
���������
	��
�����������������������������! #"$�&%����('*)+�,�.-�/0�
	��
���������1�324�5�768���
���:9;��-
<=�>�����
�+���?�����*"@9;-A"B�
�����;C

DFEHG�IKJML�NPORQTS UVE=WXNVYZW�[�\^]>_Z[X`ba

c \VOKIKdeNP_fJXIg\ih�JXYfQZIKQZ[�QTE#NVdBjBEH`bWXJXNPOKNPkVl
mn\oIpO c N�qXEVrtsvuVwyx�zPu
{$\oYT\VqXEHJ�\�| c*} z�sPs�~V�

���8\VIpO�r>�v���X���y���1�����P�������y�P�X�P�!�P���
�V�1�Z�P�!�y�����v�0�����P�

�����f�¡ b¢�£4�
¤(¥y¦¨§�©
ªH«H¬�­¡«H®e¯,¬�°±®�²:³�©
ªb´=°µ¬v¦Z®�«·¶�¦�¸P¦f­�¯
°¹´H¦¨º(«T»*¯�ª1¯
©
«4¶y®�¼*°¹¯,°±¶v½¾ªH©�¼:«b¯
°¹ªH¶:½¾©
ª4¼�«5®�¦¡©
´4¦f©�¯�ª>¼:«·¶¿»

­¡À¹°±¦¡¶=¯�®¡ÁXÂÃ¶v½¾ªH©�¼:«b¯
°¹ªH¶0°±®�§�©�ª=«4¬�­f«4®Ä¯�­�»v­�À±°µ­¡«·À±À±»>«·¶o¬:­�À±°¹¦f¶H¯�®�³�°µ­�²>¯�¥�¦A°±¶v½¾ªH©�¼:«b¯
°¹ªH¶0¯�¥�¦f»>¶y¦¡¦f¬0ªHÅv¯�ª4½V¯
¥�¦
§y©�ª=«4¬�­f«4®Ä¯fÁ�Æ¨¶F¦�Ç�«·¼0³�À±¦1ª·½�®�Åy­�¥F«:®Ä»v®Ä¯�¦¡¼È°µ®A«0ºÉ°¹©
¦¡À±¦f®
®Éº�¦¡§F®�¦¡©
´=°µ­�¦�ºÉ¥y¦¡©
¦�º,¦f§.®�¦¡©
´4¦f©
®�§�©
ªH«H¬�­¡«H®e¯
¯
ª>§y©�ªbºA®�°¹¶yÊ5­�À±°¹¦f¶=¯
®fÁ�ËÌ¦�­�ªH¶y®Ä°µ¬v¦f©�¯eº�ª5º(«T»¿®�¯�ª*®Ä¦f¶y¬t°¹¯�¦f¼:®,ªb´H¦¡©�«5§�©
ªH«H¬�­¡«H®e¯�­�¥y«·¶�¶y¦¡ÀP«·¶y¬;­�ª4¼0³y«4©�¦
¯
¥�¦¡¼ÍÅy®Ä°±¶�ÊÎ¯�¥�¦+¼0¦�¯
©�°µ­�ª4½¨¦�Çv³V¦f­�¯�¦f¬Ïº�«4°Ð¯
°¹¶yÊi¯
°¹¼0¦4ÁÑ¤(¥y¦�Òy©�®Ä¯*°µ®>½¾©�¦ZÓHÅy¦¡¶y­¡»HÔÃ¬v°±´¿°±®�°¹ªH¶�Õ�ºÉ¥�¦f©�¦+¦f«H­�¥
°¹¯�¦f¼�°µ®É§�©
ªH«H¬�­¡«H®e¯�ª4¶+°Ð¯�®ÉªbºÉ¶+®�Å�§P­�¥y«·¶y¶�¦¡À
ª4½�À±ªbº,¦f©,§o«·¶y¬vºÉ°µ¬¿¯
¥�Á�ËÌ¦@Òy¶y¬�¯�¥�¦�ªH³v¯�°±¼:«·À�«·À±À±ª¿­f«b¯
°¹ªH¶;ª4½
§o«·¶y¬vºÉ°µ¬¿¯
¥#¯�ª�¯�¥�¦*®ÄÅy§V­�¥y«4¶�¶�¦fÀ±®BÅy®�°¹¶�Êt¯�¥�°µ®¨¼0¦¡¯�¥�ªv¬
Á@¤(¥�¦¡¶iº,¦>À¹ª¿ª4².«b¯B¯�°±¼0¦�ÔÃ¬v°¹´¿°µ®Ä°±ª4¶�ÕoºÉ¥�¦f©�¦>°Ð¯
¦¡¼:®
«4©�¦t®�¦¡¶=¯>®�¦fÓ=Å�¦f¶=¯�°µ«·À±À¹»Ìª4¶Ñ«F®�°¹¶yÊ4À±¦:½¾Å�À±ÀÐÔg§y«·¶o¬vºÉ°±¬v¯�¥Ï­�¥y«4¶�¶�¦fÀKÁFÖ�ªH©5°¹¯�¦f¼0®5ª·½É¦fÓ=Åy«4À�À±¦¡¶�Ê4¯�¥�ÕXº�¦�®�¥�ªbº
¯
¥y«b¯(½¾ªH©(«4¶¿»0½¾©�¦ZÓHÅy¦¡¶y­¡»HÔÃ¬v°±´¿°±®�°¹ªH¶t§�©
ªH«H¬�­¡«H®e¯(®�­�¥�¦Z¬vÅ�À±¦4Õ¿º�¦@­f«·¶�Òy¶y¬+«5§V¦�¯�¯�¦¡©(¯
°¹¼0¦¡Ôg¬v°±´¿°±®�°±ª4¶;®
­�¥�¦Z¬vÅ�À±¦4Á
¤(¥¿Åy®É¯�°±¼*¦¡Ôg¬�°¹´¿°µ®Ä°±ª4¶+°±®(§V¦�¯�¯�¦f©É¯�¥y«4¶+½¾©�¦ZÓHÅy¦¡¶y­¡»HÔÃ¬v°±´¿°±®�°¹ªH¶�Á

