
���������
	��
	�����������������������������	 �"! #��$�&%(')�
�+* �������,��	�	.-/�10
���$���324���5�

6�798;:=<?>A@CB�D9E$FGE

H�FG79ICD9E$JKD�LMFON$@CPMQ"@CR/S"T?T?U

V Q"I,WXFO@GYZI\[
]$FGI^D_I

`�a\6cbed�f�gh6�[1i(jeLkH�d�lmgh6
a�ne6
o�FO8$Q"@CW^p=FGEKW\:"qsr1:?pt8$P�WXFG@�ghuGD9FGE$uOF



L QAuOP$7 W
R :"q&ghuGD9FGE$uOF o�FG8MQ"@CW^p=FGEKW\:"qsr1:?pt8$P�W^FO@�ghuGD9FGE$uOF

6�7_8;:=<?>"@CB�D_E$FOE

� EMQ"7 RhICD9I
:"q H�FGW^FO@C:��?FGE$FO:?P�I�6�� [m@XQ��=u D9E	� D_@^FG79FOICI\d&EKB�D_@^:?E$ptFOE W
r1:"p=8$PhWXFO@\ghuOD_FOE$uGF

V�
 ghu�
�[
]$FGI^D9I LMFON�@^PMQ"@,R S"T"T?U 
 S�� 8�
�� � 8$8���


� FG@Cq :?@Cp QAE$uOF��MICW^@^F QAp=D_E����$H\[
[���� [\r���FGE$]MQ"E�uOFOptFOE WXI��;uG:?pt8 F WXD_E����M:�� I�� f�d�o�� o�D! �g�FO@CB
neP$pt8$P$79Q ghuOD_FOE$uGF l�D9N�@XQ"@,R��$ICFO@^D9Q"7�EKP$p N;FO@�r�"
S"T?T?U#"$
�%

� D_@^FG79FOICI3Q"uGuOFGI^IeD_I�F&�h8;FOu WXF�' WX: 8$7 Q R Q=uO@^P�uOD9Q"7m@^:?7_F D9E W^]$F q P�WXP�@^F�:"qsWX]$F�6�EKW^FO@CE$FGW�
3[
]$F
'�FOp=Q"E�'$I :"q�WX]�F�� D9@CFO7_FOI^ImFOE BhD_@^:?E�p=FGEKW Q"@CF5E$:AWsQA7(� Q R�I uO:"p=8MQ WXD_N$7_F)� D WX] WX]$F1QAI^I^P�p=8�W^D9:?E�I
W^]MQAW*�1FG@^F p=Q+'$F :?E W^]$F FO@^Q :"q&W^]$F�� D9@CF�' 79D9E�J�I�
 � W�WX]�F IXQ"ptF WXD_p=F�� E$F&� I^FG@CB�D9uGFOI3WX]MQ W
WXQ"J"F Q+'�BAQ"E W Q��?F/:"q�W^]$F Q+'�BAQAE$uOFGI=D9Ekp=Q"E R Q"@^FOQ"I :"q�W^FOu ]$E$:"79:��"R Q"@CF/D9E B?FOE WXF�'�
)[
]$FGI^F
ICFO@CB�D_uOFGI D9E�uO79P,'$F-'$FO7_D_B?FG@CR�:"q�p=Q"I^I p=F�'$D Q 79D_J"F W^FO79F B�D9I^D_:?E Q"E�' @XQ+'�D9:��\6�EKWXFG@^E$F W 8$]$:"E$F
uOQ"797_I��&Q"E,' B�D('$FO: uG:?E�q FG@^FOE�uOD_E���
�[
]�F E$FGW.�1:?@CJ p P$ICW N;F/Q"N�79F=WX:/'$FO7_D_B?FG@�W^]$FOICF/ICFO@,BhD_uOFGI
� D WX] Q"uOuGFO8�WXQ"N$7_F 8 FG@Cq :"@^p=Q"E$uOF Q"E�'10KPMQA79D_W�R=WX: WX]$F FGE�' P$ICFO@�

[
]�D9I5W^]$FOICD9I58$@^FGI^FOE WXI
Q"E F&�h8;FO@CD9ptFOE W Q"7;ICW^P�'�RtWX:�ptF QAI^P$@CF�WX]�F�8;FO@,q :?@^p=Q"E$uGF�:"q�N$P$7_J2'MQAWXQ
[\r�� WX@XQAE$ICq FG@^I�� I,WX@^FOQ"ptD9E��
Q"P�'�D9:��$:#� I��AQAE�' H�[
[�� W^@XQ"E�ICq FO@CI3� ]$D_u ] uG:?pt8;FGWXFsW^]$F&79D_ptD WXF�'
N$Q"E�',� D('�WX] :"q�WX]$F245��f�g�6"`3V [\g7"�7_D9J"F8� D9@CFO7_FOI^I379D_E$J9
 [
]$F:� D9@CFO7_FOI^I379D_E$J/u ]MQA@XQ"u WXFO@CD9I,WXD9uGI
QA@^Fept:;'$FO7_F�'<� D_W^] Q�� D9@^FG79FGI^I
E$F W��1:"@^J FGp P$7 Q WX:?@�
=� F Q"EMQ"7 R?>GFe]$:��@'$D! �FG@^FOE W uG:?p=8;F WXD_E��
�5:?@^JK79:?Q+'�W
R�8;FOI&N;FO]$Q B?F�� D_W^] @CF��?P�7 Q"@ [��5rkQ"E�' ]�:#�kWX]$F
Q"u WXD_B?FA0KP$FOP$F
p=Q"EMQ+�?FGptFOEKW��AWX]$F
o�D! FO@^FGEKW^D QAW^F�' ICFO@CB�D_uOFOICB o�D( �ghFG@CB,D&�"Q"E�' Q\uG:?p N$D9E$QAWXD_:"E :"q$[\r�� FOE�]MQ"E$uGFOptFOE WXIsQ� FOuGWmWX]$F
8;FG@Cq :?@Cp QAE$uOF
Q"E,' WX]�FC0KPMQ"7_D_W�R :"q;ICFO@,BhD_uOF�
E� F W^FOI,W�:?E q :?P$@s7_D9E$JeW�Rh8;FGI�D9E�uO7_P�'$D9E,�eQAE FG@^@C:?@F"
q @CFOFe79D9E�J QAE�'/W^]$F 7_D9E$JKIA� D_W^]G'$D! �FG@^FOE W � PhWX:?p=QAWXD_u3f\FG8;F QAW @^FIHeP�FOICW�B � fCHJD18;FO@CI^D_ICWXFGE$uGR+


[
]�F Q"EMQ"7 RhICD9I uO:"E$I^D_ICWXI :"q�uG:?p=8$Q"@^D_E�� WX]$F @^FGI^P$7 WXD_E�� 8;FO@,q :?@^p=Q"E$uGF D_EK'�D( FO@^FGEKW uG:?E,L��?P?"
@^QAWXD_:?E$I NMQ"I^F�'�:?EM'$F�LME�F�'�p=F WX@^D_uOI�
N� F :?N$ICFO@CB?F�'�W^]MQAW o�D( �ghFO@,B QAE�'�f�QAE�'$:?p d�Q"@C7_R
o�F WXFGuGW^D9:?EOB f\d�oPD2� D WX] d=��8�79D9uGD_W r1:?E,�?FOI,WXD9:"E�a�:"W^D(LMuOQAWXD_:?E@B d5r a*D=Q"@CF P$ICFGq P$7Q� QAE�' D9E
IC:?ptFtuO:?E,'$D_W^D9:?E�I E$FOuGFOICIXQ"@CR+� q :?@J0KPMQ"79D W
R :Aq I^FG@CB�D9uGF Q"E�'�q Q"D9@CE$FOICI N;FOuOQ"P$ICF Q 79:"E��10KP$FGP?"
D_E��R'$FG7 Q R Q"E,' uG:?E��"FOICW^D9:?E @CFO79QAWXF�' 8MQAu J"F W�79:?ICI^FOI\u Q"P�I^F 8$@^:"N$79FGp=IC� D WX]$:"P�W�o�D( �ghFO@,B Q"E�'
f\d�o�
�H\:#�5FGB?FG@����1F :?N$ICFO@CB?F�' I^D WXPMQ WXD9:"E$I��S� ]�FO@^F W^]$FO@CF�D_I�I,WXD_797�@C:�:?p q :?@\I^D(�?E$D!LMu Q"E W�D_p2"
8�@^: B?FGp=FGEKW^I\D_qmW^]$F 7_D9E$J�"c7_FGB?FG7�D9I Q�� QA@^F :"q W^]$FJ0�P$Q"79D W
R :"q ICFO@,BhD_uOF�
 j3E$7 R B?FO@CR/FG@^@C:?@F"c8$@^:?E�F
7_D9E$J�'$D9ptD_E$D_IC]$FOI&WX]$F�N;FGE$F�L�WXI5WX: E$D_7T
 [
]$F�uO:?p N$D_EMQAWXD_:"Et:Aq�[\r�� FGE$]MQ"E$uGFOptFOE WXI1D9pt8$@^: B?FOI
8;FG@Cq :?@Cp QAE$uOF�
 [
]$FOICF=D_E$uO7_P�'$F D_E$D_W^D9Q"7U� D_E�'$:�� :"q5q :"P$@��mr1:?E WX@^:"7WV17_:�u J 6�EKWXFG@X'$FG8;FOE,'$FOE$uOF
B r�V16FD5Q"E�' LM:?@F� Q"@X' f [\j @^FGuO: B?FO@,RYB LU"
f [\jJD&
�[ ]$F3D9E�D_WXD9QA7�� D9E�'�:#� :"q�q :"P$@5]$FO7_8$I Q�79QAWXFG@
I,W Q"@,WXD9E,� [\r��O�M:#�4WX: ICW Q"@,W q Q"I,WXFO@ N�P�W:�"FOE$FG@XQAW^FOI�uO:"E��?FOI,WXD_:?E P$E�'$FG@�I^:"p=FtuO:?E�'�D_WXD_:?E$I�

r�V5638$@^F B?FOE WXI�IC79:#�A"�ICWXQ"@CW : B?FO@CI^]$:�:AW QAE�' NMQ"79Q"E$uOFGI I^7_:#� ICW QA@CW D_E.WX]$Ft8�@^FOICFOE$uGF :"q FG@^@C:?@
'�@^:?8$I�� Q"E�' LU"�f [\j @^F�'�P$uOFGI�P$E$E$FGuOFGI^IXQ"@CR/@^FGW^@XQ"E�I^ptD9I^ICD9:?E�I
I^P$uGuOFGI^ICq P$797 R�

� r
V r1:?pt8$P�W^D9E��tr17 QAI^I^D!LMu Q WXD9:"E gKRhI,WXFGpZB r
r
g�D&[
r*
 S?
 S1B a�F W.�1:?@^J	�&@^:"W^:�uO:?7_I$D
r*
\�]BQ� FG@Cq :?@Cp Q"E�uOF :Aq&g�R�I,WXFOptI$D

^�_ `!ab`!cQdbegfihgjlk�mnhlmnfio7prqThlcQdbs fi`tftjluT`!cvfi_ ole�prqThlw!dbs fyx z{hl_ fiolmIpr|}ebmnfi_ fidTfi_ ole,pr~�`!�bhl�nf���`(evf

^{`(cv_ �n��prqX�l�n��h�f�f�hl��`�pR��dTfi�bol�
^$xv�leSeb_ ��_�p�������`tfi`tfimIfi_ fi`!s{p�^�_ fis `

k#�b�b_ hl_ eb`�prz{�l�nol�l��eb`�pruTdT�T�n`!w!f
^$xv�leSs h��y_{p�������`tfi`!f�m�hl�nf�przF`!�g`(s ��_ c�h�p�~#h�f�db�Cpr�?olevfi�ShleTa�xg`(hl� uT_ �Qdb���l�l����pruT_ abolhlegfihls{pr�Idb�+�.`(��o��&�Thl�l`(m
^�_ _ �T_ mnfi`!s ����pr��`t��`!��h�f#p����bmnf���hlw!f

�{��hl_ ebm�hleTh�f�pr��xTwicg`!s ol�na�pr��`txQ�&ol��abm
uQ�l_ s xvfyxQm��bhl_ cQc�h�prqX�l�n��hl��_ eT�lm�mnfi�ls s `�pR�U�b`(�n`+aT`(�.olm�_ fi`!a
�?db_ fih�fi_ `tfio��nh7pR�(�T��_ �lh;db�b�b�l_ � fi`!��p���abab_ fi_ oleThls{_ eT��ol����h�f�_ ole

�A�����+�T�����T�K�C�9�. A¡��b�+¢� M£¤�¥���¦�+�Q�C��§¦ A¨A�:©¥�A�vª���¨��+�Q¢)��¢�£¤©¥�A�QªA�U¨A�+�T¢=�« A§/�A�����+�T�¥¬C�



D9D

���������	����


� 
���������������������� �

� 
����� !�"�� !�$#%��&(')�*���,+-�.�� 0/. 2131546��7��.�"����89 2����1 �
S;
(
 � D_@^FO7_FOICI\l�D9E�J r1]MQ"@XQAuGWXFG@^D_ICWXD_uOI 
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 S

S;
 S [\r�� [ @^Q��tu 
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 �
S;
n% g�W^@^FOQ"p=D_E�� [m@XQ��tu 
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 :

; #<��&('=�?>�����������/@/��.��ACBD 2�"E�&F����138)1 �!G
%?
(
 l�D9E�J�"�l�FGB?FG7�[ FGu ]�E$D�0KP$FGI 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 
 T
%?
 S f :?P�W^FO@ � u WXD_B?F8H3P$FGP$F�V QAEMQ+�?FGp=FGEKW 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 
 T
%?
n% o�D! �FG@^FGEKWXD9QAWXF�' ghFO@,BhD_uOFGI 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 
 S
%?
y� [\r���d�E�]MQ"E$uGFOptFOE WXI*
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 
 U

H #< 21��JIJ�"��&F��AK 289 2����1 �2L
�,
(
 j3N2MCFOu WXD_B?FGI 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 
�N
�,
 S V F WX]$:;'�I�QAE�' V :;'$FG7U
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
(S"T
�,
n% r1:?E?LS�?P$@^QAWXD_:?E/:"qmWX]$F � D_@^FO7_FOICI\l�D9E$J 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
(S?S
�,
y� � :?@CJ�7_: Q+'$I 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
(S��
�,
PO [\r�� b�Q"@^D9Q"EKW^I 
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
(S"U
�,
 U a\FGW.�1:?@^J/r1:?E?LS�?P$@^QAWXD_:?E 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
(SQ:
�,
P: V F WX@^D_uOI 
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
(S�N

R #< 21��TSJ 01U��/V��15&F���WIX��&F/.Y�13�@1 ;��
O;
(
 [��1:�V1P$79J [\r���L 79:�� I\r1:?pt8;FGWXD_E���� D WX] Q=g�]$:?@CW [\r�� L 7_:#� 
5
5
8
5
5
 % S

O?
!
�
!
 d�@C@^:?@�"
LM@CFOF l�D9E$J 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 % S
O?
!
�
 S l D_E$J�� D WX] H�D(�?] � fCH � FG@^I^D_ICW^FOE$u R 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 � T
O?
!
�
y% l D_E$JKIC� D WX] V F�'$D_P$p Q"E,' l :�� � fCH � FO@CI^D_ICWXFGE$uGR 
5
8
5
5
5
8
5
5
 ���
O?
!
�
\� ghP$ptp QA@CR :"qsf FOICP$7_W^I 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 �!O

O;
 S [��1:�V1P$79J [\r���L 79:�� I\r1:?pt8;FGWXD_E���� D WX] QRV5P$79J [\r���L 79:�� 
5
5
5
8
5
5
 � U
O?
 S?
!
 d�@C@^:?@�"
LM@CFOF l�D9E$J 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 � U
O?
 S?
 S l D_E$J�� D WX] H�D(�?] � fCH � FG@^I^D_ICW^FOE$u R 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
ZO"T
O?
 S?
y% l D_E$JKIC� D WX] V F�'$D_P$p Q"E,' l :�� � fCH � FO@CI^D_ICWXFGE$uGR 
5
8
5
5
5
8
5
5
ZO+%
O?
 S?
\� ghP$ptp QA@CR :"qsf FOICP$7_W^I 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
ZO��



D_D9D

O;
n% [��1:�V1P$79J [\r���L 79:�� I\r1:?pt8;FGWXD_E���� D WX] Q"E H\[
[���[m@XQ"E$I,q FO@ 
5
5
8
5
5
ZOQO
O?
y%,
!
 d�@C@^:?@�"
LM@CFOF l�D9E$J 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
ZOQO
O?
y%,
 S l D_E$J�� D WX] H�D(�?] � fCH � FG@^I^D_ICW^FOE$u R 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
+U :
O?
y%,
y% l D_E$JKIC� D WX] V F�'$D_P$p Q"E,' l :�� � fCH � FO@CI^D_ICWXFGE$uGR 
5
8
5
5
5
8
5
5
Z:?S
O?
y%,
\� ghP$ptp QA@CR :"qsf FOICP$7_W^I 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
Z:"U

O;
y� [��1:�V1P$79J [\r���L 79:�� I\r1:?pt8;FGWXD_E���� D WX] Q=gKWX@^FOQ"ptD9E�� L 7_:#� 
5
5
5
8
5
5
Z:Q:
O?
\��
!
 d�@C@^:?@�"
LM@CFOF l�D9E$J 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
Z: �
O?
\��
 S l D_E$J�� D WX] H�D(�?] � fCH � FG@^I^D_ICW^FOE$u R 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 � N
O?
\��
y% l D_E$J�� D WX] V F�'$D_P$p QAE�' l�:#� � fCH � FG@^I^D_ICW^FOE$u R 
5
8
5
5
5
8
5
5
 N�%
O?
\��
\� H�D(�?]?",g�8;FOF�' d�@C@^:?@�"
LM@^FGF l D_E$J 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 N O
O?
\��
 O ghP$ptp QA@CR :"qsf FOICP$7_W^I 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
 NQN

O;
PO [��1:NV1P$7_J [\r�� L 7_:#� I r1:?p=8;F WXD_E�� � D WX] Q"E H�[
[�� [m@XQAE$ICq FG@ Q"E,' Q
g�W^@^FOQ"p=D_E�� L 7_:#� 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
W
 T?T
O?
 O?
!
 d�@C@^:?@�"
LM@CFOF l�D9E$J 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
W
 T,

O?
 O?
 S l D_E$J�� D WX] H�D(�?] � fCH � FG@^I^D_ICW^FOE$u R 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
W
 T?U
O?
 O?
y% l D_E$JKIC� D WX] V F�'$D_P$p Q"E,' l :�� � fCH � FO@CI^D_ICWXFGE$uGR 
5
8
5
5
5
8
5
5
W
 T �
O?
 O?
\� H�D(�?]?",g�8;FOF�' d�@C@^:?@�"
LM@^FGF l D_E$J 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
W
 TQN
O?
 O?
 O ghP$ptp QA@CR :"qsf FOICP$7_W^I 
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
W
+
 S

O;
 U o�D_I^uGP$I^I^D_:?E :"qsf FOICP$7_W^I 
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
W
+
�%

� >������ /���13������1�&F�������������� +������ �����

S  	�  !�� 2���Q 21 ����


I��
�  2�������Q 21

I � ��8989& ��Y ���	��E� +��K����/.�K&F��1 �0�KR

� >�������A�����&(���������6&(�"& 89 �� !� 1 �0���
V 
(
 d&E�'?"�H�:?I,W�n FG@^E$FG7 r1:"E,LS�?P�@XQAW^D9:?E 
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
W
 S"U
V 
 S ghFOQ�� D_E�' r1:?E,LS�"P$@XQAW^D9:"E 
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
8
5
5
5
8
5
5
W
 SQ:

> �X 213�Q�"�������.��� �����<��� ���,S 4�� IX/�AK�K�"�V��E�8 � ��A �0;FG





� � ����� �����	� ��
����

LM@^:?p W^]$F�FOQ"@C7_RG'MQ R�I�� WX]�F�6�E WXFO@CE$FGW*� D WX] B?FG@CR 7_D9ptD WXF�' EKP$p N;FO@�:"q&P�I^FO@CIeQ"E,' ]�:?ICWXI�]MQ"I
FGB?:"7_B?F�'�D_EKWX:k]$F WXFG@^:��"FOE$FG:?P$I Q"E�' uO:?pt8$7_F&� uO:?p N$D_EMQAW^D_:?E :"q8�1:?@C7�'?"T� D�'$FG7_R E$F W��5:?@^J"F�'
]$:?I,WXI Q B Q"D979Q"N$7_F q :?@ p QAI^I^D B?F.E�P$p N;FG@ :"q�P�I^FO@CI�
 � D('$F BAQ"@CD9FGW�R :"q�ICFO@CB�D_uOFGI ]MQ"I N;FGFOE
'$FO8�79: R?F�'�
�V Q"E R :"qsW^]$FOp ]MQ B?F�@^F�0KP$D_@^FGp=FGEKWXI\q :?@ WX]$F WX@XQAE$I^ptD9ICI^D9:"E :"qsW^]$F�'$QAW Q=D_E W^]$F
E$FGW.�1:"@^J9
 gh:"p=F :"qsWX]�FOI^F @CF�0KP$D_@^FOptFGEKWXI3Q"@CF�uG:?EKW^@XQ+'$D_uGW^D9E��R� D WX] F QAu ] :"WX]$FG@�
�[
]$FG@^FGq :"@^F
D_W�D9I�E$FGuOFGI^IXQ"@,RtWX: uO79Q"I^ICD_q R W^]$F WX@^Q��tu\I^:?ptFO]$:�� Q"E�'tWX: WX@CF QAW�'$D( FO@CFOE W5uG7 Q"ICI^FOI5Q"uOuG:?@X'$D_E��
WX: WX]$FGD9@
8$@CFGq FG@^FGE$uOFGI � ]$FGE uO:?pt8;FGW^D9E�� WX@XQ��=ueuO7 QAI^I^FGI�Q"@CF 8$@CFOI^FGEKW�

� Ek:?E;".�?:?D_E�� WX@^FGE�'kD9E W^]$F 6�EKWXFG@^E$F WtF ��8$Q"E$I^D_:?EkD9I Q]� D9@CFO79FGI^I QAuOuGFOI^I�
 [
]$F/Q"uOuGFOICIR'$F "
B�D9uGFOI D_E$uO7_P�'$F 7 Q"8�W^:?8$I Q"E�' ]MQAE�'?"�]�FO7�' '$FGB�D_uOFOI I^P$u ])Q"I 8;FO@^IC:?EMQ"7A'$D��"D_W QA75Q"ICI^D_ICW QAEKWXI :?@
p=:"N$D97_F 8�]$:?E$FGI ]MQ B�D9E,� � D_@^FO7_FOICI l � a uO:?E$E�FOu WXD9:"E$I :?@/P$I^D_E��N4eFOE$FG@XQ"7J� Q"u J"FGW f�Q+'�D9:
ghFO@,B�D9uGFYBQ45��f�g�D��\V¥� N :;� d&[\g�TQO�
5:?@�`\E$D B?FO@^I^Q"7 V :?N$D97_Ft[mFO7_FOuO:"p=p P$E�D9u Q WXD_:?E�I�g�R�ICW^FOp
B `�V [\g�D��Zd&[\g�TQO,� n � l + TQO�
¥B :?@
W^]$FOD_@ uG:?P$EKW^FO@C8MQ"@CW^I$D Q"I\Q"E Q"uGuOFOICI�ptF WX]$:;'�
�[
]$D9I I^]$D q W
WX:�� Q"@{'$I p=:"N$D97_F Q"uGuOFOICI D_I Q �"@^FOQAW u ]MQA797_FOE��?F q :?@ W^]$F=F&�hD_ICWXD_E�� 6�E WXFO@CE$FGW�8$@^:AWX:�uO:"79I W^]MQAW
�1FG@^F '$FOICD��?E�F�' D_E WX]$F\FO@^Q :Aq¦� D9@CF�'=7_D9E$JKI�
 [
]$F�:"@^D��"D_E :"q�WX]�F�[m@XQAE$I^ptD9ICI^D9:"E r1:?EKW^@^:?79��@C:�"
WX:�uG:?7AB [\r���D��y� :"I � 
ON�
�'MQAWXFGI3N$Q"u J p P$7 WXD_8$7 F5'$FGu Q+'$FGI�
*� D_W^]$:?P�W�p P$7 WXD_8$7 F Q"ptFOE�'�p=FGEKW^I
[\r���D9I E�:"W&Q"N$7_F5W^:3F��tuOD_FOE WX7_R ptFOF W WX]$F1FGB?FG@&D9E�uO@^FOQ"I^D_E���@^F�0KP$D_@^FGp=FGEKW^I WX]MQ W&Q"@^D_I^F5q @C:?p Q
BAQ"I,W�'$D B?FO@CI^D W
R3:"q�WX]$F�uO:"p=p P$E$D_u Q WXD_:"Eep=F�'$D_P$p=I�Q"E�' ptFGW^]$:;'$I�
sj3E$F&B?FO@CReD9pt8;:?@CWXQ"EKW�8$@C:�"
WX:�uG:?7$N$P$D_7_W&:"E W^]$F
WX:?8 :"q [\r�� D_IsWX]�F\H\R�8;FO@,WXF&��W5[m@XQ"E$I,q FO@���@C:"WX:�uG:?7�B H\[
[���D��yV1lmL L N?U�

WX]MQ W
NMQAu JKN;:?E$FGI
WX]�FP� :?@C7�'r� D('$F*� FON Bg�«�«� D&
�[
]�FP� :"@^7�'r� D('$F*� FGN	� Q"I
Q"E�' I,WXD97_7
D9I�Q J"FGR Q"8�8$79D_u QAW^D_:?E D_E 8;:?8�P$7 QA@^D�>GD_E�� WX]�F 6�EKW^FO@CE$FGW q :?@�Q 79Q"@X�?FtE�P$p N;FG@ :Aq FOE�' P$ICFO@CI�

[
]$FG@^FGq :"@^F WX]�F 8;FG@Cq :?@Cp QAE$uOFe:"qsH\[
[���D9I B�D W Q"7Q

6�E WX]�F.p=FOQ"EKW^D9ptF+�
WX]$F.D_E$uO@CF Q"ICF.D9E�WX]$F.E�FGW.�1:?@^J�NMQAE�',� D('�WX]�QAE�' D_E WX]$F uO:?pt8$P�W^D9E��
8;:#�5FO@m:AqhWX]$F�FOE,'?"�P$ICFO@U'$F BhD_uOFGImW^:��?F WX]$FG@��
D_WX]eWX]$FW'$F B?FO79:"8$p=FGEKWm:Aq�8;:#�1FG@Cq P$7 uO:"p=8$@CFOICI^D9:"E
Q"7(�?:?@^D W^]$ptI1]MQ"I :?8;FGE$F�' Q��1Q R q :?@1BhD('$FO:tQ"E�' Q"P�'$D_: I,WX@^FOQ"ptD9E�� I^FG@CB�D_uOFOI�
AV5:"WX]/:"qmWX]$FGI^F
@^F�0�P�D9@^F Q uG:?EKW^D9EKP$:?P$I�'MQAWXQ ICP$8$8$7 R)q @C:?p WX]$F ICWX@CF Q"ptD_E�� I^:"P$@^uGF+
�[m: 8$@^: BhD('$F WX]�D9I��
Q
uOFG@CW QAD9E Q"pt:?P$E W5:Aq�NMQAE�',� D('�WX] p P$I,W1N;F�Q BAQ"D_7 Q"N�7_FC� D WX] Q 8$@^FGuOF�'$FOE$uOF�q :?@&WX]$F�I,WX@^FOQ"ptD9E��
WX@^Q��tuY� ]$FOE$F B?FO@ Q)ICW^@^F QAp D_I/W^@XQ"E�I^ptD_W^W^F�'�
 j�WX]�FO@{� D_I^F�D_W D_I/]MQ"@X' q :?@ WX]�F E$F W��5:?@^J
WX: 8$@^: BhD('$F FGE�'?"cW^:�"�FGE�' '$FO79Q R�WX]MQ W D9I�79:�� QAE�' ICW QAN$79F FGE$:?P,�?] q :?@ WX]�F	'$FG7 Q R ICFOE$ICD_W^D_B?F
ICW^@^F QAp=D_E�� WX@XQ��=u�

� ]$FGE$FGB?FO@�p=:"@^FeWX]MQ"E :?E$F WX@XQ"E�ICq FO@\D9I\8�@^FOICFOE W3D9E/WX]$F E�FGW.�1:?@^J9��Qt]MQA@^p q P$7�D9EKW^FO@,q FO@^FGE$uOF
N;FGW.�1FGFOE W^]$F\WX@XQAE$ICq FG@^I5p Q R :�uGuOP$@�
&6�E Q 7_D��?] WX7 R 7_: Q+'$F�'=E$F W��1:"@^J WX]$F�D_EKW^FO@Cq FG@^FGE$uOF�p=D(�?]KW
E$:"W N;F ICD��?E$D!LMuOQ"EKW��
N$PhW<� ]�FOE�WX]$F E$F W��1:"@^J D_I=uO:?E��"FOICW^F�'�� W^]$F D9EKW^FO@,q FO@^FGE$uOF u Q"E�@^P�D9E
WX]$F 8;FO@Cq :"@^p=Q"E$uGF :Aq W^]$F W^@XQ"E$I,q FO@��9'$D_I^8$7_F Q"ICD9E�� W^]$F FGE�' P�I^FO@�
 � uO:"E��?FGICWXF�' @^:?P�W^FO@ p P$ICW
'$FOuGD�'�F WX]$F :?@{'$FO@3D9E/� ]�D9u ] WX]$F 8$Q"u J"FGWXI Q"@CF ICFO@,B?F�' QAE�'-� ]$D_u ].8$Q"u J"F WXI Q"@CF�'$D_I^uOQ"@X'$F�'�

V1FOuOQ"P$ICF=:"q5WX]�FtD_E�'$P$uGF�' 79:"I^I^FGI Q"E,'�'$FG7 Q RhI�� WX]$F20KP$FOP$D_E�� Q W WX]�FtD9E WXFG@^ptF�'$D9QAWXF @C:?P�WXFG@^I
WX]MQ W�p Q R F&��WXFGE�' FGB?FOE P�8 WX: QtuO:"E��?FOI,WXD_:?E D_I�QtI^FG@^D_:?P$I WX]$@CF QAW\q :?@\p=Q"E R Q"8�8$79D_u QAW^D_:?E$I��
D9E$uG79P,'$D9E�� p P$7_W^D_8$7_F3I,WX@^FOQ"ptD9E�� Q"8$8�79D_u QAW^D_:?E$I�

[m@XQ+'$D WXD_:?EMQ"7 7 R WX]�F�@^:?PhWXFO@CI�]MQ B?F P�I^F�' Q ICD9E��"79F50KP$FOP�F+�¦� ]�D9u ]/'$@C:?8$I�8MQAu J"F WXI3:?E$7 RG�
]$FOE
WX]$F	0KP$FGP$F/D9I�q P$7_7T
.[
]�D9I N;FG]MQ B�D_:?@ D_I JKE$:#� E QAI W QAD97t".'�@^:?8¦
.[ : 8$@^: BhD('$F Q N;F W^WXFG@ uG:?E?"
WX@C:?7 : B?FG@1WX]$F�W^@XQ��tu��$E�F���ptFGW^]$:;'$I1q :?@5uO:?E WX@^:"797_D_E�� WX@^Q��tu3D9E W^]$F3@^:"P�WXFG@^I
Q"@CF3FGp=FG@X�?D_E���

[
]$FGI^F5D9E�uO79P,'$F�Q"uGW^D_B?FW0KP$FGP$F5p=Q"EMQ+�"FOptFOE W��\V
r
r + N � 
�Q"E�'50KPMQ"7_D_W�R�"�:"q�"cI^FG@CB�D9uGFsW^FOu ]$E$D(0�P�FOI�




S

[
]$F=Q"u WXD_B?F�0�P�FOP$F=p=Q"EMQ��?FOptFOE WeWX@CD9FGIeWX:/8$@^: QAuGWXD B?FO7 R 8$@^F B?FOE W�uG:?E��?FGICWXD_:?E.q @^:"p :�uGuOP$@�"
@^D_E���
&f F��?Q"@X'$7_FOICI
:"q W^]$FeuG:?E��?FGICWXD_:?E��hWX]�F 0KPMQ"79D W
R�"c:"q�"cI^FG@CB�D9uGF�WXFOu ]$E$D(0KP$FOI 8$@CD9:?@CD_W^D(>GF�8MQ"u J�"
FGW^I QAW @^:"P�WXFG@^I��E� ]$D9u ] D9I�@CF�0KP$D9@CF�' WX: q P$7(L$797�0KPMQA79D_W�R�:"q I^FG@CB�D9uGF	'$FOp=Q"E�'�I :Aq WX]�F	'�FO79Q R
I^FGE$I^D WXD_B?F�W^@XQ��tu�
�d&I^8;FOuGD QA797_R WX:�8$@^: B�D�'$F�Q�7_:#�«'$FG7 Q R+�h8$@CD9:?@CD_W^D(>OQAWXD :?E=p P$I,W N;F�8;FO@,q :?@^ptF�'
FGB?FGE � D WX]/p=:;'�FO@XQ WXF 0KP$FOP$F 79FGE��"W^]$I�

6�E)WX]$D_I W^]$FOICD9I��A�5F ptF Q"ICP$@^F Q"E,' Q"EMQ"7 R;>OF D_EKW^FO@XQAuGWXD_:?EkD9EkW^@XQ��tu ptD!��W^P$@^FGI�
 [
]$F W^@XQAq�"
LMu ptD!��W^P$@^FGI D9E�uO79P,'$F N�P$79J 'MQAW Q [\r�� W^@XQ"E�ICq FO@CI���Q"P�'$D_: ICWX@CF Q"ptD9E,� WX@^Q��tu/QAE�')H\[
[��
WX@^Q"E$ICq FG@^I�
(o�D! �FG@^FOE W	�1:?@^JK7_: Q+'$I/QA@^F WX@^Q"E$ICq FG@^@CF�' : B?FG@ Q � D_@^FG79FOICI/7_D9E�J � D WX] p P$7 WXD_8$7 F
@^FG8;FGWXD WXD_:?E$I1WX:2�"FOE$FG@XQAW^F Q ICWXQAWXD_ICWXD_u QA7 B�D9F&� :"qmW^]$F N;FG]MQ B�D_:?@�
&[
]$F � D_@^FO7_FOICI 7_D9E$JtuO:"E,LS�?P?"
@XQAW^D9:?E @^FOICFOp N$7_FOI Q24J��f�g�6A`3V [\g7" W
R�8;F �
D9@^FG79FGI^I
7_D9E�J 
 6
E WX]$FeptFOQ"I^P$@CFOptFOE WXI
@^FOQ"7!" WXD_p F
FOp P$79QAWX:"@=ghF QI� D9E,' � nP4 V + T?
 
\D9ItP$I^F�' WX: pt:;'$FG7 W^]$F u ]$Q"@XQ"u WXFG@^D9I,WXD_uOI=:Aq3WX]�F � D_@^FG79FOICI
79D_E$J Q"E,'kWX:.uO:"EKWX@C:?71WX]$F	�5:?@^JK79:?Q+'$I�
 V1FGW.�1FOFGE W^]$F	� D9@CFO79FGI^I 79D9E�J Q"E�'kW^]$F/6�EKW^FO@CE$FGWtD9I
Q 7 Q"I,W{"c]$:?8 @^:?PhWXFO@��)� ]$D_u ] D9I ICP$N2MCFOuGW WX: uO:"E��?FGICWXD_:?E NKR WX]$F W^@XQ"E�ICq FO@C@^F�'kW^@XQ��tu+
 d�Q"u ]
�1:?@CJK79: Q+' D9I W^FOI,WXF�' � D_W^] p P�7_WXD_8�7_F]0�P�FOP$F�p=Q"EMQ��?FOptFOE W/Q"E�' 0KPMQ"79D W
R :"q I^FG@CB�D9uGF�uG:?E?"
LS�?P$@^QAWXD_:?E$I�
.[
]$F 7 Q"I,W{"�]�:?8 @^:"P�WXFG@ FGp=8�79: RhI f�QAE�'$:?p d�Q"@C7_R o�F WXFOu WXD_:?E B f�d�o D � L&<QN+%�

� D_W^] dE�h8$7_D9uGD_Wsr1:?E��?FGICWXD_:?E a�:"W^D(LMuOQAWXD_:?E<B d�r aPD � f�L=V T,
+�"L 7_: N+� 
T� o�D! �FG@^FGEKWXD9QAWXF�' I^FG@CB�D9uGFOI
B o�D! �g�FO@CB,D��yV�V r + N � 
Q� Q"E�' WX]$FGD9@\uG:?p N$D_EMQAWXD_:"E�
1[
]�F�@^FGI^P$7 WXI � D WX] W^]$FOICF�uO:?E?LS�?P$@^QAWXD_:?E$I
Q"@^F
uO:?pt8MQ"@CF�' W^: WX]$F N;FOI,W{"cF� :?@CW�8MQ"u J"F W5W^@^FOQAWXptFOE WW� D WX] WXQ"D97t"b'$@C:?8�0KP$FOP�D9E�� 8;:?7_D9uGR+
 [ ]$F
FOE�' ]$:?ICW&[\r�� D9pt8$7_FGptFOEKWXQAWXD :?E�]$Q"IsW.�1: Q"7 WXFO@CEMQAW^D_B?FOI�
=V Q"ICFO79D_E$F1[\r�� D9I uO:"p=8MQA@^F�'�� D_WX]
d&E$]MQ"E$uGF�'.[\r�� WX]MQ W3D9E$uG79P�'�FOI�uO:"p N$D9EMQ WXD_:?E :"q�ICFO79FGuGW^F�'.[\r�� FGE$]MQ"E$uGFOptFOE WXI3WX]$QAWeQ"@CF
ICWXQ"E�'MQ"@{'$D�>GF�' :?@C'$:�uGP$p=FGEKW^F�' N R WX]$F 6�E WXFO@CE$FGW�d�E,�?D9E�FOFO@CD9E�� [ Q"ICJ/LM:?@CuOF�B 6
d&[ L)D&

[
]$F @^FGICW :Aq�WX]$D_I3W^]$FOICD9IeD9Ie:"@X� QAE$D�>GF�'.Q"Ieq :"797_:�� I�
 6�E ghFGuGWXD_:?E Sr�1F�'$D9ICuOP$ICI W^]$F u ]MQ"@^Q"u&"
WXFG@^D9I,WXD_uOI�:"q¦� D9@^FG79FGI^I5FGEKB�D9@C:?E$ptFOE W Q"E,' u ]$Q"797_FOE��?FGI�WX]MQAW56�EKW^FO@CE$FGW 8�@^:"W^:�uO:?7_I�FOE�uO:?P$E WXFG@ D_E
FOE B�D9@^:"E$p=FGEKW5� D_WX] Q1� D9@CFO7_FOI^I 7_D9E$J9
 6�Ekg�FOuGW^D9:?E %G�1Fr'$D_I^uOP�I^I�I^:?7_P�WXD_:?E$I W^]MQAW�Q"@^F=P$ICF�'
WX:t: B?FO@^uG:?ptF WX]�F 8$@^:?N�79FGp=I�
�6�E ghFOu WXD_:?E �2�1F5'$FGI^uG@^D9N;F :?P$@\Q"@C@XQ"E,�?FOptFOE WXI
q :?@
W^]$F ptF Q�"
I^P$@CFOptFOE WXI Q"E�'K'�F�LME$F WX]$F ptFGW^@^D_uOI�W^]MQAW QA@^F P$I^F�')D9E WX]$F/QAEMQ"7_R�ICD9I�:"q WX]$F @CFOICP$7_W^I�
 6�E
ghFOu WXD_:?E O��1F @^FO8;:"@CW\WX]�F @^FGI^P$7 WXI\:"q W^]$F 8;FG@Cq :?@Cp=F�' ptF Q"ICP$@^FGp=FGEKW^I�Q"E�' 8$@C: B�D�'�F QR'$FGFO8
Q"EMQA7_R�I^D_I
:"q W^]$F p=FOQ"ICP$@^F�' 8;FG@Cq :?@^p=Q"E�uOF+
�L D_EMQ"7_7 R+��D9E g�FOuGW^D9:?E U��1F uO:"E$uO7_P�'$F :?P$@��1:?@CJ 


� � ����� � �X� ��� ����� � 
U� � 
 � �
	��	
�
�� ��
 
 � ����� �	����


����� * ���$���
��	�	����,��������������';�h���$�
	 ���
' 	

[
]$FG@^FeQA@^F\W.�1:�p Q"D_Etu QAW^F��?:?@CD9FGI5:"q�W^]$F � D_@^FG79FOICI17_D9E$JKI�
 � � D9@CFO7_FOI^I1l�:�uOQ"7 � @^F Q�a�F W��5:?@^J
Bg� l � aPD�uO: B?FO@^ImQ
uO:"p=8MQAuGWmQA@^F Q?� F�
\��
(� Q
N$P$D97('$D_E������ D WX]J'MQ W Q
@^QAWXFGImQ"N;: B?F�
 T V N$D W 6AI QAE�'
7 Q WXFOE�uOD9FGI1:"q Q q F���ptD97_7 D_ICFOuG:?E�'$I�
 � E�:"WX]$FG@ u QAW^F��?:"@CR Q"@CF*� D9@CFO7_FOI^I¥� D�'�F � @CF Q a\FGW.�1:?@CJ�I
Bg�«� � aPD&�A� ]$D9u ]�Q"@^F-'$D BhD('$F�' D_EKWX: IXQ WXFO7_79D WXF Q"E�' W^FO@C@^FOI,WX@^D9Q"73E$F W��5:?@^JKI�
([
]$D9I/I,WXP�'hR
uO: B?FO@CI :"E$7_R WX]$FtW^FO@^@CFOI,WX@^D9Q"7)�«� � a ICP$u ]kQAI:4 FGE$FO@^Q"7�� Q"u JAFGW f�Q�'$D9: g�FO@CB�D_uOF/BT45��f�g�D
:?@ `�E$D B?FO@CIXQ"73V :"N$D97_F [mFG79FOuG:?ptp P$E$D9uOQAWXD_:"E$I g�R�ICW^FOp B `�V [\g�D � d&[\g�T O�
T
 [
]�F Q"@^FOQ :"q
uO: B?FO@^Q+�?F D9E W^]$FG45��f�g�6"`�V [\g uGFO7_79P$79Q"@ E$FGW.�1:"@^J F&��WXFGE�'$I WX: I{0�P$Q"@^F JKD_79:?ptF WXFO@CI��&QAE�'
WX]$FJ'$QAW Q @XQAW^F D_I 7_:#�5FO@ WX]MQAE D9E W^]$F � l � a FOE B�D9@^:"E$p=FGEKW^I�

r1:?ptp P$E$D9uOQAWXD :?E)q @C:?p Q pt:?N$D_7_F ]$:"ICW WX: Q�� D_@^F�'�]$:?I,W D_E WX]$F 6�E WXFG@^E$F W D9I=8$@CFOI^FGEKW^F�'



%

D9E L D��?P�@^F1
�
 [
]$Fr� D_@^FG79FGI^I�FGEKB�D9@C:?E$ptFOE W8� ]$D9u ] 8$@C: B�D�'�FOI�6�EKW^FO@CE$FGW Q"uOuGFOICI���D_E I^8�D_WXF=:"q
p QAEKR '$D! �FG@^FOE�uOFGI D_E W^]$F�� D9@^FG79FGI^I�WXFGu ]�E$:?7_:��?D9FGI���]MQ"I3I^:"p=F�NMQ"I^D_u N$P�D97�'�D9E��=N$79:�u JKI�
 [ ]$F
p=:"N$D97_F ]$:?I,W3D_I�uO:?ptp P$E$D_u QAW^D_E��2� D WX] Q=ICW Q WXD9:"EMQ"@CR/8;FGFO@�: B?FG@3QR� D9@^FG79FGI^I�79D9E�J 
\LM:?@\E$:#�
:?EY�5Ft@CFGq FG@eWX: WX]$F 8;FGFO@ Q"I Q NMQ"ICFtI,W QAW^D9:?E B WXFG@^p P$I^F�' D9E W^]$F�4J��f�g�6"`�V [\g uOFO7_79P$79Q"@
E$FGW.�1:"@^JKI$D&
 � W^FO@^@CFOI,WX@^D9Q"7��«� � a D9I
uO:?E�ICWX@CP$uGW^F�' q @^:?p p=Q"EKR NMQ"ICF I,W QAW^D9:?E�I�
 � pt:?N$D_7_F
]$:?I,W/D_I uG:?E$E�FOuGW^F�' WX: Q I^D_E��?7_F NMQ"ICF ICWXQAWXD_:?E QAW Q WXD_p=F�
 LM@^:"p WX]$F 6�EKW^FO@^E�FGW/I^D('$F+��Q
7 QAICW{"c]$:?8 @C:?P�WXFG@�D9I\W^]$F�79Q"ICW�E$:;'�F QAW�W^]$F�F�'��?F�:Aq)�N� � a8
\6cW3D_I\W^FOu ]$E$:?7_:��"RG'$FO8;FGE�'$FOE W
]$:��MLM@^pt7_R WX]�F NMQ"ICF ICWXQAWXD_:?E Q"E�' WX]$F
7 QAICW{"c]$:?8 @C:?P�W^FO@�Q"@^F
N;:"P$E�' W^:��?FGW^]$FO@��KE�FGB?FG@CWX]$FG79FGI^I
WX]MQ W 8MQ"D_@ I^FG@CB?FGItQ"I Q]� Q WXF��1Q R�q :?@ 6�EKWXFG@^E$F W WX@XQ��=u :"q
W^]$F p=:?N�D97_Ft]$:?I,WI
 6�EkQ W
R�8$D_u Q"7
FOE B�D9@^:"E$p=FGEKW��MN;F W��5FOFGE WX]$F 8MQ"D_@
D_I Qtf\Q+'$D_: � uGuOFOICI�a�FGW.�1:"@^JYB f � aPD 


Last-hop router

Base station
Mobile host

Internet

Wired host

Base station

Mobile host

WWAN

Area of
coverage RAN

L D(�?P$@^F:
�[E� D9@CFO7_FOI^I
uO7_D9FOE WXI
uG:?E$E$FGuGW^F�' WX: WX]�F 6
E WXFG@^E$F W

[
]$F�� D9@^FG79FGI^I37_D9E$J ]MQ"I3P�I^PMQ"7_7_R/B?FO@,R/'�D( FO@CFOEKW3u ]MQ"@^Q"uGW^FO@^D_ICW^D9uOI�q @^:"p WX]�F�� D9@CF�' uG:?P$E WXFO@�"
8MQ"@,WXI�
 � 79Q"@X�"F I^]$Q"@^F :"q\W^]$F<� D9@^FG79FGI^I 79D_E$JKI ]MQ"I Q @CFO79QAWXD B?FO7_R�79:�� NMQAE�',� D('�WX]���Q ]$D(�?]
N$D_WF"�FG@^@^:"@ @^QAWXF��&Q"E�' Q 7_:?E�� 8�@^:?8MQ�� QAWXD_:?E�'$FG7 Q R+
 [
]$FG@^FGq :"@^F 79:?E,� @^:?P�E�'?"cW^@^D_8 WXD_p=FGI�Q"@CF
F&�h8;FO@CD9FGE$uOF�' '$P�F W^: WX]$F�8$@^:"8MQ+� QAW^D9:?E '$FG7 Q R Q"E�' Q D9E$uG@^FOQ"I^F D_E W^]$F�W^@XQ"E$ICp=D_I^ICD9:?E]'�FO79Q R
N;FOuOQ"P$I^F :"q Q I^FG@^D QA79D(> QAW^D_:"E :"q3WX]�F N$D_W^ItWX: WX]$F 79:#�5FO@=NMQAE�',� D�'hWX]�
�6�E Q+'�'�D_WXD_:?E���� D_WX]
� D9@CFO7_FOI^I Q"uGuOFGI^I��MBAQA@^D QAN$D97_D W�R=:"qmWX]$FeE$FGW.�1:"@^J uO:"E�'$D_W^D9:?E�I D9I
]�D��?] N;FOuOQ"P$ICF P�I^FO@CI�Q"@CFep=: B7"
D9E���� 6,V l + T�%�
T

V1FOuOQ"P$ICF1WX]$F1N�D_W{"cFO@C@^:?@m@^QAWXFGIsQ"@CF1ICFGB?FG@XQ"7�p=Q+�?E�D_WXP,'$FOIm]$D(�?]$FO@ WX]MQ"E�:?E WX]$F¥�
D9@^F�' 7_D9E$J9�AD W D9I
E$:=79:"E��?FG@
WX@^P�F W^]MQAW\W^]$F 8$Q"u JAFGW�79:?ICI^FGI�]MQ"8$8;FGE :?E$7_R<'$P$F WX:tuO:?E,�?FOI,WXD9:"E�
 [��1:�'$D( FO@CFOEKW
JKD9E�'$It:"q3I^:?P�@^uOFGI=q :?@ WX]�F ]$D(�?] N$D W{"cFO@^@C:?@ @^QAWXF u QAE N;F D�'$FGEKW^D(LMF�'�
 � N�7 Q"u J":?P�W=:�uGuOP$@CI
� ]$FGEkWX]$F p=:?N�D97_F�'$F BhD_uOF pt: B?FGI WX:.Q 7_:�u QAW^D9:"E W^]MQAW D_I E$:"W:� D WX]$D_E WX]$F uG: B?FG@XQ+�"F QA@^F Q
:"q W^]$F @^Q+'$D_:]� Q B?FOI��1QAE�'kQ uO:?@C@^P$8hWXD9:"E :Aq WX]$F q @XQ"ptF :�uGuOP$@CI N;FGu Q"P�I^F/:"q\Q/'$D9IC@^P$8�W^D9:"E
:"q\WX]�F WX@XQAE$I^ptD_WCWXF�' @XQ�'$D9:/�1Q B?F�
 V Q"E R N$7 QAu J":?PhWXItQA@^F WXFGp=8;:?@^Q"@CR 7 QAICWXD_E�� :"E$7_R q :?@ Q
I^]$:"@CWA'$P$@^QAWXD_:?E=N;FOuOQ"P$I^F�W^]$F�@CFOuGFOD B?FO@1pt: B?FGI18MQAICW Q N$79:�u JKD9E�� :"N$ICWXQ"uO7_F:B F�
y��
!��Q W^P$E$E$FG7T��Q
N$P$D_7�'$D_E����":?@�Q N�79:�u JKD9E��eW^FO@^@^Q"D9ESD&
sghD9ptD_79QA@^7 R��"WX]�F\8$@C:?NMQ"N$D_79D W
R�:Aq WX]$F uO:"@^@^P�8�WXD_:?ER'�FO8;FOE,'$I
:?E W^]$F<0KPMQ"79D W�R�:"q W^]$F @XQ+'�D9: � Q B?F QAW�WX]$F uGP$@^@CFOEKW 8;:?I^D WXD_:?E :"q
WX]$F @^FGuOFGD_B?FG@�
�V5FOuOQ"P$I^F
WX]$F20KPMQ"79D W
R]'$:�FOI E$:AWJ�MP$uGW^PMQAW^F=@^Q"8$D('$7_R N;FGW.�1FGFOE W^]$F q @^Q"p=FGI QAWeWX]$FtuGP$@^@CFOE W�8;:"I^D_W^D9:?E¦�
uO:"@^@^P$8hWXD9:"E�q @CF�0KP$FOE WX7 R�:�uGuOP$@CI�D_E Q N$P�@^ICW q :"@ p=Q"EKR q @^Q"p=FGIJ� ]$FGE W^]$F=@CFOuOFGD_B?FG@ D9I D_E Q



�

8$7 QAuOF8� D_WX] Q 8;:�:?@*0�P$Q"79D W
R+
 � E � P�W^:?p=QAWXF�'.f FO8;F Q W @CF�H3P$FGICW�B � fCH5D � L�� T S 
sp=Q R N;F
P$I^F�' N R WX]�Fe79D_E$J 79F B?FO7 WX: WX@^Q+'$F3:+ WX]$Fe79Q"@X�"F�N$D_WF"�FG@^@^:"@1@^QAWXF�q :?@ Q 79:?E,�?FO@A'$FG7 Q R=WX]�@^:?P��"]
@^F WX@XQAE$I^ptD9ICI^D9:"E$I�

� ]$FGE Q p=:?N�D97_F ]$:?ICW p=: B?FOI��5D_W E$FGF�'$I W^:�IF� D_W^u ])N;FGW.�1FGFOE NMQ"I^F/ICWXQAWXD_:?E$I�
)g7� D_WXu ]$D_E��
N;FGW.�1FGFOE WX]�F�NMQ"I^F�ICWXQAWXD_:?E$I/D_I uOQ"7_79F�' Q)]$Q"E�'?"c:+ �
 H�Q"E,'?"�:+ D9I/E$FGuOFGI^IXQ"@,R � ]$FGE W^]$F
0KPMQ"7_D_W�R :"q�WX]$F�@XQ+'�D9:5�1Q B?F�N;FOuG:?ptFOI18;:�:?@5Q"E�'=WX]$FG@^F�D_I1QAE$:"WX]�FO@5NMQ"ICF�ICWXQAWXD_:?EtWX]MQ W1uO:"P$7�'
8$@^: B�D�'$F Q N;FGW^W^FO@r0KPMQ"7_D_W�RkD9E @XQ"E��"F+
�[
]$F ]MQ"E�';"�:+ D9EKW^@^:;'$P�uOFOIr'�FO79Q R)IC8$D9J"FGI N;FOuOQ"P$ICF
WXD_p=F "�uG:?E$I^P�p=D_E��e:?8;FG@XQAW^D9:?E�I�p P$ICW�N;F\8;FO@,q :?@^ptF�'tN;FGq :?@CF WX]$F W^@XQ"E�I^ptD9I^ICD9:?E uOQ"E=uO:"EKWXD_E�P�F
WX]$@C:?P��?] WX]�FeE$F�� N$Q"I^FeICWXQAWXD_:?E�
&LMP$@,WX]$FG@^pt:?@^F���N;FOu QAP$I^F :"q WX]$F3p=:?N�D97_D W
R+��W^]$FeE�P$p N;FG@
:"q
P$I^FG@^I
uO:?E$E�FOu WXF�'/WX: Q I^D_E��?7_F�NMQ"ICFeICW Q WXD9:"E BAQ"@^D_FOI��,� ]�D9u ]/p=Q R Q� FGuGW Q NMQ"E�',�
D�'�W^]/I^]$Q"@^F
:"q Q I^D_E��?7_FeP$ICFO@�


��� � # ��! #��$�&%('

[
]$F [m@XQAE$I^ptD9ICI^D9:"E r1:?E WX@^:"73�&@^:"W^:�uO:?7)B [\r���D �\� :?I � 
 N 
�� D_W^]	� ]�D9u ] Q 7 QA@X�?F�I^]MQA@^Fe:"q 6�E?"
WXFG@^E$F W uO:?ptp P$E$D_u QAW^D_:"E=D_I58;FG@Cq :?@Cp=F�' ]MQ"I1N;FGFOE P$I^F�'/Q"I1Q NMQ"I^F�8�@^:"W^:�uO:?7 D9EtWX]$F�6�E WXFG@^E$F W
uO:"p=p P$E$D_u QAW^D_:"E q :?@5Q+�?FGI�
�j3E=WX]$F\WX:"8 :"q�[\r��kp P�7_WXD_8$7 F P$8$8;FG@F"�7_FGB?FG7 8$@C:"WX:�uG:?79IW� D WX] Q"IF"
I^:�uGD QAW^F�' I^FG@CB�D9uGFOI ]MQ B?F�N;FOFGE	'$F B?FO7_:?8;F�'�
&[
]$FGI^F3D9E$uG79P�'$F�Q"E D9E WXFG@XQ"u WXD_B"F+��79:�� NMQAE�',� D�'hWX]
WXFG@^ptD9EMQA7KQ"uGuOFGI^ICB F+
\��
!�"[mFG79E$F W �\��f � %�
lD �"N�P$79JP'MQAW Q W^@XQ"E$I,q FO@CI�B F+
\��
!�?L [C� �\��f � O 
lD �"Q"E�' W^]$F
8;:?8$P$79Q"@C� :?@C7�'1� D('$FJ� FGNKBg�N�«� D�� D WX] WX]$F�Q"ICI^:�uGD QAW^F�' H�[ [�� 8$@^:"W^:�uO:?7��\V l LsL N"U�
Q

[
]$:?ICF 8$@^:"W^:�uO:"79I
@CFO7_R :"E/WX]$F �$:#� Q"E�' uG:?E��?FGICWXD_:?E uG:?EKW^@^:?7�Q"E�'/W^]$F @^FG79D9Q"N$D_7 D W�R :Aq [\r��C

[
]$F uO:?E��"FOI,WXD9:"E uO:"EKW^@^:?7�D9I B?FO@,R D_p=8;:?@,W Q"E W q :?@ W^]$F ICWXQ"N$D_79D W�R.:Aq
W^]$F 6�E WXFO@CE$FGW N;FOuOQ"P$ICF
D_W D9I�Q uG:?P$E WXFO@�"�ptF QAI^P$@^F=W^: Q]'�@^F Q�'$F�' uG:?E��?FGICW^D9:?E uG:?7_7 Q"8$ICF � a�Q+� � ��
T
 [\r�� P$I^FGI IC79:��
ICWXQ"@CW1Q"E�' uG:?E��"FOICW^D9:?E Q B?:"D�'MQ"E�uOF�Q"7��?:"@^D W^]$ptI&W^: p Q"D_EKWXQ"D_E WX]$F�I,W Q"N�D97_D_W�R � <?QAu � � � � ��g(NQN�
Q

neFGR WX]$:?P,�?]KW N;FG]$D9E�' WX]$F uO:?E,�?FOI,WXD9:"E)uG:?E WX@^:?71D9I W^:.79D_ptD W WX]$F E�P$p N;FO@ :"q�P�EMQ"u J�E�:#� 7t"
F�'��"F�' I^F��?p=FGEKW^I Q/[\r��@�M:#�4D_I 8;FG@^ptD_W^W^F�' WX: ]$Q B?FtD_E,�MD��"]KWeI^D_p P$7_WXQ"E$FG:?P$I^7 R�
 LM:?@3W^]$D9I
8$P$@C8;:?I^F��MF Q"u ] [\r��M�M:�� p=Q"D9E W Q"D E$I Q uG:?E��?FGICWXD_:?E	� D_E�'$:#� 
�[
]$F IC79:���ICW QA@CW 8$@C:?N;FOI
W^]$F
Q B Q"D979Q"N$7_F1NMQ"E,',� D�'�W^]t:"q;WX]$F
W^@XQ"E�I^ptD9I^ICD9:?E 8$QAWX] NKR�'$:"P$N$79D_E��3W^]$F uO:?E,�?FOI,WXD9:"E2� D_E�'$:#� :"E
F QAu ] @^:"P$E�'?" WX@^D_8�� � ]$D_u ] 8$@^F B?FOE WXI D_E"MCFOu WXD_E�� Q 7 Q"@{�?F+� ICP�'�'$FGE.N$P$@^I,We:"q�8MQ"u J"FGW^I D_EKW^: W^]$F
E$FGW.�1:"@^J9
 � W^@XQ"E�I^D_W^D9:?E q @C:?p WX]$F I^7_:#� I,W Q"@,W WX: WX]$F uO:"E��?FOI,WXD_:?E Q B?:"D�'MQ"E�uOF :�uGuOP$@CI �
]$FOE
WX]$F uGP$@^@^FGEKW�uG:?E��"FOICW^D9:?E:� D_E�'$:�� D_Is79Q"@X�"FO@mWX]MQ"E Q3IC79:���"�I,W Q"@CW WX]$@^FGI^]$:"7�'1B ���������
	���� D&��� ]$D9u ]
D9I D_E$D_W^D9Q"7 7 R ICFGW�WX: Q 7 Q"@{�?F BAQ"7_P$F+
1� F @^F q FO@ W^: WX]$F�LM@CICW IC79:#�+ICWXQ"@CW WX]MQ W�D9I 8;FO@,q :?@^ptF�'
NKR Q �M:�� Q"I���
���
�� � ����� � ����� ��� � ��� 
 [
]$F uO:?E,�?FOI,WXD9:"E�Q B?:?D('MQ"E$uGF 79D_E$F Q"@C7 R D9E�uO@^FGp=FGEKW^I
WX]$F uO:?E��"FOI,WXD9:"E � D_E�'$:#� 8;FO@ @^:"P$E�'?" WX@^D_8�
.[\r�� '$FGW^FOuGW^I 79:?I,W ICF��?ptFOE WXI WX]$@C:?P��?] WX]�@^FOF
'$P$8$7_D9uOQAWXFeQ"u JKE$:�� 79F�',�?FOptFOE WXI � � ��g(NQN�
 Q"E�' f\F WX@XQAE$I^ptD9ICI^D9:"E [
D9ptFO:"P�WXIJB f [\jJD �\� � T?T�
Q

� ]$FGE$FGB?FO@=Q 7_:?I^I D_I�'$F WXFGuGWXF�'��5W^]$F/ICFOE�'$FG@t8;FO@,q :?@^ptI Q 7_:?I^I @^FOuG: B?FG@CR+
k6�EkW^]$F/7_:?I^I @CF&"
uO: B?FO@,R���WX]$F uO:"E��?FGICWXD_:?E/� D_E�'$:#� D9I�@CF�'$P$uGF�' QAI Q @^FGI^8;:?E$ICF WX: WX]$F:'$F WXFOu WXF�'�uO:?E,�?FOI,WXD9:"E
Q"E�' WX]�FeIC79:#��"cICWXQ"@CW1W^]$@^FGI^]$:?7(' D9I Q+'"MCP$I,WXF�' QAuOuO:"@X'$D_E�� W^: WX]�F '$D_I^uG: B?FG@^F�'/NMQ"E,',� D�'�W^]�
 � I
WX]$FGI^F uO:?E��"FOICW^D9:?E uG:?EKW^@^:?7�Q"7(�?:?@CD WX]�ptI2�5FO@^F]'$FGI^D��"E$F�'�:?E WX]�F FO@^Q :"qP� D_@^F�'�7_D9E$JKI��1W^]$F
F QA@^7_R [\r�� IC8;FOuGD(LMuOQAWXD_:?E$I ]$Q B?F p P$7_W^D_8$7_F=I^]$:?@,WXuG:?ptD9E��?I8� ]$FGE)P$I^F�'): B?FG@ WX]$F<� D_@^FG79FOICI
79D_E$J N;FOuOQ"P$I^F [\r�� p=Q"J"FGI3Q"ICI^P$pt8�W^D9:?E$I WX]MQ W3Q"@^F E�:"W�BAQA79D�'G� D_W^] WX]$F5� D9@CFO7_FOI^I�7_D9E$JKI�
 �
79FOQ+'$D_E��=Q"I^ICP$p=8hWXD9:"E D9I WX]MQ W3Q"7_7 7_:?I^ICFOI�D9E�'�D9u Q WXF uO:?E��"FOICW^D9:?E¦
 V1FOICD�'$FGI�WX]$QAWI�;p=Q"E R :AWX]$FG@
8$]$FGE$:?ptFOEMQ :�uGuOP$@
WX]MQ W�QA@^F E$:AW\8$@CFOICFOEKW�D_E WX]$F � D_@^F�' FGEKB�D_@^:?E$ptFOE WI




O

6�E QJ� D_@^FO7_FOICI5FGEKB�D9@C:?E$ptFOE WI�KW^]$F�ICFOE�'�FO@1p=Q R q Q"7_I^FG7_R uO:?E$ICD�'$FG@1Q"7_7M7_:?I^ICFOI1Q"I5Q"E=D9E,'$D9uOQAWXD_:"E
:"q Q uO:?E,�?FOI,WXD9:"E � oeV n + T,
 
Q
 l�:?ICI^FOI��\]$:��1F B?FO@�� :�uOuOP�@=q @^F�0KP$FGEKW^7_R :?E�Q � D9@CFO7_FOI^I=79D_E$J
� D_W^]$:?P�W�uG:?E��?FGICW^D9:?E�
 6�E ICP$u ] Q u QAI^F+�KWX]$F\@CFGWX@^Q"E$ICp=D_I^I^D_:?E I^]$:?P�7�'=N;F\8;FO@,q :?@^ptF�'tN;FOuOQ"P$ICF
WX]$FtI^F��"p=FGEKW5� Q"I 79:"ICW5'$P$FtWX: uG:?@^@CP$8�WXD_:?E��mN$P�W�QAW WX]�F=IXQ"ptF WXD_p=F�� W^]$F=E$F W��5:?@^J.uO:"P$7�'
Q"uGuOFO8hW p=:?@CF 8MQ"u J"FGW^I N;FGu Q"P$ICF/E$: uG:?E��?FGICW^D9:?E :�uGuOP$@C@^F�'�
Y� D_WX] D_E�q :?@^p=QAW^D_:"E Q BAQ"D979Q"N$7 F
WX: WX]$F I^FGE�'$FO@�� D_Weu Q"E$E�:"W JKE$:#� WX]$QAW W^]$FtuG:?E��"FOICW^D9:?EY� D_E�'$:��4IC]$:?P$7('�E$:"W N F @^F�'$P$uGF�'�

V1FOICD�'$FGI��$WX]$FeI^8;FOuGD(LMuOQAWXD_:?E$I
p Q"E,'MQAWXF3@^F�'$P$uGW^D9:?E/:"qmWX]$FeuO:?E��"FOI,WXD9:"EG� D_E�'$:#� QAq WXFG@ Q 7_:?I^I
D9I '$F WXFOu WXF�' � � ��g(NQN�
T
 6�E]�?FGE$FO@^Q"7T�;Q=uO:"E��?FGICWXD_:?E � D9E,'$:#� WX]$QAW�D_I\W^:�:=I^p=Q"797�uOQ"P$I^FGI3I^P�N?"
:?8�W^D9p=Q"7A8;FO@,q :?@^p=Q"E$uGF+
 d&B?FGE8�5:?@^ICF+�"Q 7_:?I^I�WX]$QAWm:�uGuOP�@^IU'$P$@CD9E��
W^]$F�D9E$D WXD9QA7AI^79:�� I,W Q"@,WmE$FOQ"@
WX]$FeN;F��?D9E�E$D9E�� :"q Q uO:"E$E$FGuGWXD_:?E/8$@CFGB?FOE WXI W^]$Fe@XQ"8�D�' D_E$uO@CF Q"ICF :AqmW^]$FeuO:?E��"FOICW^D9:?E<� D9E�'�:#�
N;FOuOQ"P$I^F/WX]�F 7_:?ICI uOQ"P$ICFOI=Q WX@^Q"E$ICD_WXD_:?E W^:.W^]$F/uO:"E��?FGICWXD_:?E Q B?:?D�'$Q"E$uGF+�W� ]$D9u ])D9E$uG@^FOQ"I^FGI
WX]$F\uO:?E,�?FOI,WXD9:"E�� D_E�'$:#� 7_D9E�F Q"@C7 R�
 6cq�p P$7 WXD_8$7_F��M:�� I QA@^F WX@XQAE$ICq FG@^@^F�' ICD9p P$7 W Q"E�FO:?P�I^7_R+� W^]$F
Q� FOu WXF�'.uO:"E��?FOI,WXD_:?E-� D_E�'$:�� N;FOuG:?ptFOIeP$E�q Q"D_@^7 R ICp QA797mN FGu QAP$I^F :"q�WX]�F 79:?ICI*� ]$D97_F :AWX]$FG@
�M:�� I\u QAE :"8 FGE uO:?E��"FOICW^D9:?E	� D9E�'�:#� I
WX: P$E�q Q"D_@^7_R=7 QA@X�?F3I^D(>OFGI�

� ICp Q"7_7 uO:"E��?FOI,WXD_:?E]� D_E�'$:#� p=Q R/u Q"P�I^F:'$:?ptD9E�:=F� FOu WeN;FOuOQ"P$ICF Q"E F&�tuOD9FGEKW3D_E$D_W^D9QAW^D_:"E
:"q�WX]$F [\r��
Y I 79:?ICIe@^FOuG: B?FG@CRY'$FG8;FOE�'$I :"E.WX]$F EKP$p N;FO@e:"qA'�P$8$79D_u QAW^F � r neI�
�� ]$FOE�W^]$F
I^FGE�'$FO@�@CFOuOFGD_B?FGI�7_FOICIsWX]MQ"E WX]$@^FGF�'�P$8$7_D9u Q WXF � r neI��KD W)'$:�FGI�E$:AW�QAuGWXD BAQAW^F W^]$F
79:"I^Is@^FOuG: B?FG@CR
WX]$@C:?P��?] WX]$FGp 
 [
]$FtEKP$p N;FO@ :AqA�?FGE$FO@^QAWXF�'�'$P�8$79D_u QAW^F � r neI5'$FG8;FOE�'�I :?E.W^]$F E�P$p N;FG@
:"q 8MQ"u J"FGW^IF"cD9E?"T�MD��?] W WX]MQAW @CF Q"u ] WX]$F=@CFOuGFOD_B?FG@�
	� ]�FOE W^]$F=uO:"E��?FOI,WXD_:?E�� D_E�'$:��+D9I I^p=Q"7_7
Q"E�' I^:?ptF :"q WX]�F 8MQ"u J"FGW^I3Q"@^F 79:"ICW '$P$F WX:=uG:?@^@CP$8�WXD_:?E��MW^]$F @CFOuGFOD_B?FG@ �?FOE$FG@XQAW^FOI\B?FO@CR/q F&�
'$P$8$7_D9uOQAWXF � r neI WX]MQ W\uOQ"E Q"7_I^: ICP, �FG@\IXQ"ptF JKD_E�' :"q 7_:?I^ICFOI�
1r1:?E�I^F�0KP$FOE WX7_R+�;E�:"W\FOE�:?P��?]
'$P$8$7_D9uOQAWXF � r n I�Q"7(�1Q R�I @CF Q"u ] WX]$F=ICFOE�'$FG@��=� ]$D_u ] D_I E$:"W R?FGW Q"N$7_F WX: '$FGuOD('$FR� ]$FGW^]$FO@
WX]$F2'$P$8$7_D9uOQAWXF � r n I Q"@CF u Q"P$ICF�' N R�Q/79:"I^I :?@ Q/@CFO:?@{'$FO@CD9E��/D9E.W^]$FtE$F W��5:?@^J9
<V5FOuOQ"P$I^F
WX]$F3I^FGE�'$FG@ D9I1P$E$ICP$@^F��MD W�'$:�FOI
E�:"W
D_E$D_W^D9QAW^F\WX]$F379:?ICI @CFOuO: B?FO@,R�
�[m: @^FGI^:?7 B?F3W^]$D9I1I^D_W^PMQAW^D9:?E��
WX]$F I^FGE�'$FO@ep P$ICWP� QAD_W�q :?@3f [\j:
J� ]$FOE�f [\j+D9I�W^@^D(���?FG@^F�'¦��W^]$F uG:?E��?FGICWXD_:?E/� D9E,'$:#� D9I
@^FGI^FGW WX: :?E$F+

6�E Q-�«� � a FOE B�D9@C:?E$ptFOEKW��5Q"I WX]$F W^@XQ��tu/D_I��?:?D9E,� q @C:?p Q q QAICW2�
D9@^F�')E$F W��1:"@^J W^: Q
I^7_:#� � D_@^FG79FOICI 79D_E$J WX]$F37 QAICW{"c]$:?8 @C:?P�W^FO@ N$P? �FG@^I Q"@CF*LM797_F�' N R=WX]$F3D9E�uO:?ptD_E���8MQAu J"F WXI
W^]MQAW
Q��1Q"D_W1WX@^Q"E$I^ptD9ICI^D_:?E�
 [
]$F 79Q"ICW{"c]$:?8 @^:"P�WXFG@
N$P, FO@CI N;FOuG:?ptF Q"79pt:?I,W1q P$7_7 q :"@ 79:?E,� 8;FG@^D9:;'�I
:"q
WXD_p=F���� ]$D_u ] D9I Q q P�797!"b0KP$FGP$F 8$@C:?N$7_FOp �yV
r
r + N � � oeV n V T,
 
Q
 6cq WX]�F N;:"WCWX79FGE$FOu J�D9I
QAW W^]$F 7 Q"I,W{"�]�:?8 @^:"P�WXFG@��&W^]$F D9E$D WXD9QA7�IC79:#� I,W Q"@,W FGB?FGEKW^PMQ"797 R q P�7(LM7_7_I W^]$F 7 Q"I,W{"�]�:?8 @^:"P�WXFG@
N$P, FO@�E$: p QAWCWXFG@\]$:#� 79Q"@X�"F WX]$F N$P, FO@�D9I�P�E$79FGI^I�WX]�F WX@^Q"E$I,q FO@�FOE�'$I LM@^I,W3:?@\I^:?ptFGW^]$D9E,�
FO7_I^F 8$@^F B?FOE WXI WX]$F I^7_:#� ICWXQ"@CW q @C:?p uO:?E WXD_E�P$D_E�� B F+
\��
(��W^]$F/@CFOuGFOD_B?FG@�� D9E,'$:#� 79D9p D W^I�W^]$F
uO:"E��?FOI,WXD_:?E<� D_E�'$:#�J�$Q�8MQ"u J"FGW
D9I179:"ICW�'$P�F3W^: uG:?@^@CP$8�WXD_:?E��hF WXu+
nD&
&6cW W QAJ"FOI QA8$8$@^:I�hD9p=QAWXFG7_R
Q @C:?P$E�' W^@^D98 P$EKW^D97;WX]$FeI^FGE�'$FG@ '$F WXFGuGWXI
WX]�FeuO:?E��"FOICW^D9:?E WX]$@C:?P��?] WX]$@CFOF '$P$8$7_D9uOQAWXF � r neI�

o�P$@CD9E��\WX]$D_Im8;FO@^D_:;'�� WX]$F5IC79:�� ICW QA@CW I,WXD_797 D9E�uO@^FOQ"ICFOI WX]�F1uG:?E��"FOICW^D9:?E5� D9E�'$:�� F&�h8;:?E$FGEKWXD9Q"7_7_R
FGB?FGE WX]$@C:?P��?]tWX]�F�8MQAW^] D_I5Q"7_@^F Q�'�R uG:?E��"FOICW^F�'�
E� F�@CFGq FG@�WX: W^]$D9I�8;FO@^D_:;'=:"q�uO:"E��?FGICWXD_:?E Q"I
� ������� ��� � � � � ��	��
��� � � � Q"E�' WX:\WX]$F�79:?ICIm@^FOuG: B?FG@CR q :"797_:#� D_E,� W^]$F5D_E$D_W^D9Q"7"I^79:���"�I,W Q"@,W : B?FO@CI^]$:�:"W
Q"I � ��	��
��� � � � �
	�� � ��	���� 
 � 79I^:C� ]$FOE [\r�� P$I^FGI uG:?E��?FGICWXD_:?E Q B?:"D�'MQ"E�uOF�QAq W^FO@�W^]$F�IC79:�� ICW QA@CWI�
WX]$F 79FGE��"W^] :"q W^]$F
N�P, �FG@&p P$I,W�Q+� Q"D_E @CF Q"u ] WX]�F
p=Q��hD9p P$p 79FOE,�"WX] N;FGq :?@CF Q"E R�uO:?E,�?FOI,WXD9:"E
'$@^:"8$I uOQ"E�:�uGuOP$@�
:� D WX] uO:?E,�?FOI,WXD9:"E Q B?:?D('MQ"E$uGF WX]$F 79FGE��"WX] :"q�W^]$F N$P? �FG@J�?@C:#� IeI^79:�� 7_R
WX:�� Q"@{'$I1WX]$F�p Q��hD_p P$p1��Q"E�' W^]$FO@CFGq :?@CF�WX]$F*0�P�FOP$FeD9I1Q"79pt:?I,W5q P$7_7;q :"@ Q�79:?E,� 8;FG@^D_:;'�
&L :"@
[\r��)8;FO@,q :?@^p=Q"E$uGF+�hD_W1D_I1E$FGuOFGI^IXQ"@,R WX]MQAW5WX]$F�N$P, FO@CD9E���u Q"8MQAuOD W
R=QAW1W^]$F3N;:"WCWX7_FOE$FGu JtD9I1QAW
79FOQ"ICW W��
D9uOF5W^]$F1I^D�>GF1:"qMWX]�F FGE�'?"cW^:�"�FGE�' o�FO79Q R�"�V1Q"E�',� D('�WX]:��@C:;'$P$u W B oPVA�¥DmN;FOuOQ"P$I^F1WX]$FGE



U

WX]$F5ICFOE�'$FG@s]$Q"7_B?FGImWX]$F5uO:"E��?FOI,WXD_:?E8� D_E�'$:#� uG79:?ICF�WX:\WX]$F1Q"u WXPMQA7hoPV�� D9E W^]$F579:?ICI @CFOuG: B?FO@,R�

ghD9E�uOF3FOE�';"cWX:�"�FOE,'/@^:"P$E�'?" WX@^D_8 WXD_p=F��hD9E<�?FOE�FO@XQA7T��D_I E$:"W
JKE$:�� E��$W^]$FeuG:?@^@CFOu W I^D�>GD9E,� :AqmW^]$F
N$P, FO@eu QAE�:"E$7_R N;F FGICW^D9p=QAWXF�' P$I^D_E�� W^]$F oPV���:"q�WX]$F 79D_E$J Q"I Q @^F q FO@CFOE$uGF+
�V1FOuOQ"P$I^F D_W
D9I�7_D9J"FO7 R/W^]MQAW�WX]$F�� D_@^FO7_FOICI379D9E�J/D9I�WX]�F N;:AW^WX7_FOE$FGu J :Aq�WX]�F�WX@XQ"E�ICq FO@���WX]$F 79Q"ICWF"�]$:"8 @^:"P�WXFG@
I^]$:"P$7�'/]MQ B?FeWX]$D_I
N$P, FO@
q :?@ WX]$FeW^@XQ��tueW^:tJ"FGFO8 WX]$F 7_D9E$Jtq P�797_R=P�WXD_79D(>GF�'�

� ]$FGEkuO:"p=8;F WXD9E,�]�$:#� I Q"@^F=WX@^Q"E$I,q FO@^@CF�'��sWX]�F I^F B?FO@^D W
R :Aq W^]$F q P$7_7!"b0KP$FGP$F 8$@C:?N$79FGp N;F "
uO:"p=FGI pt:?@CF.D9E WXFOE�I^F�N;FOu QAP$I^F Q �M:#� WX]MQ W ICWXQ"@CW^I1� ]�FOE�WX]$F 0KP$FOP�F D9I/E$FOQ"@^7 R�q P$7973D9I
8;FOEMQA79D(>OF�'¦
�[ ]$F 7 QAW^FO@ ICWXQ"@CW^D9E��-�M:#� uOQ"E$E$:AW :"8;FOE D WXI uO:?E,�?FOI,WXD9:"E � D9E�'$:�� q @CFOFG7_RkN�P�W
FOE$uG:?P$E WXFG@^I�D9ptptF�'$D9QAW^FO7 R uG:?E��?FGICW^D9:?E N;FGu Q"P$ICF WX]$F :"W^]$FO@C�M:�� I\:�uOuGP$8KR Q"7_7�N�P, �FG@\IC8MQ"uOF�

[
]$D_I38$]$FGE$:?ptFOE$:"E.D_I�u QA7979F�' Q 7_:�u J�"c:?P�W �yV
r
r + N � 
Q
 LM:?@�F&��Q"pt8$79F���� ]$FGE�Q P$ICFO@P'$:#� E;"
79:?Q+'$I Q 79Q"@X�?F=LM79F&:?E WX]�F�NMQAu J7�?@C:?P$E�'5� ]$D_79F&N�@^:#� ICD9E��
WX]$F�6�EKWXFG@^E$F WI�Ap=Q"EKReH\[
[�� :"N0MCFGuGW^I
Q"@^F�W�R�8$D9uOQ"7_7_R ICFOEKW ICD9p P$7 W QAE$FO:?P�I^7_R D_E.Q I^D9E,�?79F8� FGN�8$Q+�?F @^F�0KP$FOI,W5'$P$F W^: D9p=Q+�?FGI�
JV1F&"
u QAP$I^F3p=Q"EKR=H�[
[��):"N0MCFGuGWXI18;FO@Cq :"@^p I^7_:#� I,W Q"@,W
QAW5WX]$F�IXQ"ptF�W^D9ptF+�KW^]$F�7 Q"I,W{"�]�:?8 @^:"P�WXFG@
N;FOuG:?ptFOI�0KP$D_u JK7_R uO:?E,�?FOI,WXF�'¦
�[
]�F�H�[
[�� :?N2MCFOu WXI�IF� D_WXu ]tW^: uG:?E��?FGICWXD_:?E=Q B?:?D�'$Q"E$uOF�� D_WX]
Q I^p=Q"7_75uO:?E��"FOICW^D9:"E � D9E�'$:�� QAE�' WX]$FG@^FGq :"@^F uO:?pt8$7_FGWXF IC79:�� 7_R�
 [
]$FGI^F1'$FG7 Q RhI Q"@CF B?FO@,R
F QAI^D97 R E�:"WXD_uOF�'¦

ghFGB"FO@XQA75[\r�� BAQA@^D QAEKW^I F&�hD_ICWI
 [\r�� f FOE$: � � ��g(NQN�
�8;FO@,q :?@^ptI N$Q+'$7_R D_q1p P$7 WXD_8$7 F 7_:?I^ICFOI
]$D_W Q�ICD9E��?7_F�[\r��K� D9E,'$:#�J
�g�P$u ] 79:"I^I^FGI�'$FG7 Q Rt[\r��
YZI
79:"I^I1@^FGuO: B?FO@,R NKR=p P$7_W^D_8$7_F\@^:"P$E�'?"
WX@CD98$I QAI
f [\j D9I QA79pt:?ICW1Q"7!� Q R�I1E$FOuGFOI^I^Q"@CR�
W� D WX] Q8� D9@CFO7_FOI^I179D9E�J �KWX]�D9I18$@C:?N$79FGp D9I5p=:?@CF
q @^F�0�P�FOE W WX]MQ"EY� D_WX] Q	� D9@CF�' 7_D9E$J '$P$F WX:/WX]$FtFG@^@C:?@ N�P$@^I,WXI�
�� ]$FGE Q 7_:?I^I D9I '$FGW^FOuGW^F�'��
WX]$F3I^FGE�'$FG@ ]MQA7_B?FOI1WX]�FeuG:?E��?FGICWXD_:?E<� D_E�'$:#��Q"E�' @CFGWX@^Q"E$I^ptD WXI5WX]$F*LM@CICW
p=D_I^I^D_E���I^F��?ptFOEKW�

