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

'(�-�����.�/
0���1�.
���23'

�4�,57698;:<8��-=>698;69?A@B6DC*��E

�,5F6G�IHKJDL7MN@0OPEKQR@>576

�S=>:N@BT3UFVIHK?FCXW�EYMZEY=;698��GVI��L78;8
�[EYMZM<6D\Y6	EKQ$�-?7\K:<?76D69=;:<?7\]HK?7C^�R6DJ_57?7EYMZEY\KO

��57:ZEa`�?7:NbY6D=>8;:Z@0O


0?��cHd=;@B:<HKM.�SL7MNeSMZM<fg69?A@

EKQ�@B5763��69h�L7:Z=>6Dfa6D?A@B8�QiEK=�@B5763W�69\K=>696

�XHK8)@B69=�EKQ$'(J9:Z69?FJ96

j O

�[57=>:Z8;@>EYk7576D=���HlOK698

��L7\YL78)@nmpoYoAq



:<:

����
)' ������'(
)'X�����,
0������W

� ���������	��
���
 �����1���������	����������� �!�"���$# �����1�$&�������'(
)�!��'X�,+!���

'(�-�����.�/
0��� �/
���2G'��

j O��[57=;:<8)@BEYk75F69=���HpOY6D8

5SHK8 j 696D?XHKkFk7=>ElbY6DC

QiEY=�@B5F6n' J_57E(EKM/EKQ$�-MZ69J @B=>:ZJpHdMR�-?7\K:<?76D69=;:<?7\]HK?7C��[EYfgk7LF@>69=�'(J9:Z69?FJ96

HK?FC^@>5763��L78;8��[EYM<MZ69\K6GEKQc�-?7\Y:Z?7696D=>:Z?7\ Hd?7CP�R6DJ_57?7EYMZEY\KO

'(5SH���?XW VS�!8)@B6D=>faHK?7?
��8>8;:<8)@_HK?A@��-=>EKQi6D8>8>EK=�EKQ$�[EYfgk7LF@>69=�'(JD:<6D?7J96

# HK=>=;69?�2 V7# =>HlO
�
W�6pHK?

�S=>:N@BT3UFVIHK?FCXW�EYMZEY=;698��GVI��L78;8
�[EYMZM<6D\Y6	EKQ$�-?7\K:<?76D69=;:<?7\]HK?7C^�R6DJ_57?7EYMZEY\KO



:Z:<:

����2	����# �.��W	
G�X������'


 � C M<:��K6�@BEGHKJ���?7E ��M<6DC7\Y6�@>576�HK8;8>:Z8;@BHK?7J96�EKQ.W�=DV-'(5SH���?P��8)@B69=;faHK?7?
�
��57Enk7=;Elb(:ZC76DC fg6

��:N@B5	@B57EYLF\Y5A@>QiL7MY:Z?78;:<\Y5A@>8
�
:Z?A@B6D=>698)@B:Z?7\�J_5SHKMZM<6D?7\Y698

�
HK?FCGH � EY?7CF69=;QiLFM �[EY=���:<?7\�69?Ab :Z=>EY?7fg6D?�@9V


 � EYL7MZC HKMZ8>E*MZ:��d6 @>E�@B57HK?�� fGO Qi=>:Z69?7CF8n:Z? @B576a
0?A@B6D=>?76 @ �[EY=���:<?7\ ��698;6pHK=;J_5 
	=;EYL7k
�
��57E

k7LF@ L7k ��:N@B5 faHK?AO EKQ�fGO ��:<MZC :ZC76pHK8DVX
�@>5SHK?�� ��69MZ:Z8>8BHXQiEK=nk7LF@;@B:Z?7\*L7k ��:Z@>5 fGO M<EY?F\

57EYLF=>89V��SEY=�@>5769:Z=�\Y69?76D=>EYLF8�QiL7?7CF:<?7\
�
��:N@B5FEYLF@ ��57:<J_5�@B57:Z8�=;698>69HK=>J_5 �[EYLFM<C�?7EK@�5SHpbY6 j 696D?

k EY8>8;: j MZ6
�

3@>5SHK?�� ���!' � Hd?7C @B576^'(J_5FE(EYM�HK?7C ��MZ69J @B=;:<J9HKM��-?7\Y:Z?7696D=>:Z?7\ Hd?7C �[EYfgk7LF@B6D=

'(JD:<6D?7J96dV,
�HKMZ8>Eg@B5SHd?��^�XHK=��]QiEY=�:<?A@>=>E C7L7J9:Z?7\ fa6	@BE @>576G
���
 HK?7CP@B576	eS69MZCXEdQcJDEYfgk7LF@B6D=

?76 @ �[EY=���:<?7\FV�
,698;k 6DJ9:<HKM<MNOX@>5SHK?��Pf3O�Q HKfg:ZMZO
�
��8>J9HK=

�
UYHK?76 @

�
�cHd@>8;O

�
HK?7C �[576D=;O MRQiEK=�HKMZM�EKQ

@B5F69:Z=�M<ElbK6!HK?7C 8;L7k7k EY=;@ @B57=;EYL7\Y5 @B576�OK6pHK=;89V$# :N@B57EKLF@,fGOaQ HKfg:ZMZOg@B5F:<8,HdM<M � EYL7MZC ?7EK@�57HlbK6

j 6969?�k EK8>8>: j MZ6KV



W�
)'7�[����W4����
)'^� ��
	�



:Nb

��� � �.� �!� �,�	����������'

�cHK\K6

�/
)'(�4�!� �R� � �.��' VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV b(:

�/
)'(�4�!�"�c
)
	`���� ' V3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV b :<:

mYV 
������,�!W!`��[�,
)�!� V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m

mYV<m ��EK@>:ZbdHd@>:<EY?PQiEY=,�,57:Z8��,57698;:<8"V	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m
mYV�� 
0?A@B69=;?76D@ � EY=�� :Z?7\P��bK69=;b :Z6 � V	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m

�(V ����� VGV3VGV	V3VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �

�(V<m ��J���?7E ��MZ69C7\Yfg6D?�@>8 V3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �

�(V�� �,:<fg6D=>8 V	V3VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �

�(V�� �[EY?7\Y6D8;@>:<EY?*�[EY?A@B=;EYM VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �

�(V�� '(MZE � ' @_Hd=;@ VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �

�(V�� �[EY?7\Y6D8;@>:<EY?���bKEY:<C7HK?7J96 V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �

�(V�� �IHK8;@���6D@>=BHK?78;fg:Z@�HK?7C^�IHK8;@���69JDE bK69=)O V3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �

�(V q ��6D?7E4VGV	V3VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV q
�(V�	 �����1��
(@>69?78;:<EK?78	VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV q

�(V�	FV<m � :<\g# :<?FC7E ��8 V3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV q
�(V�	FV�� ��6 �4��69?FE V3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV 	

�(V�	FV�� ����� ��:N@B5X'(6DM<6DJD@B:NbY6G��J���?7E ��MZ69C7\Yfg6D?�@>8 V	VGV3V3VGV3VGV3V3VGV3VGV o
�(V�	FV�� �SEY= ��Hd=>C^��J���?7E ��M<6DC7\Yfg69?A@>8*VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV mKm

�(V o 'FHd@>69MZM<:N@B6G�-=>E j MZ69fg8 ��:Z@>5*'�@_HK?7C7HK=>CP����� VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m��
�(V oFV<m # :Z?7C7E �4�/:Zfg:Z@BHd@B:ZEY?78 V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m
�
�(V oFV�� �/EY8;8���69JDElbY69=)O V3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m
�

�FV ����'F`�� ��' V	V3VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m
�

�FV<m ������+�69=;8>:ZEY?78��R6D8;@B6DC V3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m
�
�FV�� ��
Fk 69=;:<fg6D?�@BHKMc'(6D@>L7k VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV mlq

�FV��(V<m ��HK=>C ��HK=;6n�-fGL7M H @BEY= V	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV mlq



b

�RHK\Y6

�FV�� W�=>EYk^��
(k 6D=>:Zfg69?A@B8 VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m
	
�FV��FV<m ' :<?7\KM<6GW�=>EYk VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �
�FV��FV�� � � E W�=;EYk78 VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �
�FV��FV�� �SEYLF=�W�=>EYk78 VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �Kq

�FV�� �c:ZM<6	��=BHK?78)Qi69=���
(k 6D=>:Zfa6D?A@B8 V	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �(m
�FV�� ��EY?��)�[EY?7\K698;@>:<EK?X��69M<Hd@B6DCX�/EY8;8 VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�7V �,�!�����.`�'(
)�!��' V3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � 	

�7V<m �[EY?7JDM<L78;:<EK?78 V3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � 	

�7V�� �SL7=;@>5769=���698>69HK=>J_5 V3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �Ko

� 
 � �/
)�	
	�������,� VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �Fm

�������
	���
��

�nV ����# ��� ���-��W � �����%�,
)�X� 'F���!`�������� 
	������� V3V3VGV3VGV3V3VGV3VGV � �

� � '(�������[� VGV	V3VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �



b :

�/
)'(� �!� ��� � �.��'

�RH j MZ6 �cHK\K6

�(VZm ����2 ��
FHKfgk7MZ6 V3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �

�(V�� '(����2 ��
FHKfgk7MZ6GV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m �

�(V�� � ����2 ��
7HdfakFM<6 V3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m��

�FVZm �gW�=>EYk^��
FHKfgk7MZ6 V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � m

�FV�� � W�=>EYk^��
FHKfgk7MZ6 V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � 	

�FV�� �c:ZMZ63��=BHd?78;Qi6D=�'�@_Hd@>:<8)@B:ZJ98PVGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�FV � � :N@��-=>=>EK=,�R6D8;@B8�' @_H @B:Z8;@B:ZJ98 V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �



b(:Z:

�.
)' �4�!� �R
)
3`�����'

�c:Z\YL7=;6 �cHK\K6

�(VZm # :Z?7C7E � '(J9HKMZ6n��kF@>:<EK? VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV q

�(V�� '(MZE � ' @BHK=;@��[EYfgkSHd=>:Z8>EY?78 V3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m �

�FVZm 'FH @B69MZMZ:Z@>6 '(6 @BL7k V3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV mlq

�FV�� ��HK=>C �[HK=;6 '(6 @BL7k V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV m
	

�FV�� ���[��' b(8���Hd=>C �[HK=>63�-fnLFM Hd@>EY=%V	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV mpo

�FV � ��69?7E �_m	C7=>EKk VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � m

�FV�� � ����2 �BmGCF=>EYk VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�FV�� ��69?7E � � C7=>EKk78 VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�FV q ��6 �4��69?7E � � C7=>EKk78 VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�FV�	 '(����2 � �gC7=;EYk78 V3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�FV o � ����2 � �gCF=>EYk78 V3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�FVZm � ��69?7E � �gC7=>EKk78 VGV3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �do

�FVZmYm ��6 �4��69?7E � �gC7=>EKk78 VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�FVZm � '(����2 � � C7=;EYk78 V3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV �(m

�FVZm�� � ����2 � � CF=>EYk78 V3V3VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�FVZm
� ��698)@!�[EYfgkSHd=>:Z8>EY?78 VGV3VGV3V3VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�FVZm � � :N@��-=>=>EK=,�R6D8;@��[EYfgkSHK=>:Z8>EK?78"VGV	V3VGV3VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �

�nVZm �����%�,:Zfg6 '(6Dh�L769?7JD6 
!=BHKkF5���
FHKfgk7MZ6 VGV3V3VGV3VGV3V	VGV3V3VGV3VGV3V3VGV3VGV � �



m

mYV�
������,�!W!`��[�,
)�!�

�,57:<8!@>57698;:<83:<?AbK698;@>:<\YHd@B6D8G@B5F6 k 6D=;QiEY=;f Hd?7J96gEKQ k7=>EKk EY8;69C ���������
	��
���
���������������������������
���������! �����#"
$ ' @B69oAq�%�$ �[EYfao ��%�:Zfgk7MZ69fg69?A@_H @B:ZEY? J_5SHK?F\Y698GE bK69=3M<EK?7\�CF69M<HlO 5F:<\Y5 j HK?FC ��:<C(@B5
8BH @B69MZMZ:Z@>6nMZ:<?���8DV��,57:Z8�@B5F698>:Z8�:Z?AbY6D8;@B:Z\AHd@>698�@>5763k7=>E j M<6Dfa8�EKQ$8)@_HK?FCSHK=>C���69?7E ����� Hd?7C�CF:<8 �

J9LF8>8>6D8�@>576 j 6D?76De7@>8�EdQR@>576	k7=>EYk EY8;69CXJ_57HK?7\Y6D8�:Z?�Ha8>Hd@B6DM<MZ:Z@>6	69?Ab :<=;EY?7fg69?A@pV

mYVZm �^EK@B:NbdHd@B:ZEY? QiEY=,�,57:Z8��,5F698>:Z8


 @!5SHK8 j 696D? 8>57E ��? :<? 2!=;L78>6&$ 2!=>L7o ��%c@>5SHd@!MZEY?7\]C769M<HpO*8BH @B69MZMZ:Z@>6 J_5SHK?7?76DM<8	8;L�'�6D=�k E(EY=
@B5F=>EYL7\K57k7LF@gL78;:<?F\*@B576 ��=BHd?78>fg:Z8>8>:ZEY?��[EY?A@B=;EYM��-=>Ed@BE J9EYM

�
�����RV-��69=)QiEY=>faHK?7JD6 :<8nM<:Zfg:Z@>69C

j O @>576]CF69M<HlO :Z?75769=;69?A@ :Z? \Y6DEY8;O ?7J_57=;EY?7EYLF8 8BHd@>69MZM<:N@B6D8 HK?7C @>576]kF=>E j H j :<MZ:N@0O EKQ j :Z@n69=;=>EY=;8

QiEYL7?FC�:Z? ��:Z=>6DM<6D8>8 8)O(8)@B6Dfa8($ 2!=;LSo ��% V�'(6 bY69=>HKM�J_5SHK?7\Y6D8]5SHpbK6 j 696D?�k7=;EYk EK8>69C @B5SH @ JDEYL7MZC
576DM<k"����� k 69=)QiEY=>faHK?FJ96 ElbY6D= M<EY?F\ C769M<HpO kSHd@>5789V �,576D8>6PJ_5SHK?F\Y698 :Z?7J9MZL7C76 j :Z\ ��:Z?7C7E ��8

HK?7C � ��# '%k7=;EYk EY8>6DC1:<?)$ U � � o �*%
�
'(6DM<6DJD@B:NbY6 ��J�� ?FE ��MZ69CF\Yfg69?A@B8  '(����2+"

�
k7=>EKk EY8;69C1:Z?