×



� �������	��

�����	�����
����������� �"!�#$�%��&�'�(�� )+*,*%-�� )��.&/��&�'�� -102�"(43�56�"(.��!7#$�%�
!7��� )�#$0�!7-����8)+*%�"3
� ��&/��0�(�-�)9(.(:��;�)�<=!?>@#?�"!7)9(A��!?(�B+�C<����DE#$�%�@�F'�)�� #?-1(�� )+*�GH�"(�B��������8�"!I#?� � !7)J(��?K�LM)F*�!7)�!?0N-��O5�(�B+!��������8�"!I#?� � !7)J(��PB�-RQ�!A#$�%)���� <�!?0N-1���"3��"!7�N�S�%'�(:*��%� )+*��-�)�<�GH� <+(�B,(�B�-�)T� )�#$�%�
� )�*U��-�)�<+GH�8<+(�B	5��
-1VC� )+*W#$�%�
�,'�)��8#?-1(��"�%)
B��"*%B��"3F-��:3C�
��!?(:02� #1KYXZ!?�T��0N�RGH���8)+*�� �-F*��9�C<@!$[+-���&�� !H��D\(�B��8�]���"(�'�-1(��"�%)	KP�^&/!?0N�:�%)
��0��RGH�N� )+*W(�B�!HG_!?�T(`39&��8#?-�� �"3�0�!7#$!7�"Q�!7�.-,�"��(]��DS� )+Da��0N�
-1(��"�%)-�)�<b�:!7)�<��I0N!7� -1(��"Q�!7�"3=� �"(:(��"!�KYXZ!�#$�%��&�-10N!UDc0�!7d6'+!7)�#$39e4<��"QC� ��� �%)
��#NB�!7<�'�� � )�*F-�)�<b(�� �
!$e4<��"QC� ���"�%)T��#NB+!7<�'�� � )+*-���G_-R36��(:�T��!7)�<f� )�Dc��0N�@-1(��"�%)g(:�T&���0N(�-1���"!�G_!?�h��0��RGH��!?0N�?K�iAB+!,��!7-���'+0�!W��DP!?>@#?�"!7)�#$3j(�B�-1(�G_!WGH� �8�	'��:!� ��kM!$[C&/!7#$(:!7<fG.-��"(�� )+*�(�� �
!�5ml
-��H<+!?;E)+!7<j� )b(�B+!W)�!$[6(A�:!7#$(�� �%)	KiAB�!���0��%-�<�#?-���(�<�� ��Vb�8�A-
G.-73g(:�=�:!7)�<h� )+Da��0N�
-1(��"�%)j(:�b�
-�)93j#?� �"!7)9(���-1(�(�B+!F��-��
!W(�� ��!�K�n���� )+*@(�B�� ���#2B+!7��!�5Y<�-1(�-g� �U0N!?&�!7-1(:!7<��"3f��0N�%-�<�#?-��:(�(�B+0N�%'+*%BZ(�B+!@-�� 07K�XoB�!7)p-g#?� � !7)J(UG.-�)J(��F�:�%��!@<�-1(�-C5S�"(W�8� �:(:!7)��(:�f(�B�� �U��0��%-�<�#?-��:(F'�)9(�� �P�"(W0�!7#$!7�"Q�!7�F(�B+!@<+!7��� 0�!7<q<�-1(�-CKjiAB+!���0��%-�<�#?-��:(,<�� �:Vr-�#$(��F-��F-f#$�%�
�
�%)p#?-�#NB�!Da��0��
-�)J3s#?� �"!7)9(��?5/GHB+!?0�!�<�-1(�-j� )h(�B�� ��#?-�#2B+!@� ���
-�<+!�-7Q1-�� � -1�E�"!�-�#?#$��0N<�� )+*=(:�j(�B+!���0��%-�<�#?-��:(U��#NB+!7<�'��"!�KiAB+!�*��%-��\� �_(:����0��%-�<�#?-��:(.(�B+!�� )+Da��0N�
-1(��"�%)=� )=-,G_-R3T(�B�-1(A�@� )�� �
� t?!7�u(�B+!�!$[C&�!7#$(:!7<bG.-��"(�� )�*F(�� �
!���DS(�B+!#?� �"!7)9(��?KiAB�!_;�0N�:(���0��%-�<�#?-��:(��8)+*U��#NB+!7�
!�GI!�#$�%)����8<+!?0P'��:!7�YDa0�!7d9'�!7)�#$3Je4<��"Q6�8���"�%)	K\n���� )+*�(�B�� �Y��#2B+!7��!�59GI!�<��"QC� <+!(�B+!A(:��(�-��E-7Q1-�� � -1��� !���-�)�<+GH�8<+(�BF�8)J(:�W#2B�-�)�)+!7�8�P-�)�<�0�!?&/!7-1(:!7<��"3,��0��%-�<�#?-��:(u!7-�#NB=�"(:!7�v�%)@�"(��P�RG�)
#NB�-�)�)+!7�OKXZ!H(�B�!7)�!$[C-��@� )+!A(�� �
!$e4<��"QC� ���"�%)	51GHB�!?0�!�GI!�-�� �"�C#?-1(:!H-�� �+��-�)�<+GH� <+(�BF(:�F-W��� )+*%�"!�#2B�-�)�)+!7��-�)�<
�:!7)�<
� (:!7�
��:!7d6'+!7)9(�� -�� �"3T�RQ�!?0�(�B�� ��#NB�-�)�)+!7�OKXZ!q;E)�<o(�B+!r��&�(�� �
-��U-�� � �6#?-1(��"�%)o��D,��-�)�<+G�� <+(�Bw(:�x(�B+!Z��'+�	#NB�-�)�)+!7� �TDc��0j(�B+!ZDa0�!7d6'+!7)�#$39e4<��"QC� ���"�%)��!?(�B+�C<T��-��:!7<=�%)@(�B�!��"(:!7�@�?y6� !7)+*�(�B��_-�)�<T<�!7�
-�)�<T&�0�����-1���8� �"(��"!7�?KzXZ!�(�B�!7)=�NB+�RGo(�B�-1(.Dc��0_!7d6'�-��/�"!7)+*�(�B�"(:!7�
�75J*%�"Q�!7)=-�)J3�Da0�!7d6'+!7)�#$39e4<��"QC� ���"�%)���#2B+!7<�'�� !�5JG_!�#?-�)T*�!7)+!?0N-1(:!�-�(�� ��!$e4<��"Q6�8���"�%)���#2B+!7<�'��"!�G��"(�B@-F�"�RG_!?0!$[C&�!7#$(:!7<fG_-�� (�� )+*�(�� ��!�K{ -�� <�3%-=-�)�<h|�-���!?!7<~}��C5\�95 ×v×$� <+!?(:!?0N�@� )+!7<h(�B+!F��&�(�� �
-��S��0��%-�<�#?-��:(�Da0�!7d9'�!7)�#?�"!7����D]�"(:!7�
��GH�"(�B��8)f-(�� ��!$e4<��"Q6�8���"�%)���#2B+!7<�'��"!�-��I-FDa'�)�#$(��"�%)���D\(�B�!7�"0I<+!7�@-�)�<
&�0N����-1��� � � (��"!7�?5�����56-�)�<T�"!7)+*�(�B��759� �MKPiAB+!?3
�NB+�RG_!7<(�B�-1(F(:�s�
�8)�� �
�"t?!�!$[C&/!7#$(:!7<pG.-��"(�� )+*f(�� ��!�5�(�B+!T�"(:!7�@�W��B+�%'�� <r�/!@'�)��"Da��0N�
� 3h�:&�-�#$!7<\5�G��"(�BZDa0�!7d9'�!7)�#?�"!7�
��D_��0��%-�<�#?-��:(?5Y���`5S&�0���&/��0�(��"�%)�-��S(:��� �7�� � K
iAB��8�U�"!7<r(:�f-�)q-��"*���02�"(�B���(�B�-1(W-1(:(:!7�
&�(:!7<q(:�f-�#2B��"!?Q�!
(�B�!7�:!
0�!7� -1(�� Q�!]Da0�!7d9'�!7)�#?�"!7�?KziHB�� �\-��"*���02�"(�B����8�	*��9�C<F��!7#?-�'��:!]�"(z�8�z#$�%��&�'�(�-1(��"�%)�-�� �"3�D�-��"0N�"3���� ��&E�"!u-�)�<�G_��0�VC�\Da��0-�)@-10N���"(:0N-10�3,)9'��W�/!?0u��D/��0��%-�<�#?-��:(]�"(:!7�
�]GH�"(�B�-10��E�"(:0N-10�3��"!7)+*�(�B��]-�)�<
<+!7�
-�)�<�&�0�����-1�E� � �"(��"!7�7Kz|H��GI!?Q�!?0R5� )g�
�%�:(�#?-��:!7���"(�� �H)+��(�&/�%�����"��� !�(:�b-�#NB��"!?Q�!F(�B�!���&�(�� �
-��zDc0N!7d9'+!7)�#?�"!7�AGH� (�Bg'�)��"Da��0N����&�-�#?� )+*+K�iAB��8�A#?-�)�"!7-�<�(:�r!$[6&/!7#$(:!7<�G.-��"(�� )+*s(�� ��!7�,(�B�-1(�-10�!bG_��0N�:!b(�B�-�)�(�B+!b(�B+!?��0�!?(��8#?-��.��&�(�� �
-��I(�� ��!�KZXZ!g�"�6��V�!7<�-1(�:&��8�"(:(�� )+*@� (:!7�
�U� )9(:�=&E�"!7#$!7��-��U-TG.-73s(:�j� ��&�0N�RQ�!�&/!?0�Dc��02�
-�)�#$!�KUXZ!�Da�%'�)�<s(�B+!���&�(�� �
-�����#2B+!7<�'��"!7��Da��0(4G_�+5�!7d6'�-���e4� !7)+*�(�Bg�"(:!7�
�75+GHB+!7)j�:&��8�"(:(�� )+*,(�B+!7���8)jB�-��"DS�8��-�� �"�RG_!7<�} � � K� � -�)+*
-�)�< { -�� <�3%-f}�� � �"�6��VT-1(AG.-73C�A(:�T�
� )�� �@�"t?!H(�B+!WQ�-10N�8-�)�#$!U��DS(�B�!U0�!7�:&/�%)��:!�(�� ��!�5�-�)�<j(:0N-�<+!$e��1��/!?(4G_!?!7)j�
� )��8�
�"t7� )+*U(�B�!��
!7-�)j-�)�<=Q�-10N�8-�)�#$!���DS(�B+!�0�!7�:&/�%)��:!�(�� ��!�KP�U!7)93��%)g-�)�<g�C#2B�-1��-�)+!7�P}�� � !$[+-���e� )+!U(�B�!���0��%-�<�#?-���(H��DP�F'��"(��"&��"!U�"(:!7�@�AGH�"(�Bj<�����!?0N!7)J(H� !7)+*�(�B��A-�)�<f(:0N-�)����@� �����"�%)b#$�%�:(��7K.iHB+!?3=�NB+�RG (�B�-1(;�)�<�� )+*@��&�(�� �
-��P��#2B+!7<�'��"!7��� �U¡�¢Pe4|�-10N<	5S-�)�<s(�B+!���&�(�� �
-��P�N#NB+!7<�'��"!7���:!?!7�£Q�!?0�3r<����/!?0�!7)9(���(:0N'�#$(�'+0N-��8�"3(�B�-�)j��#2B+!7<�'�� !7�.Dc��0�!7d6'�-��	�"!7)+*�(�B��?KP�HVC�:�R3j-�)�<b¤+02-�)+V6�8� )Z} ×$� <�� ��#?'��N�_�N#NB+!7<�'�� � )+*F(�B+!U��0��%-�<�#?-���(���DS� )+Da��0:e�
-1(��"�%)g��-��:!7<g�%)f#?� �"!7)9(�0�!7d9'�!7�:(��?KI¥_!7�:(�-RQ90N�%�,}�¦ � <+!7��#$0N�"�/!7��-�G.-73b(:�=-�<�<jD�-�'��"(�(:�%�"!?0N-�)�#$!�(:�
��0��%-�<�#?-��:(<�� ��V6���93h�:!7)�<�� )�*@&�-10N� (43g� )+Da��0N�
-1(�� �%)h� )s-�<�<�� (��"�%)g(:�j<�-1(�-CKW¥.-10:e4¡��R3�5S¥_B�-1(�� -C5\¡�-1��0R5\-�)�<r�+#NB��"!?�/!?0�}�§ ��"�6��VF-1(u��#2B+!7<�'��8� )+*��8)F*�!7)�!?0N-��O5%-�)�<���B��RG~(�B�-1(P(�B+!?0N!.�8��-�)
��&�(�� �
-��C#$3C#?� � #.��#NB�!7<�'��"!_Dc��0u-���0N�%-�<�#?-��:(u<�� ��VE5-�)�<T;�)�<��8)+*��"(I�8�]¡�¢Pe4B�-10N<\KY¨z!?�%)+*�-�)�<b�+�S} ×?©1� <�� ��#?'��N�]B+��Gª(:��#NB+�6�%�:!�GHB��8#NB@� (:!7�
�](:�,��0��%-�<�#?-��:(?56'���� )+*� <+!7-��H��Du#?-�#NB+!��
-�)�-1*�!7��!7)J(?K�¤+0N-�)+VC� � )\5E«/<+�%)��"V�5����"�%)��:�+5�-�)�<s��#2B�-10�3%-r}�¬C5 × § � -�� �:�=<�� ��#?'��N�A-��:&/!7#$(��H��D��0��%-�<�#?-��:(H<�� ��V6�?KLM)Z(�B+!@)�!$[6(��:!7#$(�� �%)	5SG_!@<+!?;E)+!
�:�%��!
� <�!7-��U0�!7� -1(:!7<p(:�f��#NB�!7<�'��"!7��-�)�<Z!$[6&/!7#$(:!7<pG_-��"(��8)+*j(�� ��!�K
LM)�6!7#$(��"�%)~¦65uG_!j<+!?0N�"Q�!T(�B+!b��&�(�� �
-��IDa0�!7d9'�!7)�#$3Je4<��"Q6�8���"�%)q��#2B+!7<�'�� !7�?KZiAB+!7)	5P� )~�6!7#$(��"�%)��+5uG_!j�:(�-1(:!b�%'+0(�B+!?��0�!7�­0�!?*%-102<�� )+*hDc0�!7d6'+!7)�#$39e4<��"QC� ��� �%)q-�)�<�(�� ��!$e4<��"QC� ��� �%)	5S-�)�<�&�0�!7��!7)J(�-s&�0��6��D`KhXZ!b#$�%)�#?� '�<+!TGH�"(�B