� @C@^D_B�D_E�� � r neI WXFG797 WX]$F I^FGE�'$FO@ :?E$7 R)W^]$F ptD_I^I^D_E�� I^F��"p=FGEKW���� ]�D9u ] D_I=WX]�F]LM@CICW D_E Q
I^F�0�P�FOE$uOF+��Q W Q�WXD_p=F�
�[
]�F I^FGE�'$FO@<'$:�FGI E$:"W JKE$:#� � ]$D_u ]�ICF��?ptFOE WXI QAN;: B?F WX]$F LM@CICW
p=D_I^ICD9E�� I^F��?ptFOE W¥�5FO@^F '$FG79D B?FO@^F�' Q"E�'=8$@^:�uGFOF�'$I5WX: WX@XQAE$I^ptD_W�E$F&� 'MQ W Q D q WX]$F\uO:?E,�?FOI,WXD9:"E
� D9E,'$:#� Q"797_:#� I D_WI
 LM:?@ WX]$F E$F&��W379:"ICW�I^F��?ptFOEKW��;WX]$@CFOF�E$F&� '$P�8$79D_u QAW^F � r neI�D9E,'$D9uOQAWXD_E��
WX]$F179:?I,WsICF��?ptFOE W&p P$ICW&QA@^@^D B?F1N;FGq :"@^F D WsD_I @^F WX@^Q"E$I^ptD W^WXF�' N$PhWsB?FO@,R 7_D9J"F1f [\j D_I WX@CD����"FO@^F�'
F QA@^79D_FO@ N;FGu Q"P�I^F�f [\j D_I
E$:"W @^FOICFGW '�P$@^D_E�� WX]$F @CFOuO: B?FO@,R WX:tQ 7 Q WXFO@ 8;:?D_EKWI

[\r���a\F��\f FOE$: � LsH N�N�
7� Q"I�'$FGI^D��"E$F�' WX:�]$Q"E�'$7_F5p P$7 WXD_8$7 F�79:"I^I^FGI�� D WX]$D_E�Q\I^D9E,�?79F)� D9E�'�:#�
� D_W^]$:?P�W f [\j:
sa\F��\f FOE$:3D9E WX@^:;'�P$uOFGIsQ�uO:?E�uOFO8hW&:"qM8MQ"@,WXD9Q"7 � r n�WX]MQAWsQAu JKE$:�� 79F�'��?FGIs79FGI^I
WX]MQAE WX: W^]$F ]$D(�?]$FGICWeI^F�0�P�FOE$uOFtEKP$p N;FO@3I^FOE W N;F q :?@^F�WX]$F FGEKW^@CR W^: W^]$F 7_:?I^I3@CFOuG: B?FO@,R�
�6cq
WX]$F I^FOE,'$FO@ @CFOuOFGD_B?FGItQ 8MQ"@CW^D Q"7 � r n D9E WX]$F 79:?ICI @^FOuG: B?FG@CR+�1a�F&�\f\FGE$:�@CFGWX@^Q"E$ICp=D WXI�W^]$F
I^F��?ptFOEKW
D9E�'�D9u Q WXF�' NKR=WX]$F38MQ"@CW^D Q"7 � r n D_p=ptF�'$D9QAW^FO7 R+
sL :"@1W^]$FeE$F �hWF"�ICF�0KP$FOE$uOF�' 8MQ"@,WXD9Q"7
� r n W^: QA@^@^D B?F+� WX]$F�Q"u JKE$:�� 79F�'��?FGp=FGEKW1:"q�W^]$F�@^F WX@XQAE$I^ptD9ICI^D9:"E=p P�ICW1Q"@^@CD_B?F��7� ]$D_u ]=W Q"J"FGI
:?E$F @C:?P$E�';"cWX@CD98�
 H\FOE$uGF+�&D_q p P�7_WXD_8�7_Ft7_:?I^ICFOI�:�uOuGP$@^@CF�'��sW^]$F 8MQ"@CW^D Q"7 � r neI�D9E�'$D_u QAW^FtW^]$F
79:"ICW ICF��?ptFOE WXI��M:?E$F 8;FG@ @^:?P$E,'?"cW^@^D98¦�,� ]�D9u ] D9I a�F&�\f\FGE$:$Y I�@^QAWXFe:"q @CFOuG: B?FG@CR+

� 	 � 	���� � ��	�� ��� 
 ��� � 	�����	
	 	 
 ��� B g � r1n8D�� V V Lsf N"U,� V � L�� T�%�
mFOEMQ"N�79F Qt@^FGuOFOD B?FO@\WX:=@CF&"
8;:?@CW WX: WX]�F=I^FOE,'$FO@�'$FGWXQ"D97_F�'�D9E�q :"@^p=QAWXD :?E.:"q W^]$F=I^F��?ptFOEKW^I�D W ]MQAI @^FOuGFOD B?F�' D9E�ICWXFOQ+' :"q
WX]$F3NMQ"@CF '$P�8$79D_u QAW^F � r n�
E� D_W^] g � r n���WX]$F3I^FGE�'$FG@ J�E�:#� IC�
]$D9u ]/ICF��?ptFOE WXIC'$: E$:"W
@CF&"
0KP$D9@CF�@^F WX@^Q"E$I^ptD9ICI^D_:?E Q"E,' u Q"E<�?P$FGI^IA� D_W^] Q ]$D��"] Q"uOuGP$@XQ"u R=WX]�F37_:?ICW5I^F��"p=FGEKW^I1q @^:?p+W^]$F
]$:?7_FOI D_E.W^]$F g � r n D9Ehq :?@^p=QAW^D_:"E�
 [
]�FO@^F q :?@^F WX]�Ft@^FGuO: B?FO@,R�u QAE 8$@C:�uOFOF�'�� D WX] Q q QAICWXFG@
@XQAW^F�WX]MQ"E.a�F��\f FGE$:$Y I :?E�F 79:?I,WeICF��?ptFOE W 8;FO@e@^:"P$E�'?" WX@^D_8 WXD9ptF+
 [
]$Ftg � r1nP"cu Q"8$Q"N$D97_D W
R
D9I Q"7_@^FOQ+'�Rr� D('$FO7 R<'$FG8$79: R?F�' :?E/WX]�F 6�E WXFG@^E$F W�]$:?I,WXI � � 797 T"T 
Q

[
]$F uG:?E��?FGICW^D9:?E�uO:?E WX@^:"7 QA7��?:?@CD WX]�ptI/uOQ"E$E$:"W @^FOIC8;:?E�'@�1FG797eWX: NMQ"E,',� D�'hWX]�BAQ"@CD QAW^D9:"E$I



:

� 6,V l + T�%�
T�)� ]$D_u ])QA@^F uG:?p=pt:?E D9E � D9@^FG79FGI^I FOE B�D9@C:?E$ptFOEKW�
 � WX@^Q"E$ICq FG@ @XQAW^F D_I 79D9p D W^F�'
NKR W^]$F 8 FG@^D_:;'$I :"q Q 7_:#�1FG@ N$Q"E�',� D('�WX] Q"E,' N R WX]$FJ�?@C:#�
W^] @XQAW^F :"qmWX]$F uO:"E��?FOI,WXD_:?EG� D9E;"
'$:��J
WV5FOI^D('$FGI�WX]$F D9E�D_WXD_Q"7hI^7_:#� ICWXQ"@CW�� W^]$F\ICFOE�'�FO@�8$@^:?N;FGI�q :?@�Q 79Q"@X�"FO@suO:?E,�?FOI,WXD9:"E2� D9E�'�:#�
:?E$7 R.D9E�WX]�F uG:?E��?FGICW^D9:?E Q B?:?D�'$Q"E$uOFtN;FOu QAP$I^F W^]$F=:"WX]$FG@ I^79:��+ICWXQ"@CW^I QA@^F=7_D9ptD WXF�' N R�W^]$F
I^7_:#��"cICW QA@CW WX]$@CFOIC]$:?7�'¦
)[
]$FO@CFGq :?@CF/WX]$FG�?@^:��
WX])@XQAW^F/D9I uO:?E�ICWX@^Q"D9E�F�')NKR WX]$F/uO:?E,�?FOI,WXD9:"E
Q B?:"D�'MQ"E�uOF WX]MQAW3D_E$uO@CF Q"ICFOI�WX]$F uG:?E��?FGICWXD_:?E]� D9E�'$:�� :?E$7 R N R :?E$F ICF��?ptFOE We8;FO@eQ @^:"P$E�'?"
WX@CD98�
=[
]$D9I 8�@^:?N$7_FOp D9I E$:"W 79D9p D W^F�'JMCP$ICW WX: W^]$FtNMQ"E�',�
D�'�W^] BAQA@^D Q WXD_:?E$Ie:"q1W^]$FR� D_@^FG79FOICI
79D_E$J�N$PhW�� ]$FOE�FGB?FO@ W^]$F uO:"E��?FGICWXD_:?E � D_E�'$:�� Q"E�' W^]$F I^7_:#��"cICW QA@CW W^]$@^FGI^]$:"7�')QA@^F ICFGW WX:
Q/ICp QA797_FO@�BAQ"7_P$F+��W^]$F @^FGICW^:?@XQAW^D9:?E :"q�WX]$F 79Q"@X�?FG@3uO:?E��"FOI,WXD9:"EY� D9E�'�:#� W QAJ"FOI Q 79:"E�� WXD9ptF
N;FOuOQ"P$I^F :"qmWX]$F 79:"E�� @C:?P$E�';"cWX@CD98 WXD_p=F�

V1FOuOQ"P$ICF�:"qKWX]�F�7_:?E�� @^:?P�E�'?"cW^@^D_83W^D9ptF+� :?8;FOE$D_E�� Q
E$F&� [\r�� uO:"E$E$FOu WXD_:?E D9I�WXD_ptF&"�uG:?E$ICP$p=D_E,�
�Zo3V n + T,
 
T
s[
]$FeI^7_:#� ICW QA@CW
@CF�0KP$D_@^FOI
QAW 79FOQ"ICW :?E�F3@^:?P$E,'?"cW^@^D98=WX::'$:?P�N$79F�WX]�FeICD�>GF3:"q W^]$F
uO:"E��?FOI,WXD_:?E�� D_E�'$:��J
�g�]$:?@CW5uG:?E$E$FGuGWXD_:?E$I5I^8;FGE�' p=:"ICW5:"@5Q"797$W^]$FOD_@�WXD_ptF D9E WX]$F�IC79:�� ICWXQ"@CW
8$@^:"N$D9E�� WX]�F/Q BAQAD97 QAN$7_F=NMQ"E�'?� D�'�W^]���N$P�W W^]$FGR Q"@CF E�:"WtQAN$79F=WX: FGB?FG@ @^FOQ"u ] QAEk:?8�W^D9p=Q"7
79F B?FO7Q
e[
]$FG@^F q :?@^F D W*�5:?P$7(' N;F P$ICFGq P$7 WX: P$I^F�WX]$F I,W QAW^P$IeD_E�q :?@Cp Q WXD :?E :"q5QAE F QA@^79D_FO@�uG:?E?"
E$FOu WXD_:?E/D_qmICP$u ] Q uO:"E$E$FOu WXD_:?E D_I Q BAQ"D_7 Q"N�7_F�N;FOuOQ"P$I^F D_E D_W WX]�F 8$@C:?N$D_E�� :"qmWX]�F NMQAE�',� D�'hWX]
]MQ"IeQ"79@CF Q+'�R N;FOFGE '$:"E$F+
 [
]$D_IeD_I3E$:"W QAE.P$E�D_B?FO@CIXQ"7 I^:?7_P�WXD_:?E N;FGu Q"P�I^F I^79:�� ICW QA@CWep=D(�?]KW
Q"7_I^: N;F @^F�0KP$D9@CF�' QAq W^FO@�QAE D('$79F 8;FO@CD9:;' 7_:?E��?FG@ WX]MQAE W^]$F uGP$@^@CFOE W @^FGW^@XQ"E�I^ptD9I^ICD9:?E�W^D9ptF&"
:?P�W � � ��g(N�N���H ��LsT?T�
�N$P�W u Q"E D9pt8$@^: B?F�p QAEKRtu Q"ICFOI�� ]�FO@^F�WX]$F�E$F�� WX@^Q"E$ICq FG@ uOQ"E N;F��?D9E
D9ptptF�'�D Q WXFG7 R � ]$FGE W^]$F1F Q"@C79D9FG@muO:?pt8$7_FGWXFGI�
 a�:"WsQ"797K8$@^:AWX:�uG:?79ImW QAJ"F
Q+'hBAQ"E W Q+�?F1:AqMWX]$F1F QA@F"
79D_FO@�uG:?E$E$FGuGW^D9:?E�I���q :"@3F&��Q"pt8$79F�� H\[
[���6?
�
ZT/:?8;FGE$I Q E$F�� uO:"E$E$FGuGWXD_:?E q :?@3F B?FO@CR.H\[
[��
:?N2MCFOu WI
�6�E)Q+'�'�D_WXD_:?E���� ]$FOE WX]$FG@^F D9I�uO:?pt8;FGW^D_W^D9:"E�� W^]$F :?8;FGE$D9E,� :"q�Q E$F&� uG:?E$E$FGuGWXD_:?E
p=D(�?] W
E$:"W I^P�uOuOFGF�' q Q"D9@C7 R N;FGu Q"P$ICF :"qmWX]$F 7_:�u J�"c:?P�WI

� I^P,'�'$FGE 79:?E,�1'$FG7 Q R WX]MQAW p=Q R :�uGuOP$@ D9EY�
D9@^FG79FGI^I FOE B�D9@^:"E$ptFOEKW WX@CD����"FO@^I3WX]$Ft@CFGWX@^Q"E$IF"
p=D_I^ICD9:?E W^D9ptFO@3IC8$P$@^D_:?P$IC7_R���� ]$D9u ]�u Q"P$ICFOI P$E$E$FGuOFOICI QA@CR�@CFGWX@^Q"E$ICp=D_I^I^D_:?E$I � 6,V l + T+%�
Q
=j3E
f [\j:� WX]�F I^FGE�'$FO@ D9I�q :"@^uOF�')Q"I uO:?E,�?FOI,WXD9:"EkuG:?E WX@^:?75p=FOQ"I^P$@CFOI W^: @^FOICFGW WX]$F uO:?E,�?FOI,WXD9:"E
� D9E,'$:#� WX: :?E�FtI^F��"p=FGEKW��mWX:1'$D_I^uOQ"@X'�W^]$FR� QAW^]$FO@CF�' g � r n D9Ehq :?@^p=QAW^D_:"E�� Q"E�'�W^: ]$Q"7_B?F
WX]$F IC79:#�A"�ICWXQ"@CWtW^]$@^FGI^]$:"7�'�
 6�E�Q+'�'�D_WXD_:?E���W^]$F I^FOE,'$FO@ 8;FO@,q :?@^ptItW^]$F I^79:�� ICWXQ"@CW��A� ]$D9u ]
W
R�8$D_u QA797_R @^FGW^@XQ"E�I^ptD_WXI�QA797 ICF��?ptFOE WXI�P�E$E$FOuGFOI^IXQ"@CD97 R N;FOuOQ"P$I^F�W^]$FGR Q"@^F�QA79@^FOQ+'�RG'$FG79D B?FO@^F�'
QAq WXFG@\WX]$F8'$FO79Q R+
�6cqsWX]$F�@CFGW^@XQ"E$ICp=D_I^I^D_:?E WXD_p=FG@��5:?P$7�' ]MQ B?F�N;FOFGE uO:?E?LS�?P$@CF�' W^: Q 79Q"@{�?FO@
WXD_p=FG:?P�WsBAQ"7_P$F+� W^]$F\P$E�E$FOuGFOI^IXQ"@,R=@CFGW^@XQ"E$ICp=D_I^ICD9:?E$I�Q"E,'tWX]�F\uO:"E��?FGICWXD_:?EtuO:?E WX@C:?7Mp=FOQ"ICP$@^FGI
�1:?P�7�' ]MQ B?F N;FGFOE Q B?:?D('$F�' uG:?pt8$79F WXFO7 R�
�H\:#�1F B?FO@�� WX]�F I^FGE�'$FG@�uOQ"E$E$:"W\FGE$7 Q"@{�?F3WX]$F f [\j
WXD_p=FG@eQAWJ� D_797�� D WX]$:?PhW QAWeWX]$F IXQAp=F WXD9ptF:'$FO79Q R�D_E�� WX]�Ft7_:?I^Ie@^FOuG: B?FG@CR-� ]$FOE Q/7_:?I^Ie]MQ"I
D9E�'�FOF�' ]$Q"8$8;FOE�F�' QAE�' 79FGI^I
WX]$Q"E/WX]$@CFOFJ'$P$8$7_D9uOQAWXF � r neI\Q"@^@CD_B?F3WX: WX]$F ICFOE�'$FG@�


����� � ���$����24�
���(#����&%('

� E FOptFO@X�"D9E�� 6�E WXFG@^E$F W�W^@XQ��tueW
R�8;F D9I
ICW^@^F QAp=D_E�� WX@^Q��tu+
�[�R�8$D_u Q"7_7_R=WX]$FGI^F I,WX@^FOQ"ptI\uG:?E?"
W Q"D_E p P$7_W^D_ptF�'�D9Q,�m79D_J"FtICW^@^F QAp=D_E�� Q"P�'�D9:��mW^]MQAW�D9I 8$@^FGI^FGEKWXF�' WX: Q ]KP$p=Q"E B�D9F&�1FO@�
 [ ]$F
B�D9F&�1FO@eF&�h8;FGuGWXI Qr�MP�FOEKW 8$@CFOI^FGEKWXQAWXD_:?E.:"q�WX]�F p=F�'$D Q?
 LM:?@�WX]$F I,WX@CF Q"p1��I^FG@^D9FGIe:"q�p QAW^]?"
FOp=QAW^D9u QA7�:?8;FO@^QAWXD_:?E$I�Q"@CF 8;FO@,q :?@^ptF�' NKR Q uO:;'$FGu WX: I^]$@CD9E$J WX]$F I^D(>OF D_E NKRKWXFGI�� D_WX]�:?P�W
]�P$p=Q"E�E$:"WXD_uOFOQ"N$7_F2�MQ�� I �}� H�� + T,
 
�N;FOuOQ"P$ICF QAE P�E$uO:?pt8$@CFOI^ICF�' ICW^@^F QAp D_I D9ptptFOE�I^FO7 R
7 QA@X�?F5q :?@ WX@XQAE$I^8;:?@,WXD_E��3: B?FG@&p Q"E R�:Aq;W^]$F
6�E WXFG@^E$F W{"
QAuOuOFGI^I�7_D9E$JKI�
 [
]$F
ICW^@^F QAp=D_E��3I^FG@CB�D9uGFOI
u QAE N;FtuOQAWXF��?:?@^D(>OF�' D_EKW^:/@^FOQ"7!" WXD_ptF Q"E�' Q"@Cu ]�D_B?F�'�ICWX@CF Q"ptI�
�V5:"WX]�u Q WXF��":?@^D_FOI @CF�0KP$D9@CF=Q



�

'$FO7_D_B?FG@CR/:"q&QtuOFG@CW QAD9E N$D W{"�@^QAWXF��MN$P�W�W^]$F WXD_p=F "�I^uOQ"7_F :"q WX]�D9I\@^F�0KP$D9@CFOptFOE W�D_I '$D( FO@CFOE W�N;F "
W��5FOFGE W^]$F=uOQAWXF��?:?@^D_FOI�
 [m@XQ"E�I^ptD9I^ICD9:?E Q"uO@C:?I^I WX]�F=6�EKW^FO@^E�FGW D_I I^P$N2MCFGuGW�W^: p=Q"E R q Q"u WX:?@CI
WX]MQ W uOQ"P$I^FtB Q"@^D9Q"N$D97_D W�R Q"pt:?E��/8MQ"u J"FGW^I	B F+
\��
(�U0�P�FOP$D_E�� '$FO79Q R+�mq @^Q+�?ptFOE W QAW^D9:"E��3'$D( FO@CFOEKW
@^:?PhWXFOI���FGW^u+
nD&
eb�Q"@CD QAW^D_:?E$I�D_E WX]$F N�D_W{"c@XQAW^F u Q"E N;F F ��8�@^FOICI^F�' � D WX] Q"E FOE�'?" WX:�"cFOE�'-'�FO79Q R
Q"E�' Q MCD_WCWXFO@�
&[ ]$F MCD_WCWXFG@
ptF Q"ICP$@^FGI WX]�FeBAQ"@^D9QAWXD_:?E�I :"q W^]$F FOE�'?" WX:�"cFOE,' '�FO79Q R+

[
]$F/QA@^u ]$D_B?F�'kI,WX@CF Q"ptI Q"@CF F QAI^D9FG@�q :?@ W^]$F E$FGW.�1:"@^J W^: uG:?8;F<� D WX] Q"I�W^]$F @^FOuGFOD B?FO@ uOQ"E
N$P, FO@ 'MQAW Q WXFGE$I�:"qsICFOuO:"E�'$I�N;FGq :"@^F 8�@^FOICFOE WXD_E�� D W WX:tW^]$F P�I^FO@�

[
]$D_I\N$P, FO@\u Q"E Q"N$I^:"@^N
I^]$:"@CW{" WXFG@^p B Q"@^D9QAWXD_:?E�I1:Aq W^]$FP'$FO7_D_B?FO@CF�' N�D_W{"c@XQAW^F�Q"I 79:"E�� QAI F Q"u ]/8$Q"u J"F WXI
:"q Q�ICW^@^F QAp D9I
'$FO7_D_B?FG@^F�'.N;FGq :?@CF WX]$F 8MQ R�79: Q�' :"q�W^]$F 8MQ"u J"FGW D9I38MQ"ICI^F�' :?E q @^:?p W^]$F @^FGuOFGD_B?FO@eN$P, FO@3WX:
WX]$F�uG:;'$FOu�
e[
]�FO@^F q :?@^F�W^]$F�@^FOuGFOD B?FO@3]$Q"IeQR� D9E�'�:#� '$P$@CD9E���� ]$D_u ] D_W�u QAE @CF&"�@CF�0KP$FGICWeW^]$F
p=D_I^ICD9E���8$Q"@CW^Is:"q W^]$F ICWX@CF Q"p1
 [
]�F
P$8$8;FG@F"�N;:"P$E�' q :?@ W^]$F FOE�'?" WX:�"cFOE�'�'$FG7 Q R D9I=0KP$D_W^F 7 QA@X�?F
Q"E�' WX]$F MCD W^WXFG@�D9I3QA79pt:?ICW�D9@C@^FO7_FGB Q"EKW�
3[�R�8$D_u Q"7 @^F QA7!"cW^D_ptF @XQ+'�D9: :?@�W^FO79F B�D9I^D_:?E N$@^:?Q+'$uOQ"ICW^I
Q"7_I^: q Q"7_7 D9E WX:�WX]$D_I
uOQAWXF��?:?@,R N;FOuOQ"P$ICF E$: D9EKW^FO@^Q"uGW^D_B�D_W�R=D_I @^F�0KP$D_@^F�' QAE�'/N$P, FO@CD9E�� WXFGE$I :"q
I^FGuO:?E,'$I3D_I\E$:AW�Q"E D9I^ICP$F q :?@
WX]$F P$I^FG@:B p=Q"EKR<� D97_7�E�:"W�FGB?FGE J�E�:#� D 
\H\:#�5FGB?FG@�� D9E Qtu Q"ICF
� ]$FG@^F=WX]$F=P�I^FO@8'$FOp=Q"E,'$I�Q q P$7_7!"cN$7_Q"ICW 79D B?Ft8�@^FOICFOE W QAW^D9:?E�� D WX]$:"P�W�Q"E R '$FG7 Q R+� Q"79IC: W^]$D9I
W
R�8;F :"q I,WX@^FOQ"ptD9E���0KPMQ"7_D(LMFGIC� D WX]/@^FOQ"7!" WXD_ptF�ICWX@CF QAp @CF�0KP$D_@^FOptFGEKWXI�

[
]$F�@^FOQ"7!" WXD_ptF I,WX@CF Q"ptI�D9E$uG79P�'�F ICFO@CB�D_uOFOI�79D_J"F B�D�'$FG: uO:?E�q FG@^FGE$uOD_E�� :"@\B?:?D_uOF 8$]$:"E$F�uOQ"797_I��
� ]$D_u ].@CF�0KP$D_@^F N$D('$D9@CFOu WXD9:"EMQ"7mD_EKWXFG@XQ"u WXD BhD W�R�
 dsB?FOE�]MQ"7 q5Q I^FGuO:?E,' D_IeQ 79:?E,� W^D9ptF q :?@�W^]$F
]�P$p=Q"E P�I^FO@P� ]$FG@^FtQ @XQA8$D�' @^FGI^8;:?E$ICFtD_I3F&�h8;FGuGWXF�' � g�]$EFN � 
Q
 r1:?E WX@XQA@CR WX: WX]�F Q"@^u ]$D B?F�'
ICW^@^F QAp=I��\W^]$D9I uOQAWXF��?:?@,R�@CF�0KP$D_@^FOI/Q IC]$:?@CW FOE�';"cWX:�"�FOE,' '$FG7 Q R���� ]$D_u ] D9pt8$7_D_FGI=WX]MQAW W^]$F
@^FGuOFGD_B?FO@18;FO@,q :?@^ptI5E$: N$P? �FG@^D_E�� :"@5p=D_E$D_p=QA7MN$P, FO@^D_E�� WX]MQ W uOQ"E N;F�P$I^F�' :?E$7 R WX:�]MQ"E,'$79F
p=:;'�FO@XQ WXF�@^FO:"@X'$FG@^D9E,��
s[
]$FO@CFGq :?@CFeIC]$:?@,W{"cW^FO@Cp(BAQ"@CD QAW^D9:"E$I5D_E W^]$FP'�FO79D B?FO@CF�' N$D W{"�@^QAWXF\p P$ICW
N;F�ptD9E$D_p D(>OF�'���� ]$D_u ] ptFOQ"E$I�WX]MQAW W^]$F�8MQAu J"F WXI :"qhW^]$F�ICW^@^FOQ"p p P$I,W��M:#� �MP�FOEKW^7_R3WX]�@^:?P��"]
WX]$FeE$FGW.�1:?@CJ W^: W^]$F @^FGuOFGD_B?FG@�
5ghp QA797 I^]$:?@,W{" WXFO@Cp BAQ"@^D9QAWXD_:?E�I1WX@XQAE$I^79QAWXF�WX:tQ W^D��?] W
P$8$8;FG@F"
N;:?P$E�' q :?@ WX]$F FOE�';"cWX:�"�FOE,'/'$FG7 Q R Q"E,'$MCD W^WXFG@�

6cq�Q=8MQ"u J"FGW�q @^:"p W^]$F�I,WX@CF Q"p D9I '$@^:"8$8;F�'��
WX]$FG@^F D_I E$:*� Q R q :"@ WX]�F @^FGuO: B?FO@,R NKR @^F WX@XQAE$I^ptD9ICI^D9:"E�N;FGq :?@CF1WX]�F pt:?ptFOEKW :"q 8$@CFOI^FGEKWXQAWXD_:?E
D9I�Q W�]MQ"E�' N FGu QAP$I^F WX:�: 7_:?E�� Q '$FG7 Q R-�1:?P$7(' N;F D9EKW^@^:;'$P�uOF�'¦
 d)0KPMQ"797 R�� D_q
Q 8$Q"u J"FGW D_E
WX]$F I,WX@^FOQ"p D_I�'$FO79Q R?F�' F ��uGFOICIXD B?FO7 R��;D_W D9I�'$D_I^uOQ"@X'$F�' NKR WX]�F @CFOuGFOD B?FO@�:"@ W^]$F uO:;'�FOu+

ghP$u ]
'$D9ICu QA@X'$F�'t8$Q"u J"F WXI�:?E�7_R5� Q"ICW^F 7_D9E$J NMQ"E�'?� D�'�W^]�
�� ]$FOE$F B?FO@5QAE P$E,'$FO@C7_R�D9E��eE�FGW.�1:?@CJ�q QAD97_I
WX:�'$FG79D B?FO@ WX]�F @^F�0KP$D_@^F�' N�D_W{"c@XQAW^Feq :?@�Qt@^FOQ"7!" WXD_p F ICW^@^FOQ"p �MWX]$F B�D_F��1FG@*0KP$D_u J�7 R/E$:"WXD_uOFGI�D_W
q @^:?p WX]$F P$E�EMQAWXP�@XQ"7�8MQ"@CW
W^]MQAW :�uOuGP$@^I\D_E WX]$F 8�@^FOICFOE W QAW^D9:?E Q W W^]$F 8;:?D_EKW
:"q W^]$FJ'$@^:"8 :?@
WX]$FP'$FO79Q R+
&[
]$FeuO:;'�FOuOI Q"@^FeQ"N$7_F�W^: uO:"E$uOFOQ"7�Q:'$@^:"8/:"@
Q:'$FG7 Q R :"qmuG:?P$8$7_F38MQ"u J"FGW^I�
5dsB?FOE
WX]$:"P��?] WX]$F uG:;'$FOuGI F B?:?7 B?F+��D W3D_I�D9pt8;:?@,W Q"E W�W^: p=D_E$D_ptD!>OF W^]$F E$F W��1:"@^J YZIe@^QAWXF�:"q&q Q"D97_P$@CF
N;FOuOQ"P$I^F WX]$F uG:;'$FOu Q"8$8$@C: Q"u ] ]MQ"I\Q 7_D9ptD W D9E/F �hW^FOE W\WX:�� ]$D9u ] D_W
D9I Q"8�8$79D_u Q"N$7_F+

� D_W^] Q 7_:?E��=8$@^:?8$Q+� QAW^D9:?E '�FO7 Q R��;W^]$F8� D9@CFO7_FOI^I�7_D9E$J uO:?E$I,WX@^Q"D9E$I\WX]$F�'$FG7 Q R N;:?P$E�' :"q&W^]$F
:"WX]�FO@muO:"p=8;:?E�FOEKW^ImW^]MQAW D_ImE�FOuOFGI^IXQ"@,R WX:�ptFOF WmWX]$F�@^F�0KP$D9@CFOptFOEKW^I :"qhWX]$F�@^F QA7!" WXD_ptF&I,WX@^FOQ"p�"
D9E��,
�� D WX] 8$@^:?8$Q+� QAW^D9:?E:'$FO79Q R�I�:Aq�S"T?T�".%?T?T�p=I�� D_W&D_I&uO7_F Q"@ WX]MQAW&:?E$F @C:?P$E�';"cWX@CD98 W QAJ"FOI&WX:�:
79:"E�� W^: 8;FO@Cq :"@^p Q"EKR @^FGW^@XQ"E�I^ptD9I^ICD9:?E�I���:AWX]$FG@{� D_I^F�WX]$F I,WX@CF Q"p D_I�E$: 7_:?E��"FO@3Q @^FOQ"7!" WXD_p F
ICW^@^F QAp 
=V1FGu Q"P$ICF
:"qMWX]$F Q+'�'$D WXD9:"EMQ"77'�FO7 Q R��AWX]$F1@^F QA7!"cW^D_ptF�ICW^@^F QAp=D_E���u QAE$E$:"WsN;FOE$F&L$W&q @C:?p
[\r��
YZI5@CFGW^@XQ"E$ICp=D_I^ICD9:?E$I WX]MQAW�Q"@CF D9E WXFGE�'$F�'tW^: 8$@C: B�D�'�F @^FG79D9Q"N$D_7 D W�R�
 ghP$u ]=@^F WX@XQ"E�I^ptD9I^ICD9:"E$I
u QAE FGB"FOE.N;F�]MQ"@^p q P$7mN;FGu Q"P�I^F WX]�F ICF��?ptFOE WXI*� D WX] Q=]$D��?]�FO@�I^F�0�P�FOE$uOF EKP$p N;FO@3QA@^F�E$:"W
'$FO7_D_B?FG@^F�' WX:�W^]$F�@^FOuGFOD B�D9E�� Q"8$8$7_D9uOQAWXD_:"E=P$E WXD97 W^]$F�p=D_I^I^D_E�� I^F��?ptFOE W QA@^@^D B?FOI�
&[
]$D_I1N$79:�u J�"
D9E�� D_EKW^@^:;'$P$uGFOItQAE)P�E7� Q"E WXF�'M'$FG7 Q R Q"E�'*MCD_WCWXFO@�
 [
]$FO@CFGq :?@CF `\I^FG@=o�QAW Q+�"@XQ"p¤�&@^:"W^:�uO:?7
B `�oP��D �\� :?I � T�
&D_IeQ B�D9Q"N$79F Q"7 WXFG@^EMQAW^D_B?F q :?@3@CF Q"7t"cW^D_ptF�I,WX@CF Q"ptD9E�� N$PhW E$:"W^]$D9E�� @^FGICWX@CD9u WXI



N

ICW^@^F QAp=D_E�� Q"8$8�79D9uOQAWXD :?E$I5W^: P$I^F `�oP� :"E$7_R+
�`�oP���$]$:��1F B?FO@��S'$:�FGI E�:"W
:+ FO@
Q"EKR=WX:�:"79I5WX:
I^FGI^I^D_:?E p=Q"EMQ��?FOptFOE WI

f\FOQ"7t"cWXD_p F WX@XQAE$I^8;:?@,W 8$@^:AWX:�uO:"7�B f [���D �Zg$r L&<?T�%�
&8$@^: B�D�'$FGI Q q @^Q"p=F&�1:?@CJ q :"@eI,WX@^FOQ"ptD9E��
WX@^Q��tu � D WX] I^FOICI^D_:?E p=Q"EMQ��?FOptFOE WI
 � E f [��kptFOICIXQ+�?F�D_E$uO7_P�'$FGI Q ]$FOQ+'$FG@
Q"E,' Q 8MQ R�79:?Q+'
Q"E�' D9I N$P$D_7_W�P$8;:?E)Q WX@^Q"E$I^8;:"@CW 8$@^:"W^:�uO:?7 B F+
\��
!�5`�oP��D&
 � E)Q�'�'$D_W^D9:?E$Q"7�q @XQAp=F&�1:?@^J.q :?@
I^]MQA@^D9E,�/ICW^@^FOQ"p=D_E�� ptFGWXQ+'MQAWXQ D9E$uG79P�'$FGI f [���uO:?E WX@^:"7s8$@^:"W^:�uO:?7CB f [ r��¥D �Zg$r L&<?T�%�
�QAE�'
f\FOQ"7t"cWXD_p F I,WX@^FOQ"ptD9E�� 8$@C:"WX:�uG:?7�B f [\g?�¥D��Zg�f\l�N � 
Q
 f [\r�� I^8;FOuGD(LMFGI ]�:#� WX]$F FGE�'.]$:"ICWXI
I^]MQA@^F D9E�q :"@^p=QAWXD :"E Q"N;:?P�WsICW^@^FOQ"p 0KPMQ"7_D_W�R�
 f [\g,��8$@C: B�D�'$FGI&Q���@^FOpt:"W^F1uG:?EKW^@^:?7_79FG@���q :?@ W^]$F
f [�� ICW^@^FOQ"ptI��AN$P�W D_W D9I E$:"Wm79D9p D W^F�'eWX:�f [�� Q"I Q\I,WX@^FOQ"p u Q"@C@^D_FO@�
 f [\g,� P�I^FOI H�[
[��="c79D9J"F
@^F�0�P�FOICW^I
N$P�W1D9E$I,WXFOQ+' :Aq @CFOuGFOD BhD_E�� WX]$F�@^F�0KP$FGICW^F�'/ICW^@^F QAp(WX]�@^:?P��"] W^]$F�IXQAp=F�uG:?E$E$FGuGWXD_:?E
Q"I\H\[
[��N'$:�FOI�� D_E Q W�R�8$D9uOQ"7�u Q"ICF+�;QAE$:"WX]�FO@ 8�@^:"WX:�uG:?7�D9I
P$ICF�' B W�R�8$D9uOQ"7_7_R f [���D&

� D_W^]t@^FOQ"7!" WXD_p F
I,WX@^FOQ"ptD9E��3WX]$F\ptFOICIXQ+�"FOI5Q"@^F ICFOEKW�q @CF�0KP$FOE WX7 R WX: p=Q"D_EKW QAD_E WX]$F 79D B?FO7_D_E$FGI^I
:"q�WX]�F38$@CFOI^FGEKWXQAWXD_:?E�
 � I^I^P�p=D_E���WX]$QAW1WX]�F3p=FGI^I^Q+�?FOI
Q"@CF�uO:?E$I,W Q"E W
7_FOE��"W^]��;�1F3uOQ"E u QA79uOP;"
7 Q WXF W^]$F 8MQ R�7_: Q+'.I^D(>OF :"q5F QAu ]�p=FGI^IXQ��?F q @^:?p W^]$F D9E WXFO@�"�8MQAu J"F W I^FGE�'$D_E��1'$FO79Q R Q"E,'�W^]$F
p=F�'$D9Q3N$D_WF"�@XQ WXF5WX]MQAW�D_IsWX]�F :?P�W^8$P�W�:"q;WX]�F uO:;'$FGu+
&LM:?@&F ��Q"p=8�79F���� D_WX]=SATep=IsD9EKW^FO@�"�8MQ"u J"F W
'$FO79Q R QAE�' 
 U JKN$8$I5N�D_W{"c@XQAW^F+�?W^]$F\8MQ Rh7_: Q+' 8;FO@�p=FGI^I^Q+�?F\D_I�:?E$7_R:� T N R�W^FOI�
�6cq�W^]$F\p=FGI^I^Q+�?F
I^D(>OF � D WX]$D_E WX]�F ICWX@CF Q"p B Q"@^D_FOI���WX]$D_I BAQ"79P�F D_I WX]$F Q B"FO@XQ��?F 8MQ R�7_: Q+'/:"qmWX]$F ptFOICIXQ+�?FGI�

� W�Q/N;:"WCWX7_FOE$FGu J9� WX]$F 8$@^F q FO@^FGE$uGF :"q5W^]$Ft@CF Q"7t"cW^D_ptF ICWX@CF Q"ptD_E�� q :?@ Q/I^]$:?@,W80KP$FGP$D9E,� '$F "
7 Q R uO:?E,�$D9uGW^I�� D WX]/WX]$F N$P, FO@^D_E��t@^F�0KP$D9@CFOptFOE WXI\:"q [\r��C

jeN B�D9:?P�I^7_R WX]$F @^FO79QAWXD B?FO7 R 7_:?E��
N$P, FO@ @^F�0KP$D9@CF�' NKR [\r��U��� ]$FOE D W D_I q P�797T� WXQ"J"FOIsQ�79:"E���W^D9ptF�WX:�WX@^Q"E$I^ptD_W�
�� ]$FGE uO:?pt8;FGWF"
D9E�� [\r�� �M:�� I�Q"@^F 8$@CFOICFOE W � ]$D97_F Q ICWX@CF QAp D9I WX@^Q"E$I^ptD_WCWXF�'���WX]�F 8MQ"u J"FGW^I�:"q W^]$F I,WX@^FOQ"p
�?F W ICW^P$u J=D9E WX: WX]$F*0KP$FGP$F3:"q�WX]$F�N;:"WCWX7_FOE$FGu J @^:?P�W^FO@�q :?@579:"E�� 8;FO@^D_:;'$I5:"q�W^D9ptF\N;FOuOQ"P$ICFe:"q
WX]$F�q P$797t"b0�P�FOP$F�8$@^:?N�79FOp �yV r
r + N � 
T
 � I,WX@CF Q"ptD9E,� 8MQ"u J"FGW u Q"E�E$:"W<MCP$ICWP� Q"D_W�W^]MQAWe79:"E���

6�E$ICW^F Q+'¦�hW^]$F�I^FO@,B�D9uOF�p P$ICW5N;F*'�D( FO@^FGEKW^D QAW^F�'=IC: WX]MQAW�WX]�F�ICWX@CF Q"ptD9E,� 8MQAu J"F WXI1u Q"E N R�8MQ"I^I
WX]$F [\r�� 8MQ"u J"FGW^I�QI� Q"D WXD9E,� D9E W^]$F N$P, FO@�

� 79QAWXFG@ ICWXQ"@CW^D9E��.@^F QA7!" WXD_ptF ICWX@CF Q"p D_I BhP�79E$FG@XQ"N$7_F/D9E)D_W^I N;F��?D_E$E$D_E��.W^:�W^]$F/q P$797�0KP$FOP$F
8$@^:"N$79FGp N$P�W�I^P�uOuGFOF�'$I�D9E/WX]�F uG:?pt8;FGWXD WXD_:?E/N;F W^W^FO@ WX]MQ"E Q 7 QAW^FO@
ICW QA@CWXD_E��t[\r�� �M:#�J
16�E
WX]$F N;F��?D_E$E$D_E���� Qt79Q"@X�?Fe8MQ"@CW\:"q WX]$F ICWX@CF Q"p D9I�'$@^:"8$8;F�' N;FOuOQ"P$ICF :Aq WX]$F q P$79730KP$FGP$F+
 L :"@
WX]$F @^FGuOFOD B?FO@���Q=7 Q"@{�?F5'$@C:?8 @^QAWXF ptF QAE$I3Q=8;:�:"@ 0�P$Q"79D W
R :"qsWX]$F 8$@^FGI^FGEKW Q WXD9:"E�� � ]$D_u ] W^]$F
P$I^FG@�P$E$7_D9J"FG7_R<� Q"E WXI�
\[m: uG:?P$E WXFO@\WX]$F q P$79730�P�FOP$F @CFO79QAWXF�']'$@^:"8$I��;W^]$F�I,WX@^FOQ"p I^]$:"P$7�' N;F
8$@^:AWXFOu WXF�' q @C:?p+WX]$F�q P$79790�P�FOP$F3W^]MQAW1D9I1uOQ"P$ICF�'/N R [\r��K�$:#� I�
�r1:?EKW^@XQ"@,RtWX: [\r��K�$:#� I��
p QAEKR�ICWX@CF Q"ptD9E,� �$:#� I�Q"@^F
E$:"W�[\r�� q @^D9FGE�'$7 R �yV
r
r + N � � LsL N�N�
Q��� ]$D_u ]tN$Q"I^D_u Q"7_7_R ptF Q"E�I
WX]MQ W WX]$F R<'$: E$:"W QA8$8$7 R Q uG:?E��?FGICWXD_:?E uO:"EKWX@C:?7 WX]$QAW
D9I1I^D_p=D_79QA@�WX:�WX]$F3[\r�� Y I uO:?E,�?FOI,WXD9:"E
uO:"EKWX@C:?7T
 a�:.p=QAW^W^FO@ ]$:�� p=Q"EKR 8MQ"u J"F WXIt:"q\W^]$F ICWX@CF Q"ptD9E,�/�M:#� Q"@^F	'$@C:?8$8;F�' N R W^]$F
D9E WXFG@^ptF�'$D9QAWXFe@^:"P�WXFG@^I��;D WXI
WX@XQAE$ICq FG@�@^QAWXF5'$:�FGI�E$:"W�Q�'MQ"8�W '$:�� E7�1Q"@X'�
 a\:?@\8;FG@Cq :?@Cp=I W^]$F
ICW^@^F QAp Q IC79:��+ICW QA@CWI
/[
]$F 8MQAu J"F WXI :"q1WX]$F=ICW^@^F QAp Q"@C@^D BhD_E��/WX: WX]$F=N;:"W^W^79FGE$FOu J.]MQ B?F Q
I^]$:"@CW�D_EKW^FO@F"�Q"@^@CD BAQ"7�D9E WXFO@,BAQ"7Q
 [
]$FG@^F q :?@^F
W^]$FGR 7_D9J"FO7 R 8$P$I^] :?P�W&I^:?ptF [\r�� 8MQ"u J"F WXI���� ]$D9u ]
�1:?P�7�'<L$W W^: W^]$FeN�P, �FG@�� D WX]$:"P�W W^]$F3ICWX@CF Q"p1
&[
]�FOE WX]$FP'$@^:"8$8;F�'/[\r�� 8MQAu J"F WXI uOQ"P$ICF Q
uO:"E��?FOI,WXD_:?E/� D9E,'$:#� @CF�'$P$u WXD_:?E q :?@�W^]$F uO:?pt8;FGW^D9E�� [\r�� �M:�� I��¦� ]$D9u ] p QAJ"FOI3@^:�:"p q :?@
WX]$F1I,WX@CF Q"p1
 H�FGE$uOF��?WX]$FA'$@C:?8 @^QAWXF5:"q$WX]$F1I,WX@^FOQ"p W^FOE�'$I WX:*'$FOuG@^F QAI^F Q q WXFO@mW^]$F1N;F��?D_E$E$D_E���





 T
� � ����� � ��������� � 	 	 
3��� � ����� � � 
U
 � 


[
]$@^FGF�'�D( FO@^FGEKW�JKD_E�' :"qsI^:"79P�W^D9:?E�I
q :?@
WX]$F 8$@^:"N$79FGp=I :"qs[\r�� :�uGuOP$@C@^D_E��=D_E W^]$F5� D_@^FG79FOICI
FOE B�D9@^:"E$p=FGEKW ]MQ B?F N;FGFOE I^P,���?FOI,WXF�'�[�79D9E�J�"c7_FGB?FG7T�hFOE�';"cWX:�"�FOE,' [\r����;Q"E,' I^8$7_D_WF"�uO:"E$E$FGuGWXD_:?E
I^u ]$FGp=FGI �yV���g�n N?U�
T
A� F8'�D9I^uGP$I^I�]$FO@CF�IC:?ptF 79D9E�J�"c7_FGB?FG7�WXFOu ]$E$D(0KP$FOI3Q"E,' FOE�]MQ"E$uGF�' [\r��
D9pt8$7_FOptFGEKWXQAWXD :?E$I�
 6�E Q+'�'�D_WXD_:?E��"Q+'hBAQ"E$uGF�' @^:?P�W^FO@&QA7��?:?@CD WX]�ptI Q"@CF�'$D9ICuOP$ICI^F�'�
&[
]$F
@^:"P�WXFG@
Q"7(�?:?@^D W^]$ptI2'$D_I^uGP$I^ICF�'�� D9EM�?FOE�FO@XQA7T�
Q"@CF Q"8$8�79D9uOQ"N$7_F WX: QAEKR)E$F W��5:?@^J)@CF�� QA@X'$7_FOI^I=:"q3W^]$F
8$@^FGI^FGE$uOF :"qmWX]$F � D_@^FO7_FOICI 79D_E$J9


� ��� ���
� ��� ����0����t# ��' �����	�1����	

V Q"E R 79D_E$J�"�7_FGB?FG7 W^FOu ]$E$D(0�P�FOI�W Q"@{�?FGW3QAW3Q=79:��1FO@�@CFOI^D('$PMQ"7mN$D W{"�FG@^@C:?@\@XQ WXF+
�L D_@^I,WX7_R+� @^F�'�P$E?"
'MQ"E W�FO@C@^:?@�"�uG:?@^@CFOuGW^D9:"E D9E�q :"@^p=QAW^D_:"E�� Q�
 � � � � � � 	���� � � � � � ��	���� � ��
 �ZnJV1L + T�� 
Q�Ku QAE=N;F P$ICF�'
NKR=Q5� D_@^FO7_FOICI17_D9E$J 8$@C:"WX:�uG:?7MWX:�FGE$uO:;'$F�@^F�'$P$E�'$Q"EKW D_E�q :?@^p=Q WXD :?EtD9E WX:�Q q @XQ"ptF+��� ]$D9u ] W^]$F
@^FGuOFGD_B?FO@&P$I^FGI�W^: @CFOuO:"E$ICW^@^P$u W�W^]$F
:?@^D(�?D_EMQ"7Kq @XQAp=F¥� ]$FOE=Qe8MQA@CW&:"q;W^]$F q @XQ"ptF D_IsuO:?@C@^P$8�W^F�'�

[
]$F\@^F�'$P$E�'MQAEKW5D9Ehq :?@^p=QAW^D_:"E D9I&P$I^F q P$7 :?E$7_R D q;WX]$F
q @XQ"ptF
D9I&uO:?@C@^P$8�W^F�'���:AWX]$FG@{� D_I^F\D W�:?E$7 R
� Q"I,WXFGI N$Q"E�',� D('�WX]�
 � E Q�'�BAQ"E W Q+�"F :"q5@^F�'�P$E�'MQAE$uGR.D9I3W^]MQAWeWX]$F :"@^D��"D9E$Q"7mq @XQ"ptF u Q"E�N;F
@^FGuO:?E�ICWX@CP$uGW^F�' D9ptptF�'$D9QAW^FO7 RR� D_WX]�:?P�WC� Q"D WXD_E�� q :?@ W^]$F @^F WX@XQ"E�I^ptD9I^ICD9:"E�

� E$:AWX]$FG@eI^:?7_P�WXD_:?E D9IeQ 79D9E�J�"c7_FGB?FG7 @CFGWX@^Q"E$ICp=D_I^I^D_:?E :"q5uG:?@^@CP$8�WXF�'.q @XQAp=FGI���Q"E � P�WX:?p=QAW^F�'
f\FG8;F QAW�@CF�H3P$FOI,W2B � f�HJD��ZLU� T S 
T
 6cW*'$:�FGI�E$:"W�@^F�0�P�D9@^F�Q+','$D9E��=@CF�'$P�E�'MQ"E W3D9E�q :"@^p=QAW^D_:"E
D9E WX: WX]$F�q @XQAp=FGI1F&�huOFG8�W W^]$F3u ]�FOu JKI^P$p q :?@A'$F WXFOu WXD_E�� q @XQ"ptF�uO:?@C@^P$8�W^D9:?E¦
s[
]$FeuG:?@^@^P�8�WXF�'
q @XQ"ptFGI Q"@^F @^FGI^FGEKWI�5u Q"P�I^D9E,� Q�'�'$D_W^D9:?E$Q"75@^:?P�E�'?"cW^@^D_8 '$FO79Q R+
KV1FGu Q"P�I^F :"q\WX]$FG'�FO7 Q R���W^]$F
@^FGuOFGD_B?FO@�u Q"E�E$:"W�@^FGuO:"E$ICWX@CP$uGW�W^]$F :?@^D(�?D_EMQ"7�q @XQAp=F P$EKW^D97�W^]$F @^F WX@XQAE$I^ptD9ICI^D9:"E Q"@C@^D B?FOI�
�V1F&"
q :?@^F WX]$F @CFGW^@XQ"E$ICp=D W^W^F�' q @XQ"ptF/Q"@^@CD_B?FGI��5p P$7_W^D_8$7_F q @XQAp=FGI WX]$QAW2�1FG@^F I^FOE W=8$@^D_:?@ WX:.W^]$F
@^F WX@XQAE$I^ptD9ICI^D9:"E�� QA@^@^D B?F�QAW�W^]$F�@CFOuOFGD_B?FG@�
�[
]�F @CFOuOFGD_B?FG@3]$Q"I�WX]�@^FOF�:"8�WXD_:?E$I�:"E ]$:�� WX]$FGI^F
q @XQ"ptFGI3Q"@^F�]MQ"E�'�F�' W^: WX]$F P�8$8;FO@379F B?FO7 :Aq�W^]$F 8$@C:"WX:�uG:?7 ICWXQ"u J [\W^]$F @^FGuOFGD_B?FO@3]MQ"E,'$I3W^]$F
P$E$uG:?@^@CP$8�WXF�' q @^Q"ptFOI D9ptptF�'$D9Q WXFG7 R��mWX]$F @^FGuOFGD_B?FO@�N$P, FO@^I�W^]$F q @^Q"ptFOI�P�EKWXD_75Q"E D9E;"�:?@{'$FO@
'$FO7_D_B?FG@CR u Q"E N;F=8;FG@Cq :?@Cp=F�'��m:?@ Q"7_7&:"P�W{"c:"q�"�:"@X'$FG@eq @^Q"ptFOI QA@^FR'$D_I^uOQ"@X'$F�'�
 o�D_I^u QA@X'$D_E�� D9I
Q.B?FG@CRk8;:�:?@ I^:?7_P�WXD_:?EkN;FOuOQ"P$ICF W^]$FG� D9@CFO79FGI^It7_D9E$J D9I 7_D9J"FO7 R W^: N;F/W^]$F p=:"ICWtF ��8;FGE$I^D B?F
@^FGI^:?P$@CuOF\:"q WX]�F\ICR�ICW^FOp1
&[
]$F\:?@{'$FO@�:"q¦'$FG79D B?FO@,R D9IsB?FO@,R I^D��"E$D(LMuOQ"E W&q :?@�6�E WXFG@^E$F W18$@C:"WX:�uG:?7
D9E1�?FOE$FG@XQ"7Q
A� D_W^] [\r�� @^FO:"@X'$FG@^D9E,�=@^FOICP$7_W^I�D_E '$P$8$7_D9uOQAWXF � r neI�
 [\r�� u Q"E Q"uOuGFO8�W�:?E$7 R
Qtq F�� :"P�W{"c:"q�"�:"@X'$FG@\ICF��?ptFOE WXI � D WX]$:"P�W�W^@^D��+�?FO@CD9E,�=Q=7_:?I^I�@CFOuG: B?FG@CR+��N;FGu Q"P$ICF Q�'$P$8�79D_u QAW^F
� r n IC]$:?P$7('/N;F I^FGEKW�Q q WXFO@
Q"E Q"@^@CD_BAQA7�:"q F B?FO@CR :?P�WF"�:"q�"c:?@X'�FO@1I^F��"p=FGEKW � � ��g(NQN�
T
&[
]$FG@^F&"
q :?@^F p=:"ICW � fCH I^u ]$FGp=FGI�u ]$:�:?ICF D9E?"c:?@X'$FG@E'$FG79D B?FO@,R���� ]$D_u ] D9E WXP�@^E D9E WX@^:;'�P$uOFGIW'�FO7 Q R QAE�'
N$P$@CICWXD_E$FOICI N;FGu Q"P�I^F WX]$F=:?P�WF"�:"q�"c:?@X'$FG@ q @^Q"ptFOI��U� ]$D9u ] QA@^F=]$FG7�' NMQ"u J�N R�W^]$F 7_D9E$J 79F B?FO7Q�
Q"@^F*'�FO79D B?FO@CF�' NMQ"u J�"cWX:�"�NMQ"u J2� ]$FGE WX]�FP'$FG79D B?FO@CRtD9I�LMEMQ"7_7_R 8;:?I^ICD9N$7_F+
s[m: uG:?p=8;FGE$IXQ WXF�W^]$D9I
N$P$@CICWXD_E$FOICI�� IC8MQ"uOD_E�� � r neI�� D WX] Q"E Q"@,WXD!LMuOD9Q"7�'$FO79Q R D9I
8;:"I^I^D_N$79F �\V nP4 + T?
 
Q


� � � � ���\�h��� � ';�h��0���
k��������� ��������� 24���5�

[
]$F�@C:?P�WXFG@ � uGWXD B?F:H3P$FOP$F V Q"EMQ+�"FOptFOE W�B � H V/D D9I�Qt8$@^: QAuGWXD B?F ptFGW^]$:;' @CF Q"u WXD_E��tWX: Q
'$FGB"FO79:"8$D9E�� uG:?E��?FGICWXD_:?E QAE�'/WX:tQ @^FGI^P$7 WXD_E�� q P$7_7!"b0KP$FGP$Fe8$@^:?N�79FOp1
)V1FOuOQ"P$ICF :"qmWX]$F [\r��
Y I
'$FGq QAP$7_W�N;FG]MQ B�D_:?@�� WX]$Fr0KP$FOP$F :"q
W^]$F N;:"W^W^79FOE�FOu J�@^:?P�W^FO@�@CFOp=Q"D9E�I q P$7_7�q :?@ 79:"E�� 8;FG@^D9:;'�I




�


:"q&WXD9ptF5� D_W^] W^]$F�WX@XQ�'$D_W^D9:"EMQ"7�W QAD97t"b'$@^:?8 Q"7��":?@^D W^]$p �yV
r
r + N � ��oeV n V T,
 
T
P� D_WX] Q=q P$797
0KP$FOP$F�� 0KP$FOP$D_E���'$FG7 Q R�I�Q"@^F 7_:?E��?FG@\QAE�' I^]�:?@CW\N$P$@^I,WXI\u Q"E$E�:"W L�W\WX: W^]$F50KP$FGP$F+�9� ]$D_u ] D9I
:?E$F D9E WXFGEKW^D9:?E :"qsWX]�F�0KP$FGP$D9E��,
\[
]$F�@^:?PhWXFO@\P$I^D_E�� � H V WX@CD9FGI\WX:=J"FOFO8 WX]$F80KP$FOP$F�I^]$:?@,W
F&�huGFO8�W '$P$@^D_E�� I^]�:?@CW\N$P�@^ICW^I�

� D_W^]/WX]$F WXQ"D_7!"b'$@C:?8/Q"7��":?@^D W^]$p1��8MQ"u J"F WXI�Q"@^F :?E$7 R	'�@^:?8$8;F�' � ]$FGE WX]$FJ0�P�FOP$F D9I q P$797Q
5j3E
WX]$F uO:"EKWX@^Q"@CR+� Q @^:"P�WXFG@R� D_WX] � H V QAD9ptI=QAW=I^pt:�:"WX]�7_RK'�@^:?8$8�D9E�� 8MQ"u J"F WXI N;FGq :"@^F W^]$F
0KP$FOP$F\D9Isq P$7_7T
 � I�FGB?FG@CR2'$@^:?8tD_I�Q"EtD9E,'$D9uOQAWXD_:?E :"q�QeuO:?E��"FOICW^D9:?E q :?@sWX]$F I^FGE�'$D_E�� ]�:?ICW��KW^]$F
I^FGE�'$FO@ @^F�'�P$uOFGI\W^]$F uO:"E��?FGICWXD_:?E	� D9E�'$:��J
�[
]�FO@^FGNKR W^]$F @^:"P�WXFG@
q :?@CuOFGI I^FOE,'$FO@CI\W^: @^F�'�P$uOF
WX]$F @XQAW^F :Aq\W^]$F D_E$uO:?ptD_E�� WX@^Q��tu N;FGq :"@^F W^]$F	0KP$FOP�F : B?FO@F�M:#� I�
 V1FOuOQ"P$I^F Q 79F��?D WXD_ptQAW^F
[\r�� D9pt8$7_FOptFGEKW Q WXD_:"E�D_I q :?@CuOF�' WX: @^FOQ"uGW WX: F B?FO@CR '$@^:"8�� � H V '$:�FGI E$:"W @^F�0KP$D9@CF Q"E R
p=:;'�D(LMuOQAWXD_:"E W^: W^]$F [\r�� D9pt8$7_FOptFGEKW Q WXD_:"E�
 � I^p=Q"7_79FG@�EKP$p N;FO@�:"q�8MQ"u J"FGW^IF"�D_E?"b�$D��?] W�D9I
@^F&�MFOu WXF�' WX:.WX]$F10KP$FOP�F 79FGE��"W^] :Aq�WX]$F @C:?P�WXFG@��¥� ]�D9u ] N;FGuO:"p=FGI=I^]$:"@CWXFG@�
 [
]$F IC]$:?@CW^FO@
0KP$FOP$F @CF�'$P�uOFOI�0KP$FOP$D_E��-'$FG7 Q RhI Q"E�' 8�@^FGB?FGEKW^I ICWXQ"@CB QAWXD_:?E :Aq W^]$Fr�M:��(WX]MQAW D_I�P$E$7_P$u J R
� D_W^] W^]$F�WXQ"D97t"b'$@^:"8�
�[
]$F 79:�u J�"�:?P�W�8$@C:?N$79FGp D_I�8$@^F B?FOE WXF�'�Q"E�' 79QAWXFG@�I,W Q"@,WXD9E,�r�M:�� IeuOQ"E
:?8;FOE WX]$F uG:?E��?FGICW^D9:?E1� D_E�'$:#� p=:"@^F @XQ"8$D('$7_R N;FGu Q"P$ICF�@^:?P$E,'?"cW^@^D98/W^D9ptFOI\Q"@CF I^]$:?@,WXFG@�

6�E
Q+'�'$D WXD_:?E�� WX]$F
IC]$:?@CW^FO@)0KP$FGP$D9E�� '$FO79Q R�D_I B?FO@,R D_p=8;:?@,W QAEKW q :?@E'$FG7 Q R�I^FGE$I^D WXD B?F Q"8$8$7_D9uOQAWXD_:"E$I
I^P$u ] Q"I @CF Q"7t"cWXD_p F3ICW^@^FOQ"p=D_E���

� D_W^] � H V W^]$F WXQ"D97t"b'$@^:"8 Q"8$8$@C: Q"u ] D9I 79FGq W�:"E$7_R.q :?@ WX]�F uOQ"I^F :"q F ��WX@^FGp=F uO:?E,�?FOI,WXD9:"E
� ]$FGE WX]$F�@^:?P�W^FO@10KP$FOP�F D9I @CF Q"7_7_R�F&�h]MQAP$ICW^F�'O'�P$@^D_E�� Q)7_: Q+' IC8$D9J"F�
 � I Q)uG:?@^@CFOu WX7_R
uO:"E,LS�?P$@CF�' � H V @^:"P�WXFG@�D9I�@^FOQ"uGW^D9E�� WX: D9E$uGD98$D_FOE W�uO:?E,�?FOI,WXD9:"E=N;FGq :?@CFO]MQAE�'���WXQ"D97�'$@C:?8$8$D_E��
D9I
:?E�7_R QAE D9E�q @CF�0KP$FGEKW\FGB?FGEKW�


S &F������8 46& �"/VY �X �� 2���������

[
]$F�pt:?ICWW� D('$FG7_R P$ICF�' � H V Q"7(�?:?@^D W^]$p1�"W^]$F�f�Q"E,'$:?p+d�Q"@^7 R o�FGW^FOu WXD9:"E-B f�d�o D�� L&<QN�%�
Q�
D9I @CFOuG:?p=ptFOE,'$F�' WX:\N;F�'$FG8$79: R?F�' :?E W^]$F�6�EKW^FO@^E�FGW @C:?P�WXFG@^I �\V
r
r + N � 
T
 f\d�o FGICWXD_p=QAWXFGI QAE
Q B?FG@XQ+�"FC0KP$FOP�F 79FGE��"WX] NMQ"I^F�'t:"E W^]$F
]�D9ICW^:?@CR :"q WX]�F
D9E�ICW QAEKWE0�P�FOP$F 7_FOE��AWX]1B ICFOF L D(�?P$@^F
S+D&

[
]$F FOICW^D9p=QAWXD_:?EkD9I=QAE F&�h8;:?E�FOEKW^D QA797_R �5FOD(�?]KW^F�' pt: B�D9E�� Q B?FO@^Q+�?F1� D WX] Q�uO:?E,L��?P$@XQAN$79F
�1FGD��?] WrB

wq
D&
t[
]$F=Q B?FG@XQ+�?F20KP$FOP$F=7_FOE��AWX]Y� D WX] Q"E Q"8$8$@C:?8$@^D9QAW^F��5FOD(�?]KW D_I I^7_:#� WX: @^D_I^F

'$P$@CD9E�� IC]$:?@,W N$P$@CICWXIeN$P�W D W �"FGWXIe79Q"@X�"FO@ � ]$FOE�uG:?E��"FOICW^D9:?E D9I3pt:?@^F�8;FO@CI^D9I,WXFGEKWI
�[
]�FOE�D_W
D9I�E$FOuGFOICIXQ"@CR W^: ]MQ"7 W�WX]$F:�?@^:��
WX] :"q�W^]$F�0KP$FGP$F 7_FOE��AWX] N R ICD��?E$Q"79D_E��=uO:?E,�?FOI,WXD9:"E-� D WX].Q
'$@^:"8�


D qmWX]�F50KP$FGP$F D9I
E$:?E;"�FOpt8�W�R
queueavg = (1− wq) · queueavg + wq · queueinstantFG79ICF

queueavg = (1− wq)flinear(idletime) · queueavg

L D(�?P$@^F S?[�f�d�o4q :?@Cp P$7 Q q :?@�WX]�F F �h8;:?E$FOE WXD9Q"797 RG�1FOD(�?]KW^F�' p=: B�D9E�� Q B"FO@XQ��?F u Q"7_uOP$79QAWXD_:"E
q @^:?p WX]$F D9E�ICW QAEKW�0KP$FOP�F I^D(>OF

[
]$FC0�P�FOP$F\Q B?FG@XQ��?F
u Q"E N;F
uOQ"79uGP$79QAWXF�' D9E�W��5: � Q RhI�
&[
]�FCLM@CICW)� Q R P$8 'MQAW^FOIsWX]$F Q B?FO@^Q+�?F
:?E$7 R<� ]$FGE QtE�F�� 8MQ"u J"FGW3Q"@C@^D_B"FOI�
¥� ]�FOE WX]$F 8MQAu J"F WXI*'�:=E$:"W�QA@^@^D B?F NMQ"u J�"cWX:�"�NMQ"u J9� W^]$F




 S

D�'$7_F 8;FO@CD9:;' WX]$QAW :�uGuOP�@^I N;F W��1FGFOE W^]$F 8MQ"u J"FGW^I p P�ICW N;F WXQ"J"FGE Q"uGuO:?P�EKWI
 � E$:"W^]$FO@ �1Q R
D9I�W^:.uOQ"79uGP$7 Q WXF=WX]$F/Q B?FO@XQ��?F D9EkQ 8;FO@CD9:;'$D_u N$Q"u J7�?@C:?P$E�'k8$@^:�uGFOICI�
 [
]$F/79QAW^W^FO@�I^:?7_P�WXD_:?E
N;FOuG:?ptFOI pt:?@^F Q W^WX@^Q"uGW^D_B?FG� ]$FGE�W^]$F E�P$p N;FO@t:"qe8MQAu J"F WXI W^]MQAW=p P�ICW N;F ]MQ"E,'$79F�' 8;FO@
I^FGuO:?E,' D_E$uO@CF Q"ICFOI�

[
]$F�'$@^:?8�I � D_WX] W^]$F f�d�o4Q"7(�?:?@^D WX]$p Q"@CF�8$@C:?NMQ"N�D979D ICW^D_u+
 [
]$FG@^F Q"@CF W^]$@^FGF�uO:?E,L��?P$@XQAN$79F
8MQ"@^Q"ptFGWXFG@^I�� ]$D9u ]�'$F&LME$F WX]�F�'$@^:?8�8$D9E���N;FO]MQ B�D9:?@ :"qMWX]$F
QA7��?:"@^D WX]�p1[ Q 	 ��
�� 	�� 	 ������	���� �
��� � B

thmin
D&� Q 	 ��� � 	�� 	 �����
	���� ��� � B

thmax
D � Q"E�' Q 	 ��� � 	�� 	 � ��
�� � ������� � ��� 	�� 	 � � � ��
 �

� � ������� ��� � � � B maxp D 
U� ]$FOE�WX]�F Q B?FG@XQ+�"FA0KP$FGP$F 79FGE��"WX] D9ImN;FO79:�� WX]$F5p=D_E$D_p P�p WX]$@CFOI^]�:?7�'��E$: 8MQ"u J"FGWXI Q"@CFP'�@^:?8$8;F�'��MQAE�'<� ]$FGE/D_W1D9I QAN;: B?F�W^]$F3p Q#��D_p P$p4WX]$@CFOIC]$:?7�'¦�$Q"7_7;D9E$uG:?p=D_E��
8MQ"u J"FGW^I5Q"@^FC'$@C:?8$8;F�'�
�j3E WX]$F
@^F��?D9:?E N;FGW.�1FGFOEtWX]$F ptD_E$D_p P�p Q"E�'tp=Q��hD9p P�p WX]$@CFOI^]�:?7�'��
Q"E D9E$uG:?p=D_E���8MQAu J"F W\D_I�'$@^:?8�8;F�'	� D_WX] W^]$Fe8$@^:"NMQ"N$D_79D W�R

pa
�?� ]$D9u ]G'$FG8;FOE�'�I\:?E WX]$FeEKP$p2"

N;FO@ :"q 8MQ"u J"F WXI�@^FOuGFOD B?F�' I^D_E$uGF=W^]$F=7 QAICW8'�@^:?8«B
count

D QAE�' WX]$F=uGP$@^@CFOE W Q B?FO@^Q+�?F�0KP$FOP�F
79FGE��"W^] B I^FOF L D��?P�@^F %,
 S+D&


pa =
pb

1− count · pb
�$D9E	� ]�D9u ]

pb = maxp ·
queueavg − thmin
thmax − thmin

1

pb
0

1/pb0

count	�

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

th_min th_max0

1

0

max_p

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

3547698;:1<>=�?A@CBADFE;:1G�H�H;47I;6JH�:1G�KML)K;47NO4�PQ4�<
R

STL9I�U>@CBADWV�L9:147L9IXP1R+YML�V�<ZK[<
<#I\E;<#V�<#N7G�H[<#E^]_N74OR.P+4OR+I;G9P`<�a�PQ<#I;R14�V�<�b�?CcCd�eMf!g7dZhjiAkml%@on0prq�q�s
YML9R5L9I;G)PQY;<#:5:.<
6�4OG�ItG9uvLCH�:1G�KML)K;47NO4OR.P14OwAE;:1G9HxK[<�Pzy{<
<#I�PQY�<}|~L�a�47|x8;|�PQY;:.<
R1Y�G�N7ExL9I�E�P�yj47w#<
PQY;<�|^L a�4O|x8;|�PQY;:.<
R.Y;G�NOE+�Z��Y;<�E�:1G�H�H;:1G�K;L9K;47NO4�P�U�47I;w#:1<
L9R1<#R�u':.G�|

maxp
PQG��>47I^PQYML)P�:.<��

6�4OG�I+�t�Jd�������fzd1�ohji�kml��}47R.w
G9s�47R`8;R.47I;6jE�4O��<
:1<#IXP�@CBAD�HML9:1L9|�<#PQ<#:1R+u'G�:`<
L9w�Ytw#N�L9R.RrG9u�PQ:1L)��w
47I�P1Y;<�RQL9|�<��X8;<#8;<)�x�vf����
�,g ��¡�d1�^hjiAk¢l�£>p9¤¥q�q�s5<#R.PQ4O|^L�PQ<
RoP1Y;<�I�8;|xK[<#:�G9u�L)w#P14OV�<t¦;G yjR
§
yjY;4Ow�YT47Ro8;R.<
ETu'G�:oE;<#P1<
:.|~4OI;47I�6~@CBAD¨E;:.G�H;H;4OI;6~H;:1G9KML9K;4ON74�P�U9�j©C����ª[f_�,«9d\hjiAk¢l%32¬\­;­�q�®�s
V)L9:.47<#R

maxp
KML9R.<
E�G�I�PQY;<>PQ:1L)��w�HML)P.PQ<#:1I+�

¯j°!¯ ±³²�´tµ+¶;µ`·{¸�²º¹2¸�µ`»½¼�µ+¶�¾0²º¿�µ`À

��Y;<{D�4���<#:1<#IXPQ47L)P1<
E�R1<
:ºV�47w
<#R0]_D�4O�+­�<#:.V>G�:rD>­;b+|�<
w�YML9I�47R1|Ál%n0n�� + q9Â�§�ÃC8;R1Ä�Ä)sX4OR�L�E;4OV�4OE;<��
L9I;E��Åw
G9I;�X8;<
:�L9H;H;:.G�L9w�YÆu'G�:�H�:1G V�4OE;47I;6ÈÇ�I�PQ<#:1I;<�P.�Åyj4OE;<��X8ML9NO4OP�U�G9u�R1<
:ºV�47w#<�]�É�GX­�b���Ê�I�<#P.�




�%

�1:?@CJ � D WX] o�D! �g�FO@CBkD_It8$@CFOI^FGEKW^F�' D_E L D��?P�@^FG��
 � o�D! �ghFG@CB�"�uOQ"8MQAN$79F/E$FGW.�1:?@CJ �A� ]$D9u ]
D9I3u QA797_F�'.Q oeg-'$:?p=Q"D_E���D9IP'$D B�D�'$F�'.D9E WX: WX]$F D9E WXFG@^D9:"@�E$:;'$FGI Q"E�' WX]$F N;:?P�E�'MQ"@,R E�:;'$FOI�

V P$7 WXD98�79F uG:?E WXD��"P$:?P$I oegY'�:?p QAD9E$I�q :?@Cp Q oeg @^F��"D9:?E�
 [
]�P$I W^]$F FOpt8$]MQ"ICD�>OF�'�8MQAWX]�D_E
L D(�?P$@^FP�tD_I�� D_W^]$D9E WX]$F IXQAp=F oeg/@CF��?D_:?E�


DS domain

DS domain

DS domain

Boundary node
Boundary node

Interior nodes

Boundary node
Boundary node

Interior node

Boundary node

Boundary node

L D��?P�@^F �,[ � E$FGW.�1:"@^J<� D WX] o�D( �ghFG@CB

LM:?@�W^@XQ��tu&uG:?EKW^@^:?7_79D_E,��� o�D! �g�FO@CB�]MQ"I Q"7_79:�uOQAWXF�'eQ oeg*LMFO7('eq @^:"p WX]$F&6�� ]�F Q+'$FG@�� a*VAV�V N � 
Q

[
]$F�LMFO7('�D_IeFOD(�?]KWeN$D_W^Ie79:?E��/QAE�'�@^FG8$7 QAuOFOIeW^]$F [�R�8;F "�:"q�"
ghFO@,BhD_uOF B [\j g�D*L$FO7('�:"q�WX]�F 6��
]$F Q�'$FO@�
�j3E$7 R ICD!� N$D WXI :"q$WX]$F o3g8LMFG7�' Q"@^F5P$ICF�' NKR o�D( �ghFO@,B�Q"I Q3o3g r1:;'$FG8;:?D9E W�B oeg$r���D
Q"E�'�WX]$F1@^FGp QAD9E$D_E��\W.�1:3N$D WXIsQ"@CF1@^FGI^FO@,B?F�' q :?@ :AWX]$FG@sP�I^F �Za V�V�V%N � �"f\LEV T,
 
T
 [
]�F o3g$r��
D9I P�I^F�' q :"@ I^FG79FGuGWXD_E��3Q*� FO@�"
H�:"8�V1FO]$Q B�D9:?@ABQ��H*VCD ��� ]$D_u ]:'�F�LME$FGI&]�:#� WX]$F5D9EKW^FO@CD9:?@ E$:;'$FGI
]MQ"E�'�79F WX]$F=8MQAu J"F WI
 oeg$r��O'$F�LME�FOI�W^]$F�0�P$Q"79D W
R�"�:Aq�"cI^FO@,B�D9uOF @^F�0�P�FOICW :"q W^]$F=8MQ"u J"FGW�
 � I
WX]$F oeg�r�� LMFO7(' D9I�:?E$7 R I^Dt� N�D_WXI�7_:?E����&Q oeg '$:"p Q"D_E D9I�79D_ptD WXF�' W^: W^]$F p=Q��hD_p P$p :"q
U+�tICD9p P$7 W QAE$FO:?P�I^7_R Q BAQ"D_7 Q"N�7_F ��H V1I�
1`\E$D_B?FG@^IXQA797 R��$]$:��1FGB?FG@�� W^]$FO@CF u Q"E F&�hD9I,W�pt:?@^F3WX]$Q"E
U+�	��H V1I�
e[ ]$FO@CFGq :?@CF W^]$F o3g$r�� I^8MQ"uGF D_I�p=Q"8$8;F�' q @^:?p WX]�F���H*V D('$FGEKWXD!LMu Q WXD9:"E uO:;'$F
I^8MQAuOF �\V�V
r L T,
 
Q
 6cW�D_I @^FGuO:"p=ptFOE�'�F�' W^]MQAW ]MQ"7 q :Aq W^]$F oeg$r�� I^8MQ"uGF D_I Q"797_:�uOQAWXF�'.q :?@
WX]$F�I,W Q"E,'MQ"@X' Q"u WXD_:?Er��H*V1I��?� ]�D9u ] Q"@^F '�F�LME$F�' N R WX]$F�6�E WXFG@^E$F W FOE��"D9E$FGFO@CD9E�� WXQ"I^J q :"@^uOF�

oeg$r�� p=Q"8$8�D9E��"I QA@^F oeg�".'$:"p Q"D_E I^8;FGuOD!LMu N$P�W uO:?ptpt:?E p Q"8�8$D9E��"I QA@^F F �h8;FOu WXF�' WX:
Q"8$8;FOQ"@=@XQ WX]$FG@tWX]MQAE WX: ]MQ B?F E$: uO:"EKB?FG@X�?FGE$uOF+
�6�E '$D! �FG@^FOE W o3gM'$:?p=Q"D_E$I uO:?E,�$D9uGW^D9E��
oeg$r�� p QA8$8$D9E,�?I=u Q"E�N F]'$F�LME�F�' N;FOuOQ"P$I^F W^]$F E$F W��1:"@^J Q+'$ptD9E�D9I,WX@^QAWX:"@^I=Q"@^F Q"7_79:��1F�'
WX:Y'$F&LME$F WX]$FGD9@ :�� EM��H*V(p=Q"8$8$D_E�� q :"@ WX]�F oeg$r��&I�
k[
]$FOICF uG:?E,�MD_uGW^ItQ"@CF Q�'�'$@^FGI^ICF�'
D9E Q g�FO@CB�D_uOF l�FGB?FO7 � �"@^FOFGp=FGEKW<B g�l � DeNKR.D9EKW^@^:;'$P�uOD9E,� Q"8$8$@C:?8$@^D9QAW^Ft@CF&"cp Q"@CJKD9E��/@^P$7_FOI��
� ]$D_u ] u ]MQAE��?F oeg$r�� :"qsWX]�F�8MQ"u J"FGW�� WX:=W^]$F�uG:?p=p P$E�D9uOQAWXD_:"E N;FGW.�1FOFGE�oeg '$:"p Q"D_E$I�
 �
E$:;'$F uO79Q"D9ptD E��to�D! �g�FO@CB uO:?pt8$79D9QAE$uOF��M]$:#�5FGB?FG@�� p P$ICW\p=FGFGW\W^]$F ptD9E�D9ptQ"7���H*V�@CF�0KP$D_@^F&"
p=FGEKW^I � a*VAV�V N � 
Q
 [
]$F��?: Q"7&:"q1W^]$F=@^F�0KP$D9@CFOptFOE WXI D_I WX: 8�@^: BhD('$F=Q I^pt:�:"WX].WX@XQAE$I^D WXD9:"E
q @^:?p4WX]�F�uOP�@^@^FGEKW @C:?P�WXD_E�� W^FOu ]$E$:?7_:��"R W^: o�D! �ghFG@CB 
&[
]$D_I1@CFOI,WX@^D_uGW^I5WX]�F�P$ICF3:Aq�W^]$F3o3g$r��
I^8MQAuOF QAI W^]$F1WX@^Q"E$ICD_WXD_:?E D9IsQ"u ]$D_FGB?F�' N R�:+ FO@CD9E���uO:"p=8$QAWXD_N$D_7_D W�R � D WX]�WX]�F 8$@^FGuOF�'$FOE$uGF�L$FO7('
:"qmWX]$F [\j g	L$FO7�' �y�m:?I � 
 Q,�9V QAJ0NQO�
Q

[
]$F N;:?P$E�'MQA@CR�E$:;'$F uG:?ptp P$E$D9uOQAWXFGIU� D_WX]�W^]$F ]$:?I,WXI WX]MQAWE'�:eE$:"WsN;FG79:?E���WX:�WX]$F I^Q"ptF
o3g
'$:?p=Q"D_E�
tghP$u ] F&��WXFG@^D9:"@ ]$:?ICW^I uO:"P$7�'�F B?FOE N;F E$:?E?"�oeg7"�uOQ"8MQ"N�79F+
 [
]$FtN;:?P$E,'MQ"@CR E$:;'$FGI
u QAEkN;F I^8�79D_W�D_EKW^: W.�1: I^P$N;uOQAWXF��?:?@CD9FGI�
.[
]$F ]$:?I,W ]MQ"E�'�79D9E,� WX]$F D9E�uO:?ptD_E�� W^@XQ��tu q @C:?p
:?P�W^I^D�'�F :Aq W^]$F oeg	'$:?p=Q"D_E/Q"@CFeWX]�F D9E��"@^FOICI E$:;'$FGI�
)� ]$D97_F�WX]$F F��?@^FGI^I\E$:;'�FOI\]$Q"E�'$7_FeW^]$F
8MQ"u J"FGW^I 7_F Q B�D9E��/WX]$F oeg '$:?p=Q"D_E Q"E�' Q"@CF=:"q W^FOE ICD9ptD97_Q"@P� D WX] W^]$F=D9E WXFG@^D9:"@ E$:;'�FOI�
 � E




I�

Q+'�'$D WXD_:?EMQ"7 W Q"I^J :"q1WX]$F=F��?@^FGI^I�E$:;'�F=D9I W^: @CF&"cp Q"@CJ WX]$F=8$Q"u J"FGWXI�N R�p=:;'�D_q R�D_E�� WX]$F o3g
LMFO7(' D q @^F�0KP$D9@CF�' NKR WX]�F g�l � 

� E D9E��?@CFOICI1E$:;'�F*'$FOuGD�'$FGIA� D WX]�� ]�D9u ] oeg$r�� WX]$F�8MQ"u J"FGW D9I5Q"797_:#�5F�'tWX:�8$@C:�uOFGF�' D_EKW^: W^]$F
D9E WXFG@^D9:"@ E$:;'$FOI�
&LM:?@ F Q"u ] 8MQ"u J"F W�FGEKW^FO@^D_E�� Qeo3g:'$:?p=Q"D9E W^]$F
D_E��?@CFOI^IsE$:;'$F I^FG79FGuGWXI�Q3uG7 Q"ICI
D9E WX:<� ]$D_u ].W^]$F WX@^Q��tu N;FG79:?E,�?I�
 [��1:/W
R�8;FOI :Aq5W^]$F uG7 Q"ICI^D(L$u QAW^D9:?E F&�hD9I,WI
 [
]$F N;FO]MQ B�D9:?@
Q+���"@^F��?QAWXF�uO79Q"ICI^D(L$FO@ 7_:�:?JKI :"E$7_R Q W oeg$r��C
�[
]$Fep P$7_W^Dt"TLMFO7(' uG7 Q"ICI^D(L$FO@1uO:?E$ICD�'$FG@^I QA79I^:�W^]$F
:"WX]�FO@ LMFG7�'$I�:"q&W^]$F 8$Q"u JAFGWe]$F Q�'$FO@eQ"E,' E�:?E?"�8$Q"u J"F WeD_E�q :?@^p=QAW^D_:"E I^P$u ]�QAI�W^]$F�D9E$uG:?p=D_E��
D9E WXFG@Cq Q"uGF+
 [
]$F @^FOICP$7_W^D9E�� uO7 QAI^I^D!LMu Q WXD_:?E uOQ"E WX]$FG@^FGq :"@^F F&��WXFGE�' Q"7_I^: W^: WX]�F:�M:�� :"@3]$:"ICW
�?@XQAE�P$79Q"@^D W�R�

[
]$F D9E WXFG@^D9:"@3E�:;'$FOI :"q1Q/oeg-'�:?p QAD9E @^FGuOFOD B?F WX@XQ��tu :?E�7_R q @^:?p WX]�F IXQAp=F o3g-'$:?p=Q"D9E�

[
]$F R q :?@{�1Q"@X' 8MQ"u J"FGW^I�:?E�7_R WX: Q"E$:"W^]$FO@sE$:;'$F�� D_W^]$D9E�WX]$F
I^Q"ptF oeg:'$:?p=Q"D_E�
m[
]$F 8$Q"u J"F W
p QAEMQ+�?FGp=FGEKW=D_E W^]$F D_E$E$FG@=E$F W��1:"@^J '$FG8;FOE�'$I :?E�oeg$rA�(WX]$QAW I^FG79FGuGW^I	��H*V �
D_WX] W^]$F
uO:"@^@^FGI^8;:?E�'�D9E�� uO79Q"I^I�
 � 797m8;FG@F"b�M:�� I,W QAW^F D_E�q :?@^p=Q WXD :?E u QAE W^]$FO@CFGq :?@CF N;F QA797_:�u QAW^F�' :?E$7 R
:?E W^]$F N;:?P$E�'$Q"@CR E$:;'�F<� ]�D979FtWX]$F D_EKWXFG@^D_:?@ E�:;'$FOI QA@^F 7_FGq W I,W QAW^FO7_FOI^I�
�[
]�F @^FGp=: BAQ"75:"q
WX]$D_I&p Q"ICI^D B?F\Q"pt:?P$E W�:"q ICWXQAWXF D_E�q :?@^p=QAW^D :?E D_I�QeI^FG@^D_:?P$I�Q+'�B Q"EKWXQ+�?F
q :"@&I^u QA7 Q"N$D_79D W�R Q"I&W^]$F
:"WX]�FO@)H3: g ptFOu ]MQ"E$D_I^ptI I^P�u ] Q"ImWX]$F16�E WXF��"@XQAW^F�' I^FG@CB�D9uGFOI �yV
r
g0N+� 
�@CF�0KP$D_@^F18;FG@F"b�M:��kICW Q WXF
:?E F QAu ] ]$:?I,W�:Aq WX]$F W^@XQ"E�ICq FO@\8MQAW^]�
 6�E Qt@CF Q"7 FGEKB�D9@C:?E$ptFOEKW WX]$F E$:;'$F uOQAWXF��?:?@CD�> Q WXD9:"E/D9I
E$:"W ICW^@^D9u WI�$:?E�F E$:;'$F u Q"E Q"u W\D_E/p P�7_WXD_8�7_F3uOQAWXF��?:?@^D_FOI QAW
WX]$F I^Q"ptFeWXD_ptF+

� E R o�D! �ghFG@CB E$:;'$F p=Q R 8;FG@Cq :?@Cp Q W^@XQ��tu uO:?E,'$D_W^D9:?E$D_E�� N�P�W�D W D9I
W�R�8$D9uOQ"797 R ]MQ"8$8;FGE$D9E,�
:?E W^]$FeD9E��"@^FOICI
E$:;'$FGI :?E$7 R�
s[
]$F E$:;'�F � D WX] WX]$F3W^@XQ��tueuG:?E�'$D WXD9:"E$FO@1u ]$FOu JKI\F Q"u ] 8$Q"u J"F W
Q+� QAD9E$I,W WX]�F W^@XQ��tu 8�@^:+LM7_F :"q\W^]$F uO79Q"I^I�
 [
]$FOICF 8$@C:+LM79FGI�'$F&LME$F WX]�F/u ]MQA@XQ"u WXFO@CD9I,WXD9uGI :"q
WX]$FeWX@^Q��tueWX]MQAW
WX]$F uO79Q"I^I FGE�q :?@^uGFOI�
5[
]$FOE WX]$F @^:"P�WXFG@ u Q"E Q"8$8$7 R	'�D( FO@CFOEKW uO:?E�'�D_WXD_:?E$D_E��
Q"u WXD9:"E$I D_q5W^]$Ft8MQ"u J"F W�'$:�FOI E$:"WJL$W D_EKW^:/WX]�Ft8$@^:+L$79F B F�
y�,
(� WX]$FtN$Q"E�',� D('�WX] 7_D9ptD We:"q1W^]$F
uO79Q"I^I
D9I B�D9:?79QAWXF�'9D&
s[
]�FOI^F Q"uGW^D9:?E�I D_E$uO7_P�'$F�[

• � E�& � ����A [�[
]$F 8MQ"u J"FGW�D_IC'$FO79Q R?F�'�


• � ��/���� �.��A [ [
]$F 8$Q"u J"F W�D9IC'$@C:?8$8;F�'�


• SJ �� 89& ���K 2� [ [
]$F oeg$r�� :"q W^]$F 8MQ"u J"FGW D9I�u ]MQ"E��"F�'�
�[
]$D_I :?8;FO@^QAWXD_:?E u ]MQ"E��"FOIW^]$F8He: g @^F�0KP$FOI,W�:"qmWX]$F 8MQAu J"F W:B F�
y�,
(�$W^:t7_:#�1FG@
8$@^D_:?@^D W�R :?@ WX: N;FOI,W{"cF� :?@CW$D&


• I$� �Q������������A [ [
]�F�8MQAu J"F W D_I5Q"7_79:��1F�'tW^: uO:?E WXD_E�P$F\N$P�W�WX]$F�Q"uOuG:?P$E W1:"q�WX]$F\I^FGE�'$FO@D_I
u ]MQA@X�?F�'�


� @^QAWXF
NMQ"ICF�'=8$@C:+LM7_F
u Q"EtN;F D9pt8$7_FGptFOEKW^F�':� D_W^]=Qe[m:?J"FOErV1P$u J"F W L D97 WXFG@�B [�V1L)D � H�P�IXT?T�
Q

[�V L ]MQ"I Q N$P$u J"F W :"q
WX:?J"FGE$I�
 [ :"J"FOE$I Q"@CF<�?FGE$FG@XQAW^F�' WX: WX]$F N$P$u J"FGWtQAW�uO:?E,L��?P$@XQAN$79F
@XQAW^F+
&d�Q"u ] 8MQ"u J"FGW uO:"E$I^P$ptFOI Q E�P�p N FG@5:"q�WX:"J"FOE$I Q"uGuO:?@{'$D9E�� WX:�D WXI�I^D�>GF�D9E=NKRKWXFGI :?@5:"E$F
WX:?J"FGE 8;FO@�8MQ"u J"FGW�
�6cq�I^FGE�'$D_E�� W^]$F�8MQAu J"F W1@^F�0KP$D_@^FGI5p=:?@CF
WX:?J"FGE$I�WX]MQ"E=D9I�Q B Q"D979Q"N$7 F D_EtW^]$F
N$P$u J"FGW�� W^]$F uG:?@^@CFOI^8;:"E�'$D9E,� uO:"E�'$D_W^D9:?E�D9E,�tQ"uGW^D9:?E D9I\8;FG@Cq :?@Cp=F�'�
 6cq&I^]$Q"8$D_E��=D9I\P$ICF�'��;W^]$F
8MQ"u J"FGW1p P$I,W��1Q"D_W�P�EKWXD_7MFOE�:?P��?]tWX:?JAFOE$I5]MQ B?F�N;FGFOE @^F��?FOE$FG@XQAW^F�'�
&[
]$F\I^D�>GF\:"q�W^]$F\N$P$u J"FGW
'$FGW^FO@Cp=D_E$FOI3WX]$F p Q#��D_p P$p 79FGE��"W^].:"q1Q/N�P$@^I,W WX]MQAWeW^]$F [�V L u Q"E WX@XQAE$I^ptD_WeQAWeWX]�F q P$797
@XQAW^F :"qmWX]$F :?PhW{"�N;:"P$E�' D9E WXFG@Cq Q"uGF+
E� ]$FOE WX:"J"FOE$I�Q"@CF F&�h]MQAP$ICW^F�'�� W^]$F uO:?E?LS�?P$@CF�' @XQAW^F :"q
WX]$FeW^:?J"FOE1�?FOE�FO@XQ WXD9:"EG'$FGW^FO@^ptD9E�FOI
W^]$F p Q#��D_p P$p @XQAW^F :"qmWX@XQAE$ICq FG@�





�O

� o�D( �ghFG@CB�"�uOQ"8MQ"N$7_F/@C:?P�WXFG@ ]MQ"I :?E$F/:?@ p P$7 WXD_8$7_F<0KP$FGP$FOI=D9E WX:-� ]$D_u ]kWX]$F/8MQ"u J"FGW^I Q"@CF
8$7 QAuOF�' '$FO8;FGE�'$D_E�� :"E WX]$F uG7 Q"ICI^D(L$u QAW^D9:?E�
�L :"@rH3:Kg)D W=D_I=E�FOuOFGI^IXQA@CR W^: 8$@CD9:?@CD_W^D(>GF :"E$F
WX@^Q��tu uO79Q"I^I QAN;: B?F WX]$F :"W^]$FO@ IC:?ptFO]$:�� B F+
\��
!�mD_E.7 QAW^FOE$u R :?@eD_EY'$@^:?8�8�@^:?NMQAN$D97_D W�R,D&
 [m:
8;FO@,q :?@^p 8$@^D_:?@^D WXD!> QAW^D_:"E�� W^]$F o�D( �ghFO@,B @^:"P�WXFG@ p P$ICW I^u ]$F�'�P$79F WX]�F-0KP$FGP$FOI Q"E,'«'$P$@^D_E��
WX]$F WXD_ptFOI :"q\]$F Q BKR 79: Q+' Q"79IC:.Q"8$8�7_R uO:?E,�?FOI,WXD_:?EkuO:?E WX@C:?7T
 [
]�F o�D( �ghFO@,B Q"@^u ]$D WXFGuGWXP�@^F
'$:�FOI E$:"W I^8;FGuOD_q R W^]$FtI^u ]$F�'�P$79D_E�� Q"E,' uO:?E��"FOICW^D9:"E uO:?E WX@C:?7�QA7��?:"@^D WX]�ptI3q :?@eW^]$Ft@^:?P�W^FO@CI�

[
]$D_I�q @^FOF�'$:?p+7_F Q B?FGI�@^:�:?p q :?@W'$FG8$79: R�p=FGEKW�:"q�W^]$F '$D( FO@CFOE W1Q"7(�?:?@CD WX]$p I&:?EtWX]�F�o�D( �ghFO@,B
@^:?PhWXFO@CI�
�d�Q"u ]G0KP$FGP$Fe]MQ"I1D_WXI5:#� E	0KP$FGP$Fep=Q"EMQ+�?FGp=FGEKW QA7��?:"@^D WX]�p4WX]MQAW1D9I1uG:?E,LS�"P$@^F�' WX:
8;FO@,q :?@^p WX]$Feq P$E�uGWXD_:?EMQ"7_D W�R :"qmWX]$F IC8;FOuOD!LMu uG7 Q"ICI�
¥H3P$FGP$F p=Q"EMQ+�"FOptFOE W\Q"7(�?:?@CD WX]$p IA�1FO@CF
'$D9ICuOP$ICI^F�' D9E�ghFOu WXD9:"E�%,
 S?
:� ]$FOE�W^]$F :?P�W^N;:?P$E�'�D_EKWXFG@Cq QAuOF D9I Q"N�79F W^: ICFOE�' pt:?@CF�'MQAWXQ,�
D_W�D9I\E$FOuGFOI^I^Q"@CR WX: I^FO7_FOu W�WX]$F�E$F ��We8MQAu J"F W3WX:=WX@^Q"E$ICp=D W�: B?FG@�WX]$F�7_D9E�J 
 [
]$F ICFO7_FOuGW^D9:?E :"q
WX]$F�E$F&��W 8$Q"u J"FGWeW^: N;F ICFOE W D9I�Q ICu ]$F�'$P$7_D9E��<'$FOuGD9ICD9:?E¦
 V QAEKR I^u ]$F�'$P$7_D9E�� I^:?7_P�WXD_:?E$I�Q"@CF
I^P��+�?FOI,WXF�'¦[

���"�.�K� � � Y��$�� 0������A�� ����� Q"7!� Q R�I ICu ]�F�'$P$7_FOI\q @C:?p Q20KP$FGP$F5� D WX]/W^]$F ]�D��?]�FOICW 8$@^D_:?@^D W
R
W^]MQAWt]MQ"ItQ.8MQ"u J"FGW Q BAQAD979Q"N$7_F�
 � D WX]$:?PhWt:"W^]$FO@ ptF Q"E�It:"q�N$Q"E�',� D('�WX])79D9p D WXQAW^D_:"E
B F+
\��
(��QeWX:?J"FGE=N$P$u J"FGW$D&��WX]�F 0KP$FOP$FGI¥� D WX]=Q 79:�� 8$@CD9:?@CD_W�R�ICW QA@CB?F\D_q�Q ]$D��"]$FO@&8$@^D_:?@^D W
R
0KP$FGP$FOI ]MQ B?F3Q"7!� Q R�I1Q�8$Q"u J"FGW W^:�I^u ]$F�'�P$79F��$:?@�W^]$FGR=F �h8;FO@^D_FOE$uGF37 Q"@{�?F+�KP$E�N;:?P�E�'$F�'
'$FG7 Q R�I�


S ������� � S �����@� B f\f*D	� neFOI NQ:�
�I^u QAE$I u R�uO7_D9u QA797 Rkp P$7 WXD_8$7_F10KP$FGP$FOI/Q"E,' ICu ]�F�'$P$7_FOI :"E$F
8MQAu J"F W�q @^:?p F QAu ]�0KP$FGP$F+
 � 7_7�0�P�FOP$FGI1@CFOuGFOD_B"F�Q �?PMQ"@^Q"EKW^FOF�'=p=D_E$D_p�P$p NMQAE�',� D�'hWX]
� D WX]$:"P�W ICW QA@CBAQAW^D9:?E¦


+� 2��A�E��3 0�,S ������� � SJ�	����� Bg� f\f*D � neFOI NQ:�
�D9I Q:�?FGE$FG@XQ"7_D�> Q WXD_:?E :Aq f\f�]$Q B�D9E,��'$D! FO@F"
FGEKW��1FGD��?] W q :"@
F Q"u ] 0KP$FGP$F+


�X 	� � �V� S ������� � S ��� ��� B o3f�f D��Zg�b6N O�
 '�@^:?8$I�WX]$F\@CF�0KP$D9@CFOptFOE W5:"q¦� f\f WX: JKE$:�� W^]$F
ptF QAE 8MQAu J"F W�I^D(>OFeWX: q Q"D_@^7 R IC]MQ"@CF+


+� 2��A�E��3 0����& ���
� �� 2���@��A Bg� LUH5D � o3n g � N�
KuO:?p N$D_E$FOI�WX]$F�N;FGE$F�L$W^I :"qS��H Q"E�'5� f\f5

6cW5Q"8$8�@^:��hD_p QAW^FOI�Q N$D W{"�N R�"�N$D W&NMQ"ICF�'�'$FOuGD9I^D_:?Et:"q W^]$F*4eFOE$FG@XQA79D�>GF�'R�&@^:�uOFGI^IC:?@ gh]MQA@F"
D_E�� BT4J�5g,D �ZneFGI N :�
Q
 [
]�P$I D_W D_I u QA797_F�'kQ"7_I^:/� D_W^]k:"WX]�FO@ EMQ"ptF+[ W^]$F1� Q"u J"F W{"�N R�"
8MQAu J"F W 4eFOE$FG@XQ"7_D�>OF�'	�&@^:�uGFOI^IC:?@\gh]MQ"@CD9E��	BQ��45��g�D 
S4J�5gr�"PMQ"@XQAEKW^FOFOI
Q�q QAD9@5IC]MQ"@^D_E��
� D WX]$:"P�W I,W Q"@,BAQAW^D9:?E.D_E�Q WX]$FG:?@^F WXD_u Q"7Q��N$D W{"�8�@^FOuGD9ICD9:?E FGEKB�D_@^:?E$ptFOE WI
:� L�H Q"ICI^D��"E$I
FOQ"u ] Q"@C@^D_B�D_E���8$Q"u J"F W\Q8LME$D_I^] WXD_ptF+�7� ]$D9u ] D9I�WX]$F�WXD_ptF\WX]$F3N$D W{"cNMQ"I^F�'G45��g��5:?P$7�'
]MQ B?F1I^FOE WsW^]$F17 Q"I,W N$D W :AqMW^]$F18MQ"u J"FGW�
s[
]$F18MQ"u J"FGWXI&Q"@CF5W^]$FOE I^FG@CB?F�' D9E W^]$F1I^p=Q"797_FGICW
LME�D9I^];"cWXD_ptF&"TLM@^I,W
:?@X'�FO@�


+��K� 1 � � �Q& 1U ��&F�.�T+� 2��A�E��� 2����& ���
�$�� 2������A Bg� L 2 HJD �yV � N"U�
 D_p=8$@C: B?FGI¦� L�H W^:�'�D_q�"
q FG@�F B?FOE 79FGI^I\q @C:?p 4J��g�
�� D WX]1� LUH D_W�� QAI�8 :"I^I^D_N$79FeWX]MQAW�Qt8MQ"u J"F W3uO:"P$7�' ICWXQ"@CW
W^]$F I^FG@CB�D9uGF p P$u ] N;FGq :"@^F W^]$F IXQ"ptF FGB?FGEKWr�1:"P$7�' ]MQ"8�8 FGE�D_EN45��g�
 6�E�Q�7 QA@X�?F
W^D9ptF&"cI^u QA79F\WX]$D_I P$E�NMQA7 Q"E�uOFep P$I,W
N;FeuO:?pt8;FOE$I^QAWXF�'G� D WX]/Q 8;FO@^D_:;' :"qmI^p=Q"797_FO@�WX]$Q"E
Q B?FO@^Q+�?FtICFO@,BhD_uOF��U� ]$D_u ]�D9E$uG@^FOQ"I^FGI N$P$@^I,WXD9E�FOI^I�
R� L 2 H @CFOpt: B?FGI WX]�D9I '$D9ICuO@^FG8MQ"E$u R
N R uG:?E$ICD�'$FG@^D9E,� :?E�7_R/W^]$F ICp QA797_FOI,W LME$D_I^]?" WXD_p=F :Aq&WX]$F�8MQ"u J"F WXIP� ]$D_u ]Y4J�5g1�5:?P$7�'
N;F=I^FG@CB�D9E,� :?@J�1:?P$7(' ]$Q B?F Q"79@CF Q+'hR.I^FG@CB?F�' � ]$FGE W^]$F=E$F �hW�8MQ"u J"FGW�D9I I^u ]$F�'$P$79F�'�





 U

� L 2 HJ� D9I
Q�� L 2 H BAQ"@CD Q"E WA� ]$D9u ]/@CF�'$P�uOFOI uG:?p=8�79F&�hD W
Rt:"q WX]$D_I I^u ]$F�'$P$7_D9E�� Q"7(�?:�"
@CD_WX]�p q @C:?p 79D_E$F QA@1WX:=j2B 79:+� E9D �\V � N : 
Q


> /�&F1U1 � &F1U 2� �$�� 2������A B r�VCHJD �ZLs< NQO 
 :+ �FG@^I�� D9EG�?FOE�FO@XQA7T�$q QAD9@ I^]MQ"@CD9E���� D_W^]$:?P�W ICW QA@F"
B QAWXD_:?E Q"I�� LUH '$:�FOI�
 r�V�H D_I 7_FOICI uO:?pt8$7_F&� W^: D_p=8$7_FGptFOE W Q"E�' pt:?@CF��MF&�hD_N$79F
W^]MQ"E � L�H4QA797_:#� D_E�� P$EKP$I^F�' NMQ"E�'?� D�'�W^] W^: N;F u ]$Q"E$E$FG79F�' � D_WX] Q=8$@CFOuGD9I^D_:?E WX: Q
ICP$N$I^F W1:Aq W^]$F :"WX]�FO@W0KP$FGP$FOI��h@XQAWX]�FO@&W^]MQ"E p Q"JKD_E��eD_W�Q BAQAD979Q"N$7_F5q :?@�Q"7_7$:AWX]$FG@W0KP$FOP�FOI
� D WX] Q"E F�0�P$Q"7 IC]MQ"@^F�


dsB?FOE W^]$:?P��"] �5F ]MQ B?F 79D_ICWXF�'kI^:?ptF/:"q�W^]$F/I^u ]$F�'$P�79D9E,� Q"7��":?@^D W^]$ptI uOP�@^@^FGEKW^7_R P$ICF�'��1D_W
I^]$:"P$7�' N;F E$:"W^F�' W^]MQAW I^u ]$F�'$P�79D9E,� D9I Q uO:"p=8$7_F&� W^:?8$D9u P�E�'$FO@ QAEkQ"uGW^D_B?F @CFOI^FOQ"@Cu ] QAE�'
WX]MQ W\uG:?E$ICFOE$ICP$I3Q"N;:"P�W W^]$F N;FOI,W�Q"7(�?:?@^D W^]$ptIA'$:�FOI E$:"W\F �hD9I,WI

� W�W^]$F pt:?ptFOE W WX]$F 6�EKWXFG@^E$F W3d�E,�?D9E$FGFO@CD9E��t[ QAI^J LM:?@^uGF ]MQ"I\W^]$F���H V1I�IC8;FOuGD(LMF�' q :?@�QAE
d=��8�79D_uOD_W LM:?@{�1Q"@X'$D_E��GB d�L)D � oer�V + T S 
�Q"E�'/Q"E � I^ICP$@^F�' LM:?@F� Q"@{'$D9E��GB � L)D �ZH V¥�«� NQN�
Q

[
]$F d�L ��H V 8�@^: BhD('$FOI Q\79:�� 7 QAW^FOE$u R Q"E�'�'$@C:?8�I^FG@CB�D_uOF5q :?@�WX@XQ��=uW� ]$:?I^F5p Q��hD_p P$p @^QAWXF
D9I�E$F��?:AWXD Q WXF�' D9E�ghl � 
 6cW D_I D('$F Q"7"q :?@ I,WX@CF Q"ptD9E,�\ICFO@,BhD_uOFGI�
 [
]$F � L1��H V�uO@CF QAW^FOI p P$7 WXD_8$7 F
uO79Q"I^ICFOI8� D WX] QAE D9E$uG@^FOQ"I^D_E�� '$D9ICu Q"@{' 8$@^:"NMQ"N$D_79D W�R WX]MQAW D9I @^FG7 QAW^D_B?F WX: W^]$F=:"WX]�FO@ uO79Q"I^ICFOI�

� E Q"8$8$7_D9u Q WXD_:"E=p=Q R D_E�'$D9uOQAWXF\Q�@CFO79QAWXD B?F\D9pt8;:?@CWXQ"E$uGF\:"q�WX]$F�8MQ"u J"FGW^I NKR=Q"I^I^D(�?E$D_E�� WX]�FOp
WX:2'$D( FO@CFOE W\uG7 Q"ICI^FOI�


� � � # ��! - � ������' � 24���5��	

6cW D9I=8;:?I^ICD9N$7_F W^: p=:;'�D_q R)Q [\r�� D9pt8$7_FGptFOEKWXQAWXD :?E I^: WX]$QAW WX]�F IC8;FOuOD9Q"7�E$FOF�'$I :"qeW^]$F
� D9@CFO7_FOI^Ie79D_E$JKIeQ"@^F WXQ"J"FOE�D_EKW^:/Q"uOuG:?P$E WI
�� F u Q"7_7 I^P$u ] Q p=:;'�D(LMuOQAWXD_:?E ������� � � � ����
 � 

6�E Q uO:"p=pt:?E uOQ"I^F��MWX]�F I^FGE�'$D_E���"�ICD�'$Fe[\r�� D9pt8$7_FGptFOEKWXQAWXD :?E I^]�:?P$7�'/N;F u ]MQ"E��"F�'/WX: FOE;"
Q"N$7_F Q BAQ"@CD Q"E W N;FGu Q"P$ICF=pt:?ICW :"q�WX]$F BAQ"@CD Q"E WXI Q"@^F I^FOE,'$D9E�� ICD�'$F :?E�7_R pt:;'$D(L$u QAW^D_:?E$I3:?@
@^FG7_R :?E WX]$F/uO:�:"8;FO@XQ WXD9:"Ek:"q\WX]$F/FOE,' ]$:?I,WXI�
k[
]$FG@^F q :?@^F/W^]$F BAQ"@^D9Q"E WtQ� FOu WXItQ"79716�EKW^FO@F"
E$FGW ICFO@CB?FG@^I E$:"W MCP$ICW W^]$F p=:?N�D97_F�'�FGB�D9uGFOI :"q W^]$F FGE�'kP$ICFO@CI�
 r1]$Q"E��?D_E�� 6�EKWXFG@^E$F W{"T� D�'$F
[\r�� D9pt8$7_FOptFGEKWXQAWXD :?E D_I
E$:AW\Q WX@CD_B�D QA7;W Q"ICJ N;FGu QAP$I^F W^]$FJ'�FO8$7_: R�p=FGEKW W Q"J"FGI\IC:?ptF3WXD_p=F�

a�F B?FO@,WX]$FG79FOICI��MWX]$F3BAQ"@^D9Q"E W p P�ICW N;F � D('$FO7 R<'�FO8$7_: R?F�' D_E WX]$F 6�E WXFG@^E$F W�]�:?ICW^I
WX: N;F F& �FGu&"
WXD B?F�q @C:?p+W^]$F�8;FO@CI^8;FOu WXD B?Fe:Aq�W^]$F�FOE�' P$I^FG@��?� ]$D_u ] @CF�0KP$D_@^FOI1ICWXQ"E�'MQA@X'$D(> QAW^D9:?E¦
 � 7 WX]$:?P,�?]
WX]$FG@^F=QA@^F 8$79FGEKW�R :"q1@^FGI^FOQ"@^u ] 8$@C:?8;:?IXQA79I����5FtD9EKW^@^:;'$P�uOF :?E$7 R I^:?ptF [\r�� BAQ"@CD Q"E WXIeW^]MQAW
Q"@^FeICWXQ"E�'MQ"@{'$D�>GF�' :?@C'$:�uGP$p=FGEKW^F�' N R WX]$F 6�E WXFO@CE$FGW�d�E,�?D9E$FGFO@CD9E�� [ Q"ICJ/LM:?@CuOF+[
��
 ���
	 � � 	�� ��
�� � ����� � ��
 � ��� � � LE��T S 
 Q"797_:#� I\[ r�� I,WX@^FOQ"ptI�W^: :?8;FOE W^]$F�uG:?E��?FGICW^D9:?E � D9E;"
'$:�� I p=:?@CF @XQ"8$D('$7_R+
 6�E$ICW^F Q+'k:"q\:?E�F ICF��?ptFOE WI�&W^]$F IC79:�� I,W Q"@,W N;F��?D_E$I�� D_W^]kQ"E D9E�D_WXD_Q"7
� D9E,'$:#�4:"q5W.�1: :?@ pt:?@CF I^F��?ptFOE WXI�
 l�FGI^I @^:"P$E�'?" WX@^D_8$I QA@^F @^F�0KP$D_@^F�' W^: @^F QAu ]�WX]$FtuG:?E?"
�?FGICWXD_:?E�� D_E�'$:��(:Aq WX]$F=I^D(>OF=:"q1WX]$F�'$FG7 Q R�"cNMQ"E�',�
D�'�W^] 8$@^:;'�P$uGW��=� ]�D9u ] D_I E�FOuOFGI^IXQA@CR WX:
q P$797 R P�WXD_79D(>GF�W^]$F 7_D9E$J9
 � 79Q"@X�?FG@3D_E$D_W^D9Q"7U� D_E�'$:�� D_E$uO@CF Q"ICFOI 8$@^:?N$Q"N$D97_D W�R WX]$QAW Q<�M:�� ]MQ"I
QAW^WXQ"D9E�F�' Q uG:?E��"FOICW^D9:?E	� D9E�'�:#��WX]MQAW D9I
79Q"@X�"FeFOE�:?P��?]/WX: WX@^D(���?FG@ W^]$@^FGF5'�P$8$79D_u QAW^F � r neI
QAq WXFG@ Q 79:"I^I�

	 � 	 � � 	�� � � ��
 �
	 � � � � V L T,
 
1QA7979:�� I Q I^FOE,'$FO@ WX: @CFOI^8;:"E�' � D_W^] Q E$F&�(I^F��?p=FGEKW QA79IC: WX:
WX]$F�LM@^I,W W��1:1'$P$8$7_D9uOQAWXF � r n I WX]MQ W Q"@^@CD_B?F 8$@CD9:?@3W^: W^]$F W^]$D9@{'�:?E$F W^@^D(���?FG@^D_E�� WX]$Ft7_:?I^I
@^FGuO: B?FO@CR+
1ghP$u ] Q @^FOIC8;:?E$I^F D_E$uG@^F QAI^FOI 8$@C:?NMQ"N�D979D W
R WX]MQAW WX]$Fe@^FOuGFOD B?FO@ D_I Q"N$7_F3W^:2�?FGE$FO@^QAWXF
WX]$F5W^]$D9@{'�'$P$8$7_D9uOQAWXF � r n Q"79IC: � ]$FGE W^]$F1uO:"E��?FOI,WXD_:?E�� D_E�'$:#�kD_I I^p=Q"797K:"@sQ�7 Q"@{�?F�E�P$p N;FG@




�:

:"q I^F��?ptFOE WXI/Q"@^F 79:"ICW D9E Q ICD9E��"79F � D_E�'$:#�J
 � q Q"ICW @^FGuO: B?FO@,R�WX]MQ W q :?797_:�� I=WX]$F WX]$D_@X'
'$P$8$7_D9uOQAWXF � r n4:�uGuOP$@CI�IC:�:?E$FG@\W^]MQ"E D9E/WX]�F uOQ"I^F5� ]$FG@^F WX]$F I^FGE�'$FG@ � Q"D WXI
q :?@
WX]$F f [\j
WXD_p=FG@1WX: F&�h8$D_@^F+
�6�E Q+','$D_W^D9:?E���WX]�F uG:?E��"FOICW^D9:?E	� D9E�'$:�� D9I
E$:AW\E$FGuOFGI^IXQ"@CD97_R @^FGI^FGW WX: :?E$F+

� � � � � ����� ��� �
	�� � ��	�� � B LU"�f [\jJD �Zg�n f\T�%?��g�n T O 
J'$FGW^FOu WXI IC8$P$@CD9:?P$I/@^FGW^@XQ"E�I^ptD9I^ICD9:?E
WXD_p=FG:?P�W^I�
s[
]$F5'$F WXFGuGWXD_:?E FGEMQ"N$7_FOI
W^]$F I^FGE�'$FO@ WX:2'$D_I^uGFO@^E/WX]�F uO:?E,�?FOI,WXD9:"E @^FGI^8;:?E�I^F W^]MQAW
� Q"I W^@^D(���?FG@^F�' q Q"7_I^FO7 R�
 [
]$F I^FOE,'$FO@�� D WX]kL�"
f [\j '$:�FOI E$:AW 8;FO@Cq :"@^p W^]$F P$E�E$FOuGFOI^IXQ"@,R
@^F WX@XQAE$I^ptD9ICI^D9:"E :AqhW^]$F)� ]$:?7_FE� D9E�'$:�� D9E3WX]$F�uOQ"I^F�:"q�Q IC8$P$@^D_:?P$I�W^D9ptFO:"P�WI
 � q WXFG@�'$F WXFGuGWXD_:?E
:"qsWX]$F I^8$P$@CD9:?P�I3f [\j:� WX]$F I^FOE,'$FO@3u QAE P$E�'$: I^:?ptF F� FOuGW^I3:"qsWX]$F uO:?E��"FOI,WXD9:"E @^FGI^8;:?E�I^F+

[
]$F L�"
f [\j '$F WXFOu WXD_:?E�Q"7(�?:?@^D W^]$p � ghn TQO�
Q� ]$:#�5FGB?FG@���'$:�FGI E$:AW I^8;FGuOD q RkWX]$F @^FGI^8;:?E�I^F+�
� ]$D_u ] u Q"E N;F q @^FOFG7_R u ]$:"I^FOE¦
5� :?ICI^D9N�79F�@CFOI^8;:"E$I^F Q"7(�?:?@^D WX]$p I�D_E$uO7_P�'$F D9E Q uO:?E$ICFO@,BAQAWXD B?F
@^FGI^8;:?E$ICF�I^P,���?FOI,WXF�' NKR=g�Q"@C:?7 QA]KWXD$F W QA7T
 � ghn f\T�%�
Q�7� ]$D9u ]=]MQ"7 B?FOI�WX]$F\uO:"E��?FOI,WXD_:?ER� D9E�'�:#�
WX:�WX]�F 79FGB?FG7\:"q3I^I,WX]$@CFOI^]¦�\Q"E�'�d&D_q FG7 @^FGI^8;:?E$ICF QA7��?:?@CD WX]�p � lU4 TQO 
T�A� ]�D9u ] @^FGICWX:"@^FOI=W^]$F
uO:"E��?FOI,WXD_:?EG� D_E�'$:#� Q"E,' I^ICW^]$@^FGI^] WX: WX]�F 7_FGB?FG7�8$@^D_:?@1WX]$F IC8$P$@^D_:?P$I\f [\j:

� ��
 � � ����� ��� ��� ��
 � 	�� ��	 � 	 
 ��	 
 ��	 B r�V56FD�� [m:?P N :�
 FOEMQAN$79FGIeQ [\r�� uO:?E$E�FOu WXD9:"E WX: P$ICF D_E?"
q :?@^p=QAW^D_:?E QAu�0KP$D9@CF�' NKR WX]�F FOQ"@^7_D9FG@ �M:#� I QAN;:?P�W3W^]$F @^:?P�W^F�WX: WX]$F 8;FOFG@eFOE,'.]$:?I,WI
 [ ]$F
uO:"E��?FOI,WXD_:?E uG:?EKW^@^:?7�ICWXQAWXF
D_E�q :?@^p=Q WXD :?E :Aq;W^]$F
F Q"@C79D_FO@��M:�� I�uOQ"E ]$FO7_8 W^]$F
7 QAW^FO@��M:#� I��KF+
\��
!�
WX: Q B?:?D(' WX]�F I^7_:#��"cICW QA@CW\: B?FG@^IC]$:�:"WI� W^:=FOICW^D9p=QAWXFeW^]$F @C:?P$E�';"cWX@CD98/W^D9ptF pt:?@^F Q"uGuOP$@^QAWXFG7_R+�
Q"E�' W^: IC]MQ"@^F :"WX]�FO@�D_E�q :?@^p=QAW^D_:"E/W^]MQAW�D_I\P$I^F q P$7mq :?@ W^]$F I^8;FOuGD(L$u�[\r�� D9pt8$7_FOptFGEKWXQAWXD :?E�

r�V16 P$I^FGI=WX]$F I^79:���"�I,W Q"@,WtW^]$@^FGI^]$:"7�' :"q�WX]$F F Q"@C79D_FO@ uO:?E$E�FOuGW^D9:?E�I��A� ]$D9u ] D_I B?FG@CR)79D_J"FO7_R
I^p=Q"7_79FG@sW^]MQ"EtW^]$F '$FGq QAP$7_W�B Q"79P�F+
=� D WX] WX]�F\8$@^F "�8$@C:?N;F�'=D9E$D WXD9QA7�I^7_:#��"cICW QA@CW�W^]$@^FGI^]$:?7('��KW^]$F
: B?FG@^IC]$:�:"W D9E W^]$F I^79:�� I,W Q"@,W D9I 7_FOICI I^FGB?FG@^F :"@�'�:�FOI E�:"W :�uGuOP$@ QAW Q"7_7T
�H\:#�1F B?FO@��1Q"79IC:
q Q"7_I^F/uG:?E WX@^:"7
D9E�q :"@^p=QAWXD :?E D_I 8$@C:?8MQ+�?QAWXF�'�
 LM:?@ F �$QAp=8$7_F+�W� ]$FOE Q"E)FO@C@^:?@ N�P$@^ICW W Q"J"FGI
8$7 QAuOF E$FOQ"@\WX]$F FOE�' :"q�Q=8$@CFOuOF�'$D9E,�r�M:#�J
\[
]$F q :?797_:�� D_E��tuO:"E$E$FGuGWXD_:?E I,W Q"@,WXI � D WX] Q=7_:#�
I^7_:#��"cICW QA@CW WX]$@CFOIC]$:?7�'¦�MQ"E�'/N;FOu QAP$I^F :"q WX]MQAW��$D_W 8$@^:�uGFOF�'�I\p=:"ICW
:"q D_W^I W^D9ptF�I^79:�� 7_R D_E W^]$F
uO:"E��?FOI,WXD_:?E Q B?:?D�'MQAE$uOF�


4 ����/@��� � �J>�����AK 21����.����� �F��� � �Q&0���.���

H�Q B�D9E�� Q3E$:"E?"cq P$7_7?0KP$FOP�F�� ]�FOE=Q3E$F�� 8MQ"u J"FGW5QA@^@^D B?FOI��KQ3@^:?P�W^FO@s]MQ"IsW.�1:eu ]�:?D9uGFOI&N;FOuOQ"P$ICF
D_W
E$: 79:?E��"FO@ ]MQ"I
WX:2'$@C:?8/W^]$F 8MQ"u J"FGW WX]MQAW � H V P$@X�?FGI W^:2'$@^:?8¦
�[
]$F @^:?P�W^FO@
u Q"E ICFO79FGuGW
� ]$F WX]$FG@eW^]$F 8$Q"u J"FGW I^]$:"P$7�' N;F:0KP$FOP�F�'�:?@*'$@^:"8$8;F�'�
 � E$F�� :?8�W^D9:?E D9I�p Q�'$F�8;:?I^ICD9N$7_F+[
I^D(�?EMQ"7_D_E���uO:"E��?FOI,WXD_:?E<� D_WX]�:?P�W W^]$F '$@C:?8 W^]MQAW W^]$FeI^FGE�'$FG@ D9E WXFO@C8$@^F WXI QAI Q"E D9E,'$D9uOQAWXD_:?E :"q
uO:"E��?FOI,WXD_:?E�
 d=��8�79D9uGD_W r1:?E��"FOICW^D9:?E a�:AWXD!LMu QAW^D9:?ErB d5r a*D � f�LEV1T,
+�AL 7_: N+� 
�W Q"J"FGIsQ+'�BAQ"E W Q+�"F
:"q;W^]$D9Is:?8�W^D9:?E¦
 6cW�FOEMQ"N�79FGI�Q"E D_EKWXFG@F"cp=F�'$D9QAW^F1@^:?P�W^FO@sW^: E$:"W^D_q R WX]$F��M:���Q"N;:?P�W&uO:?E,�?FOI,WXD9:"E
� D_W^]$:?P�W�'�@^:?8$I��E� ]�D9u ] D9I uOQ"797_F�' 	 � � � ��
 � 
 6�E�ICWXFOQ+' :"q WX]$Fr'�@^:?8 W^]$F @^:?PhWXFO@�Q+'�'$I�D_EKWX:
WX]$F�8MQ"u J"FGW Q � � � � � � � � ��	 �º� 	�	 
 � ��� ����� 	�� p QA@^J Q"E�'-0KP$FGP$FOIeD_W�E$:?@Cp Q"7_7 R+
3d�r a4I^8;FGuOD!LMFOI
Q W��5:�"�N$D W5LMFG7�' D9E WX: WX]$F 6�� ]$FOQ+'$FO@ q :?@ p QA@^JKD9E�� 8$P$@^8;:"I^FOI�
 [
]�D9I5LMFO7(' D_I p P�W QAN$79FtN R
Q"E D_EKW^FO@^ptF�'$D QAW^F @^:"P�WXFG@\WX]$QAW�ICD��?E$Q"79I uG:?E��?FGICWXD_:?E W^: QAE FOE,' ]$:?I,WI
 [
]�F8LMFG7�' B Q"79P�FOI�Q"@CF
D9E WXFG@^8$@^F WXF�' QAI�[

• 4 >	� ��>�& ��& ��/� #<��&F��1 � �K���
� 4 >5#�� D_E�'$D_u QAW^FOI�q :?@1Q"E D9E WXFG@^ptF�'$D9QAWXF\@^:"P�WXFG@5WX]MQAW
W^]$F�FGE�' ]$:?I,WXI1Q"@CF�d�r a�"�uOQ"8MQ"N�79F�
�j3E$7 R:� ]$FOE N;:"WX]=FOE�' ]�:?ICW^I5]MQ B?F�Q+�?@^FGF�'=W^: P$ICF
d�r a5�MWX]$F FGE�' ]$:"ICWXI\Q"@^F Q"797_:��1F�' WX: P$I^F d�r1[A"T� Q+���"F�' 8MQAu J"F WXI�





 �

• >�����AK 21����.��� 4 ���  !�"�� 2���Q 2� � >�4 � @^FO8�7 Q"uGFOI&d5r1[K� ]$FOE WX]$F D9E WXFG@^ptF�'$D9QAWXF5@^:"P�WXFG@
E$:AWXD9uGFOI�WX]MQAW Q uO:"E��?FOI,WXD_:?E.uG:?E�'$D WXD_:?E D9IP'$F B?FO7_:?8$D_E���
 [
]$F @C:?P�WXFG@euOQ"E.:?E$7 R p=Q"@^J
W^]$F38MQAu J"F WXI
]$Q B�D9E,� d�r1[ :?@5W^]$F�8MQ"u J"FGWXI1WX]MQAW1]MQ B?FeQA79@^FOQ+'�RtN;FGFOE r d)p=Q"@^J"F�' N R
Q"E�:"WX]$FG@ @C:?P�WXFG@�


• � ��� � 4�> # 8MQ"u J"FGW p P$ICWeE�:"WeN;F p QA@^J"F�'/� D_W^]�r d�NKR WX]$F D9E WXFO@Cp=F�'$D Q WXF @^:?P�W^FO@�
[
]$D_IJ� Q+� D9E�'�D9u Q WXFOIeW^]MQAW WX]$F2�M:�� '$:�FGI E$:"W I^P$8�8;:?@CW�d5r a(:?@ Q/uOFG@CW QAD9E�J�D_E�' :"q
8MQAu J"F W�D_E Q:�M:#� � ]$D_u ]/p P�ICW N;F p QA@^J"F�'	� D_W^] a�:?E?"�d�r1[ NKR WX]$F FGE�' ]$:?ICW^I FGB?FOE
D q5d�r a+D9I3FOE$Q"N$79F�'MB F+
\��
!��[\r�� @^F WX@XQAE$I^ptD9ICI^D9:"E :?@38$P$@CF � r n5D&
�6cq � H V P$@X�"FOI Q
8MQAu J"F W � D WX] WX]�D9I�� Q�� WX: N;FJ'$@C:?8$8;F�'¦� D W
u Q"E$E�:"W\N;F p=Q"@CJ"F�'/N$P�W D_W
D9I�'$@^:?8�8;F�' Q"I
� D WX]$:"P�W\d5r a5


[
]$F:�M:�� WX]MQAW3@^FGuOFOD B?FOI3WX]$F p Q"@CJ p Q R N;F Q"N�79F WX: @CF�'$P$uGF D WXI�I^FOE,'$D9E�� @XQ WXF N;FGq :"@^F W^]$F
@^:?PhWXFO@�0KP$FGP$F : B"FO@{�$:#� I�
�[
]$D9I I^8$Q"@^FGI
WX]�FeICFOE�'$FG@
q @^:"p W^]$Fe@^F WX@^Q"E$I^ptD9ICI^D_:?E N;FOuOQ"P$ICF W^]$F
:?@^D(�?D_EMQ"7h8MQ"u J"FGW�� QAI�'$FO7_D_B?FG@^F�'R'$FGI^8$D WXF\:Aq WX]$F p QA@^JKD9E��,
 LM:?@�d5r a W^: q P$E$u WXD9:"EtuG:?@^@^FGuGW^7_R+�
N;:"WX] FGE�' ]$:?I,WXI ]$Q B?F W^: ICP$8$8;:?@,W d�r a Q"E�' uO:�:"8;FO@XQ WXF�� D_W^] WX]�F @C:?P�WXFG@ Q"I WX]�F p=Q"@^J
D9I�ICFOE WP� D WX] WX]$F8�$:#� WX:=WX]�F�@^FGuOFOD B�D9E�� FGE�'�
 � I�W^]$F�I^FGE�'$FG@3I^]$:?P�7�' @^F�'�P$uOF D WXI�ICFOE�'$D_E��
@XQAW^F+�&WX]�F @^FOuGFOD B?FO@ :Aq\W^]$F p QA@^J"F�' 8MQ"u J"FGWtp P$I,W uG:?ptp P�E$D9uOQAWXF=W^]$F p QA@^J�NMQ"u J WX: W^]$F
I^FGE�'$FO@�
 6cW�D_I�QAu ]$D_FGB?F�' D9E [\r��N� D_WX] Q+'�'$D WXD_:?EMQ"7�� Q+�?I��9� ]$D_u ] Q"@CF I^FGW�NKR WX]$F FOE�' ]$:"ICWXI
:?E$7 R�
&[
]$FGI^FJ� Q+�?I\QA@^F+[

• 4 >	� 4 �"E�� � 4 > 4 � D_I\ICFGW�D9E/WX]$F [\r�� � r n � ]$FOE WX]$F @CFOuGFOD_B?FG@�@^FGuOFOD B?FOI3Q r d
p=Q"@^JAF�' 8MQAu J"F W\q @^:?p W^]$F E$F W��1:"@^J9


• >�����AK 21����.��� +-�@������� S  2�����Q 2� � > +-S
� D9I ICFOE W	� D_W^] E�F�� 'MQAWXQ I^F��"p=FGEKW
� ]$FGE W^]$F\I^FOE,'$FO@5]MQ"I�@^F�'�P$uOF�' D_WXI�uG:?E��?FGICWXD_:?ER� D_E�'$:#�J
s[
]$F�d�r aC"�uOQ"8MQ"N$7_F\I^FOE,'$FO@
p P$I,W\ICFGW WX]$D_IC�MQ+�2� ]�FGWX]�FO@ WX]$F @CF�'$P$u WXD_:?EG� Q"I :"q d�r a :?@^D(�?D_E :?@
E$:AWI


[m:=ICP$8$8;:?@CW\D9E$uG@^FGp=FGEKWXQ"73'�FO8$7_: R�ptFOEKW :"qsd�r a8�MWX]�F d�r a u QA8MQ"N$D_79D W�R D9I�LM@^I,W�E$F��?:"W^D QAW^F�'
D9E Q [\rA� uG:?E$E$FGuGWXD_:?EtN;F W��5FOFOEtWX]$F
FOE�'t]$:?I,WXI�:?E WX]$F [\r�� 79F B?FO7Q
 6cq�N;:"W^]t]�:?ICWXI�Q+�"@^FOF WX:
N;F5d�r a�"�uOQ"8MQ"N�79F��"d5r akD9I FGEMQ"N$7_F�' q :?@�WX]$FW�M:��J
U� ]$FOE Q�r d p QA@^J"F�' 8MQ"u J"FGW D9I @^FGuOFGD_B?F�'��
WX]$F [\r�� @^FGuOFGD_B?FG@3I,W Q"@,WXI�W^: ICFGWed�r d="b� Q+� D_E FGB"FO@CR � r n�
�[
]$F d�r d="T� Q+� D9I�ICFOE WeP$E WXD_7
Q r¥� fC"T� Q+���"F�' [\r�� I^F��?p=FGEKW��=� ]$D9u ] �
Q"u JKE$:�� 79F�'��?FGI��tWX]$F d�r d="b� Q����&Q"@^@CD_B?FGI QAW W^]$F
@^FGuOFGD_B?FO@�
G� ]$FGE W^]$F=I^FGE�'$FO@�@^FGuOFGD_B?FOI WX]$F d�r d="b� Q����?F�' 8MQ"u J"FGW��sD_W�QAuGWXI�Q"I D q
Q 8$Q"u J"F W
�1:?P�7�' ]MQ B?F N;FOFGE '$@^:?8�8 F�')N$PhW2'$:�FOI E$:"W Q"uGW^D_B QAWXF WX]�F/7_:?ICI @CFOuO: B?FO@,R�
 [
]$D_I N;FO]MQ B�D9:?@
79FOQ+'$I=W^: @^F�'�P$uGW^D9:?E�:"qeWX]�F WX@^Q"E$I^ptD_I^I^D_:?E @^QAWXF :"qeW^]$F p=Q"@^J"F�' �M:#� Q"I D_q3W^]$F p=Q"@^J"F�'
8MQ"u J"FGW:�1:?P�7�' ]MQ B?F N;FGFOEK'$@C:?8$8;F�'�
 r¥� f�"b� Q�� D_I�I^FGEKW :?E$7 R :?E�uOFr� D_W^] WX]$FrL$@^ICW E�F��
I^F��?ptFOEKW QAq W^FO@5WX]$F*� D_E�'$:���@CF�'$P$u WXD_:?E N;FOuOQ"P$ICFeWX]$F��
Q"u J�E�:#� 79F�'��?FGp=FGEKW���I^D��"EMQ"7 p P$I,W
N;F
@^FG79D9Q"N$7 R�'$FO7_D_B?FO@CF�'/W^: W^]$F @^FGuOFOD B?FO@ �Zf\LEV T?
 
T

V P$7 WXD98�79F d�r dE"T� Q+�+�?F�'�8MQ"u J"FGW^I Q"@^F W
R�8$D_u QA797_R ICFOE W N;F q :?@^F W^]$F ICFOE�'$FG@ @^FGuOFOD B?FOI D_E�q :?@�"
p Q WXD_:?E QAN;:?P�W�uO:?E��"FOICW^D9:"E Q"E�' uOQ"E @^FGI^8;:?E,' � D_WX] r¥� f � ]�D9u ] WX]$FGE p P$I,W @CF Q"u ] W^]$F
@^FGuOFGD_B?FO@ :"q$WX]$F1p=Q"@^J"F�' 8MQAu J"F WI
 � I^I^P�p=D_E���E$:38MQAu J"F WXI&Q"@^F¥'$@^:"8$8;F�'��?D W WXQ"J"FOIs:"E$F1@^:"P$E�'?"
WX@CD98 N;FGq :?@CF�WX]$F8LM@^I,WeE$:?E?"�d�r d 8MQ"u J"FGW Q"@^@CD_B?FGI�W^: WX]$F ICFOE�'$FG@�
 [
]$F I^FGE�'$FO@ep P$I,WeQ B?:?D('
p P$7_W^D_8$7_F�uG:?E��?FGICW^D9:?E<� D_E�'$:���@CF�'$P$u WXD_:?E$I�'$P$@^D_E���WX]$D_I @C:?P$E�';"cWX@CD98 N$P�W
ICW^D9797;@CFOIC8;:?E�' WX: Q
79:"I^I&W^]MQAW�N;FO7_:?E��?IsWX:eWX]$F E$F �hW��
D9E�'$:�� :"q¦'MQ W Q,
 [
]$FG@^F q :?@^F\D q;WX]$F FOE,'=]$:?I,WXI�]$Q B?F\Q+�?@^FGF�'




�N

WX: P$ICF d�r a8� WX]$F R p P�ICW @^FGI^8;:?E�'kW^:.F B?FO@,R)r d p QA@^J"F�' 8MQ"u J"FGWtQ"E�' W^:�d�r d="b�MQ+���?F�'
8MQ"u J"FGW^I�:"E$7_R :?E$uOF 8;FO@ @C:?P$E�'?" WX@CD98 WXD9ptF+


� �C�	
 ��� � ������� � � �	����


� ��� ����� ��' �h�
0���	

� F5ICWXP,'�R W^]$F5N;FOE�F�L$W^Is:"q�'$D! �FG@^FOE W p=FGu ]$Q"E$D9ICp=I :?E W^@XQ��tu5ptD!��W^P$@^FGI���� ]$F WX]$FG@ WX]$F5ptFOu ]?"
Q"E$D_I^ptI I,WXD_797&8$@^: B�D�'$FtWX]�F IXQAp=F=N;FGE$F�L$W^I�� ]$FOE WX]$F=79D9E�J N;FG]MQ B�D9:"@ D9I u ]MQAE��?F�'��&Q"E�' D_E?"
WXFG@XQ"u WXD9:"E/:AqmWX]$FeptFOu ]MQ"E$D_I^ptIA� D_WX]	'$D( FO@CFOE W 79D_E$JtN;FO]MQ B�D9:?@CI�
�[
]�F ptFGu ]MQAE$D9ICp=I D9E�uO7_P�'$F
o�D( �ghFG@CB � f�d�o � D_W^] d5r a5�mQ uG:?P$8$7_F :"q1[\r�� B Q"@^D9Q"EKW^I��mQ"E�'.WX]$FGD9@ uG:?p N$D_EMQAWXD_:"E$I�
�� F
FOpt8$7_: R o�D( �ghFO@,B Q"E�' f\d�o � D_W^] d�r a QAW WX]$Fe7 Q"I,W{"c]$:?8 @C:?P�WXFG@
:"qmW^]$FP� D9@CFO79FGI^I
FOE B�D9@C:?E?"
p=FGEKWW� ]$D_79F WX]$F\FGE�' ]$:"ICWXI5Q"8$8�7_R W^]$F\[\r�� BAQA@^D QAEKW^I�
 [
]$F\WX@^Q��tu\ptD!��WXP�@^FOI�D_E$uO7_P�'$F N$P�79J
'MQAWXQ [\r��)W^@XQ"E�ICq FO@CI��$I,WX@^FOQ"ptD9E�� WX@^Q��tueQ"E�'/H\[
[��)WX@XQAE$ICq FG@^I�
&[
]$FeICW^P�'�R uG:?E$uGFOE WX@XQ WXFOI
:?E W^]$F5N;FO]MQ B�D9:?@mD9E FOEKB�D_@^:?E$ptFGEKWU� D_W^] Q*45��f�g�6"`�V [\g7"cW�R�8;F¥� D9@CFO79FGI^I 7_D9E�J 
 6
E W^]$F�WXFGICWXI��
Q"E FOp P$79QAWXF�'G� D_@^FO7_FOICI\79D_E$J9�,� ]$D_u ] 7_:�:?I^FG7_R @CFOICFOp N$7_FOI WX]�F 8MQ"@^Q"p=F WXFG@^I :"q WX]$F 79D_E$J P$ICD9E��
45��f�g�6"`�V [\g7"cW^FOu ]$E$:"79:��"R+��D_I�I^F W P$8¦
 [
]$F�0KPMQA79D W
R :"q�I^FG@CB�D9uGF q :?@�W^]$F�WX@^Q��tu ptD!��WXP$@CFOI
D9I�FGB Q"79PMQ WXF�'¦� QAE�' W^]$F 8;FG@Cq :?@Cp QAE$uOF :"q�W^]$F:'$D( FO@CFOEKWeuG:?E,LS�"P$@XQ WXD9:"E$I3D_I3uG:?p=8$Q"@^F�'/� D_WX]
F QAu ] :"WX]$FG@�

� F ICFOFGJ QAE$I{�1FG@^I WX: WX]$FGI^F5�?FGE$FO@^Q"730KP$FOI,WXD9:"E$I�[


�
�r QAE WX]�F W^FOu ]$E$:?7_:��?D_FOI=W^]MQAW Q"@^F D_EKW^FOE�'$F�' q :"@ 6
E WXFG@^E$F W{"b�
D�'$F/0KPMQ"79D W
R):Aq I^FG@CB�D9uGF
BQHe: g�D�Q"E�' uG:?E��?FGICW^D9:?E p QAEMQ+�?FGp=FGEKW N;F5Q"8$8$7_D9F�' ICP$uOuGFOI^ICq P$7_7_R D_EKW^:�Q"E FOE B�D9@^:"E$p=FGEKW
� D WX] WX]$F � D_@^FO7_FOICI 79D_E$J	�

S?
\o�:�FGI Q uO:"p N�D9EMQ WXD_:?E :"q�[\r���FGE$]MQ"E�uOFGp=FGEKWXIeD_p=8$@C: B?F 8;FO@,q :?@^p=Q"E$uGF
� � E,'/� ]MQAW
Q"@CF W^]$F F� FOu WXI�� ]$FGE WX]$F uG:?p N$D9E$QAWXD_:?EkD9ItP�I^F�' � D WX])WX]$F]He: g Q"E,' uO:?E,�?FOI,WXD9:"E
p=Q"EMQ��?FOptFOE W ptFOu ]MQ"E�D9I^ptI��

%,
�r QAE1�1F D9pt8$@^: B?F3W^]$F H�[
[�� @^FOIC8;:?E$I^F WXD_p=FGI��
��
\o�:�FGI�W^]$F\8;FG@Cq :?@Cp Q"E�uOF :"q W^]$F\I,WX@^FOQ"ptD9E�� �M:���ptFOFGW�W^]$F\@CF�0KP$D9@CFOptFOE WXI�:Aq WX]$F @^F QA7!"
W^D9ptF3ICWX@CF Q"ptD_E����

O?
\H\:#� '$:�FGI W^]$F WXFGICW^F�'k@^:"P�WXFG@�W^FOu ]$E$D(0�P�FOI Q� FOuGW�WX]$F N;FG]MQ BhD_:?@�:"q
WX]$F N$P$79J.[\r��
�M:�� I�� o�: WX]�FGR I^P, FO@ uO:?E�I^D�'�FO@XQAN$7_R N;FGu Q"P$ICF :"qmWX]$FGp
�

U,
\H\:#� '$:/W^]$FR'�D( FO@^FGEKW uG:?E��?FGICW^D9:?E�uG:?EKW^@^:?7&8�]MQ"I^FGI :"q5W^]$FtN�P$79J [\r��@�M:#� I Q� �FGuGW
W^]$F uO:?pt8;FGW^D9E�� WX@^Q��tu Q"E�'/B�D9uGF&" B?FO@^I^Q��

� F ICWXP,'�R WX]$F 8 FG@Cq :"@^p=Q"E$uOF D_EY'$F W Q"D_7=�
]$FOE ICP$N;:?8�W^D9p=Q"7 8;FO@,q :?@^p=Q"E�uOF D9I3E$:"WXD_uOF�'��mQAE�'
�1F D�'$FGEKWXD q R�WX]$F uOQ"P$I^F :"q\W^]$F I^P$N?"c:?8�W^D9p=Q"758;FG@Cq :?@Cp QAE$uOF Q"E�'ku ]$FOu J D_q\Q"E)Q"7 WXFG@^EMQAW^D_B?F
uO:"E,LS�?P$@^QAWXD_:?E/D_p=8$@C: B?FGI WX]$F 8;FO@,q :?@^p=Q"E�uOF+




S"T

� � � � ��� ������	 ����� � �������

6�E�WX]�F5WX:?8�p=:?I,W 8MQA@CW :"q L D(�?P$@^F%O��1F1ICFOF1W^]$F5W QA@X�?F W FOE BhD_@^:"E$p=FGEKW��1F¥� QAEKW W^:�p=:;'$FG7T
�� F
P$I^F�Q
@CF Q"7t"cWXD_p F I^:"q W.� Q"@CF�FGp P$7 QAW^:?@��OWX]$F�ghFOQ�� D9E,'J� D_@^FO7_FOICI E$F W.�1:?@^J3FGp P$7 Q WX:?@ � nP4 V + T,
 
Q�
WX: FOp P$79QAWXF W^]$Ft8$@^:?8;FG@CW^D9FOI :"q1W^]$F W QA@X�?F W FGEKB�D_@^:?E$ptFOE WI
=6�E�W^]$Ftp=D('�'$7_F :"q L D(�?P$@^F$O D9I
WX]$F ]$:?ICW uG:?E,L��?P$@XQ WXD9:"E P$I^F�'�D9E W^]$F WXFGICW E$F W��5:?@^J Q"E�' N;FG79:�� D_W/Q"@CF W^]$F.FOp P$79QAWXD_:"E
uO:"p=8;:?E�FOEKW^Ie:Aq1ghFOQ�� D_E�'.Q"E�' ]$:�� WX]�FGR Q"@^F:'�D9ICW^@^D_N$P�WXF�' W^: W^]$F ]$:?I,WXIe8MQA@CWXD_uOD_8MQAWXD E�� D_E
WX]$F\WXFOI,WXI�
�LM:?@5Q"uOuGP$@XQAW^F�FOp P$79QAWXD_:"E��KD W5D9I5E$FGuOFGI^IXQ"@,R W^: Q B?:?D(' D_EKW^FO@Cq FG@^D_E�� E$F W��5:?@^J WX@^Q��tu
q @^:?p :"WX]$FG@ I^:"P$@^uGFOI��¥� ]$D_u ] QA@^F/E�:"WtP$E,'$FO@ WX]$F/uG:?EKW^@^:?7 :"q\WX]$F WXFGICW^D9E��.I^:"q W.� QA@^F+
 � F
Q"u ]$D9F B?F WX]$D_I N R D9IC:?79QAWXD_E,� W^]$F WXFGICW E$FGW.�1:"@^J9
kghD_p=D_7_Q"@C7 R+�sW^]$F D9E WXFG@Cq FO@CD9E��,�&P$E�E$FOuGFOI^IXQ"@,R
8$@^:�uGFOICI^FOI1:?E WX]$F\]$:"ICWXI�:"q WX]$F W^FOI,W1E�FGW.�1:?@^J Q"@CF\IC]�P�WX'$:#� E N;FGq :"@^F WX]�F WXFOI,WXI5N;FGu Q"P�I^F�W^]$F
8$@^:�uGFOICI^FOI�:"qsghF QI� D9E,' p P$I,W\N;F I^u ]$F�'$P$7_F�'1� ]$FOE$F B?FO@\WX]$F R	'$FOp=Q"E�'�


Last hop
router

Fixed
node

Mobile
station

Slow wireless link

Fast wired network

Link buffers

TARGET ENVIRONMENT
flow 1

flow n

...
flow 1

flow n

...

GUI

Emulation host MNRN

Private LAN

CS dep LANHOST CONFIGURATION

Router

SP

Downlink

Uplink

Wireless link
emulation:
limited bandwidth
delays, drops

Traffic
Control

WLGsWLGs

DS: classify
RED: mark

SEAWIND MODEL

link snd buf

link snd buf

link rcv buf

link rcv buf

FIFO/RED

FIFO/RED

http1.0

jtg

ttcpttcp

jtg

http1.0

L D(�?P$@^F O?[&[
]$F [ Q"@{�?FGW\Q"E�' d&p P$7 Q WXD_:?E/d&E B�D9@^:"E$p=FGEKW^I

`�ICD9E�� g�F Q��
D9E�' FGp P$7 Q WXD_:?E D9E�ICWXFOQ+'=:"q�Q 8$]KR�ICD9u QA797 R:� D9@CFO79FGI^I�p=F�'$D9P�p �?D_B?FGI5P�I�LME$F �?@^Q"D9E
uO:"EKWX@C:?7 : B?FO@�WX]�F�u ]MQ"@^Q"uGW^FO@CD9ICW^D9uGI�:"q WX]$F\79D_E$J Q"E�' QAE Q"N$D97_D W�R�W^: @CFO8;F Q W5W^FOICW^I�� D_W^]=ICD9ptD97_Q"@
u ]MQ"@XQAuGWXFG@^D_ICWXD_uOI���� ]$D_u ] D_E W^P$@^E Q"7_79:�� I�@CFOICP$7_W3uG:?pt8MQ"@CD9I^:"E�
�LM:?@�P$ICFO@3uG:?E B?FOE$D_FOE$uGF+�mg�F Q�"
� D9E,' Q"7_79:�� I @^P$E$E�D9E�� p P$7 WXD_8$7_F WXFGICW�u QAI^FOI�D_E Q 8�@^F�'�F�LME$F�' WXFGICW�I^F W QAP�WX:?p=QAW^D9uOQ"7_7 R�
 6�E
:?@X'�FO@1WX: :?N�WXQ"D9E p=:?@CF3Q"uOuGP$@XQ WXFeD_E�q :?@Cp Q WXD :?E=q :"@ I,W QAW^D9ICW^D9uGI FOQ"u ]/uO:"E,LS�?P$@^QAWXD_:?E D_I1W^FOICW^F�'
� D_W^] 
 SAT @^FO8;F WXD_W^D9:"E$I�
/d�Q"u ] @^FG8;FGW^D_WXD_:?E�@^P$E$I D9E @CF Q"7t"cWXD_p F+�mF B?FOE WX]$:?P,�?] WX]$F ghFOQ�� D_E�'



S?


ICR�ICW^FOp � Q"I�Q"PhWX:?p=QAWXF�' WX:=8;FG@Cq :?@Cp W^]$F WXFGICWXI�@^:?P�E�' WX]$F uG79:�u J<� D_W^]$:?P�W�P�I^FO@�D9E WXFO@,B?FOE?"
WXD_:?E���D W WX:�:?J=E$FOQ"@^7 R W.�1: p=:"EKWX]�I WX: uG:?pt8$79F WXF�WX]$F3WXFGICW^I�
�[
]�FO@^F q :?@^F �1F QA@^FeE$:"W\QAN$79F�WX:
]MQ B?F pt:?@^Fe@CFO8;F WXD_W^D9:?E�I�

[
]$F W^FOI,W E$F W��5:?@^J�]MQ"I8L$B"F ]$:?I,WXI�W^]MQAW Q"@CF uO:"E$E$FOu WXF�' WX]$@C:?P��?] Q 
 T?T V N$D W 6AI I{� D WXu ]�

LM:?P$@ p QAu ]$D_E$FOI Q"@^F=E$FGF�'$F�' q :"@ W^]$F FGp P�7 QAW^D9:"E Q"E�' WX]$FRL$q WX] D9I @CP$E$E$D_E�� W^]$F ghFOQ�� D_E�'
uO:"EKWX@C:?71WX:�:"7T
 [��1:�:"q\W^]$F/p=Q"u ]$D_E$FOI QA@^F WX]�F/FOE,')]$:?ICW^ItQ"E�' WX]$F WX]$D_@X' p=Q"u ]�D9E$F Q"u WXI
Q"I Q 7 Q"I,W{"c]$:?8 @^:?P�W^FO@�
 [
]$F=q :?P$@,WX] :"E$F D9I�QAE FOp P$79QAWXD_:"E ]$:?I,W�WX]MQ W @CP$E$I WX]$F ghFOQ�� D_E�'
ghD9p P�7 Q WXD :?E<��@C:�uOFGI^I�B g,��D5WX]MQ W FGp P$7 QAW^FOI
Q�� D9@CFO7_FOI^I 79D9E�J 
 [
]$F FGE�' ]$:"ICWXI
uO:?ptp P$E$D_u QAW^F
� D_W^] F QAu ] :"W^]$FO@ W^]$@^:?P,�?] WX]$F 7 QAICW{"c]$:?8 @C:?P�WXFG@ Q"E�' WX]$F FOp P$79QAWXF�'�� D9@CFO79FGI^I�79D_E$J9
 [ ]$F
:?8;FO@^QAWXD_E�� I,R�ICWXFGp D_E/F Q"u ] ]�:?ICW\8MQA@CWXD_uOD_8MQAWXD E�� D9E WX]�F W^FOI,W�D_I l D_E�P;�¦

� F Q"I^ICP$ptF=WX]MQ W WX]$F=FOE�'?" WX:�"cFOE�' 8MQ"u J"F W�'$FG7 Q R�D9I5'$:?ptD9EMQ WXF�'�NKR�W^]$Fr'�FO7 Q R�I WX]$QAW Q"@CF
D9E WX@^:;'�P$uOF�' D_E W^]$FC0KP$FOP�D9E�� Q"E�' D9E�WX]$F W^@XQ"E�ICq FO@s: B?FG@sWX]�F�� D9@CFO7_FOI^Is79D_E$J9
 [
]$FG@^F q :?@^F��1F
D���"
E$:?@CF WX]$F
F& �FGuGW�:"q;D9E WXFO@CEMQ"7�8�@^:�uOFGI^ICD9E�� Q"E�' WX@^Q"E$I^ptD9ICI^D_:?E N;FGW.�1FOFGE ghF QI� D9E�' uG:?pt8 :"E$FOE WXI
: B?FG@
WX]$F2
 T"T=V N$D_W$6AI E�FGW.�1:?@CJ ��� ]$D9u ] Q"@^Fe:"qsQ E$F��?79D(�?D_N$7_F�p Q��?E$D WXP�'$F�

� ]$D_79F Q=WXFGICW3D9I�@CP$E$E$D_E�����g�F Q��
D9E�' D9I�FGp P$7 Q WXD_E�� WX]$F�FGB?FGEKW^I3WX]MQ W*�5:?P$7(' N;F�]MQ"8$8;FGE$D9E,�
:?EkQ @CF Q"7¥� D9@CFO7_FOI^I 79D_E$J9
�6cq�:"E$F :"q WX]�F FOp P$79QAWXD_:?E FGB?FGEKW^ItD_I:'$FO79Q R?F�'���W^]$F pt:;'$FO7 QAE�'
WX]$F�@CF Q"7_D_W�R � D_7973E$:)79:?E��"FO@/p=QAW^u ]�
 r1:"E$I^F�0KP$FOEKWX7 R��eW^]$F�FOp P$79QAWXD_:"E FGB?FGEKW^I @^F�0�P�D9@^F Q
I^P$N;"�ptD97_7_D I^FGuO:?E�' 8$@CFOuGD9I^D_:?E.Q"E�'�Q"@CF WXD_p=F�uG@^D_W^D9uOQ"7 :?8;FO@^QAWXD_:?E$I���N�P�W l D_E�P?� D_IeE�:"W Q @^F QA7!"
WXD_p=F :"8;FO@XQ WXD9E,�/ICR�I,WXFOp1
 [
]$FG@^FGq :"@^F2�1F ]MQ B?F W^: P$ICFtF �hW^@^FGp=F u QAP�WXD_:?E WX:G�?F W Q"uGuOP$@^QAWXF
@^FGI^P$7 WXI1Q"I1l�D9EKP?�tu QAE$E$:"WA�?P$Q"@XQ"E WXFGF\WX]$F�ICu ]$F�'$P$7_D9E�� :"q�W^]$F�8$@^:�uGFOI^I¥� ]$FGE/Q WXD9ptF uO@CD_W^D9u QA7
:?8;FO@^QAWXD_:?E ]MQA8$8;FOE$I�
E� F @CFOpt: B?F W^]$F F& �FGuGW�:Aq;WX]$F
:"W^]$FO@&8�@^:�uOFGI^ICFOI�W^]MQAW&@^P$E D9E Q '$F q Q"P$7 W
l�D9EKP?��ICR�ICW^FOp NKR.I^]�PhW^WXD_E�� P$E$E$FGuOFGI^IXQ"@CR NMQ"u J7�?@^:?P�E�' ICFO@CB�D_uOFOI�'$:�� E QAE�' N R Q B?:"D�'$D_E��
Q"E R :"WX]�FO@ P$ICFt:"q�WX]$F ]$:?I,WXI5'�P$@^D_E�� Q WXFGICW�
 j* WX]$F IC]$FO7 q l�D9E�P;�.J"FG@^E$FG7�:"q
S;
y�/79D_E$F�q :?@
D�% � U ]MQ"I QN
 T"T H > WXD9ptFO@���� ]$D9u ] u QAP$I^FGI Q W^FOE ptD_7_7_D I^FOuG:?E�'$I I^7_FOFG8 �?@^Q"E�P�7 Q"@CD_W�RkW^]MQAW
uO:"E,�MD9u WXI � D_W^] WX]�F @CF�0KP$D_@^F�' 8$@^FGuOD_I^D_:?E�
�[
]$FO@CFGq :?@CFtg�F Q�� D_E�' ]MQ"I�u ]$:?I^FGE W^: P$ICF Q N$P$I,R7"
� Q"D W q :"@�WX]$F 7 Q"I,W W^FOEkp=D_7_7_D I^FGuO:?E,'$I N;FGq :?@CF/Q FGB?FGEKW WX:.Q B?:?D�' : B?FG@^I^7_FOFG8$D9E,�Y'$P$F W^: W^]$F
I^7_FOFG8 �"@XQ"EKP$7 Q"@CD W
R+
 6�E�Q+'�'$D WXD9:"E���g�F QI� D9E�'.8$@C: B�D('$FOI Q p=FGu ]$Q"E$D_I^p WX]MQ W uOQ"E.N;F P$ICF�'.WX:
'$FGW^FOu W�W^]$F D9E$uG:?E$I^D_ICW^FOE W\WXFOI,W�uOQ"I^FGI�

[
]$F WXD_ptFO@
: B?FG@^I^7_FOFG8$I3Q"@CF 79:��+�?F�' N R WX]$F FOp P$79QAWX:"@
Q"P�W^:?p=QAWXD_u QA7_7 R+
=� ]$FGE I^D(�?E$D(L$u Q"E W�'$FG7 Q R�I :�uOuOP�@��$WX]$F IC8;FOuOD!LMu WXFGICW\u QAI^F D_I
D��?E$:"@^F�'¦

[
]$F 'MQAWXQ�q :?@1FOQ"u ]	�5:?@^JK7_: Q+' D9IA�?FOE$FG@XQAW^F�'/N R W^]$F g�F QI� D9E�' ICR�ICW^FOp P�I^D9E,� Q uO:"p=8;:"E$FOE W
u QA7979F�']� :?@^JK7_: Q+'Y4eFOE$FG@XQAW^:?@�Bg� lU48D 
 [
]$FOICF uO:?pt8;:?E$FGEKW^I Q"@CF @^P�E.:?E Q E$:?@Cp QA7 l�D9EKP?�
ICR�ICW^FOp ]$Q B�D9E,��Q E$:"@^p=Q"7MD_p=8�79FGptFOE W QAW^D_:"E :"q�WX]�F�[\r���6A6�� ICWXQ"u J9
&[
]KP$I1:"P$@�ICR�I,WXFOp(]MQ"I
Qt@CF Q"7_D9I,WXD_ue[\r���6A6�� D_p=8$7_FGptFOE W QAW^D_:?E :"q W^]$F l�D9EKP?�/ICR�ICW^FOp D9E$I,WXF Q�' :"qsQ"N$ICW^@XQ"u W�pt:;'$FO7_I
P$I^F�' N R�WX]�F I^D_p P$7 Q WX:"@^I I^P$u ]kQ"I WX]�F a�F W��5:?@^J�ICD9p P$79QAWX:"@�� 6,gh6
T O�
Q
 [
]$F FOE�' ]$:?I,WXI Q"@CF
@^P$E�E$D9E�� l�D9EKP?� J"FO@CE$FO7&B?FG@^I^D_:?E S?
\��
 S?Sr� D_W^]�pt:;'$D(LMuOQAW^D9:"E$I � 6^6���Q�
&WX]$QAW QA7979:�� WXP$E�D9E��/:"q
WX]$F
[\r�� D_p=8$7_FGptFOEKWXQAWXD :?E�� ]$D97_F W^]$F ICR�I,WXFOp+D_I&@^P$E$E�D9E�� Q"E,'tFOE$Q"N$79F WXFGICW^D9E�� :"q;WX]�F [\r��
FOE$]$Q"E$uGFOptFOEKW^I\W^]MQAW\Q"@^FeE$:"W D9E$uG79P�'�F�' D_E WX]$F I,W Q"E,'MQ"@X' l�D9EKP?� J"FO@CE$FO7Q

6�E L D��"P$@^F O WX]$F ghFOQ�� D_E�'�p=:;'�FO7eIC]$:#� I ]$:�� W^@XQ��tu�D_I WX@^Q"E$ICq FG@^@CF�' � D_WX]�D9E WX]$F.W^FOICW
E$FGW.�1:"@^J9
t[ @^Q��tu q @^:"p WX]$F�L,�hF�' E$:;'$F�� lU4 IeD9I3WX@XQAE$I^ptD_WCWXF�' WX: WX]$F 7 QAICW{"c]$:?8.@C:?P�W^FO@�

o�D( �ghFG@CB/D9I\FGpt8$79: R?F�' q :?@ 8MQ"u J"FGWXI�N R/W^]$F�l�D9EKP?�/WX@^Q��tu uG:?E WX@^:?7�� HP4 V + T+��
Q

6�E 8$Q"@CW�:"q
:?P$@ WXFGICW�u Q"ICFOI3o�D! �ghFG@CB D_I '$D9I^Q"N$7_F�'�

LM:?@ WX]�:?I^F u QAI^FOI����1F P$I^F�Q=ICD9ptD97_Q"@
E$F W��1:"@^J/I^FGW^P$8
N$P�W WX]�F5o�D! �g�FO@CBe@C:?P�W^FO@ ]MQ"I :?E$7 R3:?E$FW0KP$FOP�F+��� ]$D_u ] F� FOu WXD B?FO7_R '�D9IXQAN$79FGImo�D! �ghFG@CB 
 6�E W^]$F
:"WX]�FO@ u Q"ICFOI��mWX]$FG@^F=Q"@CFtp P$7 WXD_8$7_F:0KP$FOP�FOI�N$Q"I^F�' :?E.WX]$F=o�D! �g�FO@CB uO:"E,LS�?P�@XQAW^D9:?E�
 [
]$FOICF



S?S

0KP$FOP$FGItQ"@CF uG:?E,LS�?P�@^F�' WX: W Q"D_7!"b'�@^:?8 :?@ f\d�o '$FG8;FOE�'$D_E�� :?E W^]$F uG:?E,LS�?P�@XQAW^D9:?E :"q W^]$F
8MQ"@,WXD9uGP$79Q"@\WXFOI,W u QAI^F+
�LM@^:?p WX]�F @^:"P�WXFG@���WX]$F 8$Q"u J"FGWXI FGEKW^FO@3WX: W^]$F:� D_@^FO7_FOICIe7_D9E$J/:?E�g,�
Q"E�'/W^]$FOE 8$@^:�uGFOF�' :"E7� QA@X'/WX: WX]$F pt:?N$D_7_F3E$:;'$F�

[
]$F�8MQAWX]=q :?@�WX@^Q��tu�D_E Q"E :?8$8;:?ICD_WXF '$D_@^FGuGW^D9:?E=]MQ"I Q I^D_p=8�79DtLMF�'=8MQAW^] N;FGu Q"P$ICF3W^]$F�p P$u ]
q Q"ICW^FO@ � D_@^F�' 7_D9E$J<� D WX] Q 7_:#� 7 Q WXFOE�uGR IC]$:?P$7(' Q"7(�1Q R�I�N;F QAN$79F WX: D9ptptF�'$D9Q WXFG7 R WX@^Q"E$ICq FG@
WX]$F/8MQAu J"F W=:?E7�1Q"@X'K� ]$FGE D WtQ"@C@^D B?FOI q @C:?p WX]$F	� D_@^FG79FOICI 79D_E$J9
 [
]$FG@^F q :?@^FG�1F/uO:?E�I^D�'�FO@
WX]$F�F� FOu W :Aq W^]$F379Q"ICWF"�]$:?8 @C:?P�W^FO@1P$8$7_D9E$J N$P? �FG@^I E$F��?7_D��"D_N$7_F q :?@5W^]$F�W^FOICW^I�
�LMP$@,WX]$FG@^pt:?@^F��
ICW^@^F QAp=D_E�� WX@^Q��tu P�I^F�'.D9E WX]$F�WXFOI,WXIeD9I3P�E$D�'$D_@^FGuGWXD_:?EMQA7�� D_WX]�:?P�W QAE.P�8$79D_E$J/WX@^Q"E$I,q FO@ QAE�'
I^p=Q"7_7!"cICD(>OF�' H�[
[�� @^F�0KP$FOI,WXI5Q"E�' [\r�� � r n IW�"FOE$FG@XQAW^F :?E$7 R Qe7_D_W^W^7_F17_: Q+'�q :?@ WX]$F
P$8$7_D9E$J
I^FGE�'=N�P, �FG@�IC:eWX]MQAW&E$: 8MQAu J"F W�I^]$:?P�7�' N;F
79:?I,W)'$P$F WX: uG:?E��?FGICW^D9:?E�
 [m:J�?PMQ"@^Q"E WXFOF W^]MQAW�E�:
79:"I^I^FGI1]MQ"8�8;FOE��?�5F�uO:?E?LS�?P$@CF�WX]$F�P$8$7_D9E$J ICFOE�' N$P, FO@5q :"@5P$E�79D_p=D WXF�'=N$P? �FG@1I^8$Q"uOF�
�[
]�P�I��
q :?@
E$:�� :"E�� � ��
 � � 	 
 � � ��� 	�� @^F q FO@^I
WX: WX]$FJ'$:�� E$7_D9E$J=I^FOE,' N�P, �FG@�

� F uOQ"79uGP$7 Q WXF3Q"E/FGE�'?"cW^:�"�FGE�'G'$FG7 Q R :AqmWX]�F I,WX@CF Q"ptD9E,� 8MQAu J"F WXI�
5[m: J"FGFO8/WX]$FeFGE�'?"cW^:�"�FGE�'
'$FO79Q R�I�Q"uGuOP$@^QAWXFG7_R+���1F=E$FOF�' WX: J"FOFG8 W^]$F=uO7_:�u JKI ICR�E$u ]$@C:?E$D�>GF�' : B?FG@ W^]$F=]$:?I,WXI 8MQ"@CW^D9uGD!"
8MQAW^D9E�� D9E W^]$F WXFOI,WI
 � W WX]$F I^Q"p=F WXD_p=F��E�1F	'$:.E$:AW�� QAEKW WX:-'$: W^]MQAW P$E$uO:"EKW^@^:?7_7 Q"N$7 R
:?E�WX]$FtNMQ"u J7�?@^:"P$E�' NKR�Q a�F W��5:?@^J W^D9ptF 8$@C:"WX:�uG:?7 �ZV D_7 N S 
�'MQ"FGp=:?E Q"I D W uO:"P$7�'�uO@^FOQAWXF
D9EMQAuOuGP$@XQ"uGD9FGI�WX: :?P$@�ptF Q"ICP$@^FGp=FGEKWXI�
&6�E$I,WXFOQ+'��;�5F '$D_IXQ"N$7_F
W^]$F 'MQ"FOpt:?E2� ]$D_79FC�5F�@^P�E=W^]$F
WXFGICWXI3QAE�']'$: Q"E D9E$I,W Q"E W�I,R�E$u ]$@^:?E�D�> Q WXD9:"E :"q WX]$F uG79:�u J�I�N;FGW.�1FGFOE FOQ"u ] NMQ"I^D_u W^FOI,WI
\[ ]$F
WXFGICWXD_E��tICR�ICW^FOp 79:+�?I
W^]$F :+ I^F W\WX]MQAW W^]$F uO7_:�u Jr�1Q"I\p=: B?F�' N;F W��5FOFGE NMQ"ICD9ueWXFGICWXI�
 6cW�� Q"I
B?FO@CD(LMF�' WX]MQ W
D9E WX]�F3WXFGICW^I uG:?EKWXQ"D9E�D9E�� WX]$F3ICW^@^F QAp=D_E����M:�� WX]�Fe:+ I^F W�'$D(' E$:AW
F&�huOFGF�' T?
 S
p=I�


� ��� �������3�������s���
��� ���t� ��� * �������,��	�	����
� �

[
]$F P$I^F�'kNMQAE�',� D�'hWX]$I :Aq
WX]$Fr�
D9@^FG79FGI^I�79D9E�J�Q"@CF U+� JKN$8$I Q"E�' % � � J�N�8$I�
 [
]$F 8$@^:?8$Q�"
� QAW^D9:?E '$FG7 Q RhItQ"@CF1%?T"T.ptI Q"E�' S"T?T ptI @CFOI^8;FGuGW^D_B?FG7_R�
 V Q#��D_p P$p [m@XQAE$I^ptD9ICI^D9:"E)`�E$D W
B V [ `*D P$ICF�' D9E WX]�FeW^FOICW^I D9I	OQ:"U N R�W^FOI�
�[
]$F 79D_E$JtI^FGE�' Q"E�'/@^FGuOFOD B?F N$P, FO@
I^D(>OFGI\Q"@^F3I^FGW
Q"8$8$@C:��hD_p QAW^FO7 R W^:/W.�1:/WXD_ptFOI3W^]$F2'$FO79Q R�"�N$Q"E�',� D('�WX].8$@C:;'$P$uGW�
t6�E.WX]�F g�F QI� D9E�'�ICR�I,WXFOp
WX]$@CFOF
8MQ"u J"FGW^IWL$W�N;F W��5FOFOEtW^]$F
7 Q"I,W{"�]�:?8 @C:?P�WXFG@�Q"E�' W^]$F
79D_E$J I^FOE,'=N�P, �FG@�
s[
]�FOI^F\8$Q"u JAFGWXI
@^FGI^D�'�F D9E E$FGD_WX]�FO@sN$P? �FG@�QAE�' Q"@^F1@^F�0KP$D_@^F�' N R WX]$F ghFOQ�� D9E,' I,R�ICWXFGp 
s[ Q"N�79FP
 I^P$ptp=Q"@^D(>OFGI
WX]$F 8$Q"@XQ"ptFGW^FO@CI :"qmWX]$F 7_D9E$J=uG:?E,LS�"P$@XQAW^D9:?E¦