$ �*�X�$��o �YH,%
�
��E 6 � 8 Q HK8)@[=;6D@B=>HK?78;fa:N@�fgE C7:NeSJpHd@>:<EK?78-$ ��E 6po ��%

�
HK?7C �XHd@B5F:<8[HK?7CP�XHd57CSHpb : � 8

�SEY= �[HK=;C���J�� ?FE ��MZ69CF\Yfg69?A@B8  �(����2+".$ �*���$��o � j %/$ �X�Xo � j % V

mYV�� 
0?A@>69=>?F6D@ � EY= ��:Z?7\P��bY6D=;b :<6 �

�[EYfgfnL7?7:ZJpH @B:ZEY? k7=;EK@BE J9EKM<83HK=;6aEdQ @B69? �0��132
��254 @BEPk7=;E b :ZC76 HKC7C76DC QiL7?7J @B:ZEY?SHKMZ:N@0OYVa�,576
C76DM<:NbY6D=;OPHK?FC J9EY?A@B=;EYM :<?FQiEK=>faHd@B:ZEY? QiEY= H k7=;EK@BE J9EYM :Z8[J9EK?�@BHK:Z?769CP:Z?PH76 25�3482
� k7M HdJ969C :Z? @B5F6
kSHKJ��d6D@9V � 57:Z\Y576D=GMZ6DbK69M�k7=>Ed@BE J9EYM-:Z8 2
�9�5�
:��
;8�0����254 :Z? @>576 C7Hd@_HPk EK=;@B:ZEY? EKQ,HPMZE � 69=GM<6 bY6DM
k7=;EK@BE J9EYM V � 8>:Z?7\YMZ6 kSHKJ��d6D@gfaHpO JDEY?A@_HK:Z? 8>6 bY69=>HKM,M<HlOK69=;8aEdQ�k7=>EK@>E(JDEYM[:Z?FQiEY=;faHd@B:ZEY?

�
69HKJ_5

k7M<HpO(:Z?7\]Hg=;EYMZ63:Z?P@B576	C76DM<:NbY6D=;O^EKQ�@B576	kSHKJ��d6D@9V



�

�,576 ������2
�.�92
��������� �������
�

��

�
:Z8�@>576nQiL7?7C7HKfg69?A@_HKMck7=>EK@>E(JDEYM/QiEY=�@>576 
0?A@B6D=>?76 @pV	
�� :<8!Hd?

L7?7=;69MZ: H j M<6 HK?7C JDEY?7?76DJD@B:ZEY?7MZ698;8nkSHdJ��K6D@GC76DM<:NbY6D=;O k7=;EK@BE J9EYM V 
�� :<8	L7?7=;69MZ: H j M<6 j 69J9HKL78>6g@B5F6

HK=;=>:NbKHdM�EdQ[@B5F6 CSH @_H^@>E^@>576]CF698;@>:<?7Hd@B:ZEY? :Z8n?FEK@3\YLSHK=>HK?A@B696DC HK?7C J9EY?F?769J @B:ZEY?7MZ698>8 j 6DJpHKL78;6

6pHdJ_5ak7HKJ��K6 @ faHpO3@_H �d6�H�C7: '�6D=>69?A@�kSH @B5 @BE!:N@B8cC7698)@B:Z?SHd@B:ZEY?
�
Hd?7C @B576[kSHKJ��K6 @B8�faHpO HK=;=>:NbY6�:Z?

HK?AOGEY=>C76D=9VR�,576�C76DM<:NbY6D=;O EdQSkSHKJ��d6D@B8-:Z8 j HK8>6DC EY?n
�� HKC7CF=>698;8-HK8;8>:Z\Y?769C @>E!H�5FEY8;@cJ9EYfgk7LF@>69=DV



�

�(V^�����

����� :Z8 H JDEY?7?76DJD@>:<EY?�EY=>:Z69?A@B6DC18>MZ:<CF:<?7\ ��:Z?7C7E � k7=;EK@BE J9EYM,@>5SHd@ :Z8]:Zfgk7MZ69fg69?A@B6DC EK?

@BEKk EdQ�@>576 ������2
�.�92
� ��������������� V ����� k7=>Elb :<CF698aH =>69MZ:<H j MZ6
�
j O @>6P8;@B=;6pHKfg:Z?7\

�
QiL7MZM�C7L7k7MZ6 


J9EK?7?769J @B:ZEY? $ �[EYfao ��% Va����� :Z83JDEY?7?76DJD@>:<EY? EY=>:Z69?A@>69C j 69J9HKL78;6 @ � E�57EK8;@B83fnLF8;@G8>6D@>L7k Hd?7C
698)@_H j M<:Z8>5 H J9EY?F?769J @B:ZEY? j 6DQiEK=>6 HK?AOXCSHd@_H :Z8�@B=>HK?78;fa:N@>@>69C VG��k7kFM<:ZJpHd@>:<EK?78!L78>:Z?7\P����� ��:ZM<M

=>6DJ96D:ZbK6a@>576 CSHd@BH :<? @>576 J9EK=>=>6DJD@	EY=;C769=�HK8!8>6D?�@ j O�@B576 8;69?7C7:Z?7\P57EY8)@pV3� 8>MZ:ZC7:<?F\ ��:Z?7C7E �

k7=;EK@BE J9EYM-kFM HKJD698GHPe 
F6DC 8;:<TD69C ��:Z?7C7E � ElbY6D=nHP8>6Dh�L769?7JD6 EKQ 8>6D\Yfg69?A@B8nHK?7C @B=BHd?78>fg:N@B8 HdM<M

@B5F6^8;69\Yfg6D?�@>8 @B5SHd@gMZ:Z6 :<?78;:<CF6^EdQ�@>576 ��:Z?7C7E � $ �[EKf o �&% V ��HdJ_5 8;69\Yfg69?A@a5SHK8gH 8;69h�L769?FJ96
?�L7f j 69=G@BEX:ZC76D?�@>:ZQ O :N@B83EY=>C76D=n:Z? @>576]8)@B=>69HKfPVP� 8>6D\Yfg69?A@ :Z8GLF?SHKJ���?7E ��M<6DC7\Y6DC :NQ,:N@n5SHd8

j 6969? @>=BHK?78;fg:Z@;@B69C"Hd?7C ?7E HKJ���?7E ��MZ69C7\Kfa6D?A@]5SHd8 j 6D69? =;69J96D:ZbK69C"QiEY=G@>576 8;69\Yfg69?A@9V �,576

8>6D?7C76D=�faHpOn@>=BHK?F8>fg:Z@c@B576 ��:Z?7C7E ��8>:ZT96,:Z? L7?SHKJ���?7E ��MZ69C7\Y6DC]8;69\Yfg69?A@>89V���?7J96�Hd? �8� � �9��� � �
254��&	 2
���

�
����2

�
5SHd8 j 696D? =;69J96D:ZbK69C QiEK=	HP8;69\Yfg6D?�@

�
@>576 ��:<?7CFE � ��:<MZM�HKCFbdHK?7JD6]Hd?7C ?76 �

8>6D\Yfg69?A@B8�JpHK? j 6	@>=BHK?F8>fg:Z@;@B6DC V

�(VZm ��J���?7E ��M<6DC7\Yfg69?A@B8

����2	8�L78;6!@B576!8;69h�L769?FJ963? LFf j 69=>8�@BE =;69k EY=;@,@>576!?76 
(@�:Z? �0EK=>C76D=,8>69\Kfa6D?A@�@>576!=>6DJ96D:ZbK69=

6 
(k 69J @B8�@BEG=>6DJ969:NbY6dV �,5F698>6�8>69h�L76D?7J96!?�L7f j 6D=>8�HK=;6 j HK8>6DC EY? @>576�k EY8>:N@B:ZEY? EdQ @B576�8>6D\Yfg69?A@

:Z? @>576 j O @>6 8)@B=;6pHKfPV 
 Q 8>69\Kfa6D?A@�� :Z8 �(m � j O�@B6983MZEY?7\
�
@>576 ?76 
 @38>6Dh�L769?7JD6]?�L7f j 6D= ��:ZM<M

j 6��	� �(m � V,�SEY=�8>:ZfakFM<:ZJ9:N@0O
�
@>57:Z8�kSHKk 69= ��:ZM<M.=>6 Qi69=�@BEg@B57638>6D\Yfg69?A@!?�L7f j 69=�=BHd@>5769=�@B57HK?

@B5F6^8;69h�L76D?7J96�? LFf j 69=a:<? @B5F6 j O�@B6P8)@B=>69HKfPV"������5SHK8aH J9L7fGL7M<Hd@B:NbY6�HKJ���?7E ��M<6DC7\Yfg69?A@

8>J_5F69fg6 j 6DJpHKLF8>6 6pHdJ_5 ����2 JDElbY69=;8 HKMZM�@>576]:Z? � EY=>C76D=nCSH @_H�=;69JD69:NbY69C�V*
 Q�HK? EYL(@ �0EdQ �0EY=;C769=

8>6D\Yfg69?A@
�
H�8>6D\Yfg69?A@$@>5SHd@�C7E 698c?FEK@�J9EY?A@_Hd:<?n@>576�?76 
 @$6 
(k 6DJD@B6DC 8>6Dh�L769?7JD6,?�L7f j 69=

�
HK=>=;:ZbK698

�

H�CFL7k7MZ:<J9Hd@B6 ����2 ��:<MZM j 6g8>6D?�@n=>6Dk EY=)@B:Z?7\�@>576a8>69h�L76D?7J96]? LFf j 69=n@>576 =;69JD69:NbY69=n6 
(k 6DJD@>69C

@BE =>69JD69:NbY6dV �,57:Z8 :<?FC7:<J9Hd@B6D8]@B57Hd@ H 8>69\Kfa6D?A@ 5SHK8]HK=>=;:ZbK69C j LF@]JpHK?F?7EK@ j 6XLF8>69C j O @B5F6



�

=>6DJ96D:ZbK69=�LF?�@>:<M/@>576	?76 
 @�:<? � EY=>CF69=,8>6D\Yfg69?A@�:Z8�=>6DJ969:NbY6DC V���LF@ �0EKQ � EY=>C76D=�kSHKJ��d6D@>8�HK=;635F69MZC�:Z?

@B5F63=;69JD69:NbY69= � 8 j L�' 69=�L7?A@B:ZM/L78>6DC j L(@�f HpO j 6!C7:Z8>JpHd=>C76DC*:ZQRfg69fgEY=)O :<8�?76D69C76DC V �RH j MZ6 �(VZm

C76DfaEK?78;@>=BHd@>698�5FE � H =>69JD69:NbY6D=�����2!8�:Z?7JDEYfg:<?7\a8>6D\Yfg69?A@B8�L78>:Z?7\a8>6D\Yfg69?A@�?�L7f j 6D=>8DV

�,:<fg6 ' 69\Yfg69?A@ ����2 �[EYfgfg69?A@>8

`�?7:N@ ��69JD69:NbY6DC ' 69?A@

m � �

� � �

� � � W�L7kFM<:ZJpHd@>6	����2

� q � W�L7kFM<:ZJpHd@>6	����2

� � 	

�RH j MZ6 �(VZm������ �[LFfnL7M<Hd@B:NbY6G����2 ��
FHKfgk7M<6
�,57:Z8^e7\YL7=>6 8;57E ��8X����� � 8^J9LFfnL7M<Hd@B:NbY6 HKJ���?7E ��M<6DC7\Yfg69?A@ 8;J_5769fg6dV ��HKJ_5 8;69\Yfg6D?�@^@B5F6
=>6DJ96D:ZbK69=g=>6DJ969:NbY6D8g\Y69?76D=BHd@>698 H�J9L7fGL7M H @B:NbY6 ����2 =>69k EY=)@B:Z?7\X@B5F6 ?76 
 @ :Z? � EY=>C76D=n8;69h�L769?FJ96
?�L7f j 69=�@B5F63=;69JD69:NbY69=�6 
(k 69JD@>8�@>Ea=;69JD69:NbY6

�(V�� �,:Zfg69=;8

����� L78;698 @B5F6 :<?7JDEYfg:<?F\ ����2!8 @>E*JpHKMZJ9LFM Hd@>6 698)@B:Zf H @B69C =>EKL7?7C @B=;:<k @>:<fg6D8�$ �[EYfao �,% V
����� L78>6D8 @>57698;6�=;EYL7?7C"@B=;:<k @B:Zfa6D8a@>E CF69C7L7JD6�@>576 @B:Zfa6^k 69=>:ZE C j 6DQiEY=;6�=;6D@>=BHK?78;fg:Z@;@B:Z?7\

H 8>6D\Yfg69?A@pV 
 QnH 8;69\Yfg6D?�@^5SHd8 ?7EK@ j 696D? =;69JD69:NbY69C ��5769?1@>57:<8 @>:<fg6 k 69=;:<E C169M<HKk78;698
�
H

��2
���������
	��
���
������� � 	 2���; �
�
�c���

�
E(JDJ9L7=;89V��,576�@B:Zfa6DEYLF@.J9HKL78>6D8�@>576�J9EY?F?769J @B:ZEY?3@>E�69?A@B6D=�8;M<E �

8;@BHK=;@ HK?7C @>576]JDEY?7?76DJD@>:<EY? j 69\K:<?78G@B=BHd?78>fg:N@>@B:Z?7\ H @n@B5F6 eS=;8;@ LF?SHKJ���?7E ��M<6DC7\Y6DC 8;69\Yfg69?A@9V

��L7=,bY6D=>8>:ZEY?�EKQ$��6D@ � 'FW LF8>698�H @B:Zfg69= ��:Z@>5*H � � � fa8,\K=BHK?�L7M<HK=>:N@0OYV



�

�(V�� �[EK?7\Y698)@B:ZEY?X�[EY?A@B=>EKM

����� � 8	J9EY?F\Y698)@B:ZEY? J9EY?A@B=;EYM$HdM<\YEK=>:N@B57fg8!\YElbY6D=>? 57E � ����� HpbYEY:ZC783HK?7C =;6pHKJ @B8�@>E J9EY? �

\Y6D8;@B:ZEY? Vc�,57698;6�HKM<\KEY=>:N@B57fg8cHKM<8;E!C7:ZJD@_H @B6 @>576�k 69=)QiEY=>faHK?7JD6�EKQS����� ��5769? MZEY8;8$E(JDJ9L7=;89VR�,576

@ � E^faH � EK=�bdHK=>:<H j MZ698!:Z?AbYEYMNbY6DC :Z? ����� J9EK?7\Y698)@B:ZEY? J9EY?A@>=>EYM-Hd=>6n@>576 ����� � 2��
������� � � � 48���
�

J ��?FC
�
HK?7CX@>576 �
�
��� �
�����
� � 6 ��2�� 6 ���04

�
8;8;@B=;698;5 V�# 5769? 8;6D@;@B:Z?7\ L7k H]?76 � J9EY?7?F69JD@>:<EK?

