyXU �7yXU \ Q�Y p y^i@Q�UXW�a@f�n3]VW�a k e0is:VY k YZQ�; � g/U
WbSVa�� QbS3i@Q ��SVa��-UXe<U \ �-f a \ ijy k i@W�W`a@f�Yl]sf U^i@W�Yl: k U7w \ i [ SVW ��QTSVU \ U/i \ U/]Va ]VYZyXU/yXU \ Q�Y p y^i�Q�UXWJa@f
n3]VW�a k e@i<:VY k YZQ�; �

G a��8� k UXQ�nVW \ UXy^i kZk a�]VUdf a \�r a@f QbSVU �Hi \%$ i�W � U r�r i �

� �8� �I%'��4 < ��*���� � � ��" U���� � � �/" U	�
� � C � " U�� C � " U�� a $ &b� :)R+:�����-

�  ; � � �� $ � �  $7�

&b<+:Y��(F:�(DP �T���\(+�8� 9[<+� N (?��PZRV� 9V��&b��*,�V� 3 �;:�� - " U � � <?� N	�E" U � : �TG�&=��&b<D�

� � � 
)� � - $ � <+� N � � - + � � � 	 � � � . �

P [ i@Y \ - � �`QbS3i�Q8Wbi@Q�Y�W p UXW � � � . �dY�W4a@fvQ�U^]/y^i kZk UX_ i G)�.*B��� 
 GI<D��� (K9 �'� :�(DP = <��I��PS����R ����:VW�U \ e<U
QbS3i@Q�Y|]`QbSVU�y^i@W�U ��SVU^] � � � � � i<]V_ � i \ U \ i�Q�YZa�]3i k ��Yqf{QbSVU \ U�YZW�i�yXU \ Q�Y p y^i@Q�U�a@f$n3]VW�a k e@i<:VY k YZQ�;<�
QbSVU \ U9U&�VY�W�Q�W�a�]VU9QbS3i@Q�YZW \ i@Q�YZa�]3i k � � ] foi@yXQ � �-U9y^i<]ji@W�Wbn r U9YZQ�Q�a :3U�Yl]<Q�UXw \ i k :3UXy^isnVW�U�QbSVU
k Yl]VU^i \ Yl]VUXt3n3i k YZQ�YZUXW�QbS3i@Q-YZQ~]VUXUX_`Q�a8WTi@Q�YZW�f ;mi \ U SVa r a<w<U^]VUXa�nVW7�CQbS3i�Q{YZW^��S3i eVY|]Vw4yXa�]VW�Qbi<]sQ{Q�U \�r
�,� �

� UXQ	W�;VW � ���7��_3U^]Va<Q�U�QTSVU�W�;�W�Q�U r
��� -�����
 �

��� 4!6 4���� 	��
- 6 $ � f a \ i kZk L � " D ���7�

- $ � 	

g U�a�:VQbi@Yl]9QbSVU fva kZk a��	Yl]Vw \ U p ]VU r U^]sQda@fhQTSVU �Ni \%$ i@W � U r4r i�f a \ QbSVU�W�;VW�Q�U r W�;�W����7� �

� �8� �I%'��4 < �#1 � 7"9 � �;:FGI(+� ���)G ��� N C ��&b�.� ���{z ���7� �;:F��-LA���R8� 9F<+� N (+��PSR � 9F��&b�.*,�=� 3`��:����- � ��
9��)<+:I����P^� 9B(+* :)R+: � ��� � : �TG�& ��&'<D� �

6 4���� 	��
�- 6 + �

� 4 � � 	��
�� � <+� N �!� " �����7�8� �- 6 + �&% �;:8<

��(?� M G.*,(+:):I���4> 9�<+-V�\PZR=(K9[G �T��: a



.�E ��� ������	�� � ����	
� � ��� � � � � �

� SVU [3\ aVa@f{a@f � SVUXa \ U r � � � \ U k YZUXW�a�]`QbSVU�]Va<Q�YZa�]`a@f$n3]Vy \ asW�W�Yl]Vw ��SVYZy S �-U�]Va�� _3UXW�y \ Yl:3U �
� UXQ �- � ��d:3U-Yl]<Q�UXw \ i k i<]V_�fvU^i�W�Yl: k U~fva \ W�;�W �����7� � � UXQ���� �- �#_3U^]Va<Q�U{QTSVU$W�UXQ �!��"������7� � �- 6 + �&% �
� UXQ ��� � �-i<]V_ ����� �-:�U8y \ a<W�W�Yl]Vw�y^nVQ�W	Yl]���� �- � �

TS

� YZw�n \ U�� � .D� } \ a<W�W�Yl]Vw�y^nVQ�W

:�; �'��G.*@(?:):I�;�T> ��� ����is]V_ ����� �X� �-U r U^i<] i [3[Vk ;VYl]Vw QbSVU fva k�k a��	Yl]Vw r aV_3Y p y^i@Q�YZa�]VW`� � UXQ� ; r Yl]�� �-�� � . � � �-�� � � � % � � f �-� � ; � � %{f a \ W�a r U � " C ��� �X�^QTSVU^]�_3UXy \ U^i@W�U �� � :s; � .@a<QbSVU \ �	YZW�U<�
Yl]Vy \ U^i@W�U �- � � .�� � � :s; � � � f C���� ����� � � � � ; � � %�f a \ W�a r U �B"�C����7� ��QTSVU^]9_3UXy \ U^i@W�U �� � :s; � .
a<QbSVU \ �	YZW�U�Yl]Vy \ U^i@W�U �- � � .�� � � :s; � � x UXy \ U^i@W�U �- � � . � is]V_ �- � � � � :<; � �

� SVY�W9Q�UXyXS3]VYZtunVU a@f8n3]Vy \ a<W�W�Y|]VwjYZW!t3nVYZQ�UJyXa r�r a�]jYl]7yXa r :VYl]3i@Q�a \ YZyXW � ���VUXU�f a \ Yl]VW�Qbis]VyXU
}	S3i [ Q�U \ (8a�f d ��.gf � � � SVU�]VU&�VQ \ UXWbn k Q{YZW	i�W [ UXyXYli k Y��^i�Q�YZa�]�a@f QbSVUdQ�UXyXS3]VYZtunVU�fva \ QbSVU [ n \�[ a<W�UXW-a@f
QbSVU-y^n \�\ U^]sQ QbSVUXW�YZW � � SVU-YZ_3U^i�a�f�QbSVU [3\ a�a�fNYZW e<U \ ;�W�Y r Y k i \ Q�adQbSVU-YZ_3U^i�U r�[Vk a@;<UX_�:<;�� _ r aV]V_3W^�
� a@e
	i@W��<�3i<]V_�z�n kZk UX;3: k i<] $ Q�a [3\ a@e<U8} k i@Y r .�a�f � SVUXa \ U r ( � O�Yl] d .�C f �

� ��4 4 7 < �#< ��� � =+����<+�=�������K>+*,<DP AT<+�;*	�- � �� 9B�I<+:I� �.P^� 9�(+*L:)R+: � ��� � C (+���YG)<+��(�����<+��� C��IRXA4��*�9�(+*)- M
���4>8< 
 � �������!�'- �,�.*J(K9 �b��G�*,(+:I:)���4>?:)CL<+� �������K>+*,<DP A4<+��* - � � � � 9��I<+:)����P^�L9�(+*�:)R+: � ��� � : �TG�&H��&b<Q�
�

6 4���� 	��
�- 6 
 �� 4 � � 	��

�� � ; �
6 4���� 	��

- �6 
 �� 4 � � 	��
� �� <+� NO�!� " ����� � � - �6 + �&% ��:_<V��(+� M G�*,(+:I:)���4>

9�<+-V�\PZRJ(K9VG �T��: a


 *,( (K9 a���a \ - "�� ��� 	�� � k UXQ�� � - ��_3U^]Va<Q�U �
6 4���� 	��

�� 4���� 	������ �0� � ��� ��SVU \ U

��� �0� � ��� ;
�� � - 6 - � Y f � � �(y \ a<W�W .
� a<QbSVU \ �	YZW�U 	

� UXQ���� �- ��_3U^]Va<Q�UE�(�/" �����7�X� �- 6 + �&% � � f � � �- � ; �3�3QbSVU^]���� �- �~Y�W8i9]Va�] � y \ asW�W�Yl]Vw�f i r Y k ;
a@f-y^nVQ�W�i<]V_ �-U�i \ U�_3aV]VU �'�3n [3[ a<W�U � � �- � + � � � SVU^]DQbSVU \ U�U&�VYZW�Q � � � �/C ��� �dWbnVyXS QbS3i@Q
��� ��� � ����� � "���� �- �	y \ asW�W �-z YZy $ i<]s;!WbnVyXS [ i�Y \ � � � � � UXQ:� ; ��� � �	i<]V_ � ; � � � � �-c�]Vy \ asW�W



� � � � ��	�����������������	�� � � � �-� � � � � � � � � � � .�O

�(i<]V_)� Q�a9a�:VQbi�Y|] - � ��� � � � Q�Y�W�]Va<Qd_3Y�3!y^n k Q8Q�a9W�UXU�QbS3i@Q - � � � � i \ U8W�Q�Y kZk f U^i@W�Yl: k U�fva \ W�;VW � ���7�
i<]V_ �

6 4���� 	��
�- 6 
 �

� 4 � � 	��
�� � ; �

6 4���� 	��
- �6 
 �

� 4 � � 	��
� �� � G a��8�@wsY�esU^]�i<]s;8y^nVQ � "������7� �&�!� � �B%��

QbSVU \ U8i \ UdfvaVn \	[ a<W�W�Yl:VY k YZQ�YZUXW`�
�vY � �Ris]V_�� y \ a<W�W�:3nVQ�� i<]V_ �(_3a�]Va<Q-y \ a<W�W �
�vY�Y � � is]V_ �(y \ a<W�W�:3nVQ,� i<]V_��6_3a!]Va<Q	y \ asW�W �
�vY�YZY � �Ris]V_�� _3a�]Va<Q-y \ a<W�W�is]V_�� is]V_ � _3a9]Va<Q	y \ a<W�W �
�vY�e�� G a�]VU�a@f QbSVU8i<:�a@e<U �

� Q9YZWJ]Va<Q9_3Y 39y^n k Q`Q�a/W�UXU QbS3i�Q!Yl]+i<]s;7y^i@W�U<� 1 ��� 4���� 	�� � � � ��� � � � � , 1 ��� 4���� 	�� � �� � � � � � � ���a �-UXe<U \ � � � � � � � �!� ; ��� � �� �0� � ��� �8��U^]VyXU<� � � - � ��� � � �- � ���VY|]VyXU � � - �dYZW8Yl]sQ�UXw \ i k f a \
i kZk Yl]sQ�UXw \ i k - �VQbSVU \ UXWbn k Q-f a kZk a��	W��
�
�8%��83?3�7�%'A < � H%�[7 9 ��&'��*,�=� 3 �;:�� �- � �� 9B�I<+:I� �.P^� 9�(+*�:)R+: � ��� � :�<D���;:�9IR ���4> �

6 4���� 	��
�- 6 + �

� 4 � � 	��
���� C

��&b�.� ��&b�.*,�Y� 3`��:�� - � � � � 9��)<+:I����P^��9�(+* :IR : � ���7� : �TG�&E��&'<D� �
6 4���� 	��

- �6 + �
� 4 � � 	��

� �� <+� N	�(� "������7� �
- �6 + �*% ��:[<F��(+� M G�*,(+:I:)���4> 9B<?-E��PZRJ(K9[G2�4��: a

 *,( (K9 a~g/U r i^;�i@W�WTn r U�QbS3i@Q �- i<]V_ ���i \ U \ i�Q�YZa�]3i k �(�VYl]VyXU�W�;VW � ���7�-YZW�SVa r a<w<U^]VUXaVnVW^� �-U�y^i<]
y k U^i \ f \ i@yXQ�YZa�]VWdi<]V_Ji@W�Wbn r U�QbS3i�Q �- i<]V_ ���i \ U�Yl]4f i@yXQ	Yl]sQ�UXw \ i k � � SVU \ UXWbn k Q�]Va�� fva kZk a��	W-f \ a r
� U r�r i�� � � �

2 %'�8��� ��� � �I� �I%'��4 < �#1 � � SVYZW-f a kZk a ��W	_3Y \ UXyXQ k ;�f \ a r � SVUXa \ U r � � .�i<]V_J}-a \ a kZk i \ ;!� � ( �
� ]�QbSVU�y^i@W�U8a@f{]Va�] � . � Q�aVnVw�S�w \ i [ SVW^� �$U�y^i<]�WTi^; r a \ U�is:3a�nVQdQbSVU8yXU \ Q�Y p y^i@Q�UXWda@f$n3]VW�a k e �

i<:VY k YZQ ; � :�UTfva \ U �-U [3\ aVyXUXUX_ Q�a�QbSVU�_3YZW�y^nVW�W�YZa�]H� �-U8W�Qbi@Q�U8i �-U kZk�� $ ]Va���]`Q�UXyXS3]VYZy^i k \ UXWbn k Q�QbS3i@Q
�	Y kZk :�U�nVW�UX_ i fvU � Q�Y r UXW k i@Q�U \ Y|] QbSVU�QbSVUXW�YZW �

� ��4 4 7 < � 9 ��� � � � ; �0C � D � �g�[< G)(+�����IG`��� N >+*,<IA & a 7 9 � ��:_<V��(+� M G�*,(+:I:)���4> 9�<+-V��PSRF(K9[G2�4��:
(K9 � C ��&b�.� ��&b�.*,�Y� 3`��:���: < ���.:B��� N 9�<+-V�\PZR � � �!� � � � ��&b<Q� GI(+����<?�;��: A�*@�IG���:��`PZR_(?��� A *,(IA4�.* :)&'(+*,�
(K9[�I<DG�&�G2�4� �;� �=a

 *,( (K9 a���a \ U^i@y S y^nVQ,�8" �!� [ YZy $ i4WbSVa \ U�QTS3i@Q�S3i@W�i@Q r asW�Q�S3i k f{QbSVU�]�n r :3U \ a@f e<U \ Q�YZyXUXWdYl]
QbSVU�w \ i [ S i<]V_ [ nVQ�Y�QdYl] � � �!� �	} k U^i \ k ;<� � � �!��yXa�]sQbi@Yl]VW [3\ UXyXYZW�U k ;�aV]VU�WTSVa \ U8a�f{U^i@y S`y^nVQdYl]� �



.�C ��� ������	�� � ����	
� � ��� � � � � �

g U!]Va�� WbSVa�� QTS3i@Q � � �!� Y�W�i`]VUXW�Q�UX_ foi r Y k ; �)�3n [3[ a<W�U�QbSVU \ U�U&�VYZW�Q � � � " � � ����WbnVyXS
QbS3i@Q � � � #;�� � ��� � #;�� �3i<]V_
� � � #;�� �#�VYl]VyXU ��� ���-i<]V_
����� ��_3a!]Va<Q-y \ asW�W^� �-U r nVW�Q	S3i e<U
C���� � � � � ;�� �{��a �-UXe<U \ ��QTSVY�W�Y�WdY r�[ asW�W�Yl: k U�W�Y|]VyXU I � I � I � I), � � �� � � SVU \ UXWbn k Q-f a kZk a ��W �

� �8� �I%'��4 < � M � 7"9 � ; �0C � D � ��: GI(+�����IG`��� N C���&b�.� � ��: ��(D� .+M ��(��?>?&F� 9 <?� N (+��PZRY� 9 ��&b�.*@�L� 3 �;:��
�- � �� 9B�I<+:I� �.P^� 9�(+*=:IR : � ��� � : �TG�&H��&b<Q� �- "��0� � .(% ��� 	�� C �� " � 
 . � � � .(% � C �

6 4���� 	��
�- 6 + �� 4 �

�� � C
<+� NE�!��"������7� � �- 6 + �&% ��:[<���(+� M G.*@(?:):I�;�T> 9B<?-E��PZRJ(K9VG �T��: a


 *,( (K9 a � UXQ��D_3U^]VasQ�U�QbSVU�W�UXQ	a�f i kZk QTSVU�y^nVQ�W�a�f � �

��:VW�U \ e<U�QbS3i�Q8WbnVyXS �- � ��9U&�VYZW�Q�Yqf i<]V_ja�] k ;/Yqf�QbSVU \ U�U&�VYZW�Q - � " �0� � . %�� is]V_ � � "3�0� � .(% �
Wbi@Q�Y�W fv;VYl]Vw

��� � � �� - � �� 
 ���� 4(6 4 �
- �6 $ � f a \ i kZk L � " D

- � � � � $ �

WbnVyXS/QTS3i@Q �
6 4 �

- �6 + �� 4 �
� �� i<]V_ �(� "	� � - �6 + �*%!YZW�]Va�] � y \ a<W�W�Y|]Vw �J�	U^]VyXU<�#YZQ�Wbn 3!yXUXW�Q�a

WbSVa�� QbS3i�Q$WTnVy S - � � � � U&��YZW�QdYqf$i<]V_�a�] k ;�Yqf � Y�W�]Va<Q7. � Q�a�nVw�S��
�3n [3[ a<W�U � YZW-]Va<Q . � Q�a�nVw�S�� � SVU^]�QbSVU \ U�U&�VYZW�Q�W � ��C9� ��#;�� �<WbnVyXS�QTS3i@Q � ����
 � � + I � I �

� UXQ�� 
 ��	�	�	 � � ��_3U^]Va<Q�U�QbSVU8e<U \ Q�U&� � W�UXQ�W	a@f{QbSVU�yXa r�[ a�]VU^]sQ�Wda@f��5
 � �$}~a�]VW�Q \ nVyXQ - � " �@� � .(%
�
i<]V_ � � "8�0� � . % � i@W�f a kZk a��	W�� �)a \ U^i@yXS ��" ��� W�UXQ � �� ; . � ��a \ U^i�y S � "�� . ��	 	�	�� + %V�HW�UXQ
- �� � .�� � ; . �#�VUXQ�i kZk QbSVU \ U r i@Yl]VY|]Vw9U^]sQ \ YZUXW�Q�a��XU \ a �{} k U^i \�k ;<� 1 6 4 � - �6 ; +K+ I � I ; 1 � 4 � � �� �� a \ UXa@e<U \ ��YZQ�YZW�U^i@W�; Q�a�W�UXU QbS3i�Q - � � � � i \ U`fvU^i�W�Yl: k UDfva \ ��� �!is]V_ �!� "
� � - �6 +��&% Y�W
]Va�] � y \ asW�W�Yl]Vw �

}~a�]<esU \ W�U k ;<�<Wbn [3[ a<W�U�WbnVyXS - � � � � U&��YZW�Q � � UXQ
� ; �(� "��
� - �6 ; .(% � }	SVaVa<W�U - � � � � W�a�QbS3i@Q
+ ; I � I YZW�i@W�W r i kZk i@W [ a<W�W�Yl: k U � :�; � U r�r i`� � ;3�)QbSVU \ U4U&��YZW�Q�W�i�]VUXW�Q�UX_ f i r Y k ; � � ���dQbS3i@Q
yXa�]sQbi@Yl]VWdU&�ui@yXQ k ;`a�]VU8WTSVa \ U8a�fhU^i@yXS`y^nVQ�a�f � � � UXQ�� 
���	 	�	�� � � _3U^]Va<Q�U8QbSVU�U k U r U^]sQ�W�Yl] � � �!� �

� SVU^]mfva \ i<]s;9_3Y�W�Q�Yl]VyXQ � ���H��Yqf � � �
���	#;�� �VUXYZQbSVU \ � � � ����a \ ���,� � � �
��:VW�U \ e<U�QbS3i@Q-Yqf � YZW	WbnVyXS9QbS3i@Q ���	#� � � fva \ i kZk �1#; � ��QTSVU^] � �� ; ��fva \ i kZk �B"�� � � � ]V_3UXUX_ �

Yqf � �� ; .�fva \ W�a r U � " � � �HQbSVU^]`W�UXQ�Q�Yl]Vw - �� � .�� � i<]V_ � �� Q�a��XU \ a�w<YZe<UXW8i�]VU � [ i@Y \ - � � � � QbS3i@Q
W�Q�Y kZk Wbi�Q�YZW�fv;9i kZk QTSVU�yXa�]V_3YZQ�YZa�]VW^��:3nVQ-QbSVU8]Vn r :3U \ a@f2a�]VUXW�Y|] - � YZW + 
 . � � SVYZW	yXaV]<Q \ i@_3YZyXQ�W-a�n \
i@W�WTn r�[ Q�YZa�]9a@f r Yl]VY r i k YZQ ; �



� � � � ��	�����������������	�� � � � �-� � � � � � � � � � � .�F

g U�yXa�]VW�YZ_3U \ Q �-a�y^i@W�UXW �
�
7�� � *�� � SVU \ U�_3a�UXW�]Va<Q	U&�VYZW�Q �9WbnVyXS9QbS3i@Q � � � ���df a \ W�a r U � " � . ��	 	�	�� + % �&� ��% �

� UXQ�� ; � �/" C � � �� + �&% � �VYl]VyXU � �� ; � fva \ i k�k �8" � � ��i<]s; UX_3w<U 9 " ��� � � �

r nVW�Q�S3i^esUJa�]VU U^]V_+Yl] � � � SVYZW�Y r�[Vk YZUXW�QTS3i@Q!QTSVUD]Vn r :3U \ a@f8yXa r�[ a�]VU^]sQ�W�Yl] ��
 � Y�W
1 6 - �6 + 1 � � �� ; I � I � ��U^]VyXU<���(YZW�]Va<Q7. � Q�a�nVw�S��

S S S
i1 i 2 im

jS

� YZw�n \ U8� � � � � kZk nVW�Q \ i@Q�YZa�]mfva \ }	i@W�U'.

�
7�� � 1 � � SVU \ U�U&��YZW�Q ��i<]V_#� � 
 ��	 	�	�� � ��%�� � $ .<��WbnVy S`QbS3i�Q � �
�
� ����f a \�� ; . �
	�	�	�� � � ���VUXU

� YZw�n \ U8� �q� � �
� SVU^]�QbSVU \ U�U&��YZW�Q�W�WbnVyXS i ��W�a4QbS3i@Q�fva \ i<]<;
��� ��� �	YZQbS
� <"#� � ��� �
	�	�	�� � ��� %V� - �� � � � ; � �

G a<Q�U9QbS3i@Q � �� ; � fva \ is]<; L " � �
�
� ��SVU \ U � ; . �
	�	�	�� � ��}-a�]VW�YZ_3U \ i<]jUX_3wsUHL ��" ��� � �

�
�

�	YZQbS)L " � �
�
� � f � <" ���0� QbSVU^] . $ � �� - � �� $ 1 ��� 4!6 - �6 $ - �� � .�� � - - �� � .�� � � ; �3� ��SVYZy SDY�W

Y r�[ asW�W�Yl: k U �	�	U^]VyXU<� �-U r nVW�Q�S3i e<U � "���� � � ]�i�_3_3Y�Q�Y�aV]H��QbSVU \ U8y^i<]3]Va<Qd:3U�is]9UX_3w<U 
 
 � �	YZQbS

 " � �

�
is]V_ 
 � " � ��	 f a \ i<]s; � #;�
 � � UXQ�� ; ��� " ��� � � ��H; .(% � �VYl]VyXU7C � ��� #; � �

� ��� 
 � ��$ � - . � � f I � I , � � QbSVU^] � YZWm]Va<Q�. � Q�a�nVw�S����dQTSVU \ �	YZW�U<�-W�UXQ � �� ; �`f a \
i kZk � " �6� - �� � . � � � ; � fva \ i kZk�� ; . ��	 	�	�� � �Hi<]V_ - �� � .�� � ; � � � SVUm]VU � - � � � �{W�Q�Y k�k Wbi�Q�YZW�fv;
i kZk QbSVU�yXa�]V_3YZQ�YZa�]VW�:3nVQ�QbSVU�]Vn r :3U \ a@f-a�]VUXW�Yl] - � Y�W�W�Q \ YZyXQ k ; k UXW�W�QbS3i<] +H�HyXaV]<Q \ i@_3YZyXQ�Yl]Vw�a�n \
i@W�WTn r�[ Q�YZa�]9a@f r Yl]VY r i k YZQ ; �

g U~]VU&�VQ{wsY�esU	Q �$a \ UXWbn k Q�W{QbS3i�Q WbSVa�� QbS3i@Q{]VaV] � . � Q�a�nVw�S��Ca \ Y|]sf U^i@W�Yl: k U0� [Vk i<]3i \ w \ i [ SVW�y^i<]
:3U ��U r :3UX_3_3UX_ � Yl]<Q�a r i��VY r i k{[Vk i<]3i \ w \ i [ SVW�QbS3i�Q8i \ U�]Va�] � . � Q�aVnVw�S �Ca \ Yl]sf U^i@W�Yl: k U0� � :�a<QbS
\ UXWbn k Q�Wd_3U [ U^]V_`a�]�QTSVUdfva kZk a��	Yl]Vw!Q�UXy S3]VYZy^i k k U r�r i ��SVYZyXS�yXa�]sQbi@Yl]VW	QTSVU8:3n k $ a@f QbSVU �-a \%$ �

� ��4 4 7 < ��
�� �!� ADAT(+:B� � &b<?: <YG.&b(+* N P^��:I: G�RDG`P^� � (@9 P^�.�4>D��&[<Q� P^�)<+:�� 9B( �b* a � � � �- � �� �g��9��)<?:)����P^�
9�(+*V:)R+: � ��� � : �TG�&8��&b<D� � ; �!� "������7�L� �- 6 + �&% �;:V<=��(+� M G�*,(+:I:)���4>X9�<+-V�\PZR�(K9FG �T��: a $%&'���



�<� ��� ������	�� � ����	
� � ��� � � � � �

��&b�.*@�V�23`��:B� � � (���(+� M < N>N <DGI������= �.*B����GI��: 
 ��
 � (+� � : �TG�&���&b<D��C��]&b��*,� � ; � - 
 
 � <+� N

- �6 ;
�� � �- 6 � 9 
 
 � <"��
�- 6�������� ��� � 9 
 
 ��"��

9�(+*E�I<DG�& ��"���� �)� C
�� � - �� � � 
 �

��� � 4(6 4����
	 �
- �6 $ � 	

� �'*B��&'��*I- (?*@�.C �!�8"���� �)� � - �6 + �&% ��:E<���(?� M G.*,(+:):I���4>X9B<?-E��PZR (@9EG �T��:IC ��&'�LA4<+��* - � � �� �;:
9��)<+:I����P^�]9�(+*[:IR+: � � � � C <+� N

�
6 4�����	 �

- �6 ; �
6 4���� 	��

�- 6 	

� �8� �I%'��4 < ��� ��7"9 � ��: < �'M GI(+�����IG`��� N A�P^<+��<+*�>+*,<IA & ��&b<Q�V�;:8��(D� .+M ��(��?>?&DC���&b�.� � ��:
<
:2A4<+��� ���4>V: �!� >?*@<BA & (@9[<�- < 3`��- <QP'A�P^<+��<?*_>+*,<IA�& ��&b<Q� ��:Y��(Q� .+M ��(��?>?& a

 *,( (K9 a � UXQ�� � :�U~id]Va�] � . � Q�a�nVw�S [Vk i<]3i \ w \ i [ S8S3i eVY|]Vw7� i@W i	W [ is]3]VY|]Vw�WTn3:Vw \ i [ S�i<]V_�S3i^eVYl]Vw
i@W r is]<;`UX_3w<UXW8i@W [ asW�W�Yl: k U � G a<Q�U�QbS3i@Q � �#YZW�� � yXa�]3]VUXyXQ�UX_ � � f �
� YZW�]Va<Q8i r i���Y r i k{[Vk is]3i \
w \ i [ SH�3QbSVU^]�QTSVU \ U8U&�VYZW�Q�W�i�y SVa \ _ k UXW�W�yX;Vy k U��(a@f k U^]Vw<QbS`i@Q k U^i@W�Q�f a�n \ WbnVyXS�QbS3i�Q	Yl]Ji [Vk is]3i \
U r :3UX_3_3Yl]Vw�a@f�� � � �6:3a�n3]V_3W�i�f i@yXU �(�VYl]VyXU'� � YZW ]Va<Q . � Q�a�nVw�SH�):<; � SVUXa \ U r � � E���QTSVU \ U8U&�VYZW�Q
�- " �0� � .(% ��� 	 � � i<]V_ �� " � 
 . � � � .(% � � 	 � � f U^i@W�Yl: k UJf a \ W�;VW � ��� � ��WbnVyXS7QbS3i�Q 1 6 4���� 	 � � �- 6 +
1 � 4 � � 	 � � �� � i<]V_)�(�/"������ � �L� �- 6 + �*%8YZW8i!]Va�] � y \ a<W�W�Yl]Vw4foi r Y k ;`a@f{y^nVQ�W � :{; � U r�r i9� � O3�
QbSVU \ U9U&�VY�W�QE]VaV] � i@_�� i�yXU^]<Q�e<U \ Q�Y�yXUXW 
 ��
 � a�]�� WbnVyXSjQbS3i@Q�Yqf � ; � � - 
 
 � i<]V_ - �6 ; �- 6
f a \ UXesU \ ;7� " ��� �)� �	YZQbS 
 
 � <" � i<]V_ - �6 ; �- 6����
��� � � fva \ UXe<U \ ;7� "���� � � �	YZQbS 
 
 � "
���-QbSVU^] �!� " ��� �)��� - �6 +��&%`Y�WJij]Va�] � y \ asW�W�Yl]Vwjfoi r Y k ;7a�f8y^nVQ�Wmis]V_ QTSVU [ i@Y \ - � � ��DY�W
f U^i@W�Yl: k U�f a \ W�;VW � � �)��is]V_/Wbi@Q�YZW p UXW 1 6 4����
	 � - �6 + 1 � 4 � �
	 � �� � �'�VY|]VyXU - � " �0� � . % ���
	 � i<]V_
��E" � 
 . � � � .(% � �
	 � ��:s; � SVUXa \ U r � � E3� � Y�W�]Va<Q7. � Q�a�nVw�S�� G a��8� � Y�W�i [Vk i<]3i \ w \ i [ S�S3i^eVYl]Vw
�(i@W	i�W [ i<]3]VYl]Vw9Wbn3:Vw \ i [ S9i<]V_JS3i@W-a�]VU r a \ UdUX_3w<U�QTS3i<]�� � �2g U8S3i^esU i�yXa�]sQ \ i@_3YZyXQ�YZa�]��

P W�Y r Y k i \d\ UXWbn k Q SVa k _3W�f a \ Y|]sf U^i@W�Yl: k U�w \ i [ SVW	Yl]�w<U^]VU \ i k �



� � � � ��	�����������������	�� � � � �-� � � � � � � � � � � ��.

� �8� �I%'��4 < � N �L7"9 � ��:[< �4M GI(+� ���)G ��� N ���`9��I<+:)����P^� A�P^<+��<+*Y>+*,<IA &QC ��&b�.� � �;:V<�: AT<+� ���;�T>V: �"� M
>+*,<IA�&�(K9[<+�8�;� 9B�I<+:I� �.P^�Y-F<�3`��-F<DP'A�P^<+��<+*_>?*,<IA & a

 *,( (K9 a�c	W�Y|]Vw � SVUXa \ U r � � �ji<]V_ � U r�r i7� � O3�-a�]VU y^i<] [3\ a@e<U`QbSVYZW \ UXWTn k QJnVW�Y|]Vw ijW�Y r Y k i \
i \ wVn r U^]<Q	nVW�UX_`Yl]�QbSVU [3\ a�a�f2a@f QbSVU [3\ UXeVY�aVnVW�QbSVUXa \ U r �

2 %'�8��� ���!� ��4 4 7 < ��
�� � SVU�W�UXyXa�]V_ [ i \ Q{a@f QbSVU k U r�r i fva kZk a��	W-Y r�r UX_3Yli@Q�U k ;4f \ a r QbSVU pN\ W�Q
[ i \ Q��

� UXQ�QbSVU�e<U \ Q�Y�yXUXW�a@f ��� Yl] yX;�y k YZy�a \ _3U \ � :3U � 
 ��	 	�	�� � � � � UXQ � � ; �!� " � � � � ( 
�� � " � % �
g/U8nVW�U�QbSVU�yXa�]se<U^]sQ�YZa�]9QbS3i@Q �
� ; � ��i<]V_�� � � 
 ; � 
 � � UXQ � � _3U^]Va<Q�U�QbSVU�W�UXQ	� � � � � � 
 �

� Y \ W�Q^�VWbn [3[ a<W�U8QbSVU \ U�U&�VYZW�Q�W � " � . ��	�	�	 � + %�WbnVyXS9QbS3i@Q ���� � ,�136 4�� � �- 6 �G a��

�� � ��� � - � �� � � - �� � ��� � ; � �� � ��� � - �� � � �6- � �� � � - �� � ��� � �
$ �� ��� � � � 4(6

�- 6 - �� � � ��� � 4!6
�- 6

; �
6 4�� �

�- 6 - �
6 4�� �	� �

�- 6

; �
6 4�� � �
� �

�- 6 - �
6 4�� ��� � �
� �

�- 6 - � �
6 4�� �

�- 6

� SVnVW
�� � ��� � - �� � �	� � $ �

6 4�� � �
� �
�- 6 - �

6 4�� ��� � ��� �
�- 6 	

Pd_3_/QbSVU�UX_3w<U 9 ; � � ( 
�� � � 
8Q�a�� Q�a9fva \�r � � � UXQ � "���� � �d:3U�WbnVyXS QbS3i�Q 9 " � � � SVU^]
� ; ��� � � fva \ W�a r U � ��C WbnVyXS�QbS3i�Q � yXa�]<QTi@Yl]VW � � i<]V_!U&�3i@yXQ k ;�a�]VUda@f � � ( 
~is]V_ � � � 
 � � \ a r
QbSVYZW �-U�W�UXU�QbS3i@Q � �&� 9 % <"�� � � �	U^]VyXU<�)UXYZQbSVU \ � �&� 9 %," � � a \ � �*� 9 %	"�� � � 
 � � Q-f a kZk a ��W	QbS3i@Q
� " � � � � � � � � ��� � � 
�� � � � ����a \�r Yl]Vw - � ��Y�QTS 
 ; � � ( 
�i<]V_ 
 � ; � � � 
^� �$Uda�:VQbi�Y|]

�� � - �� � � $ �
254(6

- �6 	

� \ a r ]Va �+a�]H� �-U r i ;!i@W�Wbn r U�QbS3i�Q �� � � + 1 6 4�� � �- 6 fva \ i kZk � "�� . ��	�	 	�� + % �Hg U�yXa�]VW�Y�_3U \



�<� ��� ������	�� � ����	
� � ��� � � � � �

QbS \ UXU�y^i�W�UXW �
�
7�� � *�� �)a \ i kZk ��� � � " �!�3UXYZQbSVU \OI �&��C � � � I�, . a \	I C � � ��� � I�, . �

� S�nVW^�)i<]<;�y^nVQdYl]�� QbS3i@Q	yXaV]<Qbi�Y|]VW�i<] UX_3w<U�Y|] � r nVW�Q�yXa�]sQbi@Yl] U&�ui@yXQ k ;�Q �-a�UX_3w<UXW�Yl]1�
S3i e�Yl]VwJi4yXa r�r aV]�U^]V_ � e<U \ Q�U&� � � Q�f a kZk a��	WdQbS3i@Q � � ; � � ( 
 � � � fva \ i kZk � "#� . �
	�	�	�� + % � Pd_3_
QbSVU�UX_3w<U 9 ; � 
 � W Q�a �6Q�a4f a \�r � � � UXQ	� "���� �)�	:�U�WTnVy S`QbS3i@Q 9 "�� � � SVU^] � ; ��� ���

f a \ W�a r U � � C6WbnVyXS�QbS3i�Q �7yXa�]sQbi@Yl]VW�� �8i<]V_`U&�ui@yXQ k ;�aV]VU8a@f � 
 i<]V_ � W � � \ a r QbSVYZW �$U�W�UXU
QbS3i@QdUXYZQbSVU \ ���&� 9 % "�� �8a \ ���&� 9 % "�� W i<]V_ QbS3i�Q	� �&� 9 % <" � � � :-nVQ�� � ; � 
 � � ��i<]V_
� W ; � � � � W � � Q�fva kZk a��	W�QbS3i@Q � "�� 
 � � W �)�)a \�r Yl]Vw - � �	YZQbS 
 ; � 
 i<]V_ 
 � ; � W � �-U
a�:VQbi�Y|]

�� � - �� � � + �
6 4�� � �

- 6 - �
6 4���� �

- 67; �
254(6 4�����	 �

- �6 	

�
7�� � 1 � � SVU \ U!U&�VYZW�Q�W � " � � ����WbnVyXS/QTS3i@Q � �#C � � � ; � � � � ��� %!a \ C�� � ��� � ; � � � � �
� %
��SVU \ U � � i<]V_��
�8i \ U�]Va�] � i@_���i@yXU^]sQ � � ��U \ U<� � � �!��YZW�wsY�esU^]J:s; � U r4r i�� � ; � �

�VYl]VyXU � � �!��YZW i�]VUXW�Q�UX_�f i r Y k ;<�3f a \ is]<; � � � � ����WbnVy S QbS3i@Q � yXa�]<QTi@Yl]VW�U&�3i@yXQ k ;�a�]VU�a@f
� � is]V_ �
�0� �-U r nVW�Q�S3i e<U���� �7Yqf �&��C � � � ; � � � � ��� %8a \ � �3C � �LYqf C�� � ��� � ; � � � � �
� % �
��U^]VyXU<� ����� � "�� � � � � � ��a \�r Yl]Vw � i<]V_ - � ��Y�QTS 
 ; � � i<]V_ 
 � ; ���<� �-U�a�:VQbi@Yl]

�� � - �� � � + �
6 4�� �

�- 6 - �
6 4�� �

�- 6 $ �
2 4!6

- �6 	

�
7�� � < � G UXYZQbSVU \ }	i@W�U'.8]Va \ }	i@W�U8��SVa k _3W �
��:VW�U \ e<U�QbS3i@Q�QbSVU \ U�U&�VY�W�Q�W � "�� � ����Wbi@Q�YZW�f ;�Yl]Vw�aV]VU8a@f2QTSVU�f a kZk a��	Yl]Vw �

�CY �`� , I �&��C � � � I�, + 
/� .
�CYZY � �&��C � � � ; � � � � � � � 
 %�a \ C�� � ��� � ; ��� ��� � � � 
 %�f a \ W�a r U � " � . ��	�	�	 � + % �
g U8y k i@Y r QbS3i@QdYl]JUXYZQbSVU \ y^i�W�U<� �-U�y^i<] p ]V_ _3YZW�Q�Yl]VyXQ8esU \ Q�YZyXUXW,L 
 � L � � L W � L � ")C�� � �	WbnVyXS

QbS3i@Q�L 
�L �@��L W L � "���� ��� � L 
 � L W "����uis]V_�L 
�L � � L � L W i \ U ]Va<Q�UX_3w<UXW�Yl]/� �

� a [3\ a@e<U�a�n \ y k i@Y r �#i@W�Wbn r U �	YZQbSVa�nVQ k a<W�W�a@f$w<U^]VU \ i k Y�Q�; QbS3i@Q � 
 <" � i<]V_ � �B" � � � UXQ
��$+��:3U�QbSVU8W r i kZk UXW�Q�Yl]sQ�UXw<U \ WbnVy S QbS3i@Q �
�	"��+i<]V_��
� � 
 <" � �$��:VW�U \ e<U8QTS3i@Q	WbnVyXS �9U&�VY�W�Q�W
i<]V_ � , +&
 . � � i $ UHL 
 ; � �@� L � ; � 
^� L W ; ���<� L � ; ��� � 
 � � SVU^]H� L 
 � L � � L W � L � i \ U
_3YZW�Q�Yl]VyXQ � �VY|]VyXU��6YZW iEy SVa \ _ k UXW�W�yX;�y k U<� L 
 is]V_7L � i \ U8]Va<Qdi@_�� i�yXU^]<Q�i<]V_7L � i<]V_7L W i \ U8]Va<Q
i@_���i@yXU^]sQ � � SVYZW [3\ a@e<UXW�a�n \ y k i@Y r �



� � � � ��	�����������������	�� � � � �-� � � � � � � � � � � �<�

.

.

.
.
.

. S

v1 v
2

+1jv vj

� YZw�n \ U8� � � � � kZk nVW�Q \ i@Q�YZa�]mfva \ }	i@W�U8�

u3

u1

4
u

2
u

S

T

u3

u1

4
u

2
u

S

u3

u1

4
u

2
u

T

S

u3

u1

4
u

2
u

S

T

T Su3,1u

T

T2uS \ { }4u)(V \ S \ 3u{ }T1uT,u V \ S2 4u

� YZw�n \ U8� � ( � � kZk nVW�Q \ i@Q�YZa�]VW�a@fh]VUXW�Q�UX_Jy^nVQ�W

�VYl]VyXU � � ���-YZW�i�]VUXW�Q�UX_ foi r Y k ;<� �-U S3i e<U

� �� � � - �� �
�
�
- � �� � � - �� �

�
�

$ �� � �
�
4(6

�- 6 - �� � �
�
4!6

�- 6

; �� �
�
� � 4 ��� .

�-�� � � � - �
�
� �
�
�
4 ��� � � .

�-�� � � � - �
� � 4 ��� . ��� � � �

�-�� � � � - �
�
�
4 ��� � � � . � � � � � �

�- � � � �
- �� �

�
� � 4 ��� .

�-�� � � � - ��
� �
�
�
4 ��� � � .

�-�� � � � - �� � 4 ��� . ��� � � �
�-�� � � � - ��

�
4 ��� � � � . � ��� � � �

�-�� � � � 	
��U^]VyXU<� �-U8S3i e<UdUXY�QTSVU \

���� �#- ����
�

$ �� �
�
� � 4 ��� .

�-�� � � � - �
�
� �
�
�
4 ��� � � .

�-�� � � � - �
� � 4 ��� . ��� � � �

�-�� � � � - �
�
�
4 ��� � � � . � ��� � � �

�-�� � � �



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

a \

�� �
�
- �� � �

$ �� �
�
� ��4 ��� .

�-�� � � � - ��
� �
�
�
4 ��� � � .

�-�� � � � - ��
�
4 ��� � � � . � ��� � � �

�-�� � � � - �� � 4 ��� . ��� � � �
�-�� � � � 	

g+YZQbSVa�nVQ k a<W�Wda@f2wsU^]VU \ i k YZQ ;<�Hi@W�WTn r U�YZQ�YZW	QbSVU fva \�r U \ �#Pd_3_JQbSVU�UX_3w<U 9 ; L 
�L � Q�a�� Q�a�f a \�r
� � � UXQ � "���� �)� :3U�WbnVyXS9QbS3i@Q 9 " � i<]V_����&� 9 %	" � � � f � � "
� � ����Y�W	i�WbSVa \ U�a@f �!�VQbSVU^]
� � � �ja \ � � ��C ��� ��� � � �)a \�r Yl]Vw - � ��Y�QTS 
 ; L 
�i<]V_ 
 � ; L � � �-U�a�:VQbi�Y|]

�
254(6 4����
	 �

- �6

; �� �
�
� � 4 ��� .

- �� � � � - �
�
� �
�
�
4 ��� � � .

- �� � � � - �
� � 4 ��� � � � . � ��� � � �

- �� � � � - �
�
�
4 ��� . ��� � � �

- �� � � �
; �� �

�
� � 4 ��� .

�-�� � � � - �
�
� �
�
�
4 ��� � � .

�-�� � � � - �
� � 4 ��� � � � . � ��� � � �

�-�� � � � - �
�
�
4 ��� . ��� � � �

�-�� � � �
, ���� �#- ����

�
	

�VYl]VyXU�QTSVU \ U!i k �	i ;�W�U&�VYZW�Q�W8i��Z]VY�yXU,5 yXU \ Q�Y p y^i@Q�U�a@f	n3]VW�a k e0is:VY k YlQ�;/a�f$W�;VW ��� �dY f � YZW�]Va�] � . �
Q�a�nVwVSH�3a�]VU r YZw�SsQ�i@W $ Yqf{QbSVU \ U�i \ U8i k �~i ;VW���]VYZyXU,5HyXU \ Q�Y p y^i@Q�UXW	f a \ n3]VW�a k e0i<:VY k YZQ�;Jf a \ i \ :VYZQ \ i \ ;
Yl]sfvU^i�W�Yl: k U�w \ i [ SVW . Yl] [ i \ Q�YZy^n k i \ ����SVUXQTSVU \ a \ ]Va<Q QbSVU�U^]<Q \ Y�UXW#a@f3QbSVU{yXU \ Q�Y p y^i@Q�U{y^is]8:3U \ UXt3nVY \ UX_
Q�a!:�U�a@f W r i kZk W�YZ�XU � � ] QbSVU�W�UXt3nVU k � �-U�WbSVa�� QbS3i@Q-QbSVU8is]VW �-U \ YZW �b]Va ���

� UXQ���
!:3UJQTSVUJw \ i [ S7WbSVa���]jYl] � YZw�n \ U�� � ; � ��a \ % $ �3�-_3U p ]VU � � \ UXy^n \ W�YZe<U k ; �CW�UXU
� YZw�n \ U8� �GE,�-i@W-f a kZk a��	W �

C���� � � ; � W�
�

 � � �

�
� ��� �
�
� � L �

�
� � � �
�
� % � C���� � ( 
 � �

D ��� � � ; � ��
�

 � � �

�
� � �
�
� � 
 ��� �

�
� � �
�
� � 
 � L �

�
� L �
�
� � 
 � � �

�
� � �
�
� � 
 %

� �(L �
�

�� �
�

 � L �

�

�� �
�

 � � �

�

�L � ( 


�

 � � �

�

 � �
�

 ��� �
�

�� � ( 


�

 %

� � � �
� W � � � W � L � � W � � � W � � � � W L � ( 
 � W � � � � W � � � W ��� � � W � � ( 
 � W % � D ��� � ( 
%� 	

�)a \ % $ .<� k UXQ � �� ; � � 
 �(L �
�

 � L �

�
� � L �

� W � � � � 
 � � � � 
 � � � � W % �

� ��4 4 7 < ��*�� � � (?* % $ . C � � <+� N!� �� <+*,� � <+-V��P ��(?� ��<+� a



� � � � ��	�����������������	�� � � � �-� � � � � � � � � � � �D;

v
1,1

s

u

0

0

1,3u

1,1u

u 1,2

1,3

v

1,2
s

s
1,3

v

v

t

t

t

1,1 1,1

1,2 1,2

1,3

� YZw�n \ U8� � ;T�#� 


Gn-1

n-1,1

n,3

n,2

n,1

n,1

n,1

n,2

t n,3

t n,2

n,1t

n-1,1

n-1,3 n-1,3

u

u

u

sn,3

n,2s

s

u

u

v

v

v

v

vn,3

� YZw�n \ U8� � ET�#� �



�DE ��� ������	�� � ����	
� � ��� � � � � �


 *,( (K9 a � a [3\ a0esU�QbS3i@Q � � YZW8��i r Y k Q�a�]VYli<]H�HYZQ�Wbn 3!yXUXW�Q�a9WbSVa�� QbS3i@QdQbSVU \ U�YZW8i9��i r Y k Q�aV]VY|is]
[ i@QbS4f \ a r L �

�

	Q�a � �

�

	Y|]/� � �#g/U8WbSVa��+QbSVYZW�:<;9Yl]V_�nVyXQ�YZa�]`a�]&% �{��:VW�U \ e<U�QbS3i@Q

L 

�

 � L 


�
� � L 


� W � � 
 � W � � 
 � � � � 
 � 
 � L � ��� 
 � 
 ��� 
 � � ��� 
 � W � �
� � � 
 � W � � 
 � � � � 
 � 


i \ U4QbSVU�e<U \ Q�Y�yXUXW�a@f�i���i r Y k Q�a�]VYli<] [ i@QbS f \ a r L 

�

�Q�a�� 


�

�Yl] ��
8Yl]/W�UXt3nVU^]sQ�Yli k a \ _3U \ ��PdW �

Wbn r U4QbS3i@Q � � S3i�W8i���i r Y k Q�aV]VY|is] [ i@QbS`f \ a r L �
�

8Q�a
� �

�

dfva \ W�a r U�% $�. � � UXQ � _3U^]Va<Q�U

QbSVU W�UXt3nVU^]VyXU/a@f8e<U \ Q�YZyXUXW�a@f�QbSVYZW [ i@QTS Yl] W�UXt3nVU^]<Q�Y|i k a \ _3U \ � � SVU^] L � � 

�

 � L � � 


�
� � L � � 


� W �
� � � 


� W � � � � 
 � � � � � � 
 � 
 � � � � � � 
 � 
@� � � � 
 � �@� � � � 
 � W � � � � 
 � W � � � � 
 � �@� � � � 
 � 
^�&L � � 
 � 
	i \ U�QbSVU�esU \ Q�YZyXUXW
a@f$i9��i r Y k Q�a�]VYli<] [ i@QbSmf \ a r L � � 


�

 Q�a � � �

�

 Yl] � � � 
 Yl]JW�UXtunVU^]sQ�Yli k a \ _3U \ � � SVYZW�yXa r�[Vk UXQ�UXW

QbSVU�Yl]V_�nVyXQ�YZa�]��
G a�� yXa�]VW�YZ_3U \ � �� ��} k U^i \ k ;<�
� � 
 YZW8��i r Y k Q�aV]VY|is]���}-a�]VW�Y�_3U \ QTSVU8y^i@W�U ��SVU^] %)$ � � � \ a r

i<:�a0esU<� �$U�W�UXU4QbS3i@Q�QbSVU \ U�U&�VYZW�Q�W�i��di r Y k Q�a�]VYli<] [ i@QbS`f \ a r L � ( 

�

8Q�a
� � ( 


�

8Yl] � � ( 
 � � UXQ

� _3U^]Va<Q�UdQbSVUdW�UXt3nVU^]VyXU8a@f e<U \ Q�Y�yXUXW�a@f2QbSVYZW [ i@QbS4Yl]9W�UXtunVU^]sQ�Yli k a \ _3U \ � � SVU^]�� � � W � � � � � � � � � 
 � � �
� �
�

 � � �
�
� ��� �
� W � � � � W i \ U�QbSVU�e<U \ Q�YZyXUXW	a�f i��di r Y k Q�a�]VYli<] yX;�y k U�Yl] � �� Yl]�yX;Vy k YZy�a \ _3U \ �

�)a \ %�$ .s� k UXQ � � :3U-QbSVU-w \ i [ S �	YZQbSOC � � � � ; C���� � � � � 
 � � � 
 � � � � � 
 � � � %��@i<]V_ D � � � � ;
D ��� � � � �(L � 
 � ��
 ��� 
 ��
 � � 
 � � 
�� � � � 
 � � � � � � � � � �5L �

� W � � � � � � W %

u1,3 v
1,2

r2

1
r

1l

l
2

s1,2

s1,3

1,1

1,2

t1,3

v0

1,1

v

v

1,2u 0

u

s

1,2

1,1

1,1

t

t

w0

u

� YZw�n \ U8� � O � � 




� � � � ��	�����������������	�� � � � �-� � � � � � � � � � � �DO

� ��4 4 7 < ��*�*�� � (+* % $ . C � � 
 C ��� � � <?� N�� � 
 C���� �� � <+*,� � <+-V�\P^��(+���\<?�F9B(?*E<DP�P � ;
. �
	�	�	�� % a


 *,( (K9 a�� Y \ W�Q^�3yXaV]VW�YZ_3U \ � � 
 C ��� � � � � SVU�y^i@W�U � ; %JYZWdQ \ YZeVY|i k �
g U~]Va�� [3\ a@e<U	:s;8Yl]V_�nVyXQ�YZa�]4a�]'+H��. , + , % 
 .dQbS3i@Q � � 
OC ��� � ( � � S3i@W-i���i r Y k Q�aV]VY|is]

yX;Vy k U�nVW�Yl]Vw!QTSVU8UX_3w<U � � ( � � 
 � W ��� � ( � � 
 � W � g
SVU^]/+ ; .<�VYZQdY�W�U^i@W�;9Q�a�W�UXU�QbS3i�Q


 � � � 
 � � � � L �
� W � L � � �
� L � � 
 � � � � 
�� � � � ��� � � � W ��� � � W ��� � � ����� � � 
 � � � � 
�� � � � ��� � � � W � � � � � 
 ��
 �

i \ U�QTSVU�e<U \ Q�YZyXUXWda@fhi��di r Y k Q�a�]VYli<]`yX;Vy k U�Yl] � � 
 C���� � ( ���-Yl]�yX;Vy k Y�y�a \ _3U \ �
PdW�Wbn r U	QbS3i@Q � � 
 C ��� � ( �,�{S3i@W-i8�di r Y k Q�a�]VYli<]4yX;�y k U�nVW�Yl]Vw�QbSVU	UX_3w<U � � ( � � 
 � W ��� � ( � � 
 � W

f a \ W�a r U!+�$ . � � SVU \ UTf a \ U<�)QbSVU \ U�U&�VY�W�Q�W8i��di r Y k Q�a�]VYli<] [ i@QbS4f \ a r � � ( � � 

� W Q�a�� � ( � � 
 � W Yl]� ��
 C���� � ( � � � � UXQ � _3U^]Va<Q�U�QbSVU4W�UXtunVU^]VyXU4a@f$e<U \ Q�YZyXUXW8a@f-QbSVYZW [ i@QbSDY|]DW�UXtunVU^]sQ�Yli k a \ _3U \ �

� SVU^] L � ( �
� W � L � ( � � � � L � ( � � 
^� � � ( � � 
@� � � ( � � �<� � � ( � � W � � � ( � � W � � � ( � � �<� � � ( � � 
0� � � ( � � 
@� � � ( � � �@�

� � ( �
� W � ��� L � ( � � W i \ U�QTSVU8e<U \ Q�Y�yXUXW�a�f i9��i r Y k Q�a�]VYli<] yX;Vy k U�nVW�Yl]Vw`QbSVU8UX_3w<U�� � ( � � W ��� � ( � � W Yl]� � 
 C ��� � ( �)( 
&�-Yl]�yX;Vy k Y�y�a \ _3U \ � � SVYZW	yXa r4[Vk UXQ�UXW�QbSVU�Yl]V_�nVyXQ�YZa�]��
G a��8�-yXa�]VW�YZ_3U \ � � 
 C ��� �� � � g/U [3\ a@e<U/:s;7Yl]V_�nVyXQ�YZa�] aV] +H�d� , + , %�
 . QbS3i@Q

� �0
 C ��� �� ( � �	S3i@W�i4��i r Y k Q�aV]VY|is]�yX;Vy k U�nVW�Yl]Vw�QTSVU8UX_3w<U	L � ( � � 
�� � � ( � � 
 �
g SVU^]�+ ; �3�VQbSVU8W�QTi@Q�U r U^]sQ-y k U^i \�k ;JSVa k _3W �
PdW�Wbn r U�QbS3i�Q � � 
�C���� �� ( � �$S3i�W~i��di r Y k Q�a�]VYli<]9yX;Vy k U8nVW�Yl]Vw�QbSVU�UX_3w<UdQbS3i@Q
��a<Yl]VW�L � ( � � 


i<]V_ � � ( �
�

�f a \ W�a r U + $ � � � SVU \ UTfva \ U<� QbSVU \ U!U&�VYZW�Q�W�i`��i r Y k Q�a�]VYli<] [ i@QbS`f \ a r � � ( �

�

�Q�a

L � ( �
�

 Yl] � �	
 C ���
�� ( � � � � UXQ �6_3U^]Va<Q�U�QbSVU�W�UXt3nVU^]VyXU�a@f{e<U \ Q�Y�yXUXW�a�f$QbSVYZW [ i@QbS Yl] W�UXt3nVU^] �

Q�Yli k a \ _3U \ � � SVU^] � � ( �
�

@� � � ( �

�
�<� � � ( �

� W � L � ( �)( 
 � W � L � ( �)( 
 � �<��L � ( � ( 
 � 
@� � � ( �)( 
 � 
0� � � ( �)( 
 � �@�
� � ( �)( 


� W � � � ( � � W � � � ( � � �<� � � ( � � 
0� ��� � � ( � � 
~i \ U	QbSVU	esU \ Q�YZyXUXW-a@f2i8�di r Y k Q�a�]VYli<]4yX;�y k U8nVW�Yl]Vw�QbSVU
UX_3w<U�QbS3i�Q2��a<Yl]VW � � ( �

� W i<]V_ � � ( � � W Y|]�� � 
 C���� �� ( �)( 
 ��Yl]�yX;Vy k Y�y�a \ _3U \ � � SVYZW	yXa r�[Vk UXQ�UXWdQbSVU
Yl]V_�nVyXQ�YZa�]��

� �8� �I%'��4 < ��* 1 � $%&b�.*,� �23`��:B��: <?�E�������K>+*,<DPBA4<+��* �- � �� 9B�I<+:I� �.P^�T9�(+* :IR+: � � � � � : �TG�&[��&'<D� �
6 4�����	�� �

�- 6 +
�

� 4 � ��	�� �
�� � a�� �b*���&b��*I-F(+*,��C <+��RJ: �TG�& A4<+��* �- � �� -	�':B� &b< = �V<+�
������*)RF&'<(=`���4>B= <QP �T�F<D� P^�)<+:�� %]a



�DC ��� ������	�� � ����	
� � ��� � � � � �


 *,( (K9 a �VUXQ
�� �

�
; 
 ./.