§



1

2
3

1 2 3 1 2

1

1

3
2

2

3 3

t

t

tf

f

f

(a)

(b)

(c)

f1

f2

f2

f1

f2

f1

¤Y�"*%'+0�! ×���� [C-��
&��"!7�
��D�<�����!?0N!7)J(
(`39&/!7�@��D���#NB+!7<�'��"!7� ��� -���*�!7)�!?0N-��H��#2B+!7<�'�� ! � ����Da0�!7d6'+!7)�#$39e4<��"QC� ���"�%)��#2B+!7<�'��"!�5�-�)�< � #	�_(�� ��!$e4<��"Q6�8���"�%)=��#NB+!7<�'��"!
�6!7#$(��"�%)h¬65�&�0�!7�:!7)9(�� )+*
���%��!���&/!7)b&�0������ !7�
��-�)�<g� <�!7-��.Dc��0�Da'+(�'�0�!�GI��0�V�K

 �
�������������W�����u

�������
XZ!F<�!?;�)+!��%'+0H)+��(�� �%)j��D�-@��#NB+!7<�'��"! �
���! #"%$'&($*)+"-,/.10323465�7�8:9;5=<?>�@BADC*EF5?GH0JI�K+7L<M@�5�NO8P53K+2OQ�C*KPEF5?@MR�I�9 }��!S3TN��U � C'0VIL<M8:K+2	EWCW>�KYX �[Z]\ }"�!S?TN��U ��^
_ × TN§`T?a?a?a#T A#bdcfe#4:53@�5JX �*g TN�h� Ci0JE*4:5HKj8:Glkm5?@H>n<oE*465HC*EF5?Gp0?5?KPEBIdEqEWC*Gl5 g >�R�5?@f<r@s5mN?8P53K+2OQ �=t

� ���:!7)9(�� -�� �"3�5P-r��#NB�!7<�'��"!=� �F-�)~-��N���"*%)���!7)9(W��D��%'+0,(4G_�Z0�!7�:�%'+0N#$!7�75P(�� ��!b-�)�<���-�)�<+GH�8<+(�B	5z(:�r(�B+! A�"(:!7�
��G_!�GH� ��Bf(:�=��0��%-�<�#?-��:(?KWiHB�� �H<�!?;�)��"(��"�%)h� ��Q�!?0�3g*�!7)+!?02� #15	��'+(�GI!�GH� �8�\�%)��"3g#$�%)���� <+!?0�(4G_�j�:&/!7#?� -��#?� -�����!7����DP��#NB+!7<�'��"!7� �
���! #"%$'&($*)+"/u-.v<r@s5mN?8P53K�2?Q�wn7dC'R(Ci0rCW>�Kx0?234:5m7�8:9y5%<?>�@fAvC*EF5?G�0zI�K+7{<r@s5mN?8P53K+2OQoC*KPEF53@rR|Id9 }�� S TN� U � C'0zIJ0?234:5m7�8:9y5
Xv<?>�@�A}C*EF5?G�0�I�K+7V<r@�5�N?8P5?K+2?QxC'K+EF53@rR|I�9 }m�!S?TN��U � e#4:5?@s53c�<?>�@�I�9'9 gL~�Z IdK+7 � ~ }��!S?TN��U � c#X �*g TN�h�q� ��� � �h� c
<?>�@�03>dG�5B<M8:K+2	EWCW>�K ��� � }��!S?TN��U ��^ _ × TN§`T?a?a?a%T A#b t
���! #"%$'&($*)+"}��.�EWC'Gl5?wn7�C*R	C'0MC�>�K�0323465�7�8:9;5L<?>�@VA�CWEF53G�0�I�K+7�<r@�5�N?8P5?K+2?Q�C*KPEF53@rR|Id9 }��!S3TN��U � C'0�IY032?4:5�7d8`9;5�X
<?>�@LA�CWEF53G�0HI�K�7�<M@�5�NO8j5?K+2?Q�C'K+EF53@rR|I�9 } � S TN� U � e#4:53@�5rc+<3>�@�I�9*9 g{~�Z I�K�7 � ~ }�� S TN� U � c%X �*g TN�h��� �(� �*g � cP<?>�@
03>dG�5q<r8:K+2OEWC�>�K � � �dZ}^ _ × TN§`T?a?a?a�T A#b t