> E�& ��& �Q�3 2�"��1������ 1 � � � � 1 �  ! 2� /@����� �*�.A�E � 1 �  ! 0� /��@���
��� � S � � � Y��  */��@��� � ��� BD# � � � Y��  ?/���� � �

[m@XQ"E$ICp=D_I^ICD9:?E @XQAWXF U+� T?T?T N$8$I % � � T?T"T N�8$I
[m@XQ"E$ICp=D_I^ICD9:?E	'$FO79Q R LM@XQ"ptFeICD�>GF862V QAE�',� D�'hWX]
�&@^:?8$Q+� QAW^D9:?E	'$FG7 Q R %?T?T ptI SAT?T ptI
V [ ` OQ:AU NKRKWXFGI
l�D9E$J=I^FOE,' N$P? �FG@\ICD�>GF 
 SAT?T?T N RKWXFOI �KS"T?T"T N R�W^FOI
l�D9E$J=@^FOuGFOD B?F N$P, FO@ I^D(>OF 
 SAT?T?T N RKWXFOI �KS"T?T"T N R�W^FOI

[ Q"N�79F�
�[&[
]$F 79D_E$J=u ]MQ"@^Q"uGW^FO@^D_ICW^D9uOI q :?@ WX]�FJ�
D9@^FG79FGI^I 7_D9E$J=FGp P$7 QAW^D_:?E



S+%

LM:?@
WX]$F5� D_@^FG79FGI^I�7_D9E$J9���1F P$I^F�Q W.�1:�"�I,W QAW^F V Q"@^J": B FO@C@^:?@\pt:;'$FG7T
1[ Q"N$7_F S IC8;FOuOD!LMFGI�W^]$F
ICWXQAWXFGI3:"qsWX]�F�FO@C@^:?@�p=:;'�FO7Q
\[
]$F�FO@C@^:?@�p=:;'�FO7m]MQAI�W��5: ICWXQAWXFGI���Q��?:�:;' ICW Q WXF Q"E,' Q N$Q+'
ICWXQAWXF�
&[
]$F �?:�:;'tICW Q WXF\@^FO8�@^FOICFOE WXI
Q5�":�:;'�0KPMQ"7_D_W�R��KFG@^@C:?@F" q @^FOFC� D9@^FG79FGI^I�FOE B�D9@^:"E$p=FGEKW1QAE�'
WX]$F NMQ+' I,W QAW^F @CFO8$@CFOI^FGEKW^ItQ N$Q+'?".0KPMQA79D W
R.FGEKB�D9@C:?E$ptFOE W�� D WX] Q ]�D��?] FG@^@^:"@�8$@^:"NMQ"N$D_79D W�R+�
� ]$D_u ].D9IeuG:?E,LS�"P$@^F�'�W^: U?T��<
�� F P�I^FtQ"E.F&�h8;:?E$FGEKW^D Q"7E'$D_ICWX@CD9N$P�W^D9:"E q :?@3W^]$F 7_FOE,�"WX]$Ie:"q
WX]$F:�":�:;' Q"E�' NMQ�' ICW Q WXF�� D WX] WX]$F ptF QAE :Aq 
 T ICFOuG:?E�'$I3q :?@�WX]$F��?:�:;' ICW Q WXF Q"E�' :"q1S;
PO
I^FGuO:?E,'$I1q :?@�WX]�F�N$Q+' ICW Q WXF+
&dsB?FO@CRtW^D9ptF W^]$F �?:�:;'=ICW Q WXF�FOE�'�I��hW^]$F�NMQ+' ICWXQAWXF�N;F��"D9E$I1QAE�'
B�D9uGF B?FO@CIXQ,

[ :=]MQ B?F F �$QAuGWX7 R/W^]$F I^Q"p=F50KPMQ"7_D_W�R :"q W^]$F5� D9@CFO7_FOI^I\79D_E$J q :"@\F QAu ] WXFGICW�uOQ"I^F��
:?E$FP'$D_ICW^@^D9N�P�WXD_:?E :"q�WX]$F3ICWXQAWXF37_FOE��AWX]$IA�1Q"IC�"FOE$FG@XQAW^F�' Q"E�' D W D_I P�I^F�'/D_E F B?FO@,R W^FOI,W uOQ"I^F�


� & ��&F89 �� !� � � ���W1��3&(�� � &F� 1���&(�� 
d&@C@^:?@
8$@^:"NMQ"N$D_79D W�R T�� U?T��
[�Rh8;F :"q ICWXQAWXF 79FGE��"W^]/q P�E$uGW^D9:?E d=�h8;:?E$FGEKW^D Q"73'$D_ICW^@^D9N�P�WXD_:?E
gKW QAW^F 79FGE��"WX]¦�$I^FOuG:?E�'�I:B ptD9E96 ptF Q"ES6Ap=Q#��D O;
 TR6	
 T,
 TR6<
�O?
ZT 
�
\��6tS?
 OR6:��
ZT
V Q��hD9p P$p E�P$p N;FO@
:"q � fCH @^F WX@XQAE$I^ptD9ICI^D9:"E$I T�6?
#6?S�6�� 
#6"S�6��
f FGW^@XQ"E�I^ptD9I^ICD9:?E	'$FG7 Q R :AT?T ptI

[ Q"N$7_F S?[�g�WXQAWXFGI :"q W^]$F FO@^@C:?@
p=:;'$FG7�:"q W^]$F � D9@CFO7_FOI^I
79D9E�J

6�E WX]�FeNMQ+' ICWXQAWXF���WX]$Fe7_D9E�J�"c79Q R?FO@1@CFGWX@^Q"E$ICp=D_I^I^D_:?E$I1:"q � fCH Q"@^F3FGp P�7 QAW^F�'�
s6cq Q 8$Q"u J"FGW D9I
'$@^:"8$8;F�'���W^]$Fe7_D9E$J 79Q R?FO@1@^F WX@^Q"E$I^ptD9ICI^D_:?E D9I1FOp P$79QAWXF�' NKRr'$FO79Q R�D9E,��WX]$F38MQ"u J"FGW
q :?@ Q"N;:?P�W
:?E$F f [
[ D9E�ICWXFOQ+' :"q '$@C:?8$8$D_E��eD_W�
 [
]$F :?E�F&"
f [
[ Q+','$D_W^D9:?EMQA7;'$FO79Q R�D9IE'�F�LME$F�' QAI :"T?T3ptI�

6cq�WX]$F�7_D9E$J D_I�ICWXD_797MD_EtWX]$F�NMQ�' ICW Q WXF+�hQ"79IC: WX]$F�@CFGWX@^Q"E$ICp=D_I^I^D_:?Etp Q R F&�h8;FG@^D9FGE$uOF3Q8'$@C:?8�
s6cq
I^:��KWX]$F�8MQ"u J"F W
@CF�0KP$D_@^FOI1Q"E$:"W^]$FO@5FGp P$7 Q WXF�'=@CFGW^@XQ"E$ICp=D_I^ICD9:?E���� ]$D_u ] WXQ"J"FOI Q�'�'$D_W^D9:?E$Q"7�:AT?T
p=I�
s[
]$FeQ"p=:"P$EKW1:Aq 79D_E$J 8;FO@^ICD9I,WXFOE�uGR<'�F�LME$FGI WX]$F�p Q#��D_p P$p+EKP$p N;FO@1:"q�W^D9ptFOI�W^]MQAW1W^]$F
FOp P$79QAWXF�'t@^F WX@XQAE$I^ptD9ICI^D9:"EtD9I�QAWCWXFOpt8�W^F�'�
 6�q�E�:?E$F\:"q�W^]$F�@CFGW^@XQ"E$ICp=D_I^ICD9:?E$I�ICP$uOuGFOF�' N;FGq :"@^F
WX]$F p Q#��D_p P$p D9I\F&�huOFGF�'$F�'���WX]�F�8MQ"u J"F WeD9I\uO:?P�EKWXF�'.QAI�79:"ICWI
C� F�'$F�L$E$F�q :?P�@�79D_E$J W�R�8;FOI
� D_W^]1'$D! �FG@^FGEKW � fCH 8;FO@CI^D_ICWXFGE$uGR [

• 4 �"���K� � � �" ! T/���� � '$:�FGI�E$:"W�uOQ"P$ICF�QAEKR FO@C@^:?@�"�@CFO7 Q WXF�'�'$@^:?8�I&WX:3WX@^Q��tu WX]MQAW&D9I WX@^Q"E$IF"q FG@^@^F�' : B?FG@sWX]�F
79D_E$J9
 [
]$D_I&7_D9E$JeW�Rh8;F
P$ICFOI�:?E�7_R WX]$F��?:�:;' ICWXQAWXF :"q WX]�F
FO@C@^:?@spt:;'$FG7T

a\: 7_D9E$J�"c7_FGB?FG7M@CFGWX@^Q"E$ICp=D_I^I^D_:?E$I�Q"@^F @^F�0KP$D9@CF�'tWX: ]$D('$F 8MQ"u J"F W179:"I^I^FGI5Q"I5QA797�W^]$F\8MQ"u J�"
F WXI\Q"@^F @CFO7_D Q"N�7 Rr'$FG79D B?FO@^F�'G� D_W^]$:?P�W
W^]$FOp1


• � ��� � �T�.��E /.��� I S�� �  !�"13��1��� 2����Y D9I&Q379:"I^ICR�79D_E$J :"E�� ]$D_u ] W^]$F
79D_E$J 79Q R?FG@ WX@^D_FOI
W^:t@CFGWX@^Q"E$I^ptD W\Q p=D_I^ICD9E�� 8$Q"u J"FGW�:?E�uOFeWX:t]�D�'$F Q2'�@^:?8/W^]MQAW :�uOuGP$@^I\:?E WX]$F 7_D9E$J9


• � ��� � �T�.��E?8C 0������8 I S�� �  !�"13��1��� 2����Y D_IsQ�7_:?I^I,R 79D_E$Je:?E�� ]$D_u ]�WX]$F179D_E$Je7 Q R?FO@
W^@^D9FGI WX:t@CFGW^@XQ"E$ICp=D W Q ptD9ICI^D9E,� 8MQ"u J"FGW�Q W\pt:?I,W
W�� D_uOF+


• � ��� � �T�V��E E��.A�EDI S�� �  !� 1U�@1��� 2����Y D9I Q 79:?ICICR.7_D9E$J :?E � ]$D_u ]�WX]$Ft79D_E$J 7 Q R?FO@
W^@^D9FGI=WX: @^F WX@^Q"E$I^ptD_W Q ptD9ICI^D_E�� 8MQAu J"F W QAW pt:?I,W q :?P$@=W^D9ptFOI�
 [
]$F 79D_E$Jk79Q R?FG@ D9I
8;FG@^I^D_ICW^FOEKW FOE$:"P��?] WX: @^FOuG: B?FG@ q @^:?p pt:?I,W :"q\W^]$F 8MQ"u J"FGWt7_:?I^ICFOI�'$P$@^D_E�� WX]�F/N$Q+'
I,W QAW^F+

[
]�FO@^F q :?@^F WX]$F P$8$8;FO@�8$@C:"WX:�uG:?7 79Q R?FG@^I\F&�h8;FO@CD9FGE$uOF�:?E$7 R/Q=ICp QA797�E�P$p N;FG@�:"q
FG@^@^:"@P'$@^:?8�I���N$P�W3WX]$F 8MQ"u J"FGWJ'$FO79Q R�I QA@^F D9E$uG@^FOQ"I^F�'Y� ]�FOE�@CFGWX@^Q"E$I^ptD_I^I^D_:?E$I�:�uOuGP$@�




S��

LM:?@e[\r��
YZI @^F WX@^Q"E$I^ptD9ICI^D_:?E WXD_p=FG@3W^:/WX@^D(���?FG@eI^8$P�@^D9:"P$I^7 R��mQ/@^FO79QAWXD B?FO7 R 79:?E,�1'�FO79Q R
IC8$D9J"F D9IeE$FOF�'$F�'¦
<V1FGu Q"P$ICFtWX]�Ftp=Q��hD9p P$p 8MQ"u J"FGW8'$FG7 Q R D9E�uO@^FOQ"I^FGI D9E.8$@^:"8;:?@CW^D9:?E
W^: W^]$F�@CFGWX@^Q"E$I^ptD_I^I^D_:?E uO:?P�EKWI� I^8$P�@^D9:"P$I�[\r�� f [\j3I3Q"@CF�F ��uGFO8�W^F�'-� D_W^] WX]$D_I�79D_E$J
W�R�8;F+


� Q"u J"FGW^I Q"@^F ]MQ"E�'�F�' :?E�� Q"@{')q @C:?p WX]$F/79D_E$J @^FGuOFGD_B?F N�P, �FG@t:"E$7_R D_E?"�:"@X'$FG@�
 [
]�F 79D_E$J�"
79F B?FO7 :"qsWX]$F�@CFOuGFOD_B?FG@3N$P? �FG@^IeQ"7_7m:"P�W{"c:"q�"�:?@{'$FO@\8$Q"u J"FGWXI��¦� ]$D9u ] Q"@^F8'$FO7_D_B?FG@^F�' :"E$7_RG�
]$FOE
WX]$F 8$@^FGuOF�'$D9E,�=8MQ"u J"FGW^I�]MQ B?F N;FOFOE I^P$uGuOFGI^ICq P$797 R/@CFOuOFGD_B?F�' :?@
uO:?P�EKWXF�' QAI\7_:?ICW�
�[
]$FG@^FGq :"@^F
FGB?FG@CR :"T?T�ptIA'$FO79Q R Q� FOu WXI E$:"W
:"E$7_R WX]$F38MQ"u J"F W D9E<0KP$FOI,WXD_:?E/N�P�W Q"7_I^: p=Q"EKRtI^P$uGuOFOICIXD B?F
8MQ"u J"FGW^I\W^]MQAW u Q"E�E$:"W\N;F ]MQ"E,'$F�' W^: W^]$F @^FOuGFOD B?FO@ D9ptptF�'$D9Q WXFG7 R�

[
]$F uG:?pt8$79F WXF ghFOQ�� D_E�' 8$@^:�uGFOICI�uG:?E,LS�?P�@XQAW^D9:?E/D_I
79D_ICWXF�'/D9E � 8$8;FOE,'$D!�1V*
 S?


� � � * �&� �
�
��� ��	

6�E WX]�D9I3ICFOu WXD9:"E-�1F IC8;FOuOD q R W^]$F WX@^Q��tu pt:;'$FG79I3Q"E�' WX]$F uO:?E?LS�?P$@^QAWXD_:?E :Aq�WX]$F��1:?@^JK7_: Q+'
�?FGE$FO@^QAWX:?@CI�
s[
]$F�N$P$7_J�'MQ W Q [\r�� W^@XQ"E$I,q FO@�p=:;'�FO7_I5Q 79:?E�� 7 Q"I,WXD_E���� P$E�D�'$D_@^FOu WXD_:?EMQ"7hWX@XQAE$IF"
q FO@��MWX]$F H�[
[���W^@XQ"E�ICq FO@\pt:;'$FG79I\Q I^D9E,�?79FP� FGN 8MQ+�"F @^F WX@^D_FGB Q"7T�MQ"E�' WX]$F I,WX@^FOQ"ptD9E����M:#�
p=:;'�FO7_I Q"E P$E$D('$D9@CFOu WXD9:"EMQ"7sICW^@^FOQ"p=D_E��/WX@^Q��tu=:"E WX]�FtWX:?8 :"q
`�oP��6A6��C
 6�E FGB?FO@,R �1:"@^J�"
79:?Q+'��"W^]$FO@CF\Q"@CF W��5: N�P$79J8'MQAWXQe[\r�� W^@XQ"E$I,q FO@CI���� ]$D_u ] ICWXQ"@CW�QAWW>GFO@C: I^FGuO:"E�'$I*Bg�5F @^F q FO@sWX:
WX]$FGp Q"I�� 	�� � � ��� � � � ��
 � [\r��N�M:�� I$D � Q"E�' :?E$F :?@
W��5: uG:?pt8;FGW^D9E�� W^@XQ"E�ICq FO@CI��9� ]$D_u ] ICWXQ"@CW
QAq WXFG@eQ	'$FG7 Q R�
�L D_@^ICW*�1F @^P$E W.�1:/N$P�79J 'MQAWXQ [\r�� WX@^Q"E$ICq FG@^IP� D_WX] :?E�7_R :"E$F uO:?pt8;FGW^D9E��
�1:?@CJK79: Q+'.W
R�8;F QAW�Q/W^D9ptF+
=[m: p=QAWXu ] uG79:?ICFO@J� D WX] @^FOQ"7�P$IXQ��?F=8MQ W^WXFG@^E$I5�5F Q"79IC: @^P$E Q
uO:"p N�D9E$F�']�1:?@^JK7_: Q+']� D_W^] N;:"WX].H\[
[�� WX@^Q"E$ICq FG@eQ"E�' WX]$F ICW^@^FOQ"p=D_E��=WX@^Q��tu uO:?pt8;FGW^D9E��
� D_W^]tW^]$F W��5: N$P$79J:'MQ W Q [\r�� WX@^Q"E$I,q FO@^I�
&6�E Q"797Q�"WX]$FG@^F�Q"@^F�L�B?F �1:?@CJK79: Q�'$IW� D WX]R'$D( FO@CFOEKW
uO:"p=8;F WXD9E,� WX@^Q"E$ICq FG@ I^F W^W^D9E���[

• [��1:tN$P$7_J<'$QAW Q [\r�� W^@XQ"E$I,q FO@CI�Q"E�' Q uO:"p=8;F WXD9E,� I^]�:?@CW\[\r�� WX@XQAE$ICq FG@

• [��1:tN$P�79Jr'$QAW Q [\r�� WX@^Q"E$I,q FO@^I\Q"E,' Q 79QAWXFG@
I,W Q"@,WXD_E�����uG:?p=8;F WXD_E�� N$P$7_Jr'MQAWXQ [\r��W^@XQ"E$I,q FO@

• [��1:tN$P$7_J<'$QAW Q [\r�� W^@XQ"E$I,q FO@CI�Q"E�' Q uO:"p=8;F WXD9E,�tH�[
[�� WX@XQAE$ICq FG@

• [��1:tN$P$7_J<'$QAW Q [\r�� W^@XQ"E$I,q FO@CI�Q"E�' Q uO:"p=8;F WXD9E,� ICW^@^FOQ"p=D_E��:�M:#�

• [��1:\N$P�79J*'MQ W Q
[\r�� WX@XQAE$ICq FG@^ImQ"E�' Q
uO:?pt8;FGW^D9E�� H�[
[�� WX@^Q"E$ICq FG@mQ"E,' Q
uO:"p=8;F WXD9E,�I,WX@^FOQ"ptD9E��:�M:��@� D WX] W��1:tN�P$@^I,WXI

[
]$FC'$FG7 Q R?F�' I,W Q"@,WXD9E,��WXD_p=FGI W Q"@{�?FGW WX]$F�'$D! �FG@^FOE W&uG:?E��?FGICWXD_:?E?"cuO:?E WX@^:"7h8$]MQ"ICFOI�:Aq WX]$F�>OFG@^:�"
ICWXQ"@CW^D9E�� N$P�79J-'$QAW Q [\r�� W^@XQ"E$I,q FO@CI�
GV5R.uG:?p=8$Q"@^D_E�� WX]$Ftu Q"ICFOI8� D WX]�'$D! �FG@^FGEKW I,W Q"@CW^D9E��
WXD_p=FGI��1F�uOQ"E FGICWXD_p Q WXF WX]�F�F& �FGuGW3:"qsW^]$F�8�]MQ"I^F�:"q WX]$F NMQ"u J7�?@^:?P�E�' 79: Q�'�
\d=��Q"u W�WXD9ptFGI
u QAE$E$:"W\N;F P$I^F�' Q"I
WX]$FeWXD_p=D_E,� :"q WX]$F 8$]MQ"ICFOI\BAQA@^D9FGI N;FGW.�1FOFGE W^]$F uG:?E,LS�?P�@XQAW^D9:?E$I�
�[
]$D_I
BAQ"@CD QAW^D9:"Ee]MQ"8$8;FGE$ImN;FOu QAP$I^F5:Aq�8MQ"u J"FGWmW^D9ptD_E����I'$D( FO@CFOE Wm79D_E$J�uO:?E?LS�?P$@^QAWXD_:?E$I�� FO@C@^:?@3'$@^:?8�I��
Q"E�' N$P? �FG@eICD�>GF+�¦� ]$D_u ].Q� FOu W3WX]$F:'$P$@^QAWXD_:?E :Aq�WX]$F IC79:�� ICW QA@CWI
e[
]$FO@CFGq :?@CF WX]$F I,W Q"@CW^D9E��
8;:?D9E W D9IU'$D9I,WX@CD9N$P�W^F�' N;FGW.�1FOFGEtT�QAE�'�%"U�I^FGuO:?E,'$I�
&LM:?@ WX]$F5]$D��"]$FO@m79D_E$JeIC8;FOF�'��?WX]�F1I,W Q"@CW^D9E��



SQO

WXD_p=F8'�D9ICW^@^D_N$P�WXD_:?E D9I3T�" 
�%,
 O=ICFOuG:?E�'$I�
 � 797mICW QA@CWXD_E�� W^D9ptFOI�Q"@^F�:+ �ICFGWeN R WX]$F ICP$p :"q�W^]$F
p Q#�hD9p P$p(79FOE,�"WX]$I :"qmWX]�FJ�":�:;' Q"E�'/N$Q+'/ICW QAW^FOI N;FGu Q"P�I^F W^]$FJ>GFO@C:�"�I,W Q"@,WXD9E,� [\r��&I\p P$ICW
N;F Q"N$79F3W^:tN;F��?D_E D_E/FOD_W^]$FO@ Q N$Q+' :?@ Q2�":�:;' I,W QAW^F+

[
]$F H�[
[C� W^@XQ"E$I,q FO@suO:"E$I^D_ICWXI&:Aq QeH�[\V l N;:;'�R Q"E�' FOD(�?] W&D_E$79D_E�F1:"N0MCFGuGW^I B F+
\��
!� D_p Q+�"FOI D&

[
]$F N;:;'�R D_Ir
�
�:�N S NKRKW^FOI 7_:?E�� Q"E�' F Q"u ] D9E�79D_E$Ft:?N2MCFOuGW D9I � OQ:"U NKRKWXFGI 79:"E������ ]$D_u ] D9I
� T+�?T?T.NKRKW^FOI D_EkWX:"WXQ"7T
)[
]$F H�[
[��+:?N2MCFOu W ICD�>GFOI=D_E$uO7_P�'$F WX]$F @^FGI^8;:?E�I^F ]$FOQ+'$FO@�
 [ ]$F
79FGE��"W^] :"qsWX]�F�I^:�u J"F WP� @^D WXF N�P, �FG@^I�D9I �KS � � N R�W^FOI��¦� ]�D9u ] D_I�FOD(�?] W�W^D9ptFOI WX]�F�p=Q��hD9p P$p
I^F��?ptFOEKW1I^D(>OF�
 � @^F�0KP$FOI,W
I^D(>OF�:"q�W^]$F�N;:;'�RtD_IA% O;
�N RKWXFOI Q"E�' Q @CF�0KP$FOI,W
I^D(>OF�:"q�W^]$F�D9E$7_D_E$F
:?N2MCFOu WXI\D_I�% O"T N R�W^FOI�

[
]$F I,WX@^FOQ"ptD9E����M:�� D_I3uG:?E$I,W Q"E W N�D_W{"c@XQAW^F W
R�8;F:� D WX] 
 U?T"T?T N$8�IeptF�'$D9Q�"�@^QAW^F+� � ]�D9u ].@CF&"
I^FGp N$79FGI�Q"E :?P�W^8$P�W�:"q�42
 :?S"U � 6�[ ` N"T 
MuG:;'$FOu�
&[
]$F 8MQ"u J"FGW^I5Q"@^F
I^FGEKWW� D_W^]=S"TeptD97_7 D_ICFOuG:?E�'
D9E WXFG@CBAQ"7_I�
m[
]�F�ICWX@CF Q"p uG:?E$I^D_ICW�
�
I� : 8MQ"u J"FGW^I���� ]$D_u ] Q"@^F<:AU N R�W^FOIm79:?E���� D_W^] WX]$F�`�o*�¥6 6��
]$F Q�'$FO@CI�
�H\FOE$uGF+�;WX]$F N$D W{"c@XQAW^F � D_WX] W^]$F ]$F Q�'$FO@CI�D9I %?T+�?T?TtN�8$I�
 [
]$F�ICD�>GF :"q WX]$F I,WX@^FOQ"p
B `�oP�="�prD D_I I^P$ptp QA@^D�>GF�'�D9E [ Q"N$79F�%,
/[
]$F=8MQ"u J"FGW^I :"q W^]$F=ICWX@CF Q"p QA@^F=E$:?E;"
d�r a uOQ�"
8MQ"N$7_F+
�6�E.WX]$F:�1:?@CJ�7_: Q+'-� D WX].N;:AWX] WX]$FtH\[
[�� W^@XQ"E�ICq FO@ Q"E�' WX]$F ICWX@CF Q"ptD9E,�<�M:#�J��W^]$F
ICW^@^F QAp=D_E��	�M:#�4D_E$uO7_P�'$FGI W.�1: N�P$@^I,WXI�� Q"E�'.WX]$FtN�P$@^I,WXI�Q"@CFtIC8MQ"uGF�'�� D_W^]�D�'$7_F WXD_p=F W^]MQAW
]MQ"I\Q"E/P$E$D_q :"@^p '$D9I,WX@^D_N$P�W^D9:"E N;FGW.�1FGFOE?O#" 
�O�I^FOuG:?E�'$I�


� & �  2/ �  2��AK��E � ����&(������� #<�F��&F/%13���  
`�oP�="�p 
�
I�!: 8$Q"u J"FGWXI S"S?
 N�� I^FGu OQOAT O"U NKRKWXFGI

[ Q"N$7_F5%?[5gKWX@^FOQ"ptD9E��:�M:�� ICD�>GF

[
]$F/N$P$7_J 'MQAWXQ [\r�� WX@XQAE$ICq FG@^ItQ"@^FG%+��%?T+� T N RKWXFGI��*
 T S�N,
 SAT N R�W^FOI��1:?@tS�OQ:?S � T?T N R�W^FOI
79:"E���
 � p=Q"8$8�D9E�� :Aq�I^D(>OFGI3W^:	'$D! FO@^FGEKW*�1:?@CJ�7_: Q+'�I3D9I�7_D9I,WXF�' D9E [ Q"N$7_F:�,
e[
]$F W.�1: N$P�79J
'MQAWXQ [\r�� W^@XQ"E$I,q FO@CI1uG:?pt8;FGWXD_E��J� D_W^] QAE H\[
[�� WX@^Q"E$I,q FO@1QAE�' Q ICW^@^F QAp=D_E��J�M:#� @CF�0KP$D9@CF
79:"E��/N$P$79J]'MQAW Q/[\r�� WX@^Q"E$ICq FG@^I N;FOuOQ"P$ICF :Aq1W^]$FtN$P$@CICW I^8$Q"uOD_E���
t[
]$F=ICD�>GFt:"q5WX]$F I^]$:?@,W
uO:"p=8;F WXD9E,��[\r�� �$:#� D9I=S?
I�+� T.N RKWXFOI���� ]�D9u ] D9I2� T V Q��hD_p P�p ghF��?ptFOEKW ghD�>GF B V g$g�D
I^D(>OF�' I^F��?ptFOE WXI�
�[
]$F 7_FOE��AWX]/:"q [\r�� � @^D WXFeN$P, FO@CI\D9I
FOD(�?] W
WXD9ptFGI WX]�F�V g$g�


� �@���,1 �  ! 2� +��K����/.�K&F� � ���  � ��8 �  !�T��� B � �

13���  2� 1U !A�8C 0����1
U�� T?T?T N$8$I � 7_7 %���%?T+�?T N RKWXFOI U+�?T
% � � T?T"T N�8$I S���V5P$79J [\r�� � g�W^@^F QAp 
 T S�N?
 S"T N R�W^FOI 
3N S"T
% � � T?T"T N�8$I S#�,V1P$7_J [\r�� � H�[
[�� � gKWX@^FOQ"p SQOQ:?S � T?T N R�W^FOI � � T?T

[ Q"N$7_FJ�,[�V1P�79J [\r���ICD�>GFOI

[
]$F uG:?p=8;F WXD_E��3WX@^Q"E$I,q FO@^I�Q"@^F
IC8;FOuGD(LMF�'=IC: W^]MQAWsWX]$F R uG:?p=8�79FGW^F N;FGq :?@CF
W.�1:J>GFO@^:�"�ICWXQ"@CW^D9E��
[\r�� W^@XQ"E$I,q FO@CIA'$:���F ��uGFO8hW
D9EtW^]$F �1:?@CJK79: Q+'tW^]MQAW5]MQ"I�WX]�@^FOF�F�0KPMQA7!"�ICD�>GF�' N�P$79J�'MQ W Q [\r��
WX@^Q"E$ICq FG@^I�
 [
]�FtFOQ"@^7_D9FO@�FOE�'�D9E�� WXD_p=F�FOE�I^P$@^FGI W^]MQAWeWX]�F uO:"p=8;F WXD9E,� W^@XQ"E�ICq FO@e]MQ"I QA7(� Q R�I
W��5: N$P$7_J [\r�� �$:#� I�QAI Q NMQ"u J7�?@^:"P$E�' 7_: Q+'Y'$P$@^D_E��/WX]$F2� ]$:"79F W^@XQ"E�ICq FO@ @CF�� Q"@{'$79FGI^I :"q
WX]$F I,W Q"@,WXD9E,� WXD_p=F�
s[
]$D_I\Q"797_:�� I
uG:?p=8$Q"@^D_E�� WX]�F @^FOICP$7_W^IC� D_WX]G'$D! �FG@^FOE W\I,W Q"@,WXD_E�� W^D9ptFOI�




S"U

[
]$FeICWX@CF Q"ptD9E,���M:#��D_I��?FOE�FO@XQ WXF�'	� D_W^]�� � � B?FO@^ICD9:?E-
�
 N"T �Z<?[�4 T O 
T
&[
]$F H�[
[C� WX@^Q"E$ICq FG@
D9I)�?FOE$FG@XQAW^F�'=NKR=g�F Q�� D_E�'�Y I�]KW^W^8 
�
ZT � lU4�B?FO@CI^D_:?E 
�
ZT,
�
 [
]$F\[\r�� �$:#� I5Q"@^F��?FGE$FO@^QAWXF�'
� D_W^] pt:;'$D(L$F�' ��� � � 
 [
]$F�]KWCWX8 � lU4(QAE�' WX]$F pt:;'$D(LMF�' W^W^uO8 Q"@^F8'$D_ICW^@^D9N�P�WXF�' � D WX] W^]$F
ICWXQ"E�'MQ"@{' ghF QI� D9E�'1'$D_ICW^@^D9N�P�WXD_:?E B?FG@^ICD9:?E1��
ZT,
!
��ZnP4 V + T?
��$6C6���N 
T

[
]$FJ�5:?@^JK79:?Q+'$I Q"@^F ICP$ptp QA@^D�>GF�' D9E � 8$8;FOE�'�D!� � 


� ��� # ��! � �&�$�
���1�h	

� F5'$F&LME$F W.�1:t[\r�� BAQ"@CD Q"E WXI��SV Q"ICFO79D_E$Fe[\r�� Q"E�' d�E�]MQ"E$uGF�' [\r����S� ]$D_u ] Q"@^F P$ICF�' D_E
WX]$F W^FOICW^I�
OV Q"ICFO7_D9E$F [\r�� D_I=p=:;'$D!LMF�')q @^:?p WX]�F I,W Q"E,'MQ"@X' l�D9EKP?� J"FO@^E�FO7Q
 [
]$F 8�P$@F"
8;:?I^F :"q W^]$F p=:;'$D!LMu Q WXD_:?E D_I/WX: @CFOpt: B?F IC:?ptF E$:?E;"�ICWXQ"E�'MQA@X'�q F Q WXP$@CFOI :Aq WX]$F l�D9EKP?�
J"FO@CE$FO7 Q"E�' W^: Q+'�' q FOQAW^P$@^FGI W^]MQAW Q"@CF�F �h8;FOuGW^F�' W^: N;F�IC:�:?E�D_E$uO7_P�'$F�' D9E �cWX]$F.I,W Q"E?"
'MQ"@{' [\r�� � 
�[
]$F I,W Q"E�'$Q"@X' l D_E�P?�kJ"FG@^E$FG7�D_E$uO7_P�'$FGI=Q '�R�EMQ"ptD9uOQ"7_7 R Q+'"MCP�ICWXF�'�o�FO79Q R?F�'
� r n � r179Q � S 
�WXD_p=FG@��U'$FG7 Q R?F�' � r neI Q q WXFO@ I^7_:#�+I,W Q"@,W	B JKE$:�� E Q"I80KP$D9u J�Q"u JKE$:#� 7_F�'��"F&"
p=FGEKW^I D9E l�D9EKP?��D � � 7_7 N � � � o 4 + T"T,�eV o3n + T?T�
Q� Q�@XQAWXF ]MQ"7 BhD_E�� �ZH\:�F3N O;� V g$V l�N�N��
V g$V*N�N 
Q��Q"E�'kQ.r�V16 @CFOP$ICD9E�� � [m:?PFN :�
5q :?@�'$P$8$7_D9uOQAWXF � r n WX]�@^FOIC]$:?7('��sq :?@�@^:?P$E,'?"cW^@^D98
FOI,WXD9p=QAW^:?@��mq :"@ D9E$D WXD9QA7)�
D9E�'$:��J�&Q"E�' q :"@ I^79:���"�I,W Q"@,W WX]�@^FOIC]$:?7('�
 6�E Q+'�'�D_WXD_:?E�� WX]$F I,W Q"E?"
'MQ"@{' J"FG@^E$FG7�'$:�FOI E$:"W\Q"7_79:�� I^8;FGuOD q RhD_E�� WX]$F ICD�>OFe:"qmWX]$F D_E$D_W^D9Q"7 � D_E�'$:��J
�[m:R'$D_IXQ"N$7_F QAE�'
uO:"EKWX@C:?7�W^]$FOICF
q F QAW^P$@^FGI�pt:;'$D(L$u QAW^D9:"E$I WX:3WX]�F J"FG@^E$FG7��1FG@^F p=Q+'$F � 6C6���Q�
T
 [
]$F I,W QAW^D9u1WXD_p=FG@
BAQ"7_P$F�q :?@mWX]�FA'$FO79Q R?F�' � r n D9I I^F W WX:eS"T?T�ptD97_7 D_ICFOuG:?E�'$I�
 6�E l�D_E�P?� W^]$F
r�V16 @CFOP$ICD9E���ICW^:?@^FGI
BAQ"7_P$FOI�W^: 8;FG@3]$:?ICWeFGEKW^@^D9FGI*� ]$FOE�Q [\r���uG:?E$E$FGuGWXD_:?E FOE�'�I�
 [
]$FG@^F q :?@^F B Q"79P$FGI�q @^:?p QAE
:?E��":?D9E��5�$:#� ]MQ B?F�E$: F& �FGuGW :?E Q ICW QA@CWXD_E��8�$:#�J
�d&E$]MQAE$uOF�'/[\r��)D_I5N$P$D97 W5:?E=WX]$F�W^:?8 :"q
WX]$F8V QAI^FO7_D9E�F [\r�� Q"E�' @CFO8$@CFOI^FGEKW^I3QtuO:"p N$D9EMQ WXD_:?E :"q W^]$F I^FO7_FOu WXF�' [\r�� q F QAW^P$@^FGI�
 [ ]$F
BAQ"@CD Q"E WXI5Q"@^F�ICP$ptp Q"@CD�>GF�'=D_E [ Q"N$7_F6O?
 � 8$8;FOE,'$D!�rV*
(
�7_D9I,WXI�WX]�F�P$ICF�' J"FO@CE$FO7 8MQ"@^Q"p=F WXFG@^I�


� & 1U 2/@���� # > � 4 ��E�& ���Q 2�W# > �
l�D_p=D W^F�' W^@XQ"E$ICp=D W V QAI^FO7_D9E$Fe[\r��«�
6�E�D_WXD9Q"7 � D9E�'�:#� :"qmW��1: 6�E$D WXD9Q"7�� D_E�'$:�� :Aq q :?P�@
a\: r�V16 r�V16 B @^FGP$I^F :?E�7_R ICICWX]�@^FOIC]9D
g�FO79FGuGW^D_B?F QAu JKE$:�� 79F�'��?FOptFOE WXI�B g � r n5D LU"�f [\j B P$ICFOI\uO:"E$I^FG@CBAQAW^D_B?F
r1:"E$I^FG@CBAQ WXD_B?F�g � r n*"�N$Q"I^F�' 79:?ICI @CFOuG: B?FO@,R @^FGI^8;:?E�I^F �Zg�n f\T�%�
lD
o�FO7 Q R?F�' � r neI8B S"T?T ptI$D
a\:t@^QAWXFe]MQ"7 BhD_E��
a\:R0KP$D_u J � r neI

[ Q"N�79F O?[&[\r�� b�Q"@CD Q"E WXI

j3P$@ WXFOI,W J"FO@CE$FO7\]MQ"I Q�uG:?P$8$7_F :AqeE�:"WXF&�1:?@,WX]KRkq FOQAWXP�@^FOItW^]MQAW Q� FOu W=WX]�F q P$E$u WXD9:"EMQ"7_D W
R
:"q
r�V16eQ"E�' LU"�f [\j:
 � I,W Q"E,'MQ"@X' l�D9EKP?�.J"FO@CE$FO7�D_E$uO7_P�'$FOI Q1� QA@^NMQ+�"FtuG:?7_79FOu WX:?@3q :"@ W^]$F
'$FOI,WXD_EMQAWXD_:?Ek]$:?ICWtFOEKW^@^D_FOI WX]$QAWtuO:?E W Q"D_EkWX]$F1'$QAW Q q :?@=r�V16�@^FOP�I^D9E,��
 � q WXFG@ WX]�F uG:?7_79FOu "
WX:?@ ]MQ"I�'$D_I^8;:?ICF�' Q"E D9E$D WXD9QA7&I^ICW^]$@^FGI^]��sWX]$F E�F&��W uG:?E$E�FOuGW^D9:?E �?FGW^I WX]$Fr'$F q Q"P$7 W B Q"79P$F=:"q
I^I,WX]$@CFOI^]¦� � ]$D9u ] D_I U OQO+% O;
 [
]$F-� QA@^NMQ+�"F uG:?797_FOu WX:?@R� Q"I E$:"W	'�D9IXQAN$79F�'��C� ]$D_u ] u QAP$I^FGI
Q I^7_:#��"cICW QA@CW : B?FG@^I^]�:�:"W WX:.]$Q"8$8;FOE)79D_J"Fr� D_W^]$:?P�Wtr�V165� ]$FOEkWX]$FG'�FOICW^D9EMQ WXD_:?E FOE WX@CR D9I



SQ:

'$D9IC8;:?I^F�'�
�[
]�F L�"
f [\j QA7��?:?@CD WX]�p+uO:?P$E WXF�'/FO@C@^:?E�FO:?P$IC7_R Q"E :?8$8;:?ICD_WXF*'�D9@^FGuGW^D9:?E @CFGWX@^Q"E$IF"
p=D_I^ICD9:?E QAI�'$P$8$7_D9uOQAWXF � r n�
 [
]$FO@CFGq :?@CF LU"
f [\j q QAD97_I WX:-'$FGW^FOu W=IC8$P$@CD9:?P$I f [\j � ]�FOE
Q"E H\[
[�� @CF�0KP$FGICW D9I @CFGWX@^Q"E$I^ptD W^WXF�'�
 � @^FGW^@XQ"E$ICp=D_I^ICD9:?E.:"q gKiea D_EKWX:	� ]$D9u ]�WX]$Ft8;FOFG@
@^FGI^8;:?E�'�I=� D_W^] gKiea�" � r nN� QAI ]MQ"E,'$79F�' QAI='�P$8$79D_u Q WXF � r n NKR :?P$@ L�"
f [\j D9pt8$7_FOptFGEKWXQ�"
WXD_:?E�
 [
]�FOI^F3gKi aC" � r neI1Q"@CF�Q uO:?@CE$FO@�uOQ"I^F\W^]MQAW5LU"�f [\j uO:?P�7�'tD��?E$:"@^FC'$P$@^D_E��5'$F WXFGuGWXD_:?E
:"q Q I^8�P$@^D_:?P$I
WXD_ptFO:?P�W�


� ��� � ����� �&� � ����� �������$�s�h�
���

� F�FGp=8�79: Reo�D( �ghFO@,Be:?E W^]$F�7 QAICW{"c]$:?8e@^:?P�W^FO@�P$I^D_E�� W^]$F�l�D9EKP?�e[m@XQ��tu�uG:?E WX@^:"7 � HP4 V + T+��
Q

[
]$F o�D( �ghFO@,B uG:?E,LS�?P�@XQAW^D9:?E D9I�8$@CFOICFOEKW^F�'.D_E L D(�?P$@^F U,
\[
]$F uO:"E,LS�?P�@XQAW^D9:?E D9E$uG79P�'$FGI3QAE
D9E�'�D_B�D�'�PMQ"7�uG7 Q"ICI q :?@/N�P$79J [\r����\H�[ [����\Q"E�'�Q"P�'$D_:�
+6�E Q+','$D_W^D9:?E���Q"E D_EKW^FO@^ptF�'�D QAW^F
uO79Q"I^I��=� ]�D9u ] D9I WX]$F=8MQ"@^FGEKW�:"q WX]$F H�[
[�� Q"E�' V1P$79J [\r�� uO7 QAI^I^FGI��sD9I E$FOF�'$F�'�
 6�E W^]$F
�1:?@CJK79: Q+'�� ]�D9u ]tuO:?E$ICD9I,W�:"q�Q"797hW^]$@^FGF W^@XQ��tu
W�R�8;FOI���N;:"W^] WX]�F I^FO8$Q"@XQAW^F�QAE�'tI^]MQA@^F�'R0KP$FOP$F
q :?@�N$P�79J�[\r�� Q"E,'kH�[
[�� Q"@CF W^FOICW^F�'�
 o�FO8;FOE,'$D9E�� :?E W^]$F uO:?E,L��?P$@XQ WXD9:"E :"q
WX]$F W^FOICW
u QAI^F+��W^]$F/Q"P�'$D_:���H\[
[�����Q"E,'kN$P$7_J [\r�� uG7 Q"ICI^FOI P$I^F W Q"D_7t"b'$@^:?8 :?@ f\d�o 0KP$FGP$F+
 [ ]$F
WX@^Q��tu uG:?EKW^@^:?7 D_I3uG:?E,LS�?P�@^F�' WX: 8�@^D9:"@^D WXD!>OF�I,WX@^FOQ"ptD9E����M:#� : B?FO@e[\r�� W^@XQ��tu P$8 WX: W^]$F
NMQ"E�'?� D�'�W^]k7_D9ptD W�:"q W^]$F/QAP�'$D9: uG7 Q"ICI��)� ]�D9u ]kD9I:% S"T"T?T N$D_W$6AI�
 � [m:?J"FOE V1P$u J"FGW=L D97 WXFG@
B [�V LED¦�?FOE�FO@XQ WXFOI�WX]�F�NMQAE�',� D�'hWX] 79D_ptD W�
�[
]$F�N$P$u J"F W I^D(>OF&:"q�W^]$F�Q"P,'$D9:
uG7 Q"ICI�D9I�uO:?E,L��?P$@^F�'
WX: V [ `5� � ]$D_u ] 8$@^F B?FOEKW^IeQ"P,'$D9: q @^:?p '$:?ptD9EMQ WXD_E�� W^]$F 79D_E$J q :?@\Q=7_:?E��t8;FO@CD9:;' :"q WXD_p=F�

[
]$F uG:?E,LS�"P$@XQ WXD9:"E :"q�WX]$F QAP�'$D9: uO79Q"I^I�q :?797_:�� I�uO79:"I^FO7 R W^]$F 8$@^D_E$uOD_8$79FGI�:"q�W^]$F F ��8;F�'$D_W^F�'
q :?@{�1Q"@X'�D9E�����H*V �Zo3r�V + T S 
T

[
]$F D9EKW^FO@Cp=F�'$D Q WXF uG7 Q"ICI�uOQ"E P$I^F WX]$F @CFOp=Q"D9E�D9E�� IC]MQ"@^F :"q
WX]$F 79D_E$J N$Q"E�',� D('�WX]kN;FOuOQ"P$I^F/W^]$F/NMQAE�',� D�'hWX])7_D9p D W :"q\W^]$F QAP�'$D9: uG7 Q"ICI D_I 7_:#�1FG@ WX]$Q"E
WX]$F�E$:?ptD9EMQA7 7_D9E$J NMQ"E,',� D�'�W^]�
&[
]�FeQ BAQ"D_7 Q"N$7 F\N$Q"E�',� D('�WX]=BAQ"@CD9FOI5N;FOuOQ"P$ICF3W^]$F�I,WX@^FOQ"ptD9E��
WX@^Q��tu '$:�FOI
E$:"W 79Q"ICW : B?FO@ WX]�FJ'�P$@XQAW^D9:?E :"qmW^]$FeN$P$79J=[\r�� W^@XQ"E$I,q FO@CI\Q"E�'/N;FGu Q"P�I^F5'$@C:?8$I
'$P$F5WX:3uG:?@^@CP$8�W^D9:?E�:�uGuOP$@='$P$@^D_E���WX]$F1NMQ�' I,W QAW^F+�+� ]$D_u ] F& �FGuGWXD B?FO7 R uO:?E�I^P$ptF
Q�8MQ"@,Ws:"qMW^]$F
79D_E$J NMQAE�',� D('�WX]�
=[
]$FtD9E WXFO@Cp=F�'$D Q WXF uG7 QAI^I P$ICFOI�Q H�D_FO@XQA@^u ]$D9uOQ"7s[m:?J"FOE V1P�u J"F W	B H�[�V�D&�
� ]$D_u ] D9pt8$7_FOptFGEKWXI\W^]$F IC]MQ"@^D_E��<�": Q"7_I�:"q&WX]�F r17 QAI^I3N$Q"I^F�'Y0KP$FGP$D9E�� �Zo�F BhT S�
Q
e[
]�F N$P�79J
[\r�� Q"E�' H�[
[�� uG7 QAI^I^FGI
]$Q B?FeQ"E F�0KPMQA7�8�@^D9:"@^D W
R+�7� ]$D_u ] Q"797_:�u Q WXFOI5Q"E F�0KPMQ"7�NMQAE�',� D�'hWX]
I^]MQA@^F3q :?@ N;:"WX]�
 � q W^FO@ QAE/D�'$7_F�8;FO@^D_:;'��$H�[�V D_I
Q"N$7_F3W^: q FGF�'/W^]$FP� ]$:?7_Fe79D_E$JtI^FGE�' N$P, FO@
N;FOuOQ"P$I^F
W^]$F
ICD�>OFGI&:"q WX]�F H�[�V W^:?J"FOE$I�Q"@CF
uG:?E,LS�"P$@^F�' W^:ep Q WXu ] WX]$F I^D�>GF
:Aq WX]$F 79D9E�J ICFOE�'
N$P, FO@�
�[
]$D9I uG:?E,LS�"P$@XQAW^D9:?E :"q ICu ]�F�'$P$7_D9E��tQ"7��":?@^D W^]$ptI D_I Q+'$F�0�P$QAWXF q :"@
:?P$@��1:?@^JK7_: Q+'$I�

� F5P�I^F�WX]�F5@CFOuG:?ptp=FGE�'$F�' BAQA79P$FGI q :?@�WX]$F5f\d�o uO:"E,LS�?P$@^QAWXD_:?E � L&<QN�%?� L 79:QN : 
�Q"E�'8'$D B?FO@X�"F
q @^:?p WX]$FGp Q"I 7_D_W^W^7_F=Q"I 8;:?ICI^D9N�79F+
 [
]$F uG:?E,LS�"P$@XQAW^D9:?E D9I�7_D9ICW^F�' D9E [ Q"N$7_F U?
 6�EkFOQ"@C79D9FG@
WXFGICWXI � neP$7 T+%�
Q�&f\d�o � D_W^] d�r a 8;FG@Cq :?@Cp=F�' I^7_D��"]KWX7 R N;FGWCWXFO@ WX]MQAE � D_W^]$:?P�W d�r a8
 [ ]$F
E�P$p N;FG@ :"q1W^FOICW u Q"ICFOI D9I @^F�'�P$uOF�' NKR.FOE$Q"N$79D_E�� d�r a � D WX] f\d�o q :?@ Q"7_7sWX]�FtW^FOICW u Q"ICFOI
WX]MQ W ]MQ B?F f\d�o N;FOuOQ"P$ICF D_W=D9I=F ��8;FGuGW^F�' W^: 8;FG@Cq :?@Cp N;FGWCWXFG@ W^]MQ"E f\d�o Q"7_:?E$F+
�[ ]$F
ICWXQ"E�'MQ"@{'.[m@^Q��tu uO:"EKWX@C:?7 W^:�:?7�B����+D�P$I^FGI Q"7_I^: � ���
��� 8MQ"@^Q"p=F WXFG@���N$P�We:?E�7_R D_EKW^FO@^E$Q"797 R D_E
u QA79uOP�7 QAW^D9:"E :"q WX]$F�dE��V � F&�h8;:?E$FGEKW5WX]MQ W5D9I�Q"E=D_E$8$PhW5:"q WX]$F\J"FG@^E$FG7T
s[
]$D9I�P$E�E$FOuGFOI^IXQ"@,R
ICW^FO8 �1Q"I NKR�8MQ"ICI^F�' � D WX] Q I^p=Q"797�pt:;'$D!LMu Q WXD_:?E WX]MQAW p=Q"J"FGI 8;:?I^ICD9N$7_F WX: I^8;FGuOD_q R W^]$F
F&�h8;:?E$FGEKWW'�D9@^FGuGW^7_R+
 [
]$F
Q B?FO@^Q+�?F18MQ"u J"FGW&I^D�>GF1B Q"@^D_FOI N;FGW.�1FGFOE W^]$FA�5:?@^JK79:?Q+'$I N;FOuOQ"P$ICF
W^]$F
8;FO@CuOFOE W Q��?F :Aq WX]$F ICWX@CF Q"ptD9E,� 6�� 8MQ"u J"FGW^I\BAQ"@CD9FOI D_E/W^]$F5'�D( FO@^FGEKW��5:?@^JK79:?Q+'$I�
�[
]$FG@^FGq :"@^F
WX]$F Q B?FO@XQ��?F 8$Q"u J"FGW&I^D(>OF1D9I I^F W&uG:?E$ICWXQ"EKW^7_R WX:�W^]$F
V Q��hD9p P$p [ @^Q"E$I^ptD_I^I^D_:?E `�E�D_WCB V [ `*D&

[
]$F�Q B?FO@XQ��?F&8MQ"u J"FGWmI^D(>OF&D_I�ptF QAE$D9E��Aq P$7 q :?@�Q"E D�'�79F='MQ"pt8$D_E�� :"q�WX]�FW0KP$FGP$F5Q B?FO@^Q+�?F��#� ]$D9u ]



S �

PRIO

TBF /  UDP
32000bps

HTB / TCP
ceil = link bw

HTB / HTTP
16000bps

Packets dequeud to link send buffer

HTB / Bulk TCP
16000bpsFIFO or RED

FIFO or RED FIFO or RED

High
priority

Low
priority

Equal
priority

L D��"P$@^FeU,[&[
]$F o�D! �g�FO@CB uO:?E?LS�?P$@^QAWXD_:?E

D9Is8$@^FGu Q"7_uOP$79QAWXF�' WX: Q"EtQ"@^@^Q R N R WX]�F [ @^Q��tu uO:?E WX@^:"7$W^:�:?7MQAE�'t8MQAI^I^F�'=W^:eWX]$F JAFO@^E�FO7T
s[ ]$F
@^FG7 QAW^D9:?E N;F W��5FOFGE WX]�F Q B?FO@XQ��?F 8$Q"u J"F W=I^D�>GF Q"E�'kWX]$F/D�'$7_F	'MQAp=8$D_E�� D9I 79D9E�F Q"@��5QAE�')W^]$F
'$D( FG@^FOE�uOF :Aq3WX]$F @^FOQ"7�Q B?FO@^Q+�?F 8MQ"u J"FGW I^D(>OF W^: V [ ` D_I=P�8 WX:M
�
 � D9E)W^]$F1�1:?@^JK7_: Q+'
I^8;FGuOD(L$F�' D_E ghFGuGW^D9:?E1��
\��
�[
]�P�I�� W^]$F50KP$FOP�F Q B?FO@^Q+�?F q QA797_IC'�:#� E P$8 W^:1
�
 � IC79:��1FO@
WX]$Q"E
D9E=Q"E=D�'�F Q"7_7 R uO:?E?LS�?P$@CF�' FOEKB�D_@^:?E$ptFOE WI
sH�:��1FGB?FG@��hW^]$F '�D( FO@^FGE$uGF�Q� FOuGW^I5:?E$7 R2'�P$@^D_E���QAE
D�'$7_F38;FO@CD9:;'�

�&@^FO7_D9ptD_E$Q"@CR W^FOI,WXI �1FO@CFt@CP$E.W^: Q+'"MCP$I,W W^]$F p=Q��hD9p P�p WX]$@CFOI^]�:?7�'�Q"E�' WX]�F N$P, FO@�� I^D�>GF+�
� ]$D_u ] Q"@^F E�:"W�I^8;FGuOD!LMF�' NKR/WX]$F @^FGuO:?ptptFOE�'$QAWXD_:?E$I�

[
]$F�ICFO79FGuGW^F�' BAQ"7_P$FOI�Q"@^F NMQ"I^F�' :"E
WX]$F�JKE$:#� 7_F�'��"F*� QAW^]$FO@CF�'<'$P�@^D9E,� WX]�F�8$@CFO79D_ptD_EMQA@CR W^FOICW^I�
�[
]�F3I,W Q"E,'MQ"@X' f�d�o Q"7(�?:?@CD WX]$p
:"q�WX]�Ftl�D9EKP?� J"FG@^E$FG7�uO:"EKW QAD9E$I QAE�: B?FO@F�M:#� N$P������ ]$D9u ]Y� QAIJ'$D9ICuO: B?FO@^F�' Q"E,'YL,�hF�' B I^FGF
� 8$8;FGE�'$Dt�trCD&
so�P$@^D_E��3WX]$F
Q"EMQ"7 RhICD9I :"q WX]$F QAuGWXP$Q"7$@CFOICP$7_W^I��?WX]$F
7_:?I^Is@CFOuG: B?FG@CR :"q WX]$F [\r��
D9pt8$7_FOptFGEKWXQAWXD :?E-� Q"I E$:AWXD9uGF�'�WX: N;F=N$@C:?J"FOE¦�&QAE�' WX]�F Q"uGW^PMQ"7&WXFGICW^I8�1FG@^F @CFO@CP$E�� D_W^] Q
uO:"@^@^FGuGWXF�' D_p=8$7_FGptFOE W QAW^D_:?E¦
s[
]�F N$@C:?J"FGE @^FGuO: B?FO@,R/p=Q R ]MQ B"F QA7_WXFG@^F�' WX]$Fe@^FGI^P$7 WXI :Aq W^]$F
8$@^FG79D_p=D EMQ"@,R=W^FOI,WXI q :?@C'�FGWXFG@^ptD9E$D_E�� WX]�F f�d�o 8$Q"@XQ"ptF WXFO@CI�


�6&(�"& 89 �� !� �X 01U� �"� �����.��� ����AKA� 21��3 0�
� &F/��� 

>�������A����� 2�
� &F/��� 

N$P, FG@�� I^D(>OF �&]KR�I^D_u Q"730KP$FOP�F I^D(>OF q @^FGF 
�
�O"S"T N R�W^FOI
B SAT 8�JKW^I$D

ptD9E
th

l�:#�1FG@+WX]$@CFOI^]�:?7�' N;FG79:�� � ]$D9u ] E$:
8MQ"u J"FGW�D_I
p QA@^J"F�'

O 8$J W^I 
�:?S � N R�W^FOI
BQ% 8$J WXI D

p=Q��
th

`�8$8;FG@\W^]$@^FGI^]$:?7(' Q"N;: B?F5� ]$D_u ] QA797�D9E?"
uO:?ptD_E�� 8MQ"u J"FGW^I�Q"@CF p=Q"@^J"F�' 3 ·minth

O?
 � � N R�W^FOI
B@N 8$J WXI D

�
q

� FOD��"]KW D_E WX]$F37_:#��"�8$Q"I^I¥LM7 WXFO@1P�I^F�' W^:
uO:?pt8$P�W^FeW^]$F Q B?FG@XQ+�?FJ0KP$FGP$F 7_FOE��AWX]

T,
ZT?T S 1
29 ≈ 0.00195

p=Q��
p

V Q��hD9p P$p '$@C:?8 8$@C:?NMQ"N�D979D W
R q :?@
p QA@^JKD9E��

T,
!
 T,
!


Q Bh8�JKW [
]$F Q B?FG@XQ+�"F EKP$p N;FO@ :"q N RKWXFOI D9E Q
8MQ"u J"FGW

q @^FGF OQ:"U N RKWXFOI

[ QAN$79F U,[&[
]$F uG:?E,LS�"P$@XQAW^D9:?E :"q 79Q"ICWF"�]$:?8 @^:"P�WXFG@OY I�f\d�o



S�N

� ]$FGE WX]�Ft7 Q"I,W{"c]$:?8.@^:"P�WXFG@ FGp=8$7_: R�IeWXQ"D97t"b'$@C:?8�� L 6
L j 0KP$FGP$F=D9I P�I^F�'¦
 [
]$FtI^D(>OFt:Aq1W^]$F
L 6
Lmj 0KP$FOP$F�D9I\I^FGW�WX:=W^]$F�I^Q"ptF BAQ"7_P$F�Q"I\WX]�F f\d�o N$P, FO@�� ICD�>OF 8MQ"@^Q"p=F WXFG@�
C� D WX] W^]$F
]$D��"]$FO@
79D_E$J�"�I^8;FGF�'/W��5:�0KP$FGP$F I^D(>OFOI�QA@^FeWXFOI,WXF�'�
 L D_@^I,W\:"E$F D_I F�0KPMQA7�WX: WX]�F I^D(>OF � D_WX]/W^]$F
79:��1FO@
7_D9E$J=IC8;FOF�' Q"E�'/W^]$F :"WX]�FO@ D_I � T 8MQ"u J"FGWXI�


� ��� � �������,' 	

6�E W^]$D9I�I^FGuGW^D9:?E��1F*'$F&LME$F�WX]$F�ptFGW^@^D9uGI�WX]MQAW1Q"@^F�P�I^F�' D9EtWX]�F3QAEMQ"7_R�ICD9I�
�� F*�?@C:?P$8 ICD9ptD97_Q"@
�M:�� I=q @^:"p D9E�'�D_B�D�'$P$Q"7 @^FO8;F WXD WXD9:"E$I�
�[
]$D9IR�?@^:"P$8$D9E,� D_IR'$:?E$F N R)uO79Q"I^I^D q R�D9E��.W^]$F1�M:�� I
� D_W^]$D9E FOQ"u ].@^FG8;FGWXD WXD_:?E�
e[
]$F W^]$D9@{']�M:#�J�¦� ]$D_u ] D9I�ICWXQ"@CW^D9E��r� D WX].Q=BAQ"@,RhD_E��	'$FG7 Q R���]MQ"I
D_W^I :�� E uG7 Q"ICI�
tLM:?@3WX]$D_I 8�P$@^8;:?ICF+�mW^]$F p P$7_W^D!"T�$:#� H�[
[�� WX@^Q"E$I,q FO@�B I^FGF ghFOu WXD_:?E ��
\�7D�D9I
uO:"E$I^D('$FO@CF�' Q"I Q ICD9E��"79F�FGEKWXD W
R+�$Q"E�' ]$FOE�uOFeW^]$FeptFGW^@^D9uGI ICP$u ] Q"I E�P$p N;FG@C'�@^:?8$I��$I^8$P�@^D9:"P$I
f [\j3I���Q"E�' P$E$E�FOuOFGI^IXQ"@CR @^FGW^@XQ"E$ICp=D_I^ICD9:?E�I1Q"@^F�@CFO8;:?@,WXF�' : B?FG@
QA797 E$D9E�F�[\r��)uG:?E$E$FGuGW^D9:?E$I
:"q Q H\[
[��kWX@^Q"E$I,q FO@�
s6
E W^]$F �1:?@CJK79: Q+'�� ]�D9u ] ]MQ"I1N;:"W^] H�[
[�� WX@XQAE$ICq FG@ Q"E�' I,WX@^FOQ"ptD9E��
�M:��J��WX]$F3ICWX@CF Q"ptD9E,���M:���]MQ"I Q uG7 Q"ICI
:AqmD_WXI1:#� E¦
�[
]$F3W.�1: [\r��M�$:#� I
ICWXQ"@CWXD_E�� QAW1WXD9ptF
>OFG@^: Q"@CF
uG7 Q"ICI^D(L$F�' N R�W^]$F
FO79Q"8$I^F�' WXD_p=F QAIsWX]$F1q Q"ICWXFG@�Q"E,' I^7_:#�1FG@E�$:#� D9E FOQ"u ]t@CFO8;F WXD_W^D9:?E
NMQ"ICF�' :?E W^]$F�8;FO@Cq :"@^p=Q"E$uGF*'MQAWXQ,
s[
]$F3ICWXQAWXD_ICW^D9u QA7 D9E�'$D_uOFGI1:"q�WX]$F�ptFGW^@^D9uGI1Q"@^F�u Q"7_uOP$79QAWXF�'
q :?@5FOQ"u ]<�?@^:?P�8�
�H\:#�5FGB?FG@��,� ]�FOE E$FGuOFGI^IXQ"@,R��MQ I^D_E��?79F W^FOI,W u Q"ICF3:?@1Q5�$:#� D9I�8$@^FGI^FOE WXF�' WX:
8;:?D9E W :"P�W�Q I^8;FGuOD(L$u 8$]$FGE$:?ptFOE$:?E¦

[
]$Ftg�F QI� D9E�' FGp P�7 QAW^:?@�I,RhI,WXFGp uG:?797_FOu WXI�D9Ehq :?@^p=QAW^D_:"E q @^:"p WX]$F uG:?pt8;:?E$FOE WXI3D9E WX: p P$7!"
WXD_8$79F 7_:��?I�
r� F=uO:"p N�D9E$F W^]$F=D9E�q :"@^p=QAWXD :?E�Q BAQAD97 QAN$7_F D_E�WX]$F=79:+�?I WX: �?F W�p=:"@^FR'$F W Q"D_79F�'
B�D9F&� :Aq�W^]$F�F B?FOE WXI��
]$D9u ] WX:�:"J 8$7 QAuOF\q :?@�F Q"u ] WX@XQAE$ICq FG@^@^F�' 8$Q"u J"F WI
&[
]$F3p=Q"D_E=I^:"P$@^uGF3:"q
D9E�q :"@^p=QAW^D_:"E.QA@^F WX]$F � � � �9� 	 � � [ o�`3V]� 
&79:��"Ie:Aq�WX]$F FGE�'�]$:?I,WXI��3� ]$D_u ].ICWX:"@^FtQA797 W^@XQAq�"
LMu2�"FOE$FG@XQAW^F�'�NKR WX]$F WXFGICW u QAI^F+
 [
]�FtF B?FOE WXIJ� ]$D_u ].:�uOuOP�@^@^F�' :?E W^]$F�� D_@^FO7_FOICI 7_D9E$J Q"@CF
� QAW^]$FO@CF�'/q @^:?p W^]$F ghFOQ�� D9E,' 8$@^:�uGFOI^I\79:��,


#%�F��& /< 0/.& ��1U 2� ����89 D_I\W^]$F�FG7 QA8$I^F�' WXD_p=F :"q WX]$F FOE WXD9@CF5�1:"@^JK79: Q�' W^@XQ"E$I,q FO@�
\[
]$F8LM@CICW
Q"E,')7 Q"I,W 8MQ"u J"F W�'$:�E$:AWtE$FGuOFGI^IXQ"@CD97 R N;FO7_:?E�� W^:.W^]$F/IXQ"ptF<�M:#�J
k[
]�F gKi a QAE�'
L 6
aC" � r n 8MQAu J"F WXI Q"@CF D_E$uO7_P�'$F�'�
 � I�WX]�F ICW^@^F QAp=D_E�� �M:�� D_I�uO:"E,LS�?P$@CF�' WX: FOE,'
Q"7!� Q RhI�N;F q :?@^F=W^]$F IC79:��1FO@�[\rA� �M:#� D_E Q"797�u QAI^FOI��&WX]�F 79Q"ICW�8$Q"u JAFGW u Q"E�E$:"W N;F Q
I,WX@^FOQ"ptD9E�� 8MQ"u J"FGW�


� 7� !��&F/@/ ��E�������A�E�� ��� :Aq\W^]$F<�1:?@CJK79: Q+' D_I�WX]$F W^:"W QA71I^D(>OF :Aq\W^]$F WX@^Q"E$ICq FG@^@CF�'):"N0MCFGuGW^I
'$D B�D�'$F�' NKR WX]�F WX:"WXQ"7�FG7 Q"8�I^F�' W^D9ptFe:"q WX]$F W^@XQ"E$I,q FO@�
1[
]$F I^D�>GFOI\:"q WX]$F W^@XQ"E�ICq FO@C@^F�'
:?N2MCFGuGWXI D_E$uO7_P�'$F WX]�FtW^@XQ"E$IC8;:?@CW 8$@C:"WX:�uG:?7�Q"E�' 6�� ]$F Q+'�FO@^I�
/LM:?@ ICW^@^F QAp=D_E��G�$:#� I��
W^]$F�ICD�>OF :"qsW^]$F W^@XQ"E�ICq FO@C@^F�' :?N0MCFGuGW�D9I\p=FOQ"I^P$@CF�' q @C:?p WX]$F @^FOuGFOD B�D9E�� FGE�' N;FOuOQ"P$ICF
:"q�'$@C:?8$I�


�<�����,������/@� � &(���V��� WXFG797_I ]$:#� F� FOu WXD B?FO7 R WX]�F NMQ"E�'?� D�'�W^] :"q
WX]�Fr� D9@^FG79FGI^I u ]MQAE$E$FO7¥� Q"I
P$ICF�'Y'$P$@CD9E�� WX]�F W^@XQ"E$I,q FO@3:"q&WX]$F FOE WXD_@^F��5:?@^JK79:?Q+'�
e6cWeD9I�WX]$F Q"pt:?P$E W3:"q�@^FOuGFOD B?F�'
'MQ W Q WX]MQ W/D_E$uG79P�'$FGI W^@XQ"E�I^8;:?@CW 8$@C:"WX:�uG:?73Q"E�' 6�� ]$FOQ+'$FO@CIG'$D_B�D('$F�' N R WX]$F W^:"W QA7
FG7 Q"8�I^F�'/WXD_p=FeQAE�' E$:?@Cp QA79D(>GF�' NKR WX]�F 79D9E�J=I^8;FOF�'�


4 /.& � 1� 0�,����89 :"q
Q/uO:?E�E$FOu WXD_:?E D9IeWX]$F W^D9ptF E�FOF�'$F�' W^: uG:?p=8�79F WXF WX]�F=FGEKW^D9@^F WX@^Q"E$ICq FG@
:"q�WX]�F3uO:?E$E�FOu WXD9:"E���D9E$uG79P�'�D9E�� WX]$F�W^D9ptF\WX: FOI,W Q"N$7_D9IC] Q"E�' WX: uG79:?ICF�WX]�F3uO:?E$E�FOu WXD9:"E�

� D WX]/[\r�� W^]$F gKi a Q"E,' L 6
a�" � r n 8$Q"u J"F WXI�Q"@^FeD9E$uG79P�'�F�'/D9E WX]�F FO7 QA8$I^F�' W^D9ptF+




%?T

# E�������A�E ����� :"q$Q
W^@XQ"E�ICq FO@ D_I�W^]$F�ICD�>GF�:"qhWX]�F�W^@XQ"E$I,q FO@C@^F�' :"N0MCFGuGWU'$D_B�D('$F�' NKR3WX]�F�FG7 Q"8$ICF�'
W^D9ptF=:"q W^]$F WX@^Q"E$ICq FG@�
.[
]$F I^D�>GF :"q
WX]$F :?N2MCFOu W D9E$uG79P�'�FOI�W^]$F WX@^Q"E$I^8;:"@CW 8$@C:"WX:�uG:?7
Q"E,' 6�� ]$F Q+'�FO@^I�
 LM:?@�ICWX@CF Q"ptD9E,���M:#� I���WX]$D_I�BAQ"7_P$F�D9I�uOQ"7_uOP$79QAWXF�' N R]'$D BhD('$D_E��=W^]$F
Q"pt:?P�EKWe:"q1@CFOuGFOD_B?F�'�'MQAWXQ	� D WX] WX]�F W^D9ptF N;FGW.�1FGFOE W^]$F�LM@^I,W Q"E�'.W^]$F 7 Q"I,W 8$Q"u J"F W
ICFOEKW�
=� F1]MQ B?F1u ]�:?I^FGE W^]$F1ICFOE�'$D_E��38MQA@CW�R N FGu QAP$I^F D_W D9ImD9pt8;:?I^ICD9N$7_F&WX:*'$F WXFG@^ptD9EMQAW^F
W^]$F5F&��Q"u WsI,W Q"@,WsQ"E,'�FOE�' WXD_p=F�D_E WX]�F5@^FOuGFOD BhD_E���FOE,'�� ]$FGE Q�7_:?I^Im]MQ"8�8;FOE$I q :?@mFGD_W^]$FO@
W^]$F LM@CICW :"@57 Q"I,W18$Q"u JAFGW
N;FGu Q"P�I^FP0KP$FOP$D_E��:'�FO7 Q R BAQA@^D_FOI�
s[
]$F�BAQ"7_P$F\W
R�8$D_u Q"7_7_R : B?FO@�"
FGICWXD_p Q WXFGI W^]$Fe@^FOQ"7�W^]$@^:?P,�?]$8$PhW N;FOuOQ"P$I^F D_W D��?E�:?@^FGI1WX]$Fe79FGE��"W^] :"qmW^]$FeF&��WX@^Q2'�FO79Q R
W^]MQAW :�uOuOP�@^@^F�' q :?@ WX]�F 79Q"ICW
8MQ"u J"FGW�uG:?pt8MQ"@^F�'/W^: W^]$FJ'$FO79Q R :"qmWX]$F LM@CICW\8MQ"u J"F W

����8 ��/.�3&F�� 2����15��E��"����A�E ����� D9I5Q WX]$@C:?P��?]�8$P�W1: B?FO@�WX]$F�8;FO@^D_:;'r'$P$@CD9E��5� ]$D_u ] Q"797 uG:?E?"
LS�"P$@^F�'G�1:?@CJ�7_: Q+'	�?FGE$FO@^QAWX:?@CI :AqmWX]$F3WXFGICW u Q"ICF Q"@^F3W^@XQ"E$ICp=D W^W^D_E�� 8MQAu J"F WXI\ICD9p P$7 W Q#"
E$FG:?P$IC7_R+
�[
]�F38;FO@^D_:;' I,W Q"@,WXI¥� ]$FGE W^]$F�7 QAW^FOICW¥� :?@CJ�7_: Q+'	4eFOE$FG@XQAW^:?@PBg� lU48D�ICFOE�'�I
D WXI LM@^ICW 8MQ"u J"FGW Q"E�' FOE�'�I8� ]$FGE WX]�FRLM@^I,W8� lU4 W^:1LME$D_I^] I^FOE,'$I�D_W^I 7 QAICW 8MQ"u J"FGW�

LM:?@ [\r����"W^]$F gKi a�QAE�' L 6
aC" � r n 8MQ"u J"FGW^I�QA@^F D_E$uO7_P�'$F�' QAE�' :?E$7 R :?@CD��?D_EMQA7 WX@XQAE$IF"
ptD9ICI^D9:"E$I1:"qmI^F��"p=FGEKWXI Q"@CFeuO:"P$EKW^F�'�
�[
]�P�I�Q 8MQ"u J"F W WX]MQ W D_I
Q @CFGWX@^Q"E$ICp=D_I^I^D_:?E :"q Q
ICF��?ptFOE W*� ]$D_u ] � Q"I LM@CICW�W^@XQ"E�I^ptD_W^W^F�' N;FGq :"@^F W^]$F�8;FG@^D9:;' I,W Q"@,WXF�' D9I�E�:"W�uO:?P�EKWXF�'
D_E WX]$F I^D(>OF :Aq W^]$FeWX@XQAE$ICq FG@�


�*��8 �  2�T��� ���"��� �  0� ��&F���K !��1 D9I&WX]$F\E�P�p N;FG@�:"q�8$Q"u J"F WXI�WX]MQAWW�1FO@CF�I^FGEKW1N$P�W5:?EtW^]$F
�1Q R W^: WX]�F @^FGuOFGD_B?FO@eW^]$F 8MQAu J"F WXIJ�1FG@^F2'$@^:"8$8;F�'�
 [
]$FO@CF=Q"@CF W.�1:/JKD9E�'�I :"q¥'$@C:?8$I
8$@CFOICFOEKW�D_E WX]$FeW^FOICW\E$F W��1:"@^J9[

• 46������� '�@^:?8$I ]MQA8$8;FOE D_E WX]$F � D_@^FG79FOICI u ]MQ"E$E$FG7 N;FOuOQ"P$ICF :"q�'MQAWXQ uG:?@^@CP$8�WXD_:?E�


• >�����AK 01 ������� '$@^:?8�ItQ"@^F u Q"P�I^F�' N R WX]$FG0KP$FGP$F p Q"E$Q+�?FGp=FGEKW�'$@^:"8$I :"q\WX]$F
7 Q"I,W{"�]�:?8/@C:?P�W^FO@�


�*��8 �  2�T��� 1 �����"�.����1�S # � 1 D_I W^]$F ICP$N$ICFGW�:"q f [\j3I
WX]$QAW uG:?P$7�' ]MQ B?F N;FGFOE Q B?:"D�'$F�'
N R ]$Q B�D9E,� Q 79Q"@X�?FG@ f [
[+FOICW^D9p=QAW^F+
<� F=uO:?P�EKW Q"I E$:?@Cp Q"7�f [\j :?E$7 R WX]$F=u Q"ICFOI
� ]$FG@^F E�: � r n D_I @^FOuGFOD B?F�' N R WX]$F/ICFOE�'�FO@tN;FOuOQ"P$I^F/WX]�F l D_ptD WXF�' WX@XQAE$I^ptD_W uOQ"E
]$FG798 WX: @^FOuG: B?FG@ q @^:?p W^]$F u QAI^FOI�� D_W^] 7_FOICI
WX]MQ"E/W^]$@^FGF5'�P$8$79D_u Q WXF � r neI�


�*��8 �  2�T��� ������ 2�Q 01U1U& ��Y �� ����&F��138)��1313�.����1 D_I WX]�F I^P$N$ICFGW :"q�WX]�F @^F WX@XQ"E�I^ptD9I^ICD9:"E$I
� ]$D_u ]1�1Q"I\P�E$E$FOuGFOICI QA@^D97 R @CFGWX@^Q"E$ICp=D W^WXF�'/NKR W^]$F �M:#�J


H�[
[���IC8;FOuGD(LMu ptF WX@^D_uOI�[

S  21 � ����1U ���@8C D9I W^]$F W^D9ptFeq @^:?p :?8;FGE$D_E��=W^]$F�[ r�� uO:?E$E�FOu WXD9:"E q :"@\W^]$F5LM@^I,W3:?N2MCFGuGW
B H�[\V l 8MQ��?F�D5WX: W^]$F Q"@C@^D_B Q"7�:"q W^]$F 7 Q"I,W�'MQAWXQ ICF��?ptFOE W\:"qmWX]$F 79Q"ICW :"N0MCFGuGW�


g�WX@CF Q"ptD_E�� I^8;FGuOD(L$u p=F WX@^D_uOI�[

4 ��� � ��� �  2��� �� 2/�& Y ptF Q"ICP$@^FGI WX]$F<'$FG7 Q R�� ]�D9u ] �1Q"I Q"uGuOP�p P�7 QAW^F�' q :?@ WX]$F 8MQ"u J"F WtD_E
Q-�M:#� 
 [
]$D9I p=F WX@^D_u D9I B?FG@CR)D_pt8 :"@CW QAEKW q :?@ W^]$F D9E WXFO@^Q"uGW^D_B�D_W�R :"q�W^]$F @^FOQ"7!" WXD_p F
I,WX@^FOQ"ptD9E�� Q"8$8$7_D9uOQAWXD_:"E$I�
=� F Q"@^FeB"FO@CR/D_EKW^FO@^FGICW^F�' :?E/W^]$F ]$D��?];"�FOE,' 8;FG@^uOFGEKW^D979FGI\Q"I
W^]$FGR D9E,'$D9uOQAWXF�WX]$FJ'$FG7 Q R :"qsQ E$F QA@^7_R=q P$797�N$D_WF"�@XQ WXF3ICW^@^FOQ"p 




%,



 � � ��&F���K �J�� 2/�& Y 7 & �"�.&(���.��� B 6���o
b D p=FOQ"I^P$@CFOI WX]�F�'$D( FO@CFOE$uGF=N;FGW.�1FOFGE W^]$F=FOE,'?"cW^:�"
FGE�'/'$FO79Q R/:"qsW^]$F�uG:?E$ICFOuOPhWXD_B?F�8MQ"u J"FGW^I �Zo3r T S�
Q
\6���o
b4:"q&Q=8MQ"u J"FGW38MQ"D_@\D9I\u QA79uOP;"
79QAWXF�' NKR I^P$NhWX@XQAuGWXD_E�� W^]$FeFOE�';"cWX:�"�FOE,'G'$FO79Q R :"qmW^]$FeF Q"@C79D_FO@18MQ"u J"F W q @^:?p W^]$FJ'�FO79Q R
:"q W^]$Fe7 QAW^FO@18MQ"u J"FGW�
�6cq FGD_W^]$FO@ :"q WX]$Fe8$Q"u J"FGWXI D_I�'$@^:?8�8;F�'���WX]$F3B Q"79P$F3D_I P$E�'$F&LME$F�'¦

� 797�8$Q"D9@CI�� D_W^] P$E,'$F�LME�F�' BAQ"7_P$F Q"@^FeD��?E�:?@^F�' D_E WX]�F uOQ"7_uOP$79QAWXD_:?E :"qmWX]$F D9E,'$D9uGFOI�


>�����1U 2� �����.7� ��&F� �K ��1$������� �  0� D9I WX]$F E�P$p N;FG@�:"q&ICW^@^FOQ"p=D_E��t8MQ"u J"FGWXI�WX]MQ W3Q"@CF 79:?I,W
D_E Q uG:?EKW^D��?P$:"P$I
I^F�0KP$FGE$uOF+


a�F W��5:?@^J p=F WX@CD9uOI�[

S �����3 2��� �� 2�� ?/. 2��AF��E D_I�WX]$F�D9E$I,W Q"E W179FGE��"WX] :Aq�W^]$F�79Q"ICW5]$:?8 @^:?P�W^FO@¥0�P�FOP$F�
1j3P$@�W^FOICW
I,RhI,WXFGp '$:�FGI E$:AW	� Q WX]$FG@ WX]�F F ��Q"uGW BAQ"7_P$F+� N$P�W D W uOQ"E N;F FOICW^D9p=QAWXF�' q @^:?p W^]$F
F ��8;FG@^D_FOE$uGF�']0KP$FOP�D9E��R'$FG7 Q R�
&[
]$F B Q"79P$FeD9I
P$ICF�' D9E	'$D9ICuOP$ICI^D9:"E�


I	7� !�"&(A� �� �� 2�� ?/. 0��AF��E D9I/P$I^F�' N R W^]$F f�d�o Q"7(�?:?@^D W^]$p1
 6cW D_I Q"E�F&�h8;:?E$FGEKWXD9Q"7_7_R
�5FOD��"]KWXF�' p=: B�D9E�� Q B?FG@XQ+�"F :"q W^]$F @^:?PhWXFO@C0�P�FOP$F 79FGE��"W^]�


6�E�'$D_uOFGI\P$I^F�' D9E W^]$F Q"EMQ"7 RhICD9I�[


U���� !��� ��&(�����@/. ��&F��AK D9I
WX]�F8'$D! �FG@^FGE$uOF N;FGW.�1FOFGE W^]$F P�8$8;FO@�QAE�' 79:#�5FO@�0�P$Q"@CW^D979FRB :�O WX]
Q"E,' SQO WX]/8;FO@CuOFGEKWXD_79FID&


� �3& � ��/@�V� Y D9Ir'$FG@^D_B?F�' q @C:?p WX]$F D_EKWXFG@X0KPMQ"@,WXD_79F @^Q"E��?F�
 6cW D_I P�I^F�' :?E$7 R D_EN'$D9ICuOP$ICI^D9:"E�

� ]$FGE/WX]$FeD9EKW^FO@{0�P$Q"@CW^D97_F3@^Q"E��?FeD_I
ICp Q"7_7_FO@���W^]$F I,W Q"N�D97_D_W�R=D_I
N;F W^WXFG@\Q"E�' B�D9uGFeB?FG@^IXQ?