�
@B5F6

J ��?FC :<8 :<?7:N@B:<HKMZ:<TD69C]@>EnEY?F6 	7���&� 	�;8	 ��2 �&	 2
��� �
����2
�
�*'7'

�
HK?7C @B576�8>8)@B57=;698>5 :Z8[:Z?7:N@B:<HKMZ:<TD69C

@BE � � 2 ��� V �,57698;6 bKHd=>:<H j MZ698	HK=;6nL78;69C @BE JDEY?A@B=;EYM�@>576 HKfgEYLF?�@�EKQ�CSHd@BH]8>6D?�@ j O�@B576nJ9EY? �
\Y6D8;@B:ZEY?*JDEY?A@B=;EYM�HKM<\KEY=>:N@B57fg8

�
8;M<E �48)@_HK=)@

�
J9EY?F\Y698)@B:ZEY? HpbYEY:ZCSHK?FJ96

�
HK?7C^Q HK8;@�=>6DJ9ElbY6D=;OKV�' M<E �

8;@BHK=;@ :Z?7J9=;6pHK8;698]@>576�J ��?7C
�
Q Hd8;@ =>69JDElbY69=)O%HdC � L78;@>8a@>576^J ��?7C%:Z? @>576^6DbY6D?A@ EKQ�M<EY8;8

�
Hd?7C

J9EK?7\Y698)@B:ZEY?*HpbKEY:<C7HK?7J9638>MZE ��MZOP:Z?7JD=>6pHd8>698�@B576	J ��?7C V

�(V � ' M<E �4'�@_HK=)@

'(M<E � 8;@BHK=;@ HKMZMZE ��8 ����� @BE1k7=;E j 6 ?F6D@ � EY= � JDEY?7C7:N@B:ZEY?78 j O 8;M<E ��MNO :Z?7J9=;6pHK8;:<?7\ @B5F6

HKfgEYL7?A@gEKQ�C7Hd@_HX:Z? � 6DJD@B6DC":<?A@BE @>576 ?76 @ �[EY=��IV �,576]8>MZE � 8;@BHK=;@ HKM<\KEY=>:N@B57f L78;698 @B5F6 �������
� 2��
� ����� � � � 48���

�
J ��?7C

�
@>E JDEY?A@B=;EYM[@B5F6��7E � EKQ�CSHd@BHFV �,576 J ��?7C�:Z8 :<?F:Z@>: HKMZ:ZT969C"@BE EY?F6

8>6D\Yfg69?A@
�
L78;LSHKMZMZO �(m � j O�@B6D89V '(MZE � 8)@_HK=)@ � 8 k7=;:<?7JD:<kFM<6 :Z8 8>:Zfgk7MZ6

�
QiEY=n6 bY6D=;O HdJ�� ?FE ��MZ69CF\ �

fg69?A@!=;69J96D:ZbK69C
�
HdC7C*EY?76n8>69\Kfa6D?A@�@BE]@>576nJ ��?7C V��,5F6n8>6D?7C76D=!JpHK?*8;69?7C*@>576nfg:Z?7:ZfnL7f EKQ

@B5F6�JDEY?7\Y6D8;@B:ZEY? ��:<?FC7E � EY=-8>8)@B57=;698>5�V[' 8;@B5F=>698;5]:Z8 :Z?7:N@B:<HKMZ:<TD69C @>E!@B576�=>6DJ96D:ZbK69= � 8,HKC(bY69=)@B:Z8>:Z?7\

��:Z?7C7E �	V # 5769? @>576 J ��?FC :Z8 \Y=;6pHd@>69=3@B5SHK? EK=n69h�LSHdM @BEX8>8;@>=>6D8>5 @B576]J9EY?7?F69JD@>:<EK? 6D?A@B69=;8

@B5F6 J9EY?F\Y698)@B:ZEY? HpbYEY:ZCSHK?FJ96 k75SHd8>6KV�
 Q,@B576 JpHKk7HKJ9:N@0O EdQ�@B576 M<:Z?�� :<8G=>69HKJ_5769C j 6DQiEK=>6]J ��?7C

:Z8�\Y=>69Hd@B6D=�@>5SHK?*8;8;@>57=>6D8>5
�
Ha\AHd@>6 �[HlO ��:ZM<M�8>:Z\Y?SHKM�J9EK?7\Y698)@B:ZEY? j O�C7=>EYkFk7:<?F\ 8>6D\Yfg69?A@B8!Hd?7C

����� ��:ZM<M.69?A@>69=,@B576!Q HK8)@�=>6D@>=BHK?F8>fg:Z@�k757HK8>6GHdQ @B6D=�@B57=;696	C7L7kFM<:ZJpHd@>6G����2!8DV

�(V�� �[EK?7\Y698)@B:ZEY?^��bYEK:<CSHd?7J96

� j EK@;@BMZ69?76DJ��^MZ:Z?�� JpHK?�E(JDJ9L7= ��576D?*HgM Hd=>\Y63k7:Zk 6	J9EK?7?769J @B8�@BE Ha8;f HdM<M.k7:Zk 6dV,�[EY?F\Y698 �

@B:ZEY? E J9JDL7=>8 ��5769? @>576 bKEYMZL7fg6 EKQ,:Z?7J9EKfa:Z?7\*8;69\Yfg6D?�@>8 6 
(J96D69C78 @>576 j L�'�6D=n8;kSHKJ96]EKQ�@B5F6
	�
���
���
�����������
������ �!��
���
����"���#��
�$%��
&� '(�)��
���
*���"����+-,/.10�
�$/��
�����23�)��
*��
*��������+�,%.405'(�6� 27
���
���
��"���

+�,%.40#8���9:��
��;���



�

\AHd@>6 �[HpOYV,�,576G\AHd@B6 ��HpO ��:ZM<M.J9EK?�@>:<?�L763@BE C7=>EYk^8>6D\Yfg69?A@B8�L7?A@B:ZM j L '�6D=�8;kSHKJ96G:<8�HpbdHK:<M<H j MZ6KV
�,576D8>63C7=>EYkFk 6DC^8;69\Yfg6D?�@>8�8;:<\K?SHKM JDEY?7\Y6D8;@B:ZEY?P@BE @>576	������J9EY?F?769J @B:ZEY?^@>57=>EKL7\Y5 C7L7kFM<:ZJpHd@>6

����2!8 EK=�H ��2
� �������
	��
���
����� � � 	 2���; � Vc# 576D?]J9EK?7\Y698)@B:ZEY?aE(JDJ9L7=;8
�
@B576�JDEY?7?76DJD@B:ZEY?ak 6D=;QiEY=;fg8

=>6DJ9ElbY6D=;O^@B576D?X6D?�@>69=;8�JDEY?7\Y6D8;@B:ZEY?XHlbKEY:ZCSHK?7JD6KV�
 Q$Ha=;6D@B=>HK?78;fa:Z8>8;:<EK?X@B:Zfg69EYLF@�E J9JDL7=>8
�
J ��?7C

:Z8�8;6D@�@BEgEY?76G�*'F' V7# 5769? ���������
	�	
��������	�� @B5F638;M<E � 8)@_HK=)@�k75SHK8;636D?7C78�HK?7C^J9EY?F\Y698)@B:ZEY?

HpbYEY:ZCSHK?FJ96G@BH �K6D8�J9EY?A@B=;EYM V[�[EK?7\Y698)@B:ZEY?*HpbKEY:<C7HK?7J96GHKCFbdHK?FJ9698�J ��?FC j O

8;69\Yfg69?A@�8>:ZT96��
8;69\Yfg6D?�@�8>:ZT96
J ��?7C

# 57:ZM<6g:Z? @B576 JDEY?7\Y6D8;@B:ZEY? HpbYEY:ZCSHK?FJ96gk75SHK8;6
�
@B5F6 J ��?7C ��:<MZM$?76 bY6D= j 6 :Z?7J9=;69fg69?A@B6DC fgEY=;6

@B57HK?*EY?76G8>6D\Yfg69?A@!k 69= ����;8� 4 � �.� : � � 	 2
�
�c�,�

�
:NQ�HKMZM/@B576G8>69\Kfa6D?A@B8!:Z?X@B576 ��:<?FC7E � 57HlbK6

j 6969? HKJ���?7E ��MZ69C7\Y6DC $ �[EYfao �3% V �,57:<8g:Z8gH M<:Z?76pHd= \Y=>E �,@B5"=>Hd@B6 JDEYfgkSHK=;69C"@BE 8>MZE � 8)@_HK=)@ � 8
6 
(k EY?76D?�@>: HdM�\K=>E �,@B5^=BHd@>6KV

�(V�� �IHK8)@���6 @B=>HK?78>fg:N@�HK?7C�� Hd8;@���69J9ElbK69=;O

�%=>6 @B=BHd?78>fg:Z8>8>:ZEY?a@B:Zfa6DEYLF@>8�CF6D@B6DJD@>8 H�MZEY8)@�8>69\Kfa6D?A@ :Z?g�����RVY# 576D?aH�@B:Zfa6DEYLF@�E J9J9LF=>8
�

����� ��:ZM<M!C7=;EYk j HKJ��%:Z?A@BE @B5F6 8;M<E � 8;@_Hd=;@Pk75SHd8>6 HK?7C =>6 @B=>HK?78>fg:N@�HK?AO1M<EK8;@P8>6D\Yfg69?A@B8DV

�,57:Z8XfaHpO JpHKLF8>6 @>576 L7?7?76DJ9698;8BHK=)O =;6D@>=BHK?78;fg:<8;8>:ZEY? EKQn=>69JD69:NbY6DC EYLF@ � EKQ �0EK=>C76D= 8>69\Kfa6D?A@B8

j 69:Z?7\g5769MZC�:Z? @B576!=;69JD69:NbY69= � 8 j L�' 69=DV UYHKJ9E j 8>EY? $ UYHKJ9o � %/k7=;EYk EY8>6DC�HnQ Hd8;@�=>6 @B=>HK?78>fg:N@�k75SHK8;6
@BE HpbYEK:<C @B5F6 M<EY?F\ ��HK:N@ @BE =;6D@>=BHK?78;fg:Z@ HK8;8>E J9:<Hd@B6DC ��:N@B5 @>576 =>6 @B=BHd?78>fg:N@ @B:Zfa6D=gHK?7C @B5F6

=>6 @BL7=;?*@BE 8;M<E � 8;@BHK=;@9V!�IHK8;@�=>6D@>=BHK?F8>fg:Z@	E J9JDL7=>8 ��5769?*@>57=>6D6 C7L7k7MZ:<J9Hd@B6n����2	8�@>=>:Z\Y\Y6D=�@B5F6

=>6 @B=>HK?78>fg:Z8>8;:<EY? EKQ H�M<EK8;@�8>6D\Yfg69?A@pV��IHK8)@-=>6 @B=>HK?78>fg:N@ �[EK= ��8�L7?7C76D=$@B576,k7=;:<?FJ9:Zk7M<6,@>5SHd@-fgEY8)@

EYLF@ �0EKQ � EY=>CF69=	8>6D\Yfg69?A@B8 ��:<MZM[Hdk7k 69HK=3HdQ @B6D=	EY?76aEY=!@ �[E*8;69\Yfg6D?�@>89V ��Q @B69=	@B5F=>696aC7L7kFM<:ZJpHd@>6

����2!8
�
:Z@]:<8 8>HdQi6X@>E HK8>8;L7fg6*@B576X8>69\Kfa6D?A@P5SHK8 j 696D? MZEY8)@pV 
 Q	@B5F6*8>6D?7C769= :Z8 =;69J96D:Zb :Z?7\

C7L7kFM<:ZJpHd@>6 ����2!8
�
@>5769?1C7Hd@_H :Z8 \Y6 @>@B:Z?7\ @>57=>EYLF\Y5%@B576X?76D@ � EY= �%HK?7C%=;6D@BLF=>?7:Z?7\ @BE 8;M<E �

8;@BHK=;@	:Z8!L7?7?F69J96D8>8>HK=;O 8;EPQ Hd8;@	=>6DJ9ElbY6D=;O :Z8	k 6D=;QiEY=;fg69C VG��Q @B6D=�@B5F=>696gC7LFk7M<:ZJpH @B6 ����2!8
�
@B5F6

8>6D?7C76D= ��:<MZM 8>6D@c8>8)@B57=;698>5 @>E�EY?F6 5SHdMZQSEdQ7@B576�J ��?FC =>EYLF?7C769CnC7E ��?n@BE�J9MZEY8>6D8;@-fGL7MZ@>:<kFM<6 EKQ7@B5F6

faH 
(:<fGL7f 8;69\Yfg6D?�@�8>:ZT96  �*'7' "BVI� ��?7C :Z8�8>6 @�6Dh L7HKM @>E 8>8)@B57=;698>5 kFM<L78 @B57=;696	�*'F'  EY?F6�5SHKMNQ
@B5F6�J ��?7C kFM<L78�@B5F6�@>57=>6D6�=;69JD69:NbY69C]8>69\Kfa6D?A@B8�@B5SHd@�5SHpbK6�MZ6DQ @�@B5F6�?F6D@ � EY= ��"_V-�,5F6�J ��?7C ��:ZM<M
j 6[L7k CSHd@>6 j O3EY?76,�X'7'3QiEY=�6pHKJ_5gHdC7C7:N@B:ZEY?SHKM C7L7k7MZ:ZJpHd@>6[����2%@B5SH @$:Z8c=>6DJ96D:ZbK69C V-
 Q7@>576[J ��?7C



q

HKMZM<E ��8
�
@B5F6a8;69?7CF69=	@B=BHd?78>fg:N@B8GH^?76 � 8>6D\Yfg69?A@G:<?A@BEP@B5F6 ?76 @ �[EK= �IV]�,576D8>6a?76 � 8>69\Kfa6D?A@B8

��:ZM<M�@>=>:Z\Y\Y69= HKC7C7:N@B:ZEY?SHKM[����2	8 ��57:ZJ_5�faHpO HdM<MZE � QiEY=gHd?7EK@B5F69=nQ HK8)@g=>6 @B=BHd?78>fg:N@ kF5SHK8>6P:NQ

HKC7CF:Z@>:<EY?7HKMR8;69\Yfg6D?�@>8�5SHpbY6 j 6D69?*MZEY8;@9V,# 5769? Ha?76 �4kF:<6DJ96 EKQ$CSHd@_Ha:<8�HKJ���?7E ��M<6DC7\Y6DC
�
@B5F6

J9EK?7\Y698)@B:ZEY? ��:Z?7C7E � :Z8]8>6 @]6Dh�LSHKM�@BE 8>8;@>=>6D8>5 V �,576�8>69?FC769=a@B576D?�69?A@>69=>8a@B576�J9EY?F\Y698)@B:ZEY?