�� �
�
; ./.

�� �
�
; ( %�- � .

����
�
; ����

�
; �/%'- ./.

�� � � ; �� � � ; 
7� �/%'- .0�2.
���� ��� � ; ���	 ��� � ; �� � �
� ��; �� � ��� ��; ��fva \
� ; . �
	�	�	�� % .
���� ��� ��; ���	 ��� ��; �� � �
� � ; �� � ��� � ; .dfva \
� ; . �
	�	�	�� % .
�� � �
� � ; �� � ��� � ; ���� �
� � ; ���	 �
� � ; 
 .dfva \
� ; . �
	�	�	�� % .
�- � ��� � �

�
�
�
� � ; �- � ��� � �

�
�
�
� � ; �/%�- ./.

�-�� � � � 	 � � � ; �- � � � � 	 �� � � ; ��f a \
� ; . ��	�	�	 � % .
�- � ��� � �
� � � � �
� � � � ; �- � ��� � �
� � � � �
� � � � ; �- � ��� � ��� � � � �
� � � � ; �- � ��� 	 ��� � � 	 ��� � � � ; .dfva \
� ; . �
	�	�	�� % .
�-�� ��� �

� �
�
�
� � ; . 	

� Q�YZW8]Va<Q�_3Y�3!y^n k Q�Q�a!yXSVUXy $ QbS3i�Q �
6 4�����	 � �

�- 6 
 �
� 4 � ��	 � �

�� � ; . ��g/U�]Va��(WbSVa��RQTS3i@Q�QbSVU

[ i@Y \ �- � ���YZW�fvU^i�W�Yl: k U fva \ W�;VW � � � � � �{} k U^i \ k ;<� �- $ � �{}-a�]VW�Y�_3U \ QbSVU�f a kZk a ��Y|]Vw9Qbi<: k U

9 1 2 4!6 4�����	 � � �- 6
L � �
� � � 
 � � �
L � 
 � �-�� � � �

� �
�
�
� � - 1 ��

�

 � �-�� � � � 	 � � � - �- � � � � 	 �� � � �

�
� L 

� W �- � ��� �

� �
�
�
� � - �- � � � � 	 �� � �

� 
 
 � �- � � � � �
�
�
�
� �

� 
 � � �- � ��� � �
�
�
�
� � - �- � ��� � �

�
�
�
� �

L �
�

�L �
�
� �

L �
�
� L �
� W �- � ��� � �
� � � � ��� � � �

���
�

 � �
�
� �- � � � � �
� � � � �
� � � �

� �
�
�
� �
� W �



� � � � ��	�����������������	�� � � � �-� � � � � � � � � � � �DF

9 1 2 4!6 4�����	�� � �- 6
L �
�

 ���
�

 �- � � � � ��� � � � ��� � � � - �- � � � � 	 �� � �L �

� W ��� � W �- � ��� � ��� � � � �
� � � � - �- � � � � 	 �� � �L �
�

 � � � 


�

 �-�� � � � ��� � � � ��� � � � - �-�� � � � 	 � � �L �

� W � � � 
 � W �-�� � � � ��� � � � � � ��� � � � � � - �-�� � � � 	 � � �L �
�

�� �
�

 �- � � � � ��� � � � �
� � � � - �- � ��� � �
� � � � �
� � � �

� �
� W � � � W �- � ��� � ��� � � � �
� � � � - �- � ��� 	 �
� � � 	 ��� � � �

c�W�Yl]Vw�QbSVU�Yl]sfva \�r i@Q�YZa�]4f \ a r QbSVU�Qbi<: k U<�3a�]VU�y^i<] W�UXU�QbS3i@Q~fva \ i<]s;�L �E" D � � � �X� �-U8S3i e<U

�� � - �� � $ �
��� 4!6 4�����	�� �

�- 6 	

G a�� yXa�]VW�YZ_3U \ is]<;dYl]<Q�UXw \ i k<[ i@Y \ �- � �� f U^i@W�Yl: k U�fva \ W�;VW � � � � �HWbnVyXSdQbS3i@Q �
6 4���� 	�� �

- 6 + �
� 4 � � 	��

�� � �
:�; � U r�r i�� � .^�	is]V_ � U r�r id� � .,.s� �-U W�UXU{QbS3i�Q Yqf �$U \ U r a@e<U QbSVU{yXaV]VW�Q \ i@Yl]sQ  2� � � ���%��$ �-f \ a r
W�;VW � � � � f a \ i<]<; � " � ��

�

 �!C ��� � � � C'��� �� � %��<QTSVU \ UXWbn k Q�Yl]Vw�W�;VW�Q�U r S3i@W	i�W�a k nVQ�YZa�]��{��U^]VyXU<� �-U

r nVW�Q�S3i^esU �- � � � � 	 � � � � �- � � � � 	 �� � � + ��f a \ � ; . ��	�	 	�� % �*�VY|]VyXU�L � 
 � " ���0C ���	���%� � ���0C ��� �� �%�-f a \
� ; . �
	�	�	�� %2� �-U�S3i e<U ���� � - �� � � $ ��

�
�
�
4!6 �
- 6 $

�
�
�
�

 � �- � � � � 	 � � � - �- � � � � 	 �� � � � $ �/% � � SVU \ UXWbn k Q

f a kZk a��	W��

��:VW�U \ e<UJQTS3i@Q � �jYZWm]Va�] � [Vk i<]3i \ � ��]VU r YZw�S<Q9i@W $ Yqf8W�Y r Y k i \�\ UXWbn k Q�W9y^i<] :�UJa�:VQTi@Yl]VUX_
f a \�[Vk i<]3i \ w \ i [ SVW ��g/U�]Va��(WbSVa�� is]JYl]sf U^i@W�Yl: k U [Vk i<]3i \ w \ i [ S �dSVY�yXS \ UXt3nVY \ UXW�i4yXU \ Q�Y p y^i@Q�U
S3i e�Yl]Vw�U^]sQ \ YZUXW k i \ w<U \ QbS3i<]4Q �-a�Yl]�i<:VW�a k nVQ�U8e@i k nVU �{�	a��-UXe<U \ �VYZQ	YZW�]Va<Q�y k U^i \ Yqf i�Q \ nVU is]3i k a<w
a@f QbSVU [3\ UXeVYZa�nVW�QTSVUXa \ U r y^i<]�:�U8a�:VQTi@Yl]VUX_ ��SVU^] \ UXW�Q \ YZyXQ�UX_�Q�a [Vk i<]3i \ w \ i [ SVW �

}~a�]VW�YZ_3U \ QbSVU�w \ i [ S9Yl] � YZw�n \ U8� � C � }	i kZk YZQ � �



�<� ��� ������	�� � ����	
� � ��� � � � � �

0

1 2

3

4 5

6

11

19

12

10

7

17

15 16

18

8

9

1413

� YZw�n \ U8� � CT�#P r a \ U � QbS3i<] � . � Q�a�nVw�S9Yl]sf U^i@W�Yl: k U r i���Y r i k2[Vk i<]3i \ w \ i [ S

� UXQ ��E" U � �
	 � :�U8WbnVyXS�QbS3i�Q

�� � ;

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

�

. Yqf � " � ( � ; � O&% .

 . Yqf � " �0� � E � C&% .
� Yqf � " �0� � . � � � .^� � . � � . (M%/.


	� Yqf � " � . . � .�; � .�E � .'O � .�F % .
( Yqf � " � F � .^� � .�C&% .
� a<QTSVU \ �	YZW�U 	

� UXQ �- 6 " U ����	 � :3U8WTnVy S QbS3i@Q

�- 67;

�
�
�
�
�
��
�
�
�
�
�

�
. Yqf ��" � ��� �@� � (M%�� � ��� � ; � E % � � ��� ��O � C*% � % .
� Yqf ��" � ��� � .,. � . �&% � � ��� � .^� � .'; %�� � ���0� . ( � .�E % � �

��� � . � .�O&%�� � ��� �0� � .�F % � � � � � � � � � ( � ; � E � O � C&%0� % .
� a<QbSVU \ ��Y�W�U 	



� � � � ��	�����������������	�� � � � �-� � � � � � � � � � � ��.

1 1

1

2

2 2

2 2

2

2

2

2 2

2
2

2 2

2

4 4

2

4

2

� Y�wVn \ U8� � FT� }-U \ Q�Y p y^i@Q�U8a�f2Yl]sfvU^i@W�Y|:VY k YlQ�;

��]VU�y^is]jy SVUXy $ QbS3i@Q�QbSVU [ i@Y \ �- � ��`YZW4fvU^i@W�Y|: k U fva \ W�;VW � � �)�8is]V_ �
6 �- 6 + � � ���� � ���VUXU

� YZw�n \ U8� �GF � � :�; � SVUXa \ U r � � ��� ����z � �)� ;�� �
G a���yXaV]VW�YZ_3U \ is]<;�Y|]sQ�UXw \ i k �- � ��-f U^i@W�Yl: k U�fva \ W�;�W � � �)�#i<]V_ �

6 �- 6 + � � �� � � ��]VU	y^i<]�yXSVUXy $
QbS3i@Q�W�;�W�� � 
 E,�	S3i@W�i�W�a k nVQ�YZa�]��7���VUXU8QbSVU�Q�a [4p w�n \ U�Yl] � YZw�n \ U�� � .^� ��� � SVnVW^� �-U r nVW�Q�S3i e<U
���� � � �

� f �-U�_ \ a [ QbSVU�yXa�]sQ \ i@Yl]sQ
 
� ��� � ; � E&% �%� $ �

f \ a r W�;VW0� �)�X�	QbSVU \ UXWTn k Q�Y|]Vw W�;VW�Q�U r S3i@WJi f U^i@W�Yl: k U�W�a k nVQ�YZa�]�� ���VUXU QbSVU r YZ_3_ k U p w�n \ U Yl]
� YZw�n \ U8� � .^� � � � SVnVW^� �-U r nVW�Q�S3i e<U �- � � � � � + � �

� f �-U�_ \ a [ QbSVU�yXa�]VW�Q \ i@Yl]<Q�W

 
� ��� �0� � � � ( � ; � E*% � � $ �
 
� ��� �0� � � � ( � ; � E � O*% � � $ �

 2� � � �0� � � � ( � ; � E � O � C*% � � $ �



�<� ��� ������	�� � ����	
� � ��� � � � � �

represents a value of .5

represents a value of 1

represents a value of 2

Legend

8

109

0

1 2

1615

12

8

5

6

0

0

3 6

4 5

8
9

17 19

18

11

12

21

1

17

18

19

2

1615

13 14

12

11

7

54

3

17

18

13 14

11

7
4

3

10

19

9

1615

13 14

10

7

� Y�wVn \ U�� � .^�T� ${i \ YZa�nVW�W�a k nVQ�YZa�]VW



� � � � ��	�����������������	�� � � � �-� � � � � � � � � � � �<�

f \ a r W�;�W�� �)�X�{QTSVU \ UXWbn k Q�Yl]Vw7W�;�W�Q�U r S3i�WJi f U^i@W�Yl: k U/W�a k nVQ�YZa�]�� ���VUXU QbSVU/:�a<Q�Q�a r p w�n \ U Yl]
� YZw�n \ U�� � .^� � � � SVU \ UTf a \ U<� i@Q k U^i@W�Q8a�]VU9a@f �- � ��� � � W � � � � � � � � � �- � ��� � � W � � � � � � � � � � � i<]V_ �- � ��� �

� W � � � � � � � � � � � �
r nVW�Q�:�U [ a<W�YZQ�YZe<U �

}~a�]VW�YZ_3U \ QTSVU�yXa�]VW�Q \ i�Y|]sQ � � - � � 
 1 ��� 4!6 - 6 $+��Yl]�W�;�W � � �)� ��SVU \ UOL ; E�i<]V_ � ; .^� �
� SVU^]

�� 
 �:$5
 �� � - �- � �
�
� � - �- � � � �

� W � � � � � � � � - �- � � � �
� W � � � � � � � � � � - �- � ��� �

� W � � � � � � � � � � � $ � 	

� SVU�w \ i [ S�� i<:�a0esUJYZW�i k W�a7W�a r U ��S3i@Q9Yl]<Q�U \ UXW�Q�Yl]Vw7Yl] ij_3Y � U \ U^]<Q�yXaV]<Q�U&�VQ � ��:VW�U \ e<U
QbS3i@Q�:s; � SVUXa \ U r � � E3� � Y�W . � Q�a�nVw�S�� � ]Lfoi�yXQ^�	:<; z \ a [ a<W�YZQ�YZa�]+� � .^���-Y�Q9YZW r a \ U � QTS3i<] � . �
Q�a�nVwVS��h��U^]VyXU<�3YZQ-YZW~is]�Yl]sf U^i@W�Yl: k U<�Ni<]V_9QbSVnVW$]Va�] � �di r Y k Q�a�]VYli<]H� r a \ U � QbS3is] � . � Q�a�nVw�S r i��VY r i k
[Vk i<]3i \ w \ i [ S�� � SVU \ U�S3i@W�:3UXU^]�yXaV]VW�YZ_3U \ i<: k U�Yl]<Q�U \ UXW�QdY|] _3UXyXYZ_3Y|]Vw`Yqf{yXU \ Qbi@Yl]�Q�a�nVw�S3]VUXW�WdyXa�] �
_3YZQ�YZa�]VW �	Y kZk w�n3i \ i<]sQ�UXU!�di r Y k Q�a�]VYZyXYZQ ; � G YZWbSVYZ�XU $ Y d �D;.f r U^]<Q�Y�aV]VUX_7QbS3i@Q�}�S<e
	i@Qbi k{\ i@YZW�UX_7QbSVU
f a kZk a��	Yl]Vw t3nVUXW�Q�YZa�]�� � W�. � Q�a�nVw�S3]VUXW�W8i Wbn 3!yXYZU^]sQ8yXa�]V_3YZQ�YZa�] f a \ i r i��VY r i k-[Vk is]3i \ w \ i [ S Q�a
:3U ��i r Y k Q�a�]VYli<]Th G Y�WTSVY��XU $ Y�yXa�]VW�Q \ nVyXQ�UX_ i<]LY|] p ]VYZQ�U`f i r Y k ;7a@f'. � Q�a�nVw�Sj]Va�] � �di r Y k Q�a�]VYli<]
r i��VY r i k-[Vk is]3i \ w \ i [ SVW ����a��-UXe<U \ � QTSVU!w \ i [ SVW�i \ U�]Va<Q r a \ U � QbS3i<] � . � Q�a�nVw�S�� ��i \ i<]<Q�i<]V_
� �-U^]VW d �DC.f�yXa�]VW�Q \ nVyXQ�UX_ i<]LYl] p ]VY�Q�UJf i r Y k ; a�f �� � Q�a�nVwVS r i��VY r i k�[Vk i<]3i \ w \ i [ SVW�QbS3i@Q9i \ U
]Va�] � �di r Y k Q�a�]VYli<]�� � i@Q�U \ aV]H��� �-U^]VW d � E�fHyXa�]VW�Q \ nVyXQ�UX_!idW�UXt3nVU^]VyXU�a�f r i���Y r i k�[Vk is]3i \ w \ i [ SVW
��SVa<W�U8Q�a�nVwVS3]VUXW�W8i [3[3\ a�i�y SVUXW W � ���	a��-UXe<U \ ��Y�Q�YZW8]Va<Qd_3Y�3!y^n k Q^�2i k :�UXYZQ8Q�UX_3YZa�nVW^�HQ�a!WbSVa�� QbS3i@Q
QbSVU�w \ i [ SVW	yXa�]VW�Q \ nVyXQ�UX_�Yl]J:�a<QbS [ i [ U \ W�i \ UdfvU^i�W�Yl: k U �

2 %'�8J@�I���������-� < ��* < �F$ &b�Y>+*,<IA & � � N �KA ��G`��� N �;� � �">��'*@��� a�� 6F��:Y-F(+*,� M ��&'<+� M .+M ��(��D>+& a


 *,( (K9 a ��� $ UXQ�yXS�� �)�3n [3[ asW�U � YZW8]Va<Q r a \ U � QTS3i<] � . � Q�a�nVwVS�� �VYl]VyXU � Y�W'. � Q�a�nVw�SH�)QbSVU \ U�U&�VY�W�Q�W
� ��C9� I � I + .<�VWbnVyXS�QbS3i@Q � ���*
 ��� ; I � I �

� Y \ W�Q^�Xa�]VU yXSVUXy $ W#QbS3i@Q ��
 �	YZWHf U^i@W�Yl: k U<��i<]V_�QTSVU \ UTfva \ U�. � Q�a�nVwVSH�Tfva \ i k�k �E" �0� � E � C � .�O � .�F % �
��U^]VyXU<� � <"��jf a \ i kZk � " �0� � E � C � .�O � .�F&% �

� SVU^]H��a�]VU�y SVUXy $ W�QbS3i@Q	W�;VW � � 
 � �	S3i�W i [ a<W�Y�Q�Y�esU�W�a k nVQ�YZa�] fva \ i kZk � " � .,. � .'; � .�E % � :{;
}-a \ a kZk i \ ; ( � .^�3�HW�;VW � � 
 � ��S3i@W8i [ a<Yl]<Q�Wbi@Q�YZW�f ;VY|]Vw i kZk QbSVU�yXa�]VW�Q \ i@Yl]sQ�W�W�Q \ YZyXQ k ;/i<]V_�SVU^]VyXU<�
:s; � SVUXa \ U r ( � (�� � 
 �jY�W r a \ U � QbS3i<] � . � Q�aVnVw�S�� � Q�f a kZk a��	W!QTS3i@Q .,. � .�; � .�E <" � i<]V_ QbSVU
]VUXYZw�SV:3a�n \ Wda@f�.,. � .�; � .'E r nVW�Q~i k�k :3U�Yl] � �



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

� S�nVW^� � F � . � � .^� � .^� � . ( � .�C&%�� � �3�0� � . � � � ( � ; � O � F � . � � .^� � .^� � . ( � .'C&% ��:�;dw<a<Yl]Vw	QbS \ aVnVw�S
i kZk QTSVU [ a<W�W�Yl:VY k Y�Q�Y�UXW �!aV]VU/y^i<] W�UXU�QTS3i@Q�� yXaVn k _ ]VasQJU&�VY�W�Q ����U^]VyXU<� � YZW r a \ U � QTS3i<] � . �
Q�a�nVwVS��

�	�>� � ��
 ��� �/
 � � A�
 � 	7�7��� 	 ��� 

�5
 � 
 �!	 ��
 � � @ ����� ����@ 


} k U^i \�k ;<��i�w \ i [ S � YZW��di r Y k Q�a�]VYli<]9Yqf is]V_!a�] k ;9Yqf ����z ��� �{S3i@W	i<]4Yl]<Q�UXw \ i kN[ a<Yl]<Q�� � SVnVW^�V_3U �
yXYZ_3Yl]Vw�Yqf ���{z ���7� S3i@W	i<]EY|]sQ�UXw \ i kN[ a<Yl]<Q�Y�W 
�� � S3i \ _ � G a��8�<aV]VU	yXa�n k _�yXa�]VW�YZ_3U \ QbSVU [3\ aV: k U r
a@f-_3UXQ�U \�r Yl]VYl]VwJYqf ���{z ���7�dyXa�]sQbi@Yl]VW8i [ a<Yl]<Q �	YZQbSDU^]<Q \ Y�UXW�QbS3i@Q�S3i e<U�W r i kZk W�YZ�XU � G a<Q�U�QbS3i@Q
QbSVYZW [3\ a�: k U r YZWdQ \ YZe�Yli k Yqf����{z ���7�	i k �	i ;�WdyXa�]sQbi@Yl]VWdWbnVy S i [ a<Yl]sQ � � ]`QbSVYZW�W�UXyXQ�YZa�]H� �-U8WbSVa��
QbS3i@Q�QbSVYZW�Y�W9]Va<Q8QbSVU9y^i@W�U �`g/U9WbSVa�� QbS3i�Q�f a \ U^i@yXS +�$ .<�#QbSVU \ U9U&��YZW�Q�WEi w \ i [ S � � WbnVyXS
QbS3i@Q
���{z � � � �HyXaV]<Qbi�Y|]VW U&�ui@yXQ k ;�aV]VU [ a<Yl]sQhi<]V_�QbS3i@Q [ a<Yl]<Q S3i@W2is]dU^]<Q \ ; �	YZQbS e0i k nVU . < �o�,+�- .0� �

����4 7�%�� � :{a@;V_ i<]V_Rz{n kZk UX;3: k is] $ d (?f8w�i e<U/ijy k i�W�W a@f�U&�VQ \ U r U [ a<Yl]sQ�WJa@f�QbSVU/Wbn3:VQ�a�n \��
U k Y r Yl]3i@Q�YZa�] [ a k ;VQ�a [ U�a@f i`yXa r4[Vk UXQ�U�w \ i [ S QbS3i@Q�S3i e<U�U^]sQ \ YZUXW �	YZQbS7i \ :VY�Q \ i \ Y k ; k i \ w<U!W�Y��XU �
��a �-UXe<U \ �<QbSVU \ U�_3aVUXW	]Va<Q-W�UXU r Q�a�:�U8i<]�aV:<eVYZa�nVW r aV_3Y p y^i@Q�YZa�]9Q�a�QbSVU�Wbn [3[ a \ Q-w \ i [ S�a@f i<]<;
a@f-QbSVUXW�U�U&�VQ \ U r U [ a<Yl]<Q�W�Q�a�w<YZe<U!i w \ i [ S ��SVasW�U�Wbn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�] [ a k ;�Q�a [ U�S3i@W8]VaJU&� �
Q \ U r U [ asY|]sQ�W �	YZQbS�U^]sQ \ YZUXW{S3i e�Yl]Vw�W r i kZk W�YZ�XU � � � SVU{Wbn [3[ a \ Q w \ i [ S�a@fNis]�U&�VQ \ U r U [ asY|]sQ YZW QbSVU
w \ i [ SdY|]V_�nVyXUX_9:<;�QbSVU UX_3wsUXW ��SVasW�U{yXa \�\ UXW [ aV]V_3Y|]Vw�U^]sQ \ YZUXW#a@f3QbSVU{U&�VQ \ U r U [ a<Yl]<Q i \ U [ a<W�Y�Q�Y�esU � �

2 ww k w w

tt t

r

w0

t 0

12

123

3w2 +1

t2 k +1

w2 k -1

t k-12t

u1
2u3

v1

vv3 2

uu

2

2 -1
v2 -1

k

k

u2k

k

v2k

k

v2k+1

u2 k+1

� Y�wVn \ U8� � .,.Q� ���

� UXQ + $ . �jg/U pN\ W�Q�yXaV]VW�Q \ nVyXQ!i [Vk is]VUJw \ i [ S � �� :s; ��a<Yl]VYl]Vw�Q�a<w<UXQbSVU \ i/]Vn r :3U \ a@f
w�i@_3wsUXQ�W!i<]V_ Y|]VW�U \ Q�Yl]Vw�UX_3wsUXW � � UXQ � � _3U^]Va<Q�U`QbSVU [Vk i<]VU`w \ i [ SL_3U [ YZyXQ�UX_+Y|] � YZw�n \ U � � .,. �



� � � � � ��������� � � ��� 	 ��� � � � � ��� 	�� � � ��� ��������� ��� � ��� ����	 �D;

��� �	Y k�k :3U9QbSVU!wVi@_3w<UXQ �-U!nVW�U�Q�aJyXa�]VW�Q \ nVyXQ � �� � � ��a \ ]Va��8� YZw�]Va \ U�QbSVU�_3Y � U \ U^]VyXUXW�Yl]jQbSVU
k Yl]VU � W�Q�; k U�a@f QbSVU�UX_3w<UXW � � SVU8_3Y � U \ U^]VyXUXW ��Y kZk :3U�nVW�UTfon k fva \ _3Y�W�y^nVW�W�YZa�] k i@Q�U \ a�]����

�)a \�r ���� i@W~fva kZk a��	W � � a<Yl]`�,+ - .�yXa [ YZUXW	a�f � � :s;�YZ_3U^]<Q�Y f ;VY|]Vw�QTSVU8�,+�- .de<U \ Q�YZyXUXW � � � � ]
a<QbSVU \ �-a \ _3W^�Vi kZk QTSVU�e<U \ Q�YZyXUXW k i<:�U kZk UX_ �dYl]9QbSVUdyXa [ YZUXW	a@f ���8:3UXyXa r U�aV]VU�W�Yl]Vw k U�e<U \ Q�U&��Y|] � ��
:3nVQ�QbSVU \ UXW�Qda@f-QbSVU�e<U \ Q�YZyXUXW \ U r i�Y|]`_3YZW�Q�Yl]VyXQ ��� � asY|]`QbSVU�e<U \ Q�U&� k i<:�U k�k UX_ � � a@f{U^i@yXS`yXa [ ;JQ�a
QbSVU�e<U \ Q�U&� k i<:3U kZk UX_ 
 � a@f{QTSVU�yXa [ ;`QbS3i@Q�fva kZk a��	W�Y r�r UX_3Yli@Q�U k ;/y k aVy $ �	YZW�U ��Y�QTS/i�QTSVY�y $ UX_3w<U
f a \ i kZk � " �0� � � +�- .(% �����VUXU'� Y�wVn \ U8� � .^� � � � YZw�n \ U8� � .^��WbSVa��	W ��
�i<]V_ ��� � � SVU r U^i<]VYl]Vw�a@f

P
k

Pk

P
k

q
p
0

0 q
1

p
1 2

p
q2

r

� Y�wVn \ U�� � .^�T� � ��

QbSVU8]Vn r :3U \ W �	Y kZk :�U�U&� [Vk i@Yl]VUX_ k i@Q�U \ �
G a��8� k UXQ ���8_3U^]Va<Q�U�QTSVU�w \ i [ S4a�:VQbi@Yl]VUX_ :<; \ U [Vk i�yXY|]Vw9U^i@yXS9QbSVYZy $ UX_3w<U�Yl] � �� :<;�i [ i@QbS

a@f k U^]Vw<QbS�Q �-a � � SVU�]VU&�VQ	QbSVUXa \ U r YZW�QbSVU r i@Yl] \ UXWbn k Q�a�fhQbSVYZW	W�UXyXQ�YZa�]��

� �8� �I%'��4 < ��* H �J$ &b��*,� �;:[< �'� � 
 �T�LAT(+�;��� � � " ���{z � � � � a � �b*���&b�.*)-F(+*,��C �)<QG�&=������*IR=(K9 � �
&b<+::=+<DP �4� . C . < � � + - .0� C (+* �,+ < � � + - .0�`a


 *,( (K9 a~g/U pN\ W�Q�WbSVa�� QbS3i@Q � �/YZW9f U^i@W�Yl: k U � x U p ]VU) � " U � � 	 �� � i@W4fva k�k a��	W � �VUXQ� �2 ;
. < �o�,+ - .0�	Yqf 9 YZW8i9_�i@WbSVUX_ UX_3w<U�Yl] � � �7�VUXQ	 �2 ; �,+ < � �,+ - .0��Y f 9 YZW8i9QbSVYl]`W�a k YZ_/UX_3w<U�Yl]
��� �#�VUXQ� �2 ; .�f a \ i kZk QbSVU \ U r i@Yl]VY|]Vw4UX_3w<UXW 9 ��:�;!z \ a [ asW�YZQ�YZa�]�� � .�;�:3U k a��8�M � " ���{z � ��	 �� � �
�VYl]VyXUE �2 ; .�fva \ i kZk QbSVYZy $ UX_3wsUXW 9 �� � y^i<]�:3U�yXa�]<esU \ Q�UX_�Q�a�i [ a<Yl]<QdYl] ���{z � � ��� �

g U�]Va�� r i $ U�i<]�a�:VW�U \ e0i@Q�Y�aV]�� � f 9 YZW	i<]�UX_3w<UdYl]VyXY�_3U^]sQ �	YZQbS9i�_3UXw \ UXU � Q �$a�esU \ Q�U&��Yl] � �V�
QbSVU^] � 2 ; .df a \ i kZk � ")���{z � � �� � ����U^]VyXU<��YZQ�Wbn 39yXUXW�Q�a9WbSVa�� QbS3i�Q, � YZW�QbSVU�a�] k ; [ a<Yl]<QdYl]
���{z � � �� �-QbS3i@Q	S3i@W	QTSVU8e0i k nVU .�a�]�i kZk QTSVU�QbSVYZy $ UX_3w<UXW��



�DE ��� ������	�� � ����	
� � ��� � � � � �

1/5

2/5

1/5

4/54/5

3/5 3/5

2/5

11

4/5

1

1

1

11

6/5

6/5 6/5

6/5

6/5

1/5

1/5

1/5

1/5 1/5

1/5

1/5

1/5
2/5

2/5

2/5

2/52/5

2/5

2/5

2/5

3/5

3/5 3/5

3/5

3/5

3/5
4/5

4/5

4/5

4/54/5

4/5

4/5
3/5

3/5
4/5

4/5

4/5 4/5

4/5

1

1

1

2/3

1/3 1/3

2/3 2/3

1
1 1

4/3 4/3

4/3 11
1/3

1/3

2/3

2/32/3

2/3

2/3 2/3

1/3

1/3

1

0

0

� YZw�n \ U8� � .^�T� � 
 i<]V_ � �

� UXQ � �" ����z � � �� ��:�UJWbnVyXSjQbS3i@Q�YZQ�S3i@W�QbSVU�e@i k nVU .�a�]7i kZk QbSVU�QbSVYZy $ UX_3wsUXW � :�;7QbSVU
_3UXw \ UXU�yXa�]VW�Q \ i@Yl]sQ�W^� �-U�W�UXU�QbS3i@Q�QbSVU�U^]sQ \ YZUXW�Yl] � QbS3i@Q�yXa \�\ UXW [ a�]V_ Q�aJi kZk QbSVU�_�i@WbSVUX_ � UX_3w<UXW
Yl]�QbSVU�Wbi r U�yXa [ ;9a@f ��� r nVW�Q�S3i e<U�QbSVU�Wbi r U�e@i k nVU � G asQ�U�QbS3i@Q	QTSVY�Wde0i k nVU r nVW�Q�:�U�i@Q k U^i�W�Q
. < �o�,+ - .0�d:3UXy^isnVW�U � 2� ��� � �%��$ �Efva \ UXe<U \ ;�W�UXQ � ��SVasW�U8U k U r U^]sQ�W8i \ U�QbSVU�e<U \ Q�YZyXUXW k i<:3U kZk UX_
L 
 � � 
 �
	�	�	�	�� L � � � 
 � � � � � 
	a�f{QbSVU�Wbi r U�yXa [ ;�a�f � � ����a��-UXe<U \ � � 
� ��� ���%� ; �Efva \ yXUXW�QTSVU�e@i k nVU�Q�a
:3U�U&�ui�yXQ k ; . < � �,+ - .0� � � SVYZWdY r�[Vk Y�UXW�QTS3i@Q � ;  � � � SVU \ UXWbn k Q�fva k�k a��	W �

2 %'�8J@�I���������-� < ��* 9 ��� � �  � " U � � 	 �� � �,� : �TG�&���&'<D�

 �2 ;
�
�
��
�
�

�
. < � �,+ - .0� � 9 9 �;:[< N <+:I&b� N � N >Q� �
�,+ < � �,+ - .0� � 9 9 �;:[<���&D��� :�(DPZ� N � N >D� �
. (D��&b�.* �]��:B� 	

$%&b�.�  � " ����z � � �� �`a


 *,( (K9 a�} k U^i \�k ;<�: � + � � P k W�a��	YZQ�YZWJ]Va<Q9_3Y 39y^n k Q`Q�a/yXSVUXy $ QbS3i@Q� � Wbi@Q�Y�W p UXW�QbSVU _3UXw \ UXU



� � � � � ��������� � � ��� 	 ��� � � � � ��� 	�� � � ��� ��������� ��� � ��� ����	 �DO

yXa�]VW�Q \ i@Yl]<Q�W � � Q \ U r i@Yl]VW	Q�a4WbSVa�� QTS3i@Q� � Wbi@Q�YZW p UXWdQbSVU�Wbn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�]`yXa�]VW�Q \ i@Yl]<Q�W��
� UXQ8QbSVU!]VUXYZw�SV:3aVn \ W�a@f ���#Yl]ji<]<Q�Y � y k aVy $ �	YZW�U9a \ _3U \ � :�U � � � 
 � � � 
 � 
 
 	�	 	�	�� � � � � 
 � � ��SVU \ U � �

i<]V_ 
 � yXa \�\ UXW [ a�]V_9Q�a�QbSVU�esU \ Q�YZyXUXW k is:3U kZk UX_ � � is]V_ 
 �@� \ UXW [ UXyXQ�YZe<U k ;<�3a@f2QbSVU�Wbi r UdyXa [ ;�a@f � � �
���VUXU � YZw�n \ U�� � .^� � �

� UXQ � ��C :�U$QTSVU$WTSVa \ U-a@fNi�]Va�] � Q \ Y�eVYli k y^nVQ a@f � �� � G a<Q�U{QbS3i@Q �-U r i ;8i@W�Wbn r U-QbS3i�Qh:�a<QbS
� i<]V_ C�� ���� ��� � Y|]V_�nVyXU�yXaV]3]VUXyXQ�UX_7WbnVw \ i [ SVW�a�f ���� ��g+YZQbSVa�nVQ k a<W�W�a@f	w<U^]VU \ i k YZQ�;<�{i@W�Wbn r U
QbS3i@Q �O"�� �#g/U�yXa�]VW�YZ_3U \ Q �-a8y^i@W�UXW��
�
7�� � *�� �L_3a�UXWd]Va<Q	yXa�]sQbi@Yl]�i<]s;!esU \ Q�YZyXUXW�aV]9QbSVU8:3a�n3]V_�i \ ;�a@f � �� �

�3n [3[ a<W�U � � � 
 � "�� f a \ W�a r U � " �0� ��	�	�	 � �,+ % � � UXQ D �d_3U^]Va<Q�U�QbSVUdW�UXQ-a@f2UX_3w<UXW�Y|] QbSVUdyXa [ ;
a@f ����QbS3i@QdyXa�]sQbi@Yl]VW � � i<]V_ 
 � � �VYl]VyXU � _3a�UXW8]VasQ�yXa�]sQbi@Yl] i<]s;J:3a�n3]V_�i \ ;Je<U \ Q�YZyXUXW^�Ha�]VU�y^i<]
yXSVUXy $ QbS3i@Q: � � � � ��� � D �0� $R��� �,+�� < �o�,+ - .0� ����:VW�U \ esU�QbS3i@Q I ��� ��� � D � I)r nVW�Q :�U!i@Q k U^i@W�Q8� �
��U^]VyXU<�� � � ��� � �%� $ ( + < � �,+ - .0�
-7� < � �,+ - .0� ; � �

�3n [3[ a<W�U�QbSVU \ U�_3aVUXW�]Va<Q-U&�VY�W�Q � " �0� ��	�	�	 � �,+ %$WTnVy S9QbS3i�Q � � � 
 � "�� �2g U r i ;!i�W�Wbn r UdQbS3i@Q
Yqf 
 � "��	�VQbSVU^] � � � 
�"�� :3UXy^i<nVW�U8Yqf � � � 
 <"��	�VQbSVU^]  � � ��� ���%� $� � � ��� � � � � � � 
�% � � ��� � ]V_3YZyXUXW
i \ U�QTi $ U^] r a�_�n k a��,+�� � �VY r Y k i \ k ;<� �-U r i ;�i@W�Wbn r U�QTS3i@Q	Yqf � � " �	�3QTSVU^] 
 � ( 
," � �*�3n [3[ a<W�U
QbSVU \ U�U&��YZW�Q�W � "#�0� �
	�	�	�� � + %dWbnVyXS�QbS3i@Q 
 � � � � � 
�" � � � SVU^] � � � 
 � � 
 <" � � � QdY�W8]VasQ	_3Y�3!y^n k Q8Q�a
W�UXU-QbS3i@Q  � � ��� � �%� $ � � � SVU \ UTfva \ U<� �-U r i ;8i@W�Wbn r U$QTS3i@Q QbSVU \ U-_3aVUXW{]Va<Q U&��YZW�Q�W � " �@� ��	�	 	�� �,+ %
WbnVyXS QbS3i@Q 
 � � � � � 
'" � � :-nVQ�QbSVYZW r U^i<]VW�QbS3i@Q � ; � � % � �VYl]VyXU� � � ��� ���%� ; ��� �-U�W�UXU9QbS3i@Q
 � � ��� ��� � $ �EY f �j_3aVUXW�]Va<Q	yXa�]sQbi@Yl]�i<]s;!esU \ Q�YZyXUXW	a�]9QbSVU�:3a�n3]V_�i \ ;!a�f ���� �
�
7�� � 1 � �LyXa�]sQbi@Yl]VW�i@Q k U^i@W�Q	a�]VU�e<U \ Q�U&�!a@f QbSVU8:�a�n3]V_�i \ ;�a@f � �� �

� UXQ � 
� _3U^]Va<Q�U	QbSVU [Vk i<]3i \ _�n3i k a@f � �� � � UXQ�� _3U^]Va<Q�U	QbSVU-e<U \ Q�U&��a@f � 
� QbS3i@Q yXa \�\ UXW [ a�]V_3W
Q�a�QbSVU�U&�VQ�U \ YZa \ f i@yXU�a@f � �� �{��:VW�U \ e<U�QTS3i@Q	U^i@yXS9UX_3w<U�a@f � 
� y \ asW�W�UXW�i�n3]VYZtunVU�UX_3w<U�a�f � �� � � f
9 " D � � �� �X� �-U k UXQ 9 
8_3U^]VasQ�U�QbSVU�UX_3w<U�Y|] D � � 
� �	QbS3i�Q�y \ a<W�W�UXW 9 � � UXQ��O" U � ��	��� � :3U�WbnVyXS
QbS3i@Q�� 2 � ;  �2 f a \ i kZk 9 " D � � �� � �

G a<Q�YZyXU-QbS3i@Q QbSVU-W�UXQ2a�f�UX_3w<UXW ��� ���HyXa \�\ UXW [ a�]V_�Q�a�QTSVU$UX_3wsU � W�UXQ2a�fNidyX;�y k U-Yl]�� 
� yXa�]<QTi@Yl]VY|]Vw
QbSVU�e<U \ Q�U&��� S3i^eVYl]Vw�yXa<W�Q	 � � ��� � �%� ����U^]VyXU<� YZQ�Wbn 3!yXUXW�Q�a9WbSVa��(QbS3i@Q�i kZk yX;�y k UXW�yXa�]<QTi@Yl]VY|]Vw
QbSVU�esU \ Q�U&��� Yl] QbSVU�w \ i [ S � 
� �	YZQbS UX_3w<U � yXa<W�Q�W8w<YZe<U^] :<;���S3i@W8yXasW�Q8i@Q k U^i@W�Q�� ��g/U4WbS3i kZk
WbSVa�� QbSVYZW�:s;9yXa r�[ nVQ�Yl]Vw k a��-U \ :�a�n3]V_3W	f a \ WTSVa \ Q�UXW�Q [ i@QTSVW-f \ a r � �

g UE]Va�� w<YZe<U�QbSVU \ U r i@Yl]VY|]Vw`_3UXQbi@Y k W�f a \ QbSVU�y^i@W�UXW �dSVU^] + ; .�a \ � � � Q�YZW�]VasQ�_3Y�3!y^n k Q
Q�a w<U^]VU \ i k YZ�XU`QbSVU [3\ aVa@f	f a \ SVY�wVSVU \ e0i k nVUXW9a@f +�� � SVU�YZ_3U^i/YZW�Q�a/nVW�Yl]Vw/QTSVU�y k i�W�W�YZy^i k Q�UXyXS �



�DC ��� ������	�� � ����	
� � ��� � � � � �

]VYZtunVU�Yl]�]VUXQ �-a \%$�� a � QbSVUXa \ ;4a@f2i@W�W�YZw�]VYl]Vw � [ a<Q�U^]sQ�Yli k W �8Q�a�esU \ Q�YZyXUXW-a@f � 
� QbS3i@Q{WTi@Q�YZW�f ;�W�a r U
Yl]VUXtun3i k YZQ�YZUXW � ��a \ U^i�y S e<U \ Q�U&� ��" C�� � 
� �X� �-Umi�W�W�YZw�]7i`e0i k nVU - � WTnVy SjQbS3i�Q -�� ; �/i<]V_
- � - � � � $ - � f a \ i k�k L ��
 " C � � 
� � � � SVU i�W�W�YZw�] r U^]sQ�W�fva \ QbSVUdy^i@W�UXW ��SVU^] + ; .�i<]V_�+ ; �
i \ U�WbSVa���]DY|]!� YZw�n \ U!� � .^� � � SVU!]Vn r :3U \ aV] U^i@yXS`foi�yXU�W [ UXyXY p UXW�QbSVU�e@i k nVUmi�W�W�YZw�]VUX_jQ�a�QbSVU
e<U \ Q�U&�JQbS3i@QdyXa \�\ UXW [ a�]V_3W�Q�a�QbSVU�f i@yXU � � UXQ�L " C � � 
� � � � UXQ � 
 ; � � � ���
	�	�	�� � � ; L/:�U�QbSVU
e<U \ Q�U&�!W�UXt3nVU^]VyXU8a�f i [ i�QbS � f \ a r � Q�aEL Y|]�� 
� � � SVU^]�QbSVU�yXa<W�Q	a@f QbSVU [ i@QbS � Y�W

� ( 

�
�
�

 � � � � ��� � $

� ( 

�
�
�

 - � ��� � 
 - � � ; - � � ; - � 	

��U^]VyXU<�3QbSVU�yXa<W�Q-a@f i8WTSVa \ Q�UXW�Q [ i@QbS4f \ a r � Q�a'L9YZW�:�a�n3]V_3UX_�:�U k a � :<; - � � � Q�fva k�k a��	W	QTS3i@Q{Yqf
- � $ .<�3QTSVU^]�i<]<;9yX;Vy k U�Yl] � 
� QbS3i@Q	yXaV]<Qbi�Y|]VW LJi<]V_ � S3i�W	yXa<W�Q�i�Q k U^i@W�Q � �

}~a�]VW�YZ_3U \ i4yX;Vy k U�yXa�]sQbi@Yl]VYl]Vw � QbS3i@Q	_3aVUXW8]Va<QdyXa�]<QTi@Yl]Ji<]s;�e<U \ Q�U&��L �	YZQbS - � $ . � � QdY�W
]Va<Q�_3Y�3!y^n k Q�Q�a�W�UXU�QTS3i@Q�QbSVU�UX_3w<UXW8a�f$WbnVyXS/i�yX;Vy k U r nVW�Q�y \ a<W�W�a�] k ;�QTSVU�UX_3w<UXW8a�f ���� QbS3i@Q
:3U k a�]Vw�Q�a�QTSVU�Wbi r U-yXa [ ;�a@f ���8i<]V_�QbSVU^]EQ�a8yXSVUXy $ QbS3i�Q WbnVy S9idyX;Vy k U r nVW�Q{S3i e<U�yXa<W�Q{i@Q k U^i�W�Q
� �

����4 7�%�� � z \ UXeVYZa�nVW k ;<�HYZQ �	i@W�]VasQ $ ]Va���]�Yqf{QbSVU \ U�U&��YZW�Q�W8i<]�U&�VQ \ U r U [ a<Yl]sQ�a�f{QbSVU8Wbn3:VQ�a�n \��
U k Y r Yl]3i@Q�YZa�] [ a k ;�Q�a [ U ��SVasW�U�Wbn [3[ a \ Q�w \ i [ SjS3i@W�i�esU \ Q�U&� a@f�_3UXw \ UXUmSVYZw�SVU \ QTS3i<]6E � � SVU �
a \ U r � � . (�WbSVa��	W9QbS3i@Q�QTSVU�WTn [3[ a \ Q�w \ i [ S7a�f�QbSVU U&�VQ \ U r U [ a<Yl]sQ�WJy^i<]+S3i e<U ije<U \ Q�U&�7a@f
i \ :VYZQ \ i \ Y k ;JSVY�wVS�_3UXw \ UXU �

�	��� � 
 �	
 � 	 �5
 ���

� SVU�w \ i [ S�� � ��SVU \ U + $ .�_3U p ]VUX_jYl]/QbSVU [3\ UXe�YZa�nVW�W�UXyXQ�YZa�]/S3i�W�i�n3]VYZtunVU [ a<W�YZQ�YZe<U [ a<Yl]<Q
Yl] QbSVUJWbn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�] [ a k ;�Q�a [ U � � SVU \ UTfva \ U<�-Yqf �-U \ U r a@e<U i<]<;jUX_3w<U`f \ a r � �V�-QbSVU
\ UXWbn k Q�Yl]Vw�w \ i [ S �	Y kZk ]Va k a�]VwsU \ :�U�f U^i@W�Yl: k U � � SVYZW k U^i�_3W nVWdQ�a�QbSVU�]VU&�VQd_3U p ]VY�Q�Y�aV]����(YZW�WTi@YZ_
Q�a�:3U -V�;���;-F<DP�PZR 9��I<+:)����P^� Y f��6Y�Wdf U^i@W�Yl: k U�i<]V_`fva \ UXe<U \ ; 9 " D ����
 9 YZW8]Va<Q�f U^i@W�Yl: k U � � SVY�W
_3U p ]VYZQ�YZa�]jw<YZe<UXW�nVW�i�]Va<Q�YZa�]Da@f r Yl]VY r i k Y�Q�;/yXaV]VyXU \ ]VYl]Vw�QTSVU�Wbn3:VQ�a�n \ � U k Y r Yl]3i@Q�Y�aV] [ a k ;VQ�a [ U �
g/U�y^i<]ji k W�a/yXaV]VW�YZ_3U \�r Yl]VY r i k YZQ ;7Yl]jQ�U \�r W�a@f�QbSVU�_3Y r U^]VW�YZa�]La@f�QbSVU�WTn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�]
[ a k ;VQ�a [ U � � f����{z ���7��S3i@W�U&�3i@yXQ k ;JaV]VU [ a<Yl]sQ^� QTSVU^] � Y�W�Wbi@YZ_/Q�a�:3U ��&D�;� � G a<Q�U�QbS3i�Q � �4Y�W



� ��� �+� � ��� � � � � � � �DF

:3asQbS r Yl]VY r i kZk ;Jf U^i@W�Yl: k U�is]V_JQbSVYl]9f a \ UXe<U \ ;�+�$ . �

�VYl]VyXU9UXe<U \ ; f U^i@W�Yl: k U9w \ i [ S yXa�]sQbi@Yl]VW�i W [ i<]3]VYl]Vw Wbn3:Vw \ i [ S QbS3i@Q�YZW r Yl]VY r i kZk ;jfvU^i�W�Yl: k U<�
n3]V_3U \ W�QTi<]V_3Yl]Vw QbSVU Wbn3:VQ�aVn \�� U k Y r Y|]3i�Q�YZa�] [ a k ;VQ�a [ U/a@f r Yl]VY r i kZk ;+f U^i@W�Yl: k U�w \ i [ SVW �CYl] [ i \��
Q�YZy^n k i \ �-QbSVU`W�Q \ nVyXQTn \ U�a@f�QbSVU�U&��Q \ U r U [ asY|]sQ�W � �	Y kZk i k�k a�� nVW�Q�a/_ \ i � yXaV]Vy k nVW�Y�aV]VW�a�]jQbSVU
Wbn3:VQ�aVn \�� U k Y r Y|]3i�Q�YZa�] [ a k ;VQ�a [ UXWda@f#fvU^i�W�Yl: k U�w \ i [ SVW �

g U{y^i kZk i<] UX_3w<U 9 �':��`P^��:I: YqfHQbSVU \ U-_3a�UXW{]VasQ2U&�VYZW�Q  �" ����z ��� � WbnVyXS�QTS3i@Q  2 + � �h��:VW�U \ e<U
QbS3i@Q	i�w \ i [ S �	YZQbSVaVnVQ~nVW�U k UXW�W�UX_3w<UXW-YZW-f U^i@W�Yl: k U �{g U8:3UXw<Yl]�QTSVY�W-W�UXyXQ�Y�aV]�:<;9WbSVa��	Yl]Vw�QbS3i@Q-QbSVU
W�UXQ-a@f QbSVYl]9w \ i [ SVW �	YZQbS�]Va�nVW�U k UXW�W�UX_3wsU�Y�Wdi [3\ a [ U \ Wbn3:VW�UXQ	a�f2QbSVU�W�UXQ-a@f r Yl]VY r i kZk ;�f U^i@W�Yl: k U
w \ i [ SVW �

2 %'�8J@�I���������-� < ��* M � � � � � ; �0C � D � �,� <E>?*@<BA & �]����&���(	�':B� P^��:I: � N >D� a 7"9 � �;:Y��&D��� C]��&b��� �

��:Y-E��� ��-F<DP�PSRX9B�I<+:I� �.P � a

 *,( (K9 a �VYl]VyXU � S3i@W�]Va/nVW�U k UXW�W�UX_3w<U<������z ��� � ; � � �%�f a \ W�a r U � 3+6� � � f � YZW�]Va<Q r Y|]VY �
r i kZk ; fvU^i@W�Y|: k U<� QTSVU^]jQbSVU \ U�U&�VYZW�Q�W 9 " D is]V_ � 3" ���{z ���7� WbnVy S QbS3i@Q � 2 ; �3� ��SVYZy SjYZW�i
yXa�]sQ \ i@_3YZyXQ�YZa�]��

� SVU!yXa�]se<U \ W�U�a@f z \ a [ a<W�Y�Q�Y�aV]7� � .�E Y�W9]Va<Q�Q \ nVU ��}~a�]VW�YZ_3U \ QbSVU�w \ i [ S/_3U [ YZyXQ�UX_ Yl] � YZw �
n \ U8� � . ( � }	i kZk YZQ � �

e2

3

f 5

f
2

f
4

e5 4e e

3f

f
1

e
1

g
1

g
2

g
3

g
0

f0

e0

� YZw�n \ U8� � . ( �#P r Y|]VY r i k�k ;`f U^i@W�Yl: k U8w \ i [ S9QbS3i@Q	YZW�]Va<Q�QbSVYl]

}~a�]VW�YZ_3U \ i<]<; � " ���{z ��� � � � f 9 YZW�i<] UX_3w<U9Yl]VyXY�_3U^]sQ �	YZQbSji�_3UXw \ UXU � Q �$a`e<U \ Q�U&�H�#QbSVU^]
� 2 ; . � � ]�i@_3_3YZQ�YZa�]H�<QTSVU{_3UXw \ UXU-yXa�]VW�Q \ i@Yl]sQ�W f a \ yXU-nVW2Q�a S3i e<U�. 
 � 2 � ; � 2 � ; . 
 � 2

�
; � 2 ��;

. 
 � 2
�
; � 2�� ; 
 fva \ W�a r U 
E" d � � .If�i<]V_�. 
 � ��

�
; � �� � ; . 
 � ��

�
; � �� � ; . 
 � ��

�
; � �� � ; �

f a \ W�a r U � " d � � .Bf �



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

� \ a r QbSVU�Wbn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�] yXa�]VW�Q \ i@Yl]sQ�W^� �-U�W�UXU�QbS3i@Q

��
�-j� � ; � 2 � - � 2 � - � � � - � � � $ � i<]V_���� .�
�
 ��-j��� .�
 � � ; � 2
�
- � 2

�
- � �

�
- � �

�
$ � 	

��U^]VyXU<��
 - � ; . �

Pdw�i@Yl]H�Vf \ a r QbSVU�Wbn3:VQ�a�n \ � U k Y r Yl]3i@Q�Y�aV]JyXaV]VW�Q \ i@Yl]sQ�W^� �-U�W�UXU8QTS3i@Q

( 
 ; � 2 � - � 2�� - � �
�
- � �

�
$ � i<]V_ (6� . 
�
 � ; � 2

�
- � 2

�
- � � � - � � � $ � 	

� SVU \ UTf a \ U<� 
 ; 
� �9�	U^]VyXU<� � 2 ; 
� fva \ i k�k 9 " � 9 � �
	�	�	�� 9 � � � ����	�	 	�� � � % � :-nVQ�W�Yl]VyXU � , � � �-U
r nVW�Q8S3i e<U � 2 +(�4f a \ i kZkJ9 " � 
 � ��	�	 	�� 
 W % ���	U^]VyXU<� i kZk QbSVU [ a<Yl]<Q�W8Yl] ���{z ���7��i \ U [ a<W�YZQ�YZe<U �
� SVnVW^�
� YZW r Y|]VY r i k�k ; fvU^i�W�Yl: k U ����a��-UXe<U \ �6� YZW�]Va<Q�QbSVYl]���� YZw�n \ U�� � .�;�WTSVa ��W�Q �-a9U&��Q \ U r U
[ asY|]sQ�WdYl] ���{z ���7� �	YZQbS9e@i k nVU�.�aV]�QbSVU�QbSVYZy $ UX_3wsUXW i<]V_�e@i k nVU 
� aV]9QbSVU�QbSVYl]�UX_3w<UXW��{�	U^]VyXU<�
QbSVU�W�UXQ�a@fdQbSVYl]jw \ i [ SVW ��Y�QTS7]VaDnVW�U k UXW�W!UX_3w<U�YZW!i [3\ a [ U \ Wbn3:VW�UXQ�a@f�QbSVU9W�UXQ�a�f r Yl]VY r i kZk ;
f U^i@W�Yl: k U�w \ i [ SVW �

� YZw�n \ U�� � .�;T� � �-a [ asY|]sQ�W	Yl] QbSVU�Wbn3:VQ�a�n \ � U k Y r Yl]3i@Q�Y�aV] [ a k ;VQ�a [ U

��]VU r YZw�SsQ ]Va��(i@W $ SVa�� r i<]s;�U&�VQ \ U r U [ a<Yl]sQ�W�QTSVU8Wbn3:VQ�aVn \�� U k Y r Y|]3i�Q�YZa�] [ a k ;�Q�a [ U�a@f{i
r Yl]VY r i kZk ;�f U^i@W�Yl: k U�w \ i [ S9y^i<]�S3i e<U �

}~a�]VW�YZ_3U \ QbSVU�w \ i [ S�_3U [ YZyXQ�UX_jYl] � YZw�n \ U!� � .�E ��}	i kZk YZQ!�
� � � UXQ � " ���{z ��� � � ����]VU�y^i<]
U^i@W�Y k ;JyXSVUXy $ QbS3i@Q � r nVW�Q�S3i e<U�e0i k nVU�.�a�] U^i@y S QbSVYZy $ UX_3wsU�i<]V_`e0i k nVU 
� aV]9U^i@y S QbSVYl]`W�a k YZ_
UX_3w<U � � QEfva kZk a��	W�QbS3i�Q � 2 + ��fva \ i kZk�9 "�� 
 � ��	�	 	�� 
 W � � � ��	�	 	�� � W % ����U^]VyXU<�*� � YZW r Yl]VY r i kZk ;
f U^i@W�Yl: k U ��}-aV]VW�YZ_3U \ � 
 � � � � � W � � � ��SVU \ U � �2 ; � 2 f a \ i kZk 9�<" � 
 � ��	 	�	�� 
 W � � � ��	 	�	�� � W %�i<]V_ � 
2 ;
.`f a \ i kZk	9 "�� 
 ��� 
 �
� � ��� � � %V� � 
2 ; 
� f a \ i kZk	9 "�� 
 
 � 
 W � � 
 � � W %�� � �2 ; .`fva \ i kZk	9 "
� 
 � � 
 � � � 
 � � W %�� � �2 ; 
� f a \ i kZk,9 " � 
 
 � 
 W � � � � � � %V� � W2 ; . f a \ i k�k:9 " � 
 
 � 
 W � � � � � � %��



� ��� �+� � ��� � � � � � � (�.

g
0

g
1

g
3

g
2 h

h1

h3

h20

� Y�wVn \ U8� � .�E �2P r Yl]VY r i kZk ;`fvU^i@W�Y|: k U�w \ i [ S �	YZQbS`i@Q k U^i@W�Q*(�U&�VQ \ U r U [ asY|]sQ�W

� W2 ; 
� fva \ i kZk:9 " � 
 � � 
 � � � 
 � � W %�� � �2 ; .�f a \ i k�k:9 " � 
 
 � 
 W � � 
 � � W %�� � �2 ; 
� fva \ i kZk
9 " � 
 � � 
 � � � � � � � % � } k U^i \�k ;<� � 
 �
	�	�	�� � � i \ U�U&�VQ \ U r U [ a<Yl]<Q�W	a@f����{z ��� � � �

G a��8��Y�Q9YZWm]VasQ!_3Y�3!y^n k Q�Q�a/W�UXUJQbS3i@Q9:<; ��yXS3i@Yl]VYl]Vw �jQ�a<w<UXQbSVU \ +7yXa [ YZUXW�a@f7���-a�]VU`y^i<]
w<U^]VU \ i k YZ�XU � � Q�aJa�:VQTi@Yl]�i r Yl]VY r i kZk ;jf U^i@W�Yl: k U�w \ i [ S ��SVa<W�U4Wbn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�] [ a k ;VQ�a [ U
S3i@W-� � U&�VQ \ U r U [ a<Yl]sQ�W^��+�a@f ��SVYZyXS!i \ U�i 3m]VU k ;�Yl]V_3U [ U^]V_3U^]<Q �-��U^]VyXU<� �-U�S3i e<U-QbSVU	f a kZk a��	Yl]Vw �
� �8� �I%'��4 < ��* 
�� � (+*Y<+� RV�������K>D�.* � + � C ��&'��*,�[�23`��:B��: < -V�;���;-F<DP�PZR 9B�I<+:I� �.P � >+*,<IA�& ��� �]����&
_3Y r �����{z ����� �%� $ � a

} k U^i \�k ;<�@yX;�y k UXW{i \ U�QbSVU{aV] k ;8�di r Y k Q�a�]VYli<] r Yl]VY r i kZk ;�fvU^i�W�Yl: k U�w \ i [ SVW2is]V_8QbSVU�a�] k ;��di r Y k��
Q�a�]VYli<]9QTSVY|] w \ i [ SVW �	YZQbS�]Va!nVW�U k UXW�W�UX_3w<U ���	a��-UXe<U \ �Vw \ i [ S � QbSVUXa \ UXQ�YZy^i k yXS3i \ i@yXQ�U \ YZ�^i@Q�YZa�]VW	a@f
QbSVYl]`w \ i [ SVW8is]V_�a�f r Yl]VY r i kZk ;DfvU^i@W�Y|: k U�w \ i [ SVW�i \ U�]VasQ�;<UXQ $ ]Va���]�� � SVU \ U r i@Yl]V_3U \ a@f-QbSVYZW
W�UXyXQ�YZa�] YZW�_3UXe<asQ�UX_�Q�a�a�:VQTi@Yl]VY|]Vw�W�a r U�y k i@W�W�UXWda@f w \ i [ SVW�QbS3i@Q�i \ U8]Va<Q r Yl]VY r i kZk ;`fvU^i@W�Y|: k U�a \
]Va<Q	QTSVY|]��

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


� ]DQbSVYZW�WTn3:VW�UXyXQ�YZa�]H� �-U k aVa $ i@Q�W�a r U�y k i@W�W�UXW�a@f$w \ i [ SVW �	YZQbS/]Va nVW�U k UXW�W�UX_3w<U�QbS3i@Q8i \ U�]Va<Q
r Yl]VY r i kZk ;�f U^i@W�Yl: k U �!:�;mz \ a [ asW�YZQ�YZa�]J� � .�E3�<QTSVUXW�U8w \ i [ SVW�i \ U�]Va<Q	QTSVY|]`i@W �-U kZk �

� �8� �I%'��4 < ��* � � � � � � �,� �'M G)(+�����IG`��� N �]�\��& ��( �b:��`P^�.:):=� N >D� a �!� ADAT(+:B� ��
 <+� N)� � <+*,�
: �"�2>+*,<IA &Q: (K9 � : �TG�& ��&b<D� � ; � 
 � � � <+� N ��
�� � � ; � �]&b�.*,� � �;:�<
��*I��<+�4>QP �1�]����&
C���� � ; �(L � � ��
 %4a�4 :I: �'-F�E��&'<D��9B(+*[<?� R=� � (=� N >Q��: 9 � � " D ��� � C]��&b��*,�V� 3 �;:���: � " ���{z ��� �4�
: �4G.& ��&b<Q��� 2 ; � �� ; .'a $%&'��� � G)<+����(D���g� -V�;���;-F<DP�PZR 9B�I<+:I� �.P^� a



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


 *,( (K9 a �3n [3[ a<W�U�� YZW r Yl]VY r i kZk ;Jf U^i@W�Yl: k U � � UXQ� � "/���{z ���7� � � SVU^]� � + � �
� UXQ � ; C ��� � ���*�!L � � ��
 % � � UXQ 
 ;  � � � � �(L�% � � �%�T� � ;  � � � � � � % � � �%� � � ;  � � � � � 
 % � � �%� �

G a<Q�U8QTS3i@Q � ,  � � ����� � �!LF% �%� ; � - �#-+� 
 
 �d�	U^]VyXU<� � - � 
 
�$ � � �VY r Y k i \ k ;<� �-U�S3i e<U

 - � 
 � $ ��i<]V_

 - � 
 � $ � �

1+ε 2−(ε )

u

wv

... ...
...

U

u

wv +ε

+ε 1 +ε 2

+ε 2

1

1 +ε
2

−(ε
)

p

� YZw�n \ U8� � .�OT� � kZk nVW�Q \ i@Q�YZa�]�a�f r aV_3Y p y^i@Q�YZa�]VW

}~a�]VW�Q \ nVyXQ�QbSVUdw \ i [ S'� � :<;9i@_3_3Yl]Vw!i8]VU �+e<U \ Q�U&� � Q�a�� 
	i<]V_9yXa�]3]VUXyXQ�Yl]Vw � Q�a�L � � � i<]V_

 � � UXQ � ;  ���� -� �� � -  �� � - � 
 - � - �&� < � �2�VYl]VyXUE ��+ ��is]V_ 
 - � - ��$ �3� � + . �

�)a \�r � " U � � 	 � � i@W-f a kZk a��	W`�

� 2 ;

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

�

�0 �2 - � 
 - � 
 �&� < �,� � .�
 . < � ��Yqf 9 ; L �
�0 �2 - � � - � 
�
 � < �,�0� . 
 . < � ��Yqf 9 ; � 

�0 �2 - � 
 - ��
 � � < �,� � .�
 . < � ��Yqf 9 ; L 

. 
 
� �0 �� � -�� ��� (��� � Yqf 9 ; � L
. 
 
� �0 �� � - � ��� ( �� � Yqf 9 ; � �

. 
 
� �0 ���� - � � � ( �� � Yqf 9 ; � 

 �2 a<QbSVU \ ��Y�W�U

� Q	YZW ]VasQ	_3Y�3!y^n k Q�Q�a�yXSVUXy $ QbS3i�Q � �")���{z ��� � � ����aV_3Yqfv; � i@W-f a kZk a ��W �(�VYl]VyXU � ��� - � � � -
� � � , �3� �-U�W�UXU�QbS3i@Q	QTSVU \ U8U&�VYZW�Q�� 
 + �!i<]V_	� � + ��WbnVyXSJQTS3i@Q7.-
 � � � $
� 
 �
. 
 � � �E$�� � �
i<]V_�� 
 -�� � ; � ��� � G a<Q�U�QTS3i@Q � � � $ � � � � � � � $ � � � � � � � $ � ��� �'"dUX_�nVyXU � � � i<]V_ � ���
:s;
� 
�-
� � � � ]Vy \ U^i@W�U � � � is]V_ � � � :<;�� 
^� � � � i<]V_ � � � :s;
� � � � Q�YZW9U^i@W�;jQ�a y SVUXy $ QbS3i@Q
� " ���{z ��� � � �	YZQbS � ��� ; � �
:�;�i�W�Wbn r�[ Q�YZa�]H� QbSVU \ U9U&��YZW�Q�� 
 � � � � � W " ���{z ��� �&� WbnVy SjQTS3i@Q�� 
��� ; � 
� � ; .<��� ���� ;

� �� � ; .<�)i<]V_�� W� � ; � W� � 	 � UXQ

 � � ; � . 
 � � � ��� 

 - � . 
 � � � ��� 

� - � . 
 � � � ��� TW 	



� ��� �+� � ��� � � � � � � (��

�VYl]VyXUE � � YZW�i�yXa�]se<U&�9yXa r :VY|]3i�Q�YZa�]9a@f [ a<Yl]sQ�W�Yl]/���{z ��� �4�X�� � � " ���{z ��� �&� �
}~a�]VW�Q \ nVyXQ �- " U � � 	�� i�W�fva k�k a��	W � �VUXQ �- 27; � 2 Yqf 9 " D ��� 
%� � �VUXQ �- 27;  � �2 Y f 9 "

D ��� � ���&�!L � � � 
 � L 
 % � � G a<Q�UJQbS3i@Q � ��� ; � � ��} k U^i \�k ; �- $ �7is]V_ �- � ��� � � �%� ; � f a \ i kZk
� � "�C ���7� 
 �!L � � ��
 % �

G a��

�- � � � L��%� ;  � � � �
	
�
�0L��%��
) � ���� 
) � �� � - � 
� �
	 � �0L��%�

; � 
  � ���� 
) � �� � - � 2� �
	 � �0L��%�
; � � � - � 2� �
	 � � L��%�
; � 
� � 	 � �0L��%� ; �

�VY r Y k i \�k ;<� �- � � � � �%� ; ��is]V_ �- � ��� 
 �%� ; � �
}~a�]VW�YZ_3U \ �8" �����7� � � f�� _3a�UXW�]Va<Q	yXaV]<Qbi�Y|] i<]s;9a@fJL � � � 
 � L 
 �<QbSVU^] y k U^i \�k ; �- �0� ��$ � �

PdW�Wbn r U:� yXa�]<QTi@Yl]VW~i�Q k U^i@W�Q-a�]VUda@f L � � � 
 � L 
 � � SVU^]�YZQ r nVW�Q{yXa�]sQbi@Yl]4U&�ui�yXQ k ;�Q �$a�a�f QTSVU r �

�3n [3[ asW�U�L 
 � � 
 "�� � � UXQ�� ��C6:3U�i�WbSVa \ U�a�f � �	YZQbS 
 "�� � � SVU^]

�- � ��� � �%� ;  � � � �
	
�
� �&��C ��� �&�%� 
  � �� � 
  � �� � - � 2� �
	 � � �&��C�����
 �%� �

; � � � - � 2� �
	 � � �&��C�����
 � �%�
; � 2� � 	 � � �&��C ��� 
 �%� $ � 	

�VY r Y k i \�k ;<� YqfJL � � � 
 " � a \ YqfJL 
 � � 
 "�� � �- �0� ��$ � �$��U^]VyXU �- � � � $+��f a \ i<]s;J]Va�] � Q \ YZeVYli k
y^nVQ�� a@f#� �

� S�nVW^� �- " ���{z ���7� �	YZQbS �- ��� ; � ��� ; � � � SVYZW-yXa�]sQ \ i@_3YZyXQ�W-QbS3i�Q(� YZW r Yl]VY r i kZk ;9fvU^i�W�Yl: k U �

�
�8%��83?3�7�%'A < ��* N � 4 A�P <?��<+* >?*@<BA &���&b<D� ��: (TM G)(?� ���IG`��� N (+*Y&'<+:[<�:B�@A4<+*,<D�����4> ��*)��<+�T>DP^�VG)<+����(D�
�g�[-V��� ��-F<DP;PZR 9��I<+:)����P^� a

 *,( (K9 a � UXQ � :�UJi [Vk i<]3i \ w \ i [ S�� � f � Y�W ( � yXa�]3]VUXyXQ�UX_ ��QbSVU^] � Y�W9��i r Y k Q�aV]VY|is]7:<; � SVU �
a \ U r � � . �9�	U^]VyXU<� � YZW�]Va<Q r Y|]VY r i k�k ;jf U^i@W�Yl: k U � �Va Wbn [3[ asW�U�� S3i@W�i�W�U [ i \ i@Q�Yl]VwJQ \ Y|is]Vw k U
�	YZQbS e<U \ Q�YZyXUXW:L � � ��
 WbnVy S QbS3i@Q-Yqf �-U p �Ji [Vk i<]3i \ U r :3UX_3_3Yl]VwJa�f �6i<]V_ k UXQ � :�U8QbSVU�W�UXQ	a@f



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

e<U \ Q�Y�yXUXW�Yl] QbSVU�Yl]sQ�U \ YZa \ a@f-QbSVU�Q \ Yli<]Vw k U4Y|]V_�nVyXUX_ :s;)�(L � � ��
 %��3QTSVU^] � � ; � d � � �!L � � ��
 %�f
YZW8YZW�a r a \�[ SVYZy!Q�a
' � a \ Y�W'( � yXa�]3]VUXyXQ�UX_ � � ] UXYZQbSVU \ y^i@W�U<� QTSVU \ U�YZW�i`��i r Y k Q�aV]VY|is]/yXY \ y^nVYZQ�Yl]
� � yXa�]sQbi@Yl]VYl]Vw�i<]s;JQ �-a�a@f�L � � � 
 ��is]V_ L 
 :s; � SVUXa \ U r � � . � � UXQ7��
 ; ��
 � i<]V_/i [3[Vk ;
� SVUXa \ U r � � .�C �

g UE]Va�� r a@e<U�a�]`Q�a9_3U \ YZe�Yl]Vw W�a r U�w<U^]VU \ i k yXaV]V_3Y�Q�Y�aV]VW ��g/U�:3UXw<Yl] ��Y�QTS Q �$a4Q�UXy S3]VYZy^i k
k U r�r i@W�� � SVU pN\ W�Q�Y�W �-U kZk�$ ]Va���]ji<]V_jQbSVU!W�UXyXa�]V_jfva k�k a��	W�f \ a r i`W�Q \ a�]Vw<U \�\ UXWbn k Q�_�nVU�Q�a
:�a@;�_ i<]V_/z{n kZk UX;u: k i<] $ � � SVUXa \ U r ( � O�Yl] d (`f�� �	g/U �	Y kZk{[3\ a@e<U�:3a<QbS k U r�r i@Wdf a \ QbSVU8Wbi $ U8a@f
yXa r�[Vk UXQ�U^]VUXW�W �

� ��4 4 7 < �#1 � � � �`� � ; �0C ��D � �,�V< G)(+�����IG`��� N >+*,<IA�&�&b<(= �;�T>�<D� P^�)<?:B� � = ��*�����G)�.: a 7"9 � �;:V<
��(?� M G.*,(+:):I���4> 9�<+-V�\PZR=(K9[G �T��:[(K9 � C ��&b��� I � I , � I C I 
/� a

 *,( (K9 a :�; � U r�r ij� � ;3� QbSVU \ UJU&�VYZW�Q�W�i/]VUXW�Q�UX_Lfoi r Y k ; � yXa�]sQbi@Yl]VYl]Vw [3\ UXyXYZW�U k ; aV]VU [3\ a [ U \
WbSVa \ U�a@fhU^i�y S9y^nVQ	Yl] � �)i<]V_J]Va�a<QbSVU \ W�UXQ�W �

g+YZQbSVa�nVQ k a<W�W�a@fdw<U^]VU \ i k YZQ�;<� �-U r i ;/i@W�WTn r U����M%)" � f a \ U^i@yXS � " C ��}-aV]VW�YZ_3U \ QbSVU
\ aVa<Q�UX_ Q \ UXU��!� �2� � G a<Q�U�QbS3i@Q�QbSVU \ a�asQ � S3i�W�i@Q k U^i@W�Q�QbS \ UXU�yXSVY k _ \ U^]7i<]V_/QbS3i�Q�� S3i@W I C I
k U^i e<UXW ��Y�QTSJU^i�y S`]Va�] � k U^i f~S3i eVY|]VwJi�Q k U^i@W�Q�Q �-a�y SVY k _ \ U^]�� � UXQ�� _3U^]Va<Q�U�QbSVU�W�UXQda@f k U^i^esUXW�a@f
� � � SVU^]H�

��� I C ��� � I 
 .0� ; � I D ��� � I $ _3UXw
� � �6- �� 4��
_3UXw
� � � - ����4��

_3UXw
� � �

$ ��- I C I - ��� I C'��� � I 
 I C I 
 .0� 	

; � I C ��� � I 
/� I C I

� Q~fva kZk a��	W	QbS3i�Q I � I � I C���� � I , � I C I 
/� �
� ��4 4 7 < �#1&*�� � � � � ; �0C � D � �,� 9��)<+:I����P^� �]�\��& I D I $ � I C I 
j� a 7"9 � ��:E<+�H�23 ��*,��-F�LAT(+�����
(K9 ����z ���7� C]��&b���
��&b�.*,�E�23`��:B��: 9 " D ���7� : �TG�&=��&b<D��� 2 ; � a

 *,( (K9 a �3n [3[ a<W�U � �+ � � :�; � SVUXa \ U r ( � F`Yl] }-a \ ]�n 	U � a k W�UXQ�i k � d .^�.f ��QbSVU \ U�U&�VYZW�Q�W�i/]Va�] �
y \ a<W�W�Yl]Vw�foi r Y k ;�a�fhy^nVQ�W � � WbnVyXS9QbS3i@Q

� � % ; �( �" U � �  2� �!� ; � � � "�� � % 	



� ��� �+� � ��� � � � � � � (=;

:�; � U r�r i8� � �s�3� �-U $ ]Va�� QbS3i@Q I � � I�, � I C I 
9� ���VYl]VyXU I D I + � I C I 
9�E$ I � � I �<QbSVU�W�;�W�Q�U r
 2� �!� ; ��f a \ i<]s;�� "�� �Ny^is]3]Va<Q�S3i e<U�i�n3]VYZtunVU�W�a k nVQ�YZa�]�� � SVYZW	YZW�i�yXa�]sQ \ i@_3YZyXQ�YZa�]��
� �8� �I%'��4 < �#1�1 �L7"9 � ; �0C ��D � ��:Y-V�;���;-F<DP�PZR 9��)<+:I����P^�[<+� N I C I $ � C ��&b��� I D I , � I C I 
�� a

 *,( (K9 a � SVYZW	f a kZk a��	W	Y r�r UX_3Yli@Q�U k ; f \ a r � U r�r i4� � ��. �

�
�8%��83?3�7�%'A < �#1�< � � = �.*)R �'M GI(+�����IG`��� N�( M *,�O> �4P^<+* >?*,<IA &=��:Y��(D� -E��� ��-F<DP�PSRX9B�I<+:I� �.P � a

 *,( (K9 a � UXQ �(:�U i�� � yXa�]3]VUXyXQ�UX_ ( � \ UXw�n k i \ w \ i [ S�� � Q-YZW	]Va<Q-_3Y 39y^n k QdQ�a�W�UXU�QbS3i@Q*� Y�W ( � UX_3w<U �
yXa�]3]VUXyXQ�UX_ � � SVnVW^� 
� � " ���{z ���7� � � Q-f a kZk a��	WdQbS3i@Q��6S3i@W�]Va!nVW�U k UXW�W�UX_3wsU ���VYl]VyXU I D I ; � I C I �
QbSVU \ UXWTn k Q�f a kZk a��	W~f \ a r � SVUXa \ U r � � �<� �

� �8� �I%'��4 < �#1 H � � =+��*IR �'M G)(+�����IG`��� N8�'M *@�K>��TP^<+* �I�ZA4<?*B�������Y>+*,<IA &=��:Y��(D� -V�;���;-F<DP�PZR 9B�I<+:I� �.P^� a

 *,( (K9 a � UXQ � ; �0C � D � :�U�i�� � yXa�]3]VUXyXQ�UX_�� � \ UXw�n k i \ :VY [ i \ Q�Y�Q�U8w \ i [ S��

� UXQ �J:�U~i r Yl]VY r i k WTSVa \ U{a�f�i	]VaV] � Q \ YZe�Yli k � � UX_3w<U�y^nVQ � � fN]Va�]VU{U&�VYZW�Q�W^� QbSVU^] k UXQ � ; C �&���M%
f a \ W�a r U � "HC � � UXQ L ��
 " ��:�U�i@_���i@yXU^]sQ � � UXQ 
 
 ��
 ��:3U-QbSVU�]VUXYZw�SV:3a�n \ W{a@f�L�_3YZW�Q�Y|]VyXQ�f \ a r

 is]V_'L 
 � L ��:3U	QbSVU	]VUXYZw�SV:3a�n \ W{a@f 
 _3Y�W�Q�Yl]VyXQ f \ a r L �#�VYl]VyXU �+YZW{:VY [ i \ Q�YZQ�U<�&L 
�L � ��
 
 
 � <" D �

� UXQ � :�U�QbSVU�w \ i [ S`a�:VQbi�Y|]VUX_`f \ a r ��
 L 
 :<; \ U r a@eVY|]Vw�L/i<]V_ 
 i<]V_/i@_3_3Yl]Vw`QbSVU�UX_3w<UXW
L 
�L ��i<]V_ 
 
 
 � �

� Q�YZW�U^i@W�;JQ�a9W�UXU8QTS3i@Q ��
 L 
 YZWdf U^i@W�Yl: k U�Yqf~i<]V_`a�] k ; Y f-QbSVU \ U�U&��YZW�Q�W � #" ���{z � �)�	WbnVyXS
QbS3i@Q � 2�; .�f a \ i k�k�9 " �!L 
 L � ��
 
 
 � % �-g U�WTSVa � QbS3i@Q � YZW�� � UX_3w<U � yXa�]3]VUXyXQ�UX_ � � f$]Va<Q^�)QbSVU^]
QbSVU \ U-U&�VYZW�Q�W$id]Va�] � Q \ Y�eVYli k � � UX_3w<U-y^nVQ � � � � a�f �+QbS3i�Q2yXa�]sQbi@Yl]VW L 
 � :-nVQ�E ; I � � ��� I - I ������� I $
I ��� � � � � I - I ��� � � � � I $ E � ��U^]VyXU<� ��� � � � �#YZW{i�� � UX_3w<U	y^nVQ�� :-nVQ QbSVYZW�yXa�]<Q \ i@_3YZyXQ�W QbSVU-yXSVa<YZyXU
a@f �jW�Yl]VyXU �&�
� YZW�i [3\ a [ U \ Wbn3:VW�UXQ	a�f�� � � S�nVW^� ��YZW�� � UX_3w<U � yXa�]3]VUXyXQ�UX_/i<]V_J� � \ UXw�n k i \ �

� UXQ�� � ; � � �0C�� � � � :�;7}-a \ a k�k i \ ; ; � ;3�#� � YZW!:VY [ i \ Q�YZQ�UJis]V_ � � \ UXw�n k i \ ��i<]V_ S3i@W�]Va
]Va�] � Q \ Y�eVYli k � � UX_3w<U4y^nVQ �7�VYl]VyXU 
W � "�z � ��� � � �HY f��(YZW�i9]Va�] � Q \ Y�eVYli k y^nVQ �HQbSVU^]  2�0� �:$ �W f a \
i kZk  "/z � ��� � � �	�	U^]VyXU<�
� � S3i@W�]Vam]Va�] � Q \ YZe�Yli k Q�YZw�SsQ�y^nVQ � � Q�YZW ]Va<Qd_3Y�3!y^n k Q�Q�a9W�UXU8QbS3i�Q � �
YZW i9: \ i@yXU8i�W i \ UXWbn k Q �	�	U^]VyXU<�6� � 
 �!L 
 � L � ��
 
 ��
 � %�S3i@W�i [ U \ f UXyXQ r i@Q�yXSVYl]Vw � � � Q	f a kZk a��	W
QbS3i@Q � � ; � � �(L 
5L � ��
 
 
 � % �&�(L 
 % YZW�i [ U \ fvUXyXQ r i@Q�yXSVYl]Vw�a@f ��� �0C�� ��� �#�VYl]VyXU'� � �jY�W
� � yXa�]3]VUXyXQ�UX_�i<]V_/� � \ UXw�n k i \ � 
W � " ����z ��� � ��� � :�;�}-a \ a kZk i \ ;�� � (��6� YZW r i@Q�yXSVYl]Vw � yXa@e<U \ UX_
i<]V_ � � y^i<]J:�U�U&��Q�U^]V_3UX_ Q�a�i [ U \ f UXyXQ r i�Q�y SVYl]Vw�� a@f � �



(=E ��� ������	�� � ����	
� � ��� � � � � �

� UXQ � ; 
� ��� � - � � ��SVU \ U�� � _3U^]Va<Q�UXW9QbSVUJYl]VyXYZ_3U^]VyXU/e<UXyXQ�a \ a@f�� � � �VYl]VyXU � YZW�� �
UX_3w<U � yXa�]3]VUXyXQ�UX_ � � )")���{z � � � �
�Hn \ QbSVU \�r a \ U<� � 2�; .�f a \ i kZk�9 "#�!L 
5L � ��
 
 
 � % � � SVU \ UXWbn k Q
f a kZk a��	W��

� Q-Y�Wd]Va<Q $ ]Va �d]�Yqf QbSVU \ U�U&�VY�W�Q�� � yXa�]3]VUXyXQ�UX_ r Y|]VY r i k�k ; fvU^i@W�Y|: k U�w \ i [ SVW � � ]4foi@yXQ ��QTSVU�y^i@W�U
��SVU^]�QbSVU�w \ i [ S Y�W{� � \ UXw�n k i \ i<]V_�]Va�] � :VY [ i \ Q�YZQ�U	YZW W�Q�Y kZk n3] \ UXW�a k e<UX_ ���	a��-UXe<U \ � UXe�YZ_3U^]VyXU	W�UXU r W
Q�a [ a<Yl]sQ{Q�a�QbSVU�]VUXw�i@Q�Y�esU�_3Y \ UXyXQ�YZa�]�� � SVU�_3Y�3!y^n k Q�;�Yl]4yXa�]VW�Q \ nVyXQ�Y|]Vw�i�� � yXa�]3]VUXyXQ�UX_ r Yl]VY r i kZk ;
f U^i@W�Yl: k U!w \ i [ SH� Yqf	a�]VU�U&��YZW�Q�W^� k YZUXW�Y|] YZ_3U^]<Q�Y f ;VY|]Vw/� � yXaV]3]VUXyXQ�UX_/w \ i [ SVW8QbS3i@Q8i \ U�fvU^i@W�Y|: k U�:3nVQ
]Va<Q��di r Y k Q�a�]VYli<]���g/U�U^]V_`QbSVYZW�Wbn3:VW�UXyXQ�YZa�] �	YZQbS�iEtunVUXW�Q�Y�aV]��

2 %'�8>)3���4 < �#1 9 ��� <+�
< �'M GI(+�����IG`��� N >+*,<IA &
�g�[-V��� ��-F<DP;PZR 9��I<+:)����P^���

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

� ]`QbSVYZWdWbn3:VW�UXyXQ�YZa�]H� �-U k aVa $ i@QdW�a r U8y k i@W�W�UXWda@f$]Va�] � QTSVY|]`w \ i [ SVW ��Y�QTSJ]Va�nVW�U k UXW�W�UX_3w<U�QbS3i@Q
i \ U8]VasQ	yXa@e<U \ UX_�Yl]�QbSVU [3\ UXe�YZa�nVWdWbn3:VW�UXyXQ�YZa�]��

g U!:3UXw<Yl] �	YZQbS/� � \ UXw�n k i \ w \ i [ SVW � � SVUXW�U�w \ i [ SVW�i \ U�U^i@W�YZU \ Q�aJS3i<]V_ k UJ:3UXy^i<nVW�U<�2Yl] QbSVU
y^i@W�U ��SVU^]�QbSVU-w \ i [ SVW$i \ U	� � yXaV]3]VUXyXQ�UX_ � �-U	y^i<]�yXa�]VW�Q \ nVyXQ [ a<Yl]<Q�W{Yl]�QbSVU	WTn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�]
[ a k ;VQ�a [ U�f \ a r [ U \ f UXyXQ r i@Q�yXSVYl]Vw<W �

� �8� �I%'��4 < �#1 M � � � � � ; �0C ��D � �,�Y< �4M *,�O> �4P^<+* >+*,<IA & a 7"9 � ��: 9��)<?:)����P^��C%��&b��� � ��: ��(Q� ��&D��� a


 *,( (K9 a �VYl]VyXU � YZW�f U^i@W�Yl: k U<� � r nVW�Q!:3U � � yXa�]3]VUXyXQ�UX_ � �3n [3[ a<W�U � YZWm� � yXaV]3]VUXyXQ�UX_ � � SVU^]


W � " z � ��� ��i<]V_+W�a � S3i@W�i [ U \ f UXyXQ r i@Q�yXSVYl]Vw � :<; }-a \ a kZk i \ ; � � ( � �	U^]VyXU<� �W � i<]V_
� ���
	 - � �	i \ U�Q �-a�_3YZW�Q�Yl]VyXQ [ a<Yl]sQ�W	Yl] ����z ��� � �

�3n [3[ a<W�U � YZW~]VasQ$� � yXa�]3]VUXyXQ�UX_ ���VYl]VyXU7� Y�W	� � yXaV]3]VUXyXQ�UX_mis]V_m� � \ UXw�n k i \ �VQbSVU \ U r nVW�Q-U&�VYZW�Q
i�� � UX_3wsU�y^nVQ ��� � � �

S

� YZw�n \ U�� � .�CT� P � � UX_3wsU8y^nVQ



� ��� �+� � ��� � � � � � � (=O

��:VW�U \ e<U9QbS3i@Q8Yqf, 
 " ���{z ��� � ����i<]V_  � " ����z ��� � �0C � � �%�X� QbSVU^]  
 i<]V_  � y^i<]
:3U4W [Vk Y�yXUX_jQ�a�w<YZe<U9i [ a<Yl]sQ8Yl] ���{z ���7� � G i r U k ;<� Yqf � " U � YZW8WTnVy S`QbS3i@Q � 2	; .�f a \ UXe<U \ ;
9 " ��� ���X� � 2�;  
2 fva \ UXe<U \ ; 9 " D ��� d C	� � f �X� i<]V_ � 2	;  �2 f a \ UXe<U \ ; 9 " D ��� d � f �X�)QbSVU^]
� " ���{z ���7� ���	U^]VyXU<�)YZQ�Wbn 39yXUXW	Q�a�WbSVa�� QTS3i@Q	UXYZQbSVU \ ���{z ��� � ���~a \ ���{z ��� � � C � � �%�-S3i@W
r a \ U�QbS3i<]9a�]VU [ a<Yl]<Q �

� UXQ �9:3U�QbSVU [ W�U^nV_3a � e<U \ Q�U&��a@f(� � � � G a<Q�U�QbS3i�Q �!S3i�W�U&�3i@yXQ k ;�Q �-aE]VUXYZw�SV:3aVn \ W^�HWbi ;�L
i<]V_ 
 �{}	SVaVa<W�U �jW�a4QbS3i@Q �!L ��
 %�YZW	QbSVU�a�] k ;!Q �-a � W�U [ i \ i@Q�a \ a@f�� � � � ��:VW�U \ e<U�QbS3i@Q�L`i<]V_

 y^i<]3]VasQ$:3U8i�_�� i@yXU^]sQ{Yl]�� � � �{�dQbSVU \ �	YZW�U<� � � �!L � � ��
 % � �	Y kZk :�U i<]VasQbSVU \ Q �-a � W�U [ i \ i@Q�a \ a@f
� ��� � g/U�WbSVa�� QTS3i@Q����{z ��� �����-S3i@W r a \ U�QbS3is]9a�]VU [ a<Yl]<Q �

�)a \�r QbSVU�� � yXa�]3]VUXyXQ�UX_J� � \ UXw�n k i \ w \ i [ S�� f \ a r � � �j:<; \ U r a0eVYl]Vw ���oi<]V_�QbSVUdYl]VyXY�_3U^]sQ
UX_3w<UXW ��i<]V_7i@_3_3Yl]Vw�Yl]jQbSVU4UX_3w<U � ; L 
 �J��:VW�U \ e<U�QbS3i@Q�Yqf 9 " �
	 �&. � � �X�HQTSVU^] � 2'; .�f a \
i kZk � " ���{z ��� � ��� ����U^]VyXU<� i<]<;  � " ����z � �)� �	YZQbS) � � ; .�y^i<] :3U9U^i@W�Y k ;�yXaV]<e<U \ Q�UX_/Q�a
i [ a<Yl]sQ�Yl])���{z ��� � ��� � � SVU \ UTf a \ U<�)Y�QdWbn 3!yXUXW�Q�a�WbSVa��RQTS3i@Q ���{z � �)�	S3i@WdQ �$a [ a<Yl]sQ�W�QbS3i@Q
S3i e<U�e0i k nVU�a�]VU8aV]9QbSVU�UX_3w<U � �

PdW � YZW r i@Q�y SVYl]Vw � yXa@e<U \ UX_ �@QTSVU \ U-Y�W-i [ U \ f UXyXQ r i@Q�y SVYl]Vw � ��nVW�Yl]Vw � � � SVnVW  � ; 
� ��� 	 � -
� �	YZW8i [ a<Yl]sQ8Yl])���{z � � � �	YZQbS  � � ; . � � f � S3i@W�i9��i r Y k Q�aV]VY|is] yXY \ y^nVYZQ�nVW�Yl]Vw
�#�HQbSVU^]`QbSVU
Yl]VyXYZ_3U^]VyXU�e<UXyXQ�a \ a@f QbSVU���i r Y k Q�aV]VY|is]�yXY \ y^nVYZQ�wsY�esUXW nVW�iEW�UXyXa�]V_ [ a<Yl]<Q��

PdW�Wbn r U8QbS3i@Q � S3i�W�]Vam�di r Y k Q�a�]VYli<]`yXY \ y^nVYZQ8nVW�Yl]Vw&� �-g U8WbSVa�� QbS3i�Q	QbSVU \ U�Y�W�i [ U \ f UXyXQ
r i@Q�y SVYl]Vw7_3YZW�Q�Yl]VyXQ`f \ a r � � nVW�Yl]Vw � � �3n [3[ a<W�U/QTSVU \ U/YZWJi7n3]VYZtunVU [ U \ f UXyXQ r i@Q�yXSVY|]Vw �
nVW�Yl]Vw � � G asQ�UJQbS3i�Q � ; 


W � "(z � � �)� � �VY|]VyXU � YZWJ]Va<Q!i<]LU&��Q \ U r U [ a<Yl]<Q9a@f�z � � � � �
� +y^i<] :3U � \ Y�Q�Q�U^] i@W 1 �

�
�

 	 � � 	 � ��SVU \ U � � � � ; . ��	 	�	�� ��� Y�W i [ U \ f UXyXQ r i@Q�yXSVY|]Vw a@f��j�

i<]V_ � � 	 � � .9f a \ U^i�y S � ; . �
	�	�	�� �{i<]V_ 1 �
�
�

 	 � ; . � �VY|]VyXU � YZW�QbSVU�a�] k ; r i@Q�yXSVYl]Vw

yXa�]sQbi@Yl]VYl]Vw �2� �-U�W�UXU9QbS3i@Q � ; � � f a \ W�a r U � �4P�W�Wbn r U �	YZQbSVaVnVQ k a<W�W�a@f	w<U^]VU \ i k YZQ�;/QbS3i@Q
� 
 ; � � � SVU^]�	 
 ; 1 �

�
�

 	 � � 	 �� ; � �� ; 
W � G a�� � � &
 
W � 	 � � � ; ��f a \ i kZk � � " � �

�VYl]VyXU � &
 
W � 	 ; 1 �
�
�
� 	 � � 	 � � Y�Q�f a kZk a ��W�QTS3i@Q � � YZW�i [ U \ f UXyXQ r i�Q�y SVYl]Vw a@f � 
 � f a \

i<]s; � "3�0� �
	�	�	�� � % ����U^]VyXU<� � � � �8YZW�yXa r�[ a<W�UX_ja@f	UXe<U^] yXY \ y^nVYZQ�W!is]V_/Yl]V_�nVyXUXW!i�W [ is]3]VY|]Vw
Wbn3:Vw \ i [ S�a�f�� �#�VYl]VyXU � S3i@W	]Va���i r Y k Q�aV]VY|is]9yXY \ y^nVY�QdnVW�Yl]Vw �#�VQbSVU \ U r nVW�Q$:�U i�yXY \ y^nVYZQ
� Yl]
� � � ��]Va<Q	yXa�]sQbi@Yl]VYl]Vw
� � � Q�fva kZk a��	WdQbS3i@Q � � �6Y�W�i [ U \ f UXyXQ r i@Q�yXSVY|]Vw9a@f � nVW�Yl]Vw
�/i<]V_
_3YZW�Q�Yl]VyXQ�f \ a r � �)i�yXa�]sQ \ i@_3YZyXQ�YZa�]��



(=C ��� ������	�� � ����	
� � ��� � � � � �

� �8� �I%'��4 < �#1 
�� � � � � �,�L< �'M GI(+� ���)G ��� N >?*,<IA &F��&b<D�%G)(?����<+��� : < N �O>?*@�I� M ��&D*,�)� = �.*B���23 � �]&b(+:��
���.� >?&��g(��b*I:Y��� N �TG)�V<�G)(?� ���IG`��� N : �"�2>+*,<IA�& a 7"9 � &'<+:[��(��':B� P^��:I:_� N >D�.C ��&'��� � �;:Y��(D� ��&D��� a

 *,( (K9 a �3n [3[ a<W�U�����z ��� � ; � � % � � SVU^] � �+ � �

� UXQ � � � ��� :3UdQbSVU	]VUXY�wVS�:�a�n \ W-a@f � WbnVyXS�QbS3i@Q � � � � � " D ���7� �
�VY|]VyXUdU^i@yXS�e<U \ Q�U&��S3i@W�_3UXw \ UXU
i@Q k U^i�W�Q�QbS \ UXU�i<]V_ � + �3�#QbSVU!_3UXw \ UXU!yXaV]VW�Q \ i@Yl]sQ�W8wVn3i \ i<]sQ�UXUXW8QTS3i@Q8UXYZQbSVU \ � � � � � � 	�� .4a \
� 	 � � � � � � . � g+Y�QTSVa�nVQ k a<W�W	a�fhw<U^]VU \ i k Y�Q�;<�Hi@W�Wbn r U�QbSVUdfva \�r U \ YZW�Q \ nVU �

t

v
+ε

−ε

−ε

+ε

r s

� YZw�n \ U8� � .�FT� � kZk nVW�Q \ i�Q�YZa�]9f a \ � SVUXa \ U r � � � O

� UXQ � ++� � ��a \�r � f \ a r � :<;9_3UXy \ U^i@W�Yl]Vw � � � i<]V_ � 	 ��:<; �di<]V_JYl]Vy \ U^i�W�Yl]Vw � � ��i<]V_ � � 	
:s; � � g/U8y k i@Y r QbS3i@Q-Yqf �	YZW	Wbn 39yXY�U^]sQ k ;JW r i kZk � � �"/���{z ���7� �

} k U^i \�k ;<� � 2� ��� 
 �%� ; ��fva \ i kZk 
 "�C���� �-i<]V_9fva \ Wbn 3!yXYZU^]sQ k ;JW r i k�k �X� �-U8S3i e<U � �+ ��i<]V_
� 2� � � $ ��fva \ i<]s;�� " ����� �{QTS3i@Q-_3a�UXW�]Va<Q	yXa�]sQbi@Yl]�:�a<QbS � ��i<]V_ � � �

� UXQ��/" ����� �$:�U8WbnVyXS�QTS3i@Q � � ��� � "�� � � UXQ � :3U�i�WbSVa \ U�a@f � yXa�]<QTi@Yl]VY|]Vw
� � � f �	" �	�
QbSVU^] YZQ�YZW�U^i@W�; Q�a`W�UXU9QbS3i@Q � 
�0� � ; � 
�0� �B$ � � �3n [3[ a<W�U � � �#" � � �VYl]VyXU � � ��� .<� Yqf ��Y�W
Wbn 3!yXYZU^]sQ k ;JW r i kZk � �$U8S3i e<U � � � � .<�VY r�[Vk ;�Yl]Vw�QbS3i�Q � � � - � 	 � + � � � �

� S�nVW^�
� , � 2� ��� � �&� � % �%� ; � 
� ��� ���%� 
 � � � 
 � 	 � - � � � � � 2� � � ���%� 	

��U^]VyXU<� � �"/���{z ���7� � � SVU \ UXWbn k Q-f a kZk a��	W��

��]VU9y^i<] W�UXU4f \ a r � SVUXa \ U r � � �<�Jis]V_ � SVUXa \ U r � �q�DO�QbS3i�Q8Yqf � YZW�i�� � yXa�]3]VUXyXQ�UX_jQbSVYl]
w \ i [ S �	YZQbS7]VajnVW�U k UXW�W!UX_3wsU<� QbSVU^] � r nVW�Q�S3i e<U�i e<U \ Q�U&�/a@f�_3UXw \ UXUJ� �dSVa<W�UJ]VUXYZw�SV:3a�n \ W
_3a/]Va<Q8Yl]V_�nVyXUJi`yXa�]3]VUXyXQ�UX_jWbn3:Vw \ i [ S�� � ]�i�_3_3Y�Q�Y�aV]H� QbSVU9Wbn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�] [ a k ;VQ�a [ U!a@f
iJ� � yXa�]3]VUXyXQ�UX_7� � \ UXw�n k i \ w \ i [ S i k �	i ;�W�S3i@W�i@Q k U^i@W�Q8Q �-a [ a<Yl]sQ�W � � ] k YZw�SsQ�a@f	QbSVUXW�U \ UXWTn k Q�W^�
a�]VU r Y�wVS<Q�i@W $ Yqf	QbSVU \ U4U&��YZW�Q�� � yXa�]3]VUXyXQ�UX_/QbSVYl]/w \ i [ SVW �	YZQbSj]VaJnVW�U k UXW�W�UX_3w<U � G a<Q�YZyXU9QbS3i@Q
]VajWbnVy S w \ i [ SVW!U&�VYZW�Q9Y f�QbSVU�is]VW �-U \ Q�a7z \ a�: k U r � �q�D; YZW�Yl] QTSVU�]VUXw�i@Q�Y�esU � G UXe<U \ QTSVU k UXW�W^�



� ��� � � 	�������� � � � � ��� � ������� � ��� �
��� � ������� � � ��	 ��� 	�	 (=F

yXa�]VW�Q \ nVyXQ�Yl]Vw�QbSVYl] w \ i [ SVW�W�UXU r Q�am:�U r a \ U�_3Y�3!y^n k Q8QbS3i<]`yXa�]VW�Q \ nVyXQ�Yl]Vw r Yl]VY r i kZk ; f U^i@W�Yl: k U
w \ i [ SVW � � SVU \ UTf a \ U<� �-U�U^]V_JQTSVU�_3Y�W�y^nVW�W�YZa�]`a�]9QbSVYl]�w \ i [ SVW �	YZQbS`i�yXa�] � UXyXQTn \ U �

�
����� � /0�0$-%'� < �#1�� � � =+��*IR �'M GI(+�����IG`��� N >?*,<IA &&�]����&=��( �b:��`P^��:I:Y� N >Q� �;:L��(D� ��&D��� a

�	�
	 � 
�� 	7��
 ��� ��� � �
	�@BA � �/
 � A � ��� � 	
�	
 � 	�� ��

� � 




� ] QbSVYZW�W�UXyXQ�YZa�]H� �-U�WbSVa�� QTS3i@Q	_3UXyXYZ_3Yl]Vw�Y f$iEw \ i [ S�S3i eVY|]Vw r i��VY r n r _3UXw \ UXU8��YZW�fvU^i@W�Y|: k U�Y�W
i@Wd_3Y�3!y^n k QEi�W�_3UXyXYZ_3Yl]Vw Y f	i�wsU^]VU \ i k w \ i [ S`YZWdfvU^i�W�Yl: k U � � ] [ i \ Q�YZy^n k i \ � w<YZe<U^] i4w \ i [ S)�4� �-U
yXa�]VW�Q \ nVyXQ^�3Yl]�Q�Y r U [ a k ;3]Va r Yli k Yl] QbSVU8W�YZ�XU�a@f �4��i4w \ i [ S�� � ��Y�QTS r i��VY r n r _3UXw \ UXU���WbnVyXS
QbS3i@Q QbSVU W�YZ�XU{a@f�� � YZW [ a k ;3]Va r Yli k Y|] QbSVU{W�Y��XU�a@f�� i<]V_7� � YZW fvU^i�W�Yl: k U-YqfNi<]V_�a�] k ;�Yqf �7YZW fvU^i�W�Yl: k U �
� SVUdYZ_3U^i8YZW-Q�a � \ U [Vk i@yXU ��U^i@yXS!SVYZw�S � _3UXw \ UXU�e<U \ Q�U&��:s;Ei w \ i [ S �	YZQbS r i��VY r n r _3UXw \ UXU�� �#g/U
pN\ W�Q�Y|]sQ \ aV_�nVyXU�is]9a [ U \ i�Q�YZa�] ��SVYZyXS [3\ UXW�U \ e<UXW-f U^i@W�Yl:VY k Y�Q�; n3]V_3U \ yXU \ QTi@Yl]9yXa�]V_3YZQ�YZa�]VW �

� UXQ � 
mis]V_ � �`:3U/w \ i [ SVW!WTnVy S+QTS3i@QHC�����
 � � C���� � � ; � � � UXQ�L 
 " C���� 
%��i<]V_
L � "�C���� �4�	:3U�e<U \ Q�YZyXUXW	a�fh_3UXw \ UXU!+�$ . ��:�; : A�PZ��G����4> ��
�i<]V_ � � �	YZQbS \ UXW [ UXyXQ�Q�a LJi<]V_ ���
�-U r U^i<] \ U r a@e�Yl]Vw�L 
�i<]V_ L �'� is]V_�i kZk QbSVU�Yl]VyXY�_3U^]sQ8UX_3wsUXW �	i<]V_ i@_3_3Yl]Vw +�]VU �RUX_3w<UXW ��U^i@yXS
��a<Yl]VY|]Vw�i�]VUXYZw�SV:3a�n \ a@f L 
 i<]V_Ji4]VUXY�wVS�:�a�n \ a@f L � �3QbS3i@Q�f a \�r i r i@Q�yXSVY|]Vw �

G 1 2G

u1 u 2

� YZw�n \ U8� � �<�T�#� [Vk YZyXYl]Vw

� SVU8]VU&��Q \ UXWbn k Q�w<YZe<UXWdi�yXa�]V_3YZQ�YZa�] n3]V_3U \ �dSVY�yXS�W [Vk YZyXYl]Vw [3\ UXW�U \ e<UXW-f U^i@W�Yl:VY k YZQ�; �

� ��4 4 7 < �#1 N � � �`� � 
 <+� N�� � �,�X9B�I<+:I� �.P^�[>+*,<IA &Q: a � �`AQA4(+:�� L " C���� 
%� <+� N 
 "�C ��� �4�
<+*,�[(@9 N �O>?*,�)� + �]�\��& � �0L�� ; �!L 
 �
	�	�	�� L � % <+� N � � 
 � ; � 
 
 �
	�	�	���
 � %4a � �`� � ; �0C ����
 
7L�� �
C���� � 
 
 � ��D ��� 
 
 L�� ��D ��� � 
 
 � � �!L 
 
 
���	�	�	 � L ��
 � %4a 7 9_��&b�.*,�F� 3 �;:��  
 "/���{z ��� 
 � <+� N
 � " ����z ��� �&� : �4G.&���&b<D�  
��� � ;  

�
��� � 9�(+*E<QP;P � ; . ��	 	�	�� + C%��&b��� � �;:]9��I<+:)����P^� a


 *,( (K9 a � UXQ:C ; C���� �	i<]V_ D ; D ���7� � � UXQ � � 
 ; � 
 
 L i<]V_)� � � ; � � 
 
 �
�)a \ � ; . � ���
k UXQ,C � ; C ��� �� ��i<]V_ D � ; D ��� �� � �



;<� ��� ������	�� � ����	
� � ��� � � � � �

}~a�]VW�Q \ nVyXQ � " U � i@W�f a kZk a��	W �#�)a \ is]<; 9 " D 
 � W�UXQ � 2 ;  
2 � ��a \ is]<; 9 " D �^� W�UXQ
� 2 ;  �2 � ��a \ � ; . ��	�	�	 � +)��W�UXQ � � � � � ;  
��� � �d} k U^i \�k ;<� � $ ��� � 
� ��� � � � ; ��fva \ i kZk ��" C i<]V_
� 2� � � C 
 �%� ; � �

g U!]Va��(WbSVa��(QbS3i@Q � 2� � �O$ �4f a \ i kZk � "������7���*� ���0C�
�� % � � UXQ ��� ���:" ����� ���&� ���0C�
 � % �
} k U^i \�k ;<�3Yqf � ��C�
{a \ � ��C �@�<a \ C � � ��C�
{a \ C � � ��C �^�VQbSVU^] � 2� � � ���%� $ � �#�3n [3[ asW�U8]Va�]VU
a@f QbSVUdf a�n \ W�UXQ�W��&��C�
 � �&��C � � �0C � � � ��C 
 � i<]V_ �0C � ��� ��C �dY�WdU r�[ Q�; � G asQ�U�QbS3i@Q

� 2� ��� � �%� ;  
 � ��� ��� � D 
 � -  � � ��� � � � D �4�
- � 
� ��� ��� �����0C�
 �%� 	

g/U�y k i@Y r QbS3i@Q� 
 � ��� ��� � D 
 � $ . �{��:VW�U \ e<U�QTS3i@Q

 
 � ��� � � � D

 � ;  
 � ��� � � C 
 �%� 
) 
 � � � �!LF% � �	� C 
 �%�

i<]V_�QbS3i�Q
 
 � ��� ��� � D 
 � ;  
 � ��� �&��C�
 � �!LF% �%� 
  
 � � � �(L�% � C 
 � � �%� 	

�VYl]VyXUE 
 � ���0L��%� ;  
 � � � �!L�% � ����C�
 �%�6-� 
 � � � �!L�% � C�
 � ���%�X� �-U8S3i^esU

�  
 � � � ���!� D 
%� ;  
 � ��� �&��C�
 �%� -  
 � ��� �&��C�
 � �!LF% �%� 
) 
 � ���0L��%� $ ��- � 
/� ; � 	

� Q~fva kZk a��	W	QbS3i�Q � 2� ��� � �!� D 
 � $ . ���VY r Y k i \�k ;<�  � � ��� ��� � D � � $ . � � SVnVW^� � 2� � � ���%��$ � �
� SVU \ UTfva \ U<� � �" ����z ��� �-i<]V_JW�a'� Y�W�f U^i@W�Yl: k U �

�)a \ U^i@yXS + $ (�� �-U�Yl]sQ \ aV_�nVyXUmi w�i@_3w<UXQ � �9QbS3i@Q8YZW�:VY [ i \ Q�YZQ�U �	YZQbS QTSVU [3\ a [ U \ Q�; QbS3i@Q
QbSVU \ U�YZW�i�e<U \ Q�U&����a@f _3UXw \ UXU7+�i<]V_`_3UXw � L�� " �0� � (M%dfva \ UXe<U \ ;!e<U \ Q�U&�HL "�C � � � � �&���M% �

g U�WbS3i kZk ]VasQ�_3U p ]VU � � fva \�r i kZk ; � � Q�YZW�_3U [ YZyXQ�UX_ja�] QTSVU k UTfvQ�a@f)� Y�wVn \ U!� � � . �'�3n [3[ a<W�U
+ $ ; � � UXQ'� �

�
� _3U^]Va<Q�U9QbSVU9w \ i [ S ��Y�QTS/e<U \ Q�U&� � W�UXQE� � � � � �#� , � , � � � , � , % %�WbnVyXS

QbS3i@Q � �
�
� � � �
�
� � Y�Wdi<]9UX_3w<U�Yqf is]V_!a�] k ;9Yqf I � 
 � � I - I � 
�� � I ; . � � UXQ � ��:�U�QbSVU�w \ i [ S�a�:VQTi@Yl]VUX_

f \ a r � �
�
� � � ( 
 � :s; i�_3_3Y|]Vw7i e<U \ Q�U&����i<]V_ UX_3w<UXW � � � � � � � W � � � � � � ( � � � � � � �)( 
 � �-i<]V_�� � � � � � f a \

� ; � ��	 	�	�� +-
 . � � SVU8w \ i [ S ���dY�Wd_3U [ YZyXQ�UX_ a�]9QbSVU \ YZw�SsQ	a@f � YZw�n \ U8� �q��. �
� a�f i@yXY k Y�QTi@Q�U�_3YZW�y^nVW�W�YZa�]H� �-U�]VUXUX_ i�_3U p ]VYZQ�YZa�]�� � UXQ � ; �0C � D �{:3U�i�w \ i [ S�i<]V_ ��"7C �

� UXQ � � � � ; � � 
 ��	�	 	�� � � % � � SVU^])�(YZW�Wbi@YZ_ Q�a�:3U : A�PZ��G)�I< �.P �V<D� �9Yqf{f a \ is]<;�� , �- 
 �
	�	�	�� �- � , .



� ��� � � 	�������� � � � � ��� � ������� � ��� �
��� � ������� � � ��	 ��� 	�	 ;�.

0,8v

ξ

4H H5

ξ

� YZw�n \ U8� � ��.D����i@_3w<UXQ�W � � i<]V_ ���

WbnVyXS�QbS3i�Q 1 ��
�

 �- � ; �3�VQbSVU \ U8U&�VY�W�Q�W � " ���{z ���7��WbnVyXS9QbS3i@Q � � � � ; �- � f a \ � ; . ��	�	�	 � + �

� ��4 4 7 < �#< � � � � �;:Y:2A�PZ�\GI�I< ��P^�Y<D� � 9�(+*E<QP;P + $ (�a
g U [ a<W�Q [ a�]VU9QbSVU [3\ aVa@f	Q�aJQbSVU9U^]V_ja@f	QbSVYZW�W�UXyXQ�YZa�]���g/U�]Va�� _3UXW�y \ Yl:�UJSVa �6Q�a \ UX_�nVyXU

QbSVU [3\ aV: k U r a@f _3UXQ�U \�r Yl]VYl]Vw9Y f$i�w \ i [ S9YZW	f U^i@W�Yl: k U8Q�a4QbSVU�y k i@W�W	a@f w \ i [ SVW�S3i e�Yl]Vw r i ��Y r n r
_3UXw \ UXU�� � � UXQ � :�UEi4w \ i [ S�� � UXQ:L " C����7�	:�U�i4e<U \ Q�U&�9a@f{_3UXw \ UXU�+ ��SVU \ U!+ $ ( � � UXQ7� �
:3U�QTSVU�w \ i [ S4a�:VQbi@Yl]VUX_9f \ a r W [Vk YZyXYl]Vw��(i<]V_ ��� �	YZQbS \ UXW [ UXyXQ	Q�aEL�i<]V_ � ��:�; � U r�r i�� � �<���
Yqf � Y�W~fvU^i@W�Y|: k U<�3QTSVU^] � � Y�W	i k W�a fvU^i�W�Yl: k U �*�3n [3[ asW�U7� � YZW�fvU^i�W�Yl: k U � � UXQ � �" ����z ��� � � � } k U^i \ k ;<�
� � YZWJ:VY [ i \ Q�YZQ�U i<]V_7f a \ UXe<U \ ; +/$ ;3� � � Y�WJ:VY [ i \ Q�YZQ�U �	YZQbS+:VY [ i \ Q�Y�Q�Y�aV] � � � � � � � ��SVU \ U
� � ; � � �

�
� �[��� , ��, � � � , � , +�
 .(% � � � 


�
� � � 
 �V� , � , +�
j�&%�i<]V_���� ; C�� ��� ��� � � �

�VYl]VyXU�QTSVU	Q �$a [ i \ Q�YZQ�YZa�]VW{Yl]�� ��S3i^esU$QTSVU	Wbi r U�y^i \ _3Yl]3i k YZQ ;<� �-U	W�UXU�QbS3i@Q � 2� � � C ����
 L��%�%� ; � �
��U^]VyXU<� � � �7C � � �-
 � �X�3i<]V_�QbSVU \ UTf a \ U<��� YZW-fvU^i�W�Yl: k U �

.  .  .

.  .  .

V ( )G-u

� YZw�n \ U8� �q�<�T�#P	f Q�U \ W [Vk YZyXYl]Vw

� Q�f a kZk a��	W!QTS3i@Q�w<YZe<U^]+i w \ i [ S �4�-a�]VUJy^i<] a�:VQTi@Yl] i w \ i [ S � � :<;7W [Vk YZyXYl]Vw nVW�Y|]Vw����
f a \ + $ ( WbnVy SjQTS3i@Q � YZW�f U^i@W�Yl: k UJYqf�i<]V_7aV] k ;jYqf!� � Y�W�i<]V_ � � S3i@W r i���Y r n r _3UXw \ UXU�� �
�Nn \ QbSVU \�r a \ U<�2Yqf7� YZW [Vk i<]3i \ � �-U�y^i<] \ UXt3nVY \ U�� � Q�a�:3U [Vk i<]3i \ i�W �-U kZk � � Yl]3i kZk ;<�-YZQ�YZW�]Va<Q
_3Y�3!y^n k Q8Q�a9W�UXU�QbS3i@Q � � y^i<]`:3U�a�:VQbi�Y|]VUX_ Yl] [ a k ;3]Va r Yli k Q�Y r U�i<]V_`YZQ�W�W�YZ�XU�Y�W [ a k ;u]Va r Yli k Yl]



;<� ��� ������	�� � ����	
� � ��� � � � � �

QbSVU�W�YZ�XU�a@fhQTSVU�a \ YZw<Yl]3i k w \ i [ S��
g SVY k U-Y�Q#YZWh]VasQ y k U^i \ Yqf�Y�Q#YZW r a \ U yXa�]se<U^]VYZU^]<Q Q�a	W�QbnV_3;df U^i@W�Yl: k U-w \ i [ SVW ��Y�QTS k a�� r i ��Y r n r

_3UXw \ UXU<�HYZQ�YZW [ asW�W�Yl: k U�QbS3i@Q�i!:�UXQ�Q�U \ n3]V_3U \ W�Qbis]V_3Y|]Vw`a@f{QbSVUXW�U�w \ i [ SVW r Y�wVS<Q k U^i@_/Q�a�i<]VW �-U \ W
Q�a�W�a r UdtunVUXW�Q�Y�aV]VW�a�]9wsU^]VU \ i k w \ i [ SVW �

� SVU \ U r i@Yl]V_3U \ a@f-QbSVYZW8W�UXyXQ�Y�aV] YZW�W [ U^]sQ8a�]`yXa r4[Vk UXQ�Y|]Vw`QbSVU [3\ aVa@f-a@f � U r4r i�� � �<� ��g/U
:3UXwsY|] �	YZQbSJiEWbn 3!yXYZU^]<QdyXa�]V_3YZQ�YZa�]mfva \ i�w \ i [ S9Q�aE:�U8W [Vk YZyXU^i<: k U!i@Q	i�esU \ Q�U&���

� ��4 4 7 < �#<8*�� � � � � ; �0C ��D � �,�=<�>?*,<IA &H<+� N�� "�C=a 7 9 9B(?* <+��R N �;:�������G`� 9 � �3" ��� � � C
��&b�.*@�V�23`��:B��: � �"/���{z ���7� : �TG�&=��&b<D��� 2 ; � � ; . C ��&b��� � ��:Y: A�PZ��G)�I< �.P � <D� ��a

� a [3\ a@e<U�QbSVYZW k U r4r i3� �-U8]VUXUX_JQTSVUdfva kZk a��	Yl]Vw!Q�UXy S3]VYZy^i k#k U r�r i �

� ��4 4 7 < �#<�1 � � �`� % $ � a � � �  " U � � �g�F: �4G.&
��&b<D�  � , 
� 1 ��
�

  � 9�(+*J<QP;P � : �4G.& ��&b<Q�

 �E+R��a � (+* � � ��" � . ��	�	�	 � % % C � � � C P^�`� � � �'" U � N �.��(D������&b�B= �IG`��(+*V&b< =`���4> ��&b�E=+<DP �4� . ���
GI(`(+* N ����<D���.: � <?� N � <+� N ��&b�B= <DP �T� � � =+��*IR �]&'��*,�F�`PZ:�� a $%&b�.�H��&b��*,��� 3 �;:�� ��(+� M ���K>D<Q��� =+� � � � C
� � �E" � . ��	�	�	 � % % <+� N � � � C�: �TG�&V��&b<D�  ; 1 ��� � � � � � � �?a � �'*���&b��*I-F(+*,��C 1 ��� � � � � ; 
� 1 ��

�

  � a

2 %'�8��� ��� �.��4 4 7 < �#<&*�� � UXQ � � � � ; � � 
���	�	 	�� � � % ���)a \ i<]s;8_3YZW�Q�Yl]VyXQ ��� � � � "�� � � �X� k UXQ  � � � � �
:3U�i [ asY|]sQ	Yl] ����z ���7��WbnVyXS9QbS3i@Q� � � � � �� � � ;  � � � � �� � � ; . �

� UXQ - �
 ��	 	�	���- �� " d � � .Bf :�U�WbnVy S QbS3i@Q - �
 -������ - - �� ; � �$} k U^i \ k ;<� - �� ,31 ��
�

 - �� f a \ i k�k � ;

. �
	�	�	�� +��I:�; � U r�r i�� � �<�3� QbSVU \ U-U&��YZW�Q�W{]Va�] � ]VUXw�i@Q�YZe<U � � �{WbnVy S QbS3i@Q 1 ��� � � � � ; 
� 1 ��
�

 - �� ; .

i<]V_ - �� ; � � � � f a \ i k�k � ; . �
	�	�	�� + ��SVU \ U � ; 1 ��� � � � �  � � � � � � � SVU \ UTf a \ U<� � `YZW iEyXa�]<esU&��yXa r �
:VYl]3i@Q�YZa�] a@f [ a<Yl]<Q�W�Yl] ����z ��� �X�VY r�[Vk ;�Yl]Vw�QbS3i@Q�� Y�WdW [Vk YZyXU^i<: k U!i@Q � �

2 %'�8��� ��� � ��4 4 7 < �#<�1 � } k U^i \�k ;<�)Y f  ; 1 ��� � � � � � � �0�3QbSVU^] 1�� � � ; 
� 1 ��
�

  � �

��:VW�U \ e<U�QbS3i�Q	 �S3i@W8i�Q k U^i�W�Q8Q �-aJ]Va�] � �XU \ a`U^]<Q \ Y�UXW�� � SVU [3\ a�a@f-YZWE:s; Yl]V_�nVyXQ�YZa�]/aV] QbSVU
]Vn r :�U \ a@f$]Va�] � �XU \ a�U^]sQ \ YZUXW�Yl]  � �3n [3[ asW�U  S3i@W�U&�3i@yXQ k ;��9]Va�] � �XU \ a�U^]sQ \ YZUXW^�  � �  � ��SVU \ U
� � ���*�VY|]VyXU  � �  � , 
� �0 ��-� � �X� �-U8W�UXU8QbS3i@Q  � ;  � �*�VUXQ�Q�Yl]Vw � � � Q�a  �{i<]V_ i kZk QbSVU8asQbSVU \
� 5 W	Q�a��XU \ a�� �$U�wsUXQ� ; 1 ��� � � � � � � � �

PdW�Wbn r U8QbS3i@Q�QbSVU \ UXWTn k QdYZW�Q \ nVU�n [ Q�a�+	
 .�]VaV] � �XU \ a!U^]sQ \ YZUXW�fva \ W�a r U�+�$+� ���3n [3[ a<W�U
 /S3i@W�U&�ui�yXQ k ; +/]Va�] � �XU \ a�U^]<Q \ Y�UXW���g YZQbSVaVnVQ k asW�W8a@f-w<U^]VU \ i k YZQ�;<�2i@W�Wbn r U�QbS3i@Q	 
 ��	�	�	 �  �E+ �



� ��� � � 	�������� � � � � ��� � ������� � ��� �
��� � ������� � � ��	 ��� 	�	 ;<�

i<]V_) 
:$ ������$  � � � UXQ � 
 ;  �9i<]V_ � � ;  � ( � � 
 
  �)( � � ��f a \
� ; � ��	 	�	�� + � � UXQ �J:3U�WbnVyXS

QbS3i@Q
� ( 

�
�
�
�
� � - .0� � �)( � ,  � �

�
�
�
�
�
� � - .0� � � ( � � � UXQ � ;  � 


� ( 

�
�
�
�
� � - .0� � � ( � � :{;�aVn \ yXSVa<YZyXU8a@f

�H� �$U8S3i e<U ��� � � - .0� � � ( � �
�)a \ � ; . �
	�	�	�� �(- .s� k UXQ � � � ; � < � � - .0� -

� ( �
�
�
�
�
� � ( � � 
�( � 	 � UXQ� � ;  


� � 

�
�
�

 � � � � � � 	 � SVU^]

 �� ;  � 

� � 

�
�
�

 � � � ;  � 


� � 

�
�
�

 � � < � � - .0� -

� ( �
�
�
�
�
� � ( � � 
�( � �

;  � 
 �-

� ( 

�
�
�
�
� � - .0� � �)( � ; � 	

� a \ UXa@e<U \ �sYqf . , � , � - .<�

 ���;  � 
 � � � ;
� ( � � 

�
�
�

 � � 
 � < � � - .0��


� ( � � 

�

�
�
� ( � � 


� �

;
�)( �
�
�
�

 � � 
 � < � � - .0�

;  � � 
 
 � < � � - .0� +  � � 
�
 � � ( � ;  � � �

��U^]VyXU<�O � 
 ; ����� ;  �� � 
 +  �� � � $ ����� $  �� � � Q`fva k�k a��	W QbS3i@Q Yqf ��$ .<��QbSVU^]
 �� , 
� 1 ��

�

  �� f a \ i k�k � ; . �
	�	�	�� % � � f � ; �3�#Y�Q�Wbn 3!yXUXW�Q�a�WbSVa��6QbS3i@Q� � 
 , 
� 1 ��

�

  �� 	

� ]V_3UXUX_ �  � 
 ;  
!
  � , 
� 1 ��
�

  � 
  � ; 
� 1 ��

�

  �� 	 G a��8�<i [3[Vk ;VY|]Vw4QbSVU	Yl]V_�nVyXQ�YZa�]�Ss; [ a<QbS �

UXW�YZWdQ�aE � w<YZe<UXWdQbSVU�_3UXW�Y \ UX_ \ UXWbn k Q �

g U ]Va�� WbSVa��+QbS3i@Q � ��Wbi@Q�YZW p UXW�QbSVU�yXa�]V_3YZQ�YZa�]�Yl] � U r�r i�� � ��.�:s;9WbSVa��	Yl]Vw�QbS3i@Q � ��S3i@W
i ��i r Y k Q�a�]VYli<]7yXY \ y^nVYZQ�nVW�Yl]Vw � � � �di<]V_ � � � � f a \ UXe<U \ ; [ i@Y \ � � � "��0� �
	�	�	�� +	
 .(% � g/U pN\ W�Q
yXa�]VW�YZ_3U \ � � �
2 %'�8J@�I���������-� < �#<�< � � (?*E� =+��*LA4<?�;*F(K9F� N >D�.: 9 � �)" � 	 � � � � C ��&b��*,� �;:V< � <+-V�\P^��(+���\<+� G���*@G2�b���
��� � � �':)���4> 9 <+� N	�]a

 *,( (K9 a���]VU�y^i<] W�UXU�f \ a r QbSVU���i r Y k Q�a�]VYli<] yX;Vy k UXW�WbSVa���]�Yl] � YZw�n \ U�� � �s��QbS3i@QdQbSVU \ UXWbn k QdY�W



; ( ��� ������	�� � ����	
� � ��� � � � � �

ξ ξ ξ ξ

� YZw�n \ U8� � �<�T�#�Va r U8�di r Y k Q�a�]VYli<] yXY \ y^nVYZQ�W�Yl] � �
Q \ nVU �

G U&�VQ^� �$U�yXaV]VW�YZ_3U \ � ��f a \ +�$ ; �#g/U pN\ W�Q [3\ a0esU�Q �-a�Q�UXy S3]VYZy^i k \ UXWbn k Q�Wdi<:3a�nVQ � � �
� ��4 4 7 < �#<(H%� � � � � " �0� �
	�	�	�� +�
��&%Ta $%&b��*,�Y�23`��:B��: <_A4<D��&��;� ��� �]����& =+��*���� 3 M :B� � � � �

�
� �<� ,

��, � � � , � , � � % G)(+�����IG`�����4> �
�
�
� � <?� N � �

�
� � a


 *,( (K9 a � SVU [3\ a�a@f�YZW!:s;7Y|]V_�nVyXQ�Y�aV] aV] � � � f � ; �3� �$U�y^is]jQbi $ U�QbSVU [ i�QbS �	YZQbS7UX_3wsU � W�UXQ
� �
�
�
� � 

�
� � � 


�
� � �
�
� % � }-a�]VW�YZ_3U \ � $ . �6P�W�Wbn r U/QbS3i�Q!QbSVU \ U/YZW�i [ i@QbS � ��Y�QTS esU \ Q�U&� � W�UXQ

� � �
�
�J�2� , � , � � � , � , ��� � 
 . � %�yXa�]3]VUXyXQ�Yl]Vw � �

�
� � � ( 
 � i<]V_ � �

�
� � � ( 
 � � � SVU^]/QbSVU [ i@QbS

�	YZQbS UX_3wsU � W�UXQ D � � � � � � �
�
� ��� 

�
� � � � 


�
� � ( 
 � 


�
� � � � �

�
� � ( 
 � �

�
� � � ( 
 � � � �

�
� � � ( 
 � � � � � � ( 
 � � � � � � ( 
 � � � � � %

YZW8i [ i@QbS �	YZQbS`e<U \ Q�U&� � W�UXQ � � � � � �)� , � , � � � , � , � � %�yXaV]3]VUXyXQ�Yl]Vw �
�
�
� � i<]V_ � �

�
� � � � SVU

\ UXWbn k Q�fva k�k a��	W-f \ a r Yl]V_�nVyXQ�YZa�]��

� ��4 4 7 < �#< 9 � � � � � ��� " �0� �
	�	�	�� +�
�.(% �]����& ��� � a $%&b�.*@�L� 3 �;:���: < A4<D��& �;� � � �]����&	=+��*���� 3 M :��`�
� � �
�
� ��� , � , � � � ��- . , � , ����+ 
 .0� % G)(?� ���IG`�����4> �
�

�
� 	 <+� N � �

�
� � � 
`a


 *,( (K9 a � SVU [ i�QbS �	YZQbS9QbSVU fva kZk a��	Yl]Vw!UX_3wsU � W�UXQ	YZW iE_3UXW�Y \ UX_ [ i@QTS��

� � �
�
� ( 
�� �

�
�_�<� , ��, . � ��� �#- .0� , � , � � % � � �
�

�
� � � 
 � 


�
� � � 
 %

� � � 

�
� � � 

�
� � � 
 � � , � , + 
/�&% � � �
�

�
� � 

�
� �<� � - . , � , ����+	
 .0� %

� � � �
�
� � ( 
 � �

�
� � � � - . , � , +	
 .(% � � � 


�
� � �)( 
 � � �

�
� � � ( 
 � %

� � � �
�
� ( 
�� �

�
� �<��� ��- .0� , � , ����+ 
 . � %

2 %'�8J@�I���������-� < �#< M � � (+*Y� =+��*IRYA4<?�;* � ��� " �0� �
	�	�	�� +-
 .(% �]����& � � � C � � &b<?:[< � <+-V��P^��(+� ��<+�
G���*,G �'�\� �b:I���4> � � � � <?� N � � � 	 a



� � � � � � � � � � �������-� � � ��������� ��� ��� 	 ��� �������
�
� � 	 ;D;


 *,( (K9 a � Q	WTn 3!yXUXW�Q�a�WTSVa �+QbS3i�Q$QTSVU \ U�YZW i��di r Y k Q�a�]VYli<] [ i�QbS9Yl] � � 
 ��yXaV]3]VUXyXQ�Yl]Vw � � � i<]V_
� � 	 �

� UXQHC � ; � � �
�
� ��� , � , � � � , � , � � % � :�; � U r4r i�� � � (��-QbSVU \ U�YZWJi [ i@QbS �

yXa�]3]VUXyXQ�Yl]Vw � � � i<]V_ � �
�
� � WbnVyXS QTS3i@Q�C � � � ; C � � :�; � U r�r i7� � � ;3�-QbSVU \ U`Y�W i [ i�QbS��

yXa�]3]VUXyXQ�Yl]Vw
� �
�
� 	 i<]V_�� �

�
� � � 
 WbnVyXS9QbS3i@Q�C ���!� ; C � � � 
 � ��� C � � � SVU^]�QbSVU [ i@QbS �	YZQbS9UX_3wsU �

W�UXQ D � � � � � � �
�
� � � �
�
� � � 
�% �)D ���!� Y�W9i��di r Y k Q�a�]VYli<] [ i@QbS Yl] � � 
 � yXa�]3]VUXyXQ�Yl]Vw � � � i<]V_

� � 	 �
2 %'�8��� ��� � ��4 4 7 < �#< � � � SVYZW fva kZk a��	WJY r�r UX_3Y|i�Q�U k ; f \ a r � U r4r i+� � ��. i<]V_(z \ a [ a<W�Y �
Q�YZa�]VW�� � �<��i<]V_�� � �DE �

�	��� � � � @�	��
� � � ��� 	��%	 ��
 � � 
 � � A�
 @��%	*�7	*���#	 � 


G a<Q�UdQbS3i@Q f a \ i<]s;�w \ i [ S'���VQbSVU�]�n r :�U \ a@f yXa�]VW�Q \ i@Yl]<Q�W-Yl]9W�;VW ��� � YZW	U&� [ a�]VU^]sQ�Yli k Yl] I C����7� I �
c�W�Yl]Vw r i�� � � a�� r Yl] � y^nVQ^��} k isnVW d E f�a�:VQTi@Yl]VUX_ i yXa r�[ i�yXQ�f a \�r n k i@Q�YZa�] f a \ QTSVU�Wbn3:VQ�a�n \��
U k Y r Yl]3i@Q�YZa�] [ a k ;VQ�a [ U<�#QbS3i�Q�YZW^�#i4fva \�r n k i@Q�Y�aV]/S3i e�Yl]VwJi [ a k ;3]Va r Yli k ]�n r :�U \ a@f{yXa�]VW�Q \ i@Yl]sQ�W
i<]V_ e@i \ Yli<: k UXW ��SVasW�U/W�UXQ�a@f�W�a k nVQ�Y�aV]VW �dSVU^] [3\ a,��UXyXQ�UX_ Q�a QbSVU�i [3[3\ a [3\ Yli@Q�U W [ i@yXU/YZW QbSVU
Wbn3:VQ�aVn \�� U k Y r Y|]3i�Q�YZa�] [ a k ;VQ�a [ U �

� ]`QbSVYZW�W�UXyXQ�Y�aV]H� �$U�_3UXW�y \ Y|:�U!i4yXa r�[ i@yXQ�fva \�r n k i�Q�YZa�]9f a \ QbSVU8Wbn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�] [ a k ; �
Q�a [ U�a@f$i [Vk i<]3i \ w \ i [ S QbS3i@QdY�W�_�nVU�Q�a "dY�eVYl]�� � QdYZW8:3i@W�UX_ a�]`yXU \ Qbi�Y|]`w<UXa r UXQ \ YZy [3\ a [ U \ Q�Y�UXW
i<]V_�YZW-e<U \ ;�_3Y � U \ U^]sQ f \ a r QbSVUdyXa r�[ i@yXQ#f a \�r n k i@Q�YZa�]E_�nVU�Q�a�} k i<nVW � � SVU�fva \�r n k i�Q�YZa�] �	Y kZk :�U
nVW�UTf n k Y|]9}	S3i [ Q�U \ E ��SVU^] �$U�w<YZe<U "dYZe�Yl]65 W-U k U r U^]sQbi \ ; [3\ a�a�f a�f QTSVU ]VUXyXUXW�WTi \ ;�i<]V_9Wbn 3!yXYZU^]<Q
yXa�]V_3YZQ�YZa�]VW�f a \ i�� � yXa�]3]VUXyXQ�UX_ [Vk i<]3i \ w \ i [ S Q�aJ:3U�QbSVU4w \ i [ S`a@f�i [ a k ;VQ�a [ U!Yl]VW�y \ Y|:�UX_7Yl]/i
W [ SVU \ U �

g U pN\ W�Q�:�UXw<Yl] ��Y�QTSJi�Q�UXyXS3]VYZy^i k#k U r4r i�QTS3i@Q	i kZk a��	W�nVWdQ�a�_ \ a [ yXU \ Qbi@Yl] \ UX_�n3]V_�is]<QdyXa�] �
W�Q \ i@Yl]<Q�W~f \ a r W�;�W ���7� �
� ��4 4 7 < �#< 
�� � �`� � ; �0C ��D � �g� �'M G)(+�����IG`��� Nba � �`��� N �.��(D������&b� :B� � (K9V��(?� M ��*I� =`��<DP G2�4��:
�]&b(+:�� :)&'(+*,��:Y��� N �TG)� �'M G)(?� ���IG`��� N : �"�2>+*,<IA�&D: a $%&b�.� ��&b�_A4(DPZRD��(IA4�

����� � ; �( �" U � �  2� ��� � �%� ; � � � "�C �  2� ��� �(L � � % �%� $ � �)L �B" D �
 2� ��� � �%� $ � � � " � �  �$ �&%



;DE ��� ������	�� � ����	
� � ��� � � � � �

��:[��
2�4<DP ��( ����z ���7�`a


 *,( (K9 a�} k U^i \�k ;<�6���{z ���7� � ����� � � � a9WbSVa��+QbS3i@Q������7� � ����z ���7�X�VYZQ	Wbn 39yXUXW�Q�a4WbSVa�� QbS3i@Q
Yqf � �" �����7�X�VQbSVU^] � 2�0� � $ � f a \ i kZk ��"������7� �

�3n [3[ a<W�U9QbSVU \ U9U&��YZW�Q�W ��� � �	" �����7�dWbnVyXS/QTS3i@Q � 
� ��� ���%��� � �`}	SVa�asW�U � WbnVy S QbS3i@Q�QbSVU
Q�a<QTi k ]�n r :�U \ a�f�: k aVy $ W � Yl] � d �%f$is]V_ � d C � �%f-YZW�i@W�W r i k�k i@W [ a<W�W�Yl: k U �)�VY|]VyXU �-U�y^is]3]Va<Q
S3i e<U � ; �(L � � %	f a \ is]<;�L �B" D � �-U r nVW�Q�S3i e<U I � I � I C	� � I $ � �

g+YZQbSVa�nVQ k a<W�W�a@f{wsU^]VU \ i k YZQ ;<� i�W�Wbn r U�QbS3i@QdQbSVU�]�n r :3U \ a�f$: k aVy $ W�Yl])� d � f2YZW8i@Q r a<W�QdQbSVU
]Vn r :�U \ a@f~: k aVy $ W8Yl] � d C � �%f � � f	QbSVU \ U�YZW�a�] k ;Ja�]VU!: k aVy $ Yl] � d C � � f � �$U�i \ U�_3a�]VU � � SVnVW^�
Wbn [3[ a<W�U8QTSVU \ U8i \ U8i@Q k U^i�W�Q	Q �-aE: k aVy $ WdY|]/� d C � �%f � g/U�yXa�]VW�YZ_3U \ Q �-a�y^i@W�UXW �
�
7�� � * � � ��� d C � �%f�� + . �

� UXQ � 
 ��	�	 	�� � �-:3U	QTSVU	e<U \ Q�U&� � W�UXQ�W a�fNQbSVU	yXa r�[ a�]VU^]sQ�W a@f
� d C � �%f �2�VYl]VyXU �
Y�W	� � yXaV]3]VUXyXQ�UX_ �
QbSVU�]�n r :�U \ a@f�: k a�y $ W�Yl] � d � � � 
Kf$YZW�i@Q r asW�Q�QbSVU�]�n r :3U \ a@f�: k aVy $ W�Y|] � d �%f �9�	a��-UXe<U \ �
� 2� � � � � � 
 �%� , � 
� ��� ���%� � � � � SVYZWdyXa�]sQ \ i@_3YZyXQ�W	aVn \ i@W�Wbn r4[ Q�YZa�]9a@f r Yl]VY r i k Y�Q�; �
�
7�� � 1 � � ��� d C � �%f�� ; . �

� UXQ �9:3U�i�y^nVQde<U \ Q�U&�9a@f�� d C � �%f � � UXQ�� 
 ��	�	 	�� � ��:3U�QbSVU�e<U \ Q�U&� � W�UXQ�W�a@fhQTSVU8yXa r�[ a�]VU^]sQ�W
a@f!� d C � � f 
 � � �VYl]VyXU � YZWm� � yXaV]3]VUXyXQ�UX_ � � d � � f � �(YZWJ� � yXa�]3]VUXyXQ�UX_ � �	U^]VyXU<� � d � � f YZW�i
Wbn3:Vw \ i [ S/a�f�i`: k a�y $ Yl] � d � � � � f � :$nVQ�QbSVU9UX_3w<UXW�Y|] � � � � � � �dy^i<]3]Va<Q�:�U!Yl]VyXYZ_3U^]sQ!Q�a`QbSVU
Wbi r U�e<U \ Q�U&��Yl] � �{��U^]VyXU<�Vf a \ i<]s;!WTn3:VW�UXQ:� � 
 �
	�	�	�� � � %8a@f � . �
	�	�	�� + %V�@QbSVU8]�n r :�U \ a@f : k aVy $ WdYl]
� d � � � � � � ����� � � � � f YZW8i@Q r a<W�Q�QbSVU�]�n r :�U \ a@f$: k a�y $ W�Yl])� d �%f � � Q�fva k�k a��	W�QbS3i�Q	QbSVU�Q�a<Qbi k
]Vn r :�U \ a@f2: k aVy $ W-Yl]�� d � � � 
Kf i<]V_9Yl] � d C ��� � � � 
 �2fHYZW k UXW�W-QbS3is] � �@:{; r Yl]VY r i k Y�Q�;9a@f � � �-U
S3i e<U � 2� ��� � � � 
 �%� $ � �#g/U	i k W�a�S3i e<U-QbS3i@Q QTSVU$Q�a<Qbi k ]�n r :�U \ a@f : k aVy $ W�Y|] � d � � � � � ����� � � �.f
i<]V_�Yl] � d C ��� � � � � � ����� � � � �2f YZW k UXW�W�QbS3is] � � :�; r Yl]VY r i k YZQ�;�a@f � � �-U8S3i e<U � 
� ��� � � � � �
����� � � � �%� $ � �
:-nVQ

� 2� ��� � �%� ; � 2� ��� � � � 
 � � - � 2� ��� � � ��� � ����� � � ���%� 
  
� ��� � � � $ �*- � 
/� ; � 	

� SVYZWdY�Wdi�yXa�]sQ \ i@_3YZyXQ�YZa�]H�Hi<]V_�QbSVU \ UXWTn k Q�f a kZk a��	W��

� SVU{]VU&��Q QTSVUXa \ U r i kZk a��	W2nVW#Q�a-a�:VQbi@Yl]�i-yXa r�[ i@yXQHf a \�r n k i@Q�YZa�]�f a \ QbSVU WTn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�]



� � � � � � � � � � �������-� � � ��������� ��� ��� 	 ��� �������
�
� � 	 ;DO

[ a k ;VQ�a [ U8a@f [Vk i<]3i \ w \ i [ SVW �

� �8� �I%'��4 < �#<�� �J� � � = �;��/ ���K5IC / 1 
 5 6 � � � � ; �0C � D � �g�V<YA�P <?���V��*)��<+�T>��TP <Q���\(+� �]�\��&�<D� P^�I<+:B�
9�(��b* = �.*B����GI��:F<+� N < N ��:B�����4> �b��:I&b� N =+��*���� 3�� (+� ��&b�
�g(��b� N <+*IR a�� � 
 ��� � � ; � �!L � � ��
 % �
C��&� � %E�ML � � ��
 <+*,�B= �.*B����G)�.:[(+� :B(+-F� 9�<DGI�F��*I�\<+�T>DP^� % <+� N�� � ; C���� � � % � � � � � �`a � � � �
�g�E��&'�V:B� � (K9[� N >Q��:[(+�
��&b� �g(��'� N <?*)R=(K9 � 
 � <+� N D �:� D �g�[: �TG�&���&b<D� D � � � ; � a � �`�
+�+ ��a � �`� ��� ��� � N �.��(D���V��&b� 9�(DP;P^(��]���4> :IR+:B���.- �

�
�
	 � �
�
�
�
� � 4��


 � �
�
�
�
� �
�
� -  ��� ; + �#L �E" D � ��
 � � � � � � � �


 � �
�
�
�
� �
�
� -�
 � �

�
�
�
� �
�
� -�
 � �

�
�
�
� �
�
� ; + � �(L � � ��
 %�"�� � � � � � �

�
�
�
�
	 � �
�
�
�
� � 4��


 � �
�
�
�
� �
�
� ; �,+ � L�"�� � � � � ( �

�
�
�
��	 � �
�
�
�
� � 4��


 � �
�
�
�
� �
�
� -  ��� ; + � L�"�� � � � � � � � ; �

 2 ; � � 9 " D � � � � � E �
 $ � � � � � O �

 $ � 	 � � � C �

7"9 � �
 � � �� �;:F< :B(DP �T���\(?� ��( ��� � � � C ��&b��� � 2� ��� � �%� ; �,+ 9B(+*F<DP�P � " C <+� N � 2�0� � $R�,+ 9B(?* <QP;P
��"���� � � a � �b*���&b��*I-F(+*,��C � 9 �
O+ � C ��&b����� 2� � � + � + 9�(+*E<DP�P � "���� �)�`a

7g� < NDN �����\(+��C�9B(+*V<+� R � )" U � : �4G.&���&b<D� � #$ � C�� 2� D �&� ; � C � 2� � � � �%� ; � + 9�(+*F<DP�P �K"7C
<+� N � 2� � � $R� + 9B(?* <QP;P � "���� �)� C ��&b��*,�F�23`��:B��: �
 : �4G.& ��&b<Q� � �
 � � �� �;:V<=:�(DP �4����(+�H��( ��� ��� �`a
� �b*���&b�.*)-F(+*,��C � 9 � 2 ++� 9�(+*E<DP�P 9 ")� <+� N � 2�0� ��+ � + 9�(+*F<DP;P �/" ��� �)� C ��&'���H��&b�.*,�F� 3 �;:���:
�
O+ � : �TG�&���&'<D� � �
 � � �� �;:[< :B(QP �T����(+�
��( ��� � � �`a
����4 7�%�� � � SVU [ n \�[ a<W�Uda@f2QbSVU [ i \ i r UXQ�U \ +4Yl]�QTSVU�W�QTi@Q�U r U^]sQ{a@f#QbSVU	QbSVUXa \ U r YZW-Q�a�f i@yXY k Yli@Q�U
_3YZW�y^nVW�W�YZa�] ��SVU^] "dYZe�Yl]65 W4y S3i \ i@yXQ�U \ YZ�^i@Q�YZa�]ja�f�w \ i [ SVW4a@f�Yl]VW�y \ Yl:3i<: k U/Q�; [ U�YZW�yXa�]VW�YZ_3U \ UX_ Yl]
}	S3i [ Q�U \ E �

g U8y^i<]`QbSVYl] $ a@f$i9W�a k nVQ�YZa�]`a@f7��� � � �di@W8i<]`i@W�W�YZw�] r U^]<Q�a@f{e@i k nVUXW8Q�a9UX_3w<UXW�i<]V_/i<]Vw k UXW
a@f�foi@yXU4Q \ Yli<]Vw k UXW�]VasQ�yXa�]<QTi@Yl]VY|]Vw � � � ] a<QbSVU \ �-a \ _3W �)fva \ is] UX_3w<U L ���  ��� yXa \�\ UXW [ aV]V_3W8Q�a



;DC ��� ������	�� � ����	
� � ��� � � � � �

QbSVUde0i k nVU�i@W�W�YZw�]VUX_�Q�a�QbS3i�Q{UX_3w<U � �)a \ QbSVU8i<]Vw k U�i@Q-e<U \ Q�U&� 
 Yl]9QbSVUdfoi�yXU�Q \ Y|is]Vw k U�yXa�]<QTi@Yl]VY|]Vw
e<U \ Q�Y�yXUXW:L � � ��
 � 
 � � � � � � � � � yXa \�\ UXW [ a�]V_3W	Q�a�QTSVU�e0i k nVU�i�W�W�YZw�]VUX_JQ�a�YZQ � ���VUXU � YZw�n \ U�� � � ( � �

w
u {

uv

ur

{
v

θ u,v,w},w

x

x

θ
r

u,v,r},r

� YZw�n \ U8� � � ( �#P�]�Y kZk nVW�Q \ i@Q�YZa�]
"dYZe�Yl] _3Y�_ ]Va<Q-W�Qbi@Q�U � SVUXa \ U r � � � C8QTSVU �~i ;�YZQdYZW	W�Qbi@Q�UX_JSVU \ U � � SVU [3\ aVa@f QbS3i@Q�f a kZk a��	W�Y�W

_�nVU�Q�a "dY�eVYl] [3\ aVa@f$:3nVQ � \ YZQ�Q�U^]JYl] QTSVU k i<]VwVn3i@w<U�a@f{QbSVU�y^n \�\ U^]sQ�QbSVUXW�YZW ���Va r U [ i \ Q�W�a�f$SVY�W
i \ wVn r U^]<Q�W~S3i e<U8:�UXU^]�U k i<:�a \ i@Q�UX_ �

2 %'�8��� ��� � �8�=�8%���4 < �#<�� � � UXQ!� �
 � � ���:3U�iEW�a k nVQ�YZa�]�a�f ��� � ��� �
� 3�7��54 *�� � f � "��	�3QbSVU^] �� 4 � � � �

�
��	 � �
�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� ; ��

�
��	 � �
�
�
�
� � 4��

��+	
 �
 � �
�
�
�
� �
�
� � �


 *,( (K9 a G asQ�U/QbS3i@Q �
� 4 � � � �

�
��	 � �
�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� YZWJQbSVU/WTn r a@f�QbSVU e0i k nVUXW/i@W�W�YZw�]VUX_ Q�a7QbSVU

r i \ $ UX_ i<]Vw k UXW�Yl] � Y�wVn \ U�� �q�D; i<]V_+QbS3i@Q �
�
�
�
	 � �
�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� YZW9QbSVUJWTn r a@f8QTSVUJe0i k nVUXW

i@W�W�Y�wV]VUX_JQ�a�QbSVU�n3] r i \%$ UX_Jis]Vw k UXW	Yl] � YZw�n \ U8� � �D; � :�; � � � �,� �<QbSVU�y k i@Y r f a kZk a��	W��

g U pN\ W�Q	WbSVa��+QbS3i@Q � �Wbi@Q�Y�W p UXW	QbSVU8_3UXw \ UXU�yXa�]VW�Q \ i@Yl]<Q�W��
� f��B" �	�3QTSVU^]

���� 4 � � � � ��+0
 � ��� � ; �� 4 � � � �
�

��	 � �
�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� � :<; � � 	 �,�%�

; �
�
�
��	 � �
�
�
�
� � 4��

��+	
 �
 � �
�
�
�
� �
�
� � �o:<;�} k i@Y r . �

; _3UXw
� � � +0
/�,+ 	



� � � � � � � � � � �������-� � � ��������� ��� ��� 	 ��� �������
�
� � 	 ;DF

v

� YZw�n \ U8� � �D;T� � kZk nVW�Q \ i@Q�YZa�]9f a \ } k i�Y r .