��&F�.�"�� 2131 D_E�'$D_u QAW^FOI ]$:�� ICD9ptD97_Q"@�WX@^Q"E$I,q FO@^I
D9E/Q�WXFGICW I^F W\uG79P$I,WXFO@
:"E/:?E$Fe:AqmW^]$Fep=F WX@CD9uOI�

6cqmW^]$Fe8;FO@,q :?@^p=Q"E$uGFe:Aq :?E�F3WX@XQAE$ICq FG@
D9I uO:"E$I^D('$FO@^Q"N$7 R 79:#�5FO@1WX]$Q"E WX]�Fe8;FO@Cq :"@^p=Q"E$uOF
:"q�Q"E$:"W^]$FO@���W^]$F\q Q"D9@CE$FOICI5D9I�79:��J
)V5FOI^D('$FOI5W^]$F�Q"8$8$@C:��hD9p=QAW^F '�F�LME$D WXD_:?E�� WX: p=FOQ"I^P�@^F
q Q"D_@^E$FGI^I Q=<?Q"D_E q Q"D_@^E$FGI^I D_E�'$F&� � <?QAD N,
 
�D9I
P$ICF�'�[

f =

(
n∑

i=1

xi

)2

n
n∑

i=1

xi
2

� ]$FG@^F
x1, x2, . . . , xn

Q"@^FeE D9E$I,W Q"E$uGFOI :"q W^]$F ptFGWX@CD9u3:"q D9EKW^FO@CFOICW�


� �C�	
 ��� �	
�� 	 ��
 ����� �-����	��J
�
U


6�E WX]�D9I1ICFOuGW^D9:?Er�1FeQ"EMQA7_R;>OF�WX]�F3@^FGI^P$7 WXI�
 � EMQ"7 RhICD9I1D_I18;FG@Cq :?@Cp=F�'<�5:?@^JK7_: Q+' N R��1:"@^JK79: Q�'�

� EMQA7_R�I^D_I :"q;FOQ"u ]��1:"@^JK79: Q�' D9I :?@{� Q"E$D(>OF�' NKR W^]$F 79D9E�JeW�Rh8;F�
&L D9@CICW����1F
Q"EMQ"7 R?>GF1W^]$F @^FGI^P$7 WXI
: B?FG@�W^]$F\FG@^@^:"@F"cq @CFOF 7_D9E$J9�?W^]$FOEtW^]$F\7_D9E�J�IE� D_W^] � fCH:�?q @C:?p ]$D��"] � f�H 8;FO@CI^D_ICWXFGE$uGR WX: 7_:#�
� fCH 8;FO@CI^D9I,WXFGE$uGR+
�[
]$F Q"EMQ"7 R�I^D_I�D_E]�?@C:?P$8;F�' q P$@CW^]$FO@�N R W^]$F�79Q"ICWF"�]$:?8 @C:?P�W^FO@�Q"E�' FOE,'?"
]$:?I,W�[\r�� uO:"E,LS�?P�@XQAWXD_:?E$I��U� ]�D9u ] BAQA@CR�N;F W��5FOFGE W^]$FR�1:"@^JK79: Q�'$I Q"E�' Q"@^FtF ��8�7 Q"D_E$F�' D_E
'$FGWXQ"D_7�8;FG@��1:?@CJ�7_: Q+'�
 � q WXFG@sQA797K7_D9E$J�W
R�8;FOI&QA@^F1Q"EMQ"7 R;>OF�'¦�+�5F D_E$uO7_P�'$F5Q�IC]$:?@CW I^P$ptp=Q"@CR :"q



% S

WX]$F p=Q"D9E<LME�'$D_E��?IC� D WX]/W^]$FJ�1:"@^JK79:?Q+'�
�L D9E$Q"797 R��?�5F8'�D9I^uGP$I^I WX]�F @^FGI^P$7 WXI
WX:tICFOFJ� ]$FGW^]$FO@
WX]$F L$E�'$D9E,�?I\Q+�?@CFOF � D WX]/F QAu ] :"WX]$FG@�

[
]$F ICWX:"@XQ+�?F IC8MQ"uOF @^F�0�P�D9@^F�' WX:=ICW^:?@^F WX]$F P$E$uO:"p=8$@CFOICI^F�'¦��@XQI� 79:+�2LM79FGI�:Aq WX]$F ghFOQ�� D_E�'
ICR�ICW^FOp D_I
: B?FG@J
�O"T:�?D��?Q"NKRKWXFGI�
 � uO:?7_79FGuGWXD_:?E :"q I^uG@^D_8�WXIC�5FO@CF P$ICF�' W^:2�?FOE$FG@XQAW^F D9E WXFO@Cp=F "
'$D Q WXF*'MQAW Q�LM7_FOI1q @^:?p(WX]$F379:���LM7_FOI :"q WX]$F ghF QI� D9E�'/I,R�ICWXFGp 
�[
]$FGI^FJ'MQAWXQ�LM79FGI
u Q WXF��?:?@^D(>OF
WX]$F D9ptptFOE$ICF Q"pt:?P$E We:Aq¥'$QAW Q IC: WX]MQ WeW^@^FGE�'$I uOQ"E.FOQ"I^D_7_R N;F F&��W^@XQ"u WXF�' QAE�'.8$@CFOI^FGEKW^F�'
D9EKLS�?P$@CFOI=:?@ WXQ"N$7_FOI�
 LMP$7_7 W QAN$79FGIt:"q�WX]$F 8;FO@,q :?@^p=Q"E$uGF '$QAW Q QA@^F @^FG8 :"@CWXF�' D9E)I^P$8$8�79F&"
p=FGEKWXQ"@CR �Z<?>"@^T?U�
T
 � F QAEMQ"7_R;>GF WX]�F�p QAuO@^:"I^uO:"8$D9u N;FG]MQ B�D_:?@�NMQ"I^F�' :?E LS�?P$@CFOI�W^]MQAW�I^]$:��
ICWXQAWXD_ICWXD_u Q"7&D9E,'$D9uGFOI :Aq
p=F WX@^D_uOI�
G� F=uO:?pt8MQ"@CFtWX]�F 8;FO@,q :?@^p=Q"E$uGF=:"qC'$D! �FG@^FGEKW�uO:"E,LS�?P�@XQ�"
WXD_:?E$I:� D WX]kF QAu ]):"W^]$FO@�
k[
]�F uG:?p=8$Q"@^D_I^:?E D9I p=Q"D_E$7 R 8;FO@,q :?@^ptF�' � D_W^] V Q"I^FG79D_E$F [\r��C

� ]$FGE Q"E D9E WXFG@^FOI,WXD_E�� 8$]$FGE$:?ptFOEMQ D_I q :?P$E�'��,�1F F �h8$7 QAD9E/D WXI
ptD9uO@C:?I^uG:?8$D_u3N;FO]MQ BhD_:?@�


����� # ����� ��� � # ��!�� �
� �k	 ����2�� ���h�,��� �k�c� � � � ���&�h� # ��!��=�
� �

6�EtWX]�F��1:?@CJK79: Q�'2� D_W^]tI^]$:?@,W5uG:?pt8;FGWXD_E�� [\r�� �M:#�J� WX]$FG@^F�Q"@CF W^]$@^FGF��M:#� I�
&[��1: :"q WX]�FOp
Q"@^F N$P�79J	'$QAW Qt[\r���WX@^Q"E$I,q FO@^I\W^]MQAW�I,W Q"@,W�QAW >OFG@^: ICFOuG:?E�'$I�
�� F @CFGq FO@ WX:tW^]$FOp Q"I\q QAICWXFG@
:?@eIC79:��1FO@P�M:��J
 � IeW^]$FOICF2�M:�� I ICWXQ"@CW QAW3WX]$F IXQ"ptF WXD_p=F��¦�1F uOQ"EY'$D9@CFOuGW^7_R]'$FG@^D B?F q @C:?p
WX]$F�FO79Q"8$ICF�' W^D9ptFOI�� ]$D_u ] :?E$F�D9I�WX]�F�q Q"I,WXFO@¥�M:��J
&[
]$F3uO:?pt8;FGW^D9E���[ r�� �$:#� W^]MQAW I,W Q"@,WXI
7 Q WXFO@ D9I
79Q"N;FO7_F�' QAI
WX]$FeWX]�D9@X'	�$:#�J

� F
@CFO8;:?@,WsWX]$F 8;FO@,q :?@^p=Q"E$uGF :"qMWX]$FA� ]$:?7_FA�1:"@^JK79: Q�' P$ICD9E���WX]$F : B?FO@XQA797�WX]�@^:?P��"]$8$P�W�
s[ ]$F
BAQ"7_P$F�D_E$uG79P�'$FGI�]$FOQ+'$FG@^IeQ"E�' W^]$FO@CFGq :?@CF D WXI\WX]$FG:?@^F WXD_u Q"7mp=Q��hD9p P$p D9I � T"T?TrVC6AI�
 � F�P$ICF
FO79Q"8$ICF�' W^D9ptF3Q"I1WX]�FeNMQ"ICD9u3ptFGW^@^D_u�q :?@5WX]$F38 FG@Cq :"@^p=Q"E$uOF3:Aq WX]$F�WX]$D_@X'r�M:#�J
 � I W^]$F�WX]$D_@X'
�M:�� D_I�I^]$:"@CWI� D W�D9I�E$:AWeQAN$79F WX: @^FOQ"u ] W^]$F�IXQAp=F 79F B?FO7m:"qsWX]$@C:?P��?]$8�P�WeQAI�WX]$F N$P$79J [\r��
uO:"E$E$FOu WXD_:?E$I N;FGu Q"P�I^F W^]$F I^79:���"�I,W Q"@,W�8$]MQ"ICF ]MQ"I Q 79Q"@X�"FR�1FGD��?] W D_E WX]$F=WX]�@^:?P��"]$8$P�W :"q
WX]$F3WX]$D_@X'<�M:#�J
�[
]�FO@^F q :?@^F �1F � D97_7�E�:"W uO:?pt8MQA@^FeD_W^I W^]$@^:?P,�?]$8$P�WC� D_W^] WX]$F3WX]$@C:?P��?]�8$P�WXI
:"qmWX]$F N$P$7_J [\r�� �M:�� I�

LM:?@�F Q"u ] 7_D9E$J�W�Rh8;F �1F�P$I^F LS�?P�@^FOI5W^]MQAW1uG:?pt8MQ"@^F WX]$F�@^FGI^P$7 WXI�� D_WX]rV Q"I^FG79D_E$F\[\r��@BvV lUD&�
V Q"ICFO7_D9E$F
[\r�� � D WX]=d�r a BQV1l��ed�r a*D&��d&E$]MQ"E�uOF�' [\r�� B d&[\r��¥D �hQ"E�'=d�E�]MQ"E$uGF�' [\r��
� D_W^] d�r a B d�[\rA�¥�ed�r aPD&
7� F�Q"EMQA7_R;>OF
WX]$F\u QAI^FOI5D9E W^]MQAW�:?@X'�FO@�
s[
]�F LS�?P$@CFOI5IC]$:�� W^]$F
p=F�'$D9Q"E Q"E�' W^]$F*0KPMQA@CWXD_79FGI�� D WX] Q I^:?7_D�'tFO@^@C:?@^N$Q"@�q :?@�W^]$F*�?D B?FOE ptFGWX@CD9uGI�
=� ]�FOE 8�@^FOICFOE WI�
Q2'�:"W^W^F�' FO@C@^:?@CNMQ"@
I^]$:�� I\W^]$F ptD9E$D_p�P$p Q"E�'/WX]�F p=Q��hD9p P�p1


R��@����� 46�����K� � ���� ! � �@���

[
]$F�: B?FO@XQA797AWX]�@^:?P��"]$8$P�W : B?FO@�WX]$F&FO@C@^:?@�"cq @^FGF&7_D9E$J\D_I�IC]$:#� E D9E L D(�?P$@CF :"Q,
3� D_W^] d&E$]MQAE$uOF�'
[\r����MW^]$F : B?FG@XQ"7_7�WX]�@^:?P��"]$8$P�W\D_I
]$D��"]$FO@ WX]$Q"EG� D WX] V1Q"I^FG79D_E$Fe[\r��C

[
]$F3FO79Q"8$ICF�' WXD9ptF\:"q�W^]$F�W^]$D9@{'��M:#� D9I5I^]$:�� E/D_E L D��?P�@^F6: N�
E� D WX] d�E�]MQ"E$uGF�'/[\r��U��W^]$F
FO79Q"8$ICF�' WXD_ptF :"q&W^]$F�W^]$D9@{']�M:�� D9I�I^]$:"@CWXFG@eQ"E�' pt:?@^F ICWXQ"N$7_F WX]MQAE/� D WX]-V QAI^FO7_D9E$F [\r��C

[
]$F W^]$F FO7 QA8$I^F�' W^D9ptFt:"q
W^]$F=WX]$D_@X'��M:�� D_I�pt:?@CF=ICW QAN$79FR� D_W^] d�r a W^]MQ"E � D WX]$:?PhW D WI

� 7_I^:tQ IC79D(�?]KW
D_p=8�@^: B?FOptFOEKW
D_E WX]$F ptF�'$D9Q"E FO7 QA8$I^F�' W^D9ptF3u Q"E N;F :?N$ICFO@CB"F�' � D WX] d5r a5

[
]$F]'�@^:?8$Itq :?@tFOQ"u ] �M:�� QA@^F IC]$:#� E�D_E L D(�?P$@^F :Au�
«� D WX] V Q"ICFO7_D9E$F [\r��U��WX]$F IC79:���"
ICWXQ"@CW�: B?FO@^IC]$:�:"W3]MQA8$8;FOE$I�u Q"P$ICD9E�� p=Q"E R1'$@C:?8$I�
�� D_WX] d�E�]MQ"E$uGF�' [\r����;WX]$F I^79:���"�I,W Q"@,W



%�%

 7600

 7650

 7700

 7750

 7800

 7850

 7900

ETCP
ECN

ETCPBL
ECN

BL

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

ec
)

2xBulk TCP + TCP (short) - Error-Free link

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

 10

 20

 30

 40

 50

 60

 70

ETCP
ECN

ETCPBL
ECN

BL

E
la

ps
ed

 ti
m

e 
(s

ec
)

2xBulk TCP + TCP (short) - Error-Free Link

Third flow

�����! "�#����$�	&%'��(*)+	,�
-.����	/����(*�
%'0��21

 0

 5

 10

 15

 20

 25

 30

ETCP
ECN

ETCPBL
ECN

BL

T
ot

al
 d

ro
ps

2xBulk TCP + TCP (short) - Error-Free Link

Faster flow
Slower flow

Third flow

�43&�!56�
3
7
	8�
$9%����
����	:%

 70

 75

 80

 85

 90

 95

 100

ETCP
ECN

ETCPBL
ECN

BL

E
la

ps
ed

 ti
m

e 
(s

ec
)

2xBulk TCP + TCP (short) - Error-Free Link

Faster flow
Slower flow

��%��; "�#����$<	:%'��(�)+	,��-.����	,������7>=@?A5B0��21�$

L D(�?P$@^F :?[ ghP$ptp Q"@,R :"q�@CFOI^P�7_WXI : B?FO@ WX]$F/FG@^@^:"@F"cq @CFOF 79D9E�J D9E WX]�FG�5:?@^JK7_: Q+'k:"q3Q I^]$:?@,W
uO:"p=8;F WXD9E,� [\r�� �$:#� BF
 S"T @CFO8;F WXD_W^D9:?E�I$D

: B?FG@^IC]$:�:"W\D9I Q B?:"D�'$F�'�

[
]$F FG7 Q"8�I^F�' WXD_p=FGI�:"qsWX]$F�N$P�79J/[\r�� �M:�� IeQ"@CF�I^]�:#� E D9E L D��?P$@CF5:�'�
�[
]$F�I^79:��1FO@ �M:#�
]MQ"I�Q3B?FO@CR ICWXQ"N$7_F
FO79Q"8$I^F�' WXD_p=F1D9E Q"797hFO@^@C:?@F" q @^FGF
79D_E$J uOQ"I^FGI���FOE,'$D9E�� @C:?P��?]�7_R QAW&W^]$F I^Q"p=F
WXD_p=F D9E p=:"ICW�:"q WX]$F @^FO8;F WXD WXD9:"E$I�
�� D WX]td5r a5� WX]$F
q Q"D9@CE$FOICI�N;F W��5FOFGE W^]$F\FO79Q"8$ICF�'tW^D9ptF
:"q
WX]$F�q Q"I,WXFG@
Q"E�' WX]$F3IC79:#�5FO@A�M:���D_I¥�1:?@^ICF3WX]$Q"E<� D_W^]$:?P�W�
&[
]�FeFO7 QA8$I^F�' W^D9ptF�:"q WX]�F3q QAICWXFG@
�M:�� D9I
IC79D(�?]KW^7 R pt:?@^F3ICW Q"N�79FP� D_W^] d�r a W^]MQ"EG� D WX]$:?PhW D_WI


� &F1U 2/��@�� *# > �

� ]$FGE V Q"ICFO7_D9E$F [\r�� D9I P$ICF�'�� WX]�F : B?FG@XQ"7_7\W^]$@^:"P��?]$8$PhW D_Ir0KP$D_W^F I,W Q"N�79F+� WX]$F p=F�'$D Q"E
N;FOD_E��J: � 
�:�VC6AI�
1[
]$F p=F�'$D QAE FG7 Q"8�I^F�' W^D9ptFe:"q WX]$F W^]$D9@{'G�M:#� D_I�S"U,
!
 I^FOuG:?E�'�I3Q"E�' W^]$F
D9E WXFG@X0KPMQ"@CW^D97_F @XQAE��?F D_I:
 U?
y� T ICFOuO:"E�'$I�
 [
]$F ptF�'$D9Q"E FG7 Q"8�I^F�' WXD_p=F :"q�W^]$F q QAICWXFG@*�M:#� D9I
N S?
\� I^FGuO:"E�'$I QAE�' WX]�F=D9E WXFO@{0KPMQ"@CW^D97_F @^Q"E��?Ft:"q1WX]�F=FO79Q"8$I^F�' WXD_p=F D_IR
 T,
ZU ICFOuO:"E�'$I�
 [ ]$F
p=F�'$D9Q"E FO79Q"8$ICF�' WXD9ptF�:"q�W^]$F IC79:��1FO@P�$:#� D_I NQ:?
y% ICFOuO:"E�'$I Q"E�' W^]$F D_EKW^FO@X0KPMQA@CWXD_79F @XQ"E��"F
:"qsWX]�F�FO79Q"8$I^F�' WXD_p=F D9I�T?
(
I�=I^FOuG:?E�'$I�
3[
]�F:'$:�� E$7_D9E$J P�WXD_79D(>OQAW^D_:?E D_I\B?FO@,R ]�D��?]1� D_WX] W^]$F
p=F�'$D9Q"E/:"q N :��<

[
]$F�79D_E$J D_I�79FGI^I�WX]MQ"Etq P$7_7_R P�WXD_79D(>GF�'t:?E$7 R�'$P$@^D_E�� g i a 8�]MQ"I^F���WX]$F�IC79:���"�I,W Q"@,W58$]$Q"I^F��$QAE�'



%+�

QAWsWX]$F
FOE,'t:"q;W^]$F
@^FO8;F WXD_W^D9:"E ICWXQ"@CW^D9E��3q @C:?p WX]�F 79Q"ICW�L 6
a�" � r n�
KV :?ICW�:"q;W^]$F
p=D_I^I^D_E�� %��
P�WXD_79D!> QAW^D_:?E Q"uGuOP$p P�7 QAW^FOI '$P$@CD9E�� WX]$F ICW QA@CW�:"q WX]�F uO:"E$E$FOu WXD_:?E N;FGu Q"P$ICF�:?E$7_R :?E�F @^:"P$E�'?"
WX@CD98tD9I�@^F�0KP$D9@CF�'=WX: uO7_:?ICF\WX]�F�7 Q"I,W5uG:?E$E$FGuGWXD_:?E�
s6�E=WX]$F\I^79:�� I,W Q"@,W5W^]$F�uOP�@^@^FGEKW1uO:?E,�?FOI,WXD9:"E
� D9E,'$:#�J�E� ]$D_u ] @CF�0KP$D_@^FOI Q @C:?P$E�';"cWX@CD98 WX: p P$7_W^D_8$7 R.D_W^I^FO7 q��s7_D9p D W^I WX]$F W^@XQ"E�ICq FO@ @^QAWXF=WX:
79FGI^I
WX]$Q"E/WX]�F 7_D9E$JtNMQ"E�',� D('�WX]/q :"@
I^FGB?FG@XQ"7 @C:?P$E�';"cWX@CD98$I�

[
]$F FG7 QA8$I^F�' W^D9ptF3:"qmWX]$F IC79:��1FO@��M:#� D9I ICW Q"N�79FeN;FOuOQ"P$ICF D_W WXQ"J"FOI\Q"79pt:?I,W WX]�F IXQ"ptF3WXD9ptF
WX: W^@XQ"E�ICq FO@�WX]$F��1:?@CJK79: Q+'�I¥'$QAW Q D9E=FOQ"u ] u Q"ICF�: B?FO@�WX]$F�� D9@^FG79FGI^I�79D_E$J ]$Q B�D9E,� P$E$u ]MQ"E,�?D9E��
NMQ"E�'?� D�'�W^]�
�[
]KP$IeWX]$F IC79:#�5FO@P�$:#� uO:?pt8$7_FGWXFGI QA79pt:?ICW3QAWeW^]$F IXQAp=F�WXD9ptF�@CF�� Q"@{'$79FGI^Ie:"q
WX]$F uG:?pt8$79F WXD9:"E W^D9ptF3:"q W^]$F :"WX]�FO@C�M:�� I�

d�Q"u ] @CFO8;F WXD_W^D9:?E D_E$uG79P�'$FGI Q I^79:���"�I,W Q"@,W : B?FO@CI^]$:�:"W q :"@ WX]�Feq Q"I,WXFO@ Q"E�'/I^7_:#�1FG@C�$:#� N$P�W D_W
'$:�FOIsE$:"W&@CF�'$P�uOF WX]$F : B?FG@XQ"7_7�WX]$@C:?P��?]$8�P�W)'$FOIC8$D_W^F W^]$F
79Q"@X�"F1EKP$p N;FO@s:"q 8MQ"u J"FGWXI)'$@^:"8$8;F�'�

H�:��1FGB?FG@��AW^]$F�'�@^:?8$I�WX]MQAW :�uOuGP$@U'$P$@CD9E�� uO:"E��?FOI,WXD_:?E u Q"P�I^F�WX]$FW'$D( FO@CFOE$uGF�WX]MQ WmD9I�:?N$I^FG@CB?F�'
N;FGW.�1FGFOE WX]�F FG7 QA8$I^F�'/WXD_ptFOI :AqmW^]$FeN$P$79J=[\r�� �M:#� I�
�6�E/p=Q"EKR @CFO8;F WXD_W^D9:"E$I1WX]$Fe8�@^:��?@CFOICI
:"q
W^]$F N$P$79J.[\r�� �M:�� I ICWXQ"@CW^I�W^: Q"8$Q"@CW��sP$ICPMQ"797 R�IC79:#�
7_R�N�P�W:L$@^pt7_R+
 [
]$D9I�P$EKNMQ"79Q"E$uGF
N;F��?D_E$I1WX:��"@^:���D_p=ptF�'$D9QAW^FO7 R=Q q WXFO@5WX]$F3I^79:���"�I,W Q"@,W
: B?FO@CI^]$:�:AW :?@
QAq W^FO@ uG:?E��?FGICW^D9:?E	'$@C:?8$I
WX]MQ W�Q� �FGuGW\:?E$7 R :?E�F N$P$79J [\r��M�M:#�J

6�E)L D��"P$@^F � �1F I^FGF WXD9ptF I^F�0KP$FOE$uOF1�?@^Q"8$]$I q :?@�W.�1:.N�P$79J�'MQAWXQ [\rA� �M:#� I Q"E�' q :?@ Q
I^]$:"@CW uG:?pt8;FGWXD_E�� [\r�� �$:#�J
 6�E WX]�D9I�uOQ"I^F��&WX]$FrL$@^ICW N�P$79J�[ r�� �M:�� FOE�'$I I^79:���"�I,W Q"@,W
: B?FG@^IC]$:�:"W QAW<
�
�
 : I^FOuG:?E�'�I NKR @CFGW^@XQ"E$ICp=D W^W^D9E�� WX]�FrLM@^I,W 7_:?I,W I^F��?p=FGEKW��)� ]�D9u ] @^F�'$P$uOFGI
0KP$FOP$D_E��R'$FO79Q R q @^:?p WX]MQ W\8;:?D_EKW :?E�
�[
]$F I^7_:#��"�I,W Q"@,W : B?FG@^I^]�:h:AW�:"q W^]$F :"W^]$FO@ N�P$79J [\r��
�M:�� FOE�'$I
QAWP
 S?
 � I^FGuO:?E�'�I�
1V QAEKR 7_:?I^ICFOI :�uGuOP$@�'�P$@^D_E���W^]$F3@C:?P$E�';"cWX@CD98 8$@CD9:?@�WX:�WX]�F3FOE,'
:"q W^]$F I^79:���"�I,W Q"@,W\: B?FG@^I^]$:�:AW�ICWXQ"@CW^D9E�� @^:?P��"]$7_R/Q W6:?
 O ICFOuG:?E�'$I�
 [
]�F�8�@^FOICFOE WXF�' W^D9ptFOI :"q
WX]$F I^7_:#� I,W Q"@,W BAQA@CR B?FO@,R.79D W^WX7 F Q"I 79:"E�� Q"IeW^]$F WX]$F WX]$D_@X'-�M:�� '$:�FGI E$:"W ICW QA@CW ICFOE�'$D_E��
'MQAWXQ N F q :?@^F WX]$F2'$@C:?8$I N;F��?D9E WX:/:�uGuOP$@�
�� ]$FGE�WX]$F I,W Q"@,WXD_E�� W^D9ptF :"q�WX]$F WX]$D_@X'-�M:�� D9I
F QA@^7_R FOE$:"P��?] WX:eu QAP$I^F
W^]$F
: B"FO@^79Q"8��"WX]$F
FGE�' :"q WX]$F
I^7_:#��"cICWXQ"@CWs: B?FG@^I^]$:�:AW�:�uGuOP�@^I�IC79D��"]KWX7 R
F QA@^79D_FO@mWX]$Q"E WX]$F 8$@^FGI^FGEKWXF�'=uOQ"I^F�
=� F E$F&��W�uG:?pt8MQ"@^F5WX]$FGI^F
N$P$7_J [\r�� �M:�� 8$]MQAI^FOIsWX:3W^]$F
FO79Q"8$ICF�' WXD9ptF�:"q�WX]$F WX]�D9@X'/�$:#� WX]MQAWeD9I3IC]$:#� E�D_E.L D��"P$@^F5N q :?@3D_E�'$D BhD('$PMQ"7m@^FG8;FGW^D_WXD_:?E$I�

� F :?N�I^FO@,B?F W^]MQAW uO7 QAI^I^FGI u QAE N;F F&��WX@^Q"uGW^F�' NMQ"I^F�' :?E WX]�F I,W Q"@,WXD_E�� WXD_p=F��A� ]$D_u ] Q"@CF
8$@^FGI^FGEKWXF�' D9E/[ Q"N�79F�:;


����& ��������A ����89 V D_E SQO � V F�'�D Q"E :QO�� V Q��
"1S;
PO I 
�O;
 SQ: 
�O;
n%?T 
�:?
 OQO S"T,
 S�� S"T,
y%+�
S;
PO I�" � 
 S I 
�:;
PO+% % O;
 � S % :?
ZU,
 � T,
ZT+� O"T,
 � �
� 
 S I�" 
�O?
 O I 
�O;
n% : S"T?
 S"T S"T,
 � � SQO?
!
 S %�%,
y%QN

�O?
 O I�" 
�O;
P:?S S?
+
 UQN %?T,
ZT?T % � 
ZUQN U S?
 O"T

[ Q"N$79F�:?[�d�79Q"8$ICF�' WXD_p=F3:"q W^]$F WX]�D9@X'	�M:#� D9E/uO79Q"I^I^FGI�N$Q"I^F�' :?E W^]$F ICWXQ"@CW^D9E�� WXD_p=F3:"q W^]$F
WX]$D_@X'	�M:��

[
]$F @^FO8;F WXD WXD9:"E$I�WX]MQAW I,W Q"@,W N F q :?@^FtS?
 O I^FOuG:?E�'$I uO:"p=8�79FGW^F B?FG@CR q Q"ICW N;FGu Q"P�I^F WX]$F WX]$D_@X'
�M:�� uO:?pt8;FGW^FOI1Q q QAD9@&I^]MQ"@CF�:"q�W^]$F�7_D9E�J NMQAE�',� D('�WX] Q"I�WX]$F\N$P$7_J [\r�� �M:�� I1Q"@^F�Q"7_I^: I,WXD97_7
D9E�W^]$F
IC79:��)ICWXQ"@CW�QAE�' WX]$FG@^F
D_I E$:euO:"E��?FOI,WXD_:?E R?FGW�
 � q F��)79:?ICI^FOI���� ]$D9u ] :�uOuGP$@)'$P�@^D9E,�3W^]$F
q :?P$@,WX] :"@ 79QAWXFG@
@^:"P$E�'?" WX@^D_8��$uOQ"E$E�:"W '$FO79Q R WX]$F uG:?pt8$79F WXD9:"E :"q W^]$FeWX@XQAE$ICq FG@\pt:?@CF3WX]MQAE Q



% O

L D(�?P$@^F � [3[
D_ptF I^F�0�P�FOE$uOFR�?@XQ"8�]$I3q :?@3N$P$7_J [\r�� �$:#� I QAE�' q :?@3I^]$:?@,W uO:?pt8;FGW^D9E��r�M:#�
WX]MQ W\D_I
ICW QA@CWXD_E��tQ W5
+
�
n% ICFOuO:"E�'$I

 15

 20

 25

 30

 35

 40

 45

 50

 55

 60

 65

 0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30  32  34  36

E
la

ps
ed

 ti
m

e 
(s

ec
)

Starting time of the third flow (sec)

2xBulk TCP + TCP (short) / Error-Free Link / Baseline TCP

L D(�?P$@^FTN?[ [
]�F FG7 QA8$I^F�' WXD_p=F :"q WX]�F=WX]$D_@X' �M:�� � D_WX] V Q"I^FG79D_E$F=[\rA� D_E QA797�D_E�'$D BhD('$PMQ"7
@^FG8;FGWXD WXD_:?E$I
: B?FO@ FO@C@^:?@�"cq @CFOFe79D9E�J/BF
 SAT @^FG8 F WXD WXD_:?E$I$D

q F�� @^:?P$E,'?"cW^@^D98�I
N;FOuOQ"P$I^F WX]$F R/]�D_W
W^]$F 7 QA@X�?F3uO:"E��?FOI,WXD_:?EG� D9E,'$:#��W^]MQAW
WX@^D(���?FG@^I W^]$Feq Q"ICW
@^F WX@XQAE$I^ptD_WC0KP$D_u JK7_R+

6cq WX]�F WX]$D_@X'G�$:#� ICWXQ"@CWXD_E�� WXD_p=FeD_I 7 Q WXFO@ WX]$Q"E S?
 O I^FGuO:?E�'�I�� D W D9I 79Q"@X�?FG7_R Q� FOu WXF�' NKR W^]$F
I^7_:#��"cICW QA@CW
: B?FG@^I^]�:�:"WI
5V P�7_WXD_8$79F�8$Q"u J"F WXI�QA@^F '$@C:?8$8;F�'/q @C:?p W^]$FeW^]$D9@{' :?@
F QA@^7_D9FO@1@^:"P$E�'?"
WX@CD98�
 [
]$Ft@^FGuO: B?FO@,R�I^7_:#� IJ'$:#� E�W^]$FtuG:?pt8$79F WXD_:?E :"q5WX]$F WX@XQAE$ICq FG@ N;FGu Q"P$ICF=E$:"W FOE�:?P��?]
'$P$8$7_D9uOQAWXF � r neI5Q"@^F��"FOE$FG@XQAW^F�'tq @^:"p4:?E�F�� D_E�'$:���:"q¦'$QAW Q,
 [
]$F\7_D9ptD WXF�' W^@XQ"E�I^ptD_W&]$FO7_8$I
N$P�W1QAW57_F Q"I,W5:?E$F�Q+'�'$D WXD_:?EMQ"7�@^:?P$E,'?"cW^@^D98tD_I�@^F�0KP$D9@CF�'=W^: WX@^D(���?FG@&WX]�F\q Q"ICW5@CFGW^@XQ"E$ICp=D WI
 [ ]$F
Q+���"@^FOICI^D B?FOE$FGI^I :Aq W^]$F=I^7_:#��"cICW QA@CW 8$]MQ"ICF D9E�uO@^FOQ"I^FGI�@C:?P$E�'?" WX@CD98.WXD_p=FGI @^Q"8$D('$7_R+
	V5FOuOQ"P$I^F



%?U

:"q WX]MQAW��MW^]$F WX]$D_@X'G�M:�� uOQ"E F&�h8;FO@CD9FOE�uOF Q I^8$P�@^D9:"P$I�f [\j D9E/W^]$F D9E$D WXD9QA7�� D9E�'$:�� N$P�W�D WXI
P$E$E$FGuOFGI^IXQ"@CR @CFGW^@XQ"E$ICp=D_I^ICD9:?E$I QA@^F37_D9J"FG7_R W^: N;F379:?I,W�'$P$F3W^: W^]$F3uO:?E��"FOICW^D9:?E :"@ D q E$:"W 79:?I,W
WX]$F R ]$FO7_8/WX]�F 7_:?I^I
@^FGuO: B?FO@,R N R	�?FGE$FO@^QAWXD_E��tQ+'�'$D WXD_:?EMQ"7�'$P�8$79D_u QAW^F � r n I�

a�F ��W�WX]$FG@^F D9I\Q E$:"WXu ] '$P$@CD9E��2� ]$D_u ] W^]$F WX]$D_@X'G�M:�� D_I\Q"N$7_FeWX:tuO:?pt8$7_FGWXF 0�P�D9u J�7 R	�
]$FOE
WX]$F\ICW QA@CWXD_E�� WXD_p=F
:"q�WX]$F WX]$D_@X'2�M:#� D_I�7 Q WXFO@&W^]MQ"E � 
 S I^FOuG:?E�'$I�
�[
]$F�8;FG@^D_:;'=:"q�WX]$F\E$:"W^u ]
ICWXQ"@CW^I B?FO@,R�uG79:?ICF W^: W^]$F 8;:?D_EKW�� ]$FG@^F FOE,' :"qeW^]$F I^7_:#��"cICW QA@CW : B?FO@CI^]$:�:AW :"qeWX]$F N$P�79J
[\r�� �M:�� I D9I 79FGI^I WX]$Q"E @^:?P�E�'?"cW^@^D98 Q��1Q R+
 L D_@^ICW WX]$F=WX]�D9@X'��M:�� 8;FG@Cq :?@Cp=I ]MQ"E�'�I^]MQ"J"F
� D_W^] gKiea�I�
1gKi aC" � r n4Q"@^@CD_B?FOI�� ]$D97_F3WX]$F N$P$79J [\r�� �M:#� I�QA@^F D9E/: B?FG@^IC]$:�:"W�@CFOuG: B?FO@,R�

6cq�gKiea :"q W^]$F WX]�D9@X'��M:#� D9I�7_:?ICW�N;FOuOQ"P$I^F :"q
WX]$F 7_:?I^ICFOI�WX]MQ W :�uGuOP�@�'�P$@^D_E�� WX]$F IC79:���"
ICWXQ"@CW
: B?FO@CI^]$:�:"W
:"q WX]�FeN$P�79Jt[\r��M�$:#�J��D_W D_I @CFGWX@^Q"E$I^ptD W^WXF�' 79QAWXFG@A'$P$@CD9E���WX]�Fe: B?FO@CI^]$:�:"W
@^FGuO: B?FO@CR Q"E�' N;FOuOQ"P$ICF3WX]$F*0KP$FOP$D_E��:'$FO79Q RtD9I�WX]$F�79:��J��W^]$F g i a�" � r n q :?@�WX]$F�WX]$D_@X'��M:#�
Q"@^@CD_B?FGI=0�P�D9u JK7_R+
 [
]$F I^F��"p=FGEKW^Is:"qMWX]$F5WX]$D_@X'8�M:#�kF&�h8;FO@CD9FOE�uOF
79:��K0KP$FGP$D9E,� '$FG7 Q R N;FOuOQ"P$ICF
WX]$F N$P$7_J�[\rA� �M:#� I QA@^F @^FGuO: B?FO@CD9E��/'$P$@CD9E�� WX]$F FOQ"@^7 R�@^:?P$E,'?"cWX@CD98$I :Aq
WX]$F=WX]�D9@X'��M:��J

[
]�P�I��mWX]�F W^]$D9@{'Y�M:�� '$:�FGI E$:"W F �h8;FO@^D_FOE$uGF Q"E R-'$@^:?8�I P$E WXD97sD WXIeuO:"E��?FOI,WXD_:?EY� D9E�'�:#� D9I
7 QA@X�?F FOE�:?P��?] W^: ]$Q"E�'$7_F=uG:?E��"FOICW^D9:?E�0KP$D9u JK7_R�Q"I u Q"E N;F=:?N�I^FO@,B?F�' D9E L D(�?P$@CF � 
<� ]$FGE
ICWXQ"@CW^D9E�� W^D9ptF :"qeW^]$F W^]$D9@{' �M:�� D9I=I^79D(�?] WX7 RkN;FO7_:#� � 
 S I^FGuO:?E�'�I��\WX]$F WX]$D_@X'M�M:�� p=Q R
uO:"p=8$7_FGW^F�0KP$D_u JK7_R D q�WX]$F2'�@^:?8$Ieu Q"P$ICF�' N R WX]�F I^7_:#��"cICW QA@CWe: B?FO@CI^]$:�:AW :"q�WX]$F N�P$79J [\r��
�M:�� I�'$:�E$:AWt]$D_W WX]$F/D9E$D WXD9QA7¥� D9E,'$:#� :"q�WX]$F/W^]$D9@{'K�M:��J
�j3E)W^]$F :AWX]$FG@t]MQAE�'��1D q�W^]$F
@^F WX@XQAE$I^ptD9ICI^D9:"Et:"q gKi a '$@^:"8$8;F�'���W^]$F\W^]$D9@{'R�M:�� I^P, FO@CIA'$P$F\W^: F&�h8;:?E$FGEKWXD9Q"7 NMQ"u J�"�:+ :"q
f [\j:

o�P$@CD9E�� WX]�F�@CFOuG: B?FG@CR=:"q�WX]$F�N$P$7_J [\r�� �M:�� I���WX]$F 0KP$FGP$D9E���'�FO79Q R�LM@^I,W1I^]$:"@CWXFGE$IA0KP$D9u JK7_R+�
WX]$FGE D_W ICW Q"@,WXI WX: D_E$uO@CF Q"ICF Q+�?Q"D9EY� ]$FOE uOP$p P$79QAWXD B?F � r neI Q"@^@CD_B?F�
/[
]�P$I��sWX]�F FG7 Q"8$ICF�'
WXD_p=FsuO7_D9p N�I�NMQAu J�WX:\Q ]$D��"]$FO@�79F B?FO7Q
m6�E WX]�F�@CFO8;FGW^D_W^D9:?E�I3� D WX]eWX]$F�ICW QA@CWXD_E��
W^D9ptF&79QAWXFG@�WX]$Q"E

�O?
 O I^FGuO:?E�'�I�� WX]$F 8;FG@Cq :?@Cp QAE$uOF :"qsW^]$F WX]$D_@X'1�M:�� '�FO8;FOE,'$IP�?@CF QAW^7_R :?E WX]�F�F B?FOE WXI�W^]MQAW
W Q"J"F 8$79Q"uOFC'$P$@CD9E�� D_W^I)L$@^ICW�@^:"P$E�'?" WX@^D_8$I�
 6�EtWX]�F\:AWX]$FG@�F ��WX@^FGp=F
WX]$FG@^F\Q"@^F
W^]$F\@CFO8;F WXD_W^D9:"E$I
�1FG@^F�E�: uO:"E��?FGICWXD_:?E '$@^:?8�I�:�uOuGP$@\q :?@ W^]$F WX]$D_@X'G�M:#� N$P�W�:?E$7 R W^]$F N$P$7_J [\r��N�M:#� I�Q"@CF
]$D_W�N R WX]�F�'$@C:?8$I�
�6�E I^P$u ].Q=@^FG8;FGW^D_WXD_:?E��MWX]$F WX]$D_@X' �$:#� uG:?p=8�79FGW^FOI�@CF Q"IC:?EMQ"N$7 R10KP$D9u JK7_R
N;FOuOQ"P$I^F�W^]$F�N$P$7_J [\r�� �M:#� I5IC79:#�N'$:�� E�
E� ]$FGE W^]$F�uO:"E��?FOI,WXD_:?E�'$@^:?8�I5]MQ"8$8;FGE Q"E,' ]$D W
WX]$F\WX]$D_@X'��M:�� E$F Q"@5D_W^I5N;F��?D_E$E$D_E����hQAE FOQ"@^7 R WX@^Q"E$ICD_WXD_:?EtW^:�uO:?E��"FOICW^D9:"E Q B?:"D�'MQAE$uOF � D_W^] Q
I^p=Q"7_7;uO:"E��?FOI,WXD_:?E<� D_E�'$:�� D9I18;FG@Cq :?@Cp=F�'/QAE�' WX]�F3N$P$7_Jt[\r�� �$:#� I p QAD9EKWXQ"D_EtWX]�F3P$E�q Q"D_@��
7 QA@X�?F
uG:?E��?FGICWXD_:?E2� D9E�'�:#� I�
s[
]$F\uO:?E,�?FOI,WXD_:?E Q B?:?D('MQ"E$uGF\8$@CFGB?FGEKW^I5WX]�F q Q"I,W¥�"@^:#� WX]=:Aq�W^]$F
uO:"E��?FOI,WXD_:?ER� D9E,'$:#��:"q�W^]$F WX]$D_@X'2�M:��J
&[
]$F�ICp QA797$uG:?E��?FGICWXD_:?ER� D_E�'$:��«'$:�FGI5E$:"W�uO:?E W Q"D_E
FOE$:"P��?] 8MQ"u J"FGW^I=W^:�WX@CD����"FO@ WX]$@CFOF1'$P$8$7_D9uOQAWXF � r neI�
 6�E$ICW^F Q+'��
Q�'�'$D_W^D9:?E$Q"71@^:?P�E�'?"cW^@^D_8$I
Q"@^F E�FOF�'$F�' N;FGq :"@^F 79D9p D W^F�' WX@XQAE$I^ptD_W
D9I Q"N$7_F3WX: W^@^D��+�?FO@1WX]$FeWX]�D9@X'G'$P$8�79D9uOQAWXF � r n�
1j3E$F
I^P$u ] Q @^FG8;FGWXD WXD_:?E D9I3IC]$:#� E.D9E.L D(�?P$@CFr
 T,
J� D_W^] 79D_ptD W^F�' W^@XQ"E�I^ptD_WI� E$F�� ICF��?ptFOE WXI Q"@CF
I^FGEKWW� ]$FOEtW^]$F�'$P�8$79D_u QAW^F � r neI�Q"@^F
@^FGuOFOD B?F�'¦
&[
]$FOICF�E�F���I^F��?ptFOE WXI�p QAD9EKWXQ"D E WX]�F � r n
uO7_:�u J :"q&[\r�� Q"E�' f [\j D9I�E�:"W�WX@CD����"FO@^F�'�
 [
]$F�uO:"E��?FGICWXD_:?E � D9E,'$:#�O'$:�FOI�E$:AW�D9E$uG@^FOQ"I^F
'$P$@CD9E�� WX]$FGI^F @^:"P$E�' W^@^D98�I�
J� ]$FOE WX]$F 7_:?ICIe@CFOuG: B?FG@CR/LMEMQA797 R N;F��"D9E$I���WX]�F Q"79@CF Q+'hR I^p=Q"7_7
uO:"E��?FOI,WXD_:?E�� D9E�'$:��(D_I @CF�'$P$uGF�' FGB"FOE pt:?@^F�
 � W WX]�F I^Q"p=FtW^D9ptF+� WX]$F=N$P$7_J.[\r��O�M:�� I
WX@^Q"E$I^ptD_W=� D WX] Qe7 Q"@{�?F uG:?E��?FGICW^D9:?E�� D_E�'$:�� W^]MQAW�uOQ"E @^FOuG: B?FG@�q @C:?p Qe7_:?I^I q Q"ICW^FO@sWX]MQAE W^]$F
WX]$D_@X' �M:��J��Q"E,' W^]$FOE uO:?E WXD_E�P$F5� D_WX] p P$u ] 7 Q"@{�?FG@�uG:?E��?FGICWXD_:?E]� D_E�'$:�� I�W^]MQ"E WX]�F WX]$D_@X'
�M:��J




% :

L D(�?P$@^F�
 T,[�[
D9ptF ICF�0KP$FOE�uOF:�"@XQ"8$]/q :?@
WX]�F WX]$D_@X'G�M:�� �
D_WX] Q I^p=Q"797�uG:?E��"FOICW^D9:?EG� D9E�'�:#�
WX]MQ W '�FO7 Q R�I
WX]$F ICWXQ"@CW :"q 79:?ICI @CFOuO: B?FO@,R/NKR p P$7_W^D_8$7_F3f [
[mI

� &F1U 2/��@�� *# > � �J�V��E,4 >	�

� ]$FGE1V QAI^FO7_D9E$F�[\r��)D9I5P$I^F�'	� D_W^] d�r a8�hWX]�F3: B?FG@XQA797 WX]$@C:?P��?]�8$P�W @^FOp=Q"D_E$I5@^:?P,�?]$7_R W^]$F
IXQ"ptF Q"I8� D WX]$:"P�W d�r a8
 [
]$F p=F�'$D Q"E FG7 Q"8$ICF�' WXD_p=F :"q WX]$F=WX]�D9@X' �M:#�(D9I�S�� I^]$:?@,WXFG@��
WX]$F P$8$8;FG@P0KPMQA@CWXD_79F D9I8
I%�� IC]$:?@CW^FO@���Q"E,' WX]�F�p=Q��hD9p P$p D_I*%?T�� I^]�:?@CW^FO@�W^]MQ"E � D_WX] W^]$F
V Q"ICFO7_D9E$F [\r��C
1[
]$F D9E WXFG@X0KPMQ"@,WXD_79Fe@^Q"E��"F :"q WX]$F FG7 Q"8�I^F�' W^D9ptFe:"q WX]$F W^]$D9@{'G�M:#� D_I %"T��
I^p=Q"7_79FG@\N;FOu QAP$I^F WX]�F 79:��1FO@ 0KPMQ"@CW^D97_F :"q&WX]�F FO79Q"8$ICF�' WXD_p=F @^FGp QAD9E$F�' @C:?P��?]$7 R/WX]$F�IXQ"ptF+

[
]$F p=F�'$D QAEkFO79Q"8$I^F�')WXD_p=F :"q�WX]$F q Q"ICW^FO@��M:#� D_ItT,
 :�� I^]$:?@,WXFG@=Q"E�'kWX]$F/D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F :Aq WX]�F FG7 QA8$I^F�' W^D9ptF3D9I 
�%�� ICp QA797_FO@5WX]MQ"E	� D_WX]1V Q"ICFO7_D9E$Fe[\r��C

LM:?@ Q"7_7E�M:�� I��mWX]$FtE�P�p N FG@ :"q 8$Q"u J"FGWXI8'$@^:"8$8;F�' D_I QA79pt:?ICWeW^]$FtIXQ"ptF=Q"IJ� D WX]�V Q"I^FG79D_E$F
[\r�� N;FGu Q"P�I^FtW^]$F WX]$D_@X'-�$:#� D9IeI^]�:?@CW QAE�'.WX]�FR'�:?ptD9EMQAW^D_E�� E�P�p N;FG@ :"q¥'$@^:"8$I ]MQ"8$8;FGE
'$P$@CD9E�� W^]$F I^7_:#��"�I,W Q"@,We: B"FO@^IC]$:�:"WI
�6cWeD9I3JKE$:#� E�N;F q :?@^FG]MQ"E�' WX]MQAW f\d�o+@^FOQ"uGW^IeW^:�:/79QAWXF
WX: WX]$F=I^79:���"�I,W Q"@,W�: B?FG@^IC]$:�:"W �ZneP$79T�% 
T
 H�:��1F B?FO@��sWX]�F FO7 QA8$I^F�' W^D9ptFOI :"q WX]$F=W^]$D9@{'��M:#�
Q"@^F3IC]$:?@,WXFO@ N FGu QAP$I^FeWX]�F3WX]$D_@X'r�M:�� F �h8;FO@^D_FOE�uOFOI 79FOICIC'$@C:?8$I
Q"E�'/IC]$:?@,WXFO@�0�P�FOP$D_E��2'$FG7 Q R�

f�d�o 8�@^FGB?FGEKW^I W^]$F N$P�79J [\r�� �$:#� I=q @^:"p pt:?E$:?8;:"79D(>GD_E��.W^]$F]0KP$FGP$F :"q3W^]$F 79Q"ICWF"�]$:?8
@^:?PhWXFO@�
�[
]�FO@^F q :?@^F WX]$F�P$8$8;FG@P0KPMQ"@,WXD_79F Q"E�' p=Q��hD9p P�p :"qsWX]�F�FO7 QA8$I^F�' W^D9ptF Q"@^F uO7_F Q"@C7_R
I^]$:"@CWXFG@ WX]MQAE � D WX]$:?PhW=d5r1a � ]$D_79F WX]$F 7_:#�5FO@20KPMQ"@,WXD97_F/Q"E�')p=D_E$D_p P�p :Aq�W^]$F FG7 Q"8$ICF�'
WXD_p=F3@CFOp=Q"D9E/Q"7_p=:"ICW W^]$F IXQ"ptF�

[
]$F8'$D! FO@^FGE$uOF N;FGW.�1FGFOE WX]�F p=F�'$D Q"E/FO79Q"8$ICF�' WXD9ptFGI :"q WX]$F q Q"I,WXFG@��M:#� I�Q"E�' W^]$F I^79:��1FG@
�M:���D_I1IC79D��"]KW^7_R ICp QA797_FO@�WX]$Q"E<� D WX]	V QAI^FG79D9E�F�[\r��)N;FOuOQ"P$ICF d�r a p QA@^JKI1u Q"E Q� �FGuGW :?E$7 R
Q ICD9E��"79F5�M:#� QAWeQ WXD_p=F�
 � I�WX]$F Q� �FGuGWXF�'-�M:�� @^F�'$P$uGFOI uG:?E��?FGICW^D9:?E]� D9E�'$:��J��WX]�F :AWX]$FG@
�M:��+]MQAI Q+'�B Q"EKWXQ+�?FtP�EKWXD_7�d�r a(p Q"@CJ ]$Q"8$8;FOE�I q :?@ D_W�
t6cq E�: d�r a p=Q"@CJ�I :�uGuOP$@ 7 Q WXFO@
:?E���WX]�FeQ+'hBAQ"E W Q+�?F�'<�M:�� N;FOuG:?ptFOI1B?FG@CR 7_D9J"FO7 R WX]�F�q Q"I,WXFG@A�$:#�J��uG:?pt8$79F WXD9E,� p P$u ] q QAICWXFG@
WX]MQAE WX]$F�I^7_:#�1FG@¥�M:��J
5j3E WX]�F3:AWX]$FG@ ]$Q"E�'���WX]$F�FO79Q"8$ICF�' W^D9ptF\:"q�WX]�F�q Q"I,WXFG@A�$:#� D_I5p=:?@CF
ICWXQ"N$79F W^]MQ"E]� D WX]/V Q"ICFO79D_E$F [\r�� N;FOu QAP$I^F d5r a p QA@^JKI�@CF�'$P�uOF Q 8�@^:?NMQAN$D97_D W�R/:Aq�QtB?FO@,R
I^]$:"@CW\FG7 Q"8$ICF�'/WXD_p=F�q :"@ WX]$Feq Q"I,WXFO@C�$:#�J

a�F ��Wr�1F 7_:�:?J � ]KRkWX]�F p=F�'$D QAE FG7 Q"8�I^F�' W^D9ptF/:"q�WX]�F WX]$D_@X' �$:#� D9I :?E$7_R)S�� IC]$:?@CW^FO@
WX]MQAE-� D_W^]YV Q"I^FG79D_E$F [\r��C
 [
]�F :?ICuOD97_7 Q WXD :?E :"q�WX]$F f\d�o 0KP$FGP$FtQ B?FG@XQ+�?F W^]MQAWe]MQ"8�8;FOE$I
N;FOuOQ"P$I^F5:"q�WX]�F�BAQA@CR�D9E��\@^:?PhWXFO@mD_E$ICWXQ"EKWU0KP$FGP$F179FGE��"W^] FOQ"I^D_7_Re7_F Q+'�I WX:�Q"E�Q+'�'$D WXD_:?EMQ"7+0KP$FOP$F
: B?FG@{�M:��4QAq WXFG@ Q IC79:���"�ICWXQ"@CWe: B?FO@CI^]$:�:AWI
 j�q WXFGE WX]$F I^FGuO:?E�'�: B?FG@^IC]$:�:"W5'�:�FOI E$:AWeWX@CD����"FO@
d�r a p QA@^JKIt:?@ WX]$F d�r a p QA@^JKIt:�uOuGP$@ Q q WXFO@ WX]$FGLM@CICW�'$@^:?8 N;FGu Q"P�I^F WX]�F :?ICuOD_7979QAW^D_:"E
]MQ"I�79:��1FG@^F�' W^]$F�0�P�FOP$F Q B?FG@XQ+�?F�p P$u ] N;FO7_:#� WX]�F 7_FGB?FG7 QAW*� ]�D9u ] D W � D_797 I^F W^W^79F�N$PhW3W^]$F
D9E$I,W Q"E W�0KP$FGP$Fe7_FOE��"W^] ]MQ"I Q"7_@^F Q�'�Rt79FOE,�"WX]$FGE$F�'�
�[
]$F�W^]$D9@{'r�M:�� ICWXQ"@CW^D9E�� W^D9ptFOI�WX]$QAW
Q"@CF
7 Q WXFtFGE$:?P��"] N;FOE�F�L$W pt:?I,W q @C:?p d�r a N;FGu Q"P$ICF W^]$F=:?I^uGD97979QAW^D_:"E$I :"q1WX]$F�0KP$FGP$F Q B?FO@^Q+�?F



% �

QAW^W^FOEKPMQAWXF�
8� D_W^] WX]$F I,W Q"@,WXD9E,� WXD_p=FGI3:Aq�WX]�F WX]$D_@X'/�M:��4Q"N;: B?F	
�O I^FOuG:?E�'$IeWX]$F FG7 Q"8$ICF�'
WXD_p=F�:"q WX]�F3WX]$D_@X'r�M:#��D_I IC]$:?@CW^FO@�� D WX]/d�r a5
5H\:#�5FGB?FO@��$WX]$FeQ+���?@CFOI^ICD_B?FGE$FOICI\:"q W^]$FeIC79:��
ICWXQ"@CW1:"q�W^]$F�W^]$D9@{'��$:#� D9I�ICW^D97_7;Q"N�79F WX:�uOQ"P$I^F*0KP$FOP�F3: B?FG@{�M:�� I��?� ]$D9u ] QA@^F�E$:"W18�@^FGB?FGEKW^F�'
NKR d�r a8
�� ]$FGE�WX]$F�WX]�D9@X'5�M:��kI,W Q"@,WXD9E,�\WXD_p=F�D_I E�F Q"@ � I^FOuG:?E�'$I�� D WXI WX@XQAE$ICq FG@ D9ImP$E$7_P$u J�D_7_R
D9E D_W^I)LME$Q"7M8MQ"@CWW�
]$FOE=W^]$F\ICFOuG:?E�' : B?FG@{�M:���WXQ"J"FOI�8$79Q"uOF�
s6�EtI^P$u ] Q @^FG8;FGW^D_WXD_:?E��"WX]$F
WX]$D_@X'
�M:��(u Q"E$E�:"W�P$I^Fr'$P$8$7_D9uOQAWXF � r neI q :?@ 7_:?I^I8'�FGWXFGuGW^D9:?E N$P�W�D9I q :?@^uGF�' W^: � Q"D W q :?@�f [\j:

[
]$D_I D9E�uO@^FOQ"I^F1D_ImB�D9ICD9N$7_F�D9E W^]$F1ptF�'$D9Q"E FO79Q"8$I^F�'�WXD9ptF�:AqMW^]$F5WX]�D9@X'5�M:#�J��� D_WX] d�r a D_W D9I D_E
SQO��4:"q�WX]�F3@^FG8;FGWXD WXD_:?E$I�
�� D_W^]$:?P�W d�r a :"E$7_R1
�%��+:"q�W^]$F3@CFO8;FGW^D_WXD_:?E$I1Q"@CFeQ� �FGuGW^F�'�
�[ ]$F
7 QAICW5� D_E�'$:#�(f [\j Q� FOu WXI�ICD��?E�D(LMuOQ"EKW^7_R WX]$F=p=F�'$D QAE FO79Q"8$ICF�' WXD_p=F�
 6cq WX]�F @CFO8;F WXD_W^D9:"E$I
� D_W^] Q/ICWXQ"@CW^D9E�� W^D9ptF 79FOICI W^]MQ"E 
�O I^FOuG:?E�'�I QA@^F D��"E$:?@CF�'���W^]$F p=F�'$D QAE.FO79Q"8$I^F�'�WXD_ptF :"q
WX]$FeW^]$D9@{'	�M:#� D9I	N�� IC]$:?@CW^FO@
WX]MQAEG� D_W^] V QAI^FG79D9E�Fe[\r��C


4 ��E�&F���Q 2�W# > �

� ]$FGE d&E$]MQ"E$uGF�'�[\r��(D_ItP$I^F�'�� WX]$F ptF�'$D9Q"E): B?FG@XQ"7_7
WX]�@^:?P��"]$8$P�W=D9IJ: � :"S VC6AI�
 [ ]$F
p=F�'$D9Q"E FG7 Q"8$ICF�' WXD_p=F :"q WX]$F WX]�D9@X'1�M:�� D_I�SQ:�� I^]$:"@CWXFG@�Q"E�' WX]$F D9E WXFG@X0KPMQ"@,WXD_79F @^Q"E��?F D9I
U O�� I^p=Q"797_FO@\WX]$Q"E-� D WX]YV Q"I^FG79D_E$F [\r��C
�[
]$F ptF�'�D Q"E FO79Q"8$ICF�' WXD_p=F�:Aq�W^]$F q Q"I,WXFO@*�M:#�
D9I*
�
PO �(I^]$:"@CWXFG@ Q"E,' WX]$F3D9E WXFO@{0KPMQ"@CW^D97_F�@^Q"E��"Fe:AqmW^]$FeFG7 Q"8�I^F�' W^D9ptF�D_I S?
 :��(ICp QA797_FO@�WX]$Q"E
� D_W^]KV QAI^FO7_D9E$F [\r��C
�[
]$F ptF�'$D9Q"E FG7 Q"8�I^F�' WXD_p=F=:"q
WX]$F IC79:#�5FO@��$:#� D_I5N?U,
ZU ICFOuG:?E�'$I�

[
]$F ptF�'�D Q"E 79D_E$J=P�WXD_79D!> QAW^D_:?E D9I	N � �<

[
]$F : B?FO@^Q"797 W^]$@^:?P,�?]$8$P�W�D9I�T,
 :�� ]$D��?]�FO@\WX]$Q"E]� D_W^]-V QAI^FO7_D9E$F [\rA� N;FOuOQ"P$I^F�WX]$F�D9E�D_WXD_Q"7
� D9E,'$:#��:Aq q :?P$@ D_I
Q+���"@^FOICI^D B?FeD9E WX]$F3I^7_:#��"cICW Q"@,W
8�]MQ"I^F�
�[
]$FO@CFGq :?@CF QA79I^:�WX]�Fe79D_E$J P�WXD_79D(>OQ�"
WXD_:?E D9I I^7_D��?] WX7 R.]$D(�?]$FO@�Q"E�' WX]$F I^7_:#�1FG@8�M:#� D_I Q"N�79FtWX: uG:?p=8�79F WXF=I^79D(�?] WX7 R q Q"I,WXFO@ WX]$Q"E
� D_W^] V QAI^FO7_D9E�Fe[\r��C


 10

 20

 30

 40

 50

 60

 70

 0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30  32  34  36

E
la

ps
ed

 ti
m

e 
(s

ec
)

Starting time of the third flow (sec)

2xBulk TCP + TCP (short) / Error-Free Link

Baseline TCP
Enhanced TCP

L D(�?P$@^FJ
�
+[&r1:?p=8$Q"@^D_I^:?Et:"q�WX]$F�FG7 Q"8�I^F�'=WXD_ptF :"q�WX]$F\WX]�D9@X'2�M:#�N� D_W^]rV Q"I^FG79D_E$F\[\r��)QAE�'
d&E$]MQ"E$uGF�' [\r���D9E/D_E�'$D BhD('$PMQA7�@^FG8;FGW^D_WXD_:?E$I
: B?FO@ FG@^@^:"@F"cq @CFOFe79D_E$J/BF
 S"T @^FG8;FGWXD WXD_:?E$I$D

[
]$F3FO79Q"8$ICF�' WXD9ptF\:"q�W^]$F�W^]$D9@{'��M:#� Q+� Q"D_E$ICWAV Q"I^FG79D_E$F�[\r��)D9E D9E,'$D_B�D�'�PMQ"7 @CFO8;F WXD_W^D9:?E�I5D9I
I^]$:�� E=D_EtL D��?P$@CFP
�
�
 [
]�F\FG7 Q"8�I^F�' WXD9ptFA� D WX]td&E$]$Q"E$uOF�'=[\r�� D_I�QeI^pt:�:"W^]$7_R�Q"E�' I^79:�� 7_R
D9E$uG@^FOQ"I^D_E��.7_D9E$F W^]MQAW D9I�0KP$D WXF ICW QAN$79F N;FO7_:#� 
�O I^FOuG:?E�'$I�
K� D_WX] r�V56$�&W^]$F/N$P$7_J [\r��&I
I^pt:�:"WX]�7_RtI{� D_W^u ] q @^:?p(WX]$F3I^7_:#� ICWXQ"@CW W^: WX]$F3uO:?E,�?FOI,WXD9:"E Q B?:?D('MQ"E$uGF*� D_WX] I^ICW^]$@^FGI^] W^]MQAW
D9I uO:?E$ICFO@,BAQAW^D_B?FO7 R)N;FG79:#� WX]�F BAQ"7_P$F E$FGuOFOICIXQ"@CR)q :?@ WX]$F I^79:�� I,W Q"@,WtWX: : B"FO@^IC]$:�:"WI
 [ ]$F



%QN

'$D( FG@^FOE�uOFtN;FGW.�1FOFGE WX]�FtE�P$p N;FG@ :"q5WX:AW Q"7E'$@^:?8�I q :?@5V Q"ICFO7_D9E$F [\r�� Q"E,'�q :?@ d&E$]MQAE$uOF�'
[\r��+D9I @^:"P��?]$7 R WX]$F EKP$p N;FO@t:"q37_:?I^ICFOI WX]MQAWt:�uOuGP$@�'$P�@^D9E,��W^]$F IC79:�� ICW QA@CW=: B?FO@CI^]$:�:"W
N;FOuOQ"P$I^Ftr�V16\8$@^F B?FOE WXIeWX]$F : B?FG@^IC]$:�:"W @CFO79QAWXF�'-'$@^:"8$I�
�r1:?E,�?FOI,WXD9:"E D9I�B?FO@CR 7_D9p D WXF�' QAE�'
'$:�FOI E$:AW
:�uGuOP�@C'�P$@^D_E���WX]�F�WX]$D_@X'��M:#�J�$Q"E,' WX]$FG@^F q :?@^F�W^]$F�WX]�D9@X'��M:#� D_I Q"N$7_F�WX: 8$@C:�uOFGF�'
� D_W^]$:?P�W�'�@^:?8$I�
�[
]�FeI^8�D9J"F3D9E=WX]$F3FG7 Q"8�I^F�' W^D9ptF�:"q�WX]$F�W^]$D9@{'r�M:��J�,� ]�D9u ] :�uOuGP$@^I�'$P$@^D_E��
WX]$F I^7_:#� ICWXQ"@CW :"q WX]$F N$P$7_J [\r�� �M:�� I<� D_W^] V Q"ICFO7_D9E$F [\r��U�
D_Ir� Q W^WXFGE$F�' F ��uGFO8�W D_E
Q q F&� @CFO8;FGW^D_W^D9:?E$I WX]MQ W D_E$uO7_P�'$F W^]$F I^7_:#��"�I,W Q"@,W : B?FO@^IC]$:�:"W N;FOuOQ"P$ICF WX]�F l D_E�P?�)J"FO@^E�FO7
� Q"@CNMQ+�?F�uG:?797_FOu WXI�W^]$F p=FGpt:?@CR :"q&WX]$F D_E$D_W^D9QA7mICICW^]$@^FGI^].BAQ"7_P$FOI�B I^FGFtghFGuGWXD_:?E-�,
PO�D 
P� ]$FGE
WX]$F ICWXQ"@CW^D9E�� WXD9ptF :"qsW^]$F W^]$D9@{' �$:#� 79QAWXFG@ WX]$Q"E 
�OtICFOuG:?E�'$I3uG:?E��?FGICWXD_:?E I,W Q"@,WXI\WX: :�uGuOP$@
'$P$@CD9E�� W^]$F=WX]$D_@X'��$:#�(N;FOuOQ"P$I^F WX]$F N�P$79J.[\r��O�M:#� I�]MQ B?F @^FOQ"u ]$F�' 79Q"@X�?FG@ uO:?E,�?FOI,WXD9:"E
� D9E,'$:#� I�
 � q W^FO@1WX]MQAW
8;:?D_EKW1WX]�FeFO7 QA8$I^F�' WXD9ptF�:AqmW^]$F3WX]�D9@X'r�M:#��I,W Q"@,WXI WX:��"FGWC'$D9IC8;FO@^ICF�'
WX]$@CFOF W^:/WXFOE ICFOuG:?E�'$I�Q"N;: B"F WX]$FtICp=:�:AWX]�7_D9E$F :?E � ]�D9u ]�WX]�FtFO79Q"8$I^F�'�WXD_p=FGI I,WXD_797 I^FGWCWX7_F
� ]$FGE WX]�F�W^]$D9@{'R�M:#� D9I�E$:"W1]�D_W5N R QAEKRt:"q�WX]$F�:�uOuGP$@^@CD9E�� uO:?E,�?FOI,WXD9:"Er'$@^:"8$I1N$PhW1:?E$7_R W^]$F
N$P$7_J [\r�� �M:�� I�Q"@^F Q� FOu WXF�'¦

[
]$F�uO:"E��?FOI,WXD_:?E]'$@^:"8$I3Q"@CF q F�� Q"E,' W^]$FO@CFGq :?@CF�:�uGuOP$@�D_E p Q"E R/@^FO8;F WXD WXD9:"E$I\:?E$7 R q :?@�:"E$F
N$P$7_Jt[\r��K�M:��J
E� ]$FOE WX]�F3:"W^]$FO@1N$P�79Jt[\r��K�$:#� D_I Q"N�79F\WX: 8�@^:�uOFGF�'<� D_WX]�:?P�WA'$@^:?8�I���D_W
N;FOuG:?ptFOI W^]$F�q Q"I,WXFO@¥�M:#� N;FOuOQ"P$ICFeWX]�F3uO:?E��"FOICW^D9:"E<� D9E,'$:#� :"q�WX]�F3I^79:��1FO@¥�M:���D_I1I^p=Q"797_FG@
WX]MQAE W^]$F uG:?E��"FOICW^D9:?E1� D_E�'$:�� :"q W^]$F q QAICWXFG@ �$:#�O'$P�F WX:tW^]$F8'�@^:?8$I��9� ]$D_u ] D9E$uG@^FOQ"I^F W^]$F
'$D( FG@^FOE�uOF N;F W��5FOFGE WX]$F ptF�'$D9Q"E/FG7 QA8$I^F�' W^D9ptFOI
:Aq W^]$F N$P$79J [\r��M�M:#� I�

6�E.WX]$F @^FO8;F WXD WXD9:"E$IP� D WX]�Q ICWXQ"@CW^D9E�� WXD_p=F Q"N;: B?F=S � ICFOuG:?E�'$I��mWX]$FG@^F D_I Q I^8$P$@CD9:?P�I f [\j
8$]$FGE$:?ptFOE$:"E W^]MQAW D9I F&�h8$79Q"D_E$F�'�D9E �?@CF QAW^FO@J'$FGWXQ"D97&D_E.WX]�FR�5:?@^JK7_: Q+'Y� D_W^] Q/uO:?pt8;FGW^D9E��
N$P$7_J [\r�� �M:��J


4 ��E�&F���Q 2�W# > � �T�V��E,4�> �

� ]$FGE d�E�]MQ"E$uGF�' [\r�� D9I
P$ICF�'1� D_W^] d�r a5�MWX]�F ptF�'$D Q"E : B?FG@XQ"7_7�WX]�@^:?P��"]$8$P�W\D_I
@^:?P,�?]$7_R
WX]$F/IXQAp=F/Q"I�� D_W^] d&E$]MQ"E�uOF�' [\r��C
)[
]$F p=F�'$D9Q"EkFO79Q"8$ICF�'kWXD9ptF :"q�W^]$F/W^]$D9@{' �M:#� D9I
%�%�� I^]$:"@CWXFG@=Q"E�'kWX]$F/D9E WXFO@{0KPMQ"@CW^D97_F @XQ"E��"F :Aq�WX]$F FG7 QA8$I^F�')WXD9ptF D9IT:AU�� ICp QA797_FO@�WX]$Q"E
� D_W^]MV Q"I^FG79D_E$F/[\rA��
 � I2� D_W^]kWX]$F1V Q"I^FG79D_E$F/[\r�� � D WX] d�r a uOQ"I^F��
d�r a D9I Q"N$79F WX:
@^F�'$P$uOF�WX]$F*0KP$FOP$D_E���'�FO7 Q R QAE�' W^]$F3EKP$p N;FO@1:"q�'$@C:?8$I :Aq�WX]$F�WX]$D_@X'r�$:#�J�?� ]$D_u ] I^]$:"@CWXFGE$I
WX]$F FO79Q"8$I^F�' WXD_p=FGI :"q
WX]$F P$8$8;FO@ FGE�'�
 � 7_I^: D_E W^]$D9I u Q"ICF W^]$F d�r a N;FOE$F&L$WXI�'$D_p=D_E$D I^]
��W^:#� QA@X'$I �/WX]�F p=D_E$D_p P�p FG7 Q"8�I^F�' W^D9ptF/@^FG8;FGWXD WXD_:?E Q"IR� QAIr'$D_I^uGP$I^ICF�' D_E)WX]$F V Q"I^FG79D_E$F
[\r�� � D WX] d5r a u Q"ICF+

[
]$F p=F�'$D QAEkFO79Q"8$I^F�')WXD_p=F :"q�WX]$F q Q"ICW^FO@��M:#� D_IR%,
 N�� I^]$:?@,WXFG@=Q"E�'kWX]$F/D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F :Aq5W^]$F FO79Q"8$I^F�'.WXD9ptF D_I S?S�� ICp Q"7_7_FO@�W^]MQ"E-� D_WX] V Q"ICFO7_D9E$F [\r���
 [
]$FR'$D! FO@^FGE$uOF
N;FGW.�1FGFOE W^]$F FG7 Q"8�I^F�' WXD9ptF :Aq WX]$F q QAICWXFG@ �$:#� Q"E�' WX]�F FO79Q"8$ICF�' WXD_p=Fe:"q WX]�F I^7_:#�5FO@��M:#�
D9I�79Q"@X�"FO@ WX]MQAE]� D_W^] d&E$]MQAE$uOF�'.[\r�� N;FGu Q"P�I^F d�r a p Q"@CJKI�:?E�7_R :"E$F�:"qsWX]$F�N$P�79J	�M:�� I
F QA@^79D_FO@eW^]MQ"E uG:?E��?FGICW^D9:?E�'$@^:?8�I5�1:?P$7(' :�uGuOP$@�
/[
]$FO@CFGq :?@CF=WX]�F=uO:?E��"FOICW^D9:"E�� D9E,'$:#� I�Q"@CF
P$E�N$Q"7 QAE$uOF�' q :?@�79:"E��?FG@�'$P$@XQ WXD9:"EtWX]MQ"E�� D WX] d&E$]$Q"E$uOF�' [\r��C
)� ]$FGE/d�r a�p=Q"@^JKI5:�uGuOP$@
q :?@1N;:"WX] N�P$79Jt[\r�� �M:�� I���WX]$FP'$D! �FG@^FGE$uOF3N;FGW.�1FOFGE W^]$F3FO79Q"8$I^F�' W^D9ptFOI1:Aq WX]$F3N$P�79Jt[\r��
�M:�� I�D9I I^p=Q"7_79FG@ WX]$Q"E1� D_W^] d&E$]MQAE$uOF�' [\r����9� ]$D_u ] @CF�'$P$uGFOI�W^]$F D9E WXFO@{0KPMQ"@CW^D97_Fe@XQ"E,�?F :"q
WX]$F FG7 Q"8�I^F�'/WXD_p=F3:Aq W^]$Feq Q"ICW^FO@C�M:��J

[
]$F�FO79Q"8$I^F�' WXD_p=F :"q�WX]$FsWX]$D_@X' �$:#� D9I�8$79:AW^WXF�' D9E L D��"P$@^F�
 S5q :?@ Q"7_7"D9E,'$D_B�D�'�PMQ"7A@^FG8;FGW^D_WXD_:?E$I�




� T

 10

 15

 20

 25

 30

 35

 40

 45

 50

 55

 0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30  32  34  36

E
la

ps
ed

 ti
m

e 
(s

ec
)

Starting time of the third flow (sec)

2xBulk TCP + TCP (short) / Error-Free Link

Enhanced TCP
Enhanced TCP+ECN
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2xBulk TCP + TCP (short) - ARQ4
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2xBulk TCP + TCP (short) - ARQ4

Third flow
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2xBulk TCP + TCP (short) - ARQ4

Faster flow
Slower flow
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2xBulk TCP + TCP (short) - ARQ4

Spurious RTOs - Faster flow
Unnecessary rexmits - Faster flow

Spurious RTOs - Slower flow
Unnecessary rexmits - Slower flow

Spurious RTOs - Third flow
Unnecessary rexmits - Third flow

�4%�� � ������(*����$ �6=@� $ ����% ������	:38	:$�$����	� ��	�

���
����$�)+(�$�$<(�����$ � ����	 ���
����	&$<� ) ��
�(�) ��) $B����	
38���
����	&%��

L D(�?P$@^F 
I%,[ ghP$ptp QA@CR :Aq @^FOICP$7_W^I : B?FO@ W^]$F 7_D9E$J � D_W^] ]$D��"] � f�H 8;FO@CI^D_ICWXFGE$uGR�D9E�W^]$F
�1:?@CJK79: Q+'/:"q Q IC]$:?@,W\uO:?pt8;FGW^D9E�� [\r�� �M:�� B�
 S"T @CFO8;FGW^D_W^D9:?E$I D

� &F1U 2/��@�� *# > �

� ]$FGEOV Q"ICFO7_D9E$F.[\r�� D9I/P$I^F�'�� W^]$F ptF�'�D Q"E : B?FO@^Q"7973WX]�@^:?P��"]$8$P�W D9I U?U�%QN VC6AI�
 [ ]$F
D9E WXFG@X0KPMQ"@CW^D97_F�@^Q"E��?F�:"q WX]�Fe: B?FO@^Q"797 WX]$@C:?P��?]$8�P�W
D9I�%?T?
 VC6AI1WX]MQ W
D_I
SQ: W^D9ptFOI57 Q"@{�?FO@�WX]$Q"E
� D_W^]=WX]�F�FG@^@^:"@F"cq @CFOF\79D9E�J 
 [ ]$F�p=F�'$D QAE=FO79Q"8$I^F�' W^D9ptF\:Aq�WX]$F\WX]�D9@X'R�M:�� D_I O�� 79:"E��?FO@5QAE�'
WX]$F D_EKWXFG@X0KPMQ"@,WXD_79F=@^Q"E��?F :"q W^]$F FG7 QA8$I^F�' WXD_ptF D_I S�� 79Q"@X�"FO@ WX]MQAE �
D_WX] FO@C@^:?@�"cq @^FGF 7_D9E$J9

[
]$F=ptF�'$D9Q"E�FG7 Q"8$ICF�'�WXD9ptF :"q1WX]�Ftq Q"I,WXFG@5�$:#�+D_IR
 T"T,
PO ICFOuG:?E�'$I�
/[
]$F=ptF�'$D9Q"E�FG7 Q"8$ICF�'
WXD_p=F3:"qmWX]�F IC79:��1FO@��M:#� D9I 
�
���
 O I^FOuG:?E�'�I�

[
]$F IC79:���"�ICWXQ"@CW�: B?FG@^I^]�:�:"WeD_I�]MQ"8�8 FGE$D_E�� F QA@^79D_FO@\N;FGu QAP$I^F :"q�QAE F QA@^79D_FO@ 0KP$FGP$F : B?FO@F�M:��J

[
]$FG@^F�Q"@^FeW��5:=@^FOQ"I^:?E�I\q :?@
W^]$D9I FOQ"@^7_D9FO@�0�P�FOP$F : B?FG@{�M:��J
 [
]�F 79D_E$J�"�7_F B?FO7�@^FGW^@XQ"E�I^ptD9I^ICD9:?E
'$FO79Q R�I*�?@C:?P$8 p P�7_WXD_8�7_F � r neI3D9E WX: Q I^D_E��?7_F N�P$@^I,W3W^]MQAW�D9I '$FO7_D_B?FG@^F�' NMQ"u J�"cWX:�"�NMQ"u J9
ej3E
WX]$F I^FGE�'$FG@ I^D�'�F+� WX]$Fr'$FO7_D_B?FG@CR :"q\QAE � r n N$P$@CICW W^@^D(���?FO@CI�Q WX@XQAE$I^ptD9ICI^D9:"E :"q p P$7 WXD_8$7 F
I^F��?ptFOEKW^I��;� ]$D9u ] N$P$D_7�'$I�P�8 W^]$F�7 Q"I,W{"�]�:?8=@C:?P�WXFG@¥0KP$FOP�F+
5ghFGuO:?E�'�7_R+�hW^]$F�Q"uOuGP$p P$79QAWXD_:?Et:"q
WX]$F E$F&�48MQAu J"F WXI5'$P�@^D9E,� W^]$F 79D9E�J�"c7_FGB?FG7 @^F WX@XQAE$I^ptD9ICI^D9:"E$I3D9E$uG@^FOQ"I^FGI W^]$F 7 Q"I,W{"�]�:?8 @^:"P�WXFG@
0KP$FOP$F 79FGE��"W^]�

6cq�:?E�F :"q W^]$F N$P$7_J [\r�� �M:#� I D_I ]$D_W N R Q"E I^8$P$@CD9:?P�I f [ j E$F Q"@�WX]$F N;F��?D_E$E$D_E����sW^]$F



�KS

:"WX]�FO@tN$P$7_J [\r�� �M:�� D_I=Q"N�79F WX: IC79:�� I,W Q"@,WtWX: Q�7 Q"@{�?F/uG:?E��?FGICW^D9:?E � D_E�'$:#� N;FOuOQ"P$ICF
WX]$FG@^F D9I p P$u ]kpt:?@CF Q B Q"D979Q"N$7_F=I^8MQAuOF/D_E WX]$F 79Q"ICWF"�]$:"8 @^:"P�WXFG@ N$P, FO@�
�� ]$FGE)I^8$P�@^D9:"P$I
f [\j :�uGuOP$@��mW^]$FGR u Q"P$ICF Q/EKP$p N;FO@ :"q1P$E�E$FOuGFOI^IXQ"@,R @CFGW^@XQ"E$ICp=D_I^ICD9:?E$I��3� ]$D_u ]�79:#�5FO@eW^]$F
: B?FG@XQ"7_7�WX]�@^:?P��"]$8$P�W�

� D_W^]kQ 79:?ICICR 79D9E�J.W^]$F WX:"WXQ"75FG7 Q"8$ICF�' WXD9ptFtBAQ"@CD9FGI�
 V Q"D_E u Q"P$ICF q :?@ WX]$F BAQ"@CD Q WXD9:"E Q"@CF
WX]$F NMQ�' ICW Q WXF @^F WX@XQAE$I^ptD9ICI^D9:"E$I�QAW\WX]$F 7_D9E$J 79Q R?FG@\W^]MQAW�ICWXQ"797�WX]$F 79D_E$J q :?@�Qtp=:"p=FGEKWI
 6�E
Q+'�'$D WXD_:?E���WX]$F 79D_E$J=p Q R N;FOuG:?ptF P$E�'$FG@^P�W^D979D(>OF�'	� ]$FOE uO:"E��?FOI,WXD_:?EG� D9E,'$:#� I\Q"@^Fe@^F�'�P$uOF�'
N;FOuOQ"P$I^F�:AqhuO:?E��"FOICW^D9:"E W^]MQAW D_I�u QAP$I^F�' NKR�WX]$F&N$P$@^I,WXD_E$FOICI QAq W^FO@�7_D9E$J�"�7_F B?FO7"@CFGWX@^Q"E$ICp=D_I^I^D_:?E$I��
� ]$D_u ] 7_FOE��"W^]$FOE�I3W^]$F�WX:AW Q"7mFO7 QA8$I^F�' W^D9ptF�Q"E�' @CF�'$P�uOFOIe: B?FG@XQ"7_7mWX]$@C:?P��"]$8$P�WI
 d�Q"u ].ICWXQ"797
'$FO79Q R�ItW^]$F uO:?pt8$7_FGW^D9:?Ek:"q�WX]$F1� ]$:"79F/WX@^Q"E$ICq FG@��
Q"E�' F B?FOE WX]�:?P��?])WX]$F 7_D9E$J �5:?P$7(' N;F
q P$797 R P�W^D97_D(>OF�'�'$P$@CD9E�� 7_D9E$J � fCH��K[\r��kp=Q"J"FGI5E$:�8$@C:��?@^FGI^IA'�P$@^D_E�� WX]$F�ICWXQ"797Q
 [
]$F�79:"E��?FG@
p=F�'$D9Q"E�FG7 QA8$I^F�' W^D9ptFOI3q :?@ Q"7_7=�M:#� I ]MQ"8�8 FGE p=Q"D_E$7 R N;FGu QAP$I^F=:"q5WX]$FtI,W Q"7_79I�
 � ICD9ptD97_Q"@
E$:"W^u ]/D9E WX]$FeFO79Q"8$I^F�'/W^D9ptF3:"q WX]$F3WX]$D_@X'<�M:#� QAIC� D WX] W^]$FeFO@^@C:?@F" q @^FOF379D_E$Jtu Q"ICF ]$Q"8$8;FOE�I��
N$P�W3W^]$F 7_D9E$J � fCH+@^FO79QAWXF�'-'$FG7 Q R�IeD_E$uO@CF Q"ICF B Q"@^D9Q"N$D_7_D W�R :"q&WX]$F FG7 Q"8$ICF�' WXD9ptF @^F�� Q"@X'�79FGI^I
:"qmWX]$F ICWXQ"@CW^D9E�� WXD_p=F�


� &F1U 2/��@�� *# > � �J�V��E,4 >	�

� ]$FGE1V Q"I^FG79D_E$F�[\r�� D_I1P$I^F�'G� D WX] d�r a8��W^]$F3p=F�'$D9Q"E : B?FO@^Q"797;W^]$@^:"P��?]$8$PhW
D9I U O�N � VC6AI�

[
]$F�D9EKW^FO@{0�P$Q"@CW^D97_F @^Q"E��?F :"qsWX]$F : B?FG@XQ"7_7 WX]�@^:?P��"]$8$P�W�D9I3S"T�� 7 QA@X�?FG@ WX]MQ"E � D_W^]/V Q"I^FG79D_E$F
[\r��C
�[
]$F ptF�'$D9Q"E FG7 Q"8�I^F�' WXD_p=F�:"q WX]$F3WX]$D_@X'<�M:�� D9IP
�
 � IC]$:?@CW^FO@��$W^]$F P�8$8;FO@�0KPMQA@CWXD_79F
D9IJ
�:�� I^]$:"@CWXFG@��;Q"E�' W^]$F D9E WXFG@X0KPMQ"@,WXD97_Fe@^Q"E��?F :"q WX]$F FG7 Q"8�I^F�' W^D9ptFeD9I�� T�� I^p=Q"797_FG@ WX]$Q"E
� D_W^] V QAI^FO7_D9E�Fe[\r��C