HpbYEY:ZCSHK?FJ96nkF5SHK8>6dV

�(V q ��69?FE

����� ��6D?7E":<8P@B576 j Hd8>6 ����� QiEY= EYL7=P6 
Fk 69=;:<fg6D?�@>89V ��6D?7E :Z8PC76De7?769C HK8^H"�����

J9EK?�@BHK:Z?7:<?F\ @B576�HKMZ\YEY=;:Z@>57fg8]EYLF@>M<:Z?76DC�:Z?%���R� � � � m $ ' @>6poAq�% V%�,576D8>6 HdM<\YEK=>:N@B57fg8a:<?7JDM<LFC76
8>MZE � 8;@BHK=;@

�
Q HK8;@�=;6D@>=BHK?78;fg:Z@

�
Q Hd8;@�=>6DJ9ElbY6D=;O

�
HK?FC�JDEY?7\Y6D8;@B:ZEY?�HpbYEY:ZCSHK?7JD6KV

�(V�	 ������� 
 @>69?78;:<EY?F8

�(V�	FVZm � :Z\ # :<?FC7E ��8

�,576!faH 
(:<fGL7f ��:Z?7C7E � 8;:<TD6�QiEY=�8)@_HK?7C7HK=>CP��69?7Eg����� :<8 � � � � � j O�@B6D89V�� J9EK?7?769J @B:ZEY?

fnLF8;@-L78;6[@B5F6 ��:Z?7C7E � 8>JpHdM<6�EKkF@B:ZEY? C76 eS?76DC :<? ������m�� � ��$ U � � o �*%�@BE�:<?7JD=>69HK8>6[@>576 ��:Z?7C7E �
8>:ZT96aH j ElbY6 � � � � �(V!�,5F6 ��:<?FC7E � 8>J9HKMZ6 EYkF@B:ZEY?*:Z8	H @>57=>6D6 j O�@>6 EYkF@B:ZEY?*@>5SHd@�faHpO j 6 8;69?A@

:Z?^@>576G'��	� 8>6D\Yfg69?A@pV

3 3 scale factor

Kind Length shift.cnt

8 8 8

�c:Z\YL7=;6 � V<m�# :Z?7C7E � '(JpHKMZ6n�!k(@B:ZEY?
�c:Z\YL7=;638;57E ��:<?F\ @B5F63M<HpOYEYL(@�EdQR@>576 ��:<?7CFE � 8>JpHdM<63EYkF@>:<EY?�V

�,576 ��:Z?7C7E ��8�8>J9HKMZ6 EYkF@>:<EY?X8>69=)bY6D8	H C7LSHdMRk7LF=>k EY8>6
�
:N@�8>:Z\Y?SHdM<8�@>5SHd@������ :Z8�=;6pHKC(O�@>E

j EK@B5 8;69?7C HK?7C =;69J96D:ZbK6 ��:Z?7C7E � 8>JpHdM<:Z?7\
�
HK?7C]JDEYfgfnL7?F:<J9Hd@B6D8�@B576�8>JpHdM<6�Q HKJD@>EY=�@>E HKkFk7MZOg@>E



	

@B5F6 ��:Z?7C7E �	V��,576n8>JpHdM<63Q HKJD@>EY=�:Z8�MZEY\AHK=;:Z@>57fg:<J9HKMZMZO^69?FJ9E C769C Hd8�HK?*:Z?A@B6D\Y69=�k E � 69=�EKQc@ �[E7V

� k E � 69=�EKQ�@ � E 8>J9HKMZ:<?7\3Q HKJD@>EY=�HKMZM<E ��8�@B576�8>J9HKM<:Z?7\3@BE j 6�6pHK8;:<MNOa:<fgk7MZ69fg6D?�@>69C ��:N@B5 j :<?7HK=;O

8>5F:ZQ @�EYk 69=>Hd@BEY=;89V � EK@>5P8>:ZC7698�fnL78)@�8;69?7CP@B5F6 ��:Z?7C7E � 8;JpHKMZ6	EYkF@>:<EY?PQiEY= ��:Z?7C7E � 8;JpHKMZ:<?F\a@>E

j 636D?SH j MZ69C�V


0? EY=>CF69=G@>E*k7=;698>6D=;bK6 @B576 :<?A@B6D\Y=>:N@0O EdQ,?76 � 8;69\Yfg69?A@>8 EY? @B5F6]?76 @ �[EY=��
�
@>576 ��:Z?7C7E �

8>J9HKMZ6�EYk(@B:ZEY? fGL78;@ ?7EK@a6 
FJD696DC � ���  8;57:NQ @pV J9?A@�� m
� "BV � CSH @_H 8>69\Kfa6D?A@]:Z8 JDEY?78;:<C76D=>6DC�EYMZC
:NQ�@B576^8>6D\Yfg69?A@ :Z8a?7EK@ ��:Z@>57:<? � � � j O�@B6D8]EKQ�@B576^MZ6DQ @ ��:<?7CFE � 6DC7\Y6&$ U � � o �,% V ��?AO CSHd@BH
J9EK?78>:ZC769=;69C*EKM<C�:<8�C7:Z8>J9HK=>C76DC j O @B576	=;69J96D:ZbK69=DV�'(:<?FJ96	@B576	faH 
(:<fGL7f HKMZM<E �[H j MZ6 ��:Z?7C7E �4:Z8

� ���
�
8;@BHK?7CSHd=>C ����� ��:Z?7C7E � � � � � ��� � ���	� m � faH 
P8;JpHKMZ6	8>:ZT96
� � ���

�
@>57:Z8nHKMZMZE ��8GH m


 � ��:Z?7C7E �	V

�(V�	FV�� ��6 � ��69?FE

��6 ����69?7E :Z8!H k7=;EYk EK8BHKM�Qi=>EYf ��E 63$ ��E 6po �,%c@>5SHd@!=;69h�L7:Z=>698!EK?7MZOX8>6D?7C769=!8;:<CF6 J_5SHK?7\Y6D8
��57:ZJ_5]HdM<MZE ��8$����� @>E�=>6DJ9ElbY6D=$Qi=>EYf4fnLFMZ@>:<k7MZ6�M<EK8>8>6D8-:<? H ��:<?7CFE � EKQICSH @_HFVc��L7=-��6 � ��6D?7E

:ZfakFM<6Dfa6D?A@_Hd@>:<EY? :Z8 j HK8>6DC EY?a@B576�:<fgk7MZ69fg6D?�@BHd@B:ZEY? kF=>698;69?A@B6DC :<?a@B576�� � �X?78 8>:ZfnL7M<Hd@BEK= :Z?

�IHKMZM.HK?7C^�cMZE O C $ �$�$o �,% V
��Q @B6D= @B57=;696PC7L7k7MZ:ZJpHd@>6X����2!8

�
����� k 6D=;QiEY=;fa8a8;@BHK?7CSHd=>C"Q HK8;@a=>6 @B=>HK?78>fg:N@

�
��:Z@>5 @B5F6

57:Z\Y576D8;@�L7?SHKJ���?7E ��MZ69C7\Y6DC*8>6D\Yfg69?A@�=>69JDEY=>CF69CX:Z? �
� 4 6 � � 6 V-��Q @B6D=�@B576	8;69\Yfg69?A@�:<8�=;6D@B=>HK?78 �
fg:Z@;@B6DC

�
@B576 JDEY?7?76DJD@>:<EY? C7E 698�?FEK@!6 
(:N@!Q HK8;@�=>6D@>=BHK?F8>fg:Z@9Vn�,576 J ��?7C :<8!:Z?7JD=>6pHd8>69C j O*EY?F6

faH 
(:<fGL7f 8>6D\Yfg69?A@a8>:ZT96 QiEY=n6pHKJ_5 C7L7k7MZ:ZJpHd@>6 ����2 =>6DJ96D:ZbK69C V 
 Q�@B5F6 J ��?7C 6 
(J96D69C78g@B5F6

HKfgEYL7?A@aEKQ�CSHd@BH MZ6DQ @a:Z? @>576 ?76 @ �[EY=��
�
?76 � 8>69\Kfa6D?A@B8 HK=>6 8;69?A@pV � kSHK=)@B:<HKM�����2 :Z8 Hd?

����2 @B5SH @�C7E 698�?7EK@�J9ElbY6D=�HKMZM/@B576G8>6D\Yfg69?A@B8�@>57=>EKL7\Y5 �
� 4 6 � � 6 V�
 Q-H kSHK=)@B:<HKM.����2 :<8�=>6 �
J96D:ZbK69C

�
@B5F6!8>69?FC769=�HK8>8;L7fg698�@B5SH @,8>6D\Yfg69?A@�:Z8�M<EK8;@�HK?7CP=;6D@B=>HK?78;fa:N@B8,@>576	8>69\Kfa6D?A@�JDElbY69=;69C

j O @B5F6,kSHK=;@>: HdMF����2 VA�,57:Z8-:<8-=;69k 6pHd@>69CaL7?A@B:ZMF@B576�Q Hd8;@�=>6 @B=>HK?78>fg:N@�k75SHK8;6�6 
(:Z@>8
�
@B5F6,����2 :Z8

\Y=;6pHd@>69=[@>5SHK? EY= 69h�LSHKM @BE �
� 4 6 � � 6
�
EY=�Hn=;6D@>=BHK?78;fg:<8;8>:ZEY?^@>:<fg6DEYLF@,E J9JDL7=>8DV$# 5769? @B5F6�Q HK8)@

=>6 @B=>HK?78>fg:N@�k75SHK8;6,69?7C78
�
@B576,:Z? �IHd@>69CgJ ��?FC :Z8-8>6 @-@BE!8>8)@B57=;698;5]HK?FCa����� 69?A@B6D=>8�J9EY?F\Y698)@B:ZEY?

HpbYEY:ZCSHK?FJ96KVg�,57:Z8	8>J_576Dfg6]\YLSHd=BHK?A@B6D698	=>6DJ9ElbY6D=;O EKQ[Hd@	MZ6pHK8)@3EY?76 8>6D\Yfg69?A@Gk 6D=!=>EYL7?FC @>=>:Zk

@B:Zfg6KV



o

�(V�	FV�� ����� ��:N@B5*'(69MZ69J @B:NbY6G��J���?7E ��M<6DC7\Yfg69?A@>8

����� ��:N@B5 '(69MZ69J @B:NbY6,��J���?7E ��MZ69C7\Kfa6D?A@B8  '(����2+"
�
8>k 69JD:Ze769C :Z? ����� � � m�	�$ �*�X�$��o �YH�%

�

:Z8 C76D8>:Z\Y?76DC]@BE3k7=>Elb :ZC76�:Z?FQiEY=;f H @B:ZEY?]H j EYL(@�@>576�M<EY8;8 EdQ fnLFMZ@>:<k7MZ6�8;69\Yfg6D?�@>8[:Z? H ��:<?FC7E � EKQ

CSHd@BHFV$�,576�CSHd@BH3=;69JD69:NbY69= L78>6D8�@>576�'(����2 EYkF@>:<EK?a@>EG:Z?FQiEY=;f�@B576�8;69?7C76D=[EKQ�HKMZMS8>L7JDJ96D8>8;QiLFM<MNO

=>6DJ96D:ZbK69C 8>6D\Yfg69?A@B83@B5SH @	5SHpbY6]?FEK@ j 6D69? J9L7fGL7M H @B:NbY69MNO HKJ���?7E ��M<6DC7\Y69C�V �,576a8>69?FC769=3L78>6D8

@B5F6n' ����2	6DCX:Z?FQiEY=;f H @B:ZEY?^@>Eg=>6D@>=BHK?F8>fg:Z@�EY?7MNO @>576	8>69\Kfa6D?A@B8�@B5SHd@ � 69=;6GMZEY8;@9V

�,576�8>69?FC769=�HK?7C!@>576-=>6DJ969:NbY6D=RfGL78;@�=;L7?3HK?	:<fgk7MZ69fg69?A@BHd@B:ZEY?3EKQF����� ��:Z@>5n' ����2 @BE,L78;6

@B5F6�'(����2 EYkF@B:ZEY? V$'(����2 J9EYfgkSHd@>: j :<MZ:Z@0OG:Z8cbY6D=>:NeS69Cg:Z? ����� � 8$@>57=>6D6 ��HpOG5SHK?7CF8>5SH �d6 ��:Z@>5

@B5F6	'FHKJ�� ����69=;fa:N@>@>69CPEYkF@>:<EK? V$�,576	'(HKJ�� ���R6D=>fg:N@>@B6DCPEYkF@B:ZEY? faHK:Z?A@_HK:Z?78 J9EYfgkSHd@>: j :<MZ:Z@0O ��:Z@>5

EYMZC769=.bY6D=>8;:<EY?F8cEKQ(�����RV ����� ��:Z@>5 ' ����2%8>69?FC78R@>576 'FHKJ�� ����69=>fg:N@>@>69C :Z?3@>576 '��	�"8>6D\Yfg69?A@

Hd@�@B5F6�:Z?7:N@B:<HKMZ:<T9Hd@B:ZEY?aEKQ H	J9EK?7?769J @B:ZEY? V-�,576�=>6DJ96D:ZbK69=�fnL78)@�HK?F8 � 69= ��:Z@>5 H3'FHKJ�� ����69=;fa:N@>@>69C

EYkF@>:<EK?%:<? @B576XHK?78 � 69=;:<?F\ '��	� EKQ�@B5F6^@>57=>6D6 ��HpO 5SHK?FC78>5SH �K6KV 
 Q�@B576*'FHKJ�� ����69=;fa:N@>@>69C