� SVnVW^� �
��� 4 � � � � � ��� ; �,+��

� f��B"�� � � � �<QbSVU^]

�� 4 � � � �
��+	
 � ��� � ; ��+	
 � � � �
- �� 4 � � � �

�
� �� �

�
��	 � �
�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� � :s; � � 	 �,� �

; �
�
�
��	 � �
�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� - �

�
�
��	 � �
�
�
�
� � 4��

��+	
 �
 � �
�
�
�
� �
�
� �

; �
�
�
��	 � �
�
�
�
� � 4��

+

; �C_3UXw
� � � 
/�,� + 	

� SVnVW^� �
��� 4 � � � � � ��� ; �,+��

:�UTf a \ U �-U�WbSVa��+QbS3i@Q � 
� ��� � � � ; �3� �-U8]VUXUX_`QbSVUdfva k�k a��	Yl]Vw9y k i�Y r �

� 3�7��54 1 � � UXQ�� :3U�i � a \ _�i<] y^n \ e<U9Yl]�� 
 � ��}-a�]VW�Y�_3U \ QbSVU�� � yXa�]3]VUXyXQ�UX_ [Vk i<]VU!w \ i [ S
� � ; � d C'���
� � � f ��SVU \ U � YZW�QbSVU�W�UXQda@f{e<U \ Q�YZyXUXW ]Va<Qda�]`QbSVU�Wbi r U�W�YZ_3U�a�f�� i@W � � � UXQ
� � _3U^]Va<Q�U�QbSVU�W�UXQ:� �!L � � ��
 %�"�� � L � � � 
 � L 
 " D � � � � % � � SVU^]

�
� �
�
�
�
� � 4�� � 	 � 4 � ��� �

�
 � �
�
�
�
� �
�
� ; � I C ���2� I 
j�,�%+ 	


 *,( (K9 a~P [3[Vk ;VYl]Vw �{n k U \ 5 W�f a \�r n k i9Q�a ���C� �-U�a�:VQbi�Y|] I C � ��� � I 
 I D � ��� � I - I � � I ; . � �VYl]VyXU
� � S3i@W I C ���
� I :�a�n3]V_�i \ ;�UX_3w<UXW � �-U8W�UXU8QbS3i@Q I D � � � � I ; W � � � � � � � ��� � �� � � Q	f a kZk a ��W�QbS3i�Q I � � I ;
� I C � � � � I 
+�	
 I C ���
� I �j�	U^]VyXU<� �

� �
�
�
�
� � 4�� � 	 � 4 � ��� �

�
 � �
�
�
�
� �
�
� ; I � � I + 
 � I C � � � ��� C ���
� I + ;



E<� ��� ������	�� � ����	
� � ��� � � � � �

� I C ���
� I 
/�,�%+�i�W$_3UXW�Y \ UX_ �

P [3[Vk ;�Yl]VwJ} k i@Y r � �	YZQbS�QbSVU8:�a�n3]V_�i \ ;�a�f � 
 � i@W	QTSVU � a \ _�i<] y^n \ e<U ��� �-U�w<UXQ

�
� 4 � � � �

��+0
 � ���'� ; �
� �
�
�
�
� � 4�� � 	 � 4 � � � �


 � �
�
�
�
� �
�
� ; � I � � � � I 
��,�%+ 	

� Q~fva kZk a��	W	QbS3i�Q �
� 4 � � � �

� ��� ; �,+��

��U^]VyXU<� � Wbi�Q�YZW p UXW�QTSVU�_3UXw \ UXU�yXa�]VW�Q \ i�Y|]sQ�W ��g/U�]Va��RWbSVa�� QbS3i@Q � `Wbi@Q�YZW p UXW�QbSVU�Wbn3:VQ�a�n \��
U k Y r Yl]3i@Q�YZa�]`yXa�]VW�Q \ i@Yl]<Q�W �

� UXQ���"���� �)� � g/U�yXa�]VW�YZ_3U \ Q �$a�y^i@W�UXW �
�
7�� � * � � ; � � ��� fva \ W�a r U � ; �(L � � % �

� f�L � " D � � 
 � �X�HQbSVU^] � ��� ; + 
 �
��	 � �
�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� , + 	 �	U^]VyXU<� � 
� ��� �!L � � % �%� ;

( +	
/� � ��� $ �,+�� � SVU8Yl]VUXt3n3i k Y�Q�;`Y�W�W�Q \ YZyXQ	Yqf �
O+ � �
� f L � <" D �VQbSVU^] � 2� ��� �!L � � % �%� ; ( +K+ �,+��
� f�L " � � � �X�HQbSVU^] � ��� ; + 
 �� ��	 � �

�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� , + 	 ��U^]VyXU<� � 
� ��� �!L � � % �%� $ �,+��

Pdw�i@Yl]H�3QbSVU�Yl]VUXt3n3i k Y�Q�;`Y�WdW�Q \ Y�yXQ�Y f �
O+ � �
�
7�� � 1 � � ; � � ����WbnVyXS9QbS3i@Q�:�a<QbS � d �%f i<]V_ � d C � �%f2i \ U � � yXaV]3]VUXyXQ�UX_ �

PdW�Wbn r U �	YZQbSVaVnVQ k a<W�W-a@f2wsU^]VU \ i k YZQ ;4QbS3i@Q � <"�� � x U^]Va<Q�U�QbSVU :�a�n3]V_�i \ ;4e<U \ Q�YZyXUXW-a@f � d � f
:s; � � � UXQ � ; � � � ��� � ����:VW�U \ e<U9QbS3i@Q�U^i@yXS a@f	� i<]V_ �6Y�W�QbSVU9e<U \ Q�U&� � W�UXQ�a@f�i � a \ _�i<]
y^n \ e<U�Yl]�� � ���VUXU � YZw�n \ U�� � �DE � �

�3n [3[ a<W�U ��� � � � SVU^] �(YZW8QTSVU�W�UXQ�a@f	:3a�n3]V_�i \ ;�esU \ Q�YZyXUXW8a@f � d � � �%f � � ; � ��� ��Yl]
� d � � � f �2is]V_/QbSVU�]�n r :3U \ a@f-foi�yXU�Q \ Yli<]Vw k UXW�Yl]�� d � � �%f{Yl]VyXYZ_3U^]<Q �	YZQbS�i e<U \ Q�U&�`Yl] �6Y�W
I ��� � � I � � UXQ

� 
 ; �
�
�
� 4��
�
� 4 � 	 � � � � � � � 4��

�
 � �
�
�
�
� �
�
� �

� � ; �
�
�
� 4 � � � 4�� 	 � � � � � � � 4��

�
 � �
�
�
�
� �
�
� �



� � � � � � � � � � �������-� � � ��������� ��� ��� 	 ��� �������
�
� � 	 E�.

i<]V_
� W ; �

��� 4 � � . � �
��	 � �
�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� 	

����i@y S9Q�U \�r Y|] �
� yXa \�\ UXW [ a�]V_3W	Q�a!is]�i<]Vw k U r i \%$ UX_ �	YZQbS � W�Q \ Y [ UXWdYl] � YZw�n \ U8� � �DE � �

��:VW�U \ e<U�QbS3i@Q � 
2- � �#- � W ; I ��� ��� I +�� G a<Q�U�QbS3i�Q

� W ; �
2 4 � � . � ��+	
 � 2 � ; I � � ��� I + 
 � 2� � � ���%� 	

��U^]VyXU<� � 
� ��� ���%� ; �

(- � � � P [3[Vk ;VYl]Vw } k i@Y r � �	YZQbS QbSVUJ:3a�n3]V_�i \ ;�a�f � d � � �%f�i@W�QbSVU
� a \ _�i<]9y^n \ e<U �{� �-U�a�:VQTi@Yl]

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

�
 � �
�
�
�
� �
�
� ; � I � I 
��,�%+ 	

:-nVQ

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

�
 � �
�
�
�
� �
�
� ; � 
2- ��

�
� 4 � � � 4�� 	 � � � � � � � 4��

��+	
 �
 � �
�
�
�
� �
�
� �

; � 
2- I � I + 
)� � 	

� SVnVW^� � I � I 
 � �%+ ; � 
 - I � I + 
�� � � � Q�f a kZk a��	W�QbS3i@QE� � 
�� 
 ; �,+��j�	U^]VyXU<��Yqf �
 $ �3�
� 2� � � ���%� ; �

2- � �:$7�,+�is]V_JYqf �
O+ �3� � 2� � � ���%� ; �

2- � �:+ �,+��

G a��8�3Wbn [3[ a<W�U ��#��� � � SVU^]H� �1��� � � � #; � � �VYl]VyXU � d C � �%f#Y�W8� � yXa�]3]VUXyXQ�UX_ � ��� ����S3i@W
U&�3i@yXQ k ;JQ �-a!UX_3wsUXW	L � � � i<]V_)L � � � � � Yl])� � �dQTSVU \ �	YZW�U<� � �-a�n k _/:3U�i9y^nVQ � e<U \ Q�U&��a@f � d C � �%f �
PdW�Wbn r U �	YZQbSVaVnVQ k a<W�W�a@fdw<U^]VU \ i k YZQ�;�QbS3i�Q'L � � L � ��" � � � � Q�YZW [ a<W�W�Yl: k UJQTS3i@QEL � ; L � � � � � UXQ
� ; � � � ���*�!L � � L � � % � � UXQ

� 
 ; ��
�
� 4�� � �

�
� 4 � ��� � � 	 � �

�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� �

� � ; �
�
�
� 4 � � � � �

�
� 4�� 	 � �

�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� �



E<� ��� ������	�� � ����	
� � ��� � � � � �

S

S

u

u’

T

U

� YZw�n \ U�� � �DET� P ] Y k�k nVW�Q \ i@Q�YZa�]



� � � � � � � � � � �������-� � � ��������� ��� ��� 	 ��� �������
�
� � 	 E<�

i<]V_
� W ; �

��� 4 � � . � � � � � � �
�
	 � �
�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� 	

��:VW�U \ esU{QbS3i@Q �

 -:� �&-:� W ; � I ��� ����� � � � � I 
 .0�%+ �6�VY|]VyXU�� W ; �
��� 4 � � . � � � � � � �

��	 � �
�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� ;

�
254 � � . � � � � � � ��+	
 � 2 �X� �-U8S3i e<U � 2� � � ����� ��� � �%� ; �

2- � �#- +��

� UXQ � ; � � � �&� � % � ��:VW�U \ e<U-QbS3i@Q#QbSVU-W�UXQ2a�f :3aVn3]V_�i \ ;8esU \ Q�YZyXUXW a@f � d � fuYZW ��� �*� � % � �
��� ��� � � �%� �-P [3[Vk ;�Yl]Vw�} k i�Y r � �	YZQbS`QbSVU�:3aVn3]V_�i \ ;Ja�f � d � fhi�W�QbSVU � a \ _�i<]`y^n \ e<U �{� �-U
a�:VQbi�Y|]

�
�
�
� 4�� � � ��� � �

�
� 4 � 	 � � � � � � � 4��

�
 � �
�
�
�
� �
�
� - �

�
�
� 4�� � � ��� � �

�
� 4�� � � � � � 	 � � � � � � � 4��

�
 � �
�
�
�
� �
�
�

; � I � �&� � % I - I � ��� � � � I 
/�,� + ; � I � I - I � ��� � � � I 
/�,�%+ 	

:-nVQ
�

�
�
� 4�� � � ��� � �

�
� 4�� � � � � � 	 � � � � � � � 4 �

�
 � �
�
�
�
� �
�
� ; �

� 4�� � � � � � ��+ 
 � ���'�

i<]V_

�
�
�
� 4�� � � ��� � �

�
� 4 � �
� � � 	 � �

�
�
�
� � 4��

�
 � �
�
�
�
� �
�
� ; � 
2- �

�
�
� 4 � ��� � �

�
� 4�� 	 � �

�
�
�
� � 4��

��+	
 �
 � �
�
�
�
� �
�
� �

; � 
2- � I � I 
��,� +0
 � � 	

� SVnVW^��� 
 - � I � I 
�� �%+0
 � � - �
� 4�� � � � � � ��+	
 � ����� ; � I � I - I �+��� � � � I 
/�,�%+ 	 � Q	f a kZk a��	W

QbS3i@Q �
� 4�� � � � � � � ��� ; �

 
 � ��- +����	U^]VyXU<� � 
� ��� ���%� ; � 
� ��� ����� � � � � ��- �

� 4�� � � � � � � ��� ;
� � 
 -7�,+�$ � +�� � SVU8Yl]VUXtun3i k YZQ�;�YZW�W�Q \ YZyXQ	Yqf �
O+ � �

:�; � U r�r i9� � � O3� �$U�W�UXU8QTS3i@Q � 2�0� ��$+��f a \ i<]s;���" ��� �)�$is]V_JQbSVU�Y|]VUXt3n3i k YZQ�;JYZW�W�Q \ YZyXQ
��SVU^] �
O+ � � � SVYZW [3\ a0esUXW	QbSVU pN\ W�Q [ i \ Q-a@f QbSVU8QbSVUXa \ U r �

�)a \ QbSVU9W�UXyXa�]V_ [ i \ Q^� k UXQ � j:3U9WbnVyXS QbS3i@Q � 2 ; �mfva \ i k�k�9 " D � � � 2� � � � �%� ; �,+�fva \ i kZk
� " C�� � 
� � � $�� +jf a \ i kZk � " ��� �)�X�{is]V_ � 8$�� � � Q9YZW�U^i@W�;jQ�ajW�UXUJQbS3i�Q!Yqf � � C4�



E ( ��� ������	�� � ����	
� � ��� � � � � �

� 2� � � ���%� , � I � I 
 .0� +�� � UXQ�� ��� �~_3U^]Va<Q�U�QbSVUdf a kZk a ��Y|]Vw k Yl]VU^i \�[3\ a<w \ i r�r Yl]Vw [3\ a�: k U r �

r i�� �
WTn3: � UXyXQ�Q�a �

�
	 � �
�
�
�
� � 4��


 � �
�
�
�
� �
�
� - � ��� ; + �7L �E" D � � 
 � � �


 � �
�
�
�
� �
�
� -�
 � �

�
�
�
� �
�
� -�
 � �

�
�
�
� �
�
� ; + �)�!L � � ��
 %�" � �

�
�
�
�
	 � �
�
�
�
� � 4��


 � �
�
�
�
� �
�
� ; �,+ �)L�" � �

��
�
��	 � �
�
�
�
� � 4��


 � �
�
�
�
� �
�
� - � ��� ; + �7L�"�� � � � �


 $ � 	

g U pN\ W�Q#WbSVa��jQbS3i@Q�� � ���2S3i�W{i-f U^i@W�Yl: k U	W�a k nVQ�YZa�]�� G a<Q�U�QbS3i@Q#QbSVU k i�W�Q2Q �-a	W�UXQ�W a@f�UXtun3i�Q�YZa�]VW
Yl] � � � ��i \ U�Wbn [ U \ � nVa�nVWdW�Yl]VyXU�Yqf L�"��	�

�
�
�
�
	 � �
�
�
�
� � 4��


 � �
�
�
�
� �
�
� ; �

�
�
��	 � �
�
�
�
� � 4��

��+	
 
 � �
�
�
�
� �
�
� 
 
 � �

�
�
�
� �
�
� �

; _3UXw �0L�� +	
 �� 4 � � � �
��+	
 � ��� � ; �

254 � � � � � 2�; �,+ �

i<]V_�YqfJL "�� � � �X�

�
�
�
��	 � �
�
�
�
� � 4��


 � �
�
�
�
� �
�
� ; �

�
�
�
	 � �
�
�
�
� � 4��

��+	
 
 � �
�
�
�
� �
�
� 
 
 � �

�
�
�
� �
�
� �

; �C_3UXw � L���
/�,� +	
 �� 4 � � � � � � � �
��+	
 � ��� �

; �C_3UXw � L���
/�,� +	
 �
254 � � � � ��+	
 � 2 �
- +	
 � ���

; �C_3UXw � L���
/�,� +	
 _3UXw �0L��%+ -7�,+ - +	
 � ��� ; +	
 � ��� 	



� � � � � � � � � � �������-� � � ��������� ��� ��� 	 ��� �������
�
� � 	 ED;

� SVU�_�n3i k a@f � ��� � �	YZQbSVaVnVQ	QbSVU k i@W�Q	Q �-a�W�UXQ�W	a�fhUXt3n3i@Q�YZa�]VW	YZW

r Yl] �
2 4 � � � � � � ��+0
 � 2 � � 2 - + �

� �
�
�
�
� � 4��

- � �
�
�
�
� �

��� � ������- - � �
�
�
�
� � $ �/� �!L � � ��
 % � 
 ��"�� ��C�� � 
 � � � L � " D � ��
 � �

�3n [3[ a<W�U�� � � �	YZWdYl]sfvU^i@W�Y|: k U � �VY|]VyXU ��� �-YZW�]Va<Q�Yl]sf U^i@W�Yl: k U � ��YZW�i�f U^i@W�Yl: k U�W�a k nVQ�YZa�]��X�)QbSVU \ U
U&�VY�W�Q�W{i [ i@Y \ �� � �- f U^i@W�Yl: k U	Q�a'��� �2S3i eVYl]Vw�]VUXw�i@Q�Y�esU{a�: ��UXyXQ�YZe<U-e0i k nVU ��}	SVa�asW�U-a�]VU-WbnVy S�W�a k nVQ�Y�aV]
QbS3i@Q	S3i@WdQbSVUdf U �-UXW�Q-_3Y�W�Q�Yl]VyXQ�e0i k nVUXWdY|] QbSVU8U^]sQ \ YZUXW	a�f �- �

�3n [3[ a<W�UdQbSVU \ U�i \ U�i�Q k U^i@W�Q-Q �-a�_3Y�W�Q�Yl]VyXQ	e0i k nVUXW	Yl]4QbSVUdU^]<Q \ Y�UXW-a@f �- � � UXQ � ; r Yl]
� 4�� �- � � � UXQ� � ; r Yl]

� 4�� � ���� ��� �- � � � UXQ ��� � ; � �!L � � ��
 %�" � � �- � �
�
�
�
� � ; � % � � UXQ D � � ; �!L ��� �!L � � ��
 %�"

� � � fva \ W�a r U 
 % �
� UXQ D � � D � � :3U9WbnVyXS QbS3i@Q � d D � f{YZW�i9yXa r�[ aV]VU^]<Q�a@f � d D � � f � � UXQ � ; C�� � d D � f ��i<]V_

� � ; � � " � � � � �/� � % �
�)a \ U^i@y S 9 " D �F�H_3UXy \ U^i�W�U �� 2 :s; � � 
 � �*��a \ U^i@y S#�!L � � ��
 %	" ���C�HYl]Vy \ U^i@W�U �- � � � � � � � :<;� � 
 � � } k U^i \�k ;<�3QbSVU r aV_3Y p UX_`W�a k nVQ�YZa�]9YZW	W�Q�Y kZk f U^i@W�Yl: k U � � UXQ ��_3U^]VasQ�U�QTSVU8]�n r :3U \ a@f2Yl]<Q�U \ YZa \

f i@yXUXW�a@f	QbSVU [Vk i<]VU�w \ i [ S � d D � f � � SVU^]7:s; ��n k U \ 5 W�f a \�r n k i3� �-U!S3i e<U I D � I ; I � I -�� 
 . �

G a<Q�Yl]Vw�QbS3i@Q I � � I�, �s� �-UdW�UXU8QbS3i�Q$QTSVU8yXS3i<]Vw<U�Yl]�QbSVU�aV: � UXyXQ�Y�esU�e0i k nVU�YZW

� � � 
 � � � 
 �
254 � �

��+	
 � 2 �
- + I � � I � , � � � 
 � � � 
�+
� I � I - �-
 .0�6- � 
� D � �
- + � �

, � � � 
 � � � � 
� � � ��� � 
 � I � I 
 .0� +��%� , � 	

:�;9w<a<Yl]Vw�QbS \ a�nVw�S4U^i@y S9yXa r�[ a�]VU^]sQda@f � d D � � f2i<]V_ r aV_3Y f ;VY|]Vw�QTSVU�W�a k nVQ�YZa�]9Yl]�QbSVU8is:3a@e<U
r i<]3]VU \ � �$U�aV:VQbi@Yl] i`f U^i@W�Yl: k U W�a k nVQ�YZa�]Lf a \ ��SVYZyXS7QbSVU ]�n r :3U \ a@f�_3YZW�Q�Yl]VyXQ�e0i k nVUXW�a@f �- Y�W
W r i k�k U \ i<]V_/QTSVU�a�: ��UXyXQ�YZe<U�e0i k nVU9YZWE]VasQ�w \ U^i@Q�U \ � � SVYZW�YZW�i�yXa�]sQ \ i@_3YZyXQ�YZa�]�� � SVnVW^� �-U r nVW�Q
S3i e<U �- ; 	 � f a \ W�a r U \ U^i k ]�n r :�U \ 	Ji<]V_�QbSVU8aV: � UXyXQ�Y�esU�e0i k nVU8YZW�i@Q k U^i@W�Q

	2� 
 I D � ��
 � � I + - � 
� � �0C'� � 
 � �%� ��- I � I +��
; 	2� 
7� I C � � 
 � � I - I � I 
 .0�%+ - � I C � � 
 � � I 
 .0� + - I � I +�� ; � 	

� SVYZWdyXa�]<Q \ i@_3YZyXQ�W	QbS3i�Q$QTSVU8a�: ��UXyXQ�YZe<U�e@i k nVU8YZW ]VUXwVi@Q�YZe<U �{��U^]VyXU<� � � ��� r nVW�Q	:3U�f U^i@W�Yl: k U �



EDE ��� ������	�� � ����	
� � ��� � � � � �

G a��8� i@W�Wbn r U�f n \ QbSVU \ QbS3i@Q � 2�0� � + � + f a \ i kZk � " ��� �)�8i<]V_ � 2 + � f a \ i kZk�9 " � �

��:VW�U \ esU�QbS3i@Q � 2� � � � �%� � � I � I 
 . �%+�f a \ i kZk � � C��3� , I � I , I C I 
 � � � ] [ i \ Q�YZy^n k i \ � � 2 � +

f a \ i kZk 9 " D � � SVYZW�Y r�[Vk Y�UXW4QbS3i@Q8i kZk QbSVU�yXaVU43!yXYZU^]<Q�W�Yl] QbSVU�a�: � UXyXQ�YZe<UEfon3]VyXQ�YZa�]Da@f ��� �di \ U
[ asW�YZQ�YZe<U �

� \ a r i<:3a@e<U<� �-U $ ]Va��(QbS3i@Q � ��� �dYZW fvU^i@W�Y|: k U � �3n [3[ a<W�U9QbSVU \ U4U&��YZW�Q�W�� �!L � � ��
 % ��
 �-WbnVyXS
QbS3i@Q 
 �� �

�
�
�
� �
�
� ; ��f a \ i<]<;9f U^i@W�Yl: k U�W�a k nVQ�Y�aV] 
 � a@f � ���,� � :�;JW�Q \ YZyXQ�yXa r�[Vk U r U^]<QTi \ YZQ�;<�HQbSVU \ U

U&�VY�W�Q�WJi<] a [ Q�Y r i k W�a k nVQ�YZa�] � �� � �- �9a@f���� �9QbS3i@Q9Wbi@Q�YZW p UXW�QbSVU Yl]VUXt3n3i k Y�Q�; yXa \�\ UXW [ a�]V_3Yl]Vw Q�a

 �� �
�
�
�
� �
�
� W�Q \ YZyXQ k ; �

� f L �E" �!� �-U	yXa�n k _ \ UX_�nVyXUdQbSVU	e@i k nVU�a@f �� ��� i<]V_4w<UXQ$i�f U^i@W�Yl: k U�W�a k nVQ�YZa�]9S3i e�Yl]Vw�]VUXwVi@Q�YZe<U
a�: ��UXyXQ�YZe<U�e@i k nVU � � SVY�W�YZW�i�yXa�]sQ \ i�_3Y�yXQ�Y�aV]��J�	U^]VyXU<� L � <"�� � � UXQ 
 � :�U!QbSVU9e<U \ Q�U&��aV] QbSVU
a<QbSVU \ foi@yXU�Q \ Yli<]Vw k U�QbS3i@Q	yXa�]sQbi@Yl]VWdQbSVU8UX_3wsU�L � �-} k U^i \�k ;<� �� ��� - �- �

�
�
�
� � ; � � � UXQ � � � ; � � "

� � �- � , �- � �
�
�
�
� � � % � � UXQ�� � ;�� � 4�� � � � � UXQ D � � ; �!L � � ���M�!L � � � � ��
 � � %	"���� �3f a \ W�a r U 
 � � % �

� UXQ D � � D � � :3U9WbnVyXS QbS3i@Q � d D � f{YZW�i9yXa r�[ aV]VU^]<Q�a@f � d D � � f � � UXQ � ; C�� � d D � f ��i<]V_
��� ; � � " ��� � � �/� � % �

� UXQ ��+ � ����a \ U^i@y S 9 " D � �<_3UXy \ U^i@W�U �� 2 :<; � ����a \ U^i@y SK�!L � � ��
 %�"�� � �<Yl]Vy \ U^i@W�U �- � � � � � � �
:s;�� ��} k U^i \�k ;<�#Yqf ��YZW�Wbn 39yXY�U^]sQ k ;/W r i kZk � QbSVU r aV_3Y p UX_jW�a k nVQ�YZa�] �	Y k�k W�Q�Y kZk :3U�f U^i@W�Yl: k U � � UXQ��
_3U^]Va<Q�U4QbSVUm]Vn r :3U \ a@f	Y|]sQ�U \ YZa \ f i@yXUXW8a�f~QTSVU [Vk i<]VU!w \ i [ S � d D � f � � SVU^] QTSVU!yXS3i<]Vw<U�Yl] QbSVU
a�: ��UXyXQ�YZe<U�e@i k nVU�YZW

�0� 
 �
254 � �

��+-
 � 2 ��- + I � � I � , �0� 
7� I � I - ��
 .0�%+*- � 
� D � ��- + �0� , � � � 2� � � � �%� 
 � I � I 
 . �%+�� , � 	

� f I � I", I C I 
��3�)QbSVU^] � 2� � � � �%� ��� I � I 
 .0�%+�� � SVU \ UTf a \ U<�)QbSVU k UTf Q � S3i<]V_ W�YZ_3U�YZW�]VUXw�i@Q�YZe<U � � f
I � I ; I C I 
 .s�3QbSVU^]�� ; C � � 
 � � � � fJ� � D � #;�� �)QbSVU^] � 2� D � � � � 2� � � ���%� W�Yl]VyXU � 2 ++��f a \
i kZk�9 ")� �	��U^]VyXU<�HQbSVU k UTf Q � S3i<]V_ W�YZ_3U�YZW ]VUXwVi@Q�YZe<U � �3n [3[ a<W�UE� � D � � � f~]Va<Q�i k�k QbSVU�Yl]<Q�U \ YZa \
f i@yXUXW�a@f � d D � f{i \ U�Q \ Yli<]Vw k UXW � QbSVU^] I � � I � � ���dQTSVU \ �	YZW�U<���(L � � ��
 %8YZW�QbSVU�W�UXQ�a@f-e<U \ Q�YZyXUXW�a@f
i9f i@yXU�Yl] � d D � f$:3nVQ8YZW�]Va<Q8Yl] ��� �9P�w�i�Y|]H� �-U!S3i e<U I ��� I � � � � ] UXYZQbSVU \ y^i@W�U<� �-U�W�UXU9QbS3i@Q
QbSVU k UTf Q � S3i<]V_ W�YZ_3U�YZW8]VUXw�i�Q�YZe<U � � SVnVW^�)QbSVU�y S3is]Vw<U8Yl]`QbSVU8aV: � UXyXQ�Y�esU�e@i k nVU�Y�W8]VUXwVi@Q�YZe<U � � SVY�W
yXa�]sQ \ i@_3YZyXQ�W�QbSVU9a [ Q�Y r i k YZQ�;ja@f�QbSVU9a \ YZw<Yl]3i k W�a k nVQ�YZa�]��/�	U^]VyXU<� � ��� ��S3i@W�i [ a<W�Y�Q�Y�esU�f U^i@W�Yl: k U
W�a k nVQ�YZa�]��

��:VW�U \ e<UJQTS3i@Q�QbSVU ]�n r :3U \ a@f�yXa�]VW�Q \ i@Yl]<Q�W4Y|] ��� � ����YZW [ a k ;u]Va r Yli k Yl] I C I � � \ a r QbSVU



� � � � � � � � � � �������-� � � ��������� ��� ��� 	 ��� �������
�
� � 	 EDO

i<:�a0esU!QbSVUXa \ U r � �-U9W�UXU�QbS3i@Q [3\ a � UXyXQ�Yl]Vw QbSVU�W�UXQ�a@fdW�a k nVQ�YZa�]VW�a@f'��� � 
 �Ea�]<Q�aJQbSVU�W [ i�yXU!a@f
QbSVU  +e0i \ Y|is: k UXW�wsY�esUXWJnVW�����z � � � � � aja�:VQbi@Yl] ijyXa r�[ i@yXQ4fva \�r n k i�Q�YZa�]jf a \ QbSVUJWbn3:VQ�a�n \��
U k Y r Yl]3i@Q�YZa�] [ a k ;VQ�a [ U8a@fhi4� � yXa�]3]VUXyXQ�UX_ [Vk i<]3i \ w \ i [ S��4� pN\ W�Q-U r :�UX_ � Yl]sQ�a!i [Vk i<]VU � � SVU^]
[ YZy $ is]<;je<U \ Q�U&� a�]jQbSVUJ:3aVn3]V_�i \ ; i<]V_7y^i kZk YZQ � � x \ i � is]jUX_3w<U9f \ a r � Q�a�is]<;/asQbSVU \
:3aVn3]V_�i \ ;9e<U \ Q�U&�9QbS3i@Q-YZW�]Va<Q�i�]VUXYZw�SV:3a�n \ a@f � � � \ Yli<]Vw�n k i@Q�U8i kZk QTSVU�Y|]sQ�U \ YZa \ foi@yXUXWdi<]V_�y^i kZk
QbSVU \ UXWbn k Q�Yl]Vw!w \ i [ S � � � UXQ D �8:3U�QbSVU�W�UXQda@f{i kZk QTSVU8i@_3_3UX_ UX_3w<UXW � � SVU^]�QbSVU [3\ a,��UXyXQ�YZa�]9a@f
QbSVU�W�UXQ�a@fhW�a k nVQ�YZa�]VW�Q�a1� � � 
 �-a�]sQ�a U � �
	 � � � � YZWdQbSVU�Wbi r U8i@W ���{z ���7� �





� ���������
	 �

� � � � 	 � � � ���
	

� UXQ7� ; �0C � D �{:3U�i4w \ i [ S`S3i e�Yl]VwJi@Q k U^i@W�Q�QbS \ UXU8esU \ Q�YZyXUXW � � f � #" ���{z ���7�-Wbi�Q�YZW p UXW � + �
i<]V_ � 
�0� � + ��fva \ i kZk ��"������7�X�sQbSVU^] � Y�Wdy^i kZk UX_�i<] �;�����.* AT(+�;��� a�fhW�;VW ��� � �

����4 7�%�� � G a<Q�U!QbS3i�Q8a�n \ _3U p ]VYZQ�YZa�] a@f�i<]jYl]3]VU \�[ asY|]sQ�_3U [ U^]V_3W!a�] QbSVU�W�;VW�Q�U r a@f k Yl]VU^i \
Yl]VUXtun3i k YZQ�YZUXW`_3U p ]VY|]Vw ���{z ���7� \ i@QTSVU \ QbS3is]jQbSVU [ a k ;�Q�a [ U YZQ�W�U k f � ��U^]VyXU<�-a�n \ _3U p ]VYZQ�YZa�] Y�W
_3Y � U \ U^]<Qdf \ a r QbSVU�_3U p ]VY�Q�Y�aV]/a@f$is]�Yl]3]VU \8[ a<Yl]<Q�a@f$i [ a k ;3SVUX_ \ a�]Dw<YZe<U^] :<; G U r S3isnVW�U \ i<]V_
g/a k W�UX; d � ( f � � SVUX;�y^i kZk i [ a<Yl]<Q � "�� � ; �! 8� � 
 � � �  , � � � � ; . ��	�	 	�� � %�i<]9Yl]3]VU \�[ a<Yl]sQ�a@f
�7Yqf � 
 � � � � � � � f a \ i kZk � " ��� ��SVU \ U ���H� ; � � " � . �
	�	�	�� � % ��� 
 � � �  � � � f a \ W�a r UJ �"�� % �

��:VW�U \ e<U	QbS3i�Q W�;�W����7� S3i@W-i<]�Yl]3]VU \$[ a<Yl]<Q-Yqf2i<]V_�a�] k ;�Yqf QbSVU k Yl]VU^i \-[3\ a<w \ i r�r Yl]Vw [3\ aV: k U r

r i � �
Wbn3: ��UXyXQ	Q�a
 
� ��� � � � ; � � � "�C �
 
�0� � 
���$ � �7��"�"������7� �

 2 $�� � 9 " D �
��$ � 	

S3i@W�i [ asW�YZQ�YZe<U8a [ Q�Y r i k e@i k nVU �-P�wVi@Yl]H�NnVW�Yl]Vw9QbSVU8UXt3nVYZe0i k U^]VyXU!:�UXQ �$UXU^] W�U [ i \ i�Q�YZa�]Ji<]V_`a [ Q�Y �

EDF



O<� ����������	�� � � � ��� 	�� ����� � � �

r YZ�^i@Q�YZa�] � � \.ca<Q�W�yXSVU k UXQ�i k � d � ( f �X��a�]VU8y^i<] W�a k e<U�QbSVU�i<:3a@e<U k Y|]VU^i \�[3\ a<w \ i r�r Yl]Vw [3\ a�: k U r Yl]
[ a k ;3]Va r Yli k Q�Y r U ����U^]VyXU<� a�]VU�y^i<] _3UXQ�U \�r Yl]VU�Yqf	W�;�W����7�dS3i@W�is]JYl]3]VU \�[ a<Yl]sQ8Yl] [ a k ;3]Va r Yli k
Q�Y r U �

x UXQ�U \�r Yl]VYl]Vw8Yqf2W�;VW0���7� S3i@W-i<]�Yl]3]VU \{[ a<Yl]<Q-YZW{a�fNYl]<Q�U \ UXW�Q f a \ Q �-a \ U^i@W�aV]VW � � Y \ W�Q �<Yqf W�;�W����7�
S3i@W�i<]`Yl]3]VU \8[ asY|]sQ^�HQbSVU^]`_3Y r ������z ��� �%�-y^i<] :�U�_3UXQ�U \�r Yl]VUX_/U^i@W�Y k ; �7�VUXyXa�]V_ � �-U �	Y kZk W�UXU�Yl]
}	S3i [ Q�U \ E�QbS3i@Q Yqf2� Y�W-� � yXa�]3]VUXyXQ�UX_9i<]V_ [Vk i<]3i \ � � YZW�Y�W�a r a \�[ SVYZydQ�a�QbSVU	w \ i [ S�a@f2i [ a k ;VQ�a [ U
Yl]VW�y \ Yl:3UX_ Y|]`i�W [ SVU \ U8Yqf$i<]V_�aV] k ;�Yqf{W�;VW ��� �-S3i@W�i<]9Yl]3]VU \d[ a<Yl]sQ �

	O��
 � 	�
 � � 
�� 	�� �

P�y^nVQ�� a�f!� YZW�Wbi@YZ_+Q�a :�U GI(+� :���*)��G`��� N�Yqf' 
�0� � ; � f a \ i kZk  " ���{z ���7� � g+YZQbS QbSVYZW
_3U p ]VYZQ�YZa�]H� �$UdW�UXU�QbS3i�Q{W�;VW ��� �$S3i�W~is]�Yl]3]VU \d[ a<Yl]sQ	Yqf i<]V_9a�] k ;9Y f��(S3i@W	]Va!nVW�U k UXW�W�UX_3w<U8i<]V_
i kZk yXa�]VW�Q \ YZyXQ�UX_`y^nVQ�Wda@f � i \ U�Q \ YZe�Yli k � � ]�QTSVY�WdW�UXyXQ�YZa�]H� �-U8a�:VQTi@Yl]Ji�]VUXyXUXW�WTi \ ;Ji<]V_`Wbn 3!yXYZU^]<Q
yXa�]V_3YZQ�YZa�]mfva \ i�w \ i [ S�� �	YZQbS�]Va!nVW�U k UXW�W�UX_3wsU�Q�a!:3U�WbnVyXS9QbS3i@Q	W�;VW0���7��S3i@W�i<]9Yl]3]VU \d[ a<Yl]sQ �

g U pN\ W�Q r i $ U iEW�Y r�[Vk U�aV:VW�U \ e0i�Q�YZa�]��

� ��4 4 7 H ��*�� � �`� � �g�[< 9��I<+:)����P^� >?*@<BA & a 7"9 ��� ��� �;:Y<V��(?� M ��*I� = <DP�GI(+� :���*)��G`��� N G �T� (K9 � C]��&b�.�
� d �%f <+� N!� d C � �%f <+*,�VGI(+� ���)G ��� Nba


 *,( (K9 a �3n [3[ a<W�U!QbSVU4W�Qbi@Q�U r U^]<QdYZW�f i k W�U ��g+Y�QTSVa�nVQ k a<W�W�a@f$wsU^]VU \ i k YZQ ;<� �-U r i^; i@W�Wbn r U�QbS3i@Q
� d �%f<YZWh]Va<Q yXa�]3]VUXyXQ�UX_ � � UXQ ��i<]V_ � :�U$]Va�] � U r�[ Q�; [3\ a [ U \ Wbn3:VW�UXQ�W2a�f � WbnVy S QbS3i@Q � ; � � ���
� � � ; � ��i<]V_`QbSVU \ U8YZW8]Va�UX_3wsU�Yl])� d �%f�� asY|]VYl]VwJi4e<U \ Q�U&�9Yl] � i<]V_ i�e<U \ Q�U&��Y|] � � � SVU^]H�
f a \ i<]s; � " ���{z ���7�X�

� 
� ��� ���%� ; � 
� ����� �%��- � 2� � � � �%� $ ��-7� ; ( �

yXa�]sQ \ i@_3YZyXQ�Yl]Vw9QbS3i@Q ��� ����YZWdyXa�]VW�Q \ YZyXQ�UX_ � � SVU \ UXWTn k Q~fva kZk a��	W �

� ]`QbSVYZW�W�UXyXQ�Y�aV]H� �$U �	Y kZk :3U �-a \%$ Y|]Vw �	YZQbS`QbSVU�f a kZk a��	Yl]Vw [3\ Y r i k � _�n3i k{[ i@Y \ a@f k Y|]VU^i \�[3\ a �



� � � �+� ����� ��	���� � � O�.

w \ i r�r Yl]Vw [3\ a�: k U r W��

� � � r i �$�
Wbn3: ��UXyXQ	Q�a
 
� ��� � �%� ; � � �E"�C���� �


� 2�0� � , 
	� ����"������7�

 $ �
� � � r Y|]d� 1 � � � 
/� 1 6 - 6

Wbn3: ��UXyXQ	Q�a
����- ����
 1 ��� 4(6 4���� 	�� - 6 $ � �)L �B" D ���7�

- $ � 	

g U pN\ W�Qdw<YZe<U�i�W�Y r�[Vk U�WTn 3!yXYZU^]<Q�yXa�]V_3YZQ�YZa�]�fva \ i�y^nVQ�Q�a9:3U�yXa�]VW�Q \ Y�yXQ�UX_Dis]V_Dis]�UX_3w<U�Q�a
:3U�nVW�U k UXW�W �

� ��4 4 7 H%�#1 � � � � � �g�F<L9��)<?:)����P^�Y>+*,<IA & a 7 9E��&b�.*@� � 3`��:����- " U ��� 	��� <+� N ��K" U � � 	�� 9��)<?:)����P^�
9�(+*Y:)R+: � ��� � �g�Y: �4G.& ��&b<Q� 1 6 4���� 	�� �- 6 ; 1 � 4 � � 	�� �� � C ��&'���
<DP�P ��&b�VG �T��: ��� �!� � �- 6 + �&% <+*,�
GI(+� :���*)��G`��� N <+� N <DP�P ��&b�V� N >D��:Y��� �(L �F� �����- �����
 1 ��� 4!6 �- 6 + �*% <+*,�	�':B� P �.:): a

 *,( (K9 a �VYl]VyXU!� Y�W~fvU^i@W�Y|: k U<�2� � �{S3i@W	idf U^i@W�Yl: k U8W�a k nVQ�YZa�]!is]V_ ��QTSVU \ UTfva \ U<�3i<]�a [ Q�Y r i k W�a k nVQ�YZa�]��
� SVU \ UXWTn k Q�]Va��+f a kZk a��	W�Y r4r UX_3Yli@Q�U k ;�f \ a r yXa r�[Vk U r U^]sQbi \ ;�W k i@y $ ]VUXW�W �

� Q	YZW�U^i�W�;!Q�a�W�UXU8QbS3i@Q�f a \ i�w \ i [ S����3Yqf{W�;VW0���7�	S3i�W�i<]9Yl]3]VU \�[ a<Yl]<Q �3QbSVU^] � Wbi@Q�YZW p UXW

2 %'�8J@� %'� A H �#< � � (+*F� = ��*IR���(+� M ��*)� =`��<DP G �T� � <?� N � � � CY��&b��*,��� 3`��:���: � ��� ��&b��: �"�.��(��'* M
�`PZ��-V�;��<D���\(?�FA4(QPSRD��(IAT�V: �4G.& ��&b<Q� ��(D� �g(D��& � 
��� � <+� N � 2�0� � � � <?*@�V� 
 �T<DP ��( 
Da

� SVU8]VU&��Q	QTSVUXa \ U r YZWdQbSVU r i@Yl] \ UXWbn k Q	a@f QbSVYZW�yXS3i [ Q�U \ �

� �8� �I%'��4 H%� H ��� �`� � �,�V< �'M G)(?� ���IG`��� N >?*@<BA &
�]����&=��( �b:��`P^�.:):[� N >D� a $%&'���8:)R+: ���7� &b<+:E<?�
��� ���.*]A4(?�;���%� 9Y<+� N (+��PZR[� 9 � :�<D���;: 
 �.: 
 *,(IAT��*���RV1 a � <+� N ��:L- (?*@� M ��&b<?� M .?M ��(��D>+&=(+*Y��: < �B*,<DG)� a

� SVU [3\ a�a�fha@f � SVUXa \ U r ( � (�_3U [ U^]V_3W�aV]9QbSVU8]VU&��Q�Q �-a�Yl]<Q�U \�r UX_3Yli@Q�U \ UXWbn k Q�W �

� �8� �I%'��4 H � 9 � � �`� � �g� �4M GI(+� ���)G ��� N <+� N -F(+*,� M ��&b<+� M�
 M ��(��?>?& a 7"9 � &b<?:F��( �b:��`P^��:I:E� N >Q�
<+� N :�<D����: 
 ��: 
 *,(IA4�.*B��R 1 a �?C ��&b�.� :IR+: ��� � &b<?:[<+�8�;������* A4(?�;��� a



O<� ����������	�� � � � ��� 	�� ����� � � �

� �8� �I%'��4 H%� M � � �`� � �g�=< �B*@<QG)� a 7"9 � &b<?:J��(
�':��`P^��:I:F� N >Q�=<+� N :�<D����: 
 ��: 
 *,(IAT��*���R 1 a �+C
��&b�.� :IR+: ��� � &b<?:[<+�8�;������* A4(?�;��� a

� SVU [3\ a�a�fvW	a�f � SVUXa \ U r ( � ;�i<]V_ � SVUXa \ U r ( �GE ��Y kZk :3U�w<YZe<U^] k i@Q�U \ �

2 %'�8��� ��� � �8� �I%'��4 H � H � �VYl]VyXU7�RS3i�W$]Va�nVW�U k UXW�W-UX_3w<U<�VYqf � S3i@W-]VaE]VaV] � Q \ YZe�Yli k yXa�]VW�Q \ Y�yXQ�UX_
y^nVQ^�3QTSVU^]9W�;�W����7�	S3i�W�i<]9Yl]3]VU \�[ a<Yl]<Q����Va�� WTi@Q�YZW p UXW�z \ a [ U \ Q�; ( � � �

�3n [3[ a<W�U'�6YZW8]Va�] � :VY [ i \ Q�YZQ�U � � f �6YZW8]Va<Q r a \ U � QbS3is] � . � Q�a�nVw�SH��QbSVU^]`QbSVU \ U8U&�VYZW�Q�W �3� C
WbnVyXS QbS3i@Q � ����
 ��� ; I � I ; +`f a \ W�a r U + + . � � UXQ � 
 ��	�	 	�� � ��:3U9QbSVU�e<U \ Q�U&� � W�UXQ�W�a@f	QbSVU
yXa r�[ a�]VU^]sQ�W8a@f���
 � ��}~a�]VW�Q \ nVyXQ �- � ���i�Wdfva kZk a��	W �'��a \ U^i�y S � " ���HW�UXQ �� � ; . �'��a \ U^i@yXS
� " � . �
	�	�	�� + %��VYqf � � ; � �M%�f a \ W�a r U ��")C9�HW�UXQ �� � ; 
 . ���dQbSVU \ �	YZW�U<� W�UXQ �- � � . � � ; . � G a<Q�U
QbS3i@Q�QbSVU [ i@Y \ �- � ��dWbi@Q�Y�W p UXW$QTSVU	yXa�]V_3YZQ�YZa�]VW	Yl] � U r�r i ( � � �#PdW(� S3i@W$]Va�nVW�U k UXW�W	UX_3w<U<� �/YZW	i<]
Yl]V_3U [ U^]V_3U^]sQ�W�UXQ � �VYl]VyXU �6YZW8]Va�] � :VY [ i \ Q�Y�Q�U<�HQbSVU \ U�U&��YZW�Q�W � WTnVy S QbS3i@Q�� � YZW8]Va<Q i4W�Yl]Vw k UXQ�a�]��
��U^]VyXU<�N:s; � U r�r i�( �q�3� � � � � ��YZW�i�]Va�] � Q \ YZeVYli k yXaV]VW�Q \ YZyXQ�UX_�y^nVQ^� ��SVYZy S Y�W�i�yXa�]sQ \ i�_3Y�yXQ�Y�aV]��

�3n [3[ a<W�U � YZW-:VY [ i \ Q�YZQ�U �	YZQbS!:VY [ i \ Q�YZQ�YZa�] � � � � � � � f �+YZW	]Va<Q-i8: \ i@yXU<�sQbSVU^]H� �	YZQbSVa�nVQ k asW�W
a@f-w<U^]VU \ i k YZQ�;<�2QTSVU \ U�U&�VY�W�Q�W�i Wbn3:VW�UXQ 
 a@f � WbnVyXS QbS3i�Q8� � I 
 I � I � I 
 .�i<]V_ I � ��
 � I ,
I 
 I - . � � UXQ�� ; 
 � � ��
 � � �)a \ i<]<; � " ���{z ���7�X� �-U8S3i e<U

� , � 2� � � ���%� ; �
� 4 � ��� �

� 2� � � � �%� 
 �� 4�� � 2� ��� � �%� ; � I � ��
 � I 
/� I 
 I , � 	

��U^]VyXU<�3UXtun3i k YZQ�;!SVa k _3W	QTS \ a�nVw�SVa�nVQ�� � SVY�W-Y r�[Vk YZUXW�QTS3i@Q ��� � � YZW	i�]VaV] � Q \ YZe�Yli k yXa�]VW�Q \ YZyXQ�UX_9y^nVQ^�
��SVYZyXS�YZW iEyXa�]<Q \ i@_3YZyXQ�YZa�]��

� SVU�yXa�]<esU \ W�Udf a kZk a��	W~f \ a r � SVUXa \ U r ( � ;�i<]V_ � SVUXa \ U r ( � E �

:�UTf a \ U �-U [3\ a@e<U � SVUXa \ U r ( � ;`i<]V_ � SVUXa \ U r ( � E�� �-U�aV:VQbi@Yl]7]VUXyXUXW�Wbi \ ;�i<]V_jWbn 3!yXYZU^]<Q
yXa�]V_3YZQ�YZa�]VW�f a \ W�;VW ��� �8]Va<Q�Q�a S3i^esUmi<] Yl]3]VU \�[ asY|]sQ�Yl]jQ�U \�r W�a�f~W�a k nVQ�YZa�]VW�Q�a W�;VW � ���7� �`g/U
:3UXwsY|] �	YZQbSJiEW�Y r�[Vk U \ UXWbn k Q �

� ��4 4 7 H%��
��	� � � � �g�8<F9��I<+:)����P^��>+*,<IA & a $ &b��� ��&b��*,�8� 3 �;:�� �- " U ��� 	��� <+� N �� " U � � 	��
9��)<+:I����P^� 9�(+*L:)R+: � ��� � : �TG�&J��&'<D� 1 6 4���� 	�� �- 6 ; 1 � 4 � � 	�� ���� <+� N <FG2�4� � ��:YG)(+��:B��*I��G`��� N � 9_<+� N
(+��PSR � 9 �- 6 + � <+� N <+�
� N >D� L � �;: �':��`P^��:I: � 9[<+� N (+��PZRF� 9 �� � - �� � 
 1 ��� 4!6 �- 6 +7� a



� � � �+� ����� ��	���� � � O<�


 *,( (K9 a �VYl]VyXU �(YZW�fvU^i@W�Y|: k U<��� � ��S3i@W i�fvU^i@W�Y|: k U�W�a k nVQ�YZa�] � `WbnVy S QbS3i@Q � 2�; ��Yqf$i<]V_`a�] k ;�Yqf 9
YZW�nVW�U k UXW�W�is]V_ � 2�0� � ; ��Yqf i<]V_9a�] k ;9Y f P Y�W�yXa�]VW�Q \ YZyXQ�UX_ � � SVU \ UXWbn k Q�]Va�� f a kZk a��	W�f \ a r W�Q \ YZyXQ
yXa r�[Vk U r U^]sQbi \ Y�Q�; �

G U&�VQ^� �$U�aV:VQbi@Yl]Ji \ U p ]VU r U^]<Q�a@fhQTSVU [3\ UXe�YZa�nVW k U r�r i �

� ��4 4 7 H ��� � � (+*F<+��R �'M G)(+�����IG`��� N 9B�I<+:I� �.P^�E>?*@<BA & � CX:)R+: ��� � &b<+:F��(���� ����*LA4(?�;����:E� 9J<+� N
(+��PSR � 9[��&b�.*,�F� 3 �;:�� �- " U ��� 	��� <+� N �� " U � � 	�� 9��)<+:I����P^�]9�(+*[:IR+: � ���7� : �TG�&���&b<Q� 1 6 4���� 	�� �- 6);
1 � 4 � � 	�� ���� C �(�/" �����7�L� �- 6 ++�&% �;:Y��(+� M G�*,(+:I:)���4>?C <+� N ��&'<D� �- 6 + � 9�(+*[:�(+-F� � " �����7�

(+* �� � - �� � 
 1 ��� 4(6 �- 6 + � 9B(?*Y:B(+-F� L �E" D ��� �`a � � �.*,��C���(+*��[��: ��(D� �23 G`P �':)� = � a 6

 *,( (K9 a �3n 3!yXYZU^]VyX;�f a kZk a ��W	f \ a r � U r�r i�( � � �

�3n [3[ a<W�U�W�;�W0��� ��S3i@W8]Va�Yl]3]VU \�[ a<Yl]sQ�W � � SVU^]DQbSVU \ U�U&��YZW�Q�W�UXY�QTSVU \ i4yXa�]VW�Q \ YZyXQ�UX_ y^nVQ � "
�����7� a \ i�nVW�U k UXW�WdUX_3w<U 9 " D ���7� �@:{; � U r�r i�( � O3�sQbSVU \ UdU&��YZW�Qdi<]9a [ Q�Y r i k W�a k nVQ�Y�aV] �- � ���f a \
��� � WbnVyXS4QbS3i@Q �- 6 + � f a \ UXe<U \ ;!]Va�] � Q \ YZeVYli k yXa�]VW�Q \ YZyXQ�UX_�y^nVQ�� is]V_ �� � - �� � 
 1 ��� 4(6 �- 6 + �
f a \ UXesU \ ; nVW�U k UXW�WJUX_3wsU7L � � �VYl]VyXU�QTSVU�yXaVU43!yXYZU^]sQ�W�Yl]���� ��i \ U`Y|]sQ�UXw \ i k � �-U r i ; i@W�Wbn r U
QbS3i@Q �- i<]V_ ��9i \ U \ i�Q�YZa�]3i k �-P�WdQbSVU�yXa�]VW�Q \ i�Y|]sQ�W	a�f ��� ��i \ U8SVa r asw<U^]VUXa�nVW�i<]V_JQbSVU�a�: ��UXyXQ�YZe<U
e0i k nVU4Y�W��XU \ a�� �-U r i ;Ji@W�Wbn r U�QbS3i@Q �- i<]V_ ���i \ U8Yl]sQ�UXw \ i k � :�; � U r�r i�� � � �-U r i ;Ji@W�Wbn r U
�!� " ����� �Y� �- 6 + �&%�YZW�i4f i r Y k ;�a�f~]Va�] � y \ asW�W�Yl]VwJy^nVQ�W8i0fvQ�U \ n3]Vy \ a<W�W�Yl]Vw [ i@Y \ W�a@f$y \ asW�W�Yl]Vw
y^nVQ�W^��Y f$is]<; �

� Q�YZW8]Va�� Wbn 3!yXYZU^]<Q�Q�a!WbSVa�� QbS3i@Q�i f Q�U \ QbSVU�n3]Vy \ a<W�W�Yl]Vw<W^� �-U8_3aJ]Va<QdU^]V_/n [ �	YZQbS �- ; �
i<]V_ �� � - �� � 
 1 ��� 4!6 �- 6 ; � fva \ i kZk L � " D ��� � � � SVU!y^i@W�U ��SVU^] � S3i@W�i�nVW�U k UXW�W�UX_3w<U
L � YZW�U^i@W�;JW�Y|]VyXU9n3]Vy \ a<W�W�Yl]Vw<W�yXa�n k _�]Va<Qd_3UXy \ U^i@W�U4QbSVU�e0i k nVU�a@f �� � - �� � 
 1 ��� 4!6 �- 6 � ��SVYZyXS
Yl]VYZQ�Yli kZk ; �~i�W	w \ U^i@Q�U \ QbS3i<] �XU \ a � �Va)��Wbn [3[ a<W�U�� S3i�W ]Va�nVW�U k UXW�W�UX_3w<U � � SVU^])� S3i@W�i@Q k U^i�W�Q
a�]VU8]Va�] � Q \ YZe�Yli k yXaV]VW�Q \ YZyXQ�UX_�y^nVQ � g/U�y k i@Y r QbS3i@Q	n3]Vy \ a<W�W�Yl]Vw k U^i^esUXW�i@Q k U^i@W�Q-a�]VU�y^nVQ	Yl] �!��"
�����7� � �- 6 + �*% �#�3n [3[ a<W�U�i@Q-W�a r U [ asY|]sQ^� �-U8n3]Vy \ asW�W�UX_���� ����i<]V_������ � ��SVU \ U �&��� ; �!L�%
i<]V_)C���� � � � � ; � � % � �VYl]VyXU�� S3i�W8]VaJnVW�U k UXW�W�UX_3w<U<� QTSVU \ U�U&��YZW�Q�W � #" ����z ��� �	WbnVyXS`QbS3i@Q
� + � � � SVU^] ( ; � 
� ��� ���%��- � 2� � � � �%� ; � 
� ��� ����� �%��- � 
� ��� � � � �%��-7� � 
� � � ��� � � �
� � � ��$ ( �
� Q�f a kZk a��	W�QbS3i@Q � � � ��� � � � ��� ; � ��:-nVQ�QbSVYZW r U^i<]VW �!L � �M%dYZW i9� � W�U [ i \ i@Q�a \ a@f���� �dSVY�yXS�YZW�i
yXa�]sQ \ i@_3YZyXQ�YZa�]�����U^]VyXU<�HU^i@yXSJQ�Y r U �-U [ U \ fva \�r n3]Vy \ a<W�W�Yl]Vw��HQbSVU \ U�YZW8i@Q k U^i@W�Qda�]VU�]Va�] � Q \ YZeVYli k
y^nVQ�� WbnVyXS9QbS3i@Q �- 6 + � �



O ( ����������	�� � � � ��� 	�� ����� � � �

� SVU \ UTfva \ U<�XQbSVU \ UXWTn k Q�Y|]Vw �- � ���YZW fvU^i@W�Y|: k U fva \ W�;�W � ��� ��WTnVy S QbS3i@Q 136 4���� 	�� �- 6 ; 1 � 4 � � 	�� �� � ��!� " �����7� � �- 6 + �&%7Y�Wj]Va�] � y \ a<W�W�Y|]Vw)��i<]V_(QTS3i@Q �- 6 + �Lfva \ W�a r U � " �����7� a \
�� � - �� � 
 1 ��� 4!6 �- 6 + ��fva \ W�a r U:L � " D ��� � �

c�W�Yl]Vw � U r�r i7� � Oji<]V_ � U r�r i ( � C3�-a�]VU y^i<] [3\ a@e<U QbSVU/]VU&�VQ \ UXWbn k QJnVW�Yl]Vw ijW�Y r Y k i \
i \ wVn r U^]<Q	nVW�UX_`Yl]�QbSVU [3\ a�a�f2a@f � SVUXa \ U r � � C �

� �8� �I%'��4 H � N � 7 9 � ��:_< �'M GI(+� ���)G ��� N 9B�I<+:I� �.P^� A�P^<+��<+* >+*,<IA�&F: �TG�&���&b<D�]:IR+: ��� � &'<+: ��(V��� ���.*
A4(?�;����:)C ��&'��� � ��:Y<V: AT<+� ���;�T>Y: �!� >?*@<BA &F(K9_< - < 3`��- <QP'A�P^<+��<?* >+*,<IA & � : �TG�&J��&b<Q�%:)R+: � �)� &b<+:
��( ��� ���.* AT(+������: a

2 %'�8��� ��� � �8�=�8%'��4 H%� 9 � ��n \�[3\ a�a@f�nVW�UXW8YZ_3U^i@W�f \ a r QbSVU [3\ aVa@f�a�f � SVUXa \ U r ( � O�Yl] d .�C.f
��SVYZyXS�W�Qbi�Q�UXW-QbS3i@Q�: \ YZy $ W�S3i e<U�]Va!]Va�] � Q \ YZeVYli k Q�Y�wVS<Q	y^nVQ�W �

�VYl]VyXU �RS3i�W$]Va�nVW�U k UXW�W$UX_3wsU<�u:s; � U r�r i ( � C3�@QTSVU \ U	U&�VY�W�Q�W	i [ i@Y \ �- � ���f U^i@W�Yl: k Udf a \ W�;VW � ���7�
WbnVyXS`QbS3i@Q 1 6 4���� 	�� �- 6 ; 1 � 4 � � 	�� �� � � ��� �- � ; �(�/" �����7�X� �- 6 + �&%8YZW8]Va�] � y \ a<W�W�Yl]Vw�� i<]V_
QbS3i@Q �- 6 + ��f a \ W�a r U	��"������7�-i<]V_ �� � - �� � 
 1 ��� 4!6 �- 6 ; ��f a \ i kZk L �E" D ��� � �

� UXQ
� " ��� �- �	i<]V_ 9 ; L �E" � ���VYl]VyXU ���� - �����
 1 ��� 4!6 �- 6 ; �3��i@Q k U^i@W�Q	a�]VU8a�f ����!i<]V_
�� � YZW [ a<W�YZQ�YZe<U �`g+YZQbSVa�nVQ k a<W�W�a�f~wsU^]VU \ i k YZQ ;<��i@W�Wbn r U4QbS3i@Q �� � + � � � UXQ � :3UJi WbSVa \ U4a@f
�
yXa�]sQbi@Yl]VYl]Vw L � �VY|]VyXU	�(YZW�i�]Va�] � Q \ YZe�Yli k y^nVQ^��]VUXYZQbSVU \ ��]Va \ C�� � y^i<]�:3U8i�W�Yl]Vw k UXQ�aV]��{}	SVaVa<W�U
�!� 9 �3i<]V_7L W�a�QbS3i�Q I � I YZW i@W�W r i kZk i@W [ a<W�W�Yl: k U �

� UXQ � 
 �
	�	�� � �E:�U!QTSVU r i��VY r i k$[3\ a [ U \ Wbn3:VW�UXQ�W8a@f � ��SVYZy Sji \ U�WTSVa \ UXW8a�f~y^nVQ�W�Yl] ��� �- � �
�VYl]VyXU���� �- � YZW!]Va�] � y \ a<W�W�Yl]Vw�� � 
 �
	�	�	�� � �!i \ U9_3YZW���a<Yl]<Q � � UXQ 
 ; ����� � 
 � � � � � � � ��i<]V_ k UXQ

� ; � �E" 
 � �� � + �&% ����:VW�U \ e<U�QbS3i�Q�L�" � :s;!QbSVU r Y|]VY r i k YZQ�;Ja�f�� �

u v

.
.
.