[
]$F ptF�'$D Q"E : B?FO@XQA797 W^]$@^:"P��?]$8$PhW3D9I�IC79D(�?]KW^7 R/7_:#�5FO@\WX]$Q"E]� D WX]/V Q"ICFO79D_E$F [\r��U��N$PhW3:?E$7 R
T,
ZU��<
E� D WX] d�r a�WX]$F�uG:?E��?FGICWXD_:?Er� D_E�'$:�� D_I5@^F�'�P$uOF�'/F QA@^79D_FO@�W^]MQ"Er� D_W^]	V1Q"I^FG79D9E�F�[\r��
'$P$F W^: W^]$F d�r a4p=Q"@^J9
 [
]�FO@^F q :?@^F W^]$F uG:?E��?FGICW^D9:?E/� D_E�'$:#� WXFGE�'$I3WX: N;F I^p=Q"7_79FG@\WX]$Q"E
� D_W^]]V Q"I^FG79D_E$F [\r��C
C� D_WX] ICP$u ] Q=ICp QA797�uG:?E��?FGICW^D9:?E1� D9E�'�:#� [\r�� D9I\E$:AW3Q"7!� Q RhI�Q"N$7_F
WX:/q P$797 R P�W^D979D!>OF WX]$Ft7_D9E$J D q1:"WX]�FO@J�M:�� I ]MQ B?F MCP$I,W uO:?pt8$7_FGWXF�'�
 r1:?E$I^F�0KP$FOEKW^7_R�� W^]$Ft79D_E$J
]MQ"I E$:"WX]�D9E���WX: ICFOE�'G� ]�FOE/WX]�Fe8MQ"u J"FGW^I\Q"@^FP'$FG8$79F WXF�'/q @C:?p W^]$Fe7_D9E$J I^FGE�' N$P, FO@��,� ]$D9u ]
79:��1FO@CI
WX]�F : B?FG@XQ"7_7�WX]$@C:?P��?]�8$P�WI

[
]$F�FG7 QA8$I^F�'=W^D9ptF
:"q WX]$F
WX]$D_@X'2�M:���D9I�@^F�'$P$uGF�' I^D9ptD_79QA@^7 R Q"I)� D_W^]tW^]$F\FO@C@^:?@�"cq @^FGF 79D_E$J9
 6�E
Q+'�'$D WXD_:?E�WX:eW^]$F FG@^@^:"@F"cq @CFOF
7_D9E$J @^FGI^P$7 WXI��Kd5r a uG79FOQ"@^7 R�I^]$:"@CWXFGE$I�W^]$F ptF�'�D Q"E FG7 Q"8�I^F�' WXD9ptF
Q"I W^]$F 7 Q"I,W�� D9E,'$:#� '$@C:?8$I WX]MQ W�:�uGuOP$@C@^F�']� D WX]/WX]$F FG@^@C:?@F" q @^FOF 79D_E$Jr'$:tE$:"W\:�uOuOP�@�
 d�r a
D9I Q"N$7_F W^:.uO:"EKWX@C:?71WX]�F/[\r�� uO:"E��?FGICWXD_:?E � D9E�'�:#� QAq WXFG@ WX]$F D9E$D WXD9QA75: B?FO@CI^]$:�:"WtQ"I:� D_WX]
WX]$F FO@C@^:?@�"cq @^FGF 79D_E$J9��N$P�W WX]$F NMQ"u J�" WX:�"cNMQ"u J � r n N�P$@^I,WXI 79F Q�'.WX: Q ICP�'�'$FGE : B?FG@{�M:��+:"q
WX]$Fe@^:?P�W^FO@C0�P�FOP$F�
56�E/W^]$F u QAI^FOI�� ]$FG@^F W^]$F � r1n N$P$@CICW '$:�FGI\E$:AW\:�uGuOP$@�� d5r a I^]$:"@CWXFGE$I
WX]$FtFG7 Q"8$ICF�'�WXD_p=F :"q1W^]$F WX]$D_@X'Y�M:��+NKR.8$@CFGB?FGEKWXD_E�� WX]$Ftpt:?E$:?8;:?7_D(>OQAWXD :?E.:"q5WX]$Ft@^:"P�WXFG@
0KP$FOP$F�
�[
]$F�D9pt8$@C: B?FOptFGEKW�D_I�8$@^FGI^FGEKW D_EtW^]$F�@^FG8;FGW^D_WXD_:?E$I)� ]$FG@^F�W^]$F�I,W Q"@,WXD9E,� W^D9ptF :Aq�W^]$F
WX]$D_@X'/�M:�� D_Ie79QAWXFG@�WX]MQAE WX]$F 8;:?D9E WP� ]$FG@^F WX]$F N$P$7_J [\rA��I QA@^F Q"N;:"P�WeWX: uO:"p=8$7_FGW^F W^]$F
: B?FG@^IC]$:�:"We@^FGuO: B?FO@CR+
 6�E ICP$u ].u Q"ICF+��WX]$F N�P$79J [\r�� �M:�� I Q"@CF�q :"@^uOF�' WX: p=Q"J"F�@^:�:?p q :?@
WX]$F WX]$D_@X'Y�M:#�+N R d�r a p Q"@CJKI�
 6�E Q+'�'�D_WXD_:?E��3�
]$FOE W^]$FtWX]�D9@X'Y�M:��+ICW QA@CWXI5'$P$@^D_E�� W^]$F
I^7_:#� ICW QA@CW�:"q;WX]$F N$P�79J�[\r����M:#� I�Q"E�' ]MQ"I�Q3B?FO@,R 7_:?E��eFO79Q"8$ICF�' WXD_p=F�� d5r a p=Q"@^JKIsq :?@^uGF
N$P$7_J [\r���I WX: p QAJ"F @^:�:"p 




��%

� ]$FGE.WX]$F�WX]$D_@X'/�$:#� ICWXQ"@CW^IeuO7_:?I^F�WX: W^]$F N;F��"D9E$E$D_E�� :"q�WX]�F : B?FG@^I^]�:�:"W @^FOuG: B?FG@CR :Aq�W^]$F
N$P$7_Jk[\r�� �$:#� I�� WX]�F W^]$D9@{'M�M:�� D_I Q"N�79F/WX: �?Q"D9E Q 7 Q"@{�?FO@ I^D(>OF�'�uO:"E��?FOI,WXD_:?EM� D9E�'�:#�
@^D(�?]KW q @^:?p WX]$F N;F��?D_E$E$D_E��tQ"I
WX]$F N$P$7_J [\r�� �M:�� I�]$Q B?F Q @CF�'$P$uGF�' uO:"E��?FGICWXD_:?EG� D9E�'�:#�
N;FOuOQ"P$I^F :"q Q 79:?ICI
@^FOuG: B?FG@CR+
�� D WX] W^]$F 79Q"@X�?FG@ uO:?E,�?FOI,WXD9:"EG� D_E�'$:��J�$WX]�FeWX]$D_@X'	�$:#� ]MQ"I\Q
]$D��"]$FO@ WX]$@C:?P��?]�8$P�WsQ"E�' D_I Q"N�79F�WX:�@^FOQ"u W q Q"I,WXFO@mWX:*'�@^:?8$I Q"I FGE$:?P��"] D9ptptF�'$D9Q WXFW'$P$8�79D_u QAW^F
� r n I�Q"@CF��?FGE$FO@^QAWXF�'�
s[
]$FO@CFGq :?@CF�d�r a uOQ"E$E$:AW�D9pt8$@C: B?F1WX]�F NMQ"79Q"E$uOF
N;F W��5FOFOER�M:#� I�Q"E R
q P$@CW^]$FO@ q @^:?p W^]$F 8;FO@Cq :"@^p=Q"E$uOFe:"q=V Q"I^FG79D_E$Fe[\r��U


4 ��E�&F���Q 2�W# > �

� ]$FGEkd&E$]MQAE$uOF�'k[\r�� D_I P$ICF�'�� WX]$F=p=F�'$D9Q"E : B?FG@XQ"7_7�W^]$@^:"P��?]$8$PhW D_I�U :�%?T VC6AI WX]MQAW D9I

�
\� � ]$D(�?]$FG@ Q"E�' WX]$F D_EKWXFG@X0KPMQ"@,WXD_79F=@XQ"E,�?F :"q WX]$F : B?FO@^Q"797�WX]$@C:?P��?]�8$P�W D_I<
�:�� I^p=Q"797_FG@
WX]MQAER� D_WX]�V Q"ICFO79D_E$F [\r��C
�[
]�F�: B?FO@^Q"7_7MW^]$@^:"P��?]$8$PhW5D9I�]$D��"]$FO@�N;FOuOQ"P$I^F\WX]$F\7 QA@X�?FG@�D9E�D_WXD_Q"7
� D9E,'$:#� @^F�'$P$uGFOI WX]�Fr�1FOD(�?]KW :"q
WX]$F I^7_:#��"cICW QA@CW 8$]$Q"I^F D_E WX]$F : B?FO@XQA797�W^]$@^:?P,�?]$8$P�W QAE�'
N;FOuOQ"P$I^F LU"
f [\j @^F�'�P$uOFGI\WX]$F EKP$p N;FO@ :Aq P$E$E�FOuOFGI^IXQ"@,R @^F WX@XQAE$I^ptD9ICI^D9:"E$I�

[
]$F.ptF�'$D9Q"E FO79Q"8$ICF�' W^D9ptF :Aq WX]$F WX]�D9@X'N�M:�� D9I/S�� � I^]�:?@CW^FO@ QAE�' W^]$F D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F :"q�WX]$F FO79Q"8$ICF�' W^D9ptF D9I=S�N�� I^p=Q"7_79FG@ WX]$Q"E � D_W^] V Q"ICFO7_D9E$F/[\r��C
 � IR� D WX])W^]$F
FO@C@^:?@�"cq @^FGF
79D_E$J9�"WX]$F ptF�'�D Q"E FG7 Q"8�I^F�' W^D9ptF :"q;W^]$F
WX]�D9@X':�M:#� D_I&I^]�:?@CW^FO@�N;FGu Q"P$ICF WX]$F IC79:���"
ICWXQ"@CW3: B?FO@CI^]$:�:AWeD9I�Q B?:?D�'$F�']� D_W^].r�V16$
er�V16\Q"79IC: 8$@^F B?FOE WXI3WX]�F P�E�NMQ"79Q"E$uGF�' uO:?E,�?FOI,WXD9:"E
� D9E,'$:#� I N;F W��5FOFGE WX]�F q Q"I,WXFO@ Q"E�'.I^7_:#�1FG@P�M:#� � ]�FOE QAE�IC8$P$@^D_:?P$I f [\j :�uGuOP�@^IJ'$P$@^D_E��
Q NMQ+' I,W QAW^F q :?@ :"E$F :"q WX]�F N$P$7_J [\r�� �$:#� I D9E�W^]$F D_E$D_W^D9Q"7\IC79:���"�ICWXQ"@CW 8$]MQAI^F+
 [ ]$F
r�V16 Y I3I^I,WX]$@CFOIC].@^FGP$I^D_E�� u Q"P�I^FOIeQtW^@XQ"E�I^D_W^D9:?E/WX: uG:?E��"FOICW^D9:?E Q B?:?D�'$Q"E$uOF�QA79I^:R� ]$FGE WX]�FO@^F
D9IeQ BAQ"D_7 Q"N�7_F�N$P, FG@ IC8MQ"uOF QAW3WX]$F 7 QAICW{"c]$:?8 @^:?PhWXFO@�
�6�E�Q+'�'�D_WXD_:?E�� � D_WX] WX]�F 7 Q"@{�?FO@�D9E�D_WXD_Q"7
� D9E,'$:#� WX]$F3WX]$D_@X'<�M:#� @CFOuG: B?FO@CI q Q"ICW^FO@
D9E WX]�F u QAI^FOIC� ]$FO@CF uG:?E��?FGICWXD_:?E/:�uOuGP$@^I E$FOQ"@
W^]$F
N;F��?D_E$E$D_E�� :Aq W^]$FeWX]$D_@X'	�M:��J


4 ��E�&F���Q 2�W# > � �T�V��E,4�> �

� ]$FGE�d&E$]MQ"E�uOF�' [\r��4D9I P$ICF�'M� D WX] d�r a8�&WX]$F/p=F�'$D Q"Ek: B?FO@^Q"7971WX]$@C:?P��?]�8$P�W=D_ItU?U � �
VC6AI\Q"E�'/WX]$F D9E WXFG@X0KPMQ"@CW^D97_F3@XQ"E,�?F :"q WX]$F : B?FG@XQ"7_7�WX]$@^:"P��?]$8�P�W�D_IJ
�
 � ICp Q"7_7_FO@1WX]$Q"EG� D_WX]
V Q"ICFO7_D9E$F [\r��C
 [
]$F=ptF�'�D Q"E.: B?FG@XQ"7_7sWX]$@^:"P��?]$8�P�W D9I T,
 :�� ]�D��?]$FG@eWX]MQ"E � D WX]�V Q"I^FG79D_E$F
[\r�� N$P�W�D_W D_I 79FGI^I WX]MQ"E D9E�WX]�F d&E$]MQ"E�uOF�' [\r�� u QAI^F+
 [
]$F ptF�'$D9Q"E FO79Q"8$ICF�' W^D9ptFt:"q
WX]$F3W^]$D9@{'<�M:#��D_I\S N��(I^]$:"@CWXFG@ Q"E�' W^]$FeD9E WXFO@{0KPMQ"@CW^D97_F�@XQAE��?F3:"qmW^]$FeFO79Q"8$I^F�' WXD9ptF�D_IC�?T��
I^p=Q"7_79FG@1WX]$Q"EG� D WX] V1Q"I^FG79D_E$Fe[\r��C

j�B?FO@ WX]$F	� ]�:?79F ICWXQ"@CW^D9E�� WXD9ptF @XQAE��?F��1d�r a Q B?:?D�'�I B?FG@CR 79:?E�� FO79Q"8$ICF�'kWXD_p=FGI q :?@ W^]$F
WX]$D_@X'2�M:�� N;FOuOQ"P$I^F�W^]$F�N�P$79J [\r�� �M:#� I5uOQ"E$E�:"W1pt:?E�:?8;:?79D!>OF WX]$F\7 Q"I,W{"c]$:?8t@C:?P�WXFG@�0KP$FOP$F
q :?@�Q 7_:?E�� 8;FG@^D_:;'$I�:"q&W^D9ptF+
 � E � r n(N$P$@^I,WeD_I�]$Q"@^p q P$7 W^: f\d�o YZIP0KP$FOP�F Q B"FO@XQ��?F QAE�'
]$FOE�uOF�WX]�F�: B?FG@{�M:�� I F&�hD_ICW
QAI1D9I�F&�h8$79Q"D9E$F�'�� D_WX]<V1Q"I^FG79D9E�F�[\r��)Q"E�' d5r a5
 � I5WX]$F\WX]$D_@X'
�M:�� D_I�I^]$:"@CWI�&uG:?E��"FOICW^D9:?E ]MQ"8�8 FGE$I :�uGu Q"ICD9:?EMQA797 R.E$F Q"@ WX]$F FGE�' :"q
WX]$F W^@XQ"E$I,q FO@�:"q W^]$F
WX]$D_@X'1�M:��J
�[
]�D9I�u QAP$I^FGIeQ"E d�r a p=Q"@CJ/QAq WXFG@\WX]�F W^]$D9@{' �M:�� ]MQ"I�uO:"p=8$7_FGW^F�' � ]�D97_F W^]$F
uO:"E��?FOI,WXD_:?E D_I3Q"7_@^FOQ+'�R1'$FOuG@^F QAI^D9E,��
e6cq�W^]$F�WX]�D9@X' �M:#� �1:"P$7�' N;F 79Q"@X�?FG@ �1F F&�h8;FGuGW d�r a
WX: 8;FO@,q :?@^p N;FGWCWXFO@\Q+� QAD9E$I,W\Q W Q"D_7!"b'$@C:?8�




���

R��@��� ; � �@����1 �T�V��E B  2������8 &F����� ��� I S�� �6 !�"13��1��� 2����Y

 4500

 5000

 5500

 6000

 6500

 7000

 7500

ETCP
ECN

ETCPBL
ECN

BL

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

ec
)

2xBulk TCP + TCP (short) - ARQ2

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

 5

 10

 15

 20

 25

 30

 35

 40

 45

 50

ETCP
ECN

ETCPBL
ECN

BL

E
la

ps
ed

 ti
m

e 
(s

ec
)

2xBulk TCP + TCP (short) - ARQ2

Third flow

�����! "�#����$�	&%'��(*)+	,�
-.����	/����(*�
%'0��21

L D(�?P$@^FR
I��[\ghP�p=p=Q"@CR/:"q&@^FGI^P$7 WXI�: B?FG@�WX]$F�79D_E$J<� D WX] ptF�'�D9P$p � fCH48;FO@CI^D_ICWXFGE$uGR D9E W^]$F
�1:?@CJK79: Q+'/:"q Q IC]$:?@,W\uO:?pt8;FGW^D9E�� [\r�� �M:�� B�
 S"T @CFO8;FGW^D_W^D9:?E$I D

[
]$F : B?FO@^Q"7971W^]$@^:?P,�?]$8$P�Wt: B?FO@ WX]�F 7_D9E$J � D WX]kp=F�'$D_P$p � f�H 8;FG@^I^D_ICW^FOE$u R)D_I I^]$:�� E D_E
L D(�?P$@^F	
I� Q?
=[
]$F=ptF�'$D9Q"E�: B?FO@^Q"797sW^]$@^:"P��?]$8$PhW BAQ"@CD9FGI Q"IJ� D_W^] ]�D��?] � fCH 8;FO@^ICD9I,WXFOE�uGR+�
� D_W^] d�r a W^]$F�: B?FO@^Q"797"W^]$@^:"P��?]$8$PhWmD9I�I^7_D��?] WX7 R�7_:#�5FO@�WX]MQAEJ� D_WX]�:?P�W D_W Q"E�'J� D_W^] d&E$]MQAE$uOF�'
[\r�� WX]$F�ptF�'$D9Q"E=: B?FG@XQ"7_7MWX]$@C:?P��?]$8�P�W1D9I�]$D��?]�FO@�WX]MQ"E�� D WX]<V QAI^FO7_D9E�F�[\r��C
�d&@^@C:?@¥'$@C:?8$I
:?@tQ.IC8$P$@^D_:?P$Itf [\j D_EkWX]�F I^7_:#��"cICW QA@CW 8$]MQ"ICF q @CF�0KP$FGEKWX7 Rk8$@CFGB?FGEKW=W^]$F : B?FO@^IC]$:�:"W=:AqeQ
I^D_E��?7_F/N$P�79J [\r�� �$:#� q @^:?p :�uOuOP�@^@^D_E����5]$:��1FGB?FG@��1WX]$F :AWX]$FG@tN$P$7_J [\r�� �M:�� P�I^PMQ"7_7_R
uO:"EKWXD_E�P$FGI WX: W^]$Fe: B?FO@CI^]$:�:"W�
�6�E L D(�?P$@CF�
I�?N<�1FeICFOFeW^]$FeFG7 Q"8�I^F�' W^D9ptF�:Aq WX]$F3W^]$D9@{'<�M:��J

� ]$FGE d&E$]MQ"E�uOF�' [\r�� D_I�P$ICF�'��KWX]$F FO7 QA8$I^F�'tWXD_p=F :"q WX]�F WX]$D_@X'��M:#��D_I�IC]$:?@CW^FO@�Q"E�'tp=:?@CF
ICWXQ"N$79F W^]MQ"E]� D_W^]YV1Q"I^FG79D_E$F�[\r�� N;FOuOQ"P$I^F W^]$F I^7_:#��"cICW QA@CW�: B?FO@CI^]$:�:AWXIe:Aq�W^]$F N;:"W^] N$P�79J
[\r�� �M:#� I Q"@CF Q B?:?D('$F�' � D WX] r�V56tQ"E,'�N;FGu Q"P$ICF WX]$F WX]$D_@X' �M:#� ]MQAI Q 79Q"@X�?FG@tD9E�D_WXD_Q"7
� D9E,'$:#� @^FGI^D_ICWXD_E�� pt:?@^FP'$@^:?8�I W^]MQAW\Q"@^FeE$:#� p=:"@^F3q @CF�0KP$FOE W '$P$FeWX: uO:?@C@^P$8hWXD9:"E�


 4000

 4500

 5000

 5500

 6000

 6500

 7000

ETCP
ECN

ETCPBL
ECN

BL

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

ec
)

2xBulk TCP + TCP (short) - ARQ1

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

 0

 10

 20

 30

 40

 50

 60

 70

ETCP
ECN

ETCPBL
ECN

BL

E
la

ps
ed

 ti
m

e 
(s

ec
)

2xBulk TCP + TCP (short) - ARQ1

Third flow

�����! "�#����$�	&%'��(*)+	,�
-.����	/����(*�
%'0��21

L D(�?P$@^F5
�O;[�g�P$p=p=Q"@,R :"q�@^FGI^P$7 WXI1: B?FO@5W^]$F�79D_E$J�� D_WX] 7_:#� � fCH 8;FO@CI^D_ICWXFGE$uGR D_E=W^]$F �1:?@CJ�"
79:?Q+'/:AqsQ IC]$:?@,W\uO:?pt8;FGW^D9E�� [\r�� �M:�� B�
 S"T @CFO8;F WXD_W^D9:?E�I$D



�!O

[
]$F : B?FG@XQ"7_75W^]$@^:"P��?]$8$PhW : B?FO@ W^]$F 7_D9E$J-� D_W^] 79:�� � fCH 8;FO@^ICD9I,WXFOE�uGR D_I I^]�:#� E)D_EkL D���"
P$@^FJ
�O"Q,
 [
]�F�ptF�'$D9Q"E : B?FG@XQ"7_7$W^]$@^:"P��?]$8$PhW5]MQAI5Q I^p=Q"797_FO@sD_E$uO@CF Q"ICF�� D_W^]=d�E�]MQ"E$uGF�' [\r��
WX]MQAE � D WX] WX]$F :AWX]$FG@ 7_D9E$J W
R�8;FOI�
 [
]�F d�r a p=Q"@CJ�I:'$: E$:"W :�uGuOP$@ N;FOuOQ"P$ICF/W^]$F 7 QA@X�?F
E�P$p N;FG@ :"q�FO@C@^:?@�'$@C:?8$I J"FOFG8$ItW^]$F Q B?FG@XQ��?FG0KP$FOP$F 7_FOE��"W^]k79:#�J
kr�V16 Y It@^FGP$I^F ICICW^]$@^FGI^]
'$:�FOI E$:"W 79:��1FO@eWX]�F=: B?FO@^Q"797sW^]$@^:"P��?]$8$PhW8'$FOIC8$D_W^FtW^]$FtFO@^@C:?@J'$@^:?8�I W^]MQAW Q� �FGuGW W^]$F=uG:?E?"
�?FGICWXD_:?E � D_E�'$:�� I�
\6�E L D��?P$@CFR
�O N �1F�I^FGF WX]$F FO79Q"8$I^F�' W^D9ptF :"q WX]$F WX]$D_@X'1�M:��J
 � I �
D_WX]
p=F�'$D_P$p � fCH 8;FG@^I^D_ICW^FOE$u R��sWX]$F d�E�]MQ"E$uGF�' [\r�� FGEMQ"N�79FOI WX]$F=W^]$D9@{'��M:��+WX: uO:"p=8�79FGW^F
q Q"ICW^FO@\QAE�' D_W^I
FO7 QA8$I^F�' W^D9ptF3D9I
pt:?@^F3ICW QAN$79F3WX]MQAEG� D_W^] V QAI^FO7_D9E$Fe[\rA��


R��@��� H � ��8)8C& ��Y,��� SJ 01U��/V��1

[
]$F\I^79:���I,W Q"@,W5:Aq�W^]$F\N$P�79J [\r�� �M:#� I�: B?FO@^IC]$:�:"W^I�� D_W^]�V Q"I^FG79D_E$F [\r��U�7� ]$FGE=WX]$FG@^F�Q"@CF
:?E$7 R q F��4:?@ E$: FO@C@^:?@J'�@^:?8$I�
R� ]$FGE WX]�Ft@^FGI^D('$PMQ"7&FG@^@^:"@ @^QAWXF D_E$uO@CF Q"ICFOI��mWX]$F I^79:���"�I,W Q"@,W
: B?FG@^IC]$:�:"W3N;FOuG:?p=FGI37_FOICI�q @^F�0�P�FOEKW�
*� D_WX] W^]$F�D9E�D_WXD_Q"7�� D_E�'$:#� :Aq&W.�1: D_W\W Q"J"FGI3uG:?P$8$7_F�:"q
@^:?P�E�'?"cW^@^D_8$I WX:tq P$797 R P�W^D979D!>OFeWX]$F5� D9@CFO7_FOICI�7_D9E$J9
A� ]$FOE W^]$F WX]$D_@X'1�M:#� ICWXQ"@CW^I*'$P�@^D9E,�=W^]$F
7 Q WXFO@ 8$]MQAI^FOI\:Aq W^]$F I^7_:#��ICW QA@CW :"qmWX]$F N$P�79J [\r��M�M:#� I�� D WXI
FG7 QA8$I^F�' W^D9ptF3D_I
79D_J"FO7_RtWX: N;F
79:"E���N;FOuOQ"P$I^F
:Aq uO:?E,�?FOI,WXD9:"E�'�@^:?8$I�
 [
]$F�0�P�FOP$D_E�� '�FO7 Q R8'�P$@^D_E���W^]$F IC79:���"�ICWXQ"@CW : B?FO@CI^]$:�:"W
@^FGuO: B?FO@CR D_I3I^p=Q"797Q� � ]$D9u ].FOEMQAN$79FGIeW^]$F WX]$D_@X'/�M:�� WX:/uG:?pt8$79F WXF:0KP$D_u JK7 R D q�D_W3D9I3I,W Q"@CW^D9E��
'$P$@CD9E�� W^]$F @^FGuO: B?FO@CR+
 � q WXFG@�WX]�F IC79:���"�I,W Q"@,W : B?FG@^IC]$:�:"W :"q W^]$F N$P$7_J�[\r�� �M:�� I��&WX]�FO@^F
D9I�79Q"@X�?F8'$D! �FG@^FOE�uOF D_E WX]$F FG7 Q"8$ICF�' WXD_p=FGI�:"q&WX]$D_@X']�M:�� N;FGW.�1FGFOE�D9E,'$D_B�D�'�PMQ"7m@CFO8;F WXD_W^D9:"E$I
N;FOuOQ"P$I^F :"qmuG:?E��?FGICWXD_:?E�
&6�E W^]$FP�1:?@CICW uOQ"I^F3WX]$F�WX]$D_@X'<�M:���D9I P�E$79P$u J R Q"E�'/N;:AWX]/8$Q"u JAFGWXI
q @^:?p WX]$F�D_E$D_W^D9Q"7�� D_E�'$:�� Q"@^F8'$@^:?8�8;F�' @CFOI^P�7_WXD_E��=D9E B?FG@CR IC79:�� uG:?p=8�79F WXD9:"E :"qsWX]$F WX]$D_@X'
�M:��J
�� ]$FOE WX]�F�uG:?E��?FGICW^D9:?E]'$@C:?8$I\WX:?P�u ] :?E$7_R W^]$F N$P$7_J/[\r��«�M:�� I��;WX]$F FO79Q"8$ICF�' WXD9ptF
:"qmWX]$FeWX]�D9@X'	�$:#� D9IC�?:�:;'�

� D_W^] d�r a WX]�F�WX]�D9@X' �M:�� D9I Q"N$7_F.W^: :?8;FGE D_W^I uG:?E��?FGICW^D9:?E � D_E�'$:#� q Q"ICW^FO@ N;FOuOQ"P$ICF
WX]$F 7 QAICW{"c]$:?8 @C:?P�W^FO@ 0KP$FOP�F 79FGE��"W^] D9I\I^]�:?@CW^FO@�
\[
]�FO@^F q :?@^F d�r a ]$FG798$I\WX]$F WX]$D_@X'1�M:�� WX:
uO:"p=8$7_FGW^F�q Q"I,WXFG@sQ"E,' pt:?@^F�ICWXQ"N$7_R+
 [
]$F5q Q"D9@CE$FOICI N;F W��5FOFOE WX]$F�W��5:3N$P�79J [\r��&IsD9Im@^F�'�P$uOF�'
'$P$F WX: d�r a p=Q"@^JKI WX]MQ W&W^FOE�' WX:ep QA@^J :?E$7_R :?E$F
:Aq;W^]$F
N$P$7_J [\r����M:�� I�
s[
]$F 7_D9E$J�"c7_FGB?FG7
@^F WX@XQAE$I^ptD9ICI^D9:"E$I*�"@^:?P$8 � r neIeD_EKW^: NMQAu J�" WX:�"cNMQ"u J N�P$@^I,WXI3W^]MQAW3D_E$uO@CF Q"ICF 7 Q"I,W{"�]�:?8]0KP$FOP$F
: B?FG@{�M:�� I���� ]$D9u ] d5r a+u Q"E�E$:"W 8$@CFGB?FGEKWI
2� ]�FOE�WX]$F @CFOICD�'$PMQA7&N$D W{"�FG@^@C:?@3@XQAW^F D_E$uO@CF Q"ICFOI��
WX]$F d�r a p=Q"@^JKI N;FOuO:"p=Fe@XQA@^FeN;FGu Q"P�I^F :AqmWX]�F FG@^@^:"@C'$@C:?8$I WX]MQAW
u QAP$I^F FOQ"@^7 R uO:?E,�?FOI,WXD9:"E
� D9E,'$:#� @^F�'$P$u WXD9:"E$I�

[
]$FtN$P$7_J [\r��@�M:#� I :Aq5WX]�F=d&E$]MQAE$uOF�' [\r��@� D_W^]�7 QA@X�?FG@eD_E$D_W^D9Q"7U� D9E,'$:#� ICWXQ"@CW q QAICWXFG@
Q"E�' @^FOQ"u ]]0KP$D_u JAFO@\WX]$F ICW Q WXF5� ]�FO@^F WX]$FJ� D9@^FG79FGI^I\79D_E$J D_I q P$7_7_R P�WXD_79D!>OF�'¦
1[
]$F�Q+'�'$D WXD9:"EMQ"7
8MQ"u J"FGW^I5D9E WX]$F D9E$D WXD9QA7?� D9E,'$:#��Q"79IC: ]$FG798 W^]$F WX]�D9@X'��M:�� WX: @^FGuO: B?FO@�q Q"ICW^FO@�
�r�V56s8$@C: B�D�'�FOI
W��5: p=Q"D9E Q+'�B Q"EKWXQ+�?FGI�
�L D9@CICWI� WX]$F IC79:���"�I,W Q"@,W : B?FO@^IC]$:�:"W��)� ]$D_u ] D9I B?FG@CR 'MQ"p=Q+�?D_E�� WX:
WX]$F WX]�D9@X' �$:#�J�
D_I Q B?:?D('$F�'�
�g�FOuO:"E�'$7 R�� WX]�F 7_:#�5FO@tI^79:���"�I,W Q"@,WtWX]$@CFOI^]�:?7�' 8$@CFGB?FGEKW^I W^]$F
Q"E$:AWX]$FG@�N$P�79J/[\r��«�M:�� q @^:?p I^7_:#� ICWXQ"@CW^D9E�� QAN : B?F Q �cq Q"D9@ IC]MQ"@^F �5� ]$FOE Q"E FO@^@C:?@ '$@C:?8
:?@ Q I^8$P$@CD9:?P�I f [\j q :"@^uOFGI WX]�F :"W^]$FO@ N�P$79J)[\r�� �M:#� WX: W^]$F uG:?E��?FGICW^D9:?E Q B?:?D�'$Q"E$uGF
D9E Q"E FOQ"@^7 R 8$]MQAI^F+
 r�V16 Y I I^I,WX]$@^FGI^] @^FGP$I^F-'$:�FGI E$:"W @^P$D_E WX]$F 8;FO@,q :?@^p=Q"E$uGF :"q [\r��
� ]$FGE FG@^@^:"@ '$@C:?8$I\:�uOuGP$@�
 L�"
f [\j @^F�'$P$uGFOI�W^]$F E�P$p N;FG@\:"q P$E$E$FGuOFGI^IXQ"@CR @^FGW^@XQ"E�I^ptD9I^ICD9:?E
� ]$FGE I^8$P$@CD9:?P�I f [\j3I Q"@CF3W^@^D(���?FG@^F�'¦��N$P�W
I^P$u ] u QAI^FGI '�: E$:AW
:�uOuOP�@
:"q WXFGE�
&6�E/I^P$ptp=Q"@CR+�
d&E$]MQ"E$uGF�' [\r���8;FO@,q :?@^ptI��1FO7_7T




� U

� 7_7$FOE$]MQAE$uOFGp=FGEKW^I1:� �FG@5Q N;F W^WXFG@�8;FO@,q :?@^p=Q"E$uGF
q :?@&W^]$F WX]�D9@X'��M:#��uG:?pt8MQ"@^F�'2� D_W^]�V Q"I^F "
79D_E$F [\r��C
 [
]$F N;FOICW=8;FO@,q :?@^p=Q"E$uGF q :?@ WX]�F/WX]$D_@X' �M:#� D9I Q"u ]$D9F B?F�' D9EkW^]$F d&E$]MQAE$uOF�'
[\r�� � D WX] d�r a�uOQ"I^F�
 � I^D_E��?7_F\d5r a p QA@^J :?@�'$@^:"8 D_I5Q"7(�1Q R�I5P�E$D979QAWXFG@XQ"7MQ� FOu WXD9E,� :?E$7 R
:?E$F :Aq
WX]�Fr�$:#� I��E� ]$D9u ] @^F�'$P$uGFOI WX]�F=q Q"D9@CE$FOICI�:"q WX]$F N$P$7_J.[\r�� FO79Q"8$ICF�' WXD_p=FGI D9E QA797
uO:"E,LS�?P$@^QAWXD_:?E$I
]MQ BhD_E��td�r a uO:"p=8$Q"@^F�'G� D_W^] V QAI^FG79D9E�Fe[\r��C


��� � # ��� � ��� �(# ��! � �
� �k	 ���52�� ���h�
��� �k�c� � � � ��� � # ��! �=�
� �

6�E W^]$F��1:?@^JK7_: Q+' :"q�W^]$F�W��1: N$P�79J [\r�� �M:�� IeuO:?pt8;FGW^D9E���� D_WX] Q N$P$7_J [\r�� �M:#�J��W.�1:
N$P$7_J/[\r��«�M:�� I3Q"@CF ICW QA@CWXF�' QAW >OFG@^: ICFOuG:?E�'$I�
 � F�@CFGq FO@\WX:tWX]$FGp QAI�q QAICWXFG@�Q"E�' I^79:��1FG@
�M:��J
�[
]$F uO:"p=8;F WXD9E,� N$P$7_J [\r�� �M:�� W^]MQAW ICW QA@CWXI 79QAWXFG@
D_I
7 Q"N;FG79F�'/Q"I
WX]�F W^]$D9@{'	�M:#� 

� F
@CFO8;:?@,WsWX]$F 8;FO@,q :?@^p=Q"E$uGF :"qMWX]$FA� ]$:?7_FA�1:"@^JK79: Q�' P$ICD9E���WX]$F : B?FO@XQA797�WX]�@^:?P��"]$8$P�W�
s[ ]$F
BAQ"7_P$F D9E$uG79P�'$FGI ]$FOQ+'$FG@^I�Q"E�'�WX]�FO@^F q :?@CF=D WXIeWX]�FO:?@CFGWXD_u Q"7&p=Q��hD9p P$p D9I � T"T?T1VC6 I�
 6�E W^]$F
Q"EMQA7_R�I^D_I5:"q�D9E�'�D_B�D�'$P$Q"7S�$:#� I¥�1F�P$I^F�WX]$F�I^D_p P$7_WXQ"E$FG:?P$I�WX]�@^:?P��"]$8$P�W B I^FGF ghFGuGWXD_:?E<�,
P:+D�Q"I
WX]$F N$Q"I^D_u ptFGW^@^D9ueN;FGu Q"P�I^F�D W\D_E$uO7_P�'$FGI\:?E�7_R W^]$F 8$]MQAI^F :Aq W^]$F WX@XQAE$ICq FG@ '$P$@^D_E��2� ]$D_u ] QA797
WX]$@CFOF¥�M:�� I&Q"@CF5WX@^Q"E$I,q FO@^@CD9E��,
 [
]$F D(�?E$:"@^F�'�8�]MQ"I^FGIs]MQ B?F5BAQ"@,R�D9E��3Q"pt:?P$E W :"qMuO:"p=8;F WXD_W^D9:"E
WX]MQ W D9I5E$:"W1F�0KPMQ"7 N F W.�1FOFGE @CFO8;F WXD_W^D9:?E�I QAE�' WX]$FG@^FGq :"@^F*�5F3D��?E�:?@^F\W^]$:?ICF38$]MQAI^FOI�
W� F3Q"79IC:
u QA79uOP�7 QAW^F3W^]$Feq Q"D9@CE$FOICI D9E,'$F&� : B?FG@ W^]$F I^D_p P�7_W QAE$FG:?P$I1WX]$@C:?P��?]$8�P�WXI�

LM:?@�F Q"u ] 7_D9E$J�W�Rh8;F �1F�P$I^F LS�?P�@^FOI5W^]MQAW1uG:?pt8MQ"@^F WX]$F�@^FGI^P$7 WXI�� D_WX]rV Q"I^FG79D_E$F\[\r��@BvV lUD&�
V Q"ICFO7_D9E$F
[\r�� � D WX]=d�r a BQV1l��ed�r a*D&��d&E$]MQ"E�uOF�' [\r�� B d&[\r��¥D �hQ"E�'=d�E�]MQ"E$uGF�' [\r��
� D_W^] d�r a B d�[\rA�¥�ed�r aPD&
7� F�Q"EMQA7_R;>OF
WX]$F\u QAI^FOI5D9E W^]MQAW�:?@X'�FO@�
s[
]�F LS�?P$@CFOI5IC]$:�� W^]$F
p=F�'$D9Q"E Q"E�' W^]$F*0KPMQA@CWXD_79FGI�� D WX] Q I^:?7_D�'tFO@^@C:?@^N$Q"@�q :?@�W^]$F*�?D B?FOE ptFGWX@CD9uGI�
=� ]�FOE 8�@^FOICFOE WI�
Q2'�:"W^W^F�' FO@C@^:?@CNMQ"@
I^]$:�� I\W^]$F ptD9E$D_p�P$p Q"E�'/WX]�F p=Q��hD9p P�p1


R�� ����� 46�����K� � ���� ! � �@���

6�E)L D��?P$@CF]
 U?Q �1F ICFOF WX]�F : B?FO@XQA797�WX]$@C:?P��?]�8$P�W : B?FG@ W^]$F FG@^@C:?@F" q @^FOF 79D9E�J 
 6�EkQ"797�u Q"ICFOI
WX]$F : B?FO@XQA797mWX]�@^:?P��"]$8$P�WeD_I�B?FG@CR I,W Q"N�79F+
 � IP� D WX] WX]$F I^]�:?@CWeuO:"p=8;F WXD_E�� [\r�� �M:��J��W^]$F
d&E$]MQ"E$uGF�' [\r�� uOQ"I^FGI�]$Q B?F
Q3]�D��?]$FG@ : B?FG@XQ"7_7�W^]$@^:?P,�?]$8$P�W WX]MQ"E�WX]$FCV1Q"I^FG79D9E�F1[\r�� uOQ"I^FGI�

[
]$F ICD9p P$7 W QAE$FO:"P$I\W^]$@^:"P��?]$8$PhWXI�:"qsWX]$F�D_E�'$D_B�D('$PMQ"7�[\r�� �$:#� I�: B?FO@�W^]$F�FO@C@^:?@�"cq @^FGF 79D_E$J
Q"@^F�IC]$:#� E D9E L D��"P$@^F8
 UAN/QAE�' W^]$F�q Q"D_@^E$FGI^I1D9E,'$F&�=q :?@�WX]$F�I^D9p P$7 W QAE$FO:"P$I�WX]$@C:?P��?]�8$P�WXI D_E
L D(�?P$@^F�
 U"u�
 6�E WX]$F d&E$]MQAE$uOF�'�[\r���uOQ"I^FGIeW^]$F I^D9p P$7 W QAE$FO:"P$I�W^]$@^:?P,�?]$8$P�W3D9I�pt:?@^F q Q"D_@
WX]MQAEkD_E WX]$F	V Q"ICFO79D_E$F [\rA� uOQ"I^FGI�
 � 7_I^:.d�r a D9pt8$@^: B?FOI�q QAD9@CE$FOICI N;F W��1FGFOEkWX]$F<�$:#� I�

[
]$F I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��?]�8$P�W�:"q W^]$F WX]$D_@X'G�M:�� D9I ]$D(�?]$FG@\N;:"W^]1� D_W^] d&E$]MQ"E�uOF�' [\r��
Q"E�' d�r a5

6�E L D��"P$@^F 
 U�' �5F ICFOF W^]$F E�P�p N;FG@ :Aq 8MQAu J"F W	'$@C:?8$I=q :?@tF Q"u ] �M:#�J
�[
]$F I^79:���"�I,W Q"@,W
: B?FG@^IC]$:�:"W D_I1Q B?:?D�'�F�'�� D WX] d&E$]MQAE$uOF�' [\r��)Q"E�'=WX]�FO@^F q :?@^F\WX]$F�E�P�p N;FG@5:"q3'$@C:?8$I5D9I�B?FO@,R
79:��J
�d�r a Q B?:?D�'�I :?E�FeWX: W��1:2'$@^:?8�I q @C:?p FGB?FG@CR	�M:��J




�!:

 7500

 7550

 7600

 7650

 7700

 7750

 7800

 7850

 7900

 7950

ETCP
ECN

ETCPBL
ECN

BL

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

ec
)

2xBulk TCP + Bulk TCP - Error-free link

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

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

 5000

ETCP
ECN

ETCPBL
ECN

BL

S
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

 (
B

/s
ec

)

2xBulk TCP + Bulk TCP - Error-Free Link

Faster flow
Slower flow

Third flow

����� � (*) ��� �
����	&�
��$ �������
���
������� -��
� ( ��%�(�� (#%������
0��21�$

 0.6

 0.65

 0.7

 0.75

 0.8

 0.85

 0.9

 0.95

 1

ETCP
ECN

ETCPBL
ECN

BL

F
ai

rn
es

s 
of

 s
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

2xBulk TCP+ Bulk TCP - Error-free link

��3&� � ��(�� ��	&$�$A( ��%�	 
'��-.����	 $<(�) ���*������	�����$A�����������
� 

�����

 0

 5

 10

 15

 20

 25

 30

 35

ETCP
ECN

ETCPBL
ECN

BL

T
ot

al
 d

ro
ps

2xBulk TCP + Bulk TCP - Error-Free Link

Faster flow
Slower flow

Third flow

��%��;5 �
3
7
	8�
$9%����
����	:%

L D(�?P$@^FJ
 U,[&ghP�p=p=Q"@CR :"q�@^FGI^P$7 WXI5: B?FG@5W^]$F�FO@C@^:?@�"cq @^FGF�7_D9E$J D_EtWX]$F �1:?@CJK79: Q+'=:"q�uO:?pt8;FGW^D9E��
N$P$7_J [\r�� �M:�� BF
 S"T @^FG8;FGW^D_WXD_:?E$I D

� &F1U 2/��@�� *# > �

� ]$FGE	V Q"ICFO7_D9E$F [\r�� D9I�P$I^F�' Q"E�'tWX]$F\I^D�>GF�:Aq�Q uO:?pt8;FGW^D9E�� [\r�� �M:�� D9I�D9E$uG@^F QAI^F�'=q @C:?p
I^]$:"@CW�WX: 79:?E��,� WX]$F ptF�'$D9Q"E : B?FO@XQA797�WX]�@^:?P��"]$8$P�W D_E$uO@CF Q"ICFOI�WX:?: � :?
<VC6 I�
 [
]�F p=F�'$D Q"E
I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��?]$8�P�W D_I2%+% :"T-V�6AI q :?@�W^]$F q Q"ICW^FO@:�$:#�J�1SAU,
�:/V�6AI q :?@�W^]$F I^79:��1FG@
�M:��J� Q"E�' 
�O?SATGVC6AIeq :?@3WX]$F WX]�D9@X'-�M:��J
t[
]$FtD_EKW^FO@{0�P$Q"@CWXD_79F�@XQ"E��"F :"q5W^]$F W^]$D9@{'-�M:#� D9I

 S?
��1VC6AI�
 [
]$FtptF�'�D Q"E q Q"D_@^E$FGI^IeD9E�'$F �.:Aq5W^]$F ICD9p P$7_WXQ"E�FO:?P$I�WX]�@^:?P��"]$8$P�W D9I T?
 N,
+�mQAE�'
WX]$F D_EKW^FO@X0KPMQA@CWXD_79F�@XQ"E��"F :"qmWX]$F D_E�'$F �/D9I T,
 N :#"�T,
 � ��
 [
]$F 79D_E$J=P�W^D97_D(> QAW^D_:"E D9I	N � �<

[
]$F W^:"W QA7 FO79Q"8$ICF�' WXD_p=F D_I�79:?E,�?FO@\WX]MQ"E]� D_WX] W^]$F I^]$:?@,WeuO:"p=8;F WXD_E�� [\r�� �M:#� N;FOuOQ"P$ICF
WX]$F�Q"pt:?P$EKW5:"q3'MQ W Q WX]$QAW1D9I�WX@XQAE$ICq FG@^@^F�' : B?FO@5W^]$F�7_D9E$J D9I579Q"@X�"FO@�
 � 7_:?E��?FG@�W^:"W QA7;FG7 Q"8$ICF�'
WXD_p=F @CF�'$P$uGFOI W^]$F<�1FOD(�?]KW :"q\W^]$F I^79:���"�I,W Q"@,W 8$]MQ"ICF Q"E�' W^]$FO@CFGq :?@CF W^]$F p=F�'$D Q"E : B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W\D_I
]$D��?]�FO@ WX]MQAE D9E W^]$F �1:?@CJ�7_: Q+'	� D WX] WX]$F I^]�:?@CW\uG:?pt8 F WXD_E�� [\r��M�M:#�J

V1FOuOQ"P$ICF3:"q�WX]�F�ICD9ptD97_Q"@&uG:?E��?FGICWXD_:?E QAI�� D_W^]=W^]$F �1:?@CJ�7_: Q+'=:"q�WX]$F�IC]$:?@CW1uG:?pt8;FGW^D9E�� [\r��
�M:��J� WX]�F WX]$D_@X' �$:#� D9I\B?FG@CR :"q WXFGE 8;FOE$Q"79D(>OF�' E�F Q"@\WX: D_W^I�ICW QA@CWI
\[
]$D9I�8;FOEMQ"7 W
R 8�@^FGB?FGEKW^I
WX]$F W^]$D9@{' �M:#� q @^:"p :?8;FOE$D_E���WX]$F uG:?E��?FGICWXD_:?EM� D_E�'$:�� W^: W^]$F I^D(>OF F�0�P$Q"7\W^: W^]$F I^D�>GF
:"q WX]$F :AWX]$FG@:�M:�� I�
 6�E W^]$F @^FG8;FGWXD WXD_:?E$I8� ]$FO@CF/:?E$F :Aq\W^]$F	>OFG@^:�"cICWXQ"@CW^D9E��]�M:�� I I^P? �FG@^I



� �

N;FOuOQ"P$I^F :"q�uO:?E,�?FOI,WXD_:?E-'$@^:?8�I���WX]$F�WX]$D_@X']�M:#� Q W^W QAD9E$I�ICD9p P$7 W Q"E�FO:?P�I�WX]$@C:?P��?]�8$P�WeF�0KPMQ"7
WX: WX]�F I^D_p P�7_W QAE$FG:?P$I WX]$@C:?P��?]$8�P�W :"q3W^]$F I^7_:#�1FG@��M:��J
�[
]$F q QAICWXFG@��M:��J� ]$:��1F B?FO@�� D9I
Q"7_p=:?I,W QA7(� Q R�I I^FG@CB?F�' P$E�q QAD9@^7 RR�1FO7_7T
&L D(�?P$@^F:
�: 8�79:"W^I WX]�F I^D9p P$7 W QAE$FO:"P$I1WX]$@C:?P��?]$8�P�W\:"q
WX]$F WX]$D_@X':�M:#� q :"@&D9E,'$D_B�D('$PMQ"7h@^FG8;FGW^D_WXD_:?E$I�
 � I)� D_W^] WX]$F IC]$:?@,W�uG:?pt8;FGWXD_E��e[\r����M:#�J� W^]$F
�1:?@CICW
ICWXQ"@CW^D9E�� WXD_p=FGI5q :?@5W^]$F�WX]$D_@X'r�$:#��Q"@^F*'$P$@^D_E���WX]�F3I^79:���"�I,W Q"@,W : B"FO@^IC]$:�:"W Q"E�'/QAq W^FO@
WX]$F
7 QAICW{"c]$:?8 @C:?P�W^FO@)0KP$FGP$F\]MQ"I)�?@C:#� EtQ+� QAD9E�
 6�E WX]$F
79QAW^WXFG@suOQ"I^F��KW^]$FC>OFO@C:�"�I,W Q"@,WXD_E��P�M:�� I
]MQ B?F�uO:?pt8$7_FGWXF�'tWX]�FOD9@�: B"FO@^IC]$:�:"W1@CFOuG: B?FO@,R Q"E,' Q"@CF�LM@^pt7_R D9E WX]�F�uO:"E��?FGICWXD_:?E Q B?:"D�'MQ"E�uOF+


 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30  32  34  36

S
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

 (
B

/s
)

Starting time of the third flow (s)

2xBulk TCP + Bulk TCP / Error-Free Link / Baseline TCP

L D(�?P$@^F]
�:;[ [
]$F I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��"]$8$P�W :"q WX]$F W^]$D9@{' �M:�� � D_WX]KV QAI^FO7_D9E�F [\r�� D_E
D9E�'�D_B�D�'�PMQ"7�@CFO8;F WXD_W^D9:"E$I
: B?FG@ FO@^@C:?@F" q @^FGF 7_D9E$J/B�
 S"T @CFO8;FGW^D_W^D9:?E�I$D

a�F ��W��1F�79:�:"J QAW5WX]$F�@CFO8;F WXD_W^D9:?E�I�� ]$FG@^F�W^]$F�WX]�D9@X'R�M:#� ICWXQ"@CW^I¥� ]$D97_F\W^]$F�:"W^]$FO@��M:#� I Q"@CF
D9E W^]$FeuG:?E��"FOICW^D9:?E Q B?:?D('MQ"E$uGF3D9E<�"@^F Q WXFO@�'�FGW QAD97Q
s[ ]$:?I^Fe@^FG8;FGW^D_WXD_:?E$I1]$Q B?F3W.�1: uOQAWXF��?:?@^D_FOI
WX]MQ W Q"@CF NMQ"I^F�'.WX]$F @^:?P�E�'?"cW^@^D_8 :?E-� ]$D_u ] WX]$F I^7_:#��"cICWXQ"@CWe: B?FO@^IC]$:�:"Weq :?@3W^]$F WX]$D_@X'/�M:#�
:�uOuGP$@^I�
 6
E�p=Q"EKR)@^FG8;FGWXD WXD_:?E$ItWX]$F I^7_:#��"cICW QA@CW : B?FG@^I^]�:�:"W :�uOuGP$@^I<'$P$@CD9E�� WX]�F WX]�D9@X' :?@
F QA@^79D_FO@\@^:?P�E�'?"cW^@^D_8 Q"E�' W^]$F uG:?E��?FGICW^D9:?E]� D9E,'$:#� :"q&WX]$F WX]$D_@X' �M:#� D_I�79F q W�I^p=Q"797Q
 � ]$FGE
WX]$F�I^79:�� I,W Q"@,WmD9ImQ"N�79F&W^:\uO:?E WXD9EKP$F&WX: WX]�FWL$q WX] :?@ 7 Q WXFO@�@^:"P$E�'?" WX@^D_8�� WX]�F�WX]$D_@X'J�$:#� @^FOQ"u ]$FOI
Q3]�D��?]�FO@ I^D_p P$7_WXQ"E$FG:?P$ImWX]$@C:?P��"]$8$P�W&N;FGu Q"P�I^F
D_W D9IsQ"N�79F5W^:eD_E,� QAW^F5WX]$F uG:?E��"FOICW^D9:?E�� D9E�'�:#�
WX: Q 7 Q"@{�?FtFGE$:?P��"] I^D(>OFtWX: FGB?FGE � D_W^] W^]$Fr>GFO@C:�"�I,W Q"@,WXD9E,� N$P$7_J.[\r��O�M:�� I�
 [
]$FGI^F W.�1:
ICWXQ"@CW^D9E�� 8MQAW^W^FO@CE$I uG: B?FG@/Q"7_p=:"ICW Q"7_7\@^FG8;FGWXD WXD_:?E$I�
 [
]$F 79Q"@X�?F '$D! �FG@^FGE$uOF D9E W^]$:?I^F W.�1:
u Q WXF��":?@^D_FOI
@^F�'�P$uOFGI\WX]$F I,W Q"N$D_79D W�R=:"q W^]$F I^D9p P$7 W QAE$FO:"P$I W^]$@^:"P��?]$8$PhW\:"q W^]$FeWX]$D_@X'	�M:��J


� &F1U 2/��@�� *# > � �J�V��E,4 >	�

� ]$FGE V Q"ICFO7_D9E$F [\r�� D_I P$I^F�'�� D_W^] d5r a5��WX]$FtptF�'�D Q"E.: B"FO@XQA797 WX]$@^:"P��?]$8�P�W D_I @^:?P,�?]$7_R
WX]$F IXQ"ptF Q"IC� D_W^] V Q"ICFO7_D9E$Fe[\r��C
1[
]$F ptF�'$D9Q"E/I^D_p P$7_WXQ"E$FG:?P$I W^]$@^:"P��?]$8$PhW�D_I %,
�����V�6AI
q :?@ W^]$Ftq Q"I,WXFG@5�M:��J�&S"U,
�O1VC6 I q :?@ W^]$F=I^7_:#�5FO@J�M:#�J� Q"E�' 
3N,
�OGVC6AI q :"@ WX]$F WX]$D_@X' �M:��J

[
]$F\IC79:��1FO@E�M:#� R�D9FO7('$I&@^:?P,�?]$7_R WX]�F\I^Q"ptF
W^]$@^:?P,�?]$8$P�W�Q"I)� D_W^]�V1Q"I^FG79D9E�F
[\r�� � ]$D_79F W^]$F
q Q"ICW^FO@E�M:�� ]MQ"I :�� 79:��1FG@�Q"E�' W^]$F
W^]$D9@{':�M:#� ]MQ"I�S"U�� ]$D��"]$FO@sI^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��?]$8�P�W
WX]MQAE<� D_WX]	V Q"ICFO79D_E$F�[\r��C
�[
]$FeD_EKW^FO@{0�P$Q"@CWXD_79F\@XQ"E��"FOI :"q WX]�FeICD9p P$7 W Q"E�FO:?P$I�WX]$@C:?P��?]�8$P�WXI
Q"@^F ICp QA797_FO@ W^]MQ"EM� D_W^]NV Q"ICFO79D_E$F [\r�����WX]$F q Q"I,WXFO@R�M:�� NKR S�� �<�1WX]$F I^7_:#�1FG@R�M:#� N R
S � �<��Q"E�' W^]$F W^]$D9@{' �$:#� N R S � �<
.[
]$F ptF�'$D9Q"E q Q"D_@^E$FGI^I D_E�'$F&� :"q WX]�F I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�W\D_I T,
 N����MQ"E�'/W^]$F D9E WXFO@{0KPMQ"@CW^D97_F3@XQAE��?Fe:"q W^]$F D9E�'�F&�/D_I T,
 N � "
T?
 N?T?




� N

d�r a I^79:�� I�WX]$F8�M:#� I�W^]MQAW�W^@CR WX: p=:?E�:?8;:?79D!>OF WX]$F�7 Q"I,W{"�]�:?8 @^:"P�WXFG@P0KP$FGP$F N R p=Q"@CJ�D_E��
WX]$FGp 
 [
]$FO@CFGq :?@CF
q Q"D_@^E$FGI^I&N;F W��5FOFGEtWX]$F��$:#� I�D_E$uO@CF QAI^FOI�
&[
]�F 79:��1FG@&Q"E�' P$8�8;FO@W0KPMQA@CWXD_79FGI
:"q WX]�F I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��"]$8$P�W�:"q WX]$F=D9E�'$D B�D�'$P$Q"7E�M:#� I Q"@CF 8$Q"u J"F�' uO7_:?I^FG@ WX:��?F WX]$FG@
Q"E�' Q"7_I^:tWX]$F�ptF�'$D9Q"E$I�:"qsWX]$F�'$D! �FG@^FGEKW �M:#� I*'$@XQI� uG79:?ICFO@�F Q"u ] :"W^]$FO@�
�[
]$F ICD9p P$7 W QAE$F&"
:?P$I�WX]$@C:?P��?]�8$P�We:"q�W^]$F W^]$D9@{'/�$:#� D_E$uO@CF Q"ICFOIP� D WX].d�r a4@^F�� Q"@{'$79FGI^I3:"q�W^]$F W^]$D9@{'/�$:#� Y I
ICWXQ"@CW^D9E�� WXD9ptF+

� F�7_:�:?J�E$:�� QAW�W^]$F\@^FG8;FGWXD WXD_:?E$I)� ]$FG@^F\W^]$F WX]$D_@X'2�M:���D9I�ICWXQ"@CW^F�'�'$P$@^D_E�� W^]$F\uO:?E,�?FOI,WXD9:"E
Q B?:"D�'MQ"E�uOF :"q W^]$F\:"W^]$FO@)�M:�� I��7� ]$D_u ]2� Q"I�8$@C:?N$7_FOp=QAWXD_uA� D_W^]�V Q"ICFO7_D9E$F
[\r��C
�[ ]$F�ICD9p P$7t"
W Q"E�FO:?P�IsWX]$@C:?P��?]�8$P�W&:"q W^]$F1WX]$D_@X'��M:#�)D9I ]$D��"]$FO@ D9E�W^]$F
@CFO8;F WXD_W^D9:"E$I�� ]$FO@CF
W^]$F I^79:���"�I,W Q"@,W
: B?FG@^IC]$:�:"WXIP'$P$@CD9E�� QAE FOQ"@^7 R @C:?P$E�'?" WX@CD98 N;FOuOQ"P$I^F d�r a p Q"@CJKI38�@^FGB?FGEKWeW^]$F :"W^]$FO@ �M:�� I
q @^:?p+J"FOFG8$D9E,� W^]$F�7 QA@X�?FG@�NMQ"E�',� D('�WX] I^]MQ"@CF+�;� ]$D9u ] WX]$F R=ICW^F Q"7;q @C:?p+W^]$F�WX]$D_@X'��$:#� Y I1q Q"D_@
I^]MQA@^F+�"q :?@ Q�79:?E,��8;FO@CD9:;' :AqMWXD9ptF+
�� ]�FOE d5r a ]$Q"Isp=Q"@^J"F�' N;FGq :?@CF1W^]$F FGEKWX@,R�:"qMW^]$F5WX]$D_@X'
�M:��J� WX]$F I^]$:"@CWXFG@50KP$FGP$F=79FGE��"W^]�D9E�uO@^FOQ"I^FGI 8$@^:"NMQ"N$D_79D W�R W^]MQAW W^]$F W^]$D9@{'-�M:#�4: B?FO@CI^]$:�:AWXI
:?E W^]$FPL$q WX]/:"@
79QAWXFG@ @^:"P$E�'?" WX@^D_8�
s6�E/I^P�u ] Q @CFO8;F WXD_W^D9:?E¦�hW^]$F3WX]$D_@X'<�M:�� ]MQAI\Q�B?FO@,R	�?:�:;'
I^D_p P$7_WXQ"E$FG:?P$I1WX]$@C:?P��?]$8�P�W�Q"IC� D WX]1V Q"I^FG79D_E$Fe[\r��C


4 ��E�&F���Q 2�W# > �

� ]$FGE d&E$]MQAE$uOF�'/[\r�� D_I1P�I^F�'¦��WX]$F�p=F�'$D9Q"E : B?FG@XQ"7_7 WX]$@C:?P��?]�8$P�W D9E$uG@^FOQ"I^FGI W^: :�N?T�N:V�6AI
N;FOuOQ"P$I^F�:"q WX]�F 7 Q"@{�?FO@ D_E$D_W^D9Q"7¦� D_E�'$:��J

[
]$F�ptF�'�D Q"E I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�W�D_I %,
�% �
VC6AI�q :?@�WX]�F q Q"ICW^FO@��M:#�J�5SQOQO � VC6AI�q :?@�W^]$F I^7_:#�1FG@:�$:#�J��Q"E�' SAT+� � VC6AI q :"@�WX]$F WX]$D_@X'
�M:��J
 [
]$F D9E WXFG@X0KPMQ"@,WXD97_F @^Q"E��?FGIt:"q�W^]$F I^D_p P�7_W QAE$FG:?P$I WX]$@^:"P��?]$8�P�WXI=Q"@^F/I^p=Q"797_FG@ WX]$Q"E
� D_W^]YV Q"ICFO7_D9E$F�[\r�����WX]$F�q Q"ICW^FO@*�M:�� NKR 
 � �<��WX]$F I^7_:#�1FG@*�M:#� N R-% � �	��Q"E�' WX]$F�WX]$D_@X'
�M:�� NKRtS�%��<
s[
]�F\ptF�'�D Q"E q Q"D_@^E$FGI^I&D9E,'$F&� :"q;W^]$F ICD9p P$7_WXQ"E$FG:?P$I W^]$@^:"P��?]$8$PhW�D_I�T,
 N?U,�KQAE�'
WX]$F�D_EKW^FO@X0KPMQA@CWXD_79F @XQ"E��"F�:"q�WX]$F�D_E�'$F&�=D9I1T,
 N � "
T,
 N,
�
 [
]$F3ptF�'$D9Q"Er'�:#� E$7_D9E$J P�WXD_79D(>OQAWXD :?EtD9I
NQN��<

[
]$F Q"N$ICFOE$uGF :"q&WX]�F IC79:#��"cICWXQ"@CW�: B?FO@^IC]$:�:"We]�FO798�I�W^]$F�W^]$D9@{']�$:#� WX]$QAW3D_I�I,W Q"@CW^F�'/'$P$@^D_E��
WX]$F�I^7_:#��"�I,W Q"@,W58$]MQ"ICF3:"q�W^]$F�:AWX]$FG@¥�M:�� I¥� D_WX]rV Q"I^FG79D_E$F�[\r��C
�[
]�F�W^]$D9@{'��M:�� D9I5Q"N$79F WX:
D9E$uG@^FOQ"I^F D_WXI
uO:?E,�?FOI,WXD9:"E1� D_E�'$:�� WX:=Q BAQA79P$FeW^]MQAW\D9I
7 Q"@{�?FeFGE$:?P��?] W^:t]MQ"E�'�79FeW^]$F 79:"I^I^FGI��
� ]$D_u ] :�uGuOP$@\79QAWXFG@��$F� FOu WXD_B?FG7_R<� D_W^] W^]$F q Q"I,W�@CFOuO: B?FO@,R�
 � I�Q @^FOICP$7_W��MW^]$F q Q"D_@^E$FGI^I :"q W^]$F
I^D_p P$7_WXQ"E$FG:?P$I1WX]$@C:?P��?]$8�P�W\D9I Q"7_I^: N F W^W^FO@�

� D_W^] d&E$]MQAE$uOF�'t[\r��U�?Q�I^79:���"�I,W Q"@,Ws: B?FO@CI^]$:�:"Wsu Q"P$ICF�' N R Qer�V56U�?Q"@^NMQ��?F1uG:?797_FOu WXD9:"E<B I^FGF
ghFOu WXD_:?E ��
 O�D D9It8$@CFOI^FGEKW D9E %�%�� :"q�WX]$F @^FG8;FGW^D_WXD_:?E$It]MQ B�D9E���WX]$F I,W Q"@,WXD9E,��WXD_p=F/:"q3W^]$F
WX]$D_@X'«�$:#� N F W.�1FOFGE S���".%?U I^FOuG:?E�'$I�
 6�E u QAI^FOIG� ]$FG@^F r�V16 @CFOP$ICD9E��)Q"@^F E$:"WG� Q"@^N$Q+�?F
uO:"7979FGuGW^F�'���WX]�Ft@^:"P$E�'?" WX@^D_8 WXD_p=F D9E$uG@^FOQ"I^FGI ICp=:�:AWX]$7 R Q"IeWX]$F2>OFG@^:�"cICW QA@CWXD_E��	�M:�� I IF� D_W^u ]
WX:�uO:"E��?FOI,WXD_:?E Q B?:?D�'$Q"E$uOF�N;FGq :"@^F�WX]�F5I^79:���"�I,W Q"@,W : B?FG@^IC]$:�:"W :�uOuGP$@^I�
=� ]$FGE�WX]�F5@^:?P$E,'?"cW^@^D98
WXD_p=F ]MQ"IJ�?@^:�� E Q"N;: B?F WX]$@CFOFtICFOuO:"E�'$I N;FGq :"@^F W^]$F FOEKW^@CR :"q5WX]$F WX]�D9@X'-�M:��J� Q/I^8$P�@^D9:"P$I
f [\j ]MQA8$8;FOE$I D_E WX]�FeD9E$D WXD9QA79� D9E�'�:#� q :?@1W^]$F3WX]�D9@X'r�M:#��N;FOuOQ"P$ICF WX]�FeD9E$D WXD9QA7 f [\j q :?@
Q
ICWXQ"@CW^D9E��3[\r����M:�� D_I WX]$@CFOF
I^FGuO:?E�'�I�
 � IsWX]�F
E�P$p N;FO@s:"q;8MQ"u J"FGW^I�D_E:�MD��"]KWsD9E$uG@^F QAI^FOI&:?E$7 R
NKR W^]$F�D9E$D WXD9QA7�� D_E�'$:�� :Aq�WX]�F�W^]$D9@{'R�M:#�J��W^]$F�:"WX]$FG@��M:�� IA'$:�E$:AW1F&�h8;FG@^D9FGE$uGF3uO:?E,�?FOI,WXD9:"E
Q"E�' uO:?E WXD_E�P$F8� D_W^] WX]$F 79Q"@{�?F uO:?E,�?FOI,WXD9:"E/� D_E�'$:�� I�
e6�E I^P�u ]�Q @CFO8;FGW^D_W^D9:?E�� WX]$F q Q"D9@CE$FOICI
:"q WX]$F\ICD9p P$7 W Q"E�FO:?P�I&W^]$@^:?P,�?]$8$P�W�D9I�8;:�:?@�N;FGu Q"P$ICF�W^]$F\I^8$P�@^D9:"P$I5f [\j�7_D9ptD WXI WX]$F �?@C:#�
W^]
:"q WX]$FeuO:"E��?FOI,WXD_:?E	� D9E,'$:#��:"q WX]$F3WX]�D9@X'<�$:#�J
�[
]�D9I
79D_ptD W D_I I^FGW NKR W^]$FeI^FO7_FOu WXF�' L�"
f [\j



O"T

@^FGI^8;:?E$ICF5� ]$D_u ] ]$Q"7_B?FGI
WX]$F I^7_:#��"cICW QA@CW
W^]$@^FGI^]$:"7�' Q"I\Q 8$@^FGu Q"PhWXD9:"E �Zg�n f�T+%�
T


4 ��E�&F���Q 2�W# > � �T�V��E,4�> �

� ]$FGEkd&E$]$Q"E$uOF�' [\r�� D9I P$ICF�' � D_WX] d�r a8�mWX]�F : B?FO@^Q"797&W^]$@^:?P,�?]$8$P�W�@CFOp=Q"D9E�I @^:?P,�?]$7_R
WX]$F
IXQ"ptF Q"IE� D_W^]td&E$]MQ"E�uOF�'=[\r��C
&[
]$F ptF�'$D9Q"E I^D_p P$7_WXQ"E$FG:?P$I W^]$@^:"P��?]$8$PhW�D_IW%?T+� S V�6AI
q :?@ WX]�F q QAICWXFG@=�M:#�J�KSQO"T O VC6AI q :?@ W^]$F I^79:��1FG@=�M:#�J� Q"E�'tS?S N S*VC6AI q :"@ W^]$F1WX]$D_@X'��M:��J
s[ ]$F
D9E WXFG@X0KPMQ"@CW^D97_F @^Q"E��?FGI5:"q�WX]$F�ICD9p P$7_WXQ"E�FO:?P$I&WX]�@^:?P��"]$8$P�W^I QA@^F�ICp QA797_FO@sWX]MQAE�� D_W^]rV Q"I^FG79D_E$F
[\r�����W^]$F q Q"I,WXFG@J�$:#�4N R S�:��<� W^]$F I^79:��1FG@ �M:#�4N R-� � �<�mQ"E�'.WX]$F WX]$D_@X'-�M:��4NKR-��
 �<

[
]$F ptF�'$D9Q"E q Q"D_@^E$FGI^I&D9E,'$F&� :"q WX]$F
I^D9p P�7_W QAE$FO:"P$I WX]�@^:?P��"]$8$P�W�D9I&T,
 N :?
 [
]$F D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F :Aq WX]�F D_E�'$F �/D_I\T?
 N�N�"
T,
 N+��

d�r a(D_p=8�@^: B"FOI3W^]$F ICD9p P$7 W Q"E�FO:?P$I�W^]$@^:"P��?]$8$PhW :"q�W^]$F W^]$D9@{'-�M:�� NKR p=Q"@CJ�D_E�� P$E�q Q"D_@^7_R
�1FG797�ICFO@,B?F�' �M:�� I5� D WX] Q/]$D��"]�8$@^:?N$Q"N$D97_D W�R]� ]�D9u ] @CF�'$P�uOFGI WX]$FtP$EKNMQ"7 QAE$uOFt:Aq1W^]$F=uG:?E?"
�?FGICWXD_:?E1� D9E�'$:�� I3QAI�D9E W^]$F u Q"ICF�:"qWV1Q"I^FG79D9E�F [\r��«� D_W^] d�r a5
\[
]$F�8$]�FOE$:"p=FGE$:?E W^]MQAW
:�uOuGP$@^@CF�'-� D_W^].d&E$]$Q"E$uGF�'�[\r�� � ]�FOE WX]$F @C:?P$E�'?" WX@CD98 WXD9ptF8�?@CF�� Q"N;: B?F�WX]�@^FOF I^FGuO:?E�'�I
D9I5uO:"P$EKW^FO@^F�'/N RtWX]$F3d�r a p QA@^J W^]MQAW @CF�'$P�uOFOI W^]$F�7 Q"I,W{"�]�:?8 @C:?P�WXFG@A0KP$FOP�Fe79FGE��"WX] N;FGq :"@^F
WX]$F @C:?P$E�';"cWX@CD98 WXD9ptF3@^D_I^FGI\Q"N;: B?FeWX]�@^FOF I^FGuO:?E,'$I�


R�� ��� � � �@��� �T�V��E � ��A�E I S�� �6 !�"13��1��� 2����Y

6�E L D(�?P$@CF 
 � Q �5F1I^FOF5WX]$F5: B?FG@XQ"7_7KW^]$@^:?P,�?]$8$P�W : B?FG@ W^]$F179D_E$J*� D_WX]�]�D��?] � fCH 8;FO@^ICD9I,WXFOE�uGR+

� I8� D_W^] WX]�F FG@^@^:"@F"cq @CFOF=79D_E$J9� WX]�F : B?FO@^Q"797�W^]$@^:?P,�?]$8$P�W D_I ]$D��?]�FO@5� D_W^] d&E$]MQ"E�uOF�' [\r��
WX]MQAE:� D WX]�V QAI^FO7_D9E$F5[\r��C
s[
]$F
D_EKW^FO@{0�P$Q"@CWXD_79F�@^Q"E��?FGI&Q"@CF 79Q"@X�"FO@mW^]MQ"E�� D_WX]�W^]$F FG@^@^:"@F"cq @CFOF
79D_E$J9

6�E L D��?P�@^F	
 � N�D9I3W^]$FtICD9p P$7 W QAE$FO:?P�I3WX]�@^:?P��"]$8$P�W q :?@3WX]�FtN�P$79J [\r��@�M:�� I Q"E�'�D_E L D���"
P$@^FK
 � u.D_I W^]$F q Q"D9@CE$FOICI/D9E,'$F&��q :?@ WX]$F.I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��?]�8$P�WXI�
 d�r a D_p=8�@^: B?F�'
q Q"D_@^E$FGI^I=N;F W��1FGFOE�W^]$F1�M:#� I��
FOI^8;FGuOD9Q"797 R B?FG@CR P�E�q Q"D9@ @^FG8;FGW^D_WXD_:?E$I=QA@^F Q� FOu WXF�'�
 � ]$FGE
d&E$]MQ"E$uGF�' [\r���D9I
P$ICF�'��MW^]$F p=F�'$D9Q"E Q"E,'/WX]$F 79:��1FG@�0KPMQA@CWXD_79F3:"qmWX]$Feq Q"D_@^E$FGI^I D_E�'$F � Q"@CF
D9pt8$@^: B?F�' Q�� Q"D_E$ICW�V Q"ICFO79D_E$Fe[\r��C

[
]$F E�P$p N;FG@ :"q5IC8$P$@CD9:?P$I f [\j3I Q"E,'�P$E$E�FOuOFGI^IXQ"@,R�@CFGWX@^Q"E$I^ptD_I^I^D_:?E$IeQ"@^F I^]�:#� E D_E�L D���"
P$@^F:
 � '�
&6�E/d&E$]MQ"E�uOF�'/[\r����MLU"�f [\j @^F�'�P$uOFGI
WX]$F3E�P�p N;FO@ :"q P$E$E$FGuOFGI^IXQ"@CR @CFGW^@XQ"E$ICp=D_IF"
I^D_:?E$I�


� &F1U 2/��@�� *# > �

� ]$FGEOV Q"ICFO7_D9E$F.[\r�� D9I/P$I^F�'�� W^]$F ptF�'�D Q"E : B?FO@^Q"7973WX]�@^:?P��"]$8$P�W D9I U?U � N VC6AI�
 [ ]$F
D9E WXFG@X0KPMQ"@CW^D97_Fe@XQ"E��"F :AqsW^]$F : B?FO@XQA797�WX]$@C:?P��?]$8�P�W�D_I�S�����VC6AI�

[
]$F�ptF�'�D Q"E I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�WeD9IeS � T+�	VC6 I3q :"@�WX]�F q Q"I,WXFG@P�M:��J�mSAT � 
�VC6AI�q :?@�WX]$F I^7_:#�1FG@*�M:#�J��Q"E�' 
�N?TQ:
VC6AI
q :?@ WX]�F W^]$D9@{'	�M:#�J
)� ]$FOE uG:?pt8MQ"@^F�'G� D_W^]/W^]$F FG@^@C:?@F" q @^FOFe79D_E$J=@^FGI^P$7 WXI��$W^]$F p=F�'$D Q"E
I^D_p P$7_WXQ"E$FG:?P$I WX]�@^:?P��"]$8$P�W :"q3WX]$F q QAICWXFG@��$:#� D9I1
�N�� 7_:#�1FG@��1WX]$F I^7_:#�1FG@��$:#� D9I S;
 �
79:��1FO@�� Q"E,' WX]$F1WX]�D9@X'8�M:#�)D9I&S"U�� ]�D��?]$FG@�
 [
]$F
D_EKW^FO@X0KPMQA@CWXD_79F�@XQ"E,�?FOIs:"qMWX]$F I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�WXI :Aq�WX]$F IC79:��1FO@ Q"E,'.WX]�D9@X'/�M:#�4QA@^FtS"T�� I^p=Q"797_FO@�W^]MQ"E-� D_WX] W^]$F FG@^@^:"@F"cq @CFOF
79D_E$J9��� ]$D97_F WX]�F=q QAICWXFG@5�M:��(]MQ"I�
 � 79Q"@X�?FG@ D9EKW^FO@{0�P$Q"@CW^D97_F @XQAE��?F+
 [
]$F ptF�'$D9Q"E.q Q"D9@CE$FOICI



O?


 5400

 5600

 5800

 6000

 6200

 6400

 6600

 6800

 7000

 7200

ETCP
ECN

ETCPBL
ECN

BL

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

ec
)

2xBulk TCP + Bulk TCP - ARQ4

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

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

 5000

 5500

ETCP
ECN

ETCPBL
ECN

BL

S
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

 (
B

/s
ec

)

2xBulk TCP + Bulk TCP - ARQ4

Faster flow
Slower flow

Third flow

����� � (*) ��� �
����	&�
��$ �������
���
������� -��
� ( ��%�(�� (#%������
0��21�$

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

ETCP
ECN

ETCPBL
ECN

BL

F
ai

rn
es

s 
of

 s
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

2xBulk TCP+ Bulk TCP - ARQ4

��3&� � ��(�� ��	&$�$A( ��%�	 
'��-.����	 $<(�) ���*������	�����$A�����������
� 

�����

 0

 5

 10

 15

 20

 25

 30

 35

ETCP
ECN

ETCPBL
ECN

BL

S
pu

rio
us

 R
T

O
s 

an
d 

U
nn

ec
es

sa
ry

 r
et

ra
ns

m
is

si
on

s

2xBulk TCP + Bulk TCP - ARQ4

Spurious RTOs - Faster flow
Unnecessary rexmits - Faster flow

Spurious RTOs - Slower flow
Unnecessary rexmits - Slower flow

Spurious RTOs - Third flow
Unnecessary rexmits - Third flow

�4%�� � ������(*����$ �6=@� $.����%,������	&38	:$�$����	����	8��������$<)+(#$ 

$<(�����$,������	,�#�
����	&$ �!) ��
�(�) ��) $9�
��	,38���
����	:%��

L D(�?P$@^F 
 � [ ghP$ptp QA@CR :Aq @^FOICP$7_W^I : B?FO@ W^]$F 7_D9E$J � D_W^] ]$D��"] � f�H 8;FO@CI^D_ICWXFGE$uGR�D9E�W^]$F
�1:?@CJK79: Q+'/:"q uO:"p=8;F WXD9E,� N$P$7_J [\r�� �M:�� B�
 S"T @^FG8;FGW^D_WXD_:?E$I D

D9E�'�F&� :Aq3WX]�F ICD9p P$7 W Q"E�FO:?P$I WX]$@C:?P��?]�8$P�W D9I=T,
 N O?� Q"E�' W^]$F D_EKW^FO@{0�P$Q"@CWXD_79F @XQ"E��"F :"q3W^]$F
D9E�'�F&� D9I T,
 N � "�T,
 � :?