¤Y�"*%'+0N! × 0�!?&�0�!7�:!7)9(���(�B+!7�:!T��#NB+!7<�'��"!7��*�0N-1&�B��8#?-�� �"3�K,XZ!
GH� � �S*�!7)+!?0N-��8�"3h#$�%)��N� <+!?0U&/!?0N�"�C<�� #F��#NB+!7<�'��"!7�
X GH�"(�B�}m�!S?TN��U � ��} © T�� � 5	G�B+!?0�!�� � ��(�B+!���-�)�<+GH� <+(�BfGI!�B�-RQ�!
-7Q1-�� � -1��� !FDa��0U��0��%-�<�#?-���(?KWXZ!�GH� �8�\0�!?Da!?0

¦



(:�@(�B�!7�:!W-��H�N#NB+!7<�'��"!7����D A �"(:!7�
�A-�)�<g��-�)�<�GH� <+(�BY�=K]n���� )+*�Da0�!7d6'+!7)�#$39e4<��"QC� ���"�%)	56G_!�!7���:!7)9(�� -�� �"3b<��"QC� <+!(�B+!F��-�)�<+GH�8<+(�Bb� )J(:� A #NB�-�)�)+!7� �A-�)�<g0�!?&/!7-1(:!7<��"3j�:!7)�<g�%)+!W� (:!7��&/!?0H#2B�-�)�)+!7�OK_X^�"(�Bg(�� �
!$e4<��"QC� ���"�%)	5CG_!��� �
&��"3
�:!7)�<b�"(:!7�@�.�%)+!�-1Dc(:!?0�-�)+��(�B+!?0A� )b�:�%��!���&�!7#?� ;�!7<@��02<+!?0A'���� )�*F(�B+!�D�'�� �E��-�)�<+G�� <+(�B=-7Q1-�� � -1���"!�KPiS�#$�%��&�-10N!�(�B+!7�:!�(`GI�T��!?(�B+�C<��?5+G_!W<+!?;�)+!gkM!$[C&/!7#$(:!7<gG.-��"(�� )+*�(��8��!�Kml� '�0��N#NB+!7<�'��"!�(:!7� � ��'���GHB+!7)sG_!
�:!7)�<s!7-�#NB��"(:!7�j5	��'+(�<+�6!7�U)+��(U(:!7� �Y'���GHB�� #NBs&�-10�(���DI(�B+!��"(:!7��(:��:!7)�<\K@XZ!T-��N��'���!
(�B�-1(WG_!@�:!7)�<p���"(��U��D.!7-�#NB��"(:!7� �:!7d9'�!7)J(�� -��8�"3fGH� (�B�� )r(�B+!7�"0W��-�)�<+GH�8<+(�Br-�� �"�C#?-1(��"�%)	K�C� )�#$!�GI!=�F'���(�*�!?(,-�)��"(:!7� Da0��%� �:(�-10�(�(:�h;�)�� ��B\5\(�B+!@�:(�-10N(�� )+*h-�)�<Z!7)�<�� )�*j&��%�8)J(��UDa��0W(�B�!T�"(:!7�
�F-10�!� ��&/��0�(�-�)9(�(:�
VC)+�RGWKPXZ!F<+!?;�)�!U(�B+!U!7)�<�� )�*,&/�%� )9(�-��ADa�%� �"��GH� �
���! #"%$'&($*)+"�����4:5����
	v53K�7�C'K��
�:>dC'KPEh<3>�@�CWEF53G��J8`0rC'K���032?4:5�7�8:9;5HX{c <?>�@�� ~�� c=C'0�E*4:5�0MG�I�9*9y530rEzEWC'Gl5 g
<?>�@Je#4�C�234�� �� ���������� � X �*g TN�h�+T � � ���!� g � �#" � �

� ���:!7)9(�� -�� �"3�5SGI!@-��N��'���!
(�B�-1(W-1(W(�� �
!�t?!?0��fG_!@-10�!T0�!7-�<+3s(:�h�:!7)�<q(�B+!
;�0N��(U���"(U��D.!7-�#NB��"(:!7�j5Y-�)�<(�B+! � �
	 !7)�<��8)+*F&/�%� )9(_��DS�"(:!7� � � �.(�B�!�&E� -�#$!�GHB+!?0�!�G_!�B�-7Q�!%$�'��:(.#$�%��&��"!?(:!7<j��!7)�<�� )+*��"(:!7� � Da��0�(�B+! � �
	(�� ��!�K
���! #"%$'&($*)+"'&(��4:5Je�I�CWEWC'K���EWC*Gl5�<3>�@�CWEF53G)��>n<V9;53K���E*4 �8� 8!0rC'K���0?234:5m7�8:9y5VX)* <3>d@ A C*EF5?G�0JIdK+7L<r@�5�N?8P5?K+2?Q
C*KPEF53@rR|I�9 }��!S?TN��U �,+ IdK+7
C'KPC*EWC�I�9L9 Ci03EF53KjC*K��DEWC*Gl5 g S Ci0 I�<r8`K�2OEWC�>�K.-0/ � � X T g Sr�Y� g U�1 g S�1 � �����23��� c�e#4:5?@s5g U C'0�E*4:5�0rG�I�9'9;5r03Eo53K+7dC'K����:>�C*KPE=<?>�@lCWEF53G4��0M8j234�E*4:IdE � � �� � ��� ����5� � X �*g TN�h�MT � �6����� g87 � � c�e#4:53@�5 � �:9 T�;?���< × C < 9 �0;© >dE*4:53@re=C'0?5 t

XZ!,��'+��(:0N-�#$(H(�B+!U(:!?0N� � ����=23��� �/!7#?-�'��:!UG_!�GH� �8��-�� G_-R36��� � �:(:!7)j-1(��"!7-��:(A(�B��8�A�"�%)+*�Da��0H�"(:!7� � K � Q�!7)h� )(�B+!A�/!7�:(]&��%�N���"���"!�#?-��:!�56GHB+!?0N!AGI!�� �
��!7<��8-1(:!7�"3,��(�-10�(]0�!7#$!7� Q6� )�*��"(:!7� � Dc0��%� �"(��u�/!?*%� )�)�� )+*�-�)�<@#$�%)9(�� )6'+!0�!7#$!7�"QC� )+*=�"(H��Q�!?0U(�B+!WD�'�� �S-7Q1-�� � -1��� !���-�)�<+G�� <+(�B	5�G_!��:(�� � �\�8� �:(:!7)f-T(�� ��! � �����23�>� KU�C� )�#$!FGI!�-10�!�� )J(:!?0N!7�:(:!7<� )s�:(�'�<+3C� )+*TG_-�� (�� )+*@(��8��!7��<�'+!,(:�b�N#NB+!7<�'�� � )+*+5EGI!���'+��(:0N-�#$(�(�B�� ��#$�%)��:(�-�)J(gkM(:02-�)����
� �N���"�%)g(��8��!7l=GHB+!7)#$�%��&�'�(�� )+*�(�B+!�G.-��"(�� )+*�(��8��!�K
���! #"%$'&($*)+"@?BADCE�65m2OEF5�7-e�I�CWEWC*K���EWC'Gl5F*GA8HI� + C'0�I <r8:K+2OEWC�>�K >n<�I�0323465�7�8:9;5 IdK+71I�Rd5�2OE >d@�>n<�7�53w
G�I�K+7J�+@s>�kmI�k3C*9 CWEWC 5r0BK� � � �hS?T��+U�T?a?a?a�T��ML:�3tON -P/ � X T K� �D�RQ L�
S�S ���GN -P/ � � X � c�e#4:5?@s5 N -P/ � � X �
�� �UT�WV�X S� � �� -P/ � � X T g �6� g t