SS

S

12

k
Y

X-Y

S S0
= V \ S

� YZw�n \ U ( � .Q� � kZk nVW�Q \ i@Q�YZa�] a@f � i<]V_�� 
��
	�	�	�� � �



� � � �+� ����� ��	���� � � OD;

g U pN\ W�Q{WbSVa��7QbS3i�Q � � � � � ��� � ; � f a \ i kZk � � ���HP�W�Wbn r U	QbS3i�Q QbSVU \ U	U&�VYZW�Q�W$is]�UX_3w<U�� ; 
 
 �
�	YZQbS 
 "�� � i<]V_ 
 ��"����$f a \ W�a r U � � � � � SVU^]H�3UXYZQbSVU \ �� � + �8a \ �� ��� + � �#�3i ; �� � + � � � SVU^]
��� � � �X� �#� i<]V_ 
 WbSVa�n k _ S3i e<U�:3UXU^] y SVasW�U^]H� yXa�]sQ \ i�_3Y�yXQ�Y|]Vw`QbSVU r Yl]VY r i k YZQ ; a@f � �!�VY r Y k i \�k ;<�
a�]VU�y^i<] WbSVa��+QbS3i@Q � � � � � 
 � � � ;�� f a \ i kZk � �

G U&�VQ^�Ha�:VW�U \ esU8QbS3i@Q � � � � � � ; � � � � 
 � � � ; � � � ]V_3UXUX_ � Yqf 
 
 � YZW�i<] UX_3w<U�Yl] UXYZQbSVU \ a@f
QbSVU�Q �-a9W�UXQ�W^�HQbSVU^] �� � - �� � � +R��:3nVQ �- 6�; �4f a \ i kZk �(yXa�]sQbi@Yl]VYl]Vw 
 
 � � � SVYZW8yXaV]<Q \ i@_3YZyXQ�W
QbS3i@Q �� � - �� � � 
 1 ��� � 4(6 �- 6 ; � �

:�; � U r�r i ( � .<��� d �%f YZW	yXa�]3]VUXyXQ�UX_ �-�	U^]VyXU<� 
�� � ;�� �
� UXQ � " ���{z ���7� �	YZQbS � + � ���VYl]VyXU � Y�W�i<]DY|]V_3U [ U^]V_3U^]<Q9W�UXQ^� �-U�a�:VQbi@Yl] � 2� ��� � � � ;

1 � 4�� � 
� ��� � � � ; � I � I �#�VYl]VyXU � � � � � � � � ;�� f a \ i kZk � � ��i<]V_ 
�� � ;�� � �-U�W�UXU�QbS3i@Q

�
�
�
�
�
� 
� ��� � � �%� 
j�

�
�
�
�

 � 2� � � � � � � � �%� ; � 2� � � � �%� ; � I � I

��SVU \ U � � ; C � � � PdW � 2� ��� � � �%� ; ��fva \ � ; � ��	�	�	 � +�i<]V_ 1 ��
�

 � 2� � � � � � � � �%� , � 
� ��� � �&�%��
 � 2 �

�3�3YZQ-f a kZk a��	W	QbS3i@Q + ,�I � I�, + - . �

�3n [3[ a<W�U I � I ; +���}-a�]VW�YZ_3U \ i<]<;� � " ����z ��� � � � SVU^]H�

�,+ ; � I � I ;  � � � � � �%� ;
�
�
�
�
�
 � � ��� � � � � 
��

�
�
�
�

  � � � � � � � � � �%� ; ����+�- .0� 
 �

�
�
�
�

  � � � � � � � � � �%� 	

��U^]VyXU<� 1 ��
�

  � � � � � � � � � � � ;  � � � � � � � � �%� ; . � :-nVQJQTSVY�W`yXa�]sQ \ i@_3YZyXQ�W�QbS3i�Q � Wbi�Q�YZW p UXW

z \ a [ U \ Q�; ( � � �

��U^]VyXU<� �-U r nVW�Q8S3i^esU I � I ; +!- . � :$nVQ�Yl] QTSVY�W�y^i�W�U<� �-U r nVW�Q8S3i e<U � � � �
� � � � ; � f a \
� ; . ��	�	�	 � +�� � SVYZW8Y r�[Vk YZUXW�� ����
 � � ; +�- . ; I � I ���	a��-UXe<U \ �
� YZW r a \ U � QbS3i<] � . � Q�a�nVw�S��
g/U r nVW�Q�S3i e<U � ; �!L�%�i<]V_ 
 ; � �(�VYl]VyXU 
�� � ; � �3QbSVYZW�yXa�]sQ \ i@_3YZyXQ�W	QTS3i@Q I � I + . � � SVU
\ UXWbn k Q�fva k�k a��	W �

2 %'�8������� � �I� �I%'��4 H � M � �3n [3[ asW�U(� S3i@Whi�]Va�] � Q \ YZeVY|i k yXa�]VW�Q \ YZyXQ�UX_8y^nVQ � � ��� � � UXQ 
 ; ��� �
i<]V_ � ; �&� � ����:VW�U \ e<U�QbS3i@Q	]VUXYZQbSVU \ 
 ]Va \ � y^is]�:3U8U r4[ Q ; ���dQbSVU \ �	YZW�U<� � �-a�n k _J:3U�i



ODE ����������	�� � � � ��� 	�� ����� � � �

W�Yl]Vw k UXQ�a�]���g+YZQbSVa�nVQ k a<W�W�a@fhwsU^]VU \ i k YZQ ;<�Hi@W�WTn r U�QbS3i@Q I 
 I $ I � I � � UXQ� " ���{z ���7� � G a��8�

�� 4 �
 2� ��� � �%� 
) 2� � � 
 � � � � �%� ;  
�%��
 � � �%� ; �� 4 �

 
� ��� � �%� 
) 2� � � � � �	��
 � � 	

� Q�f a kZk a��	WdQbS3i@Qd� I 
 I 
�� I � I ;  2� � ��
 � � � � �%��
  2� � � � � �	��
 �%� , � � � f I 
 I ; I � I � �-U8S3i e<U
 2� � � 
 � � 
 � �%� ;  
� � � � � � ��
)�%� ; . ���VYl]VyXU � Wbi@Q�YZW p UXW8z \ a [ U \ Q�; ( �q�3�3QbSVYZWdY�W�Y r�[ a<W�W�Yl: k U �
��U^]VyXU<� I 
 I ; I � I - .�i<]V_JW�aE 
� � � � � � ��
 � � ; � �2PdW �6S3i@W�]Va!nVW�U k UXW�WdUX_3w<U<� �-U r nVW�Q	S3i e<U
� � � � � � 
 � ;�� � � SVU \ UTf a \ U<��
 ; � � � � �	YZQbS I 
 I ; I � I - .<� ��SVYZy S9yXa�]sQ \ i�_3Y�yXQ�W	QbS3i@Q � YZW�i
: \ i@yXU �

c�W�Yl]Vw � SVUXa \ U r ( � ()�Ha�]VU�a�:VQbi�Y|]VW�i9_3Y � U \ U^]<Q�� :3nVQ8]Va<Q�]VUXyXUXW�Wbi \ Y k ;/U^i@W�YZU \ � [3\ a�a@f	a@f-QbSVU
f a kZk a��	Yl]Vw \ UXWbn k Qd_�nVU�Q�a x Y kZk U^]VyXaVn \ Q8i<]V_ � r YZQbS d .�E.f �
� �8� �I%'��4 H ��*�� �L7"9 � ��:[< (TM G)(?� ���IG`��� N A�P^<+��<+* >+*,<IA�&DC ��&b�.�8:)R+: ��� � &b<+:V<+�8�;�����.* AT(+�;��� a
����4 7�%�� � � SVU [3\ aVa@fN:s; x Y kZk U^]VyXa�n \ Q-i<]V_'� r YZQbS \ U k YZUXW{a�]�QbSVU foi@yXQ#QbS3i@Q#�1
 �dYZW{��i r Y k Q�aV]VY|is]
f a \ UXe<U \ ;
�E"�C���� � � � SVUX;9WbSVa��-UX_�QbS3i@Q	i<]4Yl]3]VU \�[ a<Yl]<Qda@f2W�;VW ��� ��y^i<]!:�U8yXa�]VW�Q \ nVyXQ�UX_9f \ a r
QbSVU�Y|]VyXYZ_3U^]VyXU�esUXyXQ�a \ W	a�fhU k U r U^]sQ�WdY|] � � � � � "7C ���7� %�� ��SVU \ U � � YZW�i���i r Y k Q�a�]VYli<]`yXY \ y^nVY�Q
a@f � 
 � �/c�W�Yl]Vw/i`W�Y r Y k i \ i [3[3\ a�i�y Sji<]V_7QbSVU4foi�yXQ8QbS3i@Q�UXe<U \ ;#( � yXa�]3]VUXyXQ�UX_ [Vk i<]3i \ w \ i [ S
r Yl]VnVW�i<]s;JQ �-a!esU \ Q�YZyXUXW�YZW��di r Y k Q�a�]VYli<] � � SVa r i@W�i<]V_#�{n d (=C.f �X�)QbSVUX; WbSVa��$UX_`QbS3i@Q�Yqf �6Y�W
a�:VQbi�Y|]VUX_`f \ a r i ( � yXa�]3]VUXyXQ�UX_ [Vk i<]3i \ w \ i [ SJ:s; \ U r a@eVY|]Vw�i4W�Yl]Vw k U�esU \ Q�U&�H��QbSVU^] W�;VW ���7��S3i@W
i<]9Yl]3]VU \d[ a<Yl]sQ �

2 %'�8��� ��� � �8�=�8%���4 H%��* � � :{; � SVUXa \ U r � � .<���6S3i@W�]Va!nVW�U k UXW�W�UX_3wsU ���VYl]VyXU�U^i�y S9y^nVQ	Yl]/�

S3i@Wdy^i \ _3Yl]3i k YZQ�;�i@Q k U^i@W�Q�fva�n \ � �6Wbi@Q�Y�W p UXW z \ a [ U \ Q ; ( � �9:s; � SVUXa \ U r � � . �-��U^]VyXU<�HY�Q�WTn 3!yXUXW
Q�a�WTSVa �+QbS3i�Q �(YZW r a \ U � QbS3i<] � . � Q�a�nVw�S�i<]V_�QbSVU \ UXWbn k Q �	Y kZk fva kZk a��+f \ a r � SVUXa \ U r ( � ( �

�3n [3[ a<W�U � YZW!]Va<Q r a \ U � QbS3i<] � . � Q�a�nVw�S��)�VYl]VyXU � S3i@W�]VaDnVW�U k UXW�W�UX_3w<U<� QbSVU \ U!U&�VYZW�Q�W�i<]
Yl]V_3U [ U^]V_3U^]sQ-Wbn3:VW�UXQ �`a@f C ��� � WTnVy S�QTS3i@Q � ��� 
 � � ; I � I ; + fva \ W�a r U(+K+ . � � UXQ � 
 �
	�	�	�� � �
:3U9QbSVU�esU \ Q�U&� � W�UXQ�W�a@f	QbSVU�yXa r�[ a�]VU^]sQ�W�a@f � 
 � � � UXQ�� � ; � � � 
 � � � � � � � � "�U r a@e<U
r n k Q�Y [Vk U�UX_3wsUXW f \ a r � � �<Yqf2i<]s; � G a<Q�U�QbS3i@Q�� � YZW$:VY [ i \ Q�Y�Q�U S3i eVY|]Vw �/i@W�a�]VU	a@fHQbSVU [ i \ Q�Y�Q�Y�aV]VW �
�VYl]VyXU ��YZW ( � yXaV]3]VUXyXQ�UX_ �-U^i@yXS [ W�U^nV_3a � esU \ Q�U&� a�f � � YZWJi@_���i@yXU^]sQ�Q�a7i@Q k U^i@W�Q4f a�n \ esU \ Q�YZyXUXW



� � � �+� ����� ��	���� � � ODO

Yl] � ���VY|]VyXU9QbSVU [ i \ Q�YZQ�YZa�]VW�S3i e<U�QbSVU�WTi r U�y^i \ _3Y|]3i k YZQ�;<� QbSVU�i e<U \ i@wsU�_3UXw \ UXU!a�f~i�esU \ Q�U&� Yl]
� �sY�W i@Q k U^i@W�Q�( �):-nVQ#QbSVYZW Y�W Y r�[ a<W�W�Yl: k U�i@W#� �sY�W [Vk i<]3i \ i<]V_�:VY [ i \ Q�YZQ�U � � SVU \ UXWbn k Q fva k�k a��	W �

PdW r U^]<Q�Y�aV]VUX_Di�Q	QbSVU�:3UXw<Yl]3]VYl]VwJa�f{QbSVYZW�W�UXyXQ�Y�aV]H�Hy SVUXy $ Yl]Vw�Yqf$W�;�W ���7�	S3i@W�i<] Y|]3]VU \�[ a<Yl]<Q
Yl]<esa k e<UXW	yXSVUXy $ Yl]Vw!Q �-a8yXa�]V_3YZQ�YZa�]VW �$}	SVUXy $ Y|]Vw4Y f��(S3i@W�i�nVW�U k UXW�WdUX_3w<U8i<]V_9yXSVUXy $ Yl]Vw!Yqf��(S3i@W
i�]Va�] � Q \ YZe�Yli k yXaV]VW�Q \ YZyXQ�UX_�y^nVQ � � SVU8]VU&��Q�Q �-a \ UXWbn k Q�WdWbSVa�� QTS3i@Q^�VYl]9w<U^]VU \ i k �)y SVUXy $ Yl]Vw�UXYZQbSVU \
yXa�]V_3YZQ�YZa�] Y�W�i@W�S3i \ _Ji@W	yXSVUXy $ Yl]Vwm:�a<QbS9a@f QbSVU r �

� �8� �I%'��4 H ��*�*�� � �`� � �g�F< �'M G)(?� ���IG`��� N�� �,+7- .0�IM � N >Q� M G)(+�����IG`��� N��o�,+ - .0�IM *,�K>��TP^<+*_>?*@<BA &
�]&b�.*@� + �;:V<���<D� �'*,<DP%�!�'- �,�.* a $%&b���8:IR+: ���7� &'<+:E<+� �;������*XA4(+����� � 9E<+� N (+��PZRF� 9 � ��:[-F(+*,� M
��&b<+� M�
 M ��(��D>+& (?*[��:_<
�B*@<QG)� a

 *,( (K9 a � UXQ � ; �� � � 
 � � � SVU^] � �++�9i<]V_ � " ����z ��� � �{��U^]VyXU<�
� S3i@W�]Va!nVW�U k UXW�W�UX_3wsU � ��a \
i<]s;�y^nVQ����<Yqf �������<QTSVU^]!]VUXYZQbSVU \ � 2� � ��]Va \ � 
�0� � � � y^i<]�:3UdUXt3n3i k Q�a . � �	U^]VyXU<��� Wbi�Q�YZW p UXW
z \ a [ U \ Q�; ( � � � � SVU \ UXWbn k Q ]Va�� fva k�k a��	W-f \ a r � SVUXa \ U r ( � ( �

� �8� �I%'��4 H ��*(1 �	� �`� � �g��< �'M GI(+� ���)G ��� N A�P^<+���J>?*@<BA &
: �4G.& ��&b<Q�[�I<DG�&
�������.*)��(+*L9B<QG)� �;:=<
��*I�\<+�T>DP^� a $%&b�.�8:)R+: ��� � &b<+:V<+�8�;�����.* AT(+�;���]� 9[<+� N (?��PZRV� 9 � &b<+: ��( �b:��`P^�.:):Y� N >D� a

 *,( (K9 a �3n [3[ a<W�U�QTSVU \ U8U&�VYZW�Q�W � " ����z ��� �-WbnVyXSJQTS3i@Q � + � �{PdW�Wbn r U8QbS3i@Q�W�;�W����7�-_3aVUXW�]Va<Q
S3i e<U�i<]`Yl]3]VU \8[ asY|]sQ ���VYl]VyXU�� S3i�W8]VaJnVW�U k UXW�W8UX_3w<U<�
� r nVW�Q8S3i^esUEi�Q k U^i@W�Q�aV]VU!]Va�] � Q \ YZeVYli k
yXa�]VW�Q \ YZyXQ�UX_�y^nVQ � :�; � U r�r i'( �GC3� �-UdW�UXU�QbS3i@Q�QbSVU \ UdU&��YZW�Q �- " U ��� 	��� is]V_ ��O" U � � 	�� f U^i@W�Yl: k U
f a \ W�;VW � ��� �dWbnVyXS QbS3i@Q 1 6 4���� 	�� �- 6�; 1 � 4 � � 	�� �� � � ��� �- � ; �!� " �����7�Y� �- 6 + �*%�Y�W�]Va�] �
y \ a<W�W�Yl]Vw�� �- 6 + �9f a \ W�a r U ��" ����� �X�2i<]V_ ����7- ����0
 1 ��� 4!6 �- 6 ; �mfva \ i kZk L �#" D ���7� �

}	SVaVa<W�U �- � ���WbnVyXS�QbS3i�Q I ��� �- � I YZW i@W�W r i kZk i@W [ a<W�W�Y|: k U �
� f ���YZW�]Va<Q$]VaV] � ]VUXw�i@Q�YZe<U<� [ YZy $ 
 WbnVyXS9QbS3i@Q �� � � ��i<]V_ k UXQ�L � ��:3U8]VUXYZw�SV:3a�n \ W�a@f 
 WbnVyXS

QbS3i@Q�L i<]V_��9i \ U8i@_���i@yXU^]sQ �
� f �� $ �3�3yXSVa�a<W�U�i4WbSVa \ U � a�f$i�y^nVQ�Yl] ��� �- ��WbnVyXSJQTS3i@Q-f a \ i kZk � � ��� �- � � � � ; � ���VYl]VyXU

�(YZW�fvU^i�W�Yl: k U<�6� d �%f r nVW�Q�:3U�yXa�]3]VUXyXQ�UX_ � � f{QbSVU \ U�U&��YZW�Q�W��E" �jWbnVyXS�QbS3i�Q �� � + �3�3QbSVU^] QbSVU \ U
U&�VY�W�Q�W 
 "�� WTnVy S�QTS3i@Q � 
 YZW$is]�UX_3w<U�i<]V_ �� � - �� � 
 1 � � 4(6 �- 6); �� � - �� � + � � � SVYZW$Y r�[Vk YZUXW
QbS3i@Q	 � � ; �4f a \ i kZk  " ����z ��� �X�)yXa�]<Q \ i@_3YZyXQ�Yl]VwJQbS3i�Q7� S3i@W8]VaJnVW�U k UXW�W�UX_3w<U � � SVU \ UTfva \ U<�
�� � ; ��fva \ i kZk � " � � � Q�fva k�k a��	WdQbS3i@Q	YqfJL "�� � � �X� �-U r nVW�Q�S3i e<U �� � $ �- � � . � � � f � �0L�� � �	�



ODC ����������	�� � � � ��� 	�� ����� � � �

�-U�y^is]9_3UXy \ U^i@W�U �� � :s; �- � � . � i<]V_!W�UXQ �- � � . � Q�a��XU \ a�Q�a�a�:VQTi@Yl]!i�]VU � [ i@Y \ �- � ���QbS3i@Q-YZW-f U^i@W�Yl: k U
f a \ W�;�W �����7� ����:VW�U \ esU�QTS3i@Q �- i<]V_ ��9y^is]3]Va<Q8:3a<QTSJ:3U��XU \ a � � S�nVW^�HYqf �- ; �3�)QbSVU^] �� #; � �dPdW
� S3i@W�]VamnVW�U k UXW�W�UX_3w<U<� �$U�S3i e<U �� � - �� � ; �Efva \ i kZk � 
 " D ���7� � :-nVQ�QbSVYZWdY r4[Vk YZUXW�QbS3i@Q �
YZW�:VY [ i \ Q�Y�Q�U<� �dSVY�yXS Y�W�Y r�[ a<W�W�Yl: k U � � Q fva k�k a��	W�QbS3i@Q�QbSVU [ i�Y \ �- � ��9yXU \ Q�Y p UXW�QbS3i�Q�W�;�W����7�d_3aVUXW
]Va<Q	S3i e<U�i<]�Yl]3]VU \	[ a<Yl]<Q �	YZQbS�i�W r i kZk U \ ��� �- �X� ��SVYZy S9YZW�i�yXa�]sQ \ i�_3Y�yXQ�Y�aV]�� � SVnVW^�VQbSVU \ U�U&�VY�W�Q�W
L " � � ����QbS3i@Q8S3i@W8i�]VUXYZw�SV:3a�n \ � � ]Va<Q�Yl] � � � UXQ8QbSVU�]VUXYZw�SV:3a�n \ W�a�f�L/:�U�� �
� � � 
 ��	�	�	 � � � %
��SVU \ U � � � � � 
�" D ��� �#f a \ � ; � �
	�	�	�� � 
 . ��� ��:VW�U \ e<UdQbS3i@Q-Yqf L9YZW�]Va<Q�a�]9QbSVU�:3a�n3]V_�i \ ;!a�f ���
QbSVU^] ����� ��" D ��� � � � G asQ�U�QbS3i@Q � � ; ���df a \ W�a r U ��" �0� �
	�	�	�� � % �2�VYl]VyXU � � <" � i<]V_ L�S3i�W�i
]VUXYZw�SV:3a�n \ Yl]
��� �-U�W�UXU�QbS3i@Q{QTSVU \ U�U&�VYZW�Q�W � 
 � � ��WbnVyXS9QbS3i@Q I � 
 
 � � I ; .�i<]V_!QTS3i@Q � ��� "��7i<]V_
� �
� <" � �#�VUXQ 
 ; � ��� i<]V_
� ; � �

�
� � SVU^]9Yl]���� 
 S3i@W�L�is]V_���i@W	]VUXYZw�S�:�a�n \ W ��Y�QTS�L ��:�UXY|]Vw

i<]9UX_3w<U �
�)a \ i<]�UX_3w<U 9 � k UXQ � 2 _3U^]VasQ�U-QbSVU-W�UXQ �(� " ��� �- �X� 9 "�� % � G a�� �� � - �� � 
 1 6 4��

���
�- 6 ; �

i<]V_ ����(- �� � 
 1 6 4��
���
�- 6 ; � 	 ��U^]VyXU<� �-U8S3i e<U

�� � - �� � ; �
6 4��

���

�- 6 - �
6 4��

���

�- 6 
�� �� �

; �
6 4��

���
� � �

��� � � ��� � �
- 6 - �

6 4��
���

� � �
��� � � ��� � �

- 6 -7� �
6 4��

��� � � ��� �- 6 
/� �� �

+ �
6 4��

���
� � �

��� � � ��� � �- 6 - �
6 4��

���
� � �

��� � � ��� � �- 6 ; �
6 4��

���

�- 6 	

� SVYZWdyXa�]<Q \ i@_3YZyXQ�W	QbS3i�Q �� � - �� � 
 1 ��� 4!6 �- 6 ; ��f a \ i kZk L �E" D ��� � � � SVU \ UXWbn k Q-f a kZk a��	W �

�
�8%��83?3�7�%'A H ��*(< � � � � � �,��<�-F<�3`��-F<DP�A�P <?��<+*Y>+*,<IA & a $ &b���
:IR+: ��� � &b<+:E<?�H��� ����* AT(+����� � 9
<+� N (+��PZRF� 9 � &b<?:Y��( �':B� P �.:):L� N >Q� a

	O�>� � @ 
 � 	 ��
 � �7�

� ]DQbSVYZW�W�UXyXQ�YZa�]H� �-U�W�QTnV_3;�w \ i [ S a [ U \ i@Q�YZa�]VW�QbS3i@Q [3\ UXW�U \ e<UXW8QTSVU�U&�VYZW�Q�U^]VyXU�a@f-Yl]3]VU \�[ a<Yl]<Q�W �
� SVU/n k Q�Y r i@Q�U w<a�i k YZWJQ�a7S3i e<U/i p ]VY�Q�U k Y�W�QJa@f�a [ U \ i�Q�YZa�]VW�QbS3i@Q [ U \�r YZQ�a�]VU/Q�ajyXa�]VW�Q \ nVyXQ
Yl]V_�nVyXQ�YZe<U k ; i kZk QbSVU�w \ i [ SVW�� WbnVyXS/QbS3i�Q�QTS3i@Q8W�;VW ��� �8S3i@W�i<] Yl]3]VU \�[ asY|]sQ�W�QTi \ Q�Yl]Vw�f \ a r i
�CW r i kZk � k YZW�Q	a@f :3i@W�YZW	w \ i [ SVW � � S3i@Q{wsa�i k YZW�]VasQ~i�Q�Qbi@Yl]VUX_9Y|]9QTSVY�W-QbSVUXW�Y�W).�SVa��$UXesU \ �<W�a r U�a�f2QbSVU



� � � � ����	�� ���������-� ODF

a [ U \ i@Q�YZa�]VW�_3UXW�y \ Y|:�UX_7Yl] QbSVYZW�W�UXyXQ�YZa�] ��Y kZk :3U!nVW�UX_ Y|] }	S3i [ Q�U \ E4Q�a�a�:VQbi�Y|] k i \ wsU�y k i@W�W�UXW�a@f
w \ i [ SVW8QbS3i@Q8i \ U�a@f	Y|]VW�y \ Yl:3i<: k U�Q ; [ U �4P�W �-U �	Y kZk W�UXU�Yl]j}	S3i [ Q�U \ E3� iJ� � yXa�]3]VUXyXQ�UX_ [Vk is]3i \
w \ i [ SJYZW�a@f-Yl]VW�y \ Yl:3i<: k U!Q�; [ U�Yqf�i<]V_ a�] k ;JYqf	W�;�W0��� ��S3i�W8i<]`Y|]3]VU \�[ a<Yl]sQ ���	U^]VyXU<� a [ U \ i�Q�YZa�]VW
QbS3i@Q [3\ UXW�U \ e<U�QbSVU�U&�VY�W�Q�U^]VyXU�a@fhYl]3]VU \�[ a<Yl]<Q�W �	Y kZkh[3\ UXW�U \ e<U�Y|]VW�y \ Yl:3i<:VY k Y Q ; ��SVU^] \ UXW�Q \ Y�yXQ�UX_JQ�a
[Vk i<]3i \ w \ i [ SVW��

��� � ��� ������+�(�� ��(����"
 ��
 #�+�(�� 
��-� 
��
x Y kZk U^]VyXaVn \ Q{i<]V_7� r YZQbS d . ( f�w�i e<U#yXa�]V_3YZQ�YZa�]VW a�]dQbSVU{i�_3_3Y�Q�Y�aV]�a@f3UX_3w<UXW Q�a�w \ i [ SVW a�fuYl]VW�y \ Yl:3i<: k U
Q�; [ U�Q�a8a�:VQbi�Y|]4w \ i [ SVW{a@f Yl]VW�y \ Yl:3i<: k U � � SVU�]VU&��Q-QbS \ UXU [3\ a [ a<W�YZQ�YZa�]VW	w<U^]VU \ i k Y��XU�QTSVUXY \-\ UXWTn k Q�W �

2 %'�8J@�I���������-� H%��*=H ��� � � � �,�V< ��(+� M �B�SAT<+*B�������Y>+*,<IA &=: �TG�&���&b<D� :IR+: ���7� &b<+:E<?� ��� ����* A4(+����� a
$%&b�.��:IR+: ��� - L � � &b<+:V<+�8�;�����.* AT(+�;���T9�(+*E<?� RF��(+� M < N>N <DG)�.��� L � �B"�C����7� a


 *,( (K9 a x U^]Va<Q�UdQbSVUdW�UXQ{a@f yXa�]sQ \ i�Y|]sQ�W�Y|]9W�;�W ���7� :s;��!�  ; � � � �O �$ � � �  �$ �*% is]V_�QbSVUdW�UXQ
a@f2yXaV]<Q \ i@Yl]<Q�W-Yl]9W�;VW ��� - L � �-:<;��(� � - ; � � � � � - $ � � � - $ �&% 	 g+Y�QTSVa�nVQ k a<W�W-a@f w<U^]VU \ i k YZQ�;<�
i@W�WTn r U�QbS3i@Q�� � ; d � 
+f �dSVU \ U 
 " U � � 	�� YZW�WTnVy S9QbS3i�Q


 �7;
�� � . Y f 
 " �!L � � %
� a<QbSVU \ �	YZW�U

	

�VYl]VyXU7W�;VW ��� �JS3i@W/i<] Yl]3]VU \/[ asY|]sQ^�'� r nVW�Q :3U7yXa�]3]VUXyXQ�UX_ ��P�W � YZW/]Va�] � :VY [ i \ Q�YZQ�U<�
\ i<] $ �0� � ; I C ���7� I � � Q�fva k�k a��	W9QbS3i@Q 
jYZW�Yl]7QbSVU`yXa k n r ]7W [ i@yXUJa@f	� i<]V_7W�a/QbSVU \ UJU&�VY�W�Q�W
� " U � � 	 � ��� � �	YZQbS � ��� ; .!i<]V_ � � � ; � � � f � YZW�i<]`Y|]3]VU \�[ a<Yl]<Q�a@f$W�;VW ��� ��is]V_��O+(�9Y�W

Wbn 3!yXYZU^]sQ k ;JW r i kZk ��QbSVU^]
�� � 
�

	

- � � Y�Wdi<]9Yl]3]VU \�[ a<Yl]sQ	a@f W�;�W���� -�L � � �

2 %'�8J@�I���������-� H ��* 9 � � � � � �g�F<��B�SAT<+*����\���F>?*@<BA &
�]����& �B�SAT<+*B��������(+� � 
 � � � : �4G.& ��&b<D�X:IR : ���7�
&b<+:[<?� ��� ����* A4(+����� a $%&b�.�8:)R+: ��� - L � � &b<+:[<+�8��� ���.* AT(+�����'9�(+*E<+��R L�" 
 <+� N �B" � : �4G.&
��&b<D� L � <" D ��� �`a


 *,( (K9 a �VYl]VyXU�W�;�W����7��S3i@W�i<]DY|]3]VU \4[ a<Yl]sQ^�#� r nVW�Q8:3UJ� � yXa�]3]VUXyXQ�UX_ �J�	U^]VyXU<� QbSVU \ U�U&�VYZW�Q�W�i
yX;Vy k U � Yl] � -�L � yXaV]<Qbi�Y|]VYl]Vw/QTSVU�UX_3w<U�L � � �VYl]VyXU � - L � YZW!:VY [ i \ Q�YZQ�U<� I D ���!� I Y�W4UXe<U^]��



C<� ����������	�� � � � ��� 	�� ����� � � �

x U^]Va<Q�U�QTSVU [ U \ f UXyXQ r i@Q�yXSVY|]Vw4a@f �6yXa�]sQbi@Yl]VYl]VwHL �!:s; � � � UXQ � " U � � 	 � ��� � :3U�WbnVy S QbS3i@Q

� 2 ;
�
�
��
�
�

� . Yqf 9 " �

 . Yqf 9 " D ������� �
� a<QTSVU \ �	YZW�U �

� UXQ � �" U � � 	 � ��� � :�U�WbnVyXS�QbS3i�Q � ��� ; �8i<]V_ � 2�; � 2 Yqf 9 " D ��� � ��SVU \ U � 4YZW~is]�Yl]3]VU \$[ a<Yl]<Q
a@f2W�;�W ���7� � � SVU^]H� � -�� � YZW�i<]9Yl]3]VU \�[ a<Yl]<Q	a�f2W�;VW ��� - L � ��Yqf ��+ ��YZW�WTn 3!yXYZU^]<Q k ;�W r i kZk �

����4 7�%�� � � Q�YZW!]Va<Q�_3Y�3!y^n k Q�Q�a W�UXU�QTS3i@Q�Yqf L � �/i \ U�e<U \ Q�YZyXUXW�Yl]LQbSVU�Wbi r U [ i \ Q�YZQ�YZa�]7a�f i
:VY [ i \ Q�YZQ�UDfvU^i@W�Y|: k U/w \ i [ S ����QbSVU^] W�;�W���� -/L � ��_3aVUXW�]VasQmS3i e<U/i<] Yl]3]VU \J[ a<Yl]<Q � � ] f i@yXQ^�
 ��� ; ��f a \ i kZk  " ���{z ��� -�L � � �

2 %'�8J@�I���������-� H ��* M � � � � � �g�F<��B�SAT<+*����\���F>?*@<BA &
�]����& �B�SAT<+*B��������(+� � 
 � � � : �4G.& ��&b<D�X:IR : ���7�
&b<+:[<?����� ���.*]A4(?�;��� a $%&b���=:IR+: ��� - L �*- L � � � � &b<+:Y<+�8�;������* A4(+�����'9�(+*[<+��R N ��:B������G � L � �E" 

<+� NJN ��:����;��G`� L � � � � " � a


 *,( (K9 a �VYl]VyXU�W�;VW ���7�-S3i@W�i<] Y|]3]VU \�[ a<Yl]<Q � � r nVW�Q�:3U�� � yXa�]3]VUXyXQ�UX_ �!:{; � U^]Vw<U \ 5 W � SVUXa \ U r �
QbSVU \ U/i \ U�Q �-ajUX_3w<U � _3YZW�� asY|]sQ [ i@QbSVW � is]V_ ��Y|] � yXa�]3]VUXyXQ�Yl]Vw L i<]V_ L ��i<]V_ � i<]V_ � �C�
\ UXW [ UXyXQ�YZe<U k ; �(�VYl]VyXU �+YZW$:VY [ i \ Q�Y�Q�U<��:3asQbS I D � � � I i<]V_ I D ����� I i \ U-aV_3_ � � UXQ � :3U�i r i ��Y r n r
r i@Q�y SVYl]Vw�a@f � is]V_�� i r i��VY r n r r i@Q�yXSVY|]Vw4a@f � � � UXQ � " U � � 	 � ��� � � � � � � :�U8WbnVyXS9QbS3i@Q

� 2 ;
�
�
��
�
�

� . Yqf 9 " �!L � � L � � � % � � D � � ��� � � � � D ���!��� � �


 . Yqf 9 " � � �
� a<QbSVU \ ��Y�W�U 	

� UXQ � 7:3UJis]/Yl]3]VU \�[ a<Yl]<Q�a@f�W�;�W0��� � � � UXQ � 3" U � � 	 � ��� � � � � � � :�U�WbnVyXS/QbS3i�Q � 2E; � Y f 9 "
�!L � � L � � � %8i<]V_ � 2 ; � 2 Y f 9 " D ���7� � � SVU^] � -�� � Y�Wdi<]�Yl]3]VU \d[ a<Yl]sQ	a@f2W�;�W ��� -)L ��-)L � � � ��Yqf
��Y�W�Wbn 3!yXYZU^]<Q k ;`W r i kZk �

� SVU8]VU&��Q \ UXWbn k Q�w<YZe<UXWdi�yXa�]V_3YZQ�YZa�] �dSVU^]�UX_3w<U � _3U k UXQ�YZa�] [3\ UXW�U \ e<UXW	QbSVU�U&��YZW�Q�U^]VyXU�a@f Y|]3]VU \
[ asY|]sQ�W �



� � � � ����	�� ���������-� C�.

2 %'�8J@�I���������-� H ��* 
��	� � � � �g�
<
>+*,<IA�& &b<(=`���4>�<D�FP^�)<?:B� 
 = � =+��*����\GI��: a � �`ADAT(+:�� � &b<+:8<
N �K>+*,�I� M ��&Q*@�I� = �.*B���23 L �]&'(+:B� ���.� >?&��g(��b*I: � 
 � � � � � W <+*,�LA4<+��* �]�;:��F< N>N <DGI����� a 7"9[:IR+: ��� � &b<+:E<?�
��� ���.* AT(+������C ��&b�.� :�( N (`�.:Y:)R+: ����
 � 
 � �&� a


 *,( (K9 a � UXQ � 4:3U	i<]�Yl]3]VU \{[ asY|]sQ{a�f�W�;�W����7� � � UXQ � ; � � � �
�
� � UXQ � ; � � - r i�� �0� � � - � ���

�

 .0� %

��SVU \ U�� � + � �

v 3

v1 v2

u

α = xv1v2

+ε +α−ε

−α
+ε+α−ε

−α

� YZw�n \ U ( � �T� x U k UXQ�Yl]Vw�� 
 � �

}~a�]VW�Q \ nVyXQ� � " U � � 	 ( � � � � � i@W-f a kZk a��	W`�

 �2 ;

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

�

� 2 
 � Yqf 9 ; L � W
� 2 - � 
�� Yqf 9 ; L � �
� 2 - � Yqf 9 ; L � 

� 2 - � Yqf 9 ; � � � W
� 2 - � 
�� Yqf 9 ; � 
�� W
� 2 a<QbSVU \ ��Y�W�U �

} k U^i \�k ;<�� � � ��� � �%� ; ��f a \ i kZk � "�C ���*
 � 
�� �&� �
�VYl]VyXU � 
� ���0L�� � ; ��i<]V_ � ��� � - � ���

�
- � � � �

�
�R�3� �-U�S3i e<U � ��� � + � � � �

�
���VY r Y k i \ ;<�#a�]VU

y^i<]`WbSVa�� QbS3i@Q � ���
�
+ � � � � � �8} k U^i \ k ;<� Yqf � �#YZW8Wbn 3!yXYZU^]sQ k ; W r i kZk �  ��+R��is]V_  �2 � .�f a \ i kZk

9 " D ��� � � � QdY�W�]Va��R]Va<Q	_3Y�3!y^n k Q�Q�a4y SVUXy $ QbS3i@Q	Yqf � � Y�WdWbn 3!yXYZU^]sQ k ;JW r i kZk �� � �0� ��++��fva \ i kZk
��"�������
 � 
�� �&� � � SVnVWdW�;�W0���*
 � 
�� �&��S3i@W�i<]9Yl]3]VU \d[ a<Yl]sQ �

��� � ��� ������+�(-�

� ]EQbSVYZW Wbn3:VW�UXyXQ�YZa�]H� �-U k aVa $ i@Q ��SVU^] �-U-y^i<]�w k nVU	Q �-a�w \ i [ SVW Q�a<w<UXQTSVU \ i@Q{i�Q \ Yli<]Vw k U�Q�a�w<YZe<U	i
w \ i [ S � WbnVyXS9QbS3i@Q{W�;�W ���7�{S3i�W~is]�Yl]3]VU \	[ a<Yl]<Q ��� k nVYl]Vw �	Y kZk :3U�nVW�UX_�Yl]�}	S3i [ Q�U \ E Q�a�a�:VQbi@Yl]



C<� ����������	�� � � � ��� 	�� ����� � � �

i8]VaV] � Q \ YZe�Yli k y k i@W�W-a@f r i ��Y r i kH[Vk i<]3i \ w \ i [ SVW{a�f Yl]VW�y \ Y|:3is: k U�Q�; [ U�QbS3i�Q{i \ U�]Va<Q ( � yXaV]3]VUXyXQ�UX_ �
g U pN\ W�QdWbSVa�� QbS3i@Q	Yqf �6YZW8i4w \ i [ S �	YZQbS i!� � W�U [ i \ i@Q�a \ �3QbSVU^] a�]VU�y^i<]J: \ U^i $ YZQ n [ Yl]sQ�a

Q �-a [ YZUXyXUXW ��SVY k U [3\ UXW�U \ eVY|]Vw9Yl]3]VU \�[ a<Yl]<Q�W �

� ��4 4 7 H%��* � � � �`� � �,� �4M GI(+� ���)G ��� Nba �!� ADA4(+:��Y��&b�.*@� � 3 �;:�� : �!� >?*@<BA &D: � 
 <+� N � � (K9 � �]����&
� ; � 
 � � � <?� N�C���� 
%���)C���� �4� ; �(L � � ��
 %4a � (+*��)<DG.& � " � . � �*% C P^�`� � �� N ����(D������&'�
>+*,<IA�& ( �.��<+�;��� N 9)*,(+- � � �IR N (+�;���;�T>=��(+� M < N>N <DGI����� AT<+�;*I:F(K9O= �.*B����G)�.:[��� �(L � � ��
 %4a 7"9V:IR : ���7�
&b<+:[<?� ��� ����* A4(+������C ��&'����:IR+: ��� �� � &b<+:[<+�8��� ����* A4(+����� � : �TG�&=��&b<D� � ���(- � � � - � � � + . 9B(+*
<DP�P � " � . � �&%Ta

 *,( (K9 a � UXQ  �)" ����z ��� �J:3U+i<] Y|]3]VU \j[ asY|]sQ � � Q/Wbn 39yXUXW/Q�a+yXa�]VW�YZ_3U \ �
�
 � � UXQ � ;
C���� �4���&�(L � � ��
 % � � UXQ 
 ;  � �%� �(L�% � � �%�X� � ;  � �%� � � % � � �%�X� � ;  � �%� � 
 % � � �%� � G a<Q�U9QbS3i@Q
� �� � � �
	(��� � �(L�% �%� ; � - �6-�� 
�
 �2��U^]VyXU<� � - � 
�
O+ � � �VY r Y k i \�k ;<� �-U�S3i e<U 
 - � 
 � + �
i<]V_

 - � 
 � + � �

g+YZQbSdQbSVU{n3]V_3U \ W�Qbi<]V_3Yl]Vw�QbS3i@Q  �2 ; �-Yqf 9 " �!L � � � 
 � L 
 % � D ��� �X��yXaV]VW�Q \ nVyXQ � K" ���{z ��� � 
 �
i@W-f a kZk a��	W`�

� 2J;

�
�
�
�
�
��
�
�
�
�
�

�
 �2 - � 
 - � 
��&� < � Yqf 9 ; L �
 �2 - � � - � 
 
 � < � Yqf 9 ; � 

 �2 - � 
 - � 
 � � < � Yqf 9 ; L 

 �2 a<QTSVU \ �	YZW�U 	

} k U^i \�k ;<� � 3+ � �)�VY|]VyXU� � � ����� � � � ��
 % �%� + ��is]V_  ��� � � � � � � ��
 % �%� ; 
7-��o�	
 � 

 �� � �
- � �0
 � 
  �� � �X� �-UES3i e<U�.*- � 
	
 � 
 �&� < ��+/ �� � ����U^]VyXU<� � � � ��. �!�VY r Y k i \�k ;<� �-U
S3i e<U � ��� � .8i<]V_ � � � � . �

� Q-Y�W�]Va��+U^i@W�;9Q�a�y SVUXy $ QTS3i@Q � 2�0� ��+ � f a \ i kZk � Y|] ����� � 
 � � � Yl]3i kZk ;<� � ��� - � � � - � � �);
 ���� -  �� � -� �� � - � 
 - � - �&� < �O+ .dW�Yl]VyXU' � + ��i<]V_

 - � - � $ � �

g+YZQbS�QbSVU�is:3a@e<U k U r�r i3� �$U�w<YZe<U	i�yXa�]V_3YZQ�YZa�]4a�] ��SVU^]�a�]VU�y^i<]�w k nVU	Q �-a�w \ i [ SVW{Q�a<w<UXQbSVU \
��SVY k U [3\ UXW�U \ eVYl]Vw!QbSVU�U&�VYZW�Q�U^]VyXU�a@fhYl]3]VU \d[ a<Yl]sQ�W �

� ��4 4 7 H%��* N � � �`� � �,� �4M GI(+� ���)G ��� N : �TG�&F��&b<D�]��&'��*,�[�23`��:B� : �!�2>+*,<IA &D: � 
 <+� N7� � (@9 � �]����&
� ; � 
�� � � <+� N�� 
 �)� � ; � �]&'��*,� � �;:F<8��*)��<+�T>DP^���]����& C���� � ; �!L � � ��
 %Ta � �`ADAT(+:��
:IR : ��� �4� &'<+:[<+�8�;�����.* A4(+����� <+� N 9B(?*[<+� RJ� � (=� N >Q��: 9 � � " D ��� � C ��&b�.*,�E�23`��:B��:	� K" ���{z ��� �4�



� � � � ����	�� ���������-� C<�

: �4G.& ��&'<D�	� 2O; � � ; .'a $%&b�.�H:IR+: ��� � &b<?:J<+� ��� ���.*LA4(+�����X� 9�<+� N (+��PSR=� 9F:IR+: ��� 
%� &b<+:J<?�
��� ���.* AT(+����� � : �TG�&=��&b<D� � ��� - � � � - � � � + .'a


 *,( (K9 a G UXyXUXW�W�YZQ ;9f a kZk a��	W-f \ a r � U r4r i�( � .'C �
PdW�Wbn r U8QbS3i@QdW�;VW0��� 
 �dS3i@W�i<]�Yl]3]VU \�[ asY|]sQ � `WbnVyXSJQTS3i@Q � ��� - � � � - � � � + . � � UXQ ��!:�U

i<]9Yl]3]VU \d[ a<Yl]sQ�a@f W�;VW ��� � � � � UXQ � ; �� ��� - �� � � - �� � � i<]V_ � ; � ��� - � � � - � � � �
� UXQ


 ��� ; � ��� < � -�	2� �-
 � � < � � 
 � �7; � � � < � -�	 �o��
 � � < � � 
 � �); � � � < � -�	2� �-
 � � < �

f a \ W�a r U 	�+ � �
:�;�i�W�Wbn r�[ Q�YZa�]H� QbSVU \ U9U&��YZW�Q�� 
 � � � � � W " ���{z ��� �&� WbnVy SjQTS3i@Q�� 
��� ; � 
� � ; .<��� ���� ;

� �� � ; .<� � W� � ; � W� � ; . �

}~a�]VW�YZ_3U \  � ; � � 
 -�� � � - � � W - 	 �� �dSVU \ U

� ; . 
 � 
 ��� -�
 � � 
 
 � � � 
 	 � �� ��� - �� � � 
 �� � � �
�

� ; . 
 � 
 ��� -�
 � � 
 
 � � � 
 	 � �� ��� - �� � � 
 �� � � �
�

� ; . 
 � 
 � � -�
 � � 
 
 ��� � 
 	 � �� � � - �� � � 
 �� ��� �
� 	

� f 	�Y�W-Wbn 39yXY�U^]sQ k ;�W r i kZk � �-U�S3i e<U�� � ; . 
 � � ��� - � � � 
 � � � � < ��
�	2� ��
 � � < ��
�	2� �� ��� -
���� � 
 ���� � � + � ����U^]VyXU<� � + � �)�VY r Y k i \�k ;<��� � � + ��Yqf 	/Y�W�Wbn 39yXY�U^]sQ k ;7W r i k�k � �Hn \ QbSVU \ �
� -��!- � ; � � 
 � 
 ��� - 
 � � - 
 � � 
�	 � � < � ; � � 
 � .
-j��	0
 	 � � 
 	 � �%� < � ; . 
 	 � �	U^]VyXU<�
� -��)- � - 	 ; . �	YZQbS � � � � � � 	 + � � � Q�f a kZk a ��W�QbS3i@Q  � YZW!i yXaV]<e<U&�jyXa r :VYl]3i@Q�YZa�]ja@f
� 
 � � � � � W � i<]V_ ���� ��SVYZyXS�i \ U [ a<Yl]sQ�W	Yl] ����z ��� � � � �VYl]VyXU ���YZW�i<]9Yl]3]VU \	[ asY|]sQ	a@f#W�;�W���� �4�X�M � Y�W
i<]9Yl]3]VU \d[ a<Yl]sQ�a@f W�;VW ��� � � �

� Q	YZW�U^i�W�;!Q�a�yXSVUXy $ QbS3i@Q

 ���� -  �� � ; � 
 
 ��� 
 
 � � �
 ���� -  �� � ; � 
 
 ��� 
 
 � � �
 �� � -  �� � ; � 
 
 � � 
 
 � � 	



C ( ����������	�� � � � ��� 	�� ����� � � �

}~a�]VW�Q \ nVyXQ �- i@W`fva kZk a��	W � ��a \ i<]s; 9 " D ��� 
 � � D ��� �X��W�UXQ �- 23; � 2 � ��a \ i<]s; 9 "
D ��� � ��� D ��� �X� W�UXQ �- 2H;  �2 � �VUXQ �- ��� ; � ��� 
 
 ��� � �- � � ; � � � 
 
 � � � �- � � ; � � � 
 
 � � �
��:VW�U \ esU8QbS3i@Q �- + ��is]V_ �- � �
	*� � � �%� ; ��fva \ i kZk � � "�C ���7� � C ��� � �

G a��

�- � �
	�� L��%� 
 �- ��� 
 �- � � ;  � � �
	
�
� L��%� 
) ���� 
  �� � - � 
� �
	 � �0L��%� 
 � ��� 
 � � �

; � 
 � �-
 
 ��� 
 
 � � �6- � 
 � ��� 
 � � �
; � 
 � � ��� 
 
 ��� ��
 � � � � 
 
 � � � ; ��
 �- ��� 
 �- � � 	

��U^]VyXU<� �- � �
	*�0L��%� ; � �#�VY r Y k i \ k ;<� �- � �
	�� � �%� ; �- � �
	(� 
 �%� ; � �
}~a�]VW�YZ_3U \ � " ����� � � � f �+_3aVUXW�]Va<Q-yXa�]sQbi@Yl]!is]<;�a@f L � � � 
 � L 
 � QbSVU^] �- � � � + � �#P�W�Wbn r U

�7yXaV]<Qbi�Y|]VW{i�Q k U^i�W�Q a�]VU-a@fFL � � � 
 � L 
 � � SVU^]�YZQ r nVW�Q#yXa�]sQbi@Yl]�U&�ui@yXQ k ;�Q �-a�a�f�QbSVU r �#g+Y�QTSVa�nVQ
k a<W�W a@fHw<U^]VU \ i k YZQ�;<�3i@W�Wbn r U-QbS3i�Q L � � L 
 " � � � UXQ � � CR:�U	WbnVyXS�QbS3i@Q�� ; �
	�� ���#i<]V_EL "�� �
� SVU^]

�- � �
	*� ���%� ;  � � �
	
�
� �&��C���� �4�%� 
  ���� 
) �� � - � 2� �
	 � � �
��C�����
 �%� � 
 
 ��� 
 
 � �

+ � 
 � �-
 
 ��� 
 
 � � �
- �-
 
 ��� 
 
 � �7; � 	

��U^]VyXU<� �- �0� � + ��f a \ i<]<;���"������7� � � Q�fva kZk a��	W	QbS3i�Q �- YZW is]9Y|]3]VU \d[ asY|]sQda@fhW�;�W ���7� �

�
�8%��83?3�7�%'A H%�#1 � � � �`� � �g� �'M GI(+�����IG`��� N <+� N � 
 <+� N � � �g�X: �TG�&F��&b<D� �1� � 
 ; �
� � � ; �

�]&b�.*@� � ��:F<8��*)��<+�4>QP^� a �!� ADAT(+:B� :IR : ��� 
%� <+� N :)R+: ��� � � &b<(=+���;������*XA4(+������:V<+� N 9�(+*F<+� R�� � (
� N >D�.: 9 � � " D ��� � C ��&b�.*@�=�23`��:B��: � " ���{z ��� � � : �4G.&
��&b<D� � 2	; � � ; . 9�(+* � ; . � � a $%&'���
:IR : ��� � � 
 � &b<?:[<+�8�;������* A4(?�;���]� 9[<+� N (+��PZRE� 9[:IR+: ��� � � � �[N ( ��: a


 *,( (K9 a � SVYZW	f a kZk a��	W	Y r�r UX_3Yli@Q�U k ; f \ a r � U r�r i ( � .�F �

����4 7�%�� � � f � YZW0' � a \ i ( � yXa�]3]VUXyXQ�UX_ [Vk i<]3i \ w \ i [ S`yXa�]sQbi@Yl]VYl]VwJi9Q \ Yli<]Vw k U<�HQbSVU^]`W�;VW � �)�

S3i@W8i<]DY|]3]VU \�[ a<Yl]sQ��CW�UXU � SVUXa \ U r ( � .^�,�di<]V_`fva \ UXe<U \ ; Q �$a9_3YZW�Q�Yl]VyXQ8UX_3wsUXW8Yl] D � �)�X�)QbSVU \ U
U&�VY�W�Q�W�i��di r Y k Q�a�]VYli<]jyXY \ y^nVYZQ!nVW�Y|]Vw QbSVU r ����U^]VyXU<� �'y^is]�:�U!QbSVU9w \ i [ S � 
 a \ � � Yl]jQbSVU
[3\ UXeVYZa�nVW�yXa \ a kZk i \ ; �



� � � � ����	�� ���������-� CD;

�
�8%��83?3�7�%'A H �#1&*�� � � � � �,��< �'M G)(?� ���IG`��� N >+*,<IA�& : �TG�&
��&b<D�Y��&b�.*,�=� 3`��:�� : �!�2>+*,<IA &D: � 
 <+� N
� � (K9 � �]�\��& � ; ��
 � � � <+� N7� 
 �!� � ; � �]&b�.*@� � �;: < ��*)��<+�4>QP^�-�]�\��& C���� � ; �!L � � ��
 %Ta
�!� ADAT(+:B�=��&'<D�Y<D�YP^�)<?:B�L(+���=(@9 L � � ��
 ��:J< N �O>?*@�I� M ��&D*,�)�B= �.*B���23=�;� ��
 C_��&'<D�L:)R+: ��� �&� &b<+:J<?�
��� ���.* A4(+������C <?� N ��&b<D��9�(+*E<?� R=� � (=� N >Q��: 9 � � " D ��� � C ��&b�.*,�F� 3 �;:���: � �")���{z ��� �4� : �4G.& ��&b<Q�
� 2 ; � �� ; .ba $%&b�.��:IR : ��� � &b<+:[<+�8��� ����* A4(?�;���]� 9[<+� N (+��PZRF� 9Y:IR : ��� 
 � &'<+:E<+�8��� ����* A4(+����� a


 *,( (K9 a~g+Y�QTSVa�nVQ k a<W�W`a@f�wsU^]VU \ i k YZQ ;<��i@W�Wbn r U QbS3i�Q��7YZWJa@f�_3UXw \ UXU/QTS \ UXU�i<]V_ k UXQ � :�U/QbSVU
\ U r i�Y|]VYl]Vw�]VUXYZw�S�:�a�n \ a@f � � � UXQ � �:�U�i<]9Yl]3]VU \	[ a<Yl]<Qda@f2W�;VW ��� 
 � ���VYl]VyXU � ����- � � � - � 	 � ; �
i<]V_ � � .<� �-U�S3i^esU � ��� - � � � + . � � S�nVW � � ��� - � � � - � � � + . � � SVU \ UXWTn k Q�]Va�� f a kZk a��	W
f \ a r � U r�r i ( � .'F �

2 %'�8J@�I���������-� H �#1�1 �	� �`� � �g��: �TG�& ��&b<D� :IR+: ���7� &b<+:�<+� ��� ���.*VA4(+����� a �!� ADAT(+:B� � &b<+:8<
N �K>+*,�I� M ��&Q*@�I� = �.*B���23 L �]&b(+:�� ���.� >?&��,( �b*I: � 
 � � � � � W <+*,�Y: �4G.& ��&'<D� � 
�� � � � 
 � W " D ��� �`a 7"9 � � �;:
( �.��<+�;��� N 9)*,(+- � �IR�< NDN �;�T>�� � ( ��� � = ��*�����G)�.: L � <+� N L 
 <?� N � N >Q��: L � L C L ��� 
 C L � � � C L 
�L C
L 
 � 
 C <+� N�L 
 � W C ��&b���8:IR : ��� � � &b<?:[<+�8�;������* AT(+����� a �����)� � � > �b*,� 1 a � a 6

u2v2v

v1

v3
u v3

1v

u1
u0

� YZw�n \ U ( � � � x aVn3: k U�w k nVU


 *,( (K9 a � UXQ � `:3U8i<]9Yl]3]VU \	[ a<Yl]<Qda@f � � � UXQ � _3U^]Va<Q�U�QbSVU�w \ i [ S � � 
)L 
 � � UXQ ��+ ��:�U8WbnVyXS



CDE ����������	�� � � � ��� 	�� ����� � � �

QbS3i@Q � � � � � �
�
� }-a�]VW�Q \ nVyXQ� � " U � � 	 � i@W-f a kZk a��	W`�

 �2 ;

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

�

. 
 � ���
�
- � Yqf 9 ; L � � 


. 
�� Yqf 9 ; L�L �
� ���

�
Yqf 9 ; L � � �

� 2 
 � Yqf 9 ; � 
 � �
� 2 
 � . 
 � ���

�
� Yqf 9 ; L � 


� Yqf 9 ; L � �
� 2 asQbSVU \ �	YZW�U

� Q�Y�WdU^i@W�;9Q�a�yXSVUXy $ QbS3i�Q� �HY�W�i<]9Yl]3]VU \d[ a<Yl]sQ�a@f W�;VW � �)� �

G a��8�� ���� � -  ���� � -  �� � � � ; � ��� � 
 � . 
 � ���
�
�#- � ��� � - � � � � ��; . - � � � � � + . �6:{;

� U r�r i�( � .�F���W�;�W ��� � ��S3i@W�i<]9Yl]3]VU \d[ a<Yl]sQ �

��� � � � 	����.+���+�(-�

g/U�U^]V_7QbSVU9yXS3i [ Q�U \ :s;/yXa�]VW�YZ_3U \ Yl]VwjQbSVU9W [Vk Y�yXYl]Vw7a [ U \ i@Q�YZa�]jQTS3i@Q �~i�W8Yl]<Q \ a�_�nVyXUX_ Yl] �VUXy �
Q�YZa�]/� � ( � � SVU�yXaV]V_3Y�Q�Y�aV]VW�yXaV]VW�YZ_3U \ UX_7Yl] QbSVYZW�QbSVUXW�YZW�n3]V_3U \ ��SVYZyXS/QbSVYZW�a [ U \ i�Q�YZa�] [3\ UXW�U \ e<UXW
QbSVUdU&��YZW�Q�U^]VyXU8a@f2Yl]3]VU \	[ a<Yl]<Q�W�i \ UdtunVYZQ�U�W�Q \ Yl]Vw<U^]sQ � �	a��-UXe<U \ �sQbSVU�y^i@W�UXW�f a \ ��SVYZyXS�QbSVUda [ U \ i �
Q�YZa�] �-a \%$ W$i \ U i k|\ U^i@_3;!W�Q \ a�]Vw�U^]Va�nVw�S9Q�a�;VY�U k _`Y|]sQ�U \ UXW�Q�Yl]Vw \ UXWbn k Q�W � g/U�WTSVa �+QbSVUdf a kZk a��	Yl]Vw �

� ��4 4 7 H%�#1�< ��� � � � 
 <+� N � � �g�=��(+� M �I�ZA4<+*����\���=>?*@<BA &D: a � �`AQA4(+:�� L�" C���� 
%� <+� N 
 "
C���� �4� <+*,�H(K9 N �K>+*,�)� + �]����& � �0L�� ; �!L 
 �
	�	�	�� L � % <+� N � � 
 � ; � 
 
 ��	�	�	 ��
 � %Ta � � � � ;
�0C ��� 
 
)L�� � C���� � 
 
 � � D ��� 
 
 L�� ��D ��� � 
 
 � � �(L 
 
 
���	�	 	�� L ��
 � %��`a 7 9Y:)R+: ��� 
 � &b<+:[<?�
��� ���.* AT(+�;���  
 <+� N :IR : ��� �4� &b<?: <?�J��� ����*%A4(+�����  � : �4G.&E��&b<Q�  
��� � ;  

�
��� � 9B(?* <DP�P � ; . �
	�	�	�� + C

��&b�.� :IR+: ��� � &b<?:[<+�8�;������* A4(?�;��� a
� SVU [3\ a�a�fh_3U [ U^]V_3W�a�]9QbSVU8]VU&�VQ k U r�r i �

� ��4 4 7 H%�#1(H%�	� �`� � ; �0C � D � �,�8<8>+*,<IA &��]�\��& ��( �':B� P �.:):�� N >Q� a � �`AQA4(+:��8��&b��*,�8� 3 �;:���:
� " ���{z ���7� �]����& � �+ � : �4G.&���&b<D� ��� � � ��:[��&b�F(+��PSRV��(+� M ��*)� =`��<DP G2�4� (K9 � �]����& � 2� ��� � �%� ; � a
$%&b�.��:IR+: ��� � &b<+:[<?� ��� ����* AT(+�;���]� 9 �,(Q��& � � � <?� N'� � � C � � � <+*,�V��(?� M �B�SAT<+*����\��� a

 *,( (K9 a � QdWbn 3!yXUXW	Q�a�WbSVa��+QbS3i@Q ��� � �{YZW�]Va<Q	i�yXa�]VW�Q \ YZyXQ�UX_Jy^nVQ �



� � � � ����	�� ���������-� CDO

PdW�Wbn r U!Q�a`QbSVU�yXa�]sQ \ i \ ; QbS3i@Q ��� � �dYZW!i�yXa�]VW�Q \ YZyXQ�UX_jy^nVQ � �VYl]VyXU � + � i<]V_ � 2� � �O+ �
f a \ i<]<;�]Va�] � Q \ Y�eVYli k y^nVQ�� #; ��� ��� �u:s; � U r4r i�( � O���QTSVU \ U�U&��YZW�Q �- � ���f U^i@W�Yl: k U�f a \ W�;VW � ���7��WbnVyXS
QbS3i@Q �- � � . � + �3� �- 6 ; � fva \ i kZk ]VaV] � Q \ YZe�Yli k y^nVQ�W���#; � � ���X� �� � - �� �7; ��f a \ i kZk � 
 " D � ��� � �X�
i<]V_ �� � - �� �7; �- � � . � f a \ i kZk � 
 "���� � � �

�VYl]VyXU �- � � . � + ��� �� #; � � G a<Q�UdQbS3i@Q �� � ; 
 �� � fva \ UXe<U \ ;!UX_3w<U	L � <"���� � � � :�; � U r�r i ( � .<�
� d �%f~is]V_ � d C � �%f�i \ U�yXaV]3]VUXyXQ�UX_ �7�	U^]VyXU<�-QbSVU \ U�U&��YZW�Q 
 � � " UE� WbnVyXS7QTS3i@Q I �� � I ; 
 f a \
i kZk � " � is]V_ I �� � I ; � f a \ i k�k ��" C�� � � � UXQ�� ; � ��" �e� ��� � ��� ��� � ��#; � %/i<]V_
� ; � ��")C�� � � ��� � � � � � ��� #; � % � � f 
 ; �3�HQbSVU^] �� � ; �- � � . � f a \ i kZk � ")� � � SVY�W�Y r�[Vk YZUXW
QbS3i@Q�� � �jYZW :VY [ i \ Q�YZQ�U<� �dSVY�yXS�YZW�i�yXa�]<Q \ i@_3YZyXQ�YZa�]��-�	U^]VyXU<� 
 + � ���VY r Y k i \�k ;<� � + � �

� f �� � S3i@W QTSVU	Wbi r U-W�YZw�]�fva \ i k�k �E"����<QTSVU^]'� � �0C � ��� YZW$:VY [ i \ Q�Y�Q�U<� �dSVY�yXS�YZW$i yXa�]sQ \ i@_3YZy �
Q�YZa�]��	��U^]VyXU<�Ni�W�Wbn r U�QbS3i@Q �� � ; 
 �� � fva \ W�a r UOL � �E" � � � UXQ:L � � � � "7� :�UE]VUXYZw�SV:3aVn \ W�a@f L
i<]V_
��� \ UXW [ UXyXQ�YZe<U k ; ���VY|]VyXU �� � - �� � � ; �-�� � . � i<]V_ �� � - �� � � ; �-�� � . � � �-U�S3i e<U �� � � - �� � � ; � �-�� � . � �
�VYl]VyXU �-�� � . � +R��i<]V_ I �� � � I ; I �� � � I � �-U r nVW�Q8S3i e<U �� � ��; �� � ��; �-�� � . � � :-nVQ�QbSVYZW8Y r�[Vk YZUXW�QbS3i@Q
���� ; ���� ; ���3yXa�]sQ \ i@_3YZyXQ�Yl]Vw9a�n \ i@W�WTn r�[ Q�YZa�]�� � SVU \ UXWbn k Q	f a kZk a ��W �

2 %'�8��� ��� �.��4 4 7 H �#1�< � � UXQ7C ; C����7��i<]V_ D ; D ��� � � � UXQ)� � 
 ; ��
 
 L i<]V_
� � � ; � � 
 
 � ��a \ � ; . � �3� k UXQ,C � ; C ��� �� ��i<]V_ D � ; D ��� �� � �

}~a�]VW�Q \ nVyXQ � " U � i@W�f a kZk a��	W �#�)a \ is]<; 9 " D 
 � W�UXQ � 2 ;  
2 � ��a \ is]<; 9 " D �^� W�UXQ
� 2 ;  �2 � ��a \ � ; . ��	�	�	 � +)��W�UXQ � � � � � ;  
��� � �d} k U^i \�k ;<� � + ��� � 
� ��� � � � ; ��fva \ i kZk ��" C i<]V_
� 2� � � C 
 �%� ; � �

g U!]Va��(WbSVa��(QbS3i@Q � 2� � �O+ �4f a \ i kZk � "������7���*� ���0C�
�� % � � UXQ ��� ���:" ����� ���&� ���0C�
 � % �
} k U^i \�k ;<�3Yqf � ��C�
{a \ � ��C �@�<a \ C � � ��C�
{a \ C � � ��C �^�VQbSVU^] � 2� � � ���%� + � �#�3n [3[ asW�U8]Va�]VU
a@f QbSVUdf a�n \ W�UXQ�W��&��C 
 � �&��C ��� C � �1��C 
 � i<]V_�C�� �&� C � YZWdU r�[ Q�; � G asQ�U�QTS3i@Q

� 
� ��� ���%� ;  
 � ��� � � � D 
%�
-� � � � � ��� � D �4�
- � 2� ��� � �!���
	*�0C�
%�%� 	

g/U�y k i@Y r QbS3i@Q� 
 � ��� ��� � D 
 � + . �{��:VW�U \ e<U�QTS3i@Q

 
 � ��� � � � D 
 � ;  
 � ��� � � C�
 �%� 
) 
 � � � �!LF% � �	� C 
%�%�



CDC ����������	�� � � � ��� 	�� ����� � � �

i<]V_�QbS3i�Q
 
 � ��� ��� � D 
 � ;  
 � ��� �&��C�
 � �!LF% �%� 
  
 � � � �(L�% � C 
 � � �%� 	

�VYl]VyXUE 
 � ���0L��%� ;  
 � � � �!L�% � ����C 
 �%�6-� 
 � � � �!L�% � C 
 � ���%�X� �-U8S3i^esU

�  
 � ��� � �!� D 
%� ;  
 � � � �&��C 
%�%�
-  
 � ��� �&��C�
 � �!L�%��%� 
) 
 � ���0L��%�
+ ��-7� 
j� ; � 	

� Q~fva kZk a��	W	QbS3i�Q � 2� ��� � �!� D 
%� + . �

�VY r Y k i \�k ;<�  � � ��� � � � D �&� + . � � S�nVW^� � 2� ��� � �%� + � �
� SVU \ UTfva \ U<� �-U�S3i e<U � ")���{z ���7�	is]V_ � 
�0� ��++��f a \ i kZk ]Va�] � Q \ YZeVYli k y^nVQ�W,��#; ���0C�
 � �!:{;

� U r�r i�( � � ()��W�;�W ���7�-S3i@W�i<]9Yl]3]VU \d[ a<Yl]sQ �

� SVU8]VU&��Q	Q �-a \ UXWbn k Q�W�i \ U�Y r�r UX_3Yli@Q�U8yXa�]VW�UXt3nVU^]VyXUXWda@f � U r�r i�( �q�<� �

�
�8%��83?3�7�%'A H �#1 9 � � �`� � ; � C ��D � �g�F<���(?� M �B�SAT<+*����\���[>?*,<IA &�<+� N � " C=a � � � � � ; �0C ����D � �
�g� ��:B(?- (?* A &Q�\G ��( � <?� N�� � "�C � ��: ��&'�L�;-F<`>Q�Y(K9 � �'� N �.* :�(+-F�L�;:�(+-F(+*2A &D��:)- � a � �`� � � � � ;
� � 
 ��	�	�	 � � � %Ta � � � � � � ; �0C � C � �*� � � � � % ��D ��� 
 � � ��D ��� � 
 � � � � � � 
 �#� � 
 � �
	�	�	�� � � �#� � � � � %4a 7"9
:IR : ���7� &b<+:[<+�8��� ����* A4(+������C ��&b�.�8:B( N (`�.:Y:)R+: ��� � � � a

� SVU [3\ UXeVY�aVnVW{yXa \ a k�k i \ ;E:3i�W�YZy^i kZk ;9W�Qbi�Q�UXW QbS3i@Q�� y^i<]�:�U	W [Vk YZyXUX_ �	YZQbS�i�yXa [ ;�a@f Y�Q�W�U k f �	YZQbS
\ UXW [ UXyXQ�Q�aEis]<;9e<U \ Q�U&��i<]V_�YZQ�WdyXa \�\ UXW [ a�]V_3Yl]Vw9yXa [ ; �

P ]Va�] � :VY [ i \ Q�YZQ�U9w \ i [ S � YZW8Wbi�Y�_ Q�aJ:3U :���*,(+�4>QPZR=: A�PZ��G)�I< �.P �V<D� �JYqf � YZW8W [Vk YZyXU^i<: k UJi@Q �
i<]V_/Yqf-f a \ i<]s; �- 
��
	�	�	�� �- � " � � � . �	Wbi�Q�YZW�fv;VYl]Vw 1 ��

�

 �- � ; �3� QbSVU \ U�U&�VYZW�Q�W�i<] Yl]3]VU \8[ a<Yl]<Q � a@f

W�;VW ��� �{WTnVy S QbS3i@Q � � � � ; �- � f a \
� ; . ��	 	�	�� +��

�
�8%��83?3�7�%'A H �#1 M � � � � ��
 <?� N'� � �g�V��(?� M �B�SAT<+*����\���[>?*,<IA &D:V: �4G.&���&b<D� :IR+: ��� 
 � <?� N :IR : ��� �4�
&b<(=+� �;������* A4(?�;����: a �!� ADAT(+:B� L�" C ��� 
%� <+� N 
 " C���� �4� <+*,�8(K9 N �K>+*,�I� + �]����& � �0L�� ;
�!L 
 �
	�	�	�� L � % <?� N�� � 
 � ; � 
 
 ��	 	�	���
 � %4a � �`� � ; �0C ��� 
 
�L�� � C���� � 
 
 � ��D ����
 
 L�� �
D ��� � 
 
 � � �!L 
 
 
���	 	�	�� L ��
 � % �`a 7"9 � � �;: :���*,(+�4>QPZRY: A�PZ��G)�I< �.P �X<D� 
 C%��&b���=:IR+: ���7� &b<?: <+�=��� ���.*
A4(?�;��� a

g U{]Va � yXa�]VW�YZ_3U \ W�a r U y k i@W�W�UXW a@fuw \ i [ SVW QbS3i�Q i \ U W�Q \ aV]Vw k ;�W [Vk YZyXU^i<: k U�i@Q W�U k UXyXQ�UX_8e<U \ Q�YZyXUXW �



� � � � ����	�� ���������-� CDF

� Y \ W�Q^� �-U [3\ a@e<U�QbSVUdf a kZk a��	Yl]Vw �

� ��4 4 7 H%�#1 
���� � � � ; �0C � D � �,� ��(+� M �I�ZA4<+*����\���V<+� N � "�C=a 7"9Y:IR+: ��� � &b<?:[<+�
��� ���.* AT(+�����
<+� N 9B(+*V<+� R N ��:B������G � 9 � � " � � � � C]��&b�.*@� � 3`��:���:[< A4(+������� " ����z ��� � : �4G.&���&b<D��� 2 ; � �� ; . C
��&b�.� � ��:Y:B��*,(+�T>DPZRV: A�PS��GI�)< �.P^�Y<D� ��a

 *,( (K9 a � UXQ�� � � � ; � � 
 �
	�	�	�� � � % � ��a \ is]<; _3YZW�Q�Yl]VyXQ
� � � � � "�� � � �X� k UXQ  � � � � � :3UJi [ asY|]sQ�Yl]
���{z ���7��WbnVyXS�QTS3i@Q� � � � � �� � � ;  � � � � �� � � ; . �

� UXQ �- 
 ��	�	 	�� �- �:" � � � .0�#:3UdWbnVy SEQbS3i@Q �- 
�- ����� - �- � ; � � � UXQ � 9:3U�i<]�Yl]3]VU \	[ asY|]sQ-a@fNW�;�W ���7� �
��a \	� ; . �
	�	�	�� +H� k UXQ - �� ; �- � 
 � � � � � ��SVU \ U �O+(� �'�VYl]VyXU �- � � 1 ��

�

 �- ��fva \ i k�k � ; . ��	�	�	 � +H�

Yqf � + � YZW9Wbn 3!yXYZU^]sQ k ; W r i k�k �-QbSVU^] - �� , 1 ��
�

 - �� fva \ i k�k	� ; . �
	�	�	�� +�� :�; � U r�r ij� � �<���

QbSVU \ U4U&��YZW�Q�W�]Va�] � ]VUXw�i@Q�Y�esU � � � WbnVyXS QbS3i�Q 1 ��� � � � � ; 
� 1 ��
�

 - �� i<]V_/QbS3i@Q - �� ; � � � � f a \ i kZk

� ; . ��	�	�	 � + ��SVU \ U � ; 1 � � � � � �  � � � � � �
� UXQ � ; � � 7-�� � } k U^i \�k ;<� � � � � ; � � � � � -�� � � � ; � � � � � - - �� ; �- � � P k W�a)�

�
- �
��� �

� � � ; �
- .
�
�
�
�
�

 - �� ; � -

.
�
�
�
�
�

 �- � 


�
�
�
�
�
�

 � � � � ; . 	

��U^]VyXU<� � 9YZW�i�yXa�]<esU&�!yXa r :VYl]3i@Q�YZa�]9a�f [ a<Yl]sQ�W-Yl] ���{z ���7� �2�VYl]VyXU � Y�Wdi<]�Yl]3]VU \	[ a<Yl]<Qdi<]V_�QbSVU
yXaVU43!yXYZU^]<Qda@f � JYl] QbSVU8yXa�]se<U&�9yXa r :VYl]3i@Q�YZa�]�YZW [ a<W�Y�Q�Y�esU<� � `YZW is]9Y|]3]VU \�[ a<Yl]<Qda@f W�;VW ���7� � � SVU
\ UXWbn k Q�fva k�k a��	W �

g SVUXU k W8i \ U�W�Q \ a�]Vw k ;�W [Vk YZyXU^i<: k UJi@Q�i<]<;�a�f$YZQ�W�e<U \ Q�Y�yXUXW�U&�VyXU [ Q8i@QdQbSVU�S�n3:���P�]V_�y k U^i \ k ;<�
' � YZW�W�Q \ aV]Vw k ;/W [Vk YZyXU^i<: k U�i@Q�i<]s; a@f�YZQ�W�e<U \ Q�YZyXUXW � � SVU!Wbi r U!y^is]�:�U�Wbi@YZ_jfva \ ( � yXa�]3]VUXyXQ�UX_
[Vk i<]3i \ w \ i [ SVW �ui�W	QbSVU8]VU&�VQ \ UXWbn k QdWbSVa��	W �

�
�8%��83?3�7�%'A H �#1�� � � �`� � �g�F< (TM GI(+�����IG`��� N A�P^<+��<+*_>?*,<IA & a � � � � �g�V<+� R = �.*B���23J(K9 �Ja $%&'���
� �;:Y:���*,(+�4>QPZRE:2A�PZ��G)�I< ��P^�Y<D� ��a

 *,( (K9 a G asQ�U�QbS3i@Q7� Y�W�]Va�] � :VY [ i \ Q�YZQ�U � :�; � SVUXa \ U r ( � .^�3�HW�;VW ��� ��S3i@W8i<] Yl]3]VU \�[ asY|]sQ �K:{;
� SVUXa \ U r � � .<� QbSVU \ U-YZW$i��di r Y k Q�a�]VYli<]�yX;Vy k U�nVW�Yl]Vw�is]<;�Q �-a�_3YZW�Q�Y|]VyXQ�UX_3w<UXW{Yl] ��� � � � � SVU \ UXWbn k Q
f a kZk a��	W~f \ a r � U r�r i ( � �DO �





� ���������
	 �

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


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

� SVUXa \ U r ( � .,.�a@f$QTSVU [3\ UXeVY�aVnVW8yXS3i [ Q�U \ w<YZe<UXW�i9w \ i [ S � QbSVUXa \ UXQ�YZy^i k ]VUXyXUXW�Wbi \ ;/i<]V_ Wbn 3!yXYZU^]<Q
yXa�]V_3YZQ�YZa�]4f a \ W�;VW ��� �#Q�a�S3i e<U�is]�Yl]3]VU \$[ a<Yl]<Q ��SVU^] � Y�W	i � �,+#- . � � UX_3w<U � yXa�]3]VUXyXQ�UX_ �o�,+�- .0� �

\ UXw�n k i \ w \ i [ S�� � ]4QbSVYZW	y S3i [ Q�U \ � �-UdW�QbnV_3;�QbSVUdWbn3:VQ�a�n \ � U k Y r Yl]3i@Q�Y�aV] [ a k ;VQ�a [ U�a@f WbnVyXS�w \ i [ SVW
Yl] r a \ U�_3UXQbi@Y k � � ] [ i \ Q�YZy^n k i \ � �-U�U&� [Vk a<YZQdQbSVU�yXa�]3]VUXyXQ�YZa�]`:3UXQ �-UXU^]�QbSVU�WTn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�]
[ a k ;VQ�a [ U	i<]V_�QbSVU [ U \ f UXyXQ r i�Q�y SVYl]Vw [ a k ;VQ�a [ U$Q�a	a�:VQbi@Yl]�i-_3Y r U^]VW�YZa�] fva \�r n k idi<]V_�i<]dU43!yXYZU^]<Q
yXa r :VYl]3i@Q�a \ Y|i k i k w<a \ Y�QTS r QbS3i@Q yXa r�[ nVQ�UXW{QTSVU	_3Y r U^]VW�YZa�]�� � Q-YZW $ ]Va �d]�QbS3i@Q a�]VUdy^i<]�yXa r�[ nVQ�U
Yl] [ a k ;3]Va r Yli k Q�Y r U�QbSVU�_3Y r U^]VW�Y�aV]9a@f2QbSVUdWbn3:VQ�a�n \ � U k Y r Yl]3i@Q�Y�aV] [ a k ;�Q�a [ U8nVW�Yl]Vw�QTSVU�U kZk Y [ W�a<YZ_
r UXQbSVaV_ �vW�UXU � \�casQ�W�yXSVU k � � a@e
	i@W��<�	i<]V_ �VyXS \ Y � esU \�d � (`f�� � ��a �-UXe<U \ �{QbSVU�U kZk Y [ W�a<YZ_ r UXQbSVaV_7Y�W
]Va<Q�yXa r :VYl]3i@Q�a \ Y|i k is]V_7Y�W9]Va<Q�U43!yXYZU^]<Q9Yl] [3\ i@yXQ�YZyXU ����U^]VyXU<�-a�]VU r YZw�SsQ!i@W $ Yqf�QbSVU \ U�U&�VYZW�Q
U43!yXYZU^]sQ yXa r :VY|]3i�Q�a \ Yli k i k w<a \ YZQbS r W fva \ yXa r�[ nVQ�Y|]Vw�QbSVU{_3Y r U^]VW�Y�aV]�a@f�QTSVU$WTn3:VQ�a�n \�� U k Y r Yl]3i@Q�YZa�]
[ a k ;VQ�a [ U � � SVUmi k w<a \ YZQbS r�[3\ UXW�U^]<Q�UX_jYl]/QTSVY�W�yXS3i [ Q�U \ YZW�QbSVU \ UTf a \ U!i [ i \ Q�Yli k i<]VW �-U \ Q�a`QbSVU
t3nVUXW�Q�YZa�]��

g UE:�UXw<Yl] ��Y�QTS W�a r U�]Va<QTi@Q�YZa�] i<]V_ _3U p ]VYZQ�YZa�]VW � � f �RYZW�i9W�UXQ�a@f$_3YZW���a<Yl]<Q�Wbn3:VW�UXQ�W�a@f�C4�
QbSVU^] � ���(��_3U^]Va<Q�UXW�QbSVU�w \ i [ SDa�:VQbi@Yl]VUX_ f \ a r � :s;JWTS \ Yl] $ Yl]Vw U^i@yXSJU k U r U^]sQ�Yl] � � � ] QbSVYZW
yXS3i [ Q�U \ � �-U \ UTfvU \ Q�a�i [ W�U^nV_3a � e<U \ Q�U&�m:s;�QbSVUdW�UXQ-QbS3i@Q �	i@W-WbS \ n3] $ Q�a�Y�Q�� � ]9a<QTSVU \ �-a \ _3W^� �-U
r i $ U8]Va�_3YZW�Q�Yl]VyXQ�YZa�] :3UXQ �-UXU^]9QbSVU [ W�U^nV_3a � e<U \ Q�U&��i<]V_`QbSVU�W�UXQ-f \ a r ��SVYZyXS�YZQ �	i@W-WbS \ n3] $ �

cd] k UXW�W�a<QbSVU \ �	YZW�U W�Qbi@Q�UX_ ��� ; �0C � D ��_3U^]Va<Q�UXWJis] � � UX_3w<U � yXa�]3]VUXyXQ�UX_ � � \ UXw�n k i \ w \ i [ S

F�.



F<� ��� ������	�� � � � � ' - . � � 	�� � 	 � ����� ��	 ����	�� � � '�- . � � ��	 � � � ��� ��� � �����

��SVU \ U � YZW�a�_3_ is]V_ i@Q k U^i@W�Q9� � G a<Q�U9QbS3i@Q�� YZW!� � yXa�]3]VUXyXQ�UX_ i<]V_jfvU^i�W�Yl: k U i<]V_jQbSVU \ UTf a \ U
. � Q�aVnVw�S��)�Hn \ QbSVU \�r a \ U<�Ni�W 
� "/z � ��� �X��i kZk Q�YZw�SsQ�y^nVQ�W�a�f(� i \ U � � UX_3w<U�y^nVQ�W�i<]V_/:<;J}~a \ a k��
k i \ ;�� � (���� Y�W r i@Q�y SVYl]Vw � yXa@e<U \ UX_ �

� SVUJ]VU&��Q \ UXWbn k Q \ U k i@Q�UXW�QTSVU!_3Y r U^]VW�YZa�] a@fdQbSVU�Wbn3:VQ�a�n \ � U k Y r Yl]3i@Q�Y�aV] [ a k ;�Q�a [ U i<]V_7QbSVU
_3Y r U^]VW�YZa�]`a@f QbSVU [ U \ fvUXyXQ r i@Q�yXSVYl]Vw [ a k ;VQ�a [ U8a@f�� �

� �8� �I%'��4 9 ��*��8$%&b� N ��- �.� :I�\(?� (K9 z � ��� � �;:
��&b� :B<?- � <+:
��&b� N ��- �.� :I�\(?� (K9 ����z ��� �`a
� �b*���&b�.*)-F(+*,��C <F��(+� M ��*)� =`��<DP G2�4� � (K9 � ��:[��� >?&b�]� 9[<+� N (?��PZRV� 9 �\� �;:[GI(+� :���*I�\G ��� Nba


 *,( (K9 a�} k U^i \�k ;<� 
� ���{z ���7� � z � ���7� � ��U^]VyXU<�3_3Y r ������z ��� �%� , _3Y r � z � ��� �%� �

g UD]Va�� WbSVa�� QbS3i@Q�_3Y r ������z ��� �%�)$ _3Y r � z � ���7� � � x U p ]VU QbSVU�i 3�]VUJf n3]VyXQ�YZa�]5� �
U � � U � :<;&�#�0 �� ; � . < ���5 - �%� � � 
 .0� < � � � � � � UXQ � :3U�i<]s; [ U \ fvUXyXQ r i@Q�yXSVYl]Vw!a@f�� � � UXQ
� ; �#��� 	�� ��SVU \ U � 	 _3U^]Va<Q�UXW	QTSVU�Y|]VyXYZ_3U^]VyXU�esUXyXQ�a \ a@f � � � SVU^]9f a \ i<]s;!esU \ Q�U&� � "�C4�

� 2� � � � �%� ; . < �(- �
2 4 � � � � � � � 
 . � < � � ; . < � - � �o� � 
 .0� < � � ; � 	

}-a�]VW�Y�_3U \ � � C WbnVyXSjQbS3i@Q�. � I � I � I C I i<]V_ I � I Y�W4a�_3_ � �VYl]VyXU I ��� ������� I $ .Ji<]V_
I ��� � � I $ ��� �-U8S3i e<U

� 2� � � ���%��$ . < �*- �
254 � � . � � � � 
 .0� < � � $ . < ��- ��� � � 
 .0� < � � ; � 	

G U&��Q^�#yXa�]VW�Y�_3U \ � � C WbnVyXS QbS3i@Q . � I � I � I C I is]V_ I � I YZW�UXe<U^]�� � SVU^] I ��� ��� I $ � - . �

��U^]VyXU<�
� 
� ��� ��� � ; �

254 � � . � � � � 
 . � < � � $ � ��- . �0� � � 
 .0� < � � + � 	

��U^]VyXU<� � �"/���{z ���7� � � Q�f a kZk a��	W�QbS3i@Q

� �oz � ���7�%� � ���{z ��� � 	

PdW ��Y�W :VY � UXyXQ�Y�esU<�@_3Y r � �#� z � ��� �%�%� ; _3Y r � z � ��� �%� � � SVU \ UTfva \ U<�^_3Y r � z � ���7�%� , _3Y r �����{z ���7�%� �
� SVYZW [3\ a@e<UXW-QbSVU pN\ W�Q [ i \ Q	a@f QbSVU�QbSVUXa \ U r �



F<�

g UE]Va�� [3\ a@e<U�QbSVU�W�UXyXaV]V_ [ i \ Q � � UXQ � :3U!i�]VaV] � Q \ YZe�Yli k y^nVQ ���3n [3[ a<W�U � "�z � ���7��Y�W
WbnVyXS QbS3i@Q � 
���!� + . � � UXQ �- ; � � � �� � � SVU^] �- ���!� +R�`i<]V_ �- " ���{z ���7�X�HY r�[Vk ;VY|]Vw QbS3i@Q �
YZW8]Va<Q�i�yXa�]VW�Q \ YZyXQ�UX_ y^nVQ � �3n [3[ a<W�U � )" ����z ��� �-YZW�WbnVyXSJQTS3i@Q � 2� �!� + � � � SVU^] 
� � 
���!� + . �

�VYl]VyXU 
� � "Jz � ��� �X� � YZW ]VasQ�i�Q�YZw�SsQ-y^nVQ � � SVU \ UXWbn k Q�]Va��+f a kZk a��	W��

� SVU [3\ UXeVYZa�nVW�QbSVUXa \ U r Q�U kZk W9nVW�QTS3i@Q �$U4y^i<]j_3UXQ�U \�r Yl]VU�QbSVU9_3Y r U^]VW�YZa�]La@f ���{z ���7��:<;
_3UXQ�U \�r Y|]VYl]Vw/QTSVU�_3Y r U^]VW�YZa�]ja@f�z � ��� � � � _ r a�]V_3W^� � a@e
	i@W��<�#i<]V_ z�n kZk UX;3: k i<] $ d .�C.f$WbSVa��-UX_
QbS3i@Q�Yqf	QbSVU�]Vn r :�U \ a@f	: \ YZy $ W8Yl] QbSVU�: \ YZy $ _3UXyXa r4[ a<W�YZQ�YZa�] a@f	i r i@Q�y SVYl]Vw � yXa@e<U \ UX_ w \ i [ S`Y�W
�{��QbSVU^]j_3Y r � z � ���7�%� ; I D I 
 I C I - . 
 � � � SVUX;7i k W�a/w�i e<U9i yXa r :VYl]3i@Q�a \ Yli k i k w<a \ YZQbS r
f a \ a�:VQbi@Yl]VYl]Vw QTSVUD: \ Y�y $ _3UXyXa r�[ a<W�Y�Q�Y�aV]�� ��U^]VyXU<��QTSVU \ U Y�W ijyXa r :VYl]3i@Q�a \ Yli k i k w<a \ Y�QTS r Q�a
_3UXQ�U \�r Y|]VU�QbSVU8_3Y r U^]VW�Y�aV]�a@f����{z ���7� �

� ]8i k i<]V_ r i \%$�[ i [ U \ a�] QbSVU r i@Q�yXSVY|]Vw k i�Q�Q�YZyXU7�CQbSVU k i@Q�Q�YZyXU-a@f3QbSVU{Yl]VyXYZ_3U^]VyXU	e<UXyXQ�a \ W a@f [ U \ �
f UXyXQ r i@Q�yXSVYl]Vw<W �X� � a@e 	i�W�� d �s� fuyXaV]VW�YZ_3U \ UX_�QbSVU�Q�YZw�S<Q y^nVQ#_3UXyXa r�[ a<W�YZQ�YZa�]�a�f i r i@Q�yXSVYl]Vw � yXa@e<U \ UX_
w \ i [ S��h��]VUda@f QbSVU \ UXWbn k Q�W	SVU�WbSVa��-UX_ �	i@W QbS3i�Q{QbSVU�]Vn r :3U \ a@f2: \ YZy $ W-Yl]�QTSVU�: \ YZy $ _3UXyXa r�[ a �
W�YZQ�YZa�] Y�WdQbSVU�Wbi r U8i@WdQbSVU8]Vn r :3U \ a@f : \ Y�y $ W�Yl]`QbSVU8Q�Y�wVS<Q	y^nVQ�_3UXyXa r�[ asW�YZQ�YZa�]�� � SVU�Q�YZw�SsQ	y^nVQ
_3UXyXa r�[ a<W�YZQ�YZa�]4YZW{Y r�[ a \ Qbi<]sQ{Yl] r i�Q�y SVYl]Vw�QbSVUXa \ ;�i<]V_�YZW�QbSVU r i@Yl] r UXQbSVa�_4Y|] � a@e
	i@W��,5 [ i [ U \ �
� SVU \ U r i@Yl]V_3U \ a@f2QbSVYZWdy S3i [ Q�U \ YZW�_3UXe<asQ�UX_�Q�a [3\ UXW�U^]<Q�Yl]Vw�i<]���� � � I C I�k a<w � I C I < ���%�-i k w<a \ YZQbS r
nVW�Yl]Vw���� � I C I �#W [ i@yXU-QbS3i@Q yXa r4[ nVQ�UXW$i \ U [3\ UXW�U^]<QTi@Q�YZa�]�a@fNQTSVU	Q�YZw�SsQ y^nVQ _3UXyXa r�[ asW�YZQ�YZa�]��
� \ a r
WbnVyXS�i \ U [3\ UXW�U^]<Qbi�Q�YZa�]H�3a�]VU�y^i<]9U^i�W�Y k ;�_3UX_�nVyXU�QbSVU8]Vn r :�U \ a�fh: \ YZy $ W�i<]V_JSVU^]VyXU p ]V_`QbSVU�_3Y �
r U^]VW�YZa�]9a�fhz � ���7�-i<]V_����{z ���7� � � ]9QbSVU�y^i�W�U�a�fh� � \ UXw�n k i \-[Vk i<]3i \ w \ i [ SVW^�sa�]VU�y^i<]4Y r�[3\ a@e<U
QbSVU \ n3]3]VYl]Vw�Q�Y r U�Q�a���� I C I � �

g U [ a<Yl]sQ2a�nVQ QbS3i@Q S3i e�Yl]Vw�i-Q�YZw�SsQ y^nVQ _3UXyXa r�[ a<W�YZQ�YZa�]�a@fui r i@Q�yXSVYl]Vw � yXa@e<U \ UX_8w \ i [ S�i kZk a��	W
a�]VU Q�a�_3UXQ�U \�r Yl]VU{Yqf�QbSVU w \ i [ SdYZWh:VYZy \ YZQ�YZy^i k ��P	Q QbSVU r a r U^]sQ^�XQbSVU���� I C I I D I � � i k w<a \ Y�QTS r :s; � a�n
i<]V_ " SVaV]Vw d �<�.fhS3i@W-QbSVU8:3UXW�Q	Q�Y r U � yXa r�[Vk U&�VYZQ ;J:�a�n3]V_9f a \-\ UXyXa<w�]VYZ�XYl]Vwm:VYZy \ YZQ�YZy^i k w \ i [ SVW�i<]V_
QbSVU \ UdYZW�]Va $ ]Va���]4i k w<a \ YZQbS r QTS3i@Q p ]V_3W�i Q�YZw�SsQ$y^nVQ-_3UXyXa r4[ a<W�YZQ�YZa�] ��Y�QTS�i8Q�Y r U � yXa r�[Vk U&��YZQ�;
:3aVn3]V_ :�UXQ�Q�U \ QbS3i<]���� I C I I D I � ���	U^]VyXU<� f a \ i<]s; p �VUX_ �V� QTSVUE:�a�n3]V_���� � � I C I k asw � I C I < ���%��Y�W
y^n \�\ U^]sQ k ;Ji@W�; r�[ Q�asQ�YZy^i kZk ;J:�UXQ�Q�U \ QTS3i<] ��S3i@Q-a�]VU�y^i<]�i@yXSVY�UXesU�f a \ w<U^]VU \ i k w \ i [ SVW �

� SVU \ UXW�Q8a@f	QbSVU9y S3i [ Q�U \ Y�W�a \ w�i<]VYZ�XUX_ i�W8f a kZk a��	W ��g/U pN\ W�Q�_3UXW�y \ Y|:�U�QbSVU9Q�YZw�S<Q�y^nVQ�_3U �
yXa r�[ a<W�YZQ�YZa�] [3\ aVyXUX_�n \ UJi<]V_jUXW�Qbi<: k YZWbSjiJW�U \ YZUXW�a�f~W�Q \ nVyXQbn \ i k{\ UXWbn k Q�W�QbS3i@Q �$U�]VUXUX_ fva \ QbSVU
i k w<a \ Y�QTS r �#g/U�QTSVU^]�_3UXW�y \ Yl:3U�QTSVU $ UX;�_�i@QTidW�Q \ nVyXQbn \ U	a�] ��SVYZyXS9QbSVU�i k w<a \ YZQbS r _3U [ U^]V_3W �(� W �



F ( ��� ������	�� � � � � ' - . � � 	�� � 	 � ����� ��	 ����	�� � � '�- . � � ��	 � � � ��� ��� � �����

W�U^]sQ�Yli kZk ;<�3QbSVU	_�i@QTi�W�Q \ nVyXQbn \ U	YZW$i Q \ UXU � \ U [3\ UXW�U^]<QTi@Q�YZa�]4a@f i kZk QbSVU � � UX_3w<U�y^nVQ�W-a@f � �2PdW�Wbn r Y|]Vw
QbS3i@Q�QTSVU�_�i@Qbi9W�Q \ nVyXQbn \ U�y^is]/:3U!:3nVY k Q�U43!yXYZU^]<Q k ;<� �$U�QbSVU^]Dw<YZe<U!iJSVYZw�S � k UXe<U k _3UXW�y \ Y [ Q�Y�aV]/a@f
QbSVU�i k w<a \ Y�QTS r ��g/U�yXa�]Vy k nV_3U�QbSVU�yXS3i [ Q�U \ :s;�w<YZe�Yl]Vw`QbSVU�Q�UXy S3]VYZy^i k _3UXQTi@Y k W fva \ :3nVY k _3Yl]Vw/QbSVU
_�i@QbiEW�Q \ nVyXQbn \ U �

����4 7�%�� � x Y k�k U^]VyXa�n \ QJi<]V_ � r YZQbS d .�; f�w�i e<U�i k Yl]VU^i \�� Q�Y r U/i k w<a \ YZQbS r f a \ _3UXQ�U \�r Yl]VYl]Vw�Yqf
W�;VW ��� �$S3i�W�i<]9Yl]3]VU \�[ a<Yl]<Q ��SVU^]�� Y�W�� � \ UXwVn k i \ i<]V_ [Vk i<]3i \ � P�W �-U �	Y kZk W�UXU�Yl] �VUXyXQ�YZa�] ; � �3�
QbSVUXY \ i k w<a \ Y�QTS r YZWdUXtunVYZe0i k U^]sQ8Q�a�_3UXQ�U \�r Yl]VYl]VwJYqf(�6YZW8i�: \ i@yXU�a \ i!: \ YZy $ �d��n \ i k wsa \ YZQbS r Y�W
:3i@W�UX_`a�]9w<U^]VU \ i k YZ�^i@Q�Y�aV]VW�a@f QbSVUXY \ Y�_3U^i�W �

�	��
 � 
 � A�� � 	 � ��
�� � � @ � ��
 ��
 � �

� SVU-Q�YZw�SsQ2y^nVQ _3UXyXa r�[ a<W�Y�Q�Y�aV] [3\ aVyXUX_�n \ U	_3UXW�y \ Yl:�UX_m:s; � a@e
	i@W�� d �<�.fNSVYl]Vw<UXW a�]�QbSVU	]VU&��Q \ UXWbn k Q �
� ��4 4 7 9 �#1 �V� � ((=��<+:@! / � �K526 4 -F<D��G.&D�;�T> M G)((=+��*,� N >?*,<IA &F&b<?: ��([��(+� M ��*)� =`��<DP���� >?&b�]G �T��: � 9 <+� N
(+��PSR � 9Y���]��:[������&b��*[<
�B*)��G��F(+*V< �B*,<DG)� a

� SVU [3\ aVa@f a@f � U r�r i ; � � �	Y kZk ]Va<Q$:�U�_3UXW�y \ Y|:�UX_�SVU \ U � � Q$nVW�UXW	i8]VaV] � Q \ YZe�Yli k \ UXWTn k Q-:<; � _ �
r a�]V_3W � � a@e 	i@W��<�<i<]V_�z{n kZk UX;u: k i<] $=d .�C.f�QbS3i@Q#W�Qbi@Q�UXW#QbS3i@Q : \ YZy $ W{S3i e<U	]Va8]Va�] � Q \ Y�eVYli k Q�YZw�SsQ2y^nVQ�W �

� SVU	Q�YZw�SsQ{y^nVQ{_3UXyXa r�[ a<W�Y�Q�Y�aV] [3\ a�yXUX_�n \ U�YZW$i�W f a kZk a��	W��
�dYZe<U^]!i r i@Q�yXSVYl]Vw � yXa@e<U \ UX_�w \ i [ S
�j� p ]V_!i8]VaV] � Q \ YZe�Yli k Q�YZw�SsQ y^nVQ�� � � f2i kZk QTSVU$Q�Y�wVS<Q�y^nVQ�W{i \ U-Q \ YZeVYli k ��W�Q�a [ � �dQbSVU \ �	YZW�U<� k UXQ �/:�U
idWbSVa \ U$a�f � � � UXQ ��
 ; � � � i<]V_���� ; � �'�0C'� �)��� � � � ��
his]V_ ���{i \ U r i@Q�yXSVYl]Vw � yXa@e<U \ UX_
i@W �-U k�k ��P [3[Vk ; QbSVU [3\ a�yXUX_�n \ U�Q�a ��
 i<]V_ ����i<]V_ W�a9f a \ QbS���P	Q�QbSVU8U^]V_ � �-U�S3i e<U�i k YZW�Q�a@f
: \ YZy $ W�i<]V_J: \ i@yXUXW��

� a0e
	i@W�� d �<�.f{WbSVa��-UX_JQbS3i�Q�QbSVU \ UXWTn k Q�Y|]Vw k Y�W�Q�a@f~: \ YZy $ W8is]V_D: \ i@yXUXW�YZW�Y|]V_3U [ U^]V_3U^]<Q�a@f-QbSVU
a \ _3U \ Y|] ��SVYZy S QbSVU�y^nVQ�W�i \ U�nVW�UX_ �

� Q!YZWJ]Va<Q9_3Y�3!y^n k QJQ�a WbSVa�� QbS3i�Qmi@Q9i<]<;7W�Qbi@w<U`a@f8QbSVU [3\ a�yXUX_�n \ U<�dU^i@yXS7a�f8QbSVUJw \ i [ SVW
a�:VQbi�Y|]VUX_`y^i<]�:3U�aV:VQbi@Yl]VUX_�:s;!WTS \ Yl] $ Yl]Vw9WbSVa \ UXW	a�f2Q�YZw�SsQ	y^nVQ�W	a@f � � � ] [ i \ Q�Y�y^n k i \ �3Yqf � � YZW�i
w \ i [ S�a�:VQbi�Y|]VUX_ji@Q�W�a r U8W�Qbi@w<U�a@f$QbSVU [3\ aVyXUX_�n \ U!i<]V_ ��� � � �	YZW8i9y^nVQ�a@f � � �HQbSVU^] � � � � ��YZW8i
Q�YZw�SsQ-y^nVQ	a@f � � Yqf is]V_�a�] k ;!Yqf � � ��� YZW�i�Q�YZw�SsQ-y^nVQ-a@f � �dSVU \ U � ��C�� �)� YZW	WTnVy S9QbS3i�Q � "��



� � � �+� �
� ��� ��� � � � � 	���� � ��� FD;

Yqf$i<]V_�a�] k ;�Yqf��4YZW�Yl] � � a \ ��YZWdYl]Ji�W�UXQ	QbS3i�Q	YZW�WbS \ n3] $ Q�a9i [ W�U^nV_3a � e<U \ Q�U&�!Yl] � � �

�	�>� � ��� 	7�
� 	 �
	)�)� 
 � 	�� �6�

� ] QbSVYZW9W�UXyXQ�YZa�]H� �$U`UXW�Qbi<: k YZWbSVUX_ i W�U \ YZUXW�a@f�W�Q \ nVyXQbn \ i k�\ UXWbn k Q�W�QTS3i@Q �-U �	Y kZk ]VUXUX_7f a \ QbSVU
i k w<a \ Y�QTS r � g/U pN\ W�Q	y S3i \ i@yXQ�U \ YZ�XU ��SVU^]/�(YZW�i�: \ i@yXU �

� ��4 4 7 9 �#< � 7 9 � ��:��I�ZA4<+*���������C ��&b�.� � ��: <��B*@<QG)�X� 9 <+� N (+��PZRY� 9 � &'<+: ��(Y��(+� M ��*)� =`��<DP �QM � N >Q�
G �T��: a
:�UTf a \ U �-U�w<YZe<U�QbSVU [3\ a�a@f�� �-U8]VUXUX_�i�fvU � Q�UXy S3]VYZy^i k2\ UXWbn k Q�W �

� ��4 4 7 9 � H �X�!� ADAT(+:B� � ��: �B�SAT<+*����\��� �]�\��&
�I�ZA4<+*��������\(+� ��� � � � a � �`� � ��C �g�Y<F:I&b(+*,� (K9_<?�
�QM � N >D�YG2�4� a $ &b�����.�\��&b�.* � � � � ��� (+* � � � � � ��� -F(+*,�I((= �.*)C I �0� � I 
 I �0��� I " � 
 . � .(%4a