[
]$F ptF�'$D9Q"E : B?FO@XQA797&WX]$@C:?P��?]�8$P�W�D9I 79:��1FO@ Q"E�' WX]�F D_EKWXFG@X0KPMQ"@,WXD_79F @^Q"E��?F=:"q1WX]$F=: B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W D_I�79Q"@X�"FO@ WX]MQ"E � D WX] WX]$F FO@C@^:?@�"cq @CFOF=79D9E�J N;FOu QAP$I^F :Aq � fCH "c@^FO79QAWXF�' '$FG7 Q RhI�

6�E Q+'�'�D_WXD_:?E��$P$E$E$FGuOFGI^IXQ"@CR @^F WX@^Q"E$I^ptD9ICI^D_:?E$I 79:��1FO@ W^]$F : B?FO@^Q"797�WX]$@C:?P��?]�8$P�W\B?FO@CR IC79D��"]KWX7 R
uO:"p=8MQA@^F�'	� D_W^]/W^]$F @^F�'�P$uGW^D9:?E uOQ"P$ICF�' NKR WX]�F � fCH "�@^FG7 Q WXF�'	'$FO79Q R�I�

[
]$F
p=F�'$D Q"E :"q W^]$F q Q"D_@^E$FGI^I&D_E�'$F � : B?FO@sW^]$F
I^D_p P$7_WXQ"E$FG:?P$I WX]�@^:?P��"]$8$P�W&D9IsN;F W^WXFG@�Q"E�' W^]$F
I^D_p P$7_WXQ"E$FG:?P$ImW^]$@^:"P��?]$8$PhWXI q :"@ IC79:��1FO@sQAE�'�q :?@ W^]$D9@{'8�M:#�)Q"@^F1pt:?@CF5ICW QAN$79F�WX]MQ"E�� D WX]�W^]$F
FO@C@^:?@�"cq @^FGF 79D_E$J.N;FGu Q"P$ICF/:Aq\FG@^@C:?@�'$@^:?8�I Q"E�' 8;FG@^D_:;'$D9u=uO:"E��?FOI,WXD_:?E�
 [��1: p=Q"D9E @^FOQ"I^:?E�I
F&�h8$79Q"D9E W^]$F.u QAP$I^F�:"q WX]$D_I uO:?E��"FOICW^D9:?E¦
 L D_@^I,WI� '$P$@CD9E�� � fCH*"c@^FG7 QAW^F�'«'$FO79Q R�I Q"@^@CD_B�D9E,�
I^F��?ptFOEKW^IsD_E$uO@CF Q"ICF5WX]$FA0KP$FGP$F
7_FOE��AWX]�:"q$WX]$F179Q"ICWF"�]$:?8 @^:"P�WXFG@�
&g�FOuG:?E�'$7 R�� Q"E � fCH "�@CFO7 Q WXF�'
'$FO79Q Rr�?@^:"P$8$I p=Q"E R uGP$p P$79QAWXD B?F � r n I���� ]$D9u ]/W^@^D��+�?FO@CI
Q N�P$@^I,W\:"q E$F&� [\r�� I^F��"p=FGEKW^I
� ]$FGE '$FO7_D_B?FG@^F�'¦
 � D WX] W^]$@^FGF N$P$79Jk[\r�� �M:�� I��\uG:?E��?FGICW^D9:?E�:�uOuGP$@^I p=:"@^F q @^F�0KP$FGEKW^7_R
WX]MQAEkD9E W^]$F<�1:?@^JK7_: Q+' :"q WX]$F I^]�:?@CW uG:?p=8;F WXD_E�� [\r�� �M:#� Q"E�' W.�1:.N$P$7_J [\r�� �M:�� I
'$P$F W^: 79Q"@X�?FG@tQAp=:?P�EKWt:"q�W^@XQ��tu�
 � q W^FO@=Q�7_:?E�����P$E$D9E WXFG@^@^P�8�WXF�' 8;FO@CD9:;' :Aq3I^P$uGuOFGI^ICq P$7
WX@^Q"E$ICq FG@���W^]$F 79F Q�'$D9E��]�M:�� D_I 7_D9J"FG7_R�W^:.F&�h8;FG@^D9FGE$uGF FOD WX]$FG@ JKD9E�'k:Aq '$@^:"8 WX]MQAW I^7_:#� I D_W



O?S

'$:�� E�
/V1FGu Q"P$ICF :Aq\Q�'�'$D_W^D_B?FtD9E�uO@^FOQ"I^F��sp P�7_WXD_8�7_D_uOQAWXD B?FR'$FOuG@^FOQ"I^F N;FO]MQ BhD_:?@ :"q
[\r���� W^]$F
�M:�� WX]$QAW ]$Q"I WX]$F�79Q"@X�?FGICWmuG:?E��?FGICW^D9:?E5�
D9E�'$:�� D9I I^7_:#�1F�'8'$:#� E p=:"@^F&W^]MQ"E WX]�F5:AWX]$FG@��M:�� I
� D_W^].]$D��?] 8$@^:"NMQ"N$D_79D W�R+
�[
]$F I^79:���'$:�� E�D9E$uG@^F QAI^FGI q Q"D_@^E$FGI^IP� D_WX]�D9E WX]$F�0�P$Q"@CW^D97_FOIe:Aq5W^]$F
I^D_p P$7_WXQ"E$FG:?P$ImWX]$@C:?P��?]$8�P�WI
 [
]$F
uOQ"I^FGI�E�F Q"@ W^]$F p Q��hD_p P$p QAE�' p=D_E$D_p P�p I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�WXI��M]$:#�1F B?FO@��;D_E$uO7_P�'$Fe@CFO8;FGW^D_W^D9:?E$IA� D_W^] P$Ehq Q"D9@ 8;FO@,q :?@^p=Q"E$uGF+

gh8$P$@CD9:?P�I f [\jeIe]MQ"8$8;FGE�q :?@3W^]$F I^7_:#�5FO@ QAE�'.W^]$D9@{'-�M:��J
=V :"ICW :"q�WX]�F I^8$P$@CD9:?P�I f [\j3I
]MQ"8$8;FGE N;FGu Q"P$ICF :AqsW^]$F 7_D9E$J�"�7_F B?FO7�@^F WX@XQAE$I^ptD9ICI^D9:"E$I '$P�@^D9E,� QtNMQ+' I,W QAW^F+
 H�:��1FGB?FG@�� D9E Q
q F�� :"q W^]$F @^FG8;FGW^D_WXD_:?E$IE� D WX]tQe7 QAW^FO@sICW Q"@,WXD_E��eW^D9ptF :"q;WX]$F
WX]�D9@X':�M:#�J� W^]$FCLM@^I,W�@^:?P$E,'?"cW^@^D98
D9I�7_:?E��?FG@�WX]MQAE=WX]$@CFOF�ICFOuG:?E�'$I
QAE�' I^8$P�@^D9:"P$I1f [\j3I1Q"@^F\W^@^D(���?FO@CF�'=N;FGu Q"P$ICF�WX]�@^FOF�I^FGuO:?E�'�I
D9I3WX]$F D9E$D WXD9QA7sf [\j :"q Q/ICWXQ"@CW^D9E��/[\r��@�M:��J
=[
]�F=IC8$P$@^D_:?P$I f [\j3I uOQ"P$ICF=P$E$E�FOuGFOI^IXQ"@,R
@^F WX@XQAE$I^ptD9ICI^D9:"E$I�
 [
]$F P�8$8;FO@<0�P$Q"@CW^D979F :Aq WX]�F I^79:��1FG@r�M:�� ]MQAI E$D9E$F��\Q"E�'�W^]$F P$8$8;FG@
0KPMQ"@CW^D97_F&:"qhWX]�F�WX]$D_@X' �M:#� ]$Q"Im:?E$F�P$E$E$FGuOFGI^IXQ"@CR @^F WX@^Q"E$I^ptD9ICI^D_:?E�
 [
]$F5p=Q��hD_p P$p�E�P$p N;FG@
:"qeP$E$E�FOuGFOI^IXQ"@,R�@CFGWX@^Q"E$ICp=D_I^I^D_:?E$ItD9ItuO:?E�I^D�'�FO@XQAN$7_Rk7 Q"@{�?FO@ WX]MQ"E WX]$F P$8$8;FG@F".0KPMQA@CWXD_79F�� S��
8MQ"u J"FGWtq :"@ W^]$F q Q"ICW^FO@��M:��J� O�%.8MQ"u J"F WXItq :"@ W^]$F/I^79:��1FG@��M:#�J�1Q"E,' O�: 8MQAu J"F WXItq :"@ W^]$F
WX]$D_@X'1�M:#�J
 � D WX] U+�?T?T?TtN$8$I�79D_E$J W^@XQ"E�I^ptD_W^W^D_E��JOQ:t[\r�� I^F��?p=FGEKW^I�W^]MQAW3Q"@CF�O�:"U=N R�W^FOI
F QAu ]/W Q"J"FGI ��
!
 ICFOuO:"E�'$I�
 � 7_7�P$E�E$FOuGFOI^IXQ"@,R @^F WX@XQAE$I^ptD9ICI^D9:"E$I
@^F�'$P$uGF : B?FO@^Q"797 WX]$@C:?P��?]$8�P�WI


� &F1U 2/��@�� *# > � �J�V��E,4 >	�

� ]$FGEOV QAI^FO7_D9E$F.[\r�� D9I/P$I^F�'@� D WX] d�r a5�\W^]$F ptF�'$D Q"E : B?FO@^Q"7973W^]$@^:?P,�?]$8$P�W D9I U?U?U"U
VC6AI Q"E�' WX]�F D9E WXFG@X0KPMQ"@,WXD97_Ft@XQAE��?F D9I SQ:+%]VC6AI WX]$QAW D9I�
 S�� 7 QA@X�?FG@ WX]$Q"E �
D_WX] V Q"I^FG79D_E$F
[\r��C
 [
]�F ptF�'�D Q"E ICD9p P$7 W QAE$FO:?P�I WX]$@C:?P��?]�8$P�W�D9I�SQ:?
I�]VC6AI q :?@ WX]$Ftq Q"ICW^FO@5�M:#� ��S"T O N
VC6AI q :"@
WX]$F I^7_:#�5FO@��M:��J�;Q"E�'�
 � � URVC6 I\q :"@
WX]$F W^]$D9@{'G�M:#�J
1[
]�F p=F�'$D QAE I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�WXI�QA@^F
79:��1FG@sWX]MQAE2� D WX]RV QAI^FO7_D9E$F [\r��U� WX]�F
q Q"I,WXFO@E�M:#� N R2%�� Q"E�' WX]$F
I^79:��1FG@
Q"E�' W^]$D9@{' �M:��+NKR 
 �<
 [
]�F D9E WXFG@X0KPMQ"@,WXD97_F @^Q"E��?Ft:"q1WX]�F=I^D9p P�7_W QAE$FO:"P$IeWX]$@C:?P��?]$8�P�W�:"q
WX]$F�W^]$D9@{']�M:�� D_I�
�N�� ICp Q"7_7_FO@ WX]MQ"E]� D_WX]-V QAI^FO7_D9E$F [\r���
 [
]$F ptF�'�D Q"E q Q"D9@CE$FOICI3D_E�'$F �
:"q�W^]$F I^D9p P$7 W QAE$FO:"P$I�W^]$@^:?P,�?]$8$P�WeD_IeT?
 N?U?��Q"E�' WX]$F D9E WXFG@X0KPMQ"@,WXD97_F @^Q"E��?F :Aq�WX]$F D_E�'$F&� D9I
T,
 N � "�T,
 N?S?

[
]$F
D_p=8�@^: B?FGp=FGEKWsQ+� QAD9E$I,W)V QAI^FO7_D9E$F5[\r�� D9E�WX]�F
ICD9p P$7 W QAE$FO:"P$I W^]$@^:?P,�?]$8$P�W&:Aq WX]�F1WX]$D_@X'
�M:�� D_I�:?E$7_R Q q @XQ"u WXD9:"E=:"q¦� ]MQ W¥� Q"I5:?N$ICFO@CB?F�'<� D WX]tWX]$F�FG@^@^:"@F"cq @CFOF\79D_E$J9
sH�:��1F B?FO@��?�
]$FOE
�1F=7_:�:?J QAW WX]$FtE�P$p N;FG@^I��mWX]�F=ptF�'$D9Q"E�I^D_p P$7_WXQ"E$FG:?P$IeW^]$@^:"P��?]$8$PhW�:Aq1WX]$F WX]$D_@X'Y�M:��+D9I
B?FO@,R uG79:?ICF W^: W^]$F BAQA79P$F�WX]$QAWP� Q"IeptF Q"ICP$@^F�'Y� D WX] WX]�F IXQ"ptF uO:?E,L��?P$@XQ WXD9:"E : B?FO@eFO@C@^:?@�"
q @^FGF 79D_E$J9
E� F I^FGF WX]MQAW
W^]$Feq Q"D9@CE$FOICI D9E,'$F&� :"qmWX]$F5V QAI^FO7_D9E$Fe[\rA��u Q"ICF D_I Q"79@CF Q+'�R N;FGWCWXFO@
WX]MQAEG� D_W^]/W^]$F FO@^@C:?@F" q @^FGF 7_D9E$J=N;FGu Q"P�I^F :Aq WX]�F 7_D9E�J=uO:?E�'�D_WXD_:?E$I�
&[
]�FO@^F q :?@^F d�r a u Q"E$E�:"W
D9pt8$@^: B?F�q Q"D9@CE$FOICI p=:"@^FP� D WX] WX]$D_I 7_D9E�JtW
R�8;F+

[
]$F P$8�8;FO@ 0KPMQA@CWXD_79F :"q WX]$F�P$E$E�FOuOFGI^IXQ"@,R�@^FGW^@XQ"E�I^ptD9I^ICD9:?E�I q :?@ WX]�F IC79:��1FO@	�M:#� D9IY
�

8MQ"u J"FGW^I Q"E�')q :?@ WX]$F/W^]$D9@{'K�M:#� D_I W��1:�8MQ"u J"FGW^I�
�[
]$F I^]$:"@CWXFG@R0KP$FOP$D_E���'$FG7 Q R���� ]$D9u ]
f�d�o 8�@^: B�D('$FOI��?@CF�'$P�uOFGIsW^]$F5@^:?P$E,'?"cW^@^D98 WXD_p=F)� D_W^]8� ]$D_u ] Q �M:��kFOE�7 Q"@{�?FOI WX]$F5uO:?E,�?FOI,WXD9:"E
� D9E,'$:#� WX: Qk79Q"@{�?FO@ BAQ"7_P$F WX]MQAE �
D_WX] V Q"I^FG79D_E$F [\r��C
 [ ]$F�7 Q"@{�?FO@r� D9E�'$:�� D_I WX]$FGE
P$E$E$FGuOFGI^IXQ"@^D_7_R @^FGW^@XQ"E�I^ptD_W^W^F�'�




O+%

4 ��E�&F���Q 2�W# > �

� ]$FGE�d�E�]MQ"E$uGF�'�[\r���D_I�P$I^F�'���WX]$F ptF�'$D9Q"E : B?FO@^Q"797mW^]$@^:"P��?]$8$PhWeD9I3U :�� OrVC6AIeQ"E,' W^]$F
D9E WXFG@X0KPMQ"@CW^D97_F�@^Q"E��?F5:Aq$W^]$F1: B?FO@^Q"797?WX]$@C:?P��?]$8�P�W D9I�
�N�� ICp QA797_FO@�WX]MQ"E8� D WX]�V Q"ICFO79D_E$F�[\r��C

[
]$F ptF�'�D Q"E :"q WX]$F I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��?]�8$P�W D_I S"U � 
rVC6AI q :?@ W^]$F=q Q"I,WXFO@8�$:#�J��S?
�: N
VC6AI q :?@ WX]$F=I^79:��1FO@5�$:#�J�&QAE�'N
3N OQO1VC6AI q :?@ WX]$F=W^]$D9@{'��$:#�J
 [
]$F D9E WXFO@{0KPMQ"@CW^D97_F @XQ"E��"F
:"qmW^]$F ICD9p P$7 W Q"E�FO:?P�I1WX]$@C:?P��?]�8$P�W :"qmWX]�FeW^]$D9@{'	�M:�� D9I S�N��(I^p=Q"7_79FG@5WX]MQAEG�
D_WX]GV Q"I^FG79D_E$F
[\r��C
 [
]$FtptF�'$D9Q"E q Q"D_@^E$FGI^I D9E,'$F&�.:"q5W^]$FtICD9p P$7 W Q"E�FO:?P�I3WX]$@^:"P��?]$8�P�W D_I T,
 N :?� Q"E�'�W^]$F
D9E WXFG@X0KPMQ"@CW^D97_F3@^Q"E��?Fe:"q W^]$F D9E�'�F&�/D_I T,
 NQN�"
T?
 N?S?

� I�� D WX] W^]$F1FG@^@^:"@F"cq @CFOF57_D9E$J9� W^]$F1IC79:���"�ICWXQ"@CW : B?FO@^IC]$:�:"WsD_I E$:"W ]MQA8$8;FOE�D9E�� � ]$D_u ] D_p=8�@^: B?FOI
WX]$Feq QAD9@^E�FOI^I
D9E�'�F&�/:Aq WX]�F I^D9p P$7 W QAE$FO:?P�I W^]$@^:?P,�?]$8$P�W�

LU"
f [\j FO7_D9ptD_E$QAWXFGI WX]$F F� FOu WXI :"q3WX]�F I^8$P$@CD9:"P$I f [\j3I�
 [ ]$F P$8�8;FO@r0�P$Q"@CW^D97_FOI=:AqeW^]$F
I^7_:#�1FG@ QAE�' WX]$D_@X'5�$:#� ]MQ B"F1N;:"W^]�:?E$7 R :"E$F5P$E$E$FGuOFGI^IXQ"@^D_7_R @^F WX@XQAE$I^ptD_WCWXF�' 8MQ"u J"FGW�� Q"E�' W^]$F
p Q#�hD9p P$p :"q W^]$F P$E$E�FOuOFGI^IXQ"@CR @CFGWX@^Q"E$ICp=D_I^I^D_:?E$I D9I5
 Ut8MQ"u J"FGW^I�q :?@ WX]�F q Q"I,WXFO@��M:#� � E�D9E$F
8MQ"u J"FGW^I�q :?@ WX]$F
I^7_:#�1FG@E�M:#�J�KQ"E�'G
I� 8$Q"u J"FGWXI&q :?@sW^]$F WX]$D_@X':�M:#�J
 [
]$F I^p=Q"797_FO@ EKP$p N;FO@&:"q
P$E$E$FGuOFGI^IXQ"@CR @CFGW^@XQ"E$ICp=D_I^ICD9:?E$I D9E$uG@^F QAI^FOI W^]$F p=F�'$D QAE/: B"FO@XQA797�WX]�@^:?P��"]$8$P�W W^:��?FGW^]$FO@�� D_WX]
WX]$F 79Q"@X�"FO@ D9E$D WXD9QA7 � D9E�'�:#�J


4 ��E�&F���Q 2�W# > � �T�V��E,4�> �

� ]$FGEtd&E$]MQ"E$uGF�' [\r�� D_I P$I^F�'�� D_W^] d�r a5�"W^]$F ptF�'$D9Q"E : B?FO@^Q"797KWX]$@C:?P��?]�8$P�W&D_IsU :?S � VC6AI��
Q"E�' W^]$F D_EKW^FO@X0KPMQA@CWXD_79F @^Q"E��?FtD9IR
�:�� I^p=Q"7_79FG@eWX]$Q"E�� D_W^] V Q"ICFO7_D9E$Ft[\r��C
 [
]�F p=F�'$D Q"E
I^D_p P$7_WXQ"E$FG:?P$I W^]$@^:?P,�?]$8$P�W D9I S"U+� � V�6AI q :"@mWX]�F5q Q"I,WXFO@U�M:��J�KS;
 S � VC6AImq :?@mW^]$F1IC79:��1FO@U�M:��J�
Q"E�'M
�N?U :GVC6AI q :?@ W^]$FtWX]�D9@X'Y�M:#� 
 [
]$F D_EKW^FO@X0KPMQA@CWXD_79F @XQAE��?Ft:"q1WX]$F WX]$D_@X' �M:��+D9I5�?T��
I^p=Q"7_79FG@ WX]$Q"E � D_W^]KV Q"ICFO7_D9E$F [\r��C
 [
]�F p=F�'$D Q"E q Q"D9@CE$FOICI D9E,'$F&� :Aq WX]$F I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�W
D_I T,
 N � ��Q"E�' WX]�FeD_EKW^FO@X0KPMQA@CWXD_79F\@XQ"E,�?F3:"q�WX]$F3D_E�'$F � D9I T?
 NQN#"
T,
 N+��
 [
]�FeP$8$8;FG@
0KPMQ"@CW^D97_F
:"q WX]�F\P$E$E$FGuOFGI^IXQ"@CRt@^F WX@^Q"E$I^ptD_I^I^D_:?E$I&D9I�:"E$F\8$Q"u J"F W5q :"@&WX]�F\I^7_:#�1FG@W�$:#� Q"E,'tW.�1:
8MQ"u J"FGW^I\q :"@ WX]$FeWX]�D9@X'	�$:#�J

� D_W^] d�r a p=Q"@^JKI��mWX]$F�0KP$FGP$F 79FGE��"WX] :Aq W^]$F=79Q"ICWF"�]$:?8�@^:"P�WXFG@ D_I P$E�'$FG@ WX]$F=uG:?EKW^@^:?7�:"q
f�d�o�
 � I^D_E��?7_FE�M:�� uOQ"E$E$:"Wmpt:?E$:"8 :"79D(>GFsW^]$FW0�P�FOP$F�q :?@ Q 79:?E,� 8;FO@CD9:;' :"qhWXD_p=F�
 [
]$FG@^FGq :"@^F
WX]$Feq QAD9@^E�FOI^I
D9E�'�F&�/:Aq WX]�F I^D9p P$7 W QAE$FO:?P�I W^]$@^:?P,�?]$8$P�W D9I
N;FGWCWXFO@�


R�� ��� ; � �@����1 �T�V��E B  2������8 &F����� ��� I S�� �6 !�"13��1��� 2����Y

L D(�?P$@^F�
�N?Q I^]$:�� I W^]$F I^D9p P$7 W QAE$FO:"P$I=WX]�@^:?P��"]$8$P�W^I :"q W^]$F D9E�'$D B�D�'$PMQA7��M:�� I�
 � I W^]$F
79:"I^ICR 7_D9E$JY� D WX]kptF�'�D9P$p � fCH 8;FG@^I^D_ICW^FOE$u RkD9I :?E WX]�F/F�',�?F	� ]$FG@^F WX]$F	'$:?ptD9EMQAE$uOF :"q
WX]$F uO:"E��?FGICWXD_:?EkQ"E�' FO@C@^:?@�"�@^FG7 QAW^F�' '�@^:?8$I D9I�E$:"W I,WX@^:"E��?7_R :"EkFGD_W^]$FO@ ICD�'$F���d�r a D9I�E$:"W
Q"N$7_F3WX:tD_p=8�@^: B?FeQ"797�@^FG8;FGWXD WXD_:?E$I�
&[
]$F 7 QA@X�?FGICW u ]MQ"E��?F D9E WX]$F I^D_p P$7_WXQ"E$FG:?P$I1WX]$@C:?P��?]$8�P�W
u QAE N;F :?N�I^FO@,B?F�' D_E WX]�F�q Q"I,WXFGICW �M:�� N;FOuOQ"P$ICF D W 79:�:"I^FO7 R @CFO79QAWXFGI/WX:)W^]$F ICFGB?FG@^D_W�R :"q
uO:"E��?FOI,WXD_:?E�
s[
]$F�d�r a p=Q"@^JKI�uO:?E$I,WX@^Q"D9E WX]$F\]$D��"]?"�FGE�'=:Aq�D_W^I�I^D9p P$7 W QAE$FO:"P$I&WX]�@^:?P��"]$8$P�W�

[
]$F L D(�?P$@^F2
�N"N WX]$QAW�I^]�:#� I:
 TAWX] 8;FG@^uGFOE WXD97_F+� WX]$F p=F�'$D9Q"E��;Q"E�' N?TAW^] 8;FO@^uGFOE WXD_79F :"qsW^]$F
q Q"D_@^E$FGI^I D9E,'$F&� : B?FO@ WX]$F I^D_p P�7_W QAE$FG:?P$I�W^]$@^:?P,�?]$8$P�W^I�
 [
]$F/79:��1FG@ FGE�'):"q\WX]�F/D_E�'$F � D9I
I^7_D��?] WX7 R N;F W^WXFG@ D_E W^]$F.u Q"ICFOI1� D WX] d5r a5
 [
]$FGI^F N;FOE�F�L$W^I D9E WX]$F q Q"D_@^E$FGI^I/D_E�'$F&� QAE�'



O��

 1600

 1800

 2000

 2200

 2400

 2600

 2800

 3000

ETCP
ECN

ETCPBL
ECN

BL

S
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

 (
B

/s
ec

)

2xBulk TCP + Bulk TCP - ARQ2

Faster flow
Slower flow

Third flow

����� � (�) ��� �
����	&�
��$ �������
���
������� -��
� ( ��%�(�� (�%������
0�� 1�$

 0.86

 0.88

 0.9

 0.92

 0.94

 0.96

 0.98

 1

ETCP
ECN

ETCPBL
ECN

BL

F
ai

rn
es

s 
of

 s
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

2xBulk TCP+ Bulk TCP - ARQ2

����� � �
(*�	��	&$�$"( ��%�	 
 ��- ����	 $�(*) ��� �
����	&�
��$"�������
����� 

����� ����� ��� ����%���� ���>��	&��3�	 ����(��*	:$��

L D(�?P$@^FR
�N,[\ghP�p=p=Q"@CR/:"q&@^FGI^P$7 WXI�: B?FG@�WX]$F�79D_E$J<� D WX] ptF�'�D9P$p � fCH48;FO@CI^D_ICWXFGE$uGR D9E W^]$F
�1:?@CJK79: Q+'/:"q uO:"p=8;F WXD9E,� N$P$7_J [\r�� �M:�� B�
 S"T @^FG8;FGW^D_WXD_:?E9D

WX]$F @CF�'$P�uGWXD_:?E�D_E WX]�F I^D9p P$7 W QAE$FO:"P$I3W^]$@^:"P��?]$8$PhWXI ]$D��?];"�FOE,'�Q"@^F 79D9JAFO7_R @^FG7 QAW^F�'.N;FOuOQ"P$ICF
� ]$FGE W^]$F q Q"ICW^FO@W�M:�� ]MQAI1Q ]$D��"]tI^D9p P�7_W QAE$FO:"P$I&W^]$@^:"P��?]$8$PhWI�KW^]$F q Q"D9@CE$FOICI�D9E,'$F&�tD_I�79D_J"FO7_R
8;:�:?@�
 [
]$F 0�P$Q"@CWXD_79FGI�:"q WX]�F\q QAD9@CE$FOICI�D9E,'$F&� : B?FG@�I^D9p P$7 W QAE$FO:"P$I&W^]$@^:"P��?]$8$PhWXI5Q"@^F @^:?P,�?]$7_R
WX]$F IXQAp=F @CF�� QA@X'$7_FOI^I3:"q5d�r a B ghFGF��Z<?>"@XT?U�
s8$Q+�?FOIP���hU�D 
 ghD9ptD_79QA@^7 R Q"Ied�r a8��d&E$]MQAE$uOF�'
[\r�� D_p=8$@C: B?FGI3:?E$7_R WX]$F @^FG8;FGW^D_WXD_:?E$I � D_WX] 8;:�:?@�q Q"D_@^E$FGI^I�
 jeE W^]$F 79:?ICICR 79D_E$JG� D_W^].7_:#�
� fCH�8;FO@^ICD9ICW^FOE$u RtWX]$F�d5r a p=Q"@^JKI�u Q"E=]MQ"8$8;FGE :?E�7_R I^]$:?@,WX7 RtQAq WXFG@�WX]$F\I^79:�� I,W Q"@,W¥�
]$FOE
8$@^D_:?@1FO@C@^:?@�'$@^:"8$IC'$: :�uGuOP$@�
�d&B?FGE W^]$:?P��"] Q q F&� d�r a p=Q"@^JKI :�uOuGP$@���WX]$FeI^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�WXI�I,W Q R�@^:?P,�?]$7_R WX]�F IXQ"ptF+
 r�V16 @CFOP$ICD9E�� I^ICW^]$@^FGI^]k8$@CFGB?FGEKW^I WX]$F=I^79:���"�I,W Q"@,W
: B?FG@^IC]$:�:"W QAE�'�WX]$FG@^FGq :"@^FR� D WX] d�E�]MQ"E$uGF�' [\r�� d�r a p=Q"@^JKI :�uGuOP$@ :?E$7 R D9E.W.�1: u Q"ICFOI
WX]MQ W\N;:AWX] ]MQ B?F IC79:#��"cICWXQ"@CW : B?FO@CI^]$:�:AW '$P�F WX:=r�V16A�?Q"@^NMQ��?FeuO:?7_79FGuGW^D9:?E¦

� D_W^] W^]$F�]$D��"]$FO@�@^FGI^D('$PMQ"7 FG@^@C:?@*'$@C:?8 @XQ WXF+��LU"�f [\j4uOQ"E$E�:"WeQ"7(�1Q R�I*'$D_I^uOFG@^E Q I^8$P�@^D9:"P$I
f [\j q @^:?p Q E$FOuGFOICIXQ"@CR :"E$F+
 6cq WX]$F 79D_E$J '$@C:?8$I WX]$F 8MQ"u J"F W1� ]�D9u ] D_I WX]$FGE E$F �hW D_E
I^F�0�P�FOE$uOF�Q q WXFO@1WX]$FeI^F��?p=FGEKW :?E	� ]$D_u ] WX]$F f [\j �1Q"I
WX@CD����"FO@^F�'��hWX]$F LU"
f [\j Q"7(�?:?@CD WX]$p
D9I
E$:AW�Q"N�79F3WX: P$ICF D_W^I
]$FOP$@CD9I,WXD9uGI�


R�� ��� H � ��8)8C& ��Y,��� SJ 01U��/V��1

[
]$F 7 QA@X�?FtQ"p=:"P$EKW :"q�'MQAW Q D9E$uG@^FOQ"I^FGI�W^]$F=W^:"W QA7�FG7 QA8$I^F�' WXD_p=F��U� ]$D_u ] D9E�WXP�@^E @^F�'$P$uOFGI
WX]$F8�5FOD(�?]KW�:"qsWX]$F�IC79:���"�ICWXQ"@CW�8$]MQ"ICF D_E WX]$F�: B?FO@^Q"797�WX]$@C:?P��?]�8$P�WI
�[
]$FG@^FGq :"@^F�W^]$F�: B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W\D_I
]$D��?]�FO@ WX]MQAEG� D_W^]/W^]$F �1:?@CJ�7_: Q+'/:"q Q IC]$:?@CW uO:?pt8;FGW^D9E�� [\r�� �M:��J

� I F �h8;FOuGW^F�' NMQAI^F�' :?E WX]$FP�1:?@CJ�7_: Q+' :"q Q I^]$:"@CW\uG:?pt8;FGW^D9E�� [\r��M�M:��J� d�r a D_p=8�@^: B?FOI
q Q"D_@^E$FGI^I QAp=:"E���WX]$FP�M:�� I N;FGu QAP$I^F � D_W^]$:?P�W
IC79:���"�ICWXQ"@CW : B?FG@^I^]�:�:"W N;FOD_E�� 8$@^FGI^FOE W\D9E d�E;"
]MQ"E$uGF�' [\r��U�mWX]$FtW^]$D9@{' �M:#�+D9I Q"N$7_F WX: :?8;FOE uO:"E��?FOI,WXD_:?E�� D_E�'$:��+q QAD9@^7 R+
/j3E$7_R-�
]$FOE
WX]$F @C:?P$E�';"cWX@CD98 WXD9ptF D9Ie7_:?E��?FG@3W^]MQ"E.WX]�@^FOF I^FGuO:?E,'$I8'$P$@CD9E�� W^]$F�LM@^I,W @^:?P$E,'?"cWX@CD98 :"q5W^]$F
WX]$D_@X']�M:�� N;FGu Q"P$ICF :"q&WX]$F :"WX]�FO@*�M:�� I�� Q I^8$P�@^D9:"P$Ief [\j+D9I�WX@CD����?FG@\q :?@�WX]$F�WX]�D9@X']�M:��J

� E d�r a p QA@^J I^:?7 B?FOI Q"7_I^: WX]MQAW�IC8$P$@^D_:?P$I�f [\j D9ICI^P$F�
 [
]�F FG@^@^:"@�'$@C:?8$I�:Aq
W^]$F 79:"I^ICR
79D_E$J D9E�uO@^FOQ"ICF q QAD9@^E�FOI^Ie:"q5W^]$FRV Q"ICFO79D_E$F [\r�� uOQ"I^F I^:/WX]$QAW d�r a+]MQ"I I^p=Q"797_FG@3@^:�:"p q :?@



OQO

D9pt8$@^: B?FOptFOE WmW^]MQ"E8� D_W^] WX]$F5FO@C@^:?@�"cq @^FGF579D_E$J9
 d�r a D9ImICWXD_797 N;FOE$F&LMuGD Q"77� D_WX] p=F�'$D9P�p � fCH
8;FO@CI^D9I,WXFGE$uGR N$P�W�D WXI F� FOu W�D9I 7_D9ptD WXF�'�
W� D_W^] 7_:#� � fCH 8;FG@^I^D_ICWXFGE$u R WX]�F FG@^@C:?@ '$@C:?8$I�Q"@CF
Qr'�:?p=D_EMQ"E W\q Q"u WX:?@�D_E WX]$F�8;FG@Cq :?@Cp Q"E�uOF :"q�[\r��U��Q"E�' d�r a '$:�FOI�E$:"W�N FGE$F&L$WeFOD WX]$FG@�:"q
WX]$F=[\r�� BAQ"@CD Q"E WXI�
/gh8$P$@CD9:?P$I f [\j W^]MQAW :�uOuOP�@�uOQ"P$ICF I^79D(�?] W @^F�'$P$uGW^D9:?E D9E�W^]$F=: B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�WI
&d&E$]MQAE$uOF�' [\r�� D9I�P$ICFGq P$7 Q+� QAD9E$I,W�WX]$FGp '$P$F\WX:�LU"�f [\j WX]$QAW58$@^F B?FOE WXI1W^]$F
P$E$E$FGuOFGI^IXQ"@CR/@^FGW^@XQ"E�I^ptD9I^ICD9:?E :"qmWX]$F � ]$:"79FP� D9E�'$:��J


����� # ��� ����� � # ��! �=�,� �k	 ����2�� ���h�
��� �k�c� � ��� � #�# ! #�������	h�X���

6�E W^]$Fr�1:?@^JK7_: Q+' � D_W^]kQ uO:"p=8;F WXD_E�� H�[
[�� W^@XQ"E$I,q FO@��&WX]$FG@^F Q"@^F W.�1: N$P$7_J�'$QAW Q [\r��
WX@^Q"E$ICq FG@^I�Q"E�'t:?E�F\H�[
[�� WX@^Q"E$I,q FO@&WX]$QAW�]MQ"I�Q N;:;'�R QAE�'tFOD(�?]KW�D_E$79D E$F :?N2MCFOu WXI�
s[
]$F\N$P�79J
[\r��@�M:�� I QA@^F I,W Q"@,WXF�' QAWJ>GFO@^: ICFOuO:"E�'$I�
2� Ft@CFGq FG@eWX: WX]$FGp Q"IeWX]�F q Q"ICW^FO@ Q"E,'�I^79:��1FG@
�M:��J

� F @CFO8;:?@,W WX]�F 8;FG@Cq :?@Cp QAE$uOF :"qeW^]$F � ]$:?7_F �5:?@^JK79:?Q+' P$I^D_E�� WX]$F : B?FG@XQA797 WX]�@^:?P��"]$8$P�W�

6cW D_I=uOQ"7_uOP$79QAWXF�' :?E$7 R q :?@ WX]�F '$:#� E$7_D9E�J '$D9@CFOu WXD9:"E�
«V1FOuOQ"P$ICF WX]�F H\[
[��(@^F�0KP$FOI,W/Q"@CF
WX@^Q"E$ICq FG@^@CF�' W^: P$8$7_D9E�JR'$D_@^FGuGWXD_:?E���W^]$FGR Q"@CF3E$:"W1W Q"J"FGE/D9E WX: Q"uOuG:?P$E WI
�[
]�F3BAQ"7_P$F3D_E$uO7_P�'$FGI
]$F Q�'$FO@CI\QAE�' W^]$FO@CFGq :"@^FeD WXI5WX]$FG:?@^F WXD_u Q"7 p=Q��hD9p P$p+D9I � T?T?T:VC6 I�
E� D_W^] W^]$F H\[
[��)WX@XQAE$IF"
q FO@��&WX]$F p=Q"D9E q :�uOP$I D_I :?E W^]$F @^FGI^8;:?E�I^F/W^D9ptF=WX]$QAW D9I�B?FG@CR D9pt8;:?@CWXQ"EKW q @^:"p WX]�F P$I^FG@
8;FO@CI^8;FOu WXD B?F+
 [
]$F/:"W^]$FO@ [\r�� p=F WX@CD9uOI��)� ]$D_u ] QA@^F E�:"W B�D9ICD9N$7_F=WX: WX]$F P$ICFO@��1Q"@CF P$ICF�'
D9E�W^]$F Q"E$Q"7_R�I^D_I WX: F ��8�7 Q"D_E :�uOuGP$@^@CD9E�� 8�]$FOE$:"p=FGE$:?E�
 [
]$F EKP$p N;FO@ :"qC'�@^:?8$I�� I^8$P�@^D9:"P$I
f [\j3I�QAE�' P�E$E$FOuGFOI^IXQA@CR @^FGW^@XQ"E�I^ptD9I^ICD9:?E�I\QA@^F @^FG8;:?@CW^F�' : B?FO@�QA797�E�D9E$F [\r���uG:?E$E$FGuGW^D9:?E$I
:"q�WX]$F�H�[ [�� WX@XQAE$ICq FG@�
�LM:"@�WX]$F\q Q"I,WXFG@1Q"E�' IC79:��1FO@W�M:#� I���FG7 Q"8$ICF�'=WXD_p=FGI5Q"@CF�P$ICF�' D9EtW^]$F
Q"EMQA7_R�I^D_I�
&6�E Q+'�'�D_WXD_:?E���WX]$F ICD9p P$7 W Q"E�FO:?P$I1WX]�@^:?P��"]$8$P�W^I�Q"@CF @^FG8;:?@CW^F�'�

LM:?@ F Q"u ] 79D_E$J�W�R�8;F �5F P�I^F�LS�?P$@CFOI WX]MQAW uG:?pt8MQ"@CF�WX]$F @^FOICP$7_W^I � D WX] V Q"ICFO7_D9E$F�[\r��
BQV lUD �EV QAI^FO7_D9E$F [\rA� � D_WX] d�r a BQV1l��ed�r aPD �)V1Q"I^FG79D9E�F [\r�� � D_W^]ko�D! �g�FO@CB 8$@^D_:?@^D WXDi"
> Q WXD9:"Ekq :?@ H�[
[�� BQV lU�eoeg�D ��V QAI^FO7_D9E$F [\r�� � D_WX] d�r a Q"E�' o�D( �ghFG@CB 8$@^D_:?@^D WXD!> QAW^D_:"E
q :?@=H\[
[�� BvV lU� o3g��ed5r a*D&�5d�E�]MQ"E$uGF�'�[\r�� B d&[\r���D � d&E$]$Q"E$uGF�'�[\r�� � D WX] d�r a
B d&[\r����ed�r
a*D&�Ad�E�]MQ"E$uGF�'�[\r��/� D WX] o�D! �ghFG@CBe8$@CD9:?@CD_W^D(> Q WXD :?E3q :?@mH\[
[�� B d�[\r����eoeg�D �
Q"E�' d&E$]MQAE$uOF�' [\r�� � D WX] d�r akQ"E�' o�D( �ghFO@,B38$@^D_:?@CD_W^D(> Q WXD_:"E�q :?@�H\[
[�� B d&[\r����eoeg��ed�r
aPD 

� F Q"E$Q"7_R;>OF W^]$F�u Q"ICFOIeD_E WX]MQAW�:?@X'�FO@�
eghD9E�uOF�8$@CD9:?@CD_W^D(> Q WXD_:"E1� D_W^] WX]�D9I �1:?@CJ�7_: Q+' D9I�:?E$7 R
q :?@ H\[
[����S�1F @^F q FO@
W^:tD W ICD9pt8$7_R Q"I 8$@CD9:?@CD_W^D(>OQAWXD :?E�
 [
]$FJL��?P$@^FGI\IC]$:#� W^]$F ptF�'$D9Q"E QAE�'
WX]$F�0KPMQ"@,WXD97_FOIJ� D WX] Q IC:?79D(' FG@^@^:"@^NMQ"@ q :?@ WX]$F��?D_B?FGE p=F WX@CD9uOI�
	� ]$FGE 8$@CFOICFOE WI��Q1'$:"W^W^F�'
FO@C@^:?@CNMQ"@
I^]$:�� I WX]$F ptD9E$D_p�P$p Q"E�'/WX]�F p=Q��hD_p P$p1


R�� ;���� 46�����K� � ���� ! � �@���

[
]$F : B?FO@^Q"797�WX]$@C:?P��?]�8$P�W�: B?FO@ WX]�F FO@^@C:?@F" q @^FGF 7_D9E$J=D9I I^]�:#� E D_E L D��"P$@^F S"T?Q?
5[
]$F : B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W\D9I
ICWXQ"N$79FeD9E Q"797�u QAI^FOI��;N$P�W W^]$F ptD9E�D9p�P$p I
:Aq WX]$F 8$@^D_:?@^D WXD!> Q WXD_:"E<� D_W^] d�r a
u QAI^FOI1]MQ B?F�Q 79:��1FG@�WX]�@^:?P��"]$8$P�W5W^]MQ"E=WX]$F�:"W^]$FO@5uOQ"I^FGI�
�[
]$F3d&E$]MQAE$uOF�' [\r��ku Q"ICFOI1]MQ B?F
Q ]�D��?]$FG@
: B?FG@XQ"7_7�WX]$@C:?P��?]�8$P�W W^]MQ"E/WX]�F5V Q"I^FG79D_E$Fe[\r���uOQ"I^FGI�

[
]$F3@CFOIC8 :"E$I^F�WXD_p=FGI5:"q�WX]$F3H\[
[��kWX@^Q"E$ICq FG@ Q"@CF�I^]$:�� E D9E L D��?P$@CF�S"T"N�
)V1:"W^] 8$@CD9:?@CD_W^D(>OQ�"
WXD_:?E QAE�' d�r a @^F�'�P$uOF�WX]�F�@^FGI^8;:?E$ICF W^D9ptF+
 [
]$F IC]$:?@,WXFOI,We@CFOI^8;:"E$I^F�WXD9ptFGI�Q"@CF Q"u ]$D_FGB?F�'
� ]$FGE=N;:AWX] :Aq;WX]�FOp4Q"@CF
uG:?p N$D9E�F�'��?]$:��1F B?FO@��KWX]$F
I,W Q"N�D979D W�R D9IsE�:"W�QAI)�?:�:;' Q"IE� D WX] 8$@CD9:?@�"



O"U

 7500

 7550

 7600

 7650

 7700

 7750

 7800

 7850

 7900

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

ec
)

2xBulk TCP + HTTP - Error-free link

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

 25

 30

 35

 40

 45

 50

 55

 60

 65

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

R
es

po
ns

e 
tim

e 
(s

ec
)

2xBulk TCP + HTTP - Error-Free Link

HTTP transfer

�������@=9=!5 �9	:$<��� ��$�	���(*)+	

 75

 80

 85

 90

 95

 100

 105

 110

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

E
la

ps
ed

 ti
m

e 
(s

ec
)

2xBulk TCP + HTTP - Error-Free Link

Faster flow
Slower flow

��3&�; ���
��$<	:%'��(*)+	,��-.����	,������7>=@?A5B0�� 1�$

 0

 2

 4

 6

 8

 10

 12

 14

 16

 18

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

S
pu

rio
us

 R
T

O
s 

an
d 

U
nn

ec
es

sa
ry

 r
et

ra
ns

m
its

2xBulk TCP + HTTP - Error-Free Link

Spurious RTOs - Faster flow
Unnecessary rexmits - Faster flow

Spurious RTOs - Slower flow
Unnecessary rexmits - Slower flow

Spurious RTOs - HTTP transfer
Unnecessary rexmits - HTTP transfer

�4%�� � ������(*����$ �6=@� $.����%,������	&38	:$�$����	����	8��������$<)+(#$ 

$<(�����$,��-��
����=9=!5B���
���
� �2��	�� �+3�������	:3 ��(�����$��

 0

 5

 10

 15

 20

 25

 30

 35

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

T
ot

al
 d

ro
ps

2xBulk TCP + HTTP - Error-Free Link

Faster flow
Slower flow

HTTP transfer

�4	:�;5 �
3
7
	8��$.%���������	&% � -��
����=9=!5 ���
�����
� �
	�� ��38� � 

��	:3 ��(*� ��$��

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

S
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

 (
B

/s
ec

)

2xBulk TCP + HTTP - Error-Free Link

Faster flow
Slower flow

HTTP transfer

��-�� � (�) ���*������	�����$;�����������
��������$

L D(�?P$@^F�S"T,[mghP$ptp QA@CR3:"q$@^FGI^P$7 WXIm: B"FO@ WX]$F�FO@C@^:?@�"cq @^FGF�7_D9E$J�D_E WX]$FW�1:?@CJ�7_: Q+' :"qMQ uO:?pt8;FGW^D9E��
H�[
[�� W^@XQ"E�ICq FO@8B�
 S"T @CFO8;F WXD_W^D9:?E�I$D

D_W^D�>OQAWXD_:"E2� D WX]$:?PhW d�r a5
)� D WX]$:"P�W58$@^D_:?@^D WXD!> Q WXD_:"E WX]�F�@CFOI^8;:"E$I^F�WXD9ptFOI�Q"@^F�IC]$:?@,WXFO@5D_E=W^]$F
d&E$]MQ"E$uGF�' [\r�� u Q"ICFOI WX]MQAE�D_E WX]$F2V Q"I^FG79D_E$F [\r�� u QAI^FOI��U� ]�FO@^FOQ"IJ� D_W^].8$@^D_:?@^D WXD!> QAW^D_:"E
WX]$F5V1Q"I^FG79D9E�Fe[\r���u QAI^FOI\]MQ B?F Q I^]$:"@CWXFG@\@CFOIC8;:?E$I^F WXD_p=F�

[
]$F FG7 QA8$I^F�')W^D9ptFOI :"q\WX]$F/N$P�79J [\r�� �M:#� ItQ"@^F I^]$:�� E D9EkL D��?P�@^F/S"T"u�
 � I�� D_W^]kW^]$F
uO:"p=8;F WXD9E,� [\r��@�M:#� �5:?@^JK79:?Q+'$I���WX]$FtFG7 Q"8�I^F�'�W^D9ptF :"q5WX]�FtI^79:��1FG@J�M:��4D9IeB?FG@CR.ICW QAN$79F



OQ:

N;FOuOQ"P$I^Fe:"q�WX]$F3FG@^@^:"@F"cq @CFOF�79D_E$J W^]MQAW D9I1pt:?ICW^7_R q P$7_7_R P�WXD_79D(>GF�'�
 [
]$FeptF�'$D9Q"E FO79Q"8$I^F�' WXD9ptF
:"q WX]$Ftq Q"ICW^FO@8�$:#�(D9I I^]$:?@,WXFG@8� D_WX] d�r a WX]MQAE � D_W^]$:?P�W�d5r a5�U� ]$D9u ] @^F�'$P$uGFOI�q Q"D9@CE$FOICI
N;FGW.�1FGFOE WX]�F N$P$79J [\r�� �M:#� I�
=d�r a(Q� �FGuGW^I W^]$F ICW QAN$D97_D W
R :"q�WX]$F FG7 Q"8�I^F�'.W^D9ptF :"q5W^]$F
q Q"ICW^FO@P�M:#�J� N$PhW WX]$F2'�D9@^FGuGW^D9:?E D9I3uO:?E WX@^: B?FO@CI^D9Q"7T
�� D WX] V1Q"I^FG79D9E�F [\r��U��WX]$Ftd�r a+u Q"ICFOI
Q"@^F 7_FOICIeICWXQ"N$7_F�WX]MQ"E WX]�F E$:?E;"
d�r a4u QAI^FOI��3� ]$FG@^F QAI � D_WX] d�E�]MQ"E$uGF�'�[\r�� Q"E.:"8$8;:?I^D WXF
]MQ"8$8;FGE$I�

[
]$F E�P$p N;FG@ :"q5IC8$P$@CD9:?P$I f [\j3I Q"E,'�P$E$E�FOuOFGI^IXQ"@,R�@CFGWX@^Q"E$I^ptD_I^I^D_:?E$IeQ"@^F I^]�:#� E D_E�L D���"
P$@^F S"T+'.Q"E�' W^]$F EKP$p N;FO@3:"q�'$@^:?8�I Q"@^F I^]$:�� E�D9E L D��"P$@^F S"TAF q :?@�WX]$F N�P$79J [\r�� �M:�� I
Q"E�' q :?@�W^]$F H\[
[�� W^@XQ"E$I,q FO@�
 d�r a @^F�'�P$uOFGIJ'$@C:?8$I3D_E QA797muOQ"I^FGI Q+� Q"D_E$ICW�W^]$F I^Q"ptF uG:?E?"
LS�?P$@^QAWXD_:?E2� D WX]$:"P�W1d�r a5
 � 79IC: W^]$F�EKP$p N;FO@�:"q�IC8$P$@^D_:?P$I5f [\j3I���Q"E,' ]$FGE$uOF\WX]$F\E�P$p N;FG@
:"qsP$E$E$FGuOFGI^IXQ"@CR @^FGW^@XQ"E�I^ptD9I^ICD9:?E�I�Q"@CF @CF�'$P$uGF�'�
 � I � D_W^] W^]$F5�1:?@CJK79: Q+'�I�:"q&QtuO:?pt8;FGW^D9E��
[\r�� �M:#�J� WX]�F ptF�'$D9Q"E :"q '$@^:"8$I D9E)WX]$F]V Q"I^FG79D_E$F [\rA� uOQ"I^FGI D9I=79Q"@X�"FO@ W^]MQ"E D9E W^]$F
d&E$]MQ"E$uGF�' [\r�� u Q"ICFOI�
t6�E WX]$Ftd&E$]$Q"E$uOF�' [\r�� uOQ"I^FGIJ� D_W^]$:?P�W 8�@^D9:"@^D WXD!> QAW^D_:?E¦��L�"
f [\j
@^F�'$P$uOFGI WX]$F E�P$p N;FG@e:"q5P$E$E�FOuOFGI^IXQ"@CR.@CFGW^@XQ"E$ICp=D_I^ICD9:?E$I�
8� D_W^].8�@^D9:"@^D_W^D(>OQAWXD :?E�� W^]$FO@CFtQ"@CF
E$:"W�'$@C:?8$I q :?@ WX]$F/H\[
[�� W^@XQ"E�ICq FO@ Q"E�'kIC8$P$@CD9:?P$I f [\j3I :�uOuGP$@ :?E$7 R�� ]�FOE d&E$]MQAE$uOF�'
[\r���D_I P�I^F�'¦

[
]$F I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��?]$8�P�WXI :"q;Q"7_77�M:�� I&Q"@CF1I^]$:�� E D_E L D��"P$@^F SATAq�
U� D WX]$:?PhW 8$@^D_:?@^D WXDi"
> Q WXD9:"E WX]$F
I^D9p P�7_W QAE$FO:"P$I WX]�@^:?P��"]$8$P�W�:"q WX]$F H�[
[�� WX@^Q"E$I,q FO@&D9IsN;FO7_:#�)WX]�F I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�W3:Aq&W^]$F�I^7_:#�1FG@ �$:#�J
 � D_W^] 8$@^D_:?@^D WXD!> QAW^D_:"E WX]�F�I^D_p P�7_W QAE$FO:"P$I WX]$@C:?P��?]$8�P�W3:"q
WX]$F3IC79:#�5FO@A�$:#��Q"E�' WX]�F H\[
[��)WX@^Q"E$ICq FG@
Q"@^F�uO7_:?I^F�W^: FOQ"u ]/:"W^]$FO@ N$PhW WX]$F�q Q"I,WXFO@A�$:#� D9I
ICW^D9797�ICFO@,B?F�' N;FGWCWXFG@ WX]MQAE/WX]$F H�[
[�� W^@XQ"E$I,q FO@�
)� ]$FGE 8�@^D9:"@^D_W^D(>OQAWXD :?E D_I
P$I^F�' � D WX] d�r a5�
WX]$F�I^D_p P�7_W QAE$FG:?P$I�WX]�@^:?P��"]$8$P�W1:"q�WX]�F3H�[
[�� WX@^Q"E$ICq FG@1D_I1Q"7_p=:"ICW�79F B?FO7_F�'�� D_WX]=W^]$F�q QAICWXFG@
�M:��J


� &F1U 2/��@�� *# > �

� ]$FGEOV Q"ICFO7_D9E$F.[\r�� D9I/P$I^F�'�� W^]$F ptF�'�D Q"E : B?FO@^Q"7973WX]�@^:?P��"]$8$P�W D9I : � % SKVC6AI�
 [ ]$F
p=F�'$D9Q"E�H�[
[�� @CFOI^8;:"E$I^F W^D9ptF.D_I*O?S;
(
�I^FGuO:?E�'�I�
 [
]�F p=F�'$D Q"E FO7 QA8$I^F�'�WXD_p=F :"q�W^]$F
I^7_:#�1FG@8�M:#� D_Ir
 TQO?
 S ICFOuO:"E�'$I�
.[
]�F ptF�'�D Q"E FG7 Q"8�I^F�' WXD9ptFt:"q
WX]$F=q Q"ICW^FO@8�M:�� D9Ir
 T,
�
ZU
I^FGuO:?E,'$I�� Q"E�' WX]$F3D9E WXFG@X0KPMQ"@,WXD97_F�@XQAE��?F3:"q W^]$F3FO79Q"8$I^F�' WXD_ptF�D_IC%,
\� ICFOuG:?E�'$I�
5[
]�Fep=F�'$D Q"E
I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��?]$8�P�W D_I2%"T?U S/V�6AI q :?@�W^]$F q Q"ICW^FO@:�$:#�J�1S�:QO��YV�6AI q :?@�W^]$F I^79:��1FG@
�M:��J� Q"E,' 
 U O � VC6 I q :"@ W^]$F H\[
[�� WX@^Q"E$ICq FG@�
)L :"@ WX]$F H�[
[�� WX@^Q"E$I,q FO@���W^]$F/p=F�'$D Q"E
I^8$P�@^D9:"P$I3f [\j3I�D9I\WX]�@^FOF���Q"E�' WX]�F�D9EKW^FO@{0�P$Q"@CW^D979F @XQ"E,�?F�:"qsWX]$F�IC8$P$@^D_:?P$I3f [\j3I3D_I�W^]$@^FGF+

[
]$F\p=F�'$D9Q"E P$E$E$FGuOFGI^IXQ"@CRt@^F WX@^Q"E$I^ptD9ICI^D_:?E$I&D9Isq :?P$@�8$Q"u J"F WXI���Q"E�' WX]$F D9E WXFO@{0�P$Q"@CW^D97_F @XQ"E��"F
:"qmWX]$F P$E$E�FOuGFOI^IXQ"@,R @^F WX@XQAE$I^ptD9ICI^D9:"E$I
D9I
ICD!� 8MQ"u J"FGW^I�

� W^]$FO:"@^FGW^D9uOQ"7�H�[
[�� WX@XQAE$ICq FG@U� D_W^]$:?P�W�'$@C:?8$I D_I Q"Imq :"797_:#� I�
 L D_@^ICW WX]�F5N;:;'�R D9Im@CF�0KP$FGICWXF�'�

� ]$FGE WX]�FrLM@CICW ICF��?ptFOE W :"q
W^]$F N;:;'�R ]MQ"I Q"@^@CD_B?F�'�� WX]$F��«�«� N�@^:#� ICFO@ ICWXQ"@CW^I�WX]�@^FOF
D9E$7_D_E$F :?N2MCFOu WXI1N;FOuOQ"P$ICF�WX]$F�p Q#��D_p P$p4EKP$p N;FO@5:"q�uG:?E$uGP$@^@CFOE W H\[
[��):"N0MCFGuGW^I1D9I�79D9p D W^F�'
WX:tq :?P$@�

[
]$F5LM@^I,W�I^F��?p=FGEKW�:AqsW^]$F N;:;'�R D_I q :?797_:��1F�' NKR WX]$F @CFOICW�:"q WX]�F D9E$D WXD9QA7¦� D9E�'�:#�
I^F��?ptFOEKW^I3I^]$:"@CWX7 R�
 � ]$FGE gKiea�" � r neI3:"q&W^]$F WX]$@^FGF D9E�79D_E$F :?N2MCFGuGWXIeQ"@C@^D B?F+�;WX]$F WX@^Q"E$ICq FG@
:"qeW^]$F N;:;'�R ]MQ"I ICWXQ"@CWXF�' D WXI ICFOuG:?E�' @C:?P$E�'?" WX@CD98OB g i a @^:?P�E�'?"cW^@^D_8 D9I=E$:"W D9E�uO7_P�'$F�'SD&

V1FOuOQ"P$ICF W^]$F gKi aC" � r neI Q"@C@^D B?FtuO79:"I^FtW^: FOQ"u ] :"W^]$FO@�� WX]�F H�[
[�� D_E$79D_E$F :?N2MCFOuGW^I�ICFOE�'
WX]$FGD9@ D9E$D WXD9QA7¦� D_E�'$:�� I�Q"79IC:tB"FO@CR uG79:?ICF W^:=F QAu ] :"W^]$FO@�� Q"E,' QAW WX]$F I^Q"ptF WXD_p=F��$WX]$F N;:;'�R



O �

]MQ"I WX]$F E�P�p N;FO@ :"q�ICF��?ptFOE WXI D_E,�MD(�?]KW�WX]$QAW D_I�'$F WXFG@^ptD9E$F�'kNKR D_W^I uGP$@^@CFOE WtuO:?E,�?FOI,WXD9:"E
� D9E,'$:#�J
�[
]$D9I 8MQ"u J"F W�N$P$@CICW�D_E$uO@CF Q"ICFOI\@^:?P$E,'?"cW^@^D98 W^D9ptFOI Q"E�' u QAP$I^FGI�uG:?E��"FOICW^D9:?E QAW W^]$F
7 QAICW{"c]$:?8 @C:?P�WXFG@�
Y� F @^FGq FG@ W^: D_W Q"I ��
�� ��
 	 �9� � 	���� � ������� 
 � q W^FO@ F QAu ]k@C:?P$E�'?" WX@CD98�� W^]$D9I
IXQ"ptF N�P$@^I,W3:�uOuGP$@^I3Q+�?Q"D9E N;FOuOQ"P$I^F�W^]$F � r neI�:"q WX]$F�H�[
[�� :?N2MCFOu WXI3QA@^@^D B?F5� D WX] I^]$:?@,W
D9E WXFG@CBAQ"7_I Q"E,' WX]$F=IC79:��+ICWXQ"@CW @XQ"8$D('$7 R D9E,�MQAWXFGI W^]$F=uO:?E,�?FOI,WXD9:"E�� D9E,'$:#� I :"q1WX]$F H\[
[��
:?N2MCFOu WXI�
P� ]�FOE.Q"EKR :"q&W^]$F H\[
[���:"N0MCFGuGWXI3uG:?pt8$79F WXFOI�� WX]�F�WX@^Q"E$I,q FO@�:"q�Q E$F�� D9E$7_D_E$F D9I
ICWXQ"@CW^F�' P$EKW^D97�QA797�FOD(�?]KW D_E$79D E$F3:?N2MCFOu WXI\]MQ B?F N;FGFOE I,W Q"@,WXF�'¦

[
]$F F Q"@C7_R @C:?P$E�';"cWX@CD98 8$@C:?N$79FGptI�WX]$QAWe:�uOuGP$@P� D_WX] W^]$F:�1:"@^JK79: Q�' :"q5Q IC]$:?@CWeuO:?pt8;FGW^D9E��
[\r�� �$:#� Q� FOuGW Q"79IC: WX]�F H�[
[���:?N0MCFGuGW^I�
 d&I^8;FGuOD QA797 R gKiea�" � r n 79:"I^I^FGIe:?@�WX]$F 7_:?I^ICFOI
D9E W^]$F D9E$D WXD9QA7)� D9E�'$:�� I^79:�� '$:�� E W^]$F H�[
[�� :?N2MCFGuGWXI�
�[
]$FGI^F/7_:?I^ICFOI ]MQ"8$8;FGEkp QAD9E$7 R
N;FOuOQ"P$I^Ft:"q�WX]$F uG:?E��?FGICW^D9:?E WX]MQAW D9I �"FOE$FG@XQAW^F�' N R WX]�F=H\[
[�� W^@XQ"E$I,q FO@ D WXI^FG7_q�:?@eNKR W^]$F
I^7_:#��"cICW QA@CW�: B?FO@^IC]$:�:"W3:"q&W^]$F�N$P$79J/[\r�� �$:#� I�
36�E W^]$F�@^FG8;FGWXD WXD_:?E$I � ]$FG@^F:'$@^:"8$I*'$: E$:"W
:�uOuGP$@��70�P�FOP$D_E�� QAW�W^]$F 7 Q"I,W{"�]�:?8 @C:?P�WXFG@�D9E$uG@^FOQ"I^FGI�WX]$F @^:"P$E�'?" WX@^D_8 W^D9ptFOIsW^: WX]�F\7_FGB?FG7MW^]MQAW
WX@CD����?FG@^I I^8$P�@^D9:"P$I f [\jeI�
 N�%�� :"q�WX]�F5@^FO8;F WXD WXD9:"E$Im]$Q B?F1QAW 7_F Q"I,W :?E$F�I^8$P$@CD9:?P�I f [\j:
 d�Q"u ]
I^8$P�@^D9:"P$Isf [\j�@^F�0�P�D9@^FGI @^FGW^@XQ"E$ICp=D_I^ICD9:?E :"q$W^]$F¥� ]$:?7_F�� D9E�'�:#�J�AB?FO@,R�:Aq WXFOE�P$E$E�FOuOFGI^IXQ"@^D_7_R+


V5:;'�R 6�E$7_D9E$F3:?N2MCFOuGW^I � 7_7

 S % � O U : � :?N2MCFGuGWXI

gh8�P$@^D_:?P$I\f [\j3I U�% OQ: O?
 O � % % � %�N %,
 %?T�N
� Q"u J"F WXI '$@C:?8$8;F�' S���% 
I%QN S"T"U S"T"U :QO U"T � � � S U 
 T SQO

[ Q"N$79F � [1[m:"WXQ"7 EKP$p N;FO@\:"qsI^8�P$@^D_:?P$I�f [\j3I�Q"E�' WX:AW Q"7�E�P$p N;FG@\:"qsuO:?E,�?FOI,WXD9:"E]'�@^:?8$I q :?@
F QAu ] H�[
[���:?N2MCFOu W\: B?FG@\D_E�'$D B�D�'$PMQA7�@^FG8;FGW^D_WXD_:?E$I5B�
 S"T @CFO8;F WXD_W^D9:?E�I$D

[
]$F1WX:AW Q"7�EKP$p N;FO@ :Aq I^8$P�@^D9:"P$Isf [\j3I&QAE�' uO:?E,�?FOI,WXD9:"E:'$@^:?8�I q :?@mW^]$F H�[
[���:?N2MCFOu WXIs: B?FO@
Q"7_7 @CFO8;FGW^D_W^D9:?E$I\Q"@^F IC]$:�� E D_E [ Q"N$79F � 

6�E/�"@^F Q WXFO@ '$FGWXQ"D97Q� D_E WX]$F @CFO8;FGW^D_W^D9:?E$IC� ]$FO@CF�W^]$F
ICWXQ"@CW^D9E�� WXD_p=F
:"q�WX]$F�H�[
[�� WX@XQAE$ICq FG@5D9IW��" N I^FGuO:?E,'$I���p=Q"EKR @^FO8;F WXD WXD9:"E$I�]$Q B?F�Q I^8$P�@^D9:"P$I
f [\j q :?@1WX]$F D_E$D_W^D9QA7 � D9E�'�:#� :"qmWX]�F H�[
[�� N;:;'�R N;FGu Q"P$ICF :Aq W^]$F @C:?P$E�'?" WX@^D_8 WXD_p=F�W^]MQAW
D9I379:?E,�	'$P$@^D_E�� WX]$F I^79:���"�I,W Q"@,W : B?FO@CI^]$:�:AW :"q�WX]$F N$P$7_J [\r�� �M:�� I�
:� ]$FGE�W^]$F I,W Q"@CW^D9E��
WXD_p=F/D_I=QAq W^FO@ S"T�I^FGuO:?E,'$I��\QA797
@^FG8;FGW^D_WXD_:?E$I D9E$uG79P�'�F :?E$F IC8$P$@CD9:?P$I=f [\j q :?@ W^]$F D9E�D_WXD_Q"7
� D9E,'$:#��:"qmW^]$F H\[
[�� N;:;'�R N;FOu QAP$I^F W^]$FJ0KP$FGP$D_E��R'�FO7 Q R ]MQ"IC�?@^:�� E 7_:?E�� FOE$:?P,�?] QAq W^FO@
WX]$F�: B?FG@^IC]$:�:"WI
&[
]$F3I^8�P$@^D_:?P$I f [\j3I
Q"@CF�B?FO@CR uG:?ptp=:?E Q"79IC: q :?@5W^]$F3D_E$79D E$F�:"N0MCFGuGW^I W^]MQAW
Q"@^F1I,W Q"@,WXD9E,�3D_E�WX]�FALM@^I,W&D9E$7_D_E$F�:?N2MCFOuGWsN$P$@^I,W&N;FOu QAP$I^F WX]�F @^:?P�E�'?"cW^@^D98 W^D9ptFOI F QAI^D97 R F&�huOFGF�'
WX]$F D9E$D WXD9QA7 f [\j+BAQ"7_P$F :"q�WX]$@CFOF ICFOuO:"E�'$I�
=j3E$7 R W^]$F @CFO8;FGW^D_W^D9:?E$I*� ]$FG@^F W^]$F�L$@^ICW D9E$7_D_E$F
:?N2MCFOu WXI ICFOE�'kWX]�FOD9@ D_E$D_W^D9Q"7W� D_E�'$:�� '�P$@^D_E�� WX]$F : B?FG@^IC]$:�:"W @^FOuG: B?FG@CR :"q WX]$F N$P$7_J [\r��
�M:�� I�]MQ B?F�QtIC]$:?@,W�FGE$:?P��?] @^:?P�E�'?"cW^@^D_8/WXD9ptF3WX:=E$:AW\WX@CD����?FG@ IC8$P$@^D_:?P$I�f [\j3I�

[
]$F N$P�79J
[\r�� �M:#� I @^F�'$P$uGF WX]$FGD9@euG:?E��?FGICW^D9:?E-� D9E�'�:#� I N;FOuOQ"P$ICF=:Aq5W^]$F uG:?E��?FGICWXD_:?E WX]MQAW :�uGuOP$@CI
'$P$@CD9E��.W^]$F D9E�79D_E$F :?N2MCFOuGW=N�P$@^I,WI
 � WtW^]$F IXQAp=F WXD_p=F���W
R�8$D_u Q"7_7_R QAWt7_F Q"I,WtI^:?ptF/:"q�W^]$F
H�[
[�� :"N0MCFGuGW^I�'$: E�:"W ]�D_W W^]$F3q P$797�0KP$FOP�F5'$P�@^D9E,� W^]$FeuO:"E��?FOI,WXD_:?E Q"E,'/uO:?pt8$7_FGWXF��?� ]$D9u ]
WX@CD����?FG@^I
E$F�� H�[
[���:?N2MCFOuGW^I�
 � I\W^]$F uO:"E��?FOI,WXD_:?E1� D_E�'$:#� I\:"q WX]$F N$P$7_J [\r��N�M:�� I�Q"@CF
E$:�� ICp Q"7_7_FO@���WX]$FGI^F q :?7_79:�� D_E��tH�[
[�� :?N2MCFOuGW^I�F ��8;FG@^D_FOE$uGF QtI^]$:"@CWXFG@ 0�P�FOP$F�79FGE��"W^]�� QAE�'
WX]$FG@^F q :?@^F W^]$FGR F �h8;FO@^D_FOE$uGF/I^8$P$@CD9:?P�I f [\j3I :"E$7_R D9E Q q F�� @^FO8;F WXD WXD9:"E$I QAE�'k7_FOI^I 79D_J"FO7_R
8$@^:�uGFOF�' WX: WX]$F I^79:���"�I,W Q"@,W : B?FO@^IC]$:�:"W N;FGq :"@^F W^]$F WX@^Q"E$ICq FG@ :"qeWX]�F :?N2MCFOuGW FGE�'$I�
 [ ]$F
E�P$p N;FG@5:"q�I^8$P�@^D9:"P$I f [\j3I1D9E�uO@^FOQ"I^FGI
Q�� Q"D_Etq :?@�WX]$F�7 Q"I,W�W��1:�D9E�79D_E$F :?N2MCFOu WXI1N;FOuOQ"P$ICF3W^]$F



O�N

0KP$FOP$D_E��J'$FO79Q R��?@^:�� I�Q+�?Q"D9E�
 j3E$7_R q F�� '$@C:?8$I�:�uGuOP$@sq :?@sW^]$F 79QAWXFG@sD9E�79D_E$F1:?N2MCFOu WXI�N;FOuOQ"P$ICF
WX]$F N�P$79J [\r�� �$:#� I\]$Q B?F Q+'"MCP$I,WXF�'/WX]$FGD9@
uO:"E��?FOI,WXD_:?EG� D_E�'$:#� I�


� &F1U 2/��@�� *# > � �J�V��E,4 >	�

� ]$FGEOV QAI^FO7_D9E$F.[\r�� D9I/P$I^F�'@� D WX] d�r a5�\W^]$F ptF�'$D Q"E : B?FO@^Q"7973W^]$@^:?P,�?]$8$P�W D9I : � �,

VC6AI\Q"E�'/WX]$F D9E WXFG@X0KPMQ"@CW^D97_F3@XQ"E,�?F :"q WX]$F : B?FG@XQ"7_7�WX]$@^:"P��?]$8�P�W�D_I������ ICp Q"7_7_FO@1WX]$Q"EG� D_WX]
V Q"ICFO7_D9E$F�[\r��C
s[
]�F5p=F�'$D QAE H�[
[�� @^FGI^8;:?E�I^F5W^D9ptF�D_I�
I%���I^]$:?@,WXFG@ N$PhW W^]$F�D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F :"q�WX]$F @^FGI^8;:?E�I^F W^D9ptF/D9I SQ:�� 79Q"@X�?FG@ W^]MQ"EM� D WX] V Q"I^FG79D_E$F [\r��C
�[
]$F p=F�'$D Q"E
FO79Q"8$ICF�'kW^D9ptF :"q WX]$F q Q"ICWXFG@:�M:#� D_ItS;
P:�� I^]$:"@CWXFG@tQ"E,'kW^]$F/D_EKWXFG@X0KPMQ"@,WXD_79F @^Q"E��?F :"q\W^]$F
FO79Q"8$ICF�' WXD_p=F1D9IC
 SQO�� 7 Q"@{�?FO@ W^]MQ"E�� D_W^]�V1Q"I^FG79D_E$F
[\r��C
&[
]$F FO79Q"8$ICF�' WXD_p=F1:"q;WX]$F
I^79:��1FG@
�M:�� D9I @^:?P��"]$7_R.W^]$F I^Q"ptF Q"I8� D_W^] V Q"ICFO7_D9E$F=[\r��C
.L :"@ H\[
[�� WX@XQAE$ICq FG@��sW^]$F p=F�'$D Q"E
I^8$P�@^D9:"P$I
f [\j3I
D_I1W.�1: Q"E,' W^]$F3p=F�'$D Q"E P$E$E$FGuOFGI^IXQ"@CR @CFGWX@^Q"E$ICp=D_I^I^D_:?E$I1D_I1W^]$@^FGFe8MQ"u J"F WXI�

[
]$F p=F�'$D QAE ICD9p P$7 W QAE$FO:"P$I\WX]$@C:?P��?]$8�P�WeD_IP%?T S�%<V�6AI�q :?@\WX]$F�q QAICWXFG@*�$:#�J��S��!:QO�VC6AI�q :?@
WX]$F IC79:��1FO@��M:#�J� Q"E,' 
�N,
 T�VC6AI
q :?@ W^]$F H�[
[�� W^@XQ"E$I,q FO@�

[
]$F5I^7_D��?] WX7 R3]$D(�?]$FG@ Q"E,'�pt:?@^F�ICWXQ"N$7_F�: B?FG@XQ"7_7 W^]$@^:"P��?]$8$PhW uG:?pt8MQ"@^F�'5� D_W^]�V Q"I^FG79D_E$F�[\r��
]MQ"8$8;FGE$I<'�P$F WX: u ]MQ"E��"FOI D9E)WX]$F EKP$p N;FO@=:"qeP$E�E$FOuGFOI^IXQ"@,R�@CFGW^@XQ"E$ICp=D_I^ICD9:?E$I�
 V5FOuOQ"P$I^F
79FGI^I�P$E$E$FGuOFGI^IXQ"@CR @CFGW^@XQ"E$ICp=D_I^ICD9:?E$I�Q"@^F�ICFOEKW���W^]$F�: B?FG@XQ"7_7 WX]$@C:?P��?]$8�P�W3D9I�]$D(�?]$FO@�Q"E,' W^]$F
I^p=Q"7_79FG@ D9EKW^FO@{0�P$Q"@CW^D97_F @^Q"E��?F.:"q W^]$F�P�E$E$FOuGFOI^IXQ"@,R @^FGW^@XQ"E$ICp=D_I^ICD9:?E�I/p=Q"J"FGI/WX]$F.: B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W\pt:?@^F3ICW QAN$79F�

[
]$F ptF�'$D9Q"E H\[
[�� @^FGI^8;:?E$ICF WXD_p=F D_I IC]$:?@,WXFO@ N;FOuOQ"P$ICF f\d�o uO:?E$I,WX@^Q"D9E$I W^]$F�0KP$FOP$D_E��
'$FO79Q R+
=� D WX]=IC]$:?@,WXFO@�0�P�FOP$D_E���'�FO7 Q R @C:?P$E�';"cWX@CD98$I�Q"@CF\I^]$:?@,WXFG@��h7_FOICI58MQAu J"F WXI QA@^F '$@^:"8$8;F�'��
Q"E�' 7_FOI^I3IC8$P$@^D_:?P$Ief [\j3I3:�uOuGP$@�
 [
]$F @^F�'$P$uGW^D9:?E :"q�WX]�F IC8$P$@CD9:?P$Ief [\jeI3D9I�@CF��MFGuGWXF�'.WX:
WX]$F/E�P�p N FG@ :"q�P$E�E$FOuGFOI^IXQ"@,R)@^FGW^@XQ"E�I^ptD9I^ICD9:?E�I��W� ]$D_u ])D9I Q"79IC:.@^F�'$P$uOF�'�
 H�:��1FGB?FG@��1W^]$F
'$@^:"8$I Q"E�' WX]�F IC8$P$@CD9:?P$I
f [\j3I\QA@^FeE�:"W @^Q+'$D_u Q"7_7 R=@CF�'$P�uOF�'¦
�[
]$F I^F��?ptFOE WXI :AqmWX]�FeD9E$7_D_E$F
N$P$@CICW�u QAP$I^F I^P�'�'�FOE BAQ"@CD QAW^D9:"E/D_E/WX]�F 7 Q"I,W{"c]$:?8/@^:?PhWXFO@ D_E$ICW QAEKW 0KP$FGP$F 79FGE��"W^]�� Q"E�' d�r a
p QA@^JKI WX]$QAW�Q"@CF NMQ"ICF�' :?E WX]$F Q B?FG@XQ+�"F�']0KP$FGP$F�79FGE��"W^] '$:=E$:AW�:�uOuGP$@�N;F q :?@^F uO:?E,�?FOI,WXD9:"E
D9Et: B?FG@5]MQ"7 q�:"q�WX]$F\@^FG8;FGWXD WXD_:?E$I�
 [
]$F�[\r��&I1@^FGI^8;:?E�'=WX: WX]�F�uO:"E��?FOI,WXD_:?E=NKR @^F�'�P$uOD_E�� W^]$F
uO:"E��?FOI,WXD_:?E�� D_E�'$:#� I�� ]$D_79F\Q"79pt:?I,W5QAW�WX]�F�IXQ"ptF\W^D9ptF\Q"7_7$WX]$@^FGF�D9E$7_D_E$F :?N2MCFOu WXI5uO:?pt8$79F WXF�

[
]$F I^p=Q"797_FO@ uO:"E��?FOI,WXD_:?E2� D_E�'$:�� I�:"q W^]$F N$P�79J�[\r����M:#� I�Q"E�' FOE�'$D_E��eWX@XQAE$ICq FG@^I�I^]$:"@CWXFGE
WX]$F 0KP$FGP$F�:"q WX]$F\79Q"ICWF"�]$:?8 @^:"P�WXFG@�
s[
]$F\E$F&��W5W^]$@^FGF\E$F�� D9E�79D_E$F :?N2MCFOu WXI58$@C:;'$P$uGF�Q"E$:AWX]$FG@
uO:"E��?FOI,WXD_:?EkI^8$D_J"F/I^]�:?@CW^7_R�
 [
]$D_I :?ICuOD_7979QAW^D_:"E JAFOFO8�ItW^]$FG0KP$FGP$F Q B?FO@XQ��?F/7_:#� FGE$:?P,�?]kWX:
8$@^F B?FOE W�d�r a+p Q"@CJKI���N$P�WJ0�P�FOP$Ft: B?FO@F�M:#� I :�uGuOP�@J'$P$@^D_E�� WX]$F IC8$D9J"FGI�
 � E�Q+'"MCP$I,WXptFOE W
WX: WX]$F F&�h8;:?E�FOEKW^D Q"7=�5FOD(�?]KWe:"q�W^]$F�0�P�FOP$FtQ B?FG@XQ+�?F :?@37 QA@X�?FG@38$] R�I^D9uOQ"7sN$P, FO@eI^D(>OF uO:"P$7�'
]$FO7_8��$N$P�W W^]$FGR/Q� FOu W\E$:"W\:"E$7_R=WX: WX]$D_I D_I^ICP$F+

d�r a p=: B?FOI
WX]�F ptF�'$D9Q"E/FG7 Q"8�I^F�'/WXD_p=FGI
:"q W^]$F N$P�79J [\r�� �M:#� I\Q�� Q R q @^:?p FOQ"u ] :AWX]$FG@
NKR p=Q"@CJ�D_E�� WX]$F/N$P�79J [\r�� �M:�� ItP$Ehq Q"D9@C7_R N FGu QAP$I^F W^]$F/p QA@^JKD9E�� 8�@^:�uOFGI^ItD9I @XQAE�'$:?p
Q"E�' u QAE Q� FOu W3:"E$7_R Q=ICD9E��?7_FJ�M:�� QAW3Q WXD9ptF+
 � q WXFG@�W^]$F�d5r a p=Q"@^J9� W^]$FO@CF�D9I�Q=8;FO@CD9:;'
'$P$@CD9E��1� ]$D_u ] WX]$F=uG:?E��?FGICWXD_:?E�� D9E,'$:#� I�Q"@^F=P�E�NMQ"79Q"E$uGF�' q :?@ WX]$F Q+'�B Q"EKWXQ+�?F=:"q Q E$:?E?"
p QA@^J"F�' �$:#�J
 � 79I^: WX]$F D9E WXFG@X0KPMQ"@,WXD97_F @XQAE��?F :"q5W^]$F FO7 QA8$I^F�'�WXD_p=F :"q5W^]$F q Q"ICWXFG@ �M:#� D9I
7 QA@X�?FG@&N;FOuOQ"P$ICF�:"q W^]$F�d�r a p=Q"@^JKI�
=� F\uOQ"E WX]$D_E$J�W^]$FOICF\W.�1: F& �FGuGWXI5Q"I�QJ0KPMQ"E WXD!LMu QAW^D9:?E
FO@C@^:?@ :"q1W^]$F=f�d�o QA7��?:"@^D W^]$p N;FGu Q"P�I^F :?E�7_R :"E$F2�M:#�4D9I p=Q"@^J"F�' QAW Q/WXD_ptF P�E$79FGI^I W^]$F
0KP$FOP$F3Q B"FO@XQ��?F�D9I5Q"N;: B?F�W^]$F�p Q#��D_p P$p WX]$@CFOI^]�:?7�'�
s[
]$FG@^F q :?@^F�D W5D_I5F �h8;FOuGWXQ"N$7_F�WX]MQ W5W^]$D9I



U?T

P$E�q Q"D_@^E$FGI^I�'$:�FGI\E$:AW\D_E$uO@CF Q"ICF N;:"P$E�'$7_FOI^IC7_R+


� &F1U 2/��@�� *# > � �J�V��E � �"���K�"�V��� � &(���V��� � �K� �*# # �

� ]$FGE V Q"ICFO79D_E$Ft[\r�� D9I P$ICF�' � D WX] 8$@^D_:?@^D WXD!> QAW^D_:"E���WX]$F=ptF�'�D Q"E�: B?FG@XQ"7_7&W^]$@^:?P,�?]$8$P�W D9I
: � O�� VC6 I Q"E�' WX]$F�ICW QAN$D97_D_W�R�:"qhW^]$F�: B?FO@XQA797"WX]$@C:?P��?]$8�P�W D_I�B?FO@,RJ�?:�:;'�
m[
]$F�p=F�'$D Q"E H\[
[��
@^FGI^8;:?E$ICF�WXD_ptF D_I�S � � I^]�:?@CW^FO@�Q"E�' WX]�F�p=Q��hD9p P�p @CFOI^8;:"E$I^F�W^D9ptF D9I % � � IC]$:?@CW^FO@\WX]$Q"E
� D_W^]�V Q"ICFO7_D9E$F5[\r��C
s[
]$F ICW Q"N�D97_D_W�R :AqMWX]$F1@^FOIC8;:?E$ICF WXD9ptF�D9ImB?FO@CR��?:�:;'¦�AWX]$F1D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F3D9I1:?E�7_R 
�
!
eICFOuG:?E�'$I��S� ]�D9u ]/D_I	: � �+I^p=Q"797_FG@�WX]MQAE	� D WX]	V Q"I^FG79D_E$F�[\r��C
�[
]�FO@^F Q"@CF
E$:<'$@C:?8$I�q :?@\WX]$F H\[
[�� :?N2MCFOuGW^I�
3[
]$F ptF�'�D Q"E FO79Q"8$I^F�' W^D9ptF :"q&WX]�F�q QAICWXFG@ �M:#� D9I�E$:"W
Q"7 WXFO@CF�'�� ]�FOE uG:?pt8MQ"@^F�'�� D_WX]:V Q"I^FG79D_E$F1[\rA� N$PhWsW^]$F D_EKWXFG@X0KPMQ"@,WXD_79F�@XQAE��?F1:"qMW^]$F FG7 Q"8$ICF�'
WXD_p=F D9IeS�N�� ICp QA797_FO@\W^]MQ"E/� D_W^]YV QAI^FO7_D9E$F�[\r��C
 [
]$F FG7 QA8$I^F�' WXD_p=F :"q&WX]$F I^7_:#�1FG@*�M:#�
D9I�79FGI^I3W^]MQ"E 
 � I^]$:?@,WXFG@3WX]MQAE-� D WX]YV1Q"I^FG79D_E$F [\r��C
�dsB?FOE.W^]$:?P��"] W^]$F IC8$P$@^D_:?P$Ief [\j3I
@XQ"@CFO7 R :�uGuOP�@mq :?@ W^]$F1H\[
[�� W^@XQ"E$I,q FO@�� D_WX] W^]$D9I uO:?E?LS�?P$@^QAWXD_:?E�� WX]$F�P$8$8;FG@=0KPMQA@CWXD_79FGIm:Aq$W^]$F
I^8$P�@^D9:"P$I5f [\jeI�Q"E�'=P�E$E$FOuGFOICI QA@CRt@^FGW^@XQ"E�I^ptD9I^ICD9:?E�I�Q"@CF >GFO@C:�
s[
]$F�ptF�'�D Q"E I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�WeD9IeS"U?U SrVC6 I3q :"@�WX]�F q Q"I,WXFG@P�M:��J�mS���%?T<VC6AI�q :?@�WX]$F I^7_:#�1FG@*�M:#�J��Q"E�'�S?S�N�N
VC6AI
q :"@
W^]$F H�[
[�� W^@XQ"E�ICq FO@�

[
]$F : B?FG@XQ"7_7 WX]�@^:?P��"]$8$P�WtD9I ]$D(�?]$FG@ WX]MQAE � D WX]MV Q"ICFO79D_E$F/[ r��+N;FOuOQ"P$ICF W^]$FO@CF Q"@^F/79FGI^I
P$E$E$FGuOFGI^IXQ"@CR.@CFGWX@^Q"E$ICp=D_I^I^D_:?E$I�
�[
]$F F� FOu WI� ]$:#�1F B?FO@��mD9I3D9E$ICD��?E$D!LMuOQ"EKW^7 R I^p=Q"797mq @C:?p W^]$F
N$P$7_J W^@XQ"E�ICq FO@=8;FG@^I^8;FGuGW^D_B?F+
 [
]$F]�?:�:;' ICW QAN$D97_D W
R :"q3W^]$F : B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W ]MQ"8�8;FOE$I
N;FOuOQ"P$I^F WX]�F N$P$79J [\r�� 0KP$FOP�Ft:"q�WX]�F 7 Q"I,W{"c]$:?8 @^:?P�W^FO@3@^FOp=Q"D_E$I�79:?E��r� ]$FGE.WX]$F H\[
[��
WX@^Q"E$ICq FG@ FGE�'$I�
 � 7_I^: W^]$F FO79Q"8$ICF�'/W^D9ptF3:"qmW^]$F IC79:#�5FO@��M:#� D_I
E$F��?79D(�?D_N$7 R=I^]$:"@CWXFG@ N;FOuOQ"P$ICF
:"qmWX]$F @^F�'$P$uGF�' EKP$p N;FO@
:"q P$E�E$FOuGFOI^IXQ"@,R @^F WX@^Q"E$I^ptD9ICI^D_:?E$I�

� F I^FOF Q ICD��?E$D!LMuOQ"EKW @^F�'$P$u WXD9:"E D9E WX]$F H\[
[�� @CFOI^8;:?E�I^F WXD_p=F N;FGu Q"P�I^F WX]$F 79Q"ICWF"�]$:?8
@^:?PhWXFO@ D_I 8$@^D_:?@^D WXD!>OD_E,� H�[
[�� 8MQ"u J"FGWXI�
([
]$F.@^:?P�W^FO@ D9I Q"N$79F WX:K0KP$FGP$F.WX]$F.D_E$uG:?p=D_E��
H�[
[�� 8MQ"u J"F WXI FGB?FGE � ]$FGE�WX]$F.N$P$7_J�[\r�� 0KP$FOP�F D9I/uG:?E��"FOICW^F�'�
 [
]$FO@CFGq :?@CF H\[
[��
8MQ"u J"FGW^I�Q"@CF E$:"W�'$@^:"8$8;F�' QAW\Q"7_7T
s[
]�F50�P�FOP$D_E��R'$FO79Q R :"q W^]$F H�[
[���8MQ"u J"F WXI�D_I
@^F�'�P$uOF�'
N;FOuOQ"P$I^F W^]$F H�[
[���8MQ"u J"FGW^I&D9E WXFG@CB?FOE�F1WX]$F1N$P$7_J [\r���8MQAu J"F WXIsq @C:?p D_WXI :�� E�0KP$FOP�F+
&[ ]$F
I^]$:"@CWXFG@A0KP$FGP$D9E,�:'$FG7 Q Rt@^F�'$P$uGFOI1WX]$F�@^:"P$E�'?" WX@^D_8tWXD_p=F @^FGI^P$7 WXD_E�� D9E=I^]�:?@CWXFG@1FG7 Q"8�I^F�'=WXD9ptFGI
:"q$WX]$F H\[
[���:?N2MCFOu WXIsQ"E�' 7_FOI^I IC8$P$@^D_:?P$Isf [\j3I�
 [
]$F ICp QA797_FO@ E�P$p N;FG@ :"qMI^8$P�@^D9:"P$Isf [\j3I
uOP�W^I�'$:�� E W^]$F�E�P$p N;FG@1:"q�P$E$E$FGuOFGI^IXQ"@CR @CFGW^@XQ"E$ICp=D_I^ICD9:?E$I�uO79:"I^F�W^::>GFO@C:�
�gh8$P$@CD9:?P�I f [\j3I
:�uOuGP$@
:?E�7_Rtq :?@5WX]$F3D9E�D_WXD_Q"7S� D9E�'$:���:Aq WX]$F�WX]$D_@X' D9E�79D_E$F�:?N2MCFOu WI�MQAE�'<� D_WX] :?E$F3F&�huGFO8�W^D9:?E��
Q"7_I^: WX]�F ICFGB?FGEKW^] D_E$79D_E�F :?N0MCFGuGWeF ��8;FG@^D_FOE$uGFOI Q I^8�P$@^D_:?P$Ief [\j+D9E W^]$F D9E$D WXD9QA7�� D_E�'$:�� D_E
Q+'�'$D WXD_:?E W^: W^]$F :?E$Feq :?@ W^]$FeWX]$D_@X'/D_E$79D_E$F�:?N0MCFGuGW�

�&@^D9:"@^D_W^D(>OQAWXD :?E D_p=8$@C: B?FGI\W^]$F�I,W Q"N$D_79D W�R :"qsW^]$F�FG7 Q"8�I^F�' WXD_p=F :"qsWX]�F q Q"I,WXFO@ �M:�� Q"E�' 8$@C:�"
B�D�'$FGIsp=:"@^F5q QAD9@^E�FOI^I N;FGW.�1FGFOE WX]$F N�P$79J [\r��Y�M:�� I&N;FGu Q"P�I^F
uO:?E��"FOICW^D9:?E D_E�WX]$F1N$P$79J [\r��
0KP$FOP$F\Q� �FGuGW�N;:"WX] WX]$F��M:�� I�0KP$D WXF q Q"D_@^7 R�
 LM:?@ WX]$F
N$P$7_J�[\r����M:#�
I��hQeIC8$P$@CD9:?P�I�f [\j :�u&"
uOP$@CI D_E WX]$Fe@CFO8;F WXD_W^D9:?E�IA� ]$FG@^FeWX]�F H�[
[�� W^@XQ"E$I,q FO@
N;F��?D9E�I QAq W^FO@C% S�I^FGuO:?E�'�I�
5L D��"P$@^FeS?