Y[Z]\M^I_a` ��,
¤Y�"*%'+0N!7�_§,-�)�<b¦W�NB+�RG ��-���&E�"!HX^i^#$�%��&�'+(�-1(��"�%)��IDa��0_Dc0�!7d6'+!7)�#$39e4<��"QC� ��� �%)
-�)�<=(�� ��!$e4<�� Q6� �N�"�%)
��#2B+!7<Ce'��"!7�7KU�C�8)�#$!W!7-�#2Br��D](�B+!���#NB�!7<�'��"!7��� ��&�!?02�"�6<�� #UGH�"(�Bh&/!?0N�"�C<cbd 5/G_!�#?-�)s#$�%�
&�'+(:!
N -P/ � � X �A�63f��� ��&E�"3#$�%��&�'�(�� )+*�(�B+!�-7Q�!?0N-1*�!�Q�-�� '�!_��D -P/ � � X T g �SDa��0 gB~Pe © T bd%f KP¤+��0P(�B�!�Dc0�!7d6'+!7)�#$39e4<��"QC� ��� �%)W��#2B+!7<�'��"!�51G_!�*�!?(N -P/ S{� SsSg�d 5hN -P/ U � SsSg�d 59-�)�<iN -P/kj � S jU d KP¤+��0_(�B+!�(�� ��!$e4<��"QC� ��� �%),�N#NB+!7<�'��"!�5JG_!H*�!?(lN -P/ S{� S jS � d 5N -P/ U�� S jS � d 5�-�)�<mN -P/Wj � bU d KI¤+��0I�hS{�RnU � 5%�+U��RoU � 5�-�)�<�� j � Sb 5�G_!�*�!?(H!$[C&/!7#$(:!7<gG.-��"(�� )+*�(��8��!7���D oU d Da��0A(�B+!UDa0�!7d6'+!7)�#$39e4<��"QC� ���"�%)=��#NB�!7<�'��"!�-�)�< opob � d Da��0A(�B+!�(�� �
!$e4<��"QC� ���"�%)=��#NB�!7<�'��"!�K

q r1�F�/��sutL�mv�� �xwF���]���#��y�z �p{F�m���N��� �W�����u

���2�N�
|
XZ!_G_-�)9(S(:��'��:!IDc0�!7d6'+!7)�#$39e4<��"QC� ��� �%)U��#NB+!7<�'�� � )+*.(:���:!7)�< A �"(:!7�
�S�RQ�!?0P-A��0��%-�<�#?-��:(�#NB�-�)�)�!7�J��D+��-�)�<+GH� <+(�B
�=KWiAB��8��� ����B��RGH)sDa��0 A � ¦=� )r¤Y�"*%'+0�!,�+KWX^B+!7)sG_-�� (�� )+*=Dc��0��"(:!7� � 5\-=#?�8�"!7)J(�� � ��(:!7)���(:�b#2B�-�)�)+!7� � ��D��-�)�<�GH� <+(�B~}z� " �=KPXZ!W<�!?;�)+!�-
�:&/!7#?�";E#�Da0�!7d6'+!7)�#$39e4<��"QC� ���"�%)=��#2B+!7<�'��"!�-�)�<b&�0��RQ�!,�"(��.��&�(�� �@-�� �"(43 �

�



1
2

3

t

f

0

B

t

WT1

0

t
0

t
0

WT2

WT3

(a)

(b)

(c)

(d)

1
2

B
4

B
4

B2
3

B2
3

B
9

B
4

B
5

0

B
5

B
5

B
5

0

0

0

B2
5

B2
5

B2
5

¤Y�"*%'+0�!,§ � �C-��
&��"!�X^i�#?-�� #?'�� -1(��"�%)gDa��0�-@Dc0N!7d9'+!7)�#$3Je4<�� Q6� �N�"�%)j��#NB�!7<�'��"! �V� -���(�B+!F��#NB+!7<�'��"! � ����Xoi�S � #	�X^i U 5�-�)�< � <+�IX^i j
���! #"%$'&($*)+"�� ��4:5�03NO86Id@s5�@n>O>[EL@r8`9;5B<r@�5�N?8P5?K+2?Q�ws7�C'R(Ci0rCW>dK]032?4:5�7�8:9;5 *�������w��
	p0323465�7�8:9;5 + <3>�@�A CWEF53G�0�>n<
9;53K���E*4[0 � � c ×�� � � A#cj<r@s5mN?8P53K+2OQ�C*KPEF5?@MR�I�9 }��!S?TN��U � c{I�K+7�7�53G�I�K+7���@n>�kmI�k3C*9 C*EWQ�Rd5�2OE >d@ K��� � �hS?T��+U�T?a?a?a�T��3L:�
C'0�IH<r@s5mN?8P53K�2?Q�wn7dC'R(Ci0rCW>�Kv032?4:5�7d8`9;5�X <3>d@JA�CWEF53G�0�I�K+7H<r@s5mN?8P53K+2OQ�C*KPEF53@rR|I�9 }m�!S?TN��U � cze=C*E*4 X �*g TN�h��� �+c�C <�!S�
 � ��U 1q�!SM� Q L� S�����S } � � ��� �!S�
 � ��U%1p�!SM� Q L� S�� } � cfe#4:53@�5 }z��� � �7� � ������� ��� � � � � c ×!� � � A t

"�# �`)%$|� ^ ,/.VG�>dK���I�9*9�<r@s5mN?8P53K+2OQ�wn7�C*R	C'0MC�>�K/0?234:5m7�8:9y530o<3>d@lA C*EF5?GH0�>n<�9;53K���E*4[0 �8� c ×&� � � A#clI�K�7
<r@s5mN?8P53K+2OQvC*KPEF5?@MR�I�9 }��!S?TN��U � c <3>d@ 7�5?G�IdK+7 �+@s>�kmI�k3C*9 CWEWQ�R�5m2OE >�@�K�1� � �hSOT���U(T?a?a?a�T��ML:� clE*465]2m>�@r@�5r0U�6>�K+7�C*K�������Vw'�
	 0?234:5m7�8:9y5o4:I|0oG�C'KPC'G�I�9=5>CE�j5�2OEF5m7xe�I�CWEWC'K��YEWC*Gl5 t
()$|) )%*�)%* "�# �!)+$(� ^ ,