EYkF@>:<EK?^:Z8�?7EK@,QiEYLF?7CP:<? @B5F6GHd?78 � 69=;:<?7\]'��!�
�
@B5F63'(����2�EYkF@>:<EK? ��:ZMZM/?7EK@ j 6!L78>6DC�C7LF=>:Z?7\

@B5F6 J9EY?7?F69JD@>:<EK? VG
 Q�@>576gHK?78 �[6D=>:Z?7\�'��	� 8;69\Yfg69?A@	JDEY?A@_HK:Z?78!@B576 'FHKJ�� ����69=>fg:N@>@>69C EYkF@B:ZEY?
�

@B5F69? j EK@>5^JDEY?7?76DJD@>:<EY?F8�HK=;63H j MZ6	@>Eg8>69?FC '(����2�EKkF@B:ZEY?78�EY?P@B5SH @�J9EY?7?F69JD@>:<EK? V

�,576P'(����2 EYkF@B:ZEY? :Z8 8>6D?A@ j O H*CSHd@BHX=>6DJ96D:ZbK69= @BE*:Z?FQiEY=;f @>576 CSH @_HX8;69?7C76D=gEKQ�?7EY? �

J9EK?�@>:<\KL7EYL78 j MZE J�� 8-EdQICSHd@_H�@>5SHd@c5SHpbY6 j 6969?gh�L76DL769Cg:Z? @B576�=;69JD69:NbY69= � 8�=;69J96D:ZbK6 j L�' 69= ��:N@B57:Z?
@B5F6 ��:<?FC7E �	V��,5F63'(����2 EKkF@B:ZEY? 8;57EYL7MZC j 6�:<?7JDM<LFC769CP:Z?PHKM<M ����2!8�@B5SH @�C7E ?FEK@,HKJ���?7E ��M �

69CF\Y6�@>576X57:Z\Y576D8;@ 8;69h�L76D?7J96 ?�L7f j 6D= =>6DJ969:NbY6DC j O @>576�=;69JD69:NbY69=DV � '(����2 j M<E J��"fnL78)@

:Z?7J9MZL7C76a@B576gfgEY8;@G=>6DJ96D?�@>MZO =;69J96D:ZbK69C C7Hd@_HP:<? @B5F6aeS=;8;@n'(����2 j MZE J�� V �,576]'(����2 j MZE(J��

CSHd@BHGHdM<MZE ��8�@>576�8>69?FC769=�@BE	=>6 @B=>HK?78>fg:N@[EK?7MZOn@B576�MZEY8;@�8>6D\Yfg69?A@B8 :<?g@B5F6�Q Hd8;@�=>6 @B=BHd?78>fg:N@[Hd?7C

Q HK8)@	=>69JDElbY69=)O k75SHK8;6983EKQ������RV/�,576g����� 5F6pHKC76D=	:<8!MZ:<fg:N@B6DC @>E � � j O�@>698
�
C76Dk 6D?7C7:Z?7\XEK?

@B5F63?�L7f j 6D=�EdQ$������EYk(@B:ZEY?78�EY?76
�
@ �[E

�
EY=�@>57=>6D6G'(����2 j MZE(J���8�faHlO eF@�:<?�Ha8;69\Yfg6D?�@9V

�(V�	FV��FV<m ��6D@>=BHK?78;fg:<8;8>:ZEY? ' @>=BHd@>69\KO

�,576,M<:Z8;@>:<?F\!EKQ =>69JD69:NbY6DC EYL(@B8;@BHK?7C7:Z?7\!CSH @_H�\AHd@>5769=;69C Qi=;EYf @>576�=;69J96D:ZbK69= � 8 '(����2 j M<E J���8

:Z8-8;@BEK=>69C :Z? @B5F6 ��������2 � � ����4 CSH @_H�8)@B=>LFJD@BLF=>6KV-�,5F6�8>6D?7C769=�J9HK? L78>6�@>576 ��������2 � � ����4 @BE�MZE JpHd@>6
8>6D\Yfg69?A@B8�@B5SH @�57HlbK6 j 6D69?XMZEY8)@�Hd?7CP?7696DC�@BE j 6	=>6D@>=BHK?F8>fg:Z@;@B6DC V



m �

��=>:Z\Y\Y6D=>:Z?7\ ����2 �c:<=;8;@ � MZE(J�� �d?7C � MZE(J�� �K=>C � MZE(J��

' 69\Yfg69?A@ �/6DQ @ ��:<\K5�@ �/6DQ @ �/:Z\Y5A@ �/6 Q @ ��:Z\Y5A@

�-C7\Y6 �-C7\Y6 �-C7\Y6 �-C7\K6 �-C7\K6 �-C7\Y6

� � � � � � � �

� � � �  M<EK8;@ "
� � � � � � � � � � � � � � � �

� � � �  M<EK8;@ "
� � � � � � � � � � � � � � � � � � � � � � � �

� � � �  M<EK8;@ "
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � � �  M<EK8;@ "

�RH j MZ6 �(V�� ' ����2 � 
FHKfgk7MZ6
��
FHKfgk7M<6GEKQ�@B576G'(����2 j M<E J�� :<?(QiEY=>faHd@>:<EY?P8;69?A@ ��5F69?^fnL7MN@B:Zk7MZ6G8;69\Yfg69?A@>8�HK=;63MZEY8)@pV

��=>6 @B=>HK?78>fg:Z8>8;:<EY? 8)@B=>Hd@B6D\KO^L78>:Z?7\^'(����2 :Z?FQiEY=>faHd@>:<EK?*:<8�EYLF@>M<:Z?769CX:<? �IHKMZM�HK?7C �RM<ElO C

$ �$�$o �*% V��,57:Z8�?76 � 8;@B=>Hd@B6D\KOP:Z8�C76D8>:Z\Y?769C*@>E]8;EYMZbK6n@B5F6Gk 69=)QiEY=>faHK?7JD6nk7=;E j MZ69fg8!HK8;8>E J9:<Hd@B6DC
��:N@B5 fGL7MN@B:Zk7M<6aMZEY8>8;6983:<? H ��:<?7CFE � EKQ[C7Hd@_HFV 
 Q[H J9EY?F?769J @B:ZEY? 5SHd8GH 8;:<?7\KM<6a8>6D\Yfg69?A@nMZEY8;8

6DbK69?A@
�
@>5769? 8;@_Hd?7CSHK=;C ��69?7E =>6DJ9ElbY6D=;O HKMZ\YEY=;:Z@>57fg8�Hd=>6 L78>6DC V ��E �[6 bY6D=

�
:ZQn����� ��:Z@>5

'(����2 8>L�' 69=;8�HafnL7MN@B:Zk7MZ6 8>6D\Yfg69?A@!C7=;EYkX:Z?*Ha8>:Z?7\YMZ6 ��:<?FC7E �4EKQ-CSHd@BH
�
@B576G?76 �4=;69JDE bK69=)O

8>J_5F69fg6 :Z8PL78>6DC @>5SHd@ LF8>698 @>576 '(����2!69C :<?(QiEY=>faHd@>:<EY? faHK:Z?A@_HK:Z?769C :Z? @>576 8>JDEY=>6 j EYHK=>C V

�,57638>6D?7C769= ��:ZM<M.?7EK@�6 
(:Z@�@B5F6�� ���
� ��2�������2
�.1 : 6 ����2 LF?�@>:<M�HK?^HKJ���?7E ��MZ69C7\Kfa6D?A@!:<8�=;69J96D:ZbK69C
@B57Hd@]JDElbY69=;8 HKMZM,@B576^EYLF@>8;@_Hd?7C7:Z?7\ CSH @_H kF=>698;69?A@ ��5F69?�� ���
� ��2�������2
�
1 j 6D\AHK? V1�,57:Z8a?76 �
8>J_5F69fg6 faHK:<?A@BHK:<?F8�HK?�698;@>:<faHd@>69C HKfgEYLF?�@�EKQ-C7Hd@_HaEY?�@>576Gk7Hd@B5�:<? H : � :�2 bdHK=>:<H j MZ6KV ��� :�2
:Z8�:<?F:Z@>: HKMZ:ZT969C @>En@B576�J ��?7C^HK?FC C769JD=>6Dfa6D?A@B69C j O HG8>69\Kfa6D?A@�8>:ZT96�QiEY=�6pHKJ_5 CFL7k7MZ:<J9Hd@B6!����2

@B57Hd@]:Z8]=;69JD69:NbY69C Hd?7C @ � E 8>6D\Yfg69?A@B8 QiEY=g6pHKJ_5%k7HK=;@>: HKM�����2 @>5SHd@ :<8a=>6DJ969:NbY6DC V ��:Zk 6X:Z8

C76DJ9=>6Dfg69?A@B6DC @ ��:ZJ96GQiEY=��RHK=;@>: HdM�����2!8 j 69J9HKL78;6 '(����2 HK8;8>L7fg698�@ �[E 8;69\Yfg6D?�@>8!5SHpbY6GM<6 Q @

@B5F6X?76 @ �[EY=��
�
@B576�C7=>EYkFk 6DC�8>6D\Yfg69?A@PHK?FC @B5F6�=;6D@B=>HK?78;fa:N@>@>69C%8;69\Yfg6D?�@9V �,5F6X8>6D?7C76D=]:Z8

HKMZM<E � 69C�@>E 8;69?7C%?F6 � CSH @_H EK=a=;6D@>=BHK?78;fg:Z@]CSHd@_H :NQ�@B5F6 : � :�2 Q HKMZM<8 j 69MZE � J ��?7C V1# 576D?



mKm

=>6 @B=>HK?78>fg:N@>@>:<?7\ C7Hd@_H
�
@B5F6�'(����248>6D?7C76D= ��:ZM<M =>6D@>=BHK?F8>fg:Z@ @B576�?76 
 @[fa:Z8>8;:<?F\ CSHd@_H38>6D\Yfg69?A@

faHK:Z?�@BHK:Z?769C :<?g@B576�8>JDEY=>6 j EYHK=>C Vc��8�:<?a����� ��69?7E
�
H	=>6 @B=BHd?78>fg:Z8>8>:ZEY?]@>:<fg6D=�:Z8�faHK:<?A@BHK:<?F69C

HK?7C�:ZQ$Ha=;6D@>=BHK?78;fg:Z@;@B69CX8>69\Kfa6D?A@�:Z8�MZEY8;@
�
@B576D?�@B5F6G=;6D@B=>HK?78;fa:Z8>8;:<EK?X@B:Zfg69= ��:<MZMR6 
(k7:<=;6nHd?7C

@B5F63JDEY?7?76DJD@>:<EY? ��:<MZM/69?A@>69=�8>MZE � 8;@_Hd=;@pV

�(V�	FV � �SEY= ��HK=;CP��J���?7E ��M<6DC7\Yfg69?A@>8

����� ��:Z@>5 QiEK= �[HK=>C HKJ���?7E ��M<6DC7\Yfg69?A@  �(����2+" �[HK8 k7=;EYk EK8>69C :Z?���Hd@B57:Z8�$ �*�Xo �YH�% V
�(����2 ��HK8PC76 bY6DM<EYk 69C @BE faH �d6 j 6D@;@B69= LF8>6 EKQ	@B576 8;J9EY=;6 j EAHK=>C :Z?FQiEY=;f H @B:ZEY? k7=>Elb :<CF69C

j O*8;69MZ69JD@>:ZbK6aHKJ���?7E ��M<6DC7\Yfg69?A@B8DVG�,5F6 J9L7=;=>6D?�@	:Zfgk7MZ69fg69?A@_H @B:ZEY? EKQ��(����2 :Z8!�(����2 ��:Z@>5

=BH @B6 � 5SHKMNb :<?7\�$ �*��o � j % Vc����� ��:N@B5a� ����2 8;69kSHK=>Hd@B6D8$@B576[=>69JDElbY69=)OgHKMZ\YEY=;:Z@>57f Qi=>EYf4@B576[=>6 �

@B=>HK?78;fa:Z8>8;:<EK? HKM<\KEY=>:N@B57fPV��,576G=BHd@>6 �057HKMZb :Z?7\ 8;J_5769fg6 �[HK8�eS=;8;@�k7=>EYk EY8;69C j OX��E 63$ ��E 6po ��% V
��Hd@B6 �05SHKMNb :<?F\ :Z8aHK?�H @>@B6DfgkF@g@BE j 6 @>@>69=g698)@B:Zf H @B6P@B576Pk7=;EYk 6D= ��:<?FC7E � 8>:ZT96�HdQ @B6D=gH MZEY8;8

6DbK69?A@�J9HKL78;69C j OgJDEY?7\Y6D8;@>:<EY?�V$��MZ8>E
�
� ����2 fgE bK698�@B576,Q HK8)@�=>6D@>=BHK?F8>fg:Z@�@>57=>6D8>57EYMZCa:<?A@BE	@B5F6

��������2 � � ����4 HK?7C Hdk7k7MZ:<6D8$:Z@R@BE�6 bY6D=;OG57EYMZ6�:<?G@B576 8>J9EK=>6 j EAHK=;C Vc� 8>6D\Yfg69?A@�:<?G@B576 8>J9EK=>6 j EAHK=;C
fnLF8;@35SHpbY6 @B5F=>696 CFL7k7MZ:<J9Hd@B6a'(����2!8 j 6DQiEY=;6 @B576 8;69\Yfg6D?�@3J9HK? j 6 =;6D@B=>HK?78;fa:N@>@>69C Vn�(����2

HKMZ8>Eak7=>Elb :ZC7698�Ha?F6 � fg6DJ_5SHK?7:Z8>f @BEgC76 @B6DJD@�@B576	MZEY8>8�EKQcHa=;6D@>=BHK?78;fg:Z@;@B69C�8>6D\Yfg69?A@pV

�,576a�(����2 HdM<\YEK=>:N@B57fg8!69?F\AHK\Y6gHdQ @>69=�=;69JD69:Nb(:Z?7\^@B57=;696 C7L7kFM<:ZJpHd@>6 ��� ��� � �
��� � � V3�,576
fg:<8;8>:Z?7\*8;69\Yfg69?A@n:<?7CF:<J9Hd@B6DC j O @B576g8>JDEY=>6 j EYHK=>C :<83=>6 @B=BHd?78>fg:N@>@B6DC V �,576aJ9EK?7?769J @B:ZEY? ��:ZM<M

k 69=;QiEK=>f4=BHd@>6 � 5SHKMNb(:Z?7\�QiEK=cEY?76 =>EYLF?7Cn@B=;:<kG@B:Zfa6�HdQ @B6D=R@B5F6[=>6 @B=>HK?78>fg:Z8>8;:<EY?�V-
0? =BHd@>6 � 5SHKMNb(:Z?7\
�

QiEY=,6 bY69=)O @ �[Ea����2!8
�
J_576DJ�� @B576 ��������2 � � ����4 QiEY=�HK?AO 57EKM<6!@B57Hd@�69h�LSHKMZ8�EY=,6 
(JD6969CF8�@>576	=>6 �

@B=>HK?78;fa:N@c@>57=>6D8>57EKM<C Hd?7CG=;6D@>=BHK?78;fg:Z@R@B5SHd@�8;69\Yfg69?A@9V-
 Q7?7E�8>69\Kfa6D?A@$6 
(JD6969CF8c@B576 =>6 @B=BHd?78>fg:N@

@B5F=>698;57EYMZC
�
@B576D?�8;69?7C�?76 � C7Hd@_H :NQc@B5F6GHdCFbY6D=;@B:Z8>:Z?7\ ��:Z?7C7E �4HdM<MZE ��89V��R=>HK?78>fg:N@>@>:<?7\]H 8>69\ �

fg69?A@ 6DbY6D=;Og@ � EG����2!8 j =>:Z?7\Y8-@B5F6 ��:Z?7C7E �%@>E357HKMZQ�EKQ @B576�HKfgEYL7?A@�EKQ CSHd@BHGHKJ @BLSHdM<MNO j 69:Z?7\

576DM<C�EY? @B576	?76 @ �[EY=��
�

	
��� � � ��� �  	
� � � � � � ����� 	�	 "
	 ���  � V<m,"

W�L7=;:<?7\3=>6DJ9ElbY6D=;O
�
H	=>6D@>=BHK?F8>fg:<8;8>:ZEY? MZEY8>8�:Z8�CF6D@B6DJD@>69C j OaHKCFbdHK?FJ9:Z?7\3@>576 �
� 4 � �8� � bdHK=>:<H j MZ6KV


 Q �
� 4 � �8� � HKCFbdHK?7JD698 j 6DOYEK?7C �
� 4 � �&�
�
@>5769? M<Hd@B6D=$?76 ��CSH @_H�5SHd8-HK=>=;:ZbK69CaHK?7C @>576�MZEY8;@$8>69\ �

fg69?A@�:<8�=>6 @B=BHd?78>fg:N@>@B6DC*HK\YHK:<?�V � � 4 � �8� � @B=>HKJ���8�@>576 ' ����2 j MZE(J�� :Z?FQiEY=;f H @B:ZEY?
�
:NQ�'(����2



m��

�,:<fg6 '(6D\Yfg69?A@ ����2 '(JDEY=>6 j EYHK=>C �[EYfgfa6D?A@B8

`�?7:N@ '(6D?A@ ��69JD69:NbY69C ��EYM<6D8

m m � � �(m m � m �
�
m��

�
HK?7C m �gHK=>6!MZEY8;@

� m � m � W�L7k7MZ:<J9Hd@B63����2

� m � m � W�L7k7MZ:<J9Hd@B63����2

� m � m � m � m�� W�L7k7MZ:<J9Hd@B63����2
�
��?A@>69=�=BHd@>6 � 5SHKMNb(:Z?7\

� m � m � m�� m � W�L7k7MZ:<J9Hd@B63����2

� m�� m � m � m�� m � W�L7k7MZ:<J9Hd@B63����2

q m � m � m�� m � W�L7k7MZ:<J9Hd@B63����2

	 m � m � m � m�� m � W�L7k7MZ:<J9Hd@B63����2

o m � m � m�� m � W�L7k7MZ:<J9Hd@B63����2

m � � � m � m � m�� m � W�L7k7MZ:<J9Hd@B63����2

mYm � � m�� m�� m � � 
(:N@�=>Hd@B6 �05SHdMZb :Z?7\

m � � � m � m �

m�� � � � 
(:N@�=;69JDE bK69=)O

�RH j MZ6 �(V�� � ����2������1��
FHKfgk7M<6
�,57:Z8[eS\YLF=>6�8>57E ��8,� ����24����� � 8�=BH @B6 � 5SHKMNb :<?7\G=>6DJ9ElbY6D=;O 8>J_576Dfa6dV[�SEY=�EY?F6��c�,� H Q @B69=�@B5F6
eS=;8;@�=>6 @B=BHd?78>fg:N@>@B6DC�8;69\Yfg6D?�@

�
H 8>69\Kfa6D?A@�8;69\Yfg69?A@�:Z8,=>6D@>=BHK?F8>fg:Z@;@B6DCXEY=,H ?76 � 8;69\Yfg6D?�@�:Z8

8>6D?A@�QiEY=,6 bY6D=;OP@ �[EaC7L7kFM<:ZJpHd@>6G����2!8�=>6DJ96D:ZbK69C V

j MZE(J���8[HK=>6�=>6DJ969:NbY6DC QiEY=�8>6D\Yfg69?A@B8 8>69?A@�HdQ @B6D=�@>576�=;6D@>=BHK?78;fg:<8;8>:ZEY?
�
@>5769?a@B576�=>6 @B=>HK?78>fg:N@>@>69C

8>6D\Yfg69?A@�:Z8�HK8>8;L7fg69C�M<EY8)@pV

�(V o '(Hd@B6DM<MZ:Z@>63��=;E j MZ69fg8 ��:Z@>5*' @BHK?7CSHd=>C^�����

� \Y69EY8)O ?7J_57=>EK?7EYL78�8BHd@>69MZM<:N@B6�fGL78;@RfaHK:<?A@BHK:<?3H�e 
(69C3k EY8>:N@B:ZEY?	ElbY69=.@B5F6-6pHK=)@B5	:<?3EY=;C769= @>E

faHK:Z?�@BHK:Z? J9EY?A@BHKJD@ ��:Z@>5 :Z@>8 69HK=;@>5]8)@_Hd@>:<EY?F8�Hd@[HKMZMI@>:<fg6D89V-� 8BHd@>69MZM<:N@B6!HdJ_57:<6 bY6D8,HG8)@_Hd@>:<EY?7HK=;O

EY= j :Z@,Hd@ � �
�
q 	 � ��f H j ElbY6�@B5F6�6pHK=)@B5 ��576D=>6�@>576�8BH @B69MZMZ:Z@>6 � 8�k 69=;:<E C EKQ�=;EK@_Hd@>:<EK? 69h�LSHKMZ8�@B5F6

6pHd=;@B5 � 8�k 69=>:ZE C EKQ =>EK@BHd@B:ZEY? $ ' @_HKo �,% V$�,576,MZEY?7\	C7:Z8;@BHK?7J96,:Z?AbYEYMNbY6DC]k7=;E(CFL7J96D8 H � � � @BE � � � fg8



m
�

k7=;EYkSHK\AH @B:ZEY?*C76DM HpO j 6D@ � 696D? @B576n@>=BHK?F8>fg:<8;8>:ZEY? Qi=>EYf @>576 8>6D?7C7:Z?7\ \Y=;EYL7?7C 8)@_Hd@>:<EY?
�
L7k*@>E

@B5F6!8BHd@>69MZM<:N@B6
�
HK?7CPC7E ��? @BEgH =>6DJ969:Nb :<?F\ \Y=;EYL7?7C 8)@_Hd@>:<EK? V��,57:<8,5F:<\Y5PC76DM HpO CF69\Y=>HKC7698,�����

k 69=;QiEK=>faHK?7JD6GElbY6D=�8BHd@>69MZM<:N@B6D89V

�(V oFVZm # :Z?7C7E � �/:Zfg:Z@BHd@B:ZEY?78

��8 8>k 69JD:Ze769C :Z? '(69J @B:ZEY? �(V�	(V<m
�
@B5F6 faH 
(:ZfnL7f ��:<?7CFE � 8>:ZT96 QiEY= 8)@_HK?7C7HK=>C ����� :Z8

� � � � � j O�@B6D89V � =;EYL7?7C @B=>:Zk @B:Zfa6 :Z8^@>576 @B:Zfa6 :Z?�@>69=)bKHdM j 6D@ � 696D? 8>6D?7C7:Z?7\1H"8>6D\Yfg69?A@

HK?7C^=>6DJ96D:Zb :Z?7\ HK?^HKJ���?7E ��MZ69C7\Yfg6D?�@�QiEY=,:Z@�$ UY2 	 	�% V��,576	faH 
(:<fGL7f @B57=;EYL7\Y5Fk7LF@�EKQcHg�����
J9EK?7?769J @B:ZEY?]:Z8 j EKL7?7C76DC j O @>576 ��:<?FC7E �18>:ZT96�HK?7Cg=;EYL7?7Cg@B=;:<k @B:Zfg6�C76DeS?F69C j O @>576�QiEY=;fnL7M<H

:Z?X��EY8;@>69M�$ ��EY8 	Fm�% V

����� � ��� ����� �����
	 �
=>6DJ969:NbY6 j L�' 69=�8>:ZT96
=>EYLF?7C^@>=>:Zk @B:Zfa6

 � V�� "

�,576�HlbK69=>HK\Y6�=>EYL7?FC @B=;:<kg@B:Zfg6
�
�c�,�

�
QiEY=�H38>Hd@B6DM<MZ:N@B6�J9EY?7?F69JD@>:<EK? :<8�HKkFk7=>E

(:<faHd@>69MNO � 	 �dfg89V

�,5�L78�H�@0O k7:ZJpHKM(\Y69EK8;O ?7J_57=;EY?7EYL78-8>Hd@B6DM<MZ:N@B6�L78;:<?F\!H�8;@BHK?7CSHd=>C ��69?7E������ ��:Z?7C7E � :<8RM<:Zfg:Z@>69C

@BEg@B5F=>EYL7\K57k7LF@��

����� � ��� �
��� � ���
	���������������������� �
� �! #"%$ � ��	
� 	 �'& 	 (

mYm �*) � � � "%$ � ��	
	 � � � � �+(

	Ko �,) � � � "%- ��	
	 � � � ���

�  � V��8"

�%QiL7M<MF�!m�8>Hd@B6DM<MZ:N@B6�J_5SHK?7?F69MS:Z8,m
�
� � �

�
� � � j :N@B8-k 69=-8;69J9EK?7C V-�,576D=>6DQiEK=>6�H!8;@_Hd?7CSHK=;Ca�����

J9EK?7?769J @B:ZEY? ��:Z@>5 H ��:Z?7C7E � EKQ � � � � � j O�@B6D8!=>L7?7?F:<?7\PH @�QiL7MZM�@>57=>EKL7\Y57k7L(@�EKQ 	Yo �
�
� � � j kF8

JpHd?7?7EK@�QiL7MZMZO LF@B:ZM<:ZT963HKMZM EKQ�@B5F6GHpbdHK:ZM H j M<6 j HK?7C ��:ZCF@B5�EKQ.@B576	8>Hd@B6DM<MZ:Z@>6	J_5SHK?7?76DM V ���R� m�� � �

k7=;E b :ZC76983HK?XEYkF@B:ZEY?X@>5SHd@�HKM<MZE ��8	H]����� J9EY?7?F69JD@>:<EK? @>E EYk 69?*:N@B8 ��:<?7CFE � j 6DOYEK?7C � � � � �

j O�@B698DV�� ��:Z?7C7E � 8>6 @ @>E HKkFk7=>E

(:<faHd@>69MNO^mYm � 2 � 69?7H j MZ698�H3J9EY?F?769J @B:ZEY? @>EnLF@>:<MZ:<TD6�@>576�QiL7M<M

j HK?FC ��:<C(@B5XEdQR@>576	�!mG8>Hd@B6DM<MZ:Z@>6GJ_57HK?7?76DM

����� � ��� ����� �����
	��������������������.� �
mYm �  #"/$ � ��	

� 	 �0& 	 (
mpo �1) � �Aq "%$ � ��	

	 � � � ��� (
m
) � � � ) �Aq � "/- ��	

	�� � � ���
�  � V�� "

�(V oFV�� �/EY8;8���69JDElbY69=)O

��MZM<faHK? $ ��MZM<oAq�%-:Z?AbY698)@B:Z\AHd@>698	@B576gk7=;E j MZ69fg8	EKQ�8BHd@>69MZM<:N@B6gMZ:<?���8	:Z? @>576 8>MZE � 8)@_HK=)@!k75SHK8;6
HK?7C 8>5FE ��8	@B57Hd@!@B:Zfg6a8;k 6D?A@G:Z? @B576g8;M<E � 8)@_HK=)@	k75SHK8;6 =;69k7=;698;69?A@B8 ��Hd8;@B6DC J9HKkSHKJD:Z@0OKV �,576

MZEY?7\!C76DM HpOGEKQI8BHd@>69MZM<:N@B6[M<:Z?���8-=>6Dh LF:<=;698-����� @BE�8;k 6D?7CgH�MZEY?7\Y6D=$k 6D=>:ZE(CnEKQS@B:Zfg6�:<?n8>MZE � 8)@_HK=)@



m �

@B57HK? H @B6D=>=;698;@>=>:<HKMcMZ:Z?��IV	�c:<\KL7=>6 �(V��a6 
FHKfg:<?F698!@B576Gk 6D=;QiEY=;faHK?7J96nC7:0' 69=;69?7JD6 EKQ�H]8>Hd@B6DM<MZ:Z@>6
MZ:<?��GJ9EYfgkSHd=>69C @>E	H�@B69=;=>6D8;@B=;: HdM7M<:Z?�� ��:Z@>5 H m�� 	�8>6D\Yfg69?A@ ��:<?FC7E �%HK?FC �(m � j O�@B6,8>6D\Yfg69?A@B8DV

100

1000

10000

100000

1e+06

1e+07

0 0.5 1 1.5 2 2.5 3 3.5 4

D
at

a 
T

ra
ns

m
itt

ed
 (

by
te

s)

Time (seconds)

Satellite Network
Terrestrial Network

�c:Z\YL7=;6 � V�� ' M<E �4'�@_HK=)@��[EYfgkSHK=>:Z8>EK?78
�,57:Z8 eS\YL7=;6*8>5FE ��8PH f H @B576Df H @B:ZJpHKM�fgE C769M�EKQ!@B5F6�@BEd@_HKM�HKfgEYL7?A@ EKQ	C7Hd@_H 8;69?A@PElbY6D=PH
8BH @B69MZMZ:Z@>6]?76 @ �[EY=�� HK?7C H @B6D=>=;698;@>=>:<HKM�?76D@ � EY=�� Hd8nH QiL7?7J @B:ZEY? EKQ @B:Zfg6KV � EK@B5 J9EY?7?F69JD@>:<EK?78
8;@BHK=;@nHd@3EY?76a8>6D\Yfg69?A@ Hd?7C LF8>6 @>576g8>MZE � 8;@_Hd=;@GHKMZ\YEY=>:N@B5Ff @BE�:<?7JD=>69HK8>6g@B576 ��:Z?7C7E � 8>:ZT96dV
�,576aHKfgEYL7?A@	EKQ�@>:<fg6 8>5FE ��? =>6Dk7=>6D8>6D?�@>83@>576 @B:Zfg6g:Z@�@BH �K6D8!@B576 ����� LF8>:Z?7\ @B576 8>Hd@B6DM<MZ:Z@>6
J9EK?7?769J @B:ZEY?�@>Eg=>6pHdJ_5�@B5F63faH 
(:ZfnL7f ��:Z?7C7E � 8;:<TD6GEdQ[m � 	g8;69\Yfg6D?�@>89V

' @_HK?FCSHK=>C������18>L�' 69=;8�Hak 6D=;QiEY=;f Hd?7J963k7=>E j M<6Df ��5769?^Q HKJ96DC ��:Z@>5XfGL7MZ@>:<kFM<6GC7=>EYkF8�:Z?