 *,( (K9 a �VYl]VyXU�� YZW � � \ UXw�n k i \ � I � I ; I � I � � UXQ 
 ; �&� � i<]V_ � ; �&��� � g+YZQbSVa�nVQ k a<W�W	a@f
w<U^]VU \ i k YZQ�;<�Hi@W�Wbn r U�QTS3i@Q I 
 I $ I � I � G a��8�

� I 
 I 
 I � ��
 � � � � � I ; �� 4�� I
��� � � I 
 I � ��
 � � � � � I

; I � ��
 � � � I
; �� 4�� I

��� � � I 
 I � � � � � � 
 � I
; � I � I 
 I � � � � � ��
 � I 	

� Q fva k�k a��	W�QbS3i@Q � I 
 I 
 � I � I ; I � ��
 � � � � � 
 I � � � � �	��
 � I , ���sY r�[Vk ;�Yl]Vw�QbS3i�Q I 
 I/, I � I - . �

� f I 
 I ; I � I � �-U�S3i^esU I � ��
 � � � � � I ; I � � � � � ��
 � I �*�VYl]VyXU I � ��
 � � � � � I - I � � � � � ��
)� I ;
I ��� � � I ; ��i<]V_ ��YZW�aV_3_ �HQbSVYZWdY�WdY r�[ asW�W�Yl: k U � ��U^]VyXU<� I 
 I ; I � I - .�is]V_JW�a � � � � �	��
 � ; � �

� Q~fva kZk a��	W	QbS3i�Q � � ��� � � �

�
�8%��83?3�7�%'A69 � 9 � � �`� � 
 �
	�	�	�� � � ��C �,� N ��: N (+������:I&b(+*,��: (K9 ��(?� M ��*I� =`��<DP �QM � N >Q� G2�4��: (K9 ��a $%&'���
� �;:��I�ZA4<?*B�������L� 9 <+� N (+��PZRY� 9 � � ; � ��� 
 � � � � ��� � <+� N � ��� C � � � � C � ; . ��	�	�	 � � <+*,� �B�SAT<+*B������� a

 *,( (K9 a � Q�YZW�Y r�r UX_3Yli@Q�UEf \ a r � U r�r i ; � (!QTS3i@Q	Yqf � YZW8:VY [ i \ Q�Y�Q�U<�HQbSVU^])� � i<]V_ � � � C � � ���X�
� ; . ��	�	�	 � � �<i \ U8:VY [ i \ Q�YZQ�U �



FDE ��� ������	�� � � � � ' - . � � 	�� � 	 � ����� ��	 ����	�� � � '�- . � � ��	 � � � ��� ��� � �����

�3n [3[ a<W�U'� � i<]V_ � � � C � � � �X� � ; . ��	 	�	�� � ��i \ U�:VY [ i \ Q�YZQ�U � � f(�6YZW8]Va�] � :VY [ i \ Q�Y�Q�U<� QbSVU^]/�

S3i@W�is]9a�_3_`yXY \ y^nVY�Q � � �VY|]VyXU'� � �0C � � � �-YZW�:VY [ i \ Q�YZQ�U<� � d � � f r nVW�Q~S3i e<U8is]9UXe<U^]J]Vn r :3U \ a@f
UX_3w<UXW-f \ a r � � � SVU \ UTf a \ U<�3QTSVU�Y r i@w<U8a�f � n3]V_3U \ WbS \ Yl] $ Y|]Vw�� 
 �
	�	�	�� � � r nVW�Q	yXa�]sQbi@Yl]�i<]�aV_3_
yXY \ y^nVYZQ�Yl] � � � � SVYZWdyXa�]<Q \ i@_3YZyXQ�W	QbS3i�Q � � Y�Wd:VY [ i \ Q�YZQ�U �
2 %'�8J@�I���������-� 9 � M � �!� ADAT(+:B� � ��: �B�SAT<+*B������� a 7"9 � � C ��:J< A *,(IA4�.*J:I&b(+*,�=(K9�<���(+� M ��*)� =`��<DP
�QM � N >D�VG2�4��C ��&b��� ��� ��� �;:Y<=��� >?&b� G2�4� (K9 �Ja

 *,( (K9 a � UXQ-QbSVU�:VY [ i \ Q�YZQ�YZa�]�:3U � � � � � � x U^]Va<Q�U�� � �(i<]V_ � � � :<; 
�is]V_ � \ UXW [ UXyXQ�YZe<U k ; �
g+YZQbSVa�nVQ k asW�W�a�fhw<U^]VU \ i k Y�Q�;<� i@W�Wbn r U I 
 I ,/I � I �!:�; � U r�r iK; � (�� I 
 I - . ; I � I �(�VYl]VyXU � Y�W
� � \ UXw�n k i \ ��UXe<U \ ; [ U \ fvUXyXQ r i@Q�yXSVYl]Vw!a�f � r nVW�Q�S3i e<U�U&�3i@yXQ k ;�a�]VU�UX_3w<U8Yl] ��� ��� ���	U^]VyXU<� ��� ���
YZW iEQ�YZw�S<Q-y^nVQ �

2 %'�8��� ���
�.��4 4 7 9 �#< � :�;Jz \ a [ a<W�YZQ�YZa�] ; �GE3� �-U�W�UXU8QTS3i@Q i4]Va�] � Q \ YZeVY|i k y^nVQdYZW�Q�YZw�S<Q�Y f	i<]V_
a�] k ;�YqfhYZQdYZW i<] � � UX_3w<U�y^nVQ�� � SVU \ UXWbn k Q�]Va��+fva k�k a��	W-f \ a r � U r�r i ; � � �

G U&�VQ^� �$U�yXS3i \ i�yXQ�U \ YZ�XU ��SVU^]�� YZW i�: \ Y�y $ �

2 %'�8J@�I���������-� 9 ��
�� 7"9 � �;:L��(?� M �B�SAT<+*����\���.C ��&b��� � ��:Y< �B*)��G�� � 9[<+� N (?��PZRV� 9 � �;:L-F(+*,� M ��&'<+� M
.+M ��(��?>?& a

 *,( (K9 a �VYl]VyXU��6YZW�� � yXaV]3]VUXyXQ�UX_ �HYZQ8Wbn 3!yXUXW�Q�a!WbSVa�� QbS3i@Q7�6YZW8:VYZy \ YZQ�YZy^i k Y f	i<]V_ a�] k ; Y f��6Y�W
r a \ U � QbS3i<] � . � Q�aVnVw�S��

�3n [3[ a<W�U�� YZW�]Va<Q r a \ U � QbS3is] � . � Q�a�nVw�S����VYl]VyXU � Y�W�. � Q�a�nVw�SH� QTSVU^]/QbSVU \ U!U&�VYZW�Q�W � � C
WbnVyXS QbS3i@Q � ��� 
 ��� ; I � I ; +�fva \ W�a r U'+ + . � � UXQ � 
 �
	�	�	�� � ��_3U^]Va<Q�U�QTSVU�e<U \ Q�U&�`W�UXQ�W�a@f
QbSVU�yXa r�[ aV]VU^]<Q�W�a@f ��
 � �(�VYl]VyXU'�(YZW � � UX_3wsU � yXa�]3]VUXyXQ�UX_ � I ��� � � � I $ ��fva \ � ; . ��	�	�	 � +��2�VYl]VyXU
1 ��

�

 I ��� � � � I , 1 � 4 . � 9 
 � � � ; ��+H� �-U�S3i e<U8QTS3i@Q I � � � � � I ; �Efva \ � ; . ��	�	�	 � + �-P�W ��YZW�aV_3_ �

I � � I YZW�aV_3_�f a \ � ; . ��	�	 	�� + � �	U^]VyXU<� ���	� ����
 ��� ; I � I ��Y r�[Vk ;VYl]Vw�QbS3i@Q��(YZW�]Va<Q�:VYZy \ YZQ�YZy^i k �
}~a�]<esU \ W�U k ;<�HWbn [3[ asW�U �6YZW�]Va<Q8:VYZy \ YZQ�YZy^i k � � SVU^] QTSVU \ U�U&��YZW�Q�Q �-a!esU \ Q�YZyXUXW	L � ��" C WbnVyXS

QbS3i@Q � ; �*
 �!L � �M%8S3i@W8]Va [ U \ f UXyXQ r i@Q�y SVYl]Vw � :{; � SVUXa \ U r � � ���3QbSVU \ U�U&�VY�W�Q�W � � C � �)�

WbnVyXS7QbS3i�Q ����� � � 
 ��� + I � I �7��:VW�U \ e<U`QbS3i@Q ����� � � 
 ����i<]V_ I � I#r nVW�Q!S3i e<U�QbSVU�WTi r U
[ i \ YZQ�; � �	U^]VyXU<� ����� ��� 
 � � � �!L � � % �%� $ I � I - � ; I � � �(L � � % I � Y r�[Vk ;�Yl]Vw/QbS3i�Q!� YZW�]Va<Q
r a \ U � QbS3i<] � . � Q�aVnVw�S��



� � � �+� �
� ��� ��� � � � � 	���� � ��� FDO

z�nVQ�Q�Yl]Vw�Q�asw<UXQbSVU \ � U r�r iK; � ��i<]V_Jz \ a [ a<W�YZQ�YZa�] ; � O3� �-U�a�:VQbi@Yl]9QbSVU8]VU&�VQ \ UXWbn k Q �
� �8� �I%'��4 9 ��� � � &'<+:F��( ��(+� M ��*I� = �\<QP ���">+&b�LG �T� � 9F<+� N (+��PSR�� 9 � ��:E-F(+*,� M ��&b<+� M .+M ��(��D>+&H(+*
� �;:[<&�I*,<DGI� a
����4 7�%�� � :�; � SVUXa \ U r ; � .<� � SVUXa \ U r ; � C�YZW�UXt3nVYZe0i k U^]sQ�Q�a � SVUXa \ U r ( � . . �

g U ]Va�� _3U p ]VU8is]�a�: � UXyXQ-QbS3i@Q �	Y kZk i kZk a � nVW-Q�a�w<YZe<U�i r a \ U \ U p ]VUX_�y S3i \ i@yXQ�U \ YZ�^i@Q�YZa�]4f a \
� � UX_3w<U � yXa�]3]VUXyXQ�UX_ � � \ UXw�n k i \ : \ YZy $ W ��SVU^] �O$ �4YZW�aV_3_ � � SVYZW�a�: � UXyXQ	wsU^]VU \ i k YZ�XUXW8QbSVU�]Va<Q�YZa�]
a@f�i<]�� � k aVy^i k Y��^i�Q�YZa�] a@f�i�� � \ UXw�n k i \�[Vk i<]3i \ w \ i [ SD_3U p ]VUX_ :s; x Y kZk U^]VyXa�n \ Q�i<]V_ � r YZQbS d .�;.f �
g/U pN\ W�Q r i $ U8iEW�Y r�[Vk U8a�:VW�U \ e0i@Q�YZa�] QbS3i@Q-YZW �-U kZk�� $ ]Va���]��

2 %'�8J@�I���������-� 9 � N ���Y(J� � ( �QM � N >Q�EG2�4��:[(@9 � G.*,(+:): a

 *,( (K9 a �3n [3[ a<W�U � � ���Jis]V_ ����� �`i \ U � � UX_3w<U�y^nVQ�W�a�f � QTS3i@QJy \ asW�W � �VYl]VyXU ��YZW � � UX_3w<U �
yXa�]3]VUXyXQ�UX_ � �-U8S3i e<U

� � ; I ��� ��� I - I ����� � I ; I ��� �&� � � I - I ��� � � � � I -7� I � � � ��� � �
� � � I $ � � 	

��U^]VyXU<� ��� � � � �$is]V_ ��� � � � �-i \ U�:3a<QTS � � UX_3wsU�y^nVQ�W	i<]V_ � � ����� � �
� � � ;�� � � Q-f a kZk a ��W	QbS3i@Q

� � ; I � � ��� I - I ����� � I ; I � � ����� � I - I ����� � ��� I -7� I � � � � � � C	��� � � � � � I $ � � 	

��U^]VyXU<� ��� ��� � �	i<]V_ ����� � � �	i \ U�:3a<QTS � � UX_3w<U�y^nVQ�W��7�VYl]VyXU���YZW�a�_3_ � I � I � I � I � I � ��� I � I � � � I �
i<]V_ I �1� � I3r nVW�Q	i kZk :�U8aV_3_ � ��SVYZyXS�YZW	Y r�[ a<W�W�Yl: k U � � SVU \ UXWbn k Q	f a kZk a ��W �

�)a \ i [3\ a [ U \ WbSVa \ U �+a�f�is] � � UX_3w<U9y^nVQ8a@f �4� k UXQ�� ��� � ��� � ; � � 
 ��	 	�	�� � � %J:�U!QbSVU4W�UXQ
a@f r i��VY r i k WbSVa \ UXW4a@f ]VaV] � Q \ YZe�Yli k � � UX_3wsUJy^nVQ�W�W�Q \ YZyXQ k ;�yXaV]<Qbi�Y|]VUX_ Yl]�C�� � � P�W9]Va/Q �$a � �
UX_3w<U�y^nVQ�W�y \ a<W�W^� � 
 �
	�	�	�� � � i \ U�_3YZW���a<Yl]sQ8i<]V_�n3]VYZt3nVU k ;`_3UXQ�U \�r Yl]VUX_ � � UXQ � ��� � � � _3U^]Va<Q�U�QbSVU
r n k Q�YZw \ i [ S �
� ��� � 
 � � � � � � � �2��:VW�U \ esU{QbS3i@QHYqf � "�� ��� � ���X��QbSVU^] � ��� � � � ; � ��� � � � � � ]
i@_3_3YZQ�YZa�]H� � ��� � ���HYZW � � UX_3w<U � yXa�]3]VUXyXQ�UX_�i<]V_�� � \ UXwVn k i \ � � f � "�C�� � ��� � ���M% � i<]V_�� ��� � � � % �
i \ U8is:3: \ UXe�Yli@Q�UX_Ji@W � ��� � � � is]V_�� ��� � � �X� \ UXW [ UXyXQ�YZe<U k ; �
� YZw�n \ U ; � .dWbSVa��	W	i�w \ i [ S ���8i<]V_
� ��� ��� � �#f a \ e@i \ YZa�nVW	yXSVa<YZyXUXW�a�f�� �

� SVU8]VU&��Q	QTSVUXa \ U r YZWdQbSVU r i@Yl] \ UXWbn k Q	a@f QbSVYZW�W�UXyXQ�Y�aV]��



FDC ��� ������	�� � � � � ' - . � � 	�� � 	 � ����� ��	 ����	�� � � '�- . � � ��	 � � � ��� ��� � �����

G

g

i h}

0

a b c

mn

d e

f

k l

j

pseudo-vertex

G 

(H 0G , a )

), k0G (H

j

d e

f

k

ba c

)0 ,H ( e

0,H (G j, k, l{

n m

}

j, k, l{

)
hi

g

l

� YZw�n \ U ; � .D� � ����� � � � f a \ e0i \ YZa�nVW �

� �8� �I%'��4 9 ��*�� �L�!� ADAT(+:B� � ��:Y��(+� M �I�ZA4<?*B������� a $%&b�.� � ��:[< �B*)��G��V� 9[<+� N (+��PSR � 9[��&b�.*,� N (`��:
��(Q� �23`��:B� � " C : �TG�&
��&b<D� � ��� � � � �;:&�I�ZA4<+*����\��� �]�\��&
<DP�P ��&b� A :�� � N ( M = ��*�����G)�.:J��� ��&'�=:�<+-F�
A4<?*B�������\(?� a

:�UTf a \ U �-U�w<YZe<U�QbSVU [3\ a�a@f�� �-U8]VUXUX_�i�fvU � Q�UXy S3]VYZy^i k2\ UXWbn k Q�W �

2 %'�8J@�I���������-� 9 ��*�*�� 7"9 �E"�C �;: : �TG�&J��&b<Q� � ��� � � � ��: �B�SAT<+*B������� �]����& �B�SAT<+*B��������(+� ��
 � � � <+� N
&b<+:[<QP;P ��&'�LA :�� � N ( M =+��*����\GI��:Y��� � C ��&b��� ���	� ���4
�
 � ; I 
 I a

 *,( (K9 a�}-a�]VW�YZ_3U \ �E"�C WbnVyXS9QbS3i@Q � ��� � � �#YZW�:VY [ i \ Q�Y�Q�U �	YZQbS�:VY [ i \ Q�YZQ�YZa�] ��
 � � �-i<]V_JS3i@W	i kZk
QbSVU [ W�U^nV_3a � e<U \ Q�YZyXUXW	Yl] � �#�VYl]VyXU � ��� � � � YZW � � UX_3w<U � yXaV]3]VUXyXQ�UX_�i<]V_ � � \ UXw�n k i \ � �-U r nVW�Q$S3i e<U
I 
 I ; I � I � �VY|]VyXU ��YZW8aV_3_ � Yqf � " � ��� � � � �3QbSVU^] I � I YZW�i k W�a�aV_3_ ���	U^]VyXU<� � ��� ���5
 
 � ;
I � I ; I 
 I �

�
�8%��83?3�7�%'A 9 ��*(1 � 7"9 �E" C �;: : �4G.& ��&'<D� � ��� � � � ��:��I�ZA4<+*�������� <+� N &b<+: <DP�PT��&b� A :�� � N ( M =+��*����\GI��:
��� ��&'�[:�<+-F�XA4<+*��������\(+��C ��&b�.� � � ��� ��:[<J���">+&'� G2�4� (K9 � 9�(+*[� =+��*IR � " � ��� � � � a


 *,( (K9 a � SVYZW	f a kZk a��	W	Y r�r UX_3Yli@Q�U k ; f \ a r z \ a [ a<W�YZQ�YZa�] ; � .,. �

� ��4 4 7 9 ��*(< �V7 9 � ��:J��(+� M �I�ZA4<+*���������C[��&b�.� � ��:F-F(+*,� M ��&b<+� M .+M ��(��?>?& � 9=<+� N (+��PZR8� 9 ��&b�.*,�
N ( ��:���(D�Y�23`��:B� � " C : �TG�&H��&'<D� � ��� � � � ��: �B�SAT<+*B�������&�]����& <DP;P ��&b� A :�� � N ( M = �.*B����G)�.:J��� ��&'�
:�<+-F� AT<+*����\����(+� a



� ��� � �
��	�	 � � 	���� 	�� 	�� � ����� ��� FDF


 *,( (K9 a �3n [3[ a<W�U8QbSVU \ U�U&�VYZW�Q�W �B"�C(WTnVy S QbS3i@Q � ��� � � �#YZW�:VY [ i \ Q�Y�Q�U �	YZQbS�:VY [ i \ Q�YZQ�YZa�] ��
 � � �

i<]V_JS3i@Wdi kZk QbSVU [ W�U^nV_3a � esU \ Q�YZyXUXW�Yl] � ��:�;�z \ a [ a<W�YZQ�YZa�] ; � .,.<� �-U8S3i^esU I 
 I ; ����� ��� 
 
 � ,
� ����
 
 � �h��U^]VyXU<��� Y�W�]Va<Q r a \ U � QbS3i<] � . � Q�a�nVw�S��

}~a�]<esU \ W�U k ;<�{WTn [3[ a<W�U)� Y�W�]Va<Q r a \ U � QbS3i<] � . � Q�a�nVw�S�� �VYl]VyXU � YZW). � Q�a�nVwVSH�{QbSVU \ UJU&�VY�W�Q�W
� � C WbnVy S`QbS3i�Q � ����
 ��� ; I � I ; � fva \ W�a r U � + . ��}	SVa�asW�U�i�W r i kZk UXW�Q8WbnVyXS � � �VYl]VyXU
� YZW � � UX_3w<U � yXaV]3]VUXyXQ�UX_ is]V_ � � \ UXwVn k i \ � �+YZW�i<]`Y|]V_3U [ U^]V_3U^]<Q4W�UXQ � � UXQ � 
 ��	 	�	�� � � _3U^]Va<Q�U�QbSVU
e<U \ Q�U&��W�UXQ�W	a�f2QbSVU�yXa r�[ a�]VU^]sQ�W	a@f ��
 � � ��a \�r QbSVU r n k Q�YZw \ i [ S�� f \ a r �(:<;9WbS \ Yl] $ Yl]Vw � �
f a \ � ; . �
	�	�	�� � � � SVU^] � YZW�:VY [ i \ Q�YZQ�U�i<]V_�i kZk QbSVU [ W�U^nV_3a � e<U \ Q�Y�yXUXW�i \ UdYl]9QbSVU�Wbi r U [ i \ Q�YZQ�YZa�]��
�3n [3[ asW�U � S3i@W	i8]Va�] � Q \ YZe�Yli k � � UX_3w<Udy^nVQ ����� � � :{; � U r�r i ; � ()�@UXY�QTSVU \ ����� � ; � � � ��� � � � a \
����� � ; � � �&� � � C	� � � �dg+Y�QTSVa�nVQ k a<W�W�a@f-w<U^]VU \ i k YZQ�;<�2i@W�WTn r U8QbSVU�f a \�r U \ �8��:VQbi@Yl] ���Hf \ a r
� :<;9WbS \ Yl] $ Yl]Vw � �

THH

T

S

� Y�wVn \ U
; � �T� ����� �-i<]V_�� � �

:�;�}-a \ a k�k i \ ;
; � ;3� � � YZW{:VY [ i \ Q�YZQ�U �	YZQbS8i kZk QbSVU$]VaV] � [ W�U^nV_3a � e<U \ Q�Y�yXUXW Yl]�QbSVU�Wbi r U [ i \ Q�YZQ�YZa�]��
�Nn \ QbSVU \�r a \ U<�HQbSVU [ i \ Q�YZQ�YZa�]VW8S3i e<U�QbSVU�Wbi r U�y^i \ _3Yl]3i k Y�Q�; � � SVYZW�yXa�]<Q \ i@_3YZyXQ�W�QbSVU r Yl]VY r i k YZQ�;
a@f I � I ����U^]VyXU � S3i@W8]VaJ]Va�] � Q \ YZeVYli k � � UX_3w<U�y^nVQ�W � :$nVQ�QTSVY�W�Y r�[Vk Y�UXW�QbS3i�Q � ; � ��� � � ��f a \
i<]s; �B"�� �

2 %'�8��� ��� � �8�=�8%'��4 9 ��*�� � � SVU \ UXWTn k Q9f a kZk a��	W�Y r�r UX_3Yli@Q�U k ; f \ a r z \ a [ asW�YZQ�YZa�] ; �GO/i<]V_
� U r�r i ; � .^� �

�	��� � � 
�
 ��� 
 @ � 
���
 ���6	*��
�� �

PdW ]Va9Q �$a � � UX_3wsU8y^nVQ�Wdy \ a<W�W ��:<; � U r�r i�� � ;���QTSVU \ U�Y�W�i9]VUXW�Q�UX_�f i r Y k ;�� a@f [3\ a [ U \ WbSVa \ UXW
a@f{i kZk QTSVU � � UX_3w<U8y^nVQ�W �	YZQbS`U&�3i@yXQ k ;�a�]VU�WbSVa \ U fva \ U^i@y S � � UX_3w<U8y^nVQ � G a<Q�U�QTS3i@Q	���M%	" � f a \
i kZk ��")C W�Yl]VyXU I ��� � � I ; � �	g U�y^i k�k � ; �!��� ��i ��*,�I� M *,�@A *,��:�������<Q���\(+� a@f{QbSVU � � UX_3wsU�y^nVQ�W�a@f



.^�<� ��� ������	�� � � � � ' - . � � 	�� � 	 � ����� ��	 ����	�� � � '�- . � � ��	 � � � ��� ��� � �����

� �����VUXU*� YZw�n \ U ; � � � }-Y \ y k UXW ��Y�QTS!i QbSVYZy $�[ U \ Y r UXQ�U \	\ U [3\ UXW�U^]sQ$Q�Y�wVS<Q�y^nVQ�W � g S3i@Q�QbSVYZW r U^i<]VW
U&�3i@yXQ k ; �	Y k�k :�UXyXa r U	y k U^i \ ��SVU^] �-U-_3YZW�y^nVW�W-QbSVU	_3UXQTi@Y k W-a@fHQbSVU�i k w<a \ YZQbS r � �'� \ a r ]Va��7a�]H� �-U
�	Y kZk i<:3nVW�U�]Va<Qbi@Q�YZa�]4i<]V_!Q \ U^i@Q U^i@yXS � "�C���� � i@W-QbSVU	W�UXQ$a�f esU \ Q�YZyXUXW{a@f#� QbS3i�Q{YZQ \ U [3\ UXW�U^]<Q�W �
� ] a<QbSVU \ �-a \ _3W^� �$U�QTSVY|] $ a�f C���� �-i@W � � �(CO% �

� UXQ % ; I C I �2�VYl]VyXU�� S3i@W % k U^i^esUXW$i<]V_�U^i�y S�]VaV] � k U^i0f2Yl]EC���� � S3i@W-i@Q k U^i@W�Q{Q �-ady SVY k _ \ U^]H�
� S3i@W$i�Q r a<W�Q$�/% 
).�esU \ Q�YZyXUXW � G a<Q�U	QTS3i@Q{Yqf � " C�� � �X�<QTSVU^] � YZW$QTSVU n3]VYZa�]9a@f QbSVU k U^i e<UXW{a@f
� QbS3i�Q�i \ U�_3UXW�yXU^]V_�i<]sQ�W�a�f�� �
�)a \ U^i@yXS�� " C���� �X� k UXQd_3U [ QbS
� ����_3U^]Va<Q�U�QTSVU8_3YZW�Qbi<]VyXU�f \ a r
� Q�a �7Yl] � ����:VW�U \ e<U�QbS3i�Q	w<YZe<U^]9WbnVyXSJi�Q \ UXU � \ U [3\ UXW�U^]sQbi@Q�YZa�]H�3aV]VU�y^i<]9U^i@W�Y k ;�yXa�]VW�Q \ nVyXQ	QbSVU
f i r Y k ;�� i@W�W�a�yXYli@Q�UX_ �	YZQbSEY�Q�� � ] �VUXyXQ�YZa�]K; � ;3� �$U �	Y k�k WbSVa��+SVa � Q�a8yXaV]VW�Q \ nVyXQ � wsY�esU^] � i<]V_
_3YZW�y^nVW�WdQbSVU \ n3]3]VY|]Vw9Q�Y r U �

b c

d e f

g

h i

j k

R

a{ } { } { }

}

}

} }

} }

}{ { { { {

{ {

{

{

{ }l

{m} n} }

� YZw�n \ U ; � �T�#P Q \ UXU � \ U [3\ UXW�U^]<QTi@Q�YZa�]9a@f{� � UX_3w<U�y^nVQ�Wda@f ���

�	�
	 � A�
 	)� �*� �F
 � A��

� UXQ
� :3U/ijQ \ UXU � \ U [3\ UXW�U^]sQbi@Q�YZa�]La@f�i kZk QbSVU � � UX_3w<U � y^nVQ�W�a@f!� i@W9_3U p ]VUX_ Yl]+QbSVU [3\ UXe�YZa�nVW
W�UXyXQ�YZa�]�� ��a \ aVn \	[ n \�[ asW�UXW^� �-U8]VUXUX_�� Q�a!S3i e<UdQbSVU�f a kZk a ��Y|]Vw9i@Q�Q \ Yl:3nVQ�UXW � Q�; [ U � � �7�CYl]VYZQ�Yli kZk ;
n3]V_3U p ]VUX_���f a \ QbSVU \ a�a<Q ���<Q \ i^esU \ W�UX_2� � �(�CYl]VYZQ�Yli kZk ;!W�UXQ{Q�a'�3P � ��� �#f a \ UXe<U \ ; � "�C�� � ���&� � %V�
i<]V_jQbSVU4fva kZk a��	Yl]Vw`fva \ UXe<U \ ;�]VaV] � k U^i0f � "3C � � ���&� � %'�8:VY [ i \ Q�YZQ�U�� ��� �CYl]VY�Q�Y|i k�k ; n3]V_3U p ]VUX_��X�
Q�; [ U � ��� �CYl]VYZQ�Yli kZk ;/n3]V_3U p ]VUX_��X�Nis]V_�Q�YZw�S<Q�� ��� �CYl]VYZQ�Yli kZk ;�W�UXQ	Q�a��3P � ����� �

� a \ Umi@Q�Q \ Yl:3nVQ�UXW�]VUXUX_ Q�a/:�U�i@_3_3UX_jf a \ QbSVUJi�yXQbn3i k Y r�[Vk U r U^]<QTi@Q�YZa�]7a�f�QbSVUJi k w<a \ Y�QTS r �

��a �-UXe<U \ � �-U �	Y kZk [ a<W�Q [ a�]VU�QbSVU�_3UXQbi@Y k W�Q�aEi k i�Q�U \ W�UXyXQ�YZa�]��
g U�]VUXUX_/i<] i k w<a \ YZQbS r QbS3i@Q�S3i@WdQbSVU�fva k�k a��	Yl]VwJ:3U^S3i eVYZa�n \ �7�VYl]VyXU � YZW8i \ U [3\ UXW�U^]<QTi@Q�YZa�]



� ��� � �
��	 � ��� ����� ���-� .^��.

a@f2i kZk QTSVU [ a<Q�U^]sQ�Yli k Q�YZw�SsQ{y^nVQ�W^� �-U �~is]<Q QbSVUdi k w<a \ YZQbS r Q�a�W�UXQ{Q�YZw�SsQ � � �#Q�a � "�c � Y f i<]V_�a�] k ;
Yqf ��� � �	YZW�i4Q�YZw�SsQ�y^nVQ�a@f(� � ��a \ U^i@yXS � " C���� � � k UXQ�� � ����_3U^]Va<Q�U�QbSVU�W�UXQ � � ")C���� �Y� �
YZW8i r i��VY r i k [3\ a [ U \ Wbn3:VW�UXQ�a@f � �	YZQbS`Q�YZw�S<Q���� � ; � "�c � % � G a<Q�YZyXU�QbS3i@Q�i kZk QbSVU�U k U r U^]<Q�W
Yl]�� � ����i \ U9_3UXW�yXU^]V_�i<]sQ�W9a@f � Y|] � � � ��a \ U&�3i r�[Vk U<�-yXa�]VW�YZ_3U \ Yl]Vw7QbSVU�Q \ UXU!Yl] � YZw�n \ U ; � �3�
� � � � � � � � � + � � � � � % % ��yXa�]sQbi@Yl]VW�a�] k ;�QTSVU!W�UXQ � � � + � � %!i<]V_�� � � ��yXa�]sQbi@Yl]VW�QbSVU9W�UXQ�W � � � 9 � � %
i<]V_ � � � � � � � + � � � � � % % ��� ��]VyXU QbSVU Q�YZw�S<Q4y^nVQ�WJi \ U $ ]Va���]H�-YZQ9Y�WJ]VasQ!_3Y�3!y^n k QJQ�a/W�UXU QbS3i@Q
� ��� � � �%��i<]V_ � ��� � ��� � �(C � ��% ��f a \ i kZk ]Va�] � k U^i f � "/C���� ���&� � %mWTnVy SLQbS3i@Q�Q�YZw�SsQ � � � ;
� "�c �(wsY�esU�QTSVU k YZW�Q�a@f�: \ YZy $ WJi<]V_+: \ i@yXUXW9Yl] QTSVU \ UXWbn k Q!a@f8QTSVUJQ�YZw�SsQ!y^nVQ�_3UXyXa r�[ a<W�Y�Q�Y�aV]
[3\ aVyXUX_�n \ U ����U^]VyXU<� �-U �	i<]<Q�QbSVU�i k w<a \ YZQbS r Q�a�W�UXQdQ ; [ U � � �-Q�a : " � } � �Ca \ :�"dP�}�� ��Y f	i<]V_
a�] k ;/Yqf � ��� � � � ��YZW�iJ: \ YZy $ �Ca \ : \ i@yXU0��i<]V_jQ ; [ U � ���dQ�a :�" � } � �Ca \ : "�Pd}����dYqf8i<]V_/a�] k ;
Yqf � ��� � ��� � �!C � � %��dY�W�i�: \ YZy $ �Ca \ : \ i@yXU0��f a \ U^i@yXS ��" C ��� ���*� � %�WTnVy S QTS3i@Q�Q�YZw�SsQ � ��� ;
� "�c � �

g U~]Va�� UXW�Qbi<: k YZWbS�W�a r U	yXa�]3]VUXyXQ�YZa�]VW	:�UXQ �-UXU^] � is]V_�QbSVU	w \ i [ SVW � ��� � ���)f a \ i<]s; � QbS3i@Q
YZW i [3\ a [ U \ WbSVa \ U�a@f{i<] � � UX_3w<U�y^nVQ �

2 %'�8J@�I���������-� 9 ��*=H ��� � � � �g�V��&b� :)&'(+*,�E(@9E<+� �QM � N >D�VG2�4� a
7 9 C�� � " C ��� � C ��&b��� C � � ��� � � �%� ; � � � ��&b�VG�&Q�\P N *,���8(K9 C � � %Ta
7 9 � " C�� � ���&� � % C ��&b���
� �Z6H� 9 [ i \ U^]sQ � ��� ; � C ��&b�.� C�� � ��� � � �%� ; � � � ��&b� :)����PZ���4>+:L(K9 ��% �
� ���S6 � 9 [ i \ U^]<Q0� � �-#; � C ��&b��� C�� � ��� � ��� � ; � � � ��&b� :I� �.PZ�;�T>+: (K9 � % � �!C�� [ i \ U^]<Q&� ��� %4a


 *,( (K9 a � SVU \ UXWbn k Q9fva kZk a��	W4f \ a r QbSVU9f a kZk a��	Yl]Vw7a�:VW�U \ e0i@Q�Y�aV]�� � UXQ
� :3U i [3\ a [ U \ WbSVa \ U�a@f
i<] � � UX_3w<U4y^nVQ ��� \ a r QbSVU�_3U p ]VY�Q�Y�aV]ja@f �8� Yqf C�� ��" C � � �X�HQbSVU^] QTSVU�y SVY k _ \ U^]ja@f�C � � i \ U
i kZk QTSVU r i��VY r i k{[3\ a [ U \ WbSVa \ UXW8a@f � � UX_3w<U�y^nVQ�W�W�Q \ YZyXQ k ; yXa�]sQbi@Yl]VUX_ C � � � � f �/" C�� � ��i<]V_
[ i \ U^]sQ � � � ; ��� QbSVU^]`QbSVU�W�Yl: k Yl]Vw<W�a@f � i \ U�i kZk QbSVU r i ��Y r i k{[3\ a [ U \ WbSVa \ UXW�a@f � � UX_3w<U4y^nVQ�W
W�Q \ Y�yXQ k ; yXa�]sQbi@Yl]VUX_jYl] C�� � � � f �/"�C ��� ��i<]V_ �+YZW�]Va<Q�i�yXSVY k _ja@f ��� QTSVU^] QbSVU�W�Yl: k Yl]Vw<W�a@f
� Q�a<w<UXQbSVU \ �	YZQbS C � [ i \ U^]<Q � ����i \ U9i kZk QTSVU r i ��Y r i k-[3\ a [ U \ WbSVa \ UXW�a�f � � UX_3w<U9y^nVQ�W�W�Q \ YZyXQ k ;
yXa�]sQbi@Yl]VUX_JYl] C � � �

z \ a [ a<W�YZQ�YZa�] ; � . (�WbSVa��	W�QbS3i@Q�Y�Q�YZW�U^i@W�;�Q�aJYZ_3U^]<Q�Y f ;jQbSVU!U k U r U^]sQ�W�Yl] C���� ��QTS3i@Q�i \ U�Yl]
� ��� � ���hfva \ iEw<YZe<U^] [3\ a [ U \ WbSVa \ U�a@f{i<] � � UX_3w<U8y^nVQ^� � �



.^�<� ��� ������	�� � � � � ' - . � � 	�� � 	 � ����� ��	 ����	�� � � '�- . � � ��	 � � � ��� ��� � �����

�)a \ QbSVU{i k w<a \ Y�QTS r � �-U{]VUXUX_�i-Wbn3: \ a�nVQ�Y|]VU � "dP $ �#" ��� cdz�QbS3i�Q Qbi $ UXW i<]s;�� "�C���� ���*� � %
i@W	QTSVU8Yl] [ nVQ8i<]V_JW�UXQ�W	Q \ i e<U \ W�UX_2��� ��Q�a � "�c �jf a \ UXe<U \ ;��/"�� ��� � � � WbnVyXS�QTS3i@Q	_3U [ QbS
��� �
; _3U [ QTS
� ���-i<]V_ \ UXQbn \ ]VW�i'( � QTn [Vk U � ��: M �I�ZA � �!� :B<+-F� M A������ � <QP;P M �B�SA �-WbnVyXS�QbS3i�Q

�
�;: M �B�SA ; � "�c �jY f$is]V_�a�] k ;�Y f � ��� � � �#Y�W�:VY [ i \ Q�YZQ�U<�

�
� ; � �/"�C�� � ��� � � �%� � Q�YZw�SsQ ��� � ; �3P � ���+i<]V_�_3U [ QTS
��� � ; _3U [ QbS
� � � %��

�
:B<+-F� M A������ ; � "�c � Yqf~is]V_�aV] k ; Yqf � ; � a \ i kZk QbSVU�U k U r U^]<Q�W�Yl] � i \ U�Yl]JQTSVU�WTi r U
[ i \ Q�YZQ�YZa�]H�

� <DP;P M �I�ZA ; � "�c �jYqf$i<]V_JaV] k ;9Yqf$:VY [ i \ Q�YZQ�U ��� � ; � "�c � f a \ UXesU \ ; ��" �!�
i<]V_ i�Wbn3: \ a�nVQ�Yl]VU � "�P�$ �#" ��� x ��g G QTS3i@Q	Qbi $ UXW�i!]VaV] � k U^i0f � "7C���� ��i@W�QTSVU8Yl] [ nVQ8i<]V_
\ UXQbn \ ]VW�i�( � Qbn [Vk U�� �;: M �B�SA � �9� :�<+-F� M A������ � <DP�P M �B�SA �-WbnVyXS9QbS3i@Q

� �;: M �B�SA ; � "�c �jY f$is]V_�a�] k ;�Y f � ��� � C � ����YZW�:VY [ i \ Q�YZQ�U<�
�
� ; � �/"�C�� � ��� � � �%� � Q�YZw�SsQ ��� � ; �3P � ������i<]V_`_3U [ QbS
��� � ; _3U [ QbS
� ��� - .(%��

� :B<+-F� M A������ ; � "�c � Yqf~is]V_�aV] k ; Yqf � ; � a \ i kZk QbSVU�U k U r U^]<Q�W�Yl] � i \ U�Yl]JQTSVU�WTi r U
[ i \ Q�YZQ�YZa�]H�

� <DP;P M �I�ZA ; � "�c �jYqf$i<]V_JaV] k ;9Yqf$:VY [ i \ Q�YZQ�U ��� � ; � "�c � f a \ UXesU \ ; ��" � �

��:VW�U \ e<UJQTS3i@Q �-U`y^i<] Y r4[Vk U r U^]<Q � "�P�$ �#" ��� cdz i<]V_ � "�P�$ � " ��� x ��g G � nVW�Yl]Vw
W�a r U�W�a \ Q a@fm_3U [ QTS � pN\ W�Q/W�U^i \ y S i k w<a \ Y�QTS r � WbnVyXS QbS3i@Q � "dP $ �#" ��� cdz � ��� i<]V_ � "�P �
$ �#" ��� x ��g G � ���-Qbi $ U���� � I C � � ��� � � �%� I ��Q�Y r U�i<]V_ ��� � I C � � ��� � C � � �%� I �~Q�Y r U<� \ UXW [ UXy �
Q�YZe<U k ;<� [3\ a0eVYZ_3UX_+QbS3i@Q�w<YZe<U^] i<]s; � " C � � ��� � � �%��a \ i<]s; � " C � � ��� � C	� ���%�X� �$U`y^i<]
p ]V_ a�nVQdY|]���� ���-Q�Y r U�i kZk QbSVU�U k U r U^]<Q�W�Y|]#C ��� ��yXa \�\ UXW [ a�]V_3Yl]Vw`Q�a�QbSVU�]VUXYZw�SV:3a�n \ W�a@f
�(Yl]
� ��� � ���da \ Y|] � ��� � C � � � � � ] �VUXyXQ�YZa�]�; � ;3� �$U ��Y kZk i�_3_ r a \ Umi@Q�Q \ Yl:3nVQ�UXW�Q�a � Q�a r i $ U
YZQ [ asW�W�Yl: k U �7P�W�Wbn r Yl]Vw/QbS3i@Q �-U9y^i<]7:3nVY k _ � �	YZQbSjQbSVUJi�Q�Q \ Yl:3nVQ�UXW �-Um]VUXUX_ Q�a Y r�[Vk U r U^]<Q
� "dP $ �#" ��� cdz i<]V_ � "dP $ �#" ��� x ��g G � �-U�y k i@Y r QbS3i�Q�QbSVU!i k w<a \ Y�QTS r :3U k a�� QTi $ UXW �
i@W-Yl] [ nVQ	i<]V_ \ UXQbn \ ]VW-i�Q \ UXU � \ U [3\ UXW�U^]<Qbi�Q�YZa�] �+a@f2i kZk QbSVU � � UX_3w<U�y^nVQ�W ��Y�QTS�QbSVU�i@Q�Q \ Yl:3nVQ�UXW-W�UXQ
[3\ a [ U \�k ;Ji@W	_3UXW�y \ Y|:�UX_/i@Q	QbSVU8:�UXw<Yl]3]VY|]Vw�a�fhQbSVYZWdW�UXyXQ�YZa�]��

x �{}��*�Dz�� ��� ��� �
. �Jc�W�Yl]Vw����3:3nVY k _ � ��Y�QTS�QbSVU8]VUXyXUXW�WTi \ ;�i@Q�Q \ Yl:3nVQ�UXW
� � [ nVQ�QbSVU�U k U r U^]<Q�W�a@f C���� ��Yl]<Q�a!i k YZW�Q��LYl]J]Va�] � Yl]Vy \ U^i@W�Y|]Vw�a \ _3U \ a@f _3U [ QbS



� ��� � �
��	 � ��� ����� ���-� .^�<�

� � � �&��3#� �LY�W�]Va�] � U r�[ Q�; ,��
( � \ U r a@e<U pN\ W�Q	U k U r U^]sQ�� f \ a r �

; � �#� Q \ i e<U \ W�UX_2� ��� ; �3P � ��� � �8���
E � � ��: M �I�ZA � �!� :�<+-F� M A������ � <QP;P M �B�SA ��� ; � "dP�$ � " ��� c�z � ���
O � �#� � ��: M �I�ZA ; � "dc � �$is]V_ � :�<+-F� M A������ ; � "�c � � � �I���
C � ��� � #; � � �I���
F � Q�YZw�S<Q�� [ i \ U^]sQ � � �%� � ; � "�c �
.^� � ���&,@���
.,. � Q�; [ U � [ i \ U^]<Q � ���%�X� ; : "�P�} �
.^� � � " � } � � � x ��g G �����

.^� � � 3����6��� � �;: M �B�SA ; � "�c ���-i<]V_ � <DP�P M �B�SA ; � "�c ��� � �I���
. ( � :VY [ i \ Q�Y�Q�U � [ i \ U^]sQ � � �%�L� ; � "�c �
.�; � � 3����6��� � ; � � �I���
.�E � Q�; [ U � � �Y� ; :�" � } �
.�O � � 3����
.�C � :VY [ i \ Q�Y�Q�U � [ i \ U^]sQ � � �%�L� ; �3P � ���
.�F � ���-,@�#�
�<� � ���-,@�#�
��. � ���-, � �-��3#�
�<� � %'� �0$&% � �

� " � } � � � x �	g G ���!�

. � � �&��3#� � #;�� ,-�
� � \ U r a@e<U�i<]9U k U r U^]sQ � f \ a r �

� � � ��: M �I�ZA � � � � :B<+-F� M A������ � <DP�P M �I�ZA �Y� ; � "�P�$ �#" ��� x ��g G � � �
( � Q�YZw�SsQ � ���X� ; � "�c �
; � �#� � �;: M �B�SA ; � "dc � �{i<]V_ � :B<?- � M A������ ; � "�c �ja \ <DP�P M �I�ZA ; � "dc � � � �8���
E � Q�; [ U � ���L� ; :�"dP�}��
O � � " � } � � � x �	g G ��� � �
C � � 3����



.^� ( ��� ������	�� � � � � ' - . � � 	�� � 	 � ����� ��	 ����	�� � � '�- . � � ��	 � � � ��� ��� � �����

F � Q�; [ U � ���L� ; :�" � } �
.^� � ���-,@�#�
.,. � ���-, � �-��3#�

� YZw�n \ U
; � (�Y k�k nVW�Q \ i@Q�UXWdQbSVU8U&�VUXy^nVQ�YZa�] a@f x ��}	�*�/z{� ��� �����&� �
g U�]Va�� r i $ U�W�a r U	a�:VW�U \ e0i@Q�YZa�]VW �	YZQbSVaVnVQ [3\ a�a@f � � UXQ�� ; � � ��� � ���%� � "�C ��� ���&� � % % 	

� >)� � %��(7(�����-� *�� � e<U \ ;�w \ i [ S�Yl]��7YZW�Q \ i^esU \ W�UX_�U&�3i@yXQ k ;Ja�]VyXU�:s; � "dP $ �#" ��� cdz ��� � SVYZW
f a kZk a��	Wdf \ a r z \ a [ a<W�YZQ�YZa�]6; � . (!W�Y|]VyXU � "dP $ �#" ��� cdz � ����W�UXQ�W8Q \ i e<U \ W�UX_2��� �-Q�a � "dc � f a \
i kZk QbSVU�W�Y|: k Yl]Vw<W �Ra@f � � �
� >)� � %��(7(�����-� 1 � � UXQ
� " C ��� ���*� � %�:3U/]Va<Q9i k U^i f �R��]VyXU/Q�Y�wVS<Q � ����YZW�W�UXQ!Q�a � "�c �	�
� ��� � C	� ��� �	Y k�k ]Va<Q :3U	Q \ i^esU \ W�UX_�i�w�i@Yl]�:<; � "dP�$ � " ��� x ��g G ��� � SVYZW YZW{:3UXy^i<nVW�U�Q�YZw�S<Q���� �
; �3P � ��� fva \ UXe<U \ ; �RYl] � [ i@W�W�UX_�Q�a � " � } � � � x ��g G � �
� >)� � %��(7(�����-� < � �{i�y S w \ i [ S Yl]�� YZW�Q \ i e<U \ W�UX_�i�Q r a<W�Q8aV]VyXUJ:<; � "�P�$ � " ��� x ��g G �
� � SVYZW�f a kZk a��	W�f \ a r QbSVU [3\ UXeVY�aVnVW�a�:VW�U \ e@i@Q�YZa�] W�Yl]VyXU�Q�YZw�SsQ � ��� YZW�W�UXQ8Q�a � "�c � Yl] k Y|]VU (Ja@f
� " � } � � � x �	g G i0fvQ�U \ � ��� � C	� ����YZW	Q \ i e<U \ W�UX_m:s; � "dP $ �#" ��� x ��g G � �
� �8� �I%'��4 9 ��* 9 �J$%&b��* �'� � ���4> ����- � (K9 � � ���
	 
 � � � �;: ��� ����-F��*@� 
 �'��*@� N ��(�� �'�\P N � �#-
��� � %6�`a

 *,( (K9 a :�; ��:VW�U \ e0i@Q�YZa�] .<� �$U9W�UXU�QbS3i�Q�QbSVU�Q�a<QTi k$\ n3]3]VYl]VwjQ�Y r U�a@f � "dP $ �#" ��� cdz(a@e<U \
U^i@yXS7w \ i [ S7Yl]�� ; 1 	 � 4
� ��� � I C ��� � � I � ; ��� � I C'��� � I �4:3UXy^i<nVW�UDfva \ U^i@y S � " C�� � �X� �
i [3[ U^i \ WdY|] i@Q r a<W�Q�a�]VU�� � "�� i<]V_ W�a9_3a�UXW	C � � � �VY r Y k i \�k ;<�2:s;���:VW�U \ e@i@Q�YZa�] �3�)QbSVU�Q�a<Qbi k
\ n3]3]VYl]Vw/Q�Y r U9a@f � "�P�$ � " ��� x �	g G a@e<U \ U^i�y S w \ i [ S Yl]�� ; ��� � I C ��� � I � � G a��8� ��S3i@Q
x �{}��*�Dz�� ���+_3aVUXW8Yl] k Yl]VU��9y^i<]/:3U9i@yXyXa r�[Vk YZWbSVUX_7nVW�Yl]Vw�iJ: \ U^i@_3QbS � pN\ W�Q�W�U^i \ yXSJaV] �(Yl]
��� I C ��� � I �-Q�Y r U �d�	U^]VyXU<�HQTSVU \ n3]3]VY|]Vw�Q�Y r U�a�f x �{}	�*�/z{� ��� YZW ���vQ�Y r U \ UXt3nVY \ UX_ Q�a�:3nVY k _
� �
-���� � I C � � � I � ; ���vQ�Y r U \ UXt3nVY \ UX_JQ�a!:3nVY k _ � �
-���� ��% �~W�Yl]VyXU I C ��� � I�, � % 
 . �

g U8]Va � WbSVa�� QTS3i@Q x �{}��*�Dz�� ���7YZW	a�n \ _3UXW�Y \ UX_/i k w<a \ YZQbS r �

�3n [3[ a<W�U x ��}	�*�/z{� ��� S3i�W�yXa r�[Vk UXQ�UX_/U&�VUXy^nVQ�YZa�]`f a \ i [ i \ Q�YZy^n k i \ � � � UXQ � � _3U^]Va<Q�U
QbSVU�Q�Y r U ��SVU^]�QTSVU8i k w<a \ YZQbS r Q�U \�r Yl]3i@Q�UX_ � g U pN\ W�Q	UXW�QTi<: k Y�WTSJQTSVUdfva kZk a��	Yl]Vw �
� �8� �I%'��4 9 ��* M ��� � � � "�C���� � �&� � % �,� ��(D� <JP^�I<K9 a $%&'��� Q�Y�wVS<Q � ��� ; $ ��� � <D� ����- � � � � 9
<+� N (+��PZRF� 9 ��� � � ��:[<F��(+� M ��*)� =`��<DP ���">+&b� G2�4� (K9 ��a



� ��� � �
��	 � ��� ����� ���-� .^�D;

G

g

i h}

0

a b c

mn

d e

f

k l

j

G 

(H 0G , a )

), k0G (H

j

d e

f

k

ba c

)0,H ( e

0,H (G j, k, l{

n m

}

j, k, l{

)

hi
g

l

}{k

bipartite({j, k, l}) = FALSE.
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type({j, k, l}) = BRICK.

}) returns (TRUE, {{ j, k, l}} , TRUE, FALSE)

type(R ) = BRACE.

After executing line 11 of DECOMPOSE,

:T 
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traversed = TRUE

tight = TRUE
Legend:

TRAVERSE_UP( ) returns (FALSE, {}, TRUE, TRUE)at line 6.

After executing line 18,

k , , }, {m }, {n}, {d}}, { }, { }, {j j k l }, { i}, {h ,... ) at line 2

After executing line 1 of DECOMPOSE:

L = ({ l

After executing line 18,

bipartite({ d, e, f }) = FALSE.

After executing line 18,

bipartite({h, i, j, k, l, m, n }) = FALSE.
} }
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TRAVERSE_UP({d

} }

}

h{ i{ m } }n{{

{ j {k } }l{

j, k, lj, k, lTRAVERSE_UP({ }) returns (TRUE, {{ }}, FALSE, FALSE)

}) returns (FALSE, {}, TRUE, TRUE)
TRAVERSE_DOWN({j, k, l

After executing line 6 of TRICKLE_DOWN,
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DECOMPOSE terminates

After executing line 6 of TRICKLE_DOWN,

type({ h, i, j, k, l, m, n}) = BRACE.

TRAVERSE_DOWN({h, i, j, k, l, m, n

TRICKLE_DOWN({{j, k, l
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} }}h{

L = g({ },...)

TRAVERSE_UP({g}) returns (TRUE, {{d, e, f
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}}, TRUE, FALSE)h, i, j, k, l, m, n}, {

d, e, f}, {h, i, j, k, l, m, n}})

After executing line 9 of TRICKLE_DOWN,
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R
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}a{

}d{

TRAVERSE_DOWN({ }) returns (FALSE, {}, TRUE, TRUE)d, e, f

}) returns (FALSE, {}, TRUE, TRUE)
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