¤Y�"0N�:(?5EGI!,)+��(:!,(�B�-1(�(�B�!WG.-��"(�� )+*
(��8��!7��<�!?&�!7)�<j�%)��"3b�%)h(�B+!W(:��(�-�����-�)�<�GH� <+(�Bj-�� � �6#?-1(:!7<h(:�T!7-�#2Br�"(:!7�j5-�)�<g)���(HB+�RG �"(A� �A<�� �:(:0N�"�E'+(:!7<b� ) X K.�C�+5�GI!F-10�!�Da0�!?!�(:�@-����N'���!�(�B�-1(�-�)J3bDa0�!7d9'�!7)�#$3Je4<��"Q6�8���"�%)b��#NB�!7<�'��"!
X #$�%)���� �:(��]��D A <����/!?0�!7)9(Wk:��'+�	#2B�-�)�)+!7� �NlC5%GHB+!?0�!��"(:!7� � � �I�:!7)J(I�%)T�N'+�	#NB�-�)�)�!7� � ��D	��-�)�<+GH� <+(�B8} � � -�)�<Q L�
S�S }\�f� × KUiAB+!FG_-��"(��8)+*@(�� �
!�5/'���� )+*
(�B�!,)+��(�-1(�� �%)h��D-,�!?;E)��"(��"�%)s¬65\� � -P/ �=� g U 1 g S 1 � �� � 23� � K�XZ!�:!?!
(�B�-1( g U[1 g So� g �/. 0 � � . � 
 g � �21�3 5zGHB�!?0�! g � �21�3 � ��(�B+!@G_-��"(U(:�f0�!7#$!7�"Q�!
(�B+!
� (:!7�£Dc0N�%� �:(�-10�(U(:�g;E)�� ��B	5�:(�-10�(��8)+*�-1(�(�B+!U)+!$[6(�!7)�<�� )+*,&/�%� )J(?5C-�)�< g �/.40 � � . � � �_(�B+!UG_-�� (.'�)J(�� �E(�B+!�)+!$[C(.!7)�<�� )�*F&/�%� )9(?5CGHB�� #2BT02-�)+*�!7�Da0��%� © (:� g � �21�3 K]�6� g Uk1 g Sq� g �/.40 � � . � 
 � �5 � d 59-�)�< -P/ � � g �/. 0 � � . � 
 � �5 � d 1 � �d K�XZ!�)+�RGª#$�%��&�'+(:! N -P/ �h�

� �8��WV�X � ��76 g �8.40 � � . � 
 � �5 � d 1 � �d:9 � g � � �8�� V�X � �� g �/.40 � � . � � g 
 � �5 � d 1 � �d � SU � �5 � d 
 � �5 � d 1 � �d � jU � �5 � d 1 � �d K
¬



1 2 3 1 2

t

f

0

B

t

WT1

0

t
0

t
0

WT2

WT3

(a)

(b)

(c)

(d)

B
5

B
5

B
5

B
5

B
4

B
3

B
2

B
10

B
4

B
3

B
2

B
1

0

0

0

B
5

B
5

B
5

¤Y�"*%'+0�!Z¦ � �C-��
&��"!fX^i£#?-�� #?'��8-1(��"�%)xDa��0j-p&/!?0N� �6<��8#j(�� ��!$e4<�� Q6� �N�"�%)w��#2B+!7<�'��"! �}� -��
�%)�!s&/!?0N� �6<~��DF(�B+!��#2B+!7<�'��"! � � �IXoiVS � #	�.XoiLU15�-�)�< � <+�_X^i j

B
α1B

α2B
α3B

1 1 111

2 2 2
33

B
an

dw
id

th

Time

s1

s2

s3

¤Y�"*%'+0�!U� � ¤�0�!7d9'�!7)�#$3Je4<��"Q6�8���"�%)b��#NB�!7<�'�� � )�*
�



iAB�� �.*%�"Q�!7�A'��H-�)j�RQ�!?0N-��8�\!$[C&�!7#$(:!7<fG_-�� (�� )+*�(�� ��!U��D �
N -0/ �

L� �,S�S � ¦ § � �}\�W� 1 � �
��� ���

� ¦§��
L� �
S�S ����� �}z� 1 ×

�
L� �
S�S ����� �

iAB��8��� ���
� )��8�
�"t?!7<TGHB+!7) Q L�
S�S �7� � �5 � � ���
�8)�� �
�"t?!7<\59��0AG�B+!7)
}z��� � ����� �Q L� S�S�� � � � � a

iAB+!7��!.-10N!�(�B+!�Q�-��8'+!7����DE(�B+! } � ym�u'��:!7<,�63F(�B+!H������e4¤
,^��#NB�!7<�'��"!�K�L`(PDa�%� �"��GH��(�B�-1(P(�B+!�������e4¤
,^��#NB�!7<�'��"!B�-��A�@� )�� �
-���!$[C&/!7#$(:!7<jG_-�� (�� )+*�(�� ��!�-��
�%)+*@-�� �/Da0�!7d6'+!7)�#$39e4<��"QC� ���"�%)b��#2B+!7<�'��"!7�7Kn���� )+*�(�B�!7�:!�Q1-�� '+!7�.��Dx}\��5�G_!U*�!?(H(�B+!F�
� )�� �@-���!$[C&/!7#$(:!7<gG.-��"(�� )+*�(�� �
!U��D �
N -P/ 3 � L � ×

�
L� �
S�S � � � � �
	� ¦§

L�
� S�S � � � � � 1 � � � � �
��

Y[Z]\M^I_a` � u
���W-�)q!$[+-���&�� !���D_Da0�!7d6'+!7)�#$39e4<��"QC� ���"�%)r��#2B+!7<�'��8� )+*+5\G_!@#$�%)����8<+!?0W��#2B+!7<�'�� �8)+*b(�B+0�!?!@�"(:!7�@�UGH�"(�Bq� !7)+*�(�B��� S � �659� U � ¦�§656-�)�<@� j � ¦656-�)�<@<+!7�@-�)�<�&�0����E-1��� � �"(�� !7��� S �1a��J�65R� U ��a © ¬65C-�)�<�� j ��a��J�6KPXZ!�#$�%�
&�'+(:!�hS���So� �6a × �+5��+U?�'U�� × a �65S-�)�<b� j � j � × a��9�9KTiS-1VC� )+*g��d6'�-10�!�0N�9��(���-�)�<Z)+��0N�
-�� � t7� )+*+5	G_!�*�!?( }=So��a��J¬65}�U���a §��65E-�)�< } j ��a §%�9K_¤�� *%'+0�!W¬���B��RGH��(�B�!U0�!7��'��"(��8)+*���#NB+!7<�'��"!�Dc��0z� � × K
� � �Y��� �u� �^��s � y�z �>{F���/����� �W�����u

���2�N�
|
XZ!F)��RG�#$�%)��N� <+!?0A(�� �
!$e4<��"QC� ���"�%)=��#NB�!7<�'��"!7�?5�-���� )j¤Y�"*%'+0�!W�6K_¤Y� )�<�� )�*F(�B+!W��&�(�� �
-��/(�� �
!$e4<��"QC� ���"�%)b��#2B+!7<Ce'��"!7�75Y-���G_!b<�� <qDa��0�Dc0N!7d9'+!7)�#$3Je4<�� Q6� �N�"�%)q��#2B+!7<�'��"!7�75u� �F<��">@#?'��"(?KhL�)��:(:!7-�<	5PG_!=#$�%)��N� <+!?0,(�B+!j#?-��:!bGHB+!7)-�� �u� (:!7�
��B�-RQ�!@(�B+!@�N-���!@�"!7)+*�(�B\5z-�)�<q��B��RG (�B�-1(�Dc��0,-�)J3rDa0�!7d6'+!7)�#$39e4<��"QC� ���"�%)s��#NB�!7<�'��"!�G_!@#?-�)q;E)�<q-(�� ��!$e4<��"Q6�8���"�%)=��#NB+!7<�'��"!U(�B�-1(HB�-��A�"�RG_!?0H!$[C&/!7#$(:!7<gG.-��"(�� )+*�(�� �
!�K
"�# �`)%$|� ^ u ��>�@�IdKjQq<r@�5�N?8P5?K+2?Q�ws7�C'R(Ci0rCW>dKY0323465�7�8:9;5rc X S c!<?>�@�AvC*EF5?GH0V>n<L9;53K���E*4 � I�K+7 <M@�5�NO8j5?K+2?QHC'K+EF53@rR|I�9}��!S?TN��U � cqE*4:5?@s5�C'0�IxEWC*G�5?wn7dC'R(Ci0rCW>�K�0?234:5m7�8:9y53c=X U c�<3>�@�A CWEF53G�0�>n<o9y5?K��[E*4 � I�K+7V<r@s5mN?8P53K�2?QlC*KPEF5?@MR�I�9 }��!S?TN��U �
0M8j2?4�E*4:IdE N -P/ � X U|T K� � � N -P/ � X S?T K� � <3>d@HI�KjQ�R�5�2	E >�@ K��� � �hS?T��+U�T?a?a?ahT��MLj� >s<H7�53G�I�K�7 �+@s>�k�I�k?C'9 CWEWC�530 t
()$|) )%*�)%* "�# �!)+$(� ^ u