H ��:<?FC7E � EKQ�CSHd@BHFVG# 5F69? fnL7MN@B:Zk7MZ6gC7=>EYkF83E J9JDL7=
�
@>57=>6D6 C7L7k7MZ:ZJpHd@>6a����2!8 ��:ZM<Mc@>=>:Z\Y\Y6D=	H

Q HK8)@g=>6D@>=BHK?F8>fg:Z@9V 
 @ ��:<MZM[@_H �K6 EY?76 =;EYL7?7C @>=>:Zk @B:Zfg6 QiEY=n@B5F6 =>6 @B=BHd?78>fg:N@>@B6DC 8;69\Yfg6D?�@g@>E

j 6n����2!69C V�
0?X@>5SHd@�=>EYLF?7C�@>=>:ZkX@B:Zfg6
�
HKM<M.EKQc@B5763=>6Df Hd:<?7:Z?7\ 8;69\Yfg6D?�@>8 ��:ZM<M�5SHpbY6 MZ6DQ @�@B5F6

?76 @ �[EY=�� \Y69?76D=BHd@>:<?F\XC7L7kFM<:ZJpHd@>6 ����2!8DV]# 5769? @B576a����2 =>6 @BL7=;?78	QiEY=�@B576a=>6 @B=>HK?78>fg:N@>@>69C

8>6D\Yfg69?A@
�
@>5769=;6�HK=;6[?7E�M<EY?F\Y69=R69?7EYLF\Y5 C7L7kFM<:ZJpHd@>6�����2!8$=>6DfaHK:<?F:<?7\�@>E�@>=>:Z\Y\Y69=cHK?7EK@>5769=.Q HK8)@

=>6 @B=>HK?78>fg:N@pV��,576nJDEY?7?76DJD@B:ZEY? :Z8�QiEY=;J96DCX@BE ��HK:N@�QiEK=�H @>:<fg6DEYLF@!Hd?7CX=;6D@BLF=>?*@BE 8>MZE �48;@_Hd=;@pV

�,:Zfa6	8;k 6D?�@�:Z? 8>MZE � 8)@_HK=)@,=>6Dk7=>6D8>6D?�@>8 ��HK8)@B6DC^J9HKkSHKJD:Z@0OKV��c:<\KL7=>6 � V��n8;57E ��8�@B576	HKfgEYLF?�@�EKQ



m��

JpHdkSHKJ9:N@0O �[HK8)@B69CP:Z? 8>MZE � 8;@_Hd=;@�ElbK69=�Hn8>Hd@B6DM<MZ:Z@>6�MZ:<?��aJ9EKfak7HK=>6DC @BE HG@>69=;=>698)@B=;: HKM M<:Z?��IV-�,57:Z8

�[HK8;@>69CXJ9HKkSHKJD:Z@0OPfaH �d698�=>6 @BL7=;?7:<?F\ @BEg8;M<E � 8)@_HK=)@�L7?7C76D8>:Z=BH j MZ63:<?^8BHd@>69MZM<:N@B63J_5SHK?F?769MZ89V

�,576�?76 � ����� 6 
 @>69?78;:<EY?F8 Hd=>6[CF698>:Z\Y?76DC @BE�8;EYMZbK6[@B5F6[@B:Zfg69EYLF@$k7=>E j M<6Df ��576D? fnL7MN@B:Zk7MZ6

8>6D\Yfg69?A@B8�HK=>63C7=>EKk7k 6DC*:Z?*H ��:Z?7C7E �4EKQcCSHd@BHFV,W�L7k7MZ:ZJpHd@>6n����2!8�8;:<\Y?7HKM/@B5SHd@�CSHd@BHa:Z8�8)@B:ZM<M

\Y6 @>@B:Z?7\�@>57=>EKL7\Y5G@>576�?76D@ � EY= �IV$
0?n=>698;k EK?78>6�@BE�H�8>MZ:<\K5�@>MZO3JDEY?7\Y6D8;@B6DC ?76D@ � EY=��
�
����� 8;57EYL7MZC

j HKJ�� E,' j O 5SHKMNb(:Z?7\ :Z@>8 ��:Z?7C7E �	V �,57:<8�:Z8�@>576	k7=>:Z?7JD:<k7MZ6 j 6D57:<?FC�Q HK8)@�=;6D@>=BHK?78;fg:Z@�HK?7C Q HK8)@
=>6DJ9ElbY6D=;OKV��,5F6�?76 � 6 
(@>69?78;:<EK?78-6 
 @B6D?7Cg����� @>E�=>6DJ9ElbY6D=$Qi=>EYf4fGL7MZ@>:<kFM<6,C7=;EYk78$:Z? H ��:Z?7C7E �

EKQ,C7Hd@_HFV]�,57:<8G:<8GHKCFbdHK?A@BHK\Y69EKL78n:Z? @>576 8>Hd@B6DM<MZ:N@B6]6D?Ab(:Z=>EK?7fg69?A@ ��576D=>6]=;6D@>L7=>?7:Z?7\X@>E�8;M<E �

8;@BHK=;@�:Z8�J9EY8)@BMNO @BEgk 6D=;QiEY=;faHK?7J96dV



m
�

�FV^����'F`�� ��'

�,57:<8	=;698>69HK=>J_5 :Z?�bK698)@B:Z\AHd@B6D8G@>576 k 6D=;QiEY=;faHK?7J96 EdQ[?76 ������� 6 
 @B6D?78>:ZEY?783ElbY69=	8>Hd@B6DM<MZ:Z@>6

MZ:<?���8DV$# 6�J9EY?FC7L7JD@>69C 6 
Fk 69=;:<fg6D?�@>8$@BE�@B698)@c@>576 ����� 6 
 @>69?78;:<EY?F8$L7?7C76D=cbdHK=>:ZEYL78�MZEY8>8R6DbY6D?A@B8

@BEg\AHd:<?^HK? L7?FC769=;8;@_Hd?7C7:Z?7\ EdQc57E � 6pHKJ_5^6 
 @>69?78;:<EY?�k 6D=;QiEY=;fg89V-��=BHKJD698 �[6D=>6	\Y6D?769=>Hd@B6DC^QiEY=

6pHdJ_5 6 
(k 69=;:<fg69?A@G@BE^C76D@>69=>fg:Z?76g@B576aHKfgEYL7?A@GEKQ 6 
 @B=>H^MZEY8>83=>6Dh�L7:<=;69C @BE^=>69JDElbY69=GHK?7C @B5F6

=>6DJ9ElbY6D=;O ��:<?FC7E � 8;:<TD6KV �,57=;EYL7\Y5Fk7LF@G=>698;L7MN@B8GQiEK= � � � 2 �
�
m � �

�
HK?7C ��� � eSMZ698 � 69=;6

\AHd@>5769=;69C LF8>:Z?7\*�c��� ElbY6D= HP8>:ZfnL7M<Hd@>69C ���[��' 8>Hd@B6DM<MZ:Z@>6]?76 @ �[EK= �IVP�,57698;6]@B6D8;@B8Gk7=>Elb :ZC76

:Z?FQiEY=>faHd@>:<EK? EY?]@>576�k 69=;QiEK=>faHK?7JD6�EKQ/@>576�?76 � 6 
 @B6D?78>:ZEY?78�L7?7CF69=,H3=>6pHdM<:Z8;@>:<J�8>Hd@B6DM<MZ:N@B6!69?Ab : �

=>EK?7fg69?A@ ��:Z@>5 fgE C769=>Hd@B6,JDEY?7\Y6D8;@B:ZEY? Vc�,576�M HK8)@�8>6DJD@B:ZEY?g6 
FHKfg:Z?7698�@B5F6,k 6D=;QiEY=;f Hd?7J96�EKQI@B5F6

?76 ��6 
(@>69?78;:<EK?78 ��5769? Q HKJD69C ��:N@B5 ?7EY?��0J9EK?7\Y698)@B:ZEY? =>6DM Hd@>69C MZEY8>8DVG'(L7J_5 MZEY8>8!E J9JDL7=>8 ��5F69?

j :N@�69=>=;EY=>8�HK=;6	:<?A@B=;E(CFL7J96DC�:Z?A@BEg@B576	8>6D\Yfg69?A@B8 j O @B576	8>Hd@B6DM<MZ:Z@>6GMZ:Z?��IV

�FVZm ����� +�69=>8;:<EK?78���698)@B6DC

�,576 6 
(k 6D=>:Zfa6D?A@B8XCF698>JD=>: j 6DC :Z? @>57:<8^kSHKk 69=PL78;69C @B576 QiEYMZM<E ��:Z?7\������ bdHK=;: Hd?�@>8
�
Hd8

k7=;6Db :<EKL78>MNO^C7698;J9=>: j 69CX:Z?X�[5SHKkF@>69= �1�

�
��69?7E

��69?7E
�
HK8g8)@_HK?7C7HK=>C7:ZT96DC�:Z? ����� � � � m $ ' @B69oAq*%

�
:<8 @B5F6 j HK8>6P������QiEY= @>57:<8gkSHdk 6D= � 8

6 
Fk 69=;:<fg6D?�@>89V ��69?FE^:Z8	@B576g8;@BHK?7CSHd=>C bY69=;8>:ZEY? EdQ[����� QiEYLF?7C EK? fgEY8)@G`���
 & 8;O 8 �

@>69fg89V ��6D?7E^J9EY?A@_Hd:<?78!Q HK8)@3=>6D@>=BHK?F8>fg:Z@
�
Q Hd8;@	=>6DJ9ElbY6D=;O

�
J9EK?7\Y698)@B:ZEY? HpbKEY:<C7HK?7J96

�
Hd?7C

8;M<E � 8)@_HK=)@pV

�
��6 �4��69?7E

��6 � ��6D?7E]:Z8�Hd?*6 
 @B6D?78>:ZEY? EKQ-��6D?7E]@B57Hd@�6 
(:Z@>8�Q HK8;@�=>6 @B=>HK?78>fg:N@ ��576D?X@B576G57:Z\Y57698)@

L7?7HKJ���?7E ��M<6DC7\Y69C 8>69\Kfa6D?A@G:Z8!����2!69C Vn��6 � ��69?7EPL78;698	����2!8!J9ElbY6D=>:Z?7\^8>69\Kfa6D?A@B8

L7?FC769=�@B576	57:Z\Y576D8;@�L7?SHdJ�� ?FE ��MZ69CF\Y69C 8;69\Yfg69?A@�@BE @B=;:<\K\Y69=�=>6 @B=>HK?78>fg:N@B8DV



mlq

�
'(����2

'(����2 L78;698G8>69MZ69J @B:NbY6 HdJ�� ?FE ��MZ69CF\Yfg69?A@B8 :Z? :N@B8	6 
 @>69?78;:<EY?F8 EKQ[@>576gQ HK8;@G=>6 @B=BHd?78>fg:N@

HK?FC�Q HK8)@�=;69J9ElbK69=;O*HKMZ\YEY=>:N@B5Ffa8DV�'(����2 �K6D69k78�@>=BHKJ�� EdQ$@B576GHKfgEYL7?A@�EKQ$CSH @_H EK?�@B5F6

?76 @ �[EK= � Hd?7C =>6 @B=>HK?78>fg:N@B8 EK=G8;69?7C78 ?F6 � CSHd@BH ��576D? @B576]HKfgEYL7?A@ EKQ�C7Hd@_H^EY? @B5F6

?76 @ �[EK= �P:<8�MZ698;8�@>5SHK? @B576	JDEY?7\Y6D8;@B:ZEY? ��:<?7CFE �	V

�
� ����2

� ����2�L78>6D8�@>576 '(����2%:Z?FQiEY=>faHd@>:<EK? j LF@�:<8�H,C769k7HK=;@>L7=>6-Qi=>EKf 8;@BHK?7CSHd=>C3�����RV �(����2

8;69kSHK=>Hd@B6D8 @B576 =;69J9ElbK69=;O Hd?7C J9EY?7\K698;@>:<EK? JDEY?A@B=;EYM!HKMZ\YEY=;:Z@>57fg89V � ����2 L78;698P=BH @B6 �

5SHdMZb :Z?7\^@>E :<? � 69JD@3?76 � EY=�=>6D@>=BHK?F8>fg:Z@;@B6DC CSHd@BH :<?A@>EP@>576g?76D@ � EY=�� V �,5F6 HdfaEKL7?A@	EKQ
CSH @_Hg8>69?A@�:Z?�=>Hd@B6 �05SHKMNb :<?F\ C76 @B6D=>fg:<?F698�@B5763J9EY?F\Y698)@B:ZEY? ��:Z?7C7E �4H Q @B69=,=;69JDE bK69=)OYV

�FV�� ��
(k 69=>:Zfg69?A@_HdMc' 6D@BLFk

�,576g6 
(k 6D=>:Zfg69?A@_HKM�8;6D@BLFk QiEY=�@>576 ���[��' 8>Hd@B6DM<MZ:N@B6g8;O 8;@>69fg83J9EY?78;:<8)@B6DC EKQ�@ �[EP
��������

� 	 ����� � 8G=>L7?7?F:<?7\^@B576 ��6 @ � '(W mYVZm EYk 69=>Hd@B:Z?7\�8;O 8;@>69fPV^��HdJ_5 ��� ��Hd8nJ9EK?7?769J @B6DC @BEXH