iAB�!h� <+!7-p��DU(�B+!s&�0��6��D�� �
(:��#$�%)���� <�!?0=-�)o-10����"(:02-10�3�Dc0�!7d6'+!7)�#$39e4<��"QC� ��� �%)~��#NB+!7<�'��"!h-�)�<ª#$�%)���(:0N'�#$(-Z�/!?(:(:!?0
(�� �
!$e4<��"QC� ���"�%)���#NB�!7<�'��"!�K~XZ!hGH� � �_-�����'��
!jXo¨ ��� (�B�-1(@(�B+!g�"!7)+*�(�B~��D�(�B+!f� (:!7�
�
� ���H� × 5(�B+!b��-�)�<�GH� <+(�B�� ��� � × 5I-�)�<�(�B+!m}z��ym��-10�!j��0N<+!?0�!7<~-���Da�%� �"��GH� � }=S 7 }�U 7 } j 7 a?a?a 7 } L�K�XZ!�"!?(��7�z� S5 � 5Y(�B+!b�:&�-�#?� )�*f�/!?(4G_!?!7)�� )��:(�-�)�#$!7�F��DA�"(:!7� � � )q(�B+!=Da0�!7d9'�!7)�#$3Je4<��"Q6�8���"�%)Z��#2B+!7<�'��"!�Ks¤+��0�(�B+!
Da0�!7d9'�!7)�#$3Je4<��"Q6�8���"�%)s��#NB+!7<�'��"!�5	(�B+!
!$[C&/!7#$(:!7<ZG.-��"(�� )+*b(�� ��!
�8� Q L�
S�S �E� 6 jU 5 � 1 × 9 K�XZ!
GH� � ��#$�%)��:(:02'�#$(W-
(�� ��!$e4<��"Q6�8���"�%)j��#2B+!7<�'��"!F(�B�-1(�B�-���-=�"��GI!?0�!$[C&�!7#$(:!7<hG.-��"(�� )+*T(�� ��!�KAXZ!�#NB��9�%�:!,�%'+0�#$�%)��:(:0N'�#$(��"�%)f�E-��:!7<�%)j(�B+!WQ�-�� '�!U��D }fS7K

�



1

22
3

t

f

(b)

0

B=1

1

2

3

9

32

3

.46

.05

.49

Item i l i pi

.45

.28

.27

i

(a)

1 1 1 1 1 1 1 1 1 1 1 1

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
.27

.55

¤Y�"*%'+0�!�¬ � � &�(�� �
-��+Da0�!7d6'+!7)�#$39e4<��"QC� ���"�%)���#2B+!7<�'��8� )+* �{� -��u#$�%��&�'+(��8)+* }z�`ym�IDc��0I(�B+!�� (:!7�
� � ���Y(�B+!H0�!7�N'��"(�� )+*��#2B+!7<�'��"!�K
� \�� ��,�� © � }fS � SU��
X^B+!7)v-�� � } � ym�Z-10�!w-1(q�
�%�:( SU 5�GI!~�:!?!~(�B�-1(ZDa��0Z(�B+!~��&�(��8�
-��,Dc0�!7d6'+!7)�#$39e4<��"QC� ��� �%)���#2B+!7<�'��"!�5 X ��� 5N -P/ � � X ���{� � jU 5 � 1 × � � jU 1J}z� � " �R� 7 �R�4K ¨z!?( �
	� � §�� ��
�� ��� ��� 5H(�B+!r)+!$[C(b&���GI!?0b��D�§p*�0N!7-1(:!?0
(�B�-�)���0�!7d9'�-��I(:� �7��Kr�C�8)�#$! Q L�
S�S S� � � × -�)�< � 	� 7 �R��Dc��0 × � � � A 5P�"(WDa�%� �"��GH�W(�B�-1( Q L�
S�S S��� � � × K
�C� )�#$!!Q L�
S�S S� � � �8�u(�B+!A�E-�)�<+GH� <�(�BF0N!7d9'�� 0�!7��!7)9(PDc��0_��#NB+!7<�'�� � )+*�GH� (�B
�:&�-�#?� )�* �
	� 56-�)�< × � �](�B+!A(:��(�-��E��-�)�<CeGH� <�(�Bq-7Q1-�� � -1��� !�5�G_!bB�-7Q�!=!7)+�%'+*%B���-�)�<+G�� <+(�BZ(:�s��#NB+!7<�'��"!@G��"(�Bq(�B+!7��!=�:&E-�#?� )+*%���/!?(`GI!?!7)��"(:!7�
�7KgXZ!�:(�-10�(WGH�"(�BZ�"(:!7� × -�)�<q��#2B+!7<�'��"!
� (UGH�"(�BZ�:&�-�#?�8)+* �
	 S K�XZ!T(�B+!7)Z0�!?&/!7-1(�Da��0W�"(:!7�
�F§b(�B+0��%'+*%B A KT�C� )�#$!(�B+!j�:&�-�#?�8)+*%��-10�!j� )�#$0�!7-����8)+*f&/�RG_!?0N�,��D�§65]GI!j#?-�)~-��"G.-73C����#NB�!7<�'��"!=(�B+!j�"(:!7�
�,GH�"(�B�(�B+!j-1&�&�0N��&�0N� -1(:!�:&�-�#?�8)+*+K � -�#NB ��	� �8�H�"!7���H(�B�-�)g(`GH� #$!F(�B+!F#$��0�0N!7�:&/�%)�<�� )+* �R�`5�-�)�<g(�B�!W!$[C&�!7#$(:!7<hG.-��"(�� )+*
(��8��!�Da��0��"(:!7� �'����8)+*
(�B+!,(�� ��!$e4<�� Q6� �N�"�%)g��#2B+!7<�'��"!,� � SU � 	� � SU � § �7� � � �R�`K�iAB6'��?5�Da��0�(�B�� �H(�� ��!$e4<��"QC� ��� �%)g��#NB�!7<�'��"!�5 X � ��5G_!j*�!?(8N -P/ � � X � � � � N -P/ � � X ��� ��� � T × � � � A KqL�(�Dc�%�8�"�RGH�,(�B�-1(�(��8��!$e4<��"QC� ���"�%)�� �,�/!?(:(:!?0�(�B�-�)Da0�!7d9'�!7)�#$3Je4<��"Q6�8���"�%)TGHB+!7)m}fS � SU K
Y[Z]\M^I_a` � �
iS�F�:!?!�B+�RGª(:�,�N#NB+!7<�'��"!H�"(:!7�
�]GHB+!7)�} S � SU 56G_!�#$�%)����8<+!?0I-�)T!$[C-��
&��"!�KP¨\!?( A � ¦65h} S ��a�� × 5 } U ��a ¦��65-�)�< } j � a §�¦6K�iHB+!7)fG_!�-������"*%) � 	 S � �+5�� 	 U � �+5 � 	 j � �65\-�)�<s��#NB+!7<�'��"!W(�B�!�� (:!7�
��-�����B��RGH)r� )h¤�� *%'+0�!�9KIn���� )�*,(�B�!�Dc0N!7d9'+!7)�#$3Je4<�� Q6� �N�"�%)b��#NB+!7<�'��"!�5+G_!�*�!?(!N -0/ S � §`a ���65 N -P/ U � ¦`a × �95�-�)�<mN -P/ j � ¬`a ¬�§6KGH�"(�Bs(�B+!�(��8��!$e4<��"QC� ���"�%)s��#2B+!7<�'��"!�5	G_!�*�!?(�N -0/ S�� × a��+5 N -P/ U�� × a��+5�-�)�< N -P/kj � §`a ¬6KT�+� )�#$!�(�B+!(�� ��!$e4<��"Q6�8���"�%)s��#NB+!7<�'��"!�*%�"Q�!7�W� �RG_!?0�!$[6&/!7#$(:!7<ZG.-��"(�� )�*j(�� ��!7��Da��0�!7-�#NB��"(:!7�j5z�"(UDa�%� �"��GH��(�B�-1(�(�B�!�(�� ��!$e<��"QC� ��� �%)=�N#NB+!7<�'��"!UB�-��H-
� �RG_!?0H!$[C&�!7#$(:!7<fG_-�� (�� )+*�(�� ��!UDa��0H-�)93bQ�-�� '�!7����DY(�B+!W<+!7�
-�)�<b&�0�����-1���8� �"(��"!7�S�hS?5�+U�5�-�)�<,� j K

�



B 1 1 111 2 2 233
B

an
dw

id
th

Time
¤�� *%'+0�!W� � iA�8��!$e4<��"QC� ���"�%)=��#2B+!7<�'�� �8)+*

� \�� � u � SU � }fS � jg �
¤+��0�(�B+!,Dc0N!7d9'+!7)�#$3Je4<�� Q6� �N�"�%)j��#NB�!7<�'��"!�5 X ���H5EGH� (�B SU � }=S � jg 5�GI!,*�!?(5N -P/ S � X ���{�B� jU �[S 1I}fS �dS��jU 5 � 1 ×87 × K�¤+��0U�%'+0�(�� ��!$e4<�� Q6� �N�"�%)f��#2B+!7<�'�� !�5 X � � 5	G_!��"!?( � 	 S �v§6K�iHB�� ��*%�"Q�!7�5N -P/ � X � � ��� × 5\�:�N -P/ � X � � � � N -P/ � X ��� �2K]¤���0H(�B+!U��(�B+!?0��"(:!7�
�?5+(�B�!W��'�� ��D�(�B+! }z�`ym��� ��-1(H���%��( SU 5�-�)�<bG_!WB�-RQ�! SU(�B+!U��#2B+!7<�'��"!�(:��;�(_(�B+!7� � )	K]�6�+5CGI!�&�0N�6#$!?!7<j-��.� ) � -��:! × -�)�<=0��%'�)�<T!7-�#NB�� � '�&=(:��(�B+!U)+!$[C(_&���GI!?0���D§[�2KUXZ!���#NB�!7<�'��"!,(�B+!7�:!��"(:!7�
��-��U� ) � -��:! × K������/!?Da��0�!�5kN -P/ � � X � � � � N -P/ � � X ���B��� � T × � � � A K�6�+5�(��8��!$e4<��"QC� ���"�%)=� �.�/!?(:(:!?0H(�B�-�)jDc0N!7d9'+!7)�#$3Je4<�� Q6� �N�"�%)@G�B+!7) SU � }fS � jg K
Y[Z]\M^I_a` �m�
iS�f�:!?!TB��RG (:�h��#NB+!7<�'��"!@�"(:!7�@�UGHB+!7) SU � }fS � jg 5SG_!@#$�%)��N� <+!?0W-�)p!$[C-���&E�"!�KT¨z!?( A � ¦65 }fSH� a � × 5} U � a §�¦65\-�)�< } j � a × �6K�iAB+!7)hGI!�-������"*%) � 	 S � §65�� 	 U � �65 � 	 j � �65\-�)�<h�N#NB+!7<�'��"!W(�B+!��"(:!7�
��-��U��B+��GH)� )w¤Y�"*%'�0�!f�6Kªn���� )+*Z(�B�!gDc0N!7d9'+!7)�#$3Je4<�� Q6� �N�"�%)���#NB+!7<�'��"!�5_GI!g*�!?(�N -P/ S�� × a��J�65 N -P/ U � ¬`a ¬�§65H-�)�<N -P/kj � �`a ¦��6KAGH�"(�Bf(�B+!W(��8��!$e4<��"QC� ���"�%)b��#2B+!7<�'�� !�5�G_!W*�!?(�N -P/ SL� a ��¦65WN -P/ U�� ¦65�-�)�<mN -P/kj � ¦6K�C� )�#$!I(�B+!�(��8��!$e4<��"QC� ���"�%)F��#NB�!7<�'��"!.*%�"Q�!7�P�"��GI!?0]!$[6&/!7#$(:!7<�G.-��"(�� )+*�(�� ��!7�YDa��0P!7-�#NB@�"(:!7�j5J�"(�Da�%� �"�RG��Y(�B�-1(P(�B+!(�� ��!$e4<��"Q6�8���"�%)���#NB�!7<�'��"!AB�-��I-��"��GI!?0I!$[6&/!7#$(:!7<
G.-��"(�� )�*�(�� ��!�Da��0I-�)93�Q�-�� '�!7�P��D/(�B+!H<+!7�
-�)�<�&�0�����-1�E� � �"(��"!7�� S 5�� U 5�-�)�<�� j K
� \�� � � � }fS�� jg �
� �%)��N� <+!?0 (�B�!�(�� ��!$e4<��"Q6�8���"�%) ��#2B+!7<�'�� !�5 X � � 5�GHB�!?0�!�G_! ��0��%-�<�#?-��:( �"(:!7� ×�� (�� �
!7� #$�%)���!7#?'Ce(��"Q�!7�"3 -�)�<�(�B+!7)£�"!7-RQ�! -�)£!7��&�(43��:&/��(?K iAB�� �^B�-��0N -P/ S � X � � � � 0 � jU�� 0 ��S	� K ¤+��0 (�B�!v(�� ��!$e<��"QC� ��� �%) ��#NB+!7<�'��"!�(:� B�-RQ�!�-­�"��GI!?0�N -P/ S (�B�-�) (�B+! Dc0N!7d9'+!7)�#$3Je4<�� Q6� �N�"�%) ��#NB�!7<�'��"!�5 G_!�)+!?!7<0 � jU�� 0 ��S	� � jU 5 � 1 × ��
 � � Uj " 5 �S 2 5 � 1 × 5��:�TGI!��"!?( � �
� Uj " 5 �S 2 5 ��� KAiAB��8�A'��:!7� 00 ��S ��DP(�B+!,��#NB+!7<�'��"!�Da��0
�"(:!7� × KfiAB��8��� � � ������ ���� � ���� ���� � ���� � � � ��S

� ���� � ���� � ��� � � ���� � � ��S
� U 5 �U 5 � � j 2 j 5 � � U 5 �U4���iS 2 5 � � � U 5 �U � }fS7Ks�6�+5YG_!TB�-RQ�!j'��:!7<

�"!7����(�B�-�) }=S���Du(�B+!F�N#NB+!7<�'��"!WDa��0�� (:!7� × K�XZ!,�"!?( ��	� � ��� 
 × �+§ ��
�� ��� ���� � 5�(�B+!,)�!$[6(�Q�-�� '�!F� -10�*�!?0�(�B�-�)h��0!7d6'�-��z(:� �R�P��Du(�B+!,Dc��02� � � 
 × �+§ 3 T T ~ � K_L�DD} 	 S � S
� � � 5�(�B+!7) Q L�
S U } 	� � Q L�
S�S }\��5	�:�T�%'�0���-�)�<+GH� <+(�B0�!7d6'��"0�!7�
!7)J(U� ��0�!7<�'�#$!7<rDc��0U(��8��!$e4<��"QC� ���"�%)\K�XZ!@��#2B+!7<�'��"!��"(:!7�@��§b(�B+0��%'+*%B A -��U�/!?Da��0�!�5z<+�%'���� � )+*T(�B+!��#2B+!7<�'��"!7�W-��W)+!7#$!7���N-10�3�KbXZ!TB�-RQ�! � 	� � § �R� ��
RN -P/ � � X � �{� � N -P/ � � X ���B��Kb�6�+5�(�� ��!$e4<��"Q6�8���"�%)r� ��/!?(:(:!?0A(�B�-�)fDc0�!7d6'+!7)�#$39e4<��"QC� ��� �%)@GHB�!7) }=S�� jg K

�



1Schedule item 1:

1 2Schedule item 2:

1 2 3 1 2Schedule item 3:

1 2 3 1 2Eliminate empty space:
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Schedule item 2: 1 2 1 1 1

Schedule item 3: 1 2 1 1 13

Eliminate empty space: 1 2 3 11 1
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