�[:Z8>J9E � � � � =;EYLF@B6D= ��57:ZJ_5*=>EYL(@B69C @>576	kSHKJ��K6 @B8�@B57=;EYL7\Y5P@B576	���[��'P8BHd@>69MZM<:N@B6	8;O 8)@B69fPV

ROUTER

2500CISCO CISCO 2500

ROUTER
1.1

NETBSD

INTEL 486
INTEL 486
NETBSD 
1.1

SATELLITE

ACTS

�c:Z\YL7=;6 �(V<m '(Hd@B6DM<MZ:Z@>6G'(6D@>L7k
�,57:Z8 eS\KL7=>6�8>57E ��8�@B576�?76D@ � EY=��a8;6D@>L7k QiEY=-@>576�6 
(k 6D=>:Zfa6D?A@B8�:Z?AbYEYMNb :<?7\G@B576����[��'a8>Hd@B6DM<MZ:Z@>6
8;O 8)@B69fPV

�FV��(VZm ��HK=>C �[HK=;6G�-fGL7M H @BEY=

W�L76 @BE @B576 57:Z\Y5 C769faHK?7C QiEY= 8BH @B69MZMZ:Z@>6 @>:<fg6
�
fgEY8)@^EKQ EYLF=P@>698)@B8 �[6D=>6 J9EY?7CFL7JD@>69C

L78;:<?7\XHK? 69fGL7M H @BEY=
�
@>576 � W!Hd@BH^�/:Z?�� '(:ZfnLFM Hd@>EY= �^faHKC76 j O ��698;@>M<:Z?�� �[EY=;k EY=>Hd@B:ZEY? Vn�,576

5SHK=;C �[HK=>6 69fnLFM Hd@>EY=3HKMZM<E � 69C L78	@BE^69fGL7M<Hd@B6g@B576aC76DM HpO HK?7C M<:Z?�� J9HKkSHKJD:Z@0O EKQ @B576a���[��'

8BH @B69MZMZ:Z@>6 J_5SHK?7?F69M V��,5F6G@B6D8;@�8>6D@>L7kXQiEY=,@>576n5SHd=>C �[HK=>6G69fGL7M H @BEY=�J9EY?F8>:Z8;@B6DC EKQ$@ � E]
��������



m
	

� 	 � ���[8a=>L7?7?F:<?7\ @B5F6���6D@ � 'FW mKV<mPEYk 69=>Hd@B:Z?7\ 8;O 8;@>69fPV �,5F6X��� � 8 � 69=;6�JDEY?7?76DJD@B6DC @>E

�[:Z8>J9E � � � � =>EYLF@>69=;8�b :<HXm � � j 6D@>5769=;?76D@9V��,576n=;EYLF@B6D=>8 �[6D=>6 JDEY?7?76DJD@B6DCX@BEa@B576nW!Hd@_HdM<:Z?��

69fGL7M<Hd@BEY=DV �,576 6DfnL7M<Hd@BEK=PHKM<MZE ��8 @B576 J_5SHd?7?769M!J9HKkSHKJD:Z@0O1HK?7C C769M<HpO�@>E j 6*JDEY?FeS\YLF=>69C�V

�,576 MZ:Z?76nJ9HKkSHKJD:Z@0OPQiEY=�EYL7=�@B6D8;@ �[HK8�q � 	
�
� � � j k78  5SHKMNQ��!m,"

�
��:N@B5 H �Ko � fg8�C769M<HpO�:Z?*69HKJ_5

C7:Z=>6DJD@B:ZEY? k7=;Elb(:ZC7:Z?7\ =;EYL7?7C]@>=>:Zk @>:<fg698[69h�L7:NbKHdM<6D?�@[@BEG@>576����[��']6 
(k 6D=>:Zfa6D?A@B89V��,576��[:<8;J9E

=>EKLF@B6D=>8 � 69=;6,J9EY?Fe7\YL7=>6DC ��:Z@>5 m � � kSHKJ��K6 @�h�L769L76D8
�
� � :Z?7JDEYfg:<?7\	Hd?7C � � EKLF@B\YEK:<?7\�kSHKJ��d6D@B8DV

�c:Z\YL7=;6 �(V�� 8>5FE ��8�EYL7=,@>698;@�6Dh LF:<k7fg6D?�@�M HpOKEYLF@pV

ROUTER

2500CISCO
EMULATOR
SATELLITE CISCO 2500

ROUTER
1.1

NETBSD

INTEL 486
INTEL 486
NETBSD 
1.1

�c:Z\YL7=;6 �(V�� ��HK=>C ��HK=;6G'(6D@>L7k
�,57:Z8�eS\YL7=;6n8;57E ��8�@B576 ?F6D@ � EY= ��8>6D@>L7k*QiEY=�6 
(k 6D=>:Zfg69?A@B8!:Z?AbYEYMNb :<?7\ @>576 W!Hd@BH]�/:<? �*'(:ZfnL��
M<Hd@BEY=DV

�,576XM<HKJ��"EKQ�8>Hd@B6DM<MZ:N@B6�@>:<fg6�=>69h�L7:Z=>6DC%fgEY8;@ EKQ!EKL7=a@>698)@B8 @>E j 6XJDEY?7C7LFJD@B6DC%ElbY6D= @B5F6

69fGL7M<Hd@BEY=DV��,576n6DfnL7M<Hd@BEK=�fnLF8;@�kF=>Elb :<C76n=>698;L7MN@B8�JDM<EK8>6n@>Ea@>576n���[��'X8>Hd@B6DM<MZ:Z@>6n8)O(8)@B6Df QiEY=

@B5F6�=;698;L7MZ@>8�@>E j 6-L78;6DQiL7M Vc# 6$@B=>HK?78;Qi6D=>6DC � � � 2 �
�
m[� �

�
HK?7C ��� � eSM<6D8RElbK69=/@B576�6DfnL7M<Hd@BEK=

HK?7CG@B576����[��'n8>Hd@B6DM<MZ:N@B6�8)O(8)@B6Df @>E�J9EYfgkSHd=>6 @>576[JDM<EK8>69?F698>8�EKQF@B576 =>698;L7MN@B89VR# 6�J_5FEY8>6[@>57EY8;6

eSMZ6,8>:ZT96D8 j 6DJpHKL78;6[@B5F6DO � 69=;6,L78>6DC :<? @>576[bdHK=;:<EYLF8ReSMZ6�8>:ZT96,6 
(k 6D=>:Zfa6D?A@B8�HK?7C � EYL7MZC k7=>Elb :ZC76

H j 6D?7J_57faHK= � QiEY=,@>576GJ9HKMZ: j =>Hd@B:ZEY?^EKQc@>57EY8;6G6 
Fk 69=;:<fg6D?�@>89V�# 6GJDEY?7C7LFJD@B6DCX@B5F6	@>698)@B8�LF8>:Z?7\

@B5F6n@B57=;696ne7M<6D8�8>:ZT96D8 ��:Z@>5 H]����� ��69?7E]J9EY?7?F69JD@>:<EK? V!�c:Z\YL7=;6 �FV��]8>57E ��8�@>5SHd@�@B576 =;698;L7MZ@>8

HKJDh LF:<=;69C ��:Z@>5*@B576n5SHK=>C ��HK=;6 69fGL7M H @BEY=!Hd=>6GbK69=)O*J9MZEY8;6 @BE]@>576 =>6D8>L7MN@B8	HdJ9h�L7:Z=>69C ElbK69=�@B5F6

���[��' 8BHd@>69MZM<:N@B6]8;O 8;@>69fPV*# 6 J9EY?FJ9MZL7C769C Qi=;EYf @B576a@B698)@B8n@>5SHd@G@B576 69fnLFM Hd@>EY= k7=;Elb(:ZC76D8gH

bdHKMZ:<C^69fGL7M H @B:ZEY?XEKQ�@B5F63���[��'P8BHd@>69MZM<:N@B63?76 @ �[EY=�� QiEY=,EYL7=,6 
(k 6D=>:Zfa6D?A@B89V

�FV�� W�=;EYk^��
Fk 69=;:<fg6D?�@>8

�,576�eS=>8)@-8;@>69kg:Z? L7?7C76D=>8;@BHK?7C7:Z?7\3:ZQS@>576,?76 ������� 6 
 @B6D?78>:ZEY?78�k 69=;QiEK=>f j 6 @>@B6D=$:Z8$@BE!L7? �

C76D=>8;@BHK?7C 57E �%@>576�?F6 � 6 
 @>69?78;:<EY?F8 �[EK= �IV$# 6�J9EY?FC7L7JD@>69C]@>576�CF=>EYka@B698)@B8�@BE3\AHK:Z? H j 6D@;@B6D=

L7?7CF69=>8)@_HK?FC7:<?F\ EKQ/57E �169HKJ_5 ?76 � =;69JDE bK69=)O]fg69J_57HK?7:Z8>f �[EY=��K6DC L7?7C76D= bdHK=;O :Z?7\nCF69\Y=;69698[EKQ



mpo

14

16

18

20

22

24

26

28

30

32

34

1.00*10^5 1.00*10^6 1.00*10^7

T
hr

ou
gh

pu
t (

K
B

yt
es

/s
ec

on
d)

Transfer Size (bytes)

ACTS: Reno- DBP+28K Window
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indigo.cs.ohiou.edu:1209_==>_lawyers.cs.ohiou.edu:3999 (time sequence graph)
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indigo.cs.ohiou.edu:1025_==>_lawyers.cs.ohiou.edu:3999 (time sequence graph)
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 21:43:40  21:43:35  21:43:30 

sequence number

time

indigo.cs.ohiou.edu:1025_==>_lawyers.cs.ohiou.edu:3999 (time sequence graph)
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 21:33:44  21:33:43  21:33:42  21:33:41  21:33:40 

sequence number

time

indigo.cs.ohiou.edu:1027_==>_lawyers.cs.ohiou.edu:3999 (time sequence graph)

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS
R
S
R
S
R
SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSRSSS

�

SSSS

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
RS
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSRSSS

�c:Z\YL7=;6 �(V�	 ����� ��:Z@>5 '(����2 ��:N@B5 �gW�=>EYk78
�,57:Z8�@B:Zfg6 8>6Dh�L769?7JD6 \Y=BHdk75X8;57E ��83'(����2 ����� =;69J9ElbK69=>:Z?7\ Qi=;EYf Ha@ � E C7=>EKk*M<EK8>8�6 bY6D?�@9V
'(����2 =>6D@>=BHK?F8>fg:Z@>8!@B576n@ � EPM<EK8;@!8;69\Yfg69?A@>83LF8>:Z?7\ @B576g' ����2 j MZE(J���:<?(QiEY=>faHd@>:<EY?�V	`�k EY?
=>6DJ9ElbY6D=;O

�
'(����2 8>69?FC78gH*J9MZEY8>6DMZO 8>kSHKJD69C j L7=;8;@gEKQ�8;69\Yfg6D?�@>8 @B5SHd@n@B576 ?76 @ �[EK= � J9HK?7?7Ed@

5SHK?FC7M<6GHK?7C^Hg8>6DJ9EY?7C�M<EK8>8�6DbK69?A@�E J9JDL7=>8DV

����� ��:N@B5 QiEY= �[HK=;C HdJ�� ?FE ��MZ69CF\Yfg69?A@B8 HK8-8>5FE ��?a:Z?g�c:<\KL7=>6 �(V o�k7=;Elb(:ZC76D8 H�MZ698;8�HK\Y\Y=;698 �

8>:NbY6G=>6DJ9ElbY6D=;O�fa6DJ_5SHK?7:Z8>fPV�� ����2 HKk7k7MZ:<6D8�@>576	Q HK8;@�=>6 @B=>HK?78>fg:N@!HKMZ\YEY=;:Z@>57f @>E]HKMZM/fg:<8;8>:Z?7\

8>6D\Yfg69?A@B8 8;@>EY=>6DC]:Z?a@>576 ��������2 � � ����4 VR�,576 ��������2 � � ����4 @B=>HKJ���8�@>576�? LFf j 69=�EKQ.'(����2 j M<E J���8
=>6DJ96D:ZbK69C*QiEY=�H \Y:NbY69?X8>69\Kfa6D?A@pV[
 QR@B57638>6D?7C76D= � 8 ��������2 � � ����4 :Z?7C7:ZJpHd@>698�@B5763HK=;=>:NbKHdM/EKQc@>57=>6D6
C7L7kFM<:ZJpHd@>6^'(����2 j MZE(J���8

�
@>576]fg:Z8>8>:Z?7\ 8;69\Yfg69?A@g:Z8n=;6D@B=>HK?78;fa:N@>@>69C VX�,576 J9EK?7?769J @B:ZEY? 69?��

@B6D=>8�@B576�=BHd@>6 � 5SHKMNb(:Z?7\3k75SHK8;6�QiEK=�EK?76��R�,�!V(W�LF=>:Z?7\G=>Hd@B6 �05SHdMZb :Z?7\
�
QiEY=�6DbY6D=;Og@ � EnC7L7kFM<:ZJpHd@>6

����2!8
�
@>576 J9EK?7?769J @B:ZEY? J_5769J���8!@B5F6 8>JDEY=>6 j EAHd=>C*QiEY=�@B576 ?76 
 @!57EYMZ6 H j ElbY6n@>576 =>6 @B=BHd?78>fg:N@

@B5F=>698;57EYMZC V�� �[E C7L7k7MZ:ZJpHd@>6n����2!8�HK=;=>:NbY6nHK?7CP@B576GJ9EY?7?F69JD@>:<EK?X=>6 @B=>HK?78>fg:N@B8�@>5763?76 
 @�8>69\ �

fg69?A@pV���Q @>69=G@>576geS=>8)@ =>EKL7?7C @>=>:Zk @B:Zfg6
�
� ����2 6D?A@B69=;8 H�5FEYM<C 8;@_H @B6 Hd?7C �[HK:Z@>8GQiEY=	@B5F6



� �

7920000

7900000

7880000

7860000

7840000

 21:40:56  21:40:55  21:40:54 

sequence number

time

indigo.cs.ohiou.edu:1025_==>_lawyers.cs.ohiou.edu:3999 (time sequence graph)
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indigo.cs.ohiou.edu:1033_==>_treat.cs.ohiou.edu:3999 (time sequence graph)
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sequence number

time

indigo.cs.ohiou.edu:1025_==>_lawyers.cs.ohiou.edu:3999 (time sequence graph)
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indigo.cs.ohiou.edu:1036_==>_lawyers.cs.ohiou.edu:3999 (time sequence graph)
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