I^]$:�� I W^]$F W^D9ptF&"cI^F�0�P�FOE$uGFR�?@XQ"8�].q :?@eW^]$F N$P$79J [\r��@�M:��4D9E�Q/@^FG8;FGW^D_WXD_:?E-� D WX] H\[
[��
WX@^Q"E$ICq FG@ ICWXQ"@CW^D9E�� W^D9ptFeQAW % O;
 U ICFOuG:?E�'$I�B H\[
[�� W^@XQ"E$I,q FO@ D WXICFO7_qmD_I
E$:"W I^]�:#� E9D 
�[
]$F FOE;"
WX@,R :AqmW^]$F H�[
[��)WX@XQAE$ICq FG@
u Q"P�I^FOI uO:"E��?FGICWXD_:?E Q q WXFG@C�?T ICFOuG:?E�'$I�
 � 79:"I^I @^FGuO: B?FG@CR I,W Q"@,WXI
� D_W^] WX]�F q Q"I,W�@^F WX@^Q"E$I^ptD_W\QAW �!O ICFOuG:?E�'$I�
 � I^8�P$@^D_:?P$I�f [\j q :?@
WX]$FJLM@^I,W�@CFGWX@^Q"E$ICp=D W^WXF�'
8MQ"u J"FGW�D9IsWX@CD����"FO@^F�'tQAW<O"TeI^FGuO:?E,'$I5N;FOuOQ"P$ICF�:"q;WX]$F D_E$uO@CF Q"ICF�'t@^:?P$E,'?"cW^@^D98 WXD_p=F�'�P$F W^: W^]$F



U,


L D(�?P$@^F S?
�[�[
D_ptF�I^F�0KP$FGE$uOFR�?@^Q"8$] q :"@eQ N�P$79J [\r���]MQ B�D_E��/Q I^8$P$@CD9:?P�I f [\j QAq W^FO@�W^]$F
FOE WX@CR :Aq WX]�F H\[
[�� WX@^Q"E$I,q FO@\QAW % O?
ZU I^FGuO:?E,'$I

D9E WXFG@CB?FOE�D9E�� H�[
[�� 8MQ"u J"F WXI�
�g � r n D_E�q :?@Cp Q WXD :?E uG:?E$ICW^@XQ"D_E$I�WX]$F\@CFOI^P�7_WXD_E�� P$E$E�FOuGFOI^IXQ"@,R
@^F WX@XQAE$I^ptD9ICI^D9:"E$I WX: ICF��?ptFOE WXI WX]$QAW:�5FO@^F 79:"ICW:'$P$@CD9E�� WX]$F uO:"E��?FOI,WXD_:?EkQ"E�' WX: W^]$F E�F��
I^F��?ptFOEKW^I1I^FGEKW�'$P$@CD9E�� WX]�F�q Q"I,W1@^FOuG: B?FG@CR+
�[
]$FOICFeP�E$E$FOuGFOI^IXQ"@,R @^F WX@XQAE$I^ptD9ICI^D9:"E$I�79FOE,�"WX]$FGE
WX]$F W^:"W QA7&FG7 Q"8$ICF�'�WXD_p=F NKR�T?
y��" 
�
ZT/ICFOuG:?E�' '$FO8;FGE�'$D_E�� :?E�W^]$FtE�P�p N;FG@ :"q1P$E�E$FOuGFOI^IXQ"@,R
@^F WX@XQAE$I^ptD9ICI^D9:"E$I�:�uOuGP$@^@CD9E�� D9E WX]�F�@CFO8;F WXD_W^D9:?E¦
sH�:��1F B?FO@��$g � r n I^uG:?@^FGN;: Q"@X' ]$Q"E�'$7_D9E�� :"q
l�D9EKP?�t[\r��kD_I�:?8hWXD9ptD_I,WXD_u+�KQ uO:"E�q :?@^ptD9E,� [\r�� D9pt8$7_FOptFGEKWXQAWXD :?E��1:?P$7('=]MQ B?F\WX: @CFGWX@^Q"E$IF"
p=D W3Q"7_I^: WX]�F ICF��?ptFOE WXI g � r n D9E,'$D9uOQAWXFGIeQAIe@CFOuGFOD_B?F�' �ZV V L f N?U�
s@CFOI^P�7_WXD_E�� D_E.Q 79Q"@{�?FO@
D9E$uG@^FOQ"I^F WX]MQAER� D_WX]=l�D9EKP?�t[ r���
&6cq�Q uO:"E��?FGICWXD_:?E�'$@C:?8=]$D_W^I5QA79I^: W^]$F�LM@^I,W1@CFGWX@^Q"E$ICp=D W^WXF�'
8MQ"u J"FGW�� :?N BhD_:?P$IC7_R QAE f [\j WX]$QAW\:�uGuOP$@CI\D9I
E$:AW\IC8$P$@^D_:?P$I�


� &F1U 2/��@�� *# > � �J�V��E,4 >	� &F����� �"���K�"�V��� � &(���V��� � �K� �*# # �

� ]$FGE8V Q"I^FG79D_E$Fs[\r�� D_I�P$I^F�'5� D WX] d�r akQ"E�' 8�@^D9:"@^D_W^D(>OQAWXD :?E¦�OWX]$F&ptF�'$D9Q"Ee: B?FO@^Q"797 WX]$@C:?P��?]?"
8$P�WtD9I @^:"P��?]$7 R WX]$F/IXQAp=F QAI2� D WX]$:"P�W=d�r a5
 [
]$F D_EKWXFG@X0KPMQ"@,WXD_79F @^Q"E��?F/:"q\WX]$F/: B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W3D_I8
 S�� I^p=Q"7_79FG@ WX]$Q"E]� D WX]/V Q"I^FG79D_E$F [\r��C
3[
]$F ptF�'$D9Q"E @CFOIC8;:?E$I^F�WXD_p=F :"q
WX]$F H�[
[���WX@XQAE$ICq FG@�D9I % O�� I^]$:?@,WXFG@�Q"E�' W^]$F D_EKW^FO@X0KPMQA@CWXD_79Fe@XQAE��?F :"q WX]$F @^FGI^8;:?E$ICF WXD9ptF
D9I ��%�� ICp QA797_FO@ WX]$Q"E/� D WX]-V Q"ICFO7_D9E$F [\r��C
 [
]$F @CFOIC8;:?E$I^F W^D9ptF :"q�V Q"ICFO7_D9E$F [\r�� � D_WX]
8$@^D_:?@^D WXD!> Q WXD_:"E�� Q"I&B?FO@,R I,W Q"N�79F��KN$PhW�WX]�D9I&uOQ"I^F ]MQ"I�
 U?T�� 7 Q"@{�?FO@ D9EKW^FO@{0�P$Q"@CW^D97_F @^Q"E��?F WX]$Q"E
D_W�
&[
]$F p=F�'$D QAE/FO79Q"8$ICF�'/WXD_p=F3:"qmWX]$Feq Q"I,WXFG@C�M:#� D9I�%,
 � � I^]�:?@CW^FO@\Q"E�'/W^]$F D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F :"q�WX]$F FO79Q"8$ICF�'�W^D9ptF D9I�
 � T�� 7 Q"@{�?FO@�WX]MQAEY� D_WX] V Q"ICFO7_D9E$F [\r��C
=[
]�Ft79:��1FO@eFOE,'
:"q�W^]$F FO79Q"8$ICF�'.W^D9ptF :Aq�WX]$F I^79:��1FO@P�M:�� D9I3F�0KPMQ"7 WX: WX]�F u QAI^F�� D_W^] V Q"ICFO79D_E$F [\r�� QAE�'
8$@^D_:?@^D WXD!> Q WXD_:"E=N$P�W W^]$F3P$8$8;FG@
FGE�' @^D_I^FOI Q"N;: B?F�W^]$F3:"W^]$FO@�V Q"ICFO7_D9E$F�[\r�� uG:?E,LS�"P$@XQAW^D9:?E�I�

[
]$FtP$8$8;FG@50�P$Q"@CW^D97_FOIe:"q5WX]�FtI^8�P$@^D_:?P$I f [\j QAE�' P�E$E$FGuOFOICI QA@CR�@^F WX@XQAE$I^ptD9ICI^D9:"E$I3q :?@eW^]$F
H�[
[�� W^@XQ"E�ICq FO@�Q"@CF�>GFO@^: Q"I)� D WX]RV Q"I^FG79D_E$F
[\r�� Q"E�'t8�@^D9:"@^D WXD(>OQAW^D_:?E�� D_WX]�:?P�W�d�r a8
&[ ]$F
p=F�'$D9Q"E.I^D9p P�7_W QAE$FO:"P$I3WX]$@C:?P��"]$8$P�W D9I SAU :Q:	VC6AIeq :?@eW^]$F q Q"I,WXFG@J�M:��J� S?
�O+%GVC6AIeq :?@eW^]$F
I^7_:#�1FG@C�M:��J� Q"E�' SQO���
5VC6 I
q :?@ WX]$F H\[
[�� WX@^Q"E$ICq FG@�

[
]$F : B?FO@^Q"797�W^]$@^:"P��?]$8$PhW�D9I\Q� FOu W�N R WX]$F ICp Q"7_7_FO@
EKP$p N;FO@\:Aq WX]�F P�E$E$FGuOFOICI QA@CR @CFGWX@^Q"E$IF"



U S

p=D_I^ICD9:?E�I�Q"I �1Q"I*'$D_I^uOP�I^I^F�'-� D WX]/V QAI^FO7_D9E�F [\r�� Q"E�' d5r1a8
�d5r a p=Q"@^JKI�:�uGuOP$@C@^D9E,�=q :?@
WX]$F I^7_:#�1FG@:�M:#� E$F Q"@ WX]�F/FOE,'):"q\WX]�F q Q"I,WXFO@:�M:�� u QAP$I^F/@^F�'�P$uGW^D9:?E W^: WX]$F uO:?E,�?FOI,WXD9:"E
� D9E,'$:#��:"q�WX]�F�IC79:��1FO@W�M:��J
=� ]$FOE=WX]$F q Q"I,WXFO@W�$:#� uG:?pt8$79F WXFOI��KW^]$F�IC79:��1FO@W�$:#�«'$:�FGI5E$:"W
]MQ B?F FOE�:?P��?] 8MQ"u J"FGW\D9E	�MD(�?]KW Q"E�'/W^]$FO@CFONKR WX]$F 79D_E$J=N;FGuO:?ptFOI P$E�'$FG@^P�W^D979D(>OF�'�

� ]$FGE uG:?pt8MQ"@^F�'<� D_W^] 8$@CD9:?@CD_W^D(>OQAWXD :?E�� D WX]$:"P�W d�r a5��WX]$FP0KP$FOP�D9E���'$FG7 Q Rtq :?@5WX]�F H\[
[��
8MQ"u J"FGW^IeD_I�@^F�'$P$uOF�'.:"E$7_RG'$P$@^D_E��=WX]�F�p=:?ptFGEKWXI�� ]$FOE W^]$F�N$P$7_J [\rA� 0KP$FOP$F D_I�FOpt8�WXD_F�'
NKR Q"E d�r a p Q"@CJ :"@
NKR/Q uO:"E��?FGICWXD_:?E1'�@^:?8�
&6�E I^P$u ] Q @^FG8;FGWXD WXD_:?E��hWX]�F 8;FO@Cq :"@^p=Q"E$uOFe:"q
WX]$FtN�P$79J [\r��@�M:#� I D9I E$:AW @CP$D9E�F�' N;FGu Q"P�I^F=W^]$Ft79D_E$J ICFOE�' N$P? �FG@ I,WXD_797s]$Q"I N$P$7_J [\r��
I^F��?ptFOEKW^I�QI� Q"D WXD9E,��

ghD9ptD_79QA@^7 R WX: W^]$FrV QAI^FO7_D9E$F [\r�� � D_WX] d�r a u QAI^F+� W^]$F=E�P�p N FG@ :"q1WX]$F=IC8$P$@CD9:?P$I f [\j3I
q :?@�WX]$F/H�[
[�� W^@XQ"E$I,q FO@ D9E�uO@^FOQ"I^F I^7_D��?] WX7 R uG:?pt8MQ"@^F�' WX: WX]$FGV Q"ICFO79D_E$F [\r�� � D_W^]k8$@CD!"
:?@^D WXD(> Q WXD_:"E�
 � IR� D WX] V1Q"I^FG79D9E�F [\r��(QAE�' 8�@^D9:"@^D WXD(>OQAW^D_:?E¦�5Q"797 I^8$P$@CD9:?P�I f [\j3I=]$D WtW^]$F
WX]$D_@X' D9E$7_D_E$F�:?N2MCFOu WI
�H\:#�1F B?FO@��;d5r1a p=Q"@CJ�I
IC:?7_B?F3W^]$F IC8$P$@^D_:?P$I f [\j 8�@^:?N$7_FOp WX]MQ W :�u&"
uOP$@C@^F�'tq :?@ WX]$F N�P$79J�[\r����M:�� � D WX]RV QAI^FO7_D9E$F [\r�� Q"E�'t8$@CD9:?@CD_W^D(>OQAWXD :?E�� ]$FGEtWX]$F\H\[
[��
WX@^Q"E$ICq FG@ ICWXQ"@CW^F�' QAq WXFG@ %?S ICFOuO:"E�'$I�

a�F ��WJ�1F W QAJ"F Q uG79:?ICFO@379:�:?J Q WeW^]$F @^FG8;FGW^D_WXD_:?E$I � ]$FO@CF WX]$F FG7 QA8$I^F�' WXD9ptF�:"q�WX]�F I^79:��1FG@
�M:��)D_I uO79FOQ"@^7 R 79:?E,�?FO@ WX]MQAE�WX]$F1ptF�'�D Q"E¦
 d�r a p Q"@CJKI q :?@mW^]$F1I^7_:#�5FO@��$:#�kFOpt8�W�R W^]$F179D_E$J
I^FGE�' N�P, �FG@ Q q WXFO@�WX]$F q Q"I,WXFO@P�$:#� ]$Q"I uG:?pt8$79F WXF�'�
8� D WX] 8$@^D_:?@^D WXD!> QAW^D_:"E WX]$F N$P$7_J�"�[\r��
0KP$FOP$F37_FOE,�"WX] D_I579:"E��5� ]$FOE WX]$F3H\[
[��kW^@XQ"E�ICq FO@5uO:?pt8$7_FGW^FOI�
s[
]$FG@^F q :?@^F3d5r a�p=Q"@^JKI1Q"@CF
p=:"@^F 8$@C:?NMQ"N�79F5� D_W^] 8$@CD9:?@CD_W^D(>OQAWXD :?E W^]MQ"E]� D_W^]$:?P�W�D W�WX: u Q"P�I^F Q�� D_E�'$:#� @^F�'$P$u WXD9:"E q :?@
WX]$F5IC79:��1FO@U�$:#�kE�F Q"@mW^]$F5FOE�' :Aq$WX]�F5q QAICWXFG@U�M:#� 
 [
]$D9I @CFOICP$7_W^I D_E I^P$u ] Q�I^p=Q"7_7 uO:?E,�?FOI,WXD9:"E
� D9E,'$:#� q :?@
WX]$F I^79:��1FG@��M:#� W^]MQAW\D9I E$:"W�79Q"@X�?FeFOE$:"P��?] W^:RLM7_7�WX]$F 79D_E$J=q :?@ W^]$F5'$P$@XQ WXD9:"E
:"q�W^]$F:� ]$:"79F @C:?P$E�'?" WX@CD98�
e[
]$FO@CFGq :?@CF+��WX]$F 79D_E$J ICFOE�'.N$P, FO@3D9I3FGp=8hW
R q :"@eQ 8MQA@CWe:"q�W^]$F
@^:?P�E�'?"cW^@^D_8 Q"E,'/WX]$F FG7 Q"8$ICF�'/WXD_p=F3:Aq WX]�F IC79:��1FO@��M:#� D9E$uG@^FOQ"I^FGI�


4 ��E�&F���Q 2�W# > �

� ]$FGE)d&E$]MQAE$uOF�'k[\r�� D9I P$I^F�'��sWX]$F p=F�'$D QAE : B?FG@XQ"7_7�WX]$@C:?P��?]$8�P�W D9I5: � :?S V�6AI��=� ]$D9u ]
D9I/T,
 O�� ]$D(�?]$FG@ WX]$Q"E � D_WX] V Q"I^FG79D_E$F.[\r��C
 [
]$F�D9E WXFO@{0KPMQ"@CW^D97_F @XQ"E��"F.:"q WX]$F.: B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W D_IU� � � ICp QA797_FO@�WX]MQAE8� D_W^]:V1Q"I^FG79D_E$F�[\r��C
s[
]$F5@^FGI^8;:?E$ICF1W^D9ptF�:"q�WX]$F1H\[
[��
WX@^Q"E$ICq FG@\D_IJ
+
 � IC]$:?@,WXFO@ N$P�W WX]$F D9E WXFO@{0KPMQ"@CW^D97_F3@XQ"E��"F D_I\T?
 U ICFOuG:?E�'$I:BF
I%��2D 7 QA@X�?FG@ WX]$Q"E
� D_W^] V Q"ICFO79D_E$F [\r��C
 [
]$F ptF�'$D9Q"E�FO79Q"8$I^F�' WXD_p=F :"q W^]$F q Q"I,WXFO@r�M:�� D9I]
�
 T�� 79:"E��?FG@
Q"E�'�WX]$F=D_EKW^FO@X0KPMQA@CWXD_79F @XQAE��?Ft:"q1WX]$F=FG7 Q"8�I^F�' W^D9ptF D_I�S��KS�� 7 QA@X�?FG@eWX]MQ"E � D_W^] V Q"I^FG79D_E$F
[\r��C
�[
]$F ptF�'$D9Q"E FG7 Q"8�I^F�' WXD_p=F�:"qmW^]$F IC79:��1FO@��$:#� D_I 
 � IC]$:?@CW^FO@ WX]MQAEG� D WX]GV Q"I^FG79D_E$F
[\r��C
3LM:?@ WX]$F�H�[
[�� WX@^Q"E$ICq FG@��;WX]�F�ptF�'$D9Q"E I^8$P$@CD9:"P$I3f [\jeI�D9I\W^]$@^FGF Q"E�' WX]$F p=F�'$D Q"E
P$E$E$FGuOFGI^IXQ"@CR @^F WX@XQAE$I^ptD9ICI^D9:"E$IsD_I q :?P$@sICF��?ptFOE WXI�
s[
]�F ptF�'$D9Q"E I^D9p P$7 W QAE$FO:"P$I WX]$@C:?P��?]$8�P�W
D9IeS�N+���	VC6AI�q :?@�WX]$F�q Q"ICW^FO@*�M:#�J� SQ:"T OrVC6 I3q :?@�WX]$F I^7_:#�1FG@P�$:#�J� QAE�'K
 � :?SrVC6AI�q :?@�W^]$F
H�[
[�� W^@XQ"E�ICq FO@�

[
]$F�: B"FO@XQA797�WX]$@C:?P��?]�8$P�W�D9I\]$D��"]$FO@�Q"E�' WX]�F�FG7 Q"8�I^F�' WXD9ptF :"qsW^]$F�IC79:��1FO@ �$:#� D_I�IC]$:?@CW^FO@
N;FOuOQ"P$I^F/:Aq WX]$F 7 Q"@{�?FO@ D9E$D WXD9QA7W� D_E�'$:#�J
Y� D WX] WX]$F 7 Q"@{�?FO@ D9E$D WXD9QA7W� D_E�'$:#�J�sWX]$Fr�«�«�
N$@^:�� I^FG@ D_E"MCFGuGWXIeD9E D9E�D_WXD_Q"7U�
D9E�'$:�� W.� D9uGFtQAI p P$u ]�H�[
[�� I^F��?ptFOEKW^I Q"IJV Q"I^FG79D_E$F [\r��
WX: W^]$F E$F W��5:?@^J q :?@�F QAu ])H�[
[�� :?N2MCFOu WI
�[
]$FO@CFGq :?@CF WX]�F @^:"P$E�'?" WX@^D_8 WXD_p=F�'$P$@^D_E�� W^]$F
D9E$7_D_E$Ft:?N2MCFOu W N$P$@CICW D_I�79:"E��?FG@ W^]MQ"E � D_W^] V Q"ICFO79D_E$F=[\r���� @^FGI^P$7 WXD9E,� D_E IC8$P$@CD9:?P$I f [\j3I



U�%

ICR�ICW^FOp=QAWXD_u QA797_Rtq :?@ WX]�F H\[
[���D_E$79D_E$F3:"N0MCFGuGW^I�

[
]$F�N$P$7_J�[\r�� �$:#� I 8MQAI^I :?EeB?FG@CReuO:"E$I^FG@CBAQAW^D_B?F�I^I,WX]$@CFOI^]5� D WX] r�V16 @CFOP$ICD9E���
 � ImQ
@^FGI^P$7 WI�
WX]$F uG:?E��?FGICWXD_:?E.W^]MQAW :huGuOP�@^I QAq WXFG@eW^]$F ICW QA@CW :Aq5WX]$FtH\[
[�� WX@XQAE$ICq FG@ D_I3B?FO@,R.79D_ptD W^F�' :?@
E$:?E?"cF&�hD_ICWXD_E���
 � ]$FOEkWX]�F H\[
[�� ICWXQ"@CW^D9E�� WXD9ptFOI Q"@^F N F q :?@CF SAT ICFOuO:"E�'$I���WX]$F FG7 Q"8$ICF�'
WXD_p=FGIe:"q�WX]$F N$P$7_J [\r��@�$:#� I ]$Q B?F=Q 7 Q"@{�?F�'�D( FO@^FGE$uOF D9E.IC:?p=F @^FG8;FGWXD WXD_:?E$IeuG:?p=8$Q"@^F�'
� D_W^] W^]$F :"W^]$FO@ :"WX]$FG@\@CFO8;FGW^D_W^D9:?E$I�
56�E W^]$F P$E�q QAD9@
@^FO8;F WXD WXD9:"E$I��$:?E$7_R :?E$F N�P$79J [\r�� �M:#�
D9I ]$D_W�N R Q '$@^:?8 � ]$FGE WX]�F H�[ [�� W^@XQ"E$I,q FO@�ICWXQ"@CW^I�
 [
]$F uO:?E,�?FOI,WXD9:"E � D9E�'$:�� I :"q
W^]$F
N$P$7_J/[\r�� �M:�� I3]MQ B?F:�"@^:#� E¦��N�P�W�WX]$F�0KP$FGP$F : B?FO@F�M:�� :"q&W^]$F�7 Q"I,W{"c]$:?8 @^:?P�W^FO@�]MQ"I�E$:"W
R?FGW ]$Q"8$8;FOE�F�'�
�[
]�F uG:?E��?FGICW^D9:?E WX]$QAWe]MQ"8�8 FGE$I IC:?79FG7_R N;FGu Q"P�I^F :"q�WX]�F N$P$7_J [\r�� �M:�� I
]$D_W^I�B?FO@CRt79D_J"FO7 R N;:"W^]��M:#� I���D_p=8$Q"uGW^D9E,� N;:"W^] [\r�� �M:�� I5q Q"D_@^7 R�
 6cq�:?E�7_R :"E$F�:"q�W^]$F �M:�� I
D9I Q� �FGuGW^F�'��5WX]�F 8$@^:+�?@^FGI^It:"q�WX]�F/WX@XQAE$ICq FG@^ItICWXQ"@CW^I WX:�IC79:�� 7_R '$D B?FO@X�"F/q @C:?p FOQ"u ] :AWX]$FG@
FOE�'�D9E�� P$8R� D WX]tQ 7 Q"@{�?FC'�D( FO@^FGE$uGF\N;FGW.�1FOFGE=WX]$F FO79Q"8$ICF�'tW^D9ptFOI�QAI�u Q"EtN;F\:?N�I^FO@,B?F�'=q @C:?p
[ Q"N$79F N Q"E�'/q @^:"p WX]$Feq Q"u W W^]MQAW
WX]$F FG7 Q"8$ICF�'/WXD_p=F3:"qmWX]�F IC79:��1FO@��M:#� D9I B?FG@CR/I,W Q"N�79F+


����& ��������A ���@89 V D_E SQO�� V F�'$D QAE :QO�� V Q��
"1S"T I � N,
ZT?U N,
�
 O+% N"U,
 U+% 
 T�%,
ZU?T 
 T+��
y%�%
S"T I�" � :?
ZU O 
 T,
+
(
 � 
 T�%,
\� � 
 T+��
!
�
 
 T+��
 :"T

[ Q"N$79F N,[&d�79Q"8$ICF�' WXD_p=F�:"q WX]�Feq QAICWXFG@��M:�� D_E uO79Q"I^ICFOI NMQAI^F�' :"E WX]�F I,W Q"@,WXD_E�� W^D9ptF�:"qmW^]$F
H�[
[�� W^@XQ"E�ICq FO@

LM:?P$@ q Q"u WX:?@CI�I^]$:"@CWXFGE WX]�F H\[
[�� @^FGI^8;:?E$ICF WXD_p=F�
 L D9@^I,WI� W^]$Fr0KP$FOP$F 79FGE��"WX] D9I IC]$:?@CW^FO@
N;FOuOQ"P$I^F3r�V16 @^F�'$P$uOFGI5W^]$F\D9E$D WXD9QA7�I^I,WX]$@CFOI^] :"q WX]$F\N$P�79J [\r�� �M:#� I�
&[
]$F 0�P�FOP$F�79FGE��"W^]tD9I
I^]$:"@CWXFG@5FGI^8;FOuGD Q"7_7_R D_EtWX]�F�@^FG8;FGW^D_WXD_:?E$I)� ]$FG@^F�W^]$F�ICWXQ"@CW^D9E�� W^D9ptF :"q�W^]$F�H\[
[�� W^@XQ"E$I,q FO@�D9I
8$@^D_:?@�WX]�F3N;F��?D_E$E$D_E���:"q�WX]$F3: B?FO@^IC]$:�:"W
@^FGuO: B?FO@,R :"q�WX]$F3N�P$79Jt[\r��K�M:�� I
D_E WX]$FPV Q"I^FG79D_E$F
[\r���u QAI^F+�S� ]$D_u ] :�uOuGP$@^I\E$FOQ"@J
 S ICFOuO:"E�'$I�Q"IC� Q"I '�D9I^uGP$I^ICF�' � D_W^]/WX]�FJ�1:"@^JK79: Q�' :"q W^]$F
I^]$:"@CW�uO:?pt8;FGW^D9E��t[\r��N�M:#� B I^FOF ghFOu WXD_:?E O?
(
�D&
 [
]$F I^FGuO:?E�' q QAuGWX:"@\D9I W^]$F 79Q"@X�?FG@ D9E�D_WXD_Q"7
� D9E,'$:#� WX]MQAWe@^F�'�P$uOFGI W^]$F EKP$p N;FO@e:"q5@C:?P$E�';"cWX@CD98$I3@CF�0KP$D9@CF�'.W^:/uO:"p=8$7_FGW^F W^]$F W^@XQ"E�ICq FO@�

� 7_I^:��sW^]$F 7 QA@X�?FG@�D9E$D WXD9QA7W� D_E�'$:#� 79:?ICFOI 79FGI^I 7_D9J"FG7_R Q"797�D_WXI�8MQ"u J"FGW^I���@^F�0KP$D_@^D_E�� Q"E)f [\j:

[
]$D_@X'�� I^:?ptF/'�@^:?8$I :"qeWX]�F.H\[
[�� :?N2MCFOu WXI N;FGE$F�L�W WX]$F @^FGI^8;:?E�I^F W^D9ptF Q"I WX]�F D9E$7_D_E$F
:?N2MCFOu W N$P$@CICW D_IeIC8$@^FOQ+'�
 l Q"ICW^7_R+��WX]$F I^8$P�@^D9:"P$I f [\j3I Q� FOu W 79FGI^IP� D_W^]�LU"
f [\j(N;FOuOQ"P$ICF
Qt8MQA@CW�:Aq WX]$FGp D9I�'$FGW^FOu WXF�'¦�;WX]�P�I\WX]�F uG:?@^@CFOI^8;:"E�'$D9E,� P�E$E$FOuGFOICI QA@CR @^F WX@^Q"E$I^ptD9ICI^D_:?E$I\Q"@CF
Q B?:"D�'$F�'�
5LU"�f [\j @CF�'$P�uOFOI\WX]�F EKP$p N;FO@ :"q P$E$E�FOuOFGI^IXQ"@CD97_R @CFGWX@^Q"E$ICp=D_I^I^D_:?E$I
:�uOuGP$@^@CD9E�� q :?@
WX]$F H�[
[�� WX@^Q"E$I,q FO@:'$FOIC8$D_W^F :"q W^]$F/LU"�f [\j q F QAW^P$@^F D9E WX]$F WXFGICW J"FG@^E$FG7�� ]$D_u ]kuO:"P$EKW^I
@^F WX@XQAE$I^ptD9ICI^D9:"E$I�:Aq�WX]$F�8;FGFO@1Q"I�'$P$8$7_D9uOQAWXF � r neI B I^FGFeghFGuGW^D9:?E���
 O�D&
 [
]$F�P$8$8;FO@¥0KPMQA@CWXD_79F
]MQ"I O"T�� 79FGI^I P$E$E$FGuOFGI^IXQ"@CR�@^FGW^@XQ"E$ICp=D_I^ICD9:?E�I�
 6�E�WX]�F uOQ"I^F 79FOQ+'$D9E,� WX: WX]$F p=Q��hD9p P$p
E�P$p N;FG@ :Aq1WX]$F=P�E$E$FOuGFOI^IXQA@CR @^FGW^@XQ"E�I^ptD9I^ICD9:?E�I�� gKi aC" � r n '$P$FtWX: @CFGWX@^Q"E$ICp=D W^WXF�' g i a
WX@CD����?FG@^I Q+'�'$D WXD_:?EMQ"7 '$P�8$79D_u QAW^F � r n � ]$D_u ] QA@^@^D B?FOI
QAq WXFG@ W^]$FeI^8�P$@^D_:?P$I f [\j 8$@CFGB?FGEKW^D9E��
LU"
f [\j @^FOuG: B?FG@CR :"q q :?P$@&H\[
[�� :?N2MCFOu WXI�� N$P�W�D_E p QAEKR�:"W^]$FO@su Q"ICFOI&WX]MQ W�QA@^F uO79:"I^F W^:eW^]$F
p Q#�hD9p P$p4:Aq�P$E$E$FGuOFGI^IXQ"@CR @^F WX@^Q"E$I^ptD9ICI^D_:?E$I�� WX]$F�@^FGW^@XQ"E�I^ptD9I^ICD9:?E�I5:Aq�WX]$F�H�[
[��k@^F�0KP$FOI,W
8$@^F B?FOE W WX]�F LU"
f [\j @^FGuO: B?FO@CR+
1gh:?ptF3:AqmW^]$F3W^FOI,WXIC�5FO@CF @^FG@^P$E	� D WX]/Q D_p=8$@C: B?F�'/L�"
f [\j
D9pt8$7_FOptFGEKWXQAWXD :?E��7� ]$D9u ] D(�?E$:?@CFOI1WX]$FeI^F��?ptFOE W W^]MQAW D_I Q @^F WX@XQAE$I^ptD9ICI^D9:"E :"qmW^]$F :"8$8;:?I^D WXF
I^D('$F+
s6�EtWX]$D_I�u Q"ICF+��QA79I^: W^]$F\p Q#��D_p P$p :"q�WX]�F�P�E$E$FOuGFOICI QA@CR=@CFGWX@^Q"E$I^ptD_I^I^D_:?E$I�D_I�uGP�W¥'$:#� E
� D_W^] I^Q"p=Fep=Q+�?E$D WXP�'�F QAI
WX]$F P$8�8;FO@F"b0KPMQ"@CW^D97_F+




U+�

L D(�?P$@^F S?S;[ [
D9ptF
ICF�0KP$FOE�uOF*�"@XQ"8$] q :?@sW^]$F\H�[
[�� :?N2MCFOuGW^I�D_E�� ]$D_u ]tuG:?E��?FGICW^D9:?E NMQ"79Q"E$uOFGI
0KP$FOP$D_E��R'$FG7 Q R :Aq W^]$F H�[
[�� W^@XQ"E$I,q FO@

� D_W^] 79Q"@X�"FO@1D_E$D_W^D9Q"7S� D9E,'$:#� uO:?E��"FOI,WXD9:"E/uOQ"E/Q"79IC: @CFOICP$7_W
D_E I^]$:?@,WXFG@
@^FGI^8;:?E$ICFeWXD_p=F�
&L D���"
P$@^F5S"S I^]$:�� I Q"E F ��Q"p=8�79FsW^D9ptF&"�ICF�0KP$FGE$uOFW�?@XQA8$] q :"@�WX]$F�H\[
[�� :?N2MCFOu WXI�q @^:?p WX]$F�ICFO@,B?FO@OY I
8;:?D9E W :AqMB�D9F&�J
 [
]$F
H\[
[���N;:;'�R @CF�0KP$FOI,W�QA@^@^D B?FOI I^79D(�?]KW^7 R N;F q :?@^F�%QO�ICFOuG:?E�'$I�
&[
]$F1D9E$7_D_E$F
:?N2MCFOu WXI N$P$@CICW�uOQ"P$ICFOI�uG:?E��?FGICW^D9:?E QAW5��% ICFOuG:?E�'$I�
 V P�7_WXD_8$7_F @^:?P$E,'?"cW^@^D98�I QA@^FtE$FGuOFGI^IXQ"@,R
WX: WX@CD����"FO@�W^]$F WX]$@CFOF�'$P$8�79D9uOQAWXF � r neIeq :?@�WX]$:?ICF :?N0MCFGuGW^I�� N�P�WeW^]$F WX@^Q"E$ICq FG@^Ie:"q�WX]$F :"N?"
MCFOu WXI I,WXD_797
p=Q"J"F IC:?ptF 8$@C:��?@CFOI^I�'$P$@^D_E���W^]$FOICF @C:?P$E�';"cWX@CD98$I�
N� ]$FGE WX]$F 79:"I^It@^FOuG: B?FG@CR
N;F��?D_E$I�� :?E$7 R Q3q F&��ICF��"p=FGEKWXI�Q"@CF @CF�0KP$D_@^F�' W^: uO:?pt8$7_FGWXF1WX]�F
WX@^Q"E$ICq FG@�Q"E,'tN;FOuOQ"P$ICF�:Aq W^]$F
7 QA@X�?FG@ D9E$D WXD9QA7�� D_E�'$:#� WX]$F1uO:?E��"FOICW^D9:"E:� D_E�'$:��)@^FGp QAD9E$I 79Q"@X�?FG@mWX]$Q"E:� D WX]�V1Q"I^FG79D9E�F1[\r��C

� ]$FGE�QAE H�[
[�� :?N2MCFOu WeuG:?pt8$79F WXFGI���Q E$F�� D9E�79D_E$F :?N2MCFGuGW3N;F��?D_E$IegKiea F ��u ]MQAE��?F+
e[ ]$F
:?N2MCFOu WXI
uO:?pt8$7_FGWXF3QAWC'$D! �FG@^FOE W WXD9ptF*'�P$F3WX: 79:?ICI @^FGuO: B"FO@CR uOQ"P$ICF�'/BAQ"@CD Q WXD9:"E$I�
 [
]$FG@^FGq :"@^F
WX]$F D_E$79D_E�F
:"N0MCFGuGW�N$P$@CICW�D9I&I^8$@CF Q+'¦�7� ]$D9u ]t@^F�'�P$uOFGI5@^:?P�E�'?"cW^@^D_8 WXD_p=F :Aq�Q"EtD_E�'$D_B�D('$PMQ"7hI^F���"
p=FGEKW3QAE�' 8$@C:?NMQ"N�D979D W
R :Aq�uG:?E��?FGICW^D9:?E 7 Q WXFO@\:?E¦
�6�E Q+','$D_W^D9:?E��ME$: W^D9ptF D_I � Q"I,WXF�' :?E W^]$F
gKi a @^:"P$E�'?" WX@^D_8$I N;FOuOQ"P$I^F WX]$F :"WX]$FG@�:?N2MCFOuGW^I Q"@^F=W^@XQ"E�ICq FO@C@^D_E��/'$QAW Q I^F��"p=FGEKWXI�'$P$@^D_E��
WX]$F g i a F&�hu ]MQ"E��"F+


 0

 1

 2

 3

 4

 5

 6

 7

 0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30  32  34  36

S
pu

rio
us

 R
T

O
s

Starting time of the HTTP transfer (sec)

2xBulk TCP + HTTP / Error-Free Link / Enhanced TCP

L D(�?P$@^F S+%,[sg�8$P$@^D_:?P$I�f [\j3I�q :"@sWX]$F\H�[
[�� W^@XQ"E�ICq FO@)� D WX]td&E$]MQ"E�uOF�'=[\r�� D9E D_E�'$D BhD('$PMQ"7
@^FG8;FGWXD WXD_:?E$I
: B?FO@ FO@C@^:?@�"cq @CFOFe79D9E�J/BF
 SAT @^FG8 F WXD WXD_:?E$I$D

[
]$F�W^:"W Q"7 EKP$p N;FO@5:Aq�I^8$P�@^D9:"P$I1f [\j3I1D_E=D9E�'$D B�D�'$P$Q"7M@^FG8;FGW^D_WXD_:?E$I�q :"@�W^]$F�H�[
[�� WX@^Q"E$ICq FG@
Q"@^F\I^]$:�� E D_E L D��?P$@CF�S+%?
s6cW1D9I�@XQ"D_I^D_E�� Q"I1Q q P$E$u WXD_:?E :Aq�WX]$F�ICWXQ"@CW^D9E�� W^D9ptF+
 [
]$F�D9E$uG@^FOQ"I^F
D9I uOQ"P$I^F�')NKR WX]�F	0�P�FOP$D_E��Y'$FG7 Q R �"@^:#�
W^]�
 � ]$FOEkW^]$F ICWXQ"@CW^D9E�� WXD_p=F D_I 79FGI^I WX]$Q"E W.�1:
I^FGuO:?E,'$I���W^]$FO@CF Q"@CF I^:?ptF @^FG8;FGW^D_WXD_:?E$I�� D WX]$:?PhW�I^8�P$@^D_:?P$I�f [\j3I�
 � q WXFO@\W.�1: I^FGuO:?E�'�I3W^]$F
E�P$p N;FG@�:"q I^8�P$@^D_:?P$I f [\j3I D_I�D9E�uO@^FOQ"ICD9E�� Q"I Q q P$E$u WXD9:"E :"q
W^]$F H\[
[�� ICW QA@CWXD_E�� WXD_p=F�




U O

� q W^FO@
SAT�ICFOuG:?E�'$I��$W^]$F�ptF�'$D9Q"E=D9I�WX]�@^FOF�I^8$P�@^D9:"P$I f [\j3I1N$P�W5WX]$FG@^F3Q"@^F�I^:?ptF�@CFO8;F WXD_W^D9:"E$I
WX]MQ W3]$Q B?F�p=:?@CF :"qsWX]$FGp 
�[
]$F�p Q�MC:?@CD_W�R :"qsWX]$F�I^8�P$@^D_:?P$I3f [\j3I�:�uOuGP$@�q :?@\WX]�F :"N0MCFGuGW^I
WX]MQ W QA@^F�D_EtWX]$F L$@^ICW1D_E$79D_E$F
N$P$@^I,WI
�j3E$7 R q F�� I^8$P$@CD9:?P�I1f [\j3I5:�uOuGP$@5q :"@�WX]$F�N;:;'�R+�;� ]$D9u ]
WX]$FGE�uO:"p=8�79FGW^FOI�0�P�D9u J�7 R�
 [
]$F5IC8$P$@CD9:?P$I f [\j3ImWX]$QAWU� D WX]�V1Q"I^FG79D9E�F�[ r�� :�uOuOP�@^@^F�'�q :"@ W^]$F
W��5:t7 QAW^FOICW D_E$79D_E�Fe:"N0MCFGuGW^I\:�uOuGP$@\E$:�� q :?@ W^]$F I^D!��WX] QAE�' I^FGB?FGEKW^] D_E$79D_E�F3:?N2MCFOuGW^I\N;FOuOQ"P$ICF
:"qmWX]$F 7 QA@X�?FG@
D_E$D WXD9QA7�� D_E�'$:��J


4 ��E�&F���Q 2�W# > � �T�V��E,4�> �

� ]$FGE�d&E$]MQ"E�uOF�' [\r��4D9I P$ICF�'M� D WX] d�r a8�&WX]$F/p=F�'$D Q"Ek: B?FO@^Q"7971WX]$@C:?P��?]�8$P�W=D_IT: � :�%
VC6AI�
�[
]$F p=F�'$D QAE.H\[
[�� @^FGI^8;:?E�I^F W^D9ptF�D9IeS+%�� I^]�:?@CW^FO@ Q"E�' W^]$F D9E WXFG@X0KPMQ"@,WXD_79F @XQ"E��"F
D9IG
I� � ICp Q"7_7_FO@ W^]MQ"E � D_W^] V QAI^FO7_D9E$F/[\r��C
�[
]$F p=F�'$D QAE)FO79Q"8$ICF�' W^D9ptF :"q�WX]�F q QAICWXFG@
�M:�� D_I %?
y� � IC]$:?@CW^FO@eQ"E,' WX]$F D9E WXFG@X0KPMQ"@,WXD_79F @^Q"E��?F�:"q&WX]$F FO79Q"8$ICF�' WXD_p=F D_I�
I�!O�� 79Q"@{�?FO@
WX]MQAE � D WX]MV1Q"I^FG79D_E$F/[\r��C
 LM:?@ WX]�F H\[
[��4W^@XQ"E$I,q FO@��5W^]$F ptF�'�D Q"EkIC8$P$@CD9:?P$Itf [\j3I D9I
W��5:�� WX]�FtD9E WXFG@X0KPMQ"@,WXD97_F @XQ"E��"F :"q5WX]$F I^8$P$@CD9:?P�I f [\j3I D_IeW.�1:�� W^]$FtptF�'�D Q"E.P$E�E$FOuGFOI^IXQ"@,R
@^F WX@XQAE$I^ptD9ICI^D9:"E$I�D9I�W��5:��AQAE�' W^]$F&D9EKW^FO@{0�P$Q"@CW^D97_F @XQ"E��"F&:"q�WX]�F�P$E�E$FOuGFOI^IXQ"@,R @^F WX@XQ"E�I^ptD9I^ICD9:"E$I
D9IsW.�1: 8MQ"u J"FGW^I�
&[
]$F\p=F�'$D9Q"E I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��?]$8�P�W�D9I�S�N O�O VC6AI&q :?@sWX]$F
q Q"I,WXFO@)�M:��J�
SQO"T�N2VC6AI
q :?@ W^]$F I^7_:#�1FG@C�M:��J� Q"E�' S;
I�!O�VC6 I
q :?@ WX]$F H\[
[�� WX@^Q"E$ICq FG@�

� I � QAI*'�D9I^uGP$I^ICF�' D_E WX]�F�V Q"I^FG79D_E$F [\r��N� D_W^] d�r a u Q"ICF+�;WX]�F�H�[
[�� @CFOIC8;:?E$I^F WXD_p=FeD9I
I^]$:"@CWXFG@�� WX]$F�E�P$p N;FG@3:AqW'$@^:?8�I�q :?@\WX]$F H�[
[�� WX@^Q"E$ICq FG@3D_I�ICp Q"7_7_FO@��;Q"E�' WX]$F�E�P$p N;FO@�:"q
I^8$P�@^D9:"P$I&f [ jeI q :?@mWX]$F
H\[
[���WX@^Q"E$I,q FO@&Q"@CF ICp QA797_FO@ WX]MQAE:� D_W^] d�E�]MQ"E$uGF�'t[\rA� N;FOuOQ"P$ICF
:"qmWX]$F I^]�:?@CW^FO@�0KP$FOP$D_E��R'$FG7 Q R<'�P$F W^: W^]$F d5r a5

[
]$FtP$E�q Q"D_@^E$FGI^I N;F W��5FOFOE WX]$F N$P$7_J [\r�� �$:#� I WX]MQ W ]MQ"8$8;FGE$I5� D_W^] d&E$]MQ"E$uGF�' [\r�� D9I
p=D WXD!� QAW^F�'r� D_WX] Q ]$D(�?]/8$@C:?NMQAN$D97_D W�R N R W^]$F d�r a p=Q"@CJ�I W^]MQAW 8$@^F B?FOE W�P$E�q Q"D_@ I^uGFOEMQA@^D9:"I�

6cq��5F=uO:?pt8MQ"@CF WX]�F=FO79Q"8$ICF�' W^D9ptF :Aq1WX]$Ftq QAICWXFG@J�M:#� � D WX] V QAI^FO7_D9E$F [\r��U�mW^]$F=FG7 Q"8$ICF�'
WXD_p=F�I^FGFOptI&D_E$ICWXQ"N$79F�
 H\:#�1F B?FO@�� WX]�F D9E WXFG@X0KPMQ"@,WXD97_F�@XQ"E��"F D_IsQ"7_p=:"ICW F�0KPMQ"7hW^:�WX]$F�V Q"I^FG79D_E$F
[\r��O� D_W^] d5r a uOQ"I^F�
 H�FOE�uOF��sWX]$F=D9E$I,W Q"N$D_79D W�R WX]MQ W d&E$]MQ"E$uGF�' [\r�� D9E WX@^:;'�P$uOF�' D_EKWX:
WX]$F FG7 Q"8�I^F�'/WXD_p=F3D_I
I^7_D��?] WX7 R=@^F�'�P$uOF�' NKR/d�r a5


4 ��E�&F���Q 2�W# > � �T�V��E � � �.�K�"�V�����Q&(���V��� � �K� � # # �

� ]$FGE d&E$]MQ"E�uOF�' [\r���D9I P$ICF�' � D WX] 8$@CD9:?@CD_W^D(>OQAWXD :?E��hWX]�F p=F�'$D QAE/: B?FO@^Q"797�WX]�@^:?P��"]$8$P�W\D9I
: � : N1VC6AI Q"E,'�WX]$FtICWXQ"N$D_79D W�R :Aq1WX]�F=: B?FO@^Q"797 WX]$@^:"P��?]$8�P�W D9IJ�?:�:;'¦
=[
]$F=ptF�'$D9Q"E H\[
[��
@^FGI^8;:?E$ICF WXD_p=F D9I=SQ:�� I^]$:"@CWXFG@ Q"E,' W^]$F D_EKW^FO@X0KPMQA@CWXD_79F @^Q"E��?F :"q�WX]$F @^FOIC8;:?E$ICF WXD9ptF D9I

�:�� I^p=Q"797_FO@\WX]$Q"E-� D WX]YV Q"I^FG79D_E$F [\r��C
�[
]$F ptF�'�D Q"E FO79Q"8$ICF�' WXD_p=F�:Aq�W^]$F q Q"I,WXFO@*�M:#�
D9I�T?
n%�� IC]$:?@CW^FO@�Q"E,' WX]$F D_EKW^FO@X0KPMQA@CWXD_79Fe@XQ"E��"F :"q WX]�F FO7 QA8$I^F�' W^D9ptF D9I�S���� � 79Q"@X�"FO@
WX]$Q"E
� D_W^]]V Q"ICFO79D_E$F [\r��C
 [
]$F ptF�'�D Q"E Q"E,' W^]$F P$8�8;FO@ 0KPMQ"@CW^D97_F :"q W^]$F IC8$P$@CD9:?P$I�f [\j3I�QAE�'
:"q3WX]$F P$E$E$FGuOFOICI QA@CR�@CFGW^@XQ"E$ICp=D_I^ICD9:?E$I q :?@tW^]$F H�[
[��+WX@^Q"E$ICq FG@ Q"@CF :?E�F+
�[
]$F p=F�'$D Q"E
I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��?]$8�P�W D_ItS�:?
 U-V�6AI q :?@�W^]$F q Q"ICW^FO@:�$:#�J�1S���� T-V�6AI q :?@�W^]$F I^79:��1FG@
�M:��J� Q"E�' S?S � S�VC6AI
q :"@ WX]$F H�[
[�� WX@XQAE$ICq FG@�

[
]$FeFG7 Q"8�I^F�' WXD_p=F�:"q�WX]$F3IC79:#�5FO@A�$:#��D_I5B?FO@,R I^7_D��?] WX7 RtIC]$:?@,WXFO@1W^]MQ"E<� D_W^]GV QAI^FG79D9E�F�[\r��
N;FOuOQ"P$I^Fe:Aq W^]$F3ICp QA797_FO@�E�P�p N;FO@1:"q P$E$E$FGuOFGI^IXQ"@CR @^F WX@^Q"E$I^ptD9ICI^D_:?E$I1Q"IA�1Q"I :?N$ICFO@CB?F�'	� D_WX]
V Q"ICFO7_D9E$F1[\r�� Q"E,' 8$@^D_:?@^D WXD!> Q WXD_:"E�
 � 7_I^:3W^]$F
7 QA@X�?FG@ D9E$D WXD9QA77� D9E�'�:#� I^]�:?@CW^FOE$I&W^]$F
FG7 Q"8$ICF�'



U?U

WXD_p=F3:"q WX]$F I^79:��1FG@��M:�� I^7_D��?] WX7 R�
&[
]$F H�[
[���@^FGI^8;:?E$ICF W^D9ptFeD_I I^]$:"@CWXFG@\N;FOuOQ"P$ICF�:Aq W^]$F
I^FG8MQ"@XQ WXF H\[
[�� uG7 Q"ICI*0KP$FGP$F�WX]MQ W�I^]$:?@,WXFGE$IP0KP$FGP$D9E��r'$FO79Q R/:"qsWX]$F�H�[
[�� I^F��?ptFOEKW^I3Q"I
� D_W^]MV1Q"I^FG79D_E$F [\r��+QAE�')8$@CD9:?@CD_W^D(> Q WXD :?E�
 H\:#�1F B?FO@��1W^]$F/@^:"P$E�'?" WX@^D_8 WXD9ptF D_I ICWXD_79717_:?E��
FOE$:"P��?] D_E :QO��(:"qmWX]$F @CFO8;F WXD_W^D9:?E�I WX: uOQ"P$ICF Q I^8$P$@CD9:?P�I\f [\j q :"@ WX]$FeD9E$D WXD9QA7 � D9E�'�:#� :"q
WX]$Ft79QAWXFGICW D9E$7_D_E$F :?N2MCFOu W�D_E�W^]$F2LM@^I,W�D_E$79D_E�F :"N0MCFGuGW N$P$@CICW�N;FGu Q"P�I^F :"q5WX]$Ft7 Q"@{�?FG@ D9E�D_WXD_Q"7
� D9E,'$:#�J
�6�E Q+'�'$D WXD_:?E��¦
 S�� :"q W^]$F @CFO8;F WXD_W^D9:?E�I ]$Q B?F QAE$:"WX]�FO@ I^8$P�@^D9:"P$I�f [\j q :?@ Q 7 Q WXFO@
D9E$7_D_E$F3:"N0MCFGuGW�

[
]$F ptF�'$D9Q"E @^FGI^8;:?E$ICF WXD_p=F�D9I3D9E�q FG@^D_:?@�WX:GV Q"I^FG79D_E$F [\r��@� D WX].8�@^D9:"@^D WXD!> QAW^D_:?E uOQ"I^F N;F "
u QAP$I^F
N�P$79J [\r��Y�M:#� Is]MQ B?F
79Q"@X�"FO@ F� FOu W�:"E WX]�F
H�[
[���W^@XQ"E�ICq FO@�
 6�E WX]$F 7_:#�1FG@=0KPMQ"@CW^D97_F+�
WX]$F @^FGI^8;:?E$ICF�WXD_p=F D9I\I^]$:?@,WXFG@ � ]$FG@^F QAI�D_E W^]$F�P$8�8;FO@*0KPMQ"@CW^D97_F WX]�D9I�uOQ"I^F�]MQAI�79:"E��?FG@�@CF&"
I^8;:?E�I^F WXD_p=F WX]MQ"E � D_WX] V QAI^FO7_D9E$F/[\r�� Q"E,' 8$@^D_:?@^D WXD!> QAW^D_:"E��1QAE�' D9EkWX]$F ptF�'$D9Q"E)u Q"ICF
WX]$F2V QAI^FO7_D9E$F [\rA� Q"E�'.8$@CD9:?@CD_W^D(>OQAWXD :?E]� D_E$IeI^7_D��?] WX7 R+
 [
]$F 79:"E��?FO@�FOE�'.:"q�W^]$F @^FOIC8;:?E$ICF
WXD_p=FGI1D_E$uO7_P�'$F�u QAI^FOI�� ]$FG@^Fe:?E$7 R=:?E�F3:"q W^]$F3N$P$7_J=[\rA� �M:#� I @^FOuGFOD B?FOI
uO:"E��?FOI,WXD_:?E	'$@C:?8$I
:?@\uG:?E��"FOICW^D9:?E '$:�FGI�E$:"W\:�uOuOP�@�QAW�Q"797�'$P$@^D_E�� WX]$F H�[
[���WX@^Q"E$I,q FO@�
 [
]�F I^]$:?@,WXFO@\FOE,' D_E?"
uO7_P�'$FGIsu Q"ICFOIE� ]$FG@^F N;:"WX] N$P$7_J [\r��Y�M:#�
I�QA@^F1I^7_:#�1F�'�'$:�� E NKR uO:?E��"FOICW^D9:"E�'$@C:?8$I='$P$@^D_E��
WX]$F H�[
[C� W^@XQ"E�ICq FO@�
 [
]$F2'$@C:?8$Ie79FOQ+' W^: Q 8;FG@^D_:;'Y'$P$@CD9E��<� ]$D_u ].WX]�F 7_D9E$J ICFOE�'�N$P, FO@
D9I I^7_D��?] WX7 R 79FGI^I WX]MQAE q P$7_7T��� ]�D9u ] FOE$Q"N$79FGI W^]$F H\[
[�� ICF��?ptFOE WXI W^: F&�h8;FO@CD9FGE$uOF IC]$:?@CW^FO@
0KP$FOP$D_E��r'$FG7 Q R WX]MQ"E1� D_WX]]V QAI^FO7_D9E$F [\r�� Q"E�' 8$@^D_:?@^D WXD!> QAW^D_:"E�
16�E Q+'�'$D WXD9:"E��$WX]�FO@^F uO:"P$7�'
N;F :"WX]$FG@
q Q"u WX:?@CI
WX]$QAW\]$Q B?F I^79D(�?]KW F� FOuGW\:?E/W^]$FJ'$D( FO@CFOE$uGF+


4 ��E�&F���Q 2�W# > � �T�V��E,4�> � &F��� � � �.�K�"�V�����Q&(���V��� � �K� � # # �

� ]$FGE d�E�]MQ"E$uGF�' [\r�� D9I P$ICF�'@� D_W^] d�r a Q"E�' 8$@CD9:?@CD_W^D(>OQAWXD :?E���WX]$F ptF�'�D Q"E : B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W D_I�: � : � V�6AI�
 [
]�FtD9E WXFO@{0KPMQ"@CW^D97_F @XQAE��?F :"q5W^]$F : B?FG@XQ"7_7 WX]$@C:?P��?]�8$P�W D_I�:�:��
]$D��"]$FO@�WX]MQ"E/� D_W^] V1Q"I^FG79D_E$F [\r��C
�[
]$F ptF�'$D9Q"E H�[
[���@^FOIC8;:?E$ICF W^D9ptF�D9I %?
 � IC]$:?@CW^FO@
Q"E�' W^]$F D9E WXFG@X0KPMQ"@,WXD97_F @^Q"E��?F :"q WX]$F @CFOIC8;:?E$I^F WXD_p=FeD9I5
�:�� ICp QA797_FO@ WX]MQAE � D_W^]]V Q"I^FG79D_E$F
[\r��C
�[
]$F�p=F�'$D QAE=FO79Q"8$I^F�' WXD_p=F :"q�WX]�F�q Q"I,WXFO@��M:�� D9I S;
 N��4I^]$:"@CWXFG@ Q"E,' W^]$F�D9E WXFG@X0KPMQ"@�"
WXD_79F @^Q"E��?F :"q W^]$F FO79Q"8$ICF�'�WXD_p=F D_I/
���%�� 79Q"@X�"FO@tWX]MQAEN� D_W^] V QAI^FO7_D9E�F [\r���
 d�r a D9I
ICWXQ"N$D97_D(>OD_E���WX]$F FO79Q"8$ICF�' W^D9ptF3:"q WX]$Feq Q"I,WXFG@��$:#� ICD9ptD97_Q"@C7 R QAI�QA79I^: ]$Q"8$8;FOE�F�' D_E/W^]$F d�E;"
]MQ"E$uGF�' [\r�� � D_W^] d5r1a uOQ"I^F�
 [
]$F=p=F�'$D QAE Q"E�'�WX]$FtP$8$8;FG@�0KPMQA@CWXD_79F :"q1WX]$FtI^8$P�@^D9:"P$I
f [\j3I QAE�' P$E$E$FGuOFOICI QA@CR @^F WX@^Q"E$I^ptD9ICI^D_:?E$I�q :?@�WX]$F�H�[
[�� WX@^Q"E$I,q FO@1Q"@^F�:"E$F+
&[
]�F�p=F�'$D Q"E
I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��?]$8�P�W D_ItSAU?U :/V�6AI q :?@�W^]$F q Q"ICW^FO@:�$:#�J�1S�� N?T-V�6AI q :?@�W^]$F I^79:��1FG@
�M:��J� Q"E�' S���
 U2VC6AI
q :"@ WX]$F H�[
[�� WX@XQAE$ICq FG@�

[
]$F : B?FO@^Q"797�W^]$@^:"P��?]$8$PhW @^FOp=Q"D_E$I ]�D��?]�� N�P�W Q"I�'$D_I^uGP$I^ICF�' � D WX] V1Q"I^FG79D_E$F=[\r����sd�r a5�
Q"E�'�8$@CD9:?@CD_W^D(>OQAWXD :?E��\WX]�FO@^F Q"@CF�@^FG8 F WXD WXD_:?E$I WX]$QAW ]$Q B?F QAE d5r a p QA@^J q :?@ W^]$F�I^79:��1FG@
�M:�� 79FOQ+'$D9E,� W^: P$E�'$FG@^P�W^D97_D�>OQAWXD_:"E�
�[
]�F ptF�'$D Q"E : B?FO@^Q"797 W^]$@^:?P,�?]$8$P�W D_I E$:AW u ]$Q"E��?F�'
q @^:?p W^]$F uOQ"I^F � D WX] d&E$]$Q"E$uGF�' [\r���Q"E�'/8$@CD9:?@CD_W^D(>OQAWXD :?E�
 � IC� D_W^] d&E$]MQ"E�uOF�' [\rA� QAE�'
8$@^D_:?@^D WXD!> Q WXD_:"E��hI^8$P$@CD9:?P�I\f [\j3I :�uOuGP$@�

[
]$F=@^FGI^8;:?E$ICF W^D9ptF D_I 79:"E��?FG@ W^]MQ"E � D_W^] V Q"I^FG79D_E$Ft[\r�� Q"E,' WX]�F=IXQAp=FtuG:?E,LS�?P�@XQAW^D9:?E�

� D_W^] V1Q"I^FG79D_E$F=[\r���� WX]�F Q B?FO@^Q+�?Fr0�P�FOP$F 79FGE��"WX] :"q\f\d�o �?@C:#� I�0KP$D9u JK7_R�N;FOuOQ"P$I^F W^]$F
I^7_:#��"cICW QA@CW3: B?FO@CI^]$:�:AW :"q&W^]$F N$P$7_J [\r�� �M:�� IeJ"FGFO8$I 0KP$FOP$F Q"7_p=:"ICW\q P$797 q :?@�:"E$F @^:"P$E�'?"
WX@CD98�
 � I r�V16s8$@CFGB?FOE WXI5WX]�F�I^7_:#��"cICW QA@CW�: B?FG@^IC]$:�:"W5q @C:?p+:�uGuOP$@C@^D_E��5� D WX] d&E$]MQ"E�uOF�' [\r��U�
WX]$F 0KP$FGP$F37_FOE��AWX]��?@^:�� I5I^7_:#� 7_R Q"E�' d�r a�p=Q"@CJ�I�:�uOuGP$@5p P�u ] 79QAWXFG@�W^]MQ"E�� D WX]rV Q"I^FG79D_E$F



U :

[\r���� P�I^PMQ"7_7_R B?FG@CR.E�F Q"@eW^]$F FOE�'�:"q�WX]$FtH\[
[�� WX@^Q"E$ICq FG@�
 [
]�FO@^F q :?@^F 79D_E$J I^FGE�' N$P, FO@
D9I Q"79pt:?I,W q P$797�pt:?I,W/:"q W^]$F WXD9ptF/'�P$@^D_E�� W^]$F.H�[
[�� WX@XQAE$ICq FG@	� D WX] d&E$]MQAE$uOF�'�[\r��
� ]$FG@^F QAI�� D_W^]	V Q"ICFO7_D9E$F�[\r��kWX]$F�N$P�79Jt[\rA� �$:#� I IC79:#� '�:#� E/Q"E,' W^]$F37_D9E$J ICFOE�' N$P, FO@
D9I
:�uGu Q"ICD9:?E$Q"797 R=I^79D(�?] WX7 R=I^]$:?@,WXFG@ W^]MQ"E q P$797Q�?� ]�D9u ] @^F�'�P$uOFGI 0KP$FOP�D9E��R'�FO7 Q R :"qmWX]$F H\[
[��
I^F��?ptFOEKW^I�


R�� ;�� � � �@��� �T�V��E � ��A�E I S�� �6 !�"13��1��� 2����Y

6�E L D(�?P$@CF S�� Q D_I WX]�F : B?FG@XQ"7_7�W^]$@^:"P��?]$8$PhW : B?FO@ W^]$F 7_D9E$J]� D_W^] ]$D��?] � fCH 8;FO@^ICD9I,WXFOE�uGR+

[
]$F�d&E$]MQ"E$uGF�' [\r�� u QAI^FOI�RhD_FO7('=IC79D(�?]KW^7_R�]$D��?]�FO@�: B?FO@^Q"7_7MW^]$@^:?P,�?]$8$P�W�WX]$Q"EtWX]$F V Q"I^FG79D_E$F
[\r���uOQ"I^FGI�
�[
]$F d�r a uOQ"I^FGI�]$Q B?F Q IC79D��"]KWX7 R=79:��1FO@
ptF�'�D Q"E : B?FG@XQ"7_7�WX]$@C:?P��?]�8$P�WI

[
]$F @^FGI^8;:?E$ICF WXD_p=FGI q :?@ WX]$F H�[
[�� WX@^Q"E$ICq FG@\D_I 8�@^FOICFOE WXF�' D9E L D(�?P$@^F S��?N�
�[
]$F 8MQAWCWXFG@^E
:"q�WX]$F @^FGI^8;:?E�I^FtW^D9ptF D9I3B?FG@CR.uG79:?ICF WX: W^]$F :?E$F�� D_W^].W^]$F FO@C@^:?@�"cq @^FGF 79D9E�J ��Q"E�' Q"7_I^: W^]$F
@^FOQ"I^:?E�I
Q"@CF�ICD9ptD97_Q"@�
 [
]$F3@^FGI^8;:?E�I^F3W^D9ptFOI5Q"@^F�E$:"W Q"I1I,W Q"N�79F�Q"I¥� D WX]=WX]$F�FG@^@C:?@F" q @^FOF�7_D9E$J9

6�E L D(�?P$@CF/S��?u/Q"@CF WX]$F/FG7 QA8$I^F�'kWXD_p=FGI :Aq\WX]$F N$P$79J [\r�� �M:#� I�
 [
]$F/ICW Q"N�D97_D_W�R :"q\W^]$F
FO79Q"8$ICF�'.W^D9ptF�:"q�WX]$F I^7_:#�5FO@P�M:�� D9I3E$:"WeI^D��"E$D(LMuOQ"E WX7_R Q� �FGuGW^F�'�NKR WX]�F uG:?E,LS�?P�@XQAW^D9:?E :"q
WX]$F17 Q"I,W{"�]�:?8 @C:?P�W^FO@��?F ��uGFO8hW�D9E WX]$F uOQ"I^F :"q V Q"I^FG79D_E$F1[\r��Y� D_WX] d�r a QAE�' 8$@CD9:?@CD_W^D(>OQAWXD :?E�

6�E L D��?P$@CF5S���' Q"@^F�W^]$F5IC8$P$@^D_:?P$I f [\j Q"E�' WX]$F�P$E$E�FOuOFGI^IXQ"@,R�@CFGW^@XQ"E$ICp=D_I^ICD9:?E$I�q :?@�W^]$F5N$P�79J
[\r�� �M:�� I Q"E�' q :?@5WX]�F H\[
[��)WX@XQ"E�ICq FO@�
&[
]$FeE�P$p N;FG@ :"qmP$E�E$FOuGFOI^IXQ"@,R @^F WX@XQ"E�I^ptD9I^ICD9:"E$I
q :?@eW^]$FtI^7_:#�5FO@ �M:#�4D9IeuO7_F Q"@C7_R ]$D(�?]$FG@ D9E V Q"I^FG79D_E$F [\r��@� D_W^] d�r a Q"E�'�8$@^D_:?@^D WXD!> QAW^D_:"E
WX]MQAE � D_WX]MV Q"ICFO7_D9E$F/[\r��C
 � 7_I^:Y� D_WX]MV Q"ICFO7_D9E$F/[\r��(QAE�' d�r a ]MQ"Itp=:"@^F/P$E�E$FOuGFOIF"
IXQ"@,R @CFGWX@^Q"E$ICp=D_I^I^D_:?E$I q :?@tWX]�F I^7_:#�1FG@��$:#� WX]MQAE«V Q"ICFO7_D9E$F [\r�� N$PhW E$:"W Q"I=@XQ+'�D9u QA797 R
Q"IP� D_W^]�d�r a(Q"E,'�8$@CD9:?@CD_W^D(>OQAWXD :?E�
J� D WX].d&E$]MQ"E$uGF�' [\r�� WX]$F E�P$p N;FG@e:"q5P$E$E�FOuGFOI^IXQ"@,R
@^F WX@XQAE$I^ptD9ICI^D9:"E$I q :?@ W^]$F H�[
[�� W^@XQ"E$I,q FO@ D_I
I^79D(�?] WX7 R 79Q"@X�"FO@1WX]MQAEG� D_W^] V QAI^FO7_D9E$Fe[ r���

6�E=L D��"P$@^F S��?F Q"@CF
WX]�F
WX:"WXQ"7�'$@C:?8$I&q :?@sW^]$F N$P$7_J�[\r�� �M:�� I5Q"E,' q :?@sW^]$F\H�[
[�� W^@XQ"E�ICq FO@�

�&@^D9:"@^D_W^D(>OQAWXD :?E FG79D_ptD_EMQAW^FOI pt:?ICW�:"q WX]$F8'$@C:?8$I\WX]MQ W�:�uOuGP$@\q :?@ WX]$F�H�[
[�� W^@XQ"E�ICq FO@�
\[ ]$F
E�P$p N;FG@^I :"q¥'$@C:?8$I Q"@CF I^p=Q"7_7_FO@�D9E W^]$Ftd�r a(uOQ"I^FGI WX]MQ"E-� D_W^]$:?P�W d�r a5
t6�E L D��?P�@^F S��"q
Q"@^F=W^]$F I^D_p P$7_WXQ"E$FG:?P$I WX]�@^:?P��"]$8$P�W :"q
WX]$F=WX@XQAE$ICq FG@^I�
.d�r a QAE�' 8$@CD9:?@CD_W^D(>OQAWXD :?E uO7_F Q"@C7_R
D9E$uG@^FOQ"I^FeW^]$F I^D9p P$7 W QAE$FO:"P$I W^]$@^:"P��?]$8$PhW\:"q W^]$F H�[
[�� W^@XQ"E�ICq FO@�


� &F1U 2/��@�� *# > �

� ]$FGE�V1Q"I^FG79D_E$F�[\r�� D9I P$ICF�'��AWX]�F5ptF�'�D Q"E : B?FO@^Q"797"WX]$@^:"P��?]$8�P�W D9ImU :"T"T VC6AI�
 [
]$F�p=F�'$D Q"E
H�[
[�� @^FOIC8;:?E$I^F=WXD_p=F D_I O+%,
 � I^FGuO:?E,'$I��=� ]$D9u ] D9I8%�� 7_:?E��?FG@ W^]MQ"E�� D WX]�WX]$F=FG@^@^:"@F"cq @CFOF
79D_E$J9
 [
]$F D9E WXFG@X0KPMQ"@,WXD97_F @XQAE��?F=:"q1WX]$F=@^FGI^8;:?E$ICF WXD_p=F D9IR
�
+
 S/I^FGuO:?E�'�I��E� ]$D_u ] D9IR
 S"U��
7 QA@X�?FG@ WX]MQ"EK� D_WX]kW^]$F FO@C@^:?@�"cq @^FGF/79D_E$J9
)[
]$F p=F�'$D QAE)uG:?E��?FGICW^D9:?E '$@^:"8$It:"q�WX]$F H\[
[��
WX@^Q"E$ICq FG@�D9I W^FOE��&Q"E�' W^]$F D9E WXFG@X0KPMQ"@,WXD97_Ft@^Q"E��?F=:"q
W^]$F uO:"E��?FOI,WXD_:?E '$@C:?8$I�D9I ICD!� 8MQ"u J"F WXI�

[
]$FtptF�'$D9Q"E.FO79Q"8$ICF�'�W^D9ptF :Aq5WX]$F q Q"ICW^FO@ �M:��4D9I�
�
�%,
 S I^FGuO:?E�'�I��sQAE�'.WX]$F D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F :Aq�WX]�F FG7 Q"8�I^F�' WXD_p=F D_I�
�%,
 � I^FOuG:?E�'$I�
�LM:?@�W^]$F I^79:��1FG@*�M:��J��W^]$F ptF�'$D9Q"E FG7 Q"8$ICF�'
WXD_p=F D9I 
 S?S?
 N ICFOuO:"E�'$I��$Q"E�' W^]$F�D_EKW^FO@X0KPMQA@CWXD_79F @XQAE��?F�:"q�WX]$F�FO79Q"8$I^F�' WXD_p=F D9I O;
y��ICFOuG:?E�'$I�

[
]$F p=F�'$D QAE ICD9p P$7 W QAE$FO:"P$I\WX]$@C:?P��?]$8�P�WeD_IeSQ:?
 U<V�6AI�q :?@\WX]$F�q QAICWXFG@*�$:#�J��S?
 � %rVC6AI�q :?@
WX]$F IC79:#�5FO@R�M:��J� QAE�'@
 U?T�%�V�6AItq :?@ WX]$F H�[ [��+WX@XQ"E�ICq FO@�
 [
]$F ptF�'$D9Q"E P$E$E�FOuGFOI^IXQ"@,R
@^F WX@XQAE$I^ptD9ICI^D9:"E$I
:"qmWX]$F IC79:#�5FO@C�$:#� D9IC>OFG@^:�




U �

 4500

 5000

 5500

 6000

 6500

 7000

 7500

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

ec
)

2xBulk TCP + HTTP - ARQ4

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

 20

 30

 40

 50

 60

 70

 80

 90

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

R
es

po
ns

e 
tim

e 
(s

ec
)

2xBulk TCP + HTTP - ARQ4

HTTP transfer

�������@=9=!5 �9	:$<��� ��$�	���(*)+	

 100

 105

 110

 115

 120

 125

 130

 135

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

E
la

ps
ed

 ti
m

e 
(s

ec
)

2xBulk TCP + HTTP - ARQ4

Faster flow
Slower flow

��3&�; ���
��$<	:%'��(*)+	,��-.����	,������7>=@?A5B0�� 1�$

 0

 5

 10

 15

 20

 25

 30

 35

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

S
pu

rio
us

 R
T

O
s 

an
d 

U
nn

ec
es

sa
ry

 r
et

ra
ns

m
its

2xBulk TCP + HTTP - ARQ4

Spurious RTOs - Faster flow
Unnecessary rexmits - Faster flow

Spurious RTOs - Slower flow
Unnecessary rexmits - Slower flow

Spurious RTOs - HTTP transfer
Unnecessary rexmits - HTTP transfer

�4%�� � ������(*����$ �6=@� $.����%,������	&38	:$�$����	����	8��������$<)+(#$ 

$<(�����$ ������	 ���
����	&$<�')+��
�(*) ��) $ ����	 38���
����	&%��
-��
����=9=!5B�����
��� �2�
	&� �+38� ����	&38��(�����$
�

 0

 5

 10

 15

 20

 25

 30

 35

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

T
ot

al
 d

ro
ps

2xBulk TCP + HTTP - ARQ4

Faster flow
Slower flow

HTTP transfer

�4	:�;5 �
3
7
	8��$.%���������	&% � -��
����=9=!5 ���
�����
� �
	�� ��38� � 

��	:3 ��(*� ��$��

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

 5000

 5500

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

S
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

 (
B

/s
ec

)

2xBulk TCP + HTTP - ARQ4

Faster flow
Slower flow

HTTP transfer

��-�� � (�) ���*������	�����$;�����������
��������$

L D(�?P$@^F S���[ ghP$ptp QA@CR :Aq @^FOICP$7_W^I : B?FO@ W^]$F 7_D9E$J � D_W^] ]$D��"] � f�H 8;FO@CI^D_ICWXFGE$uGR�D9E�W^]$F
�1:?@CJK79: Q+'/:"q Q uG:?pt8;FGWXD_E�� H�[
[�� W^@XQ"E$I,q FO@8BF
 S"T @^FG8;FGW^D_WXD_:?E$I D

� ]$FGE�W^]$F5H�[
[�� @^FGI^8;:?E�I^F5WXD_ptF�D_ImuG:?pt8MQ"@CF�'5� D WX] W^]$F�FO@^@C:?@F" q @^FGF�79D_E$J�@^FGI^P$7 WXI��AW^]$F57_:#�5FO@
0KPMQ"@CW^D97_F D9I3I^7_D��?] WX7 R I^]�:?@CW^FO@ N;FGu Q"P�I^F q F�� @^FG8;FGW^D_WXD_:?E$I3]MQ B?FtQ"E.FO@^@C:?@ '$@C:?8 q :?@3W^]$F N$P�79J
[\r�� �M:#� I��;� ]�D979F WX]�F\P$8$8;FG@¥0KPMQA@CWXD_79F
:Aq�W^]$F\@CFOI^8;:"E$I^F\WXD_p=F D9E$uG@^FOQ"I^FGI¥'$P�F WX: WX]$F�'$FO79Q R�I
q @^:?p WX]�F 7_D9E$J�"�7 FGB?FG7 @CFGW^@XQ"E$ICp=D_I^ICD9:?E]'�P$@^D_E�� W^]$F�NMQ+' I,W QAW^FOI�
e[
]$D_IP'�PMQ"79D W
R/F �h8$7 Q"D_E$I�W^]$F
8;:�:?@ I,W Q"N$D_79D W�R :"q5W^]$Ft@CFOI^8;:"E$I^FtWXD_p=F�
to�P$@^D_E�� Q H�[
[�� WX@^Q"E$I,q FO@eWX]$F 79D9E�J F ��8;FG@^D_FOE$uGFOI



UQN

p P$7_W^D_8$7_F=NMQ+'kICWXQAWXFGI�
 d�Q"u ]):"q WX]$FGp p=Q R QAuOuOP�p P$7 QAW^F Q+'�'�D_WXD_:?EMQA7¥'�FO79Q R WX: WX]�F W^:"W QA7
@^FGI^8;:?E$ICF/WXD_p=F�
 [
]$F/@^FG8;FGWXD WXD_:?E$I�WX]$QAWtQ"uGuOP$p P$79QAWXF Q 7_:?E��/'$FO79Q R 79FOE,�"WX]$FGE WX]$F P$8$8;FG@
0KPMQ"@CW^D97_F+

H3P$FOP�Ft: B?FO@{�$:#� I Q� FOu W WX]�F WX@^Q"E$ICq FG@ :"q�WX]�FtH�[
[�� :?N2MCFOu WXI�
 L D9@CICWI��WX]$FG@^F D9I�WX]$F IC79:���"
ICWXQ"@CW&: B?FO@CI^]$:�:"W&:"q W^]$F
N�P$79J [\r�� �M:�� I)'$P$@^D_E��*� ]$D9u ] p Q"E R 79:?ICI^FGI&:�uOuGP$@sq :?@ W^]$F H\[
[��
WX@^Q"E$ICq FG@sQ"I��1FO7_7T
�� ]$FGE W^]$F H�[
[���ICWXQ"@CW^D9E���W^D9ptF�D9I uO7_F Q"@C7_R N;FO7_:#� S"T�I^FGuO:?E�'¦�?WX]$FA0KP$FOP$F
:"q&W^]$F�7 Q"I,W{"�]�:?8 @C:?P�WXFG@�: B?FG@{�M:�� IeICFOuG:?E�' W^D9ptF N;FGW.�1FOFGE S"T�"�%"T=ICFOuG:?E�'$I�
 6cq�Q N$Q+' ICW Q WXF
N;F��?D_E$IA'$P$@^D_E���W^]$F3: B?FG@{�M:���@^:"P$E�'?" WX@^D_8��KWX]$F3uG:?E��?FGICW^D9:?E<'$@^:?8�I :�uOuGP$@ :?E W^]$F3N;:"WX] I^D('$FOI
:"q�WX]�F NMQ+' ICW Q WXF+
J� ]$FOE WX]$F ICW QA@CWXD_E�� WXD9ptF�:Aq�WX]$F H\[
[���W^@XQ"E�ICq FO@3D9IeQA8$8$@^:?Q"u ]$D9E��/S"T
I^FGuO:?E,'$I�� WX]$FtICFOuG:?E�' : B?FG@{�M:��+I^]$D q WXI I^7_:#� 7_R WX: Q/7 QAW^FO@e8;:?D9E WI
2� ]$FGE Q H�[
[�� :?N2MCFGuGW
D9I WX@XQAE$I^ptD_WCWXF�'G'$P�@^D9E,� WX]�F I^7_:#��"cICW QA@CW : B?FG@^I^]�:�:"W�:"q WX]�F N$P$7_J [\r�� �M:#� I\:?@C'$P$@^D_E�� W^]$F
I^FGuO:?E,' : B?FG@{�M:��J� WX]�F H\[
[�� :?N2MCFOuGW�:"q W^FOE 79:"I^FGI�pt:?I,W :"q WX]�F�� D_E�'$:��(N;FGu Q"P$ICF :"q W^]$F
uO:"E��?FOI,WXD_:?E�
�ghP$u ] Q 7_:?I^I�N�P$@^I,WP'$FO79Q R�I�W^]$F�uG:?p=8�79F WXD9:"E :AqsWX]$F�H�[
[�� WX@XQ"E�ICq FO@�N;FOuOQ"P$ICF
WX]$F.uO:?E��"FOICW^D9:?E � D9E,'$:#� :"q W^]$F H�[
[�� :?N2MCFOuGW D9I/I^F W WX: Q)ICp QA797�B Q"79P�F+
 � I^p=Q"797_FG@
uO:"E��?FOI,WXD_:?EN� D9E�'�:#� @^F�0�P�D9@^FGI pt:?@^F @C:?P$E�'?" WX@CD98$I=W^: WX@^Q"E$ICq FG@ WX]$F :?N2MCFOu W Q"E,' D_I p=:?@CF
I^FGE$I^D WXD_B?F WX: Q+'�'$D WXD_:?EMQ"7 79:?ICI^FGI�
 � ]$FOE WX]�F]'$@C:?8$I Q� �FGuGW=WX]$F D9E�D_WXD_Q"7A� D9E�'$:�� N�P�W W^]$F
:"WX]�FO@eI^F��"p=FGEKW D_I '$FG79D B?FO@^F�'���W^]$F ICWXQ"@CW :"q�W^]$F @^FGuO: B?FO@,R.D9I '�FO7 Q R?F�'�N R p P$7 WXD_8$7_F�@^:"P$E�'?"
WX@CD98$I��,� ]$D9u ] Q"@^Fe@^F�0�P�D9@^F�' W^:R�"FOE$FG@XQAW^F W^]$@^FGF5'$P�8$79D_u QAW^F � r n I�


V1:;'�R 6�E$7_D9E$F3:?N2MCFOu WXI � 7_7

 S % � O U : � :?N2MCFOu WXI

gh8�P$@^D_:?P$I\f [\j3I %?U % : �!O � N S � S�: S"U %,
 S�N %?T �

[ Q"N$79F]
 T?[t[m:"W QA71EKP$p N;FO@�:"q\IC8$P$@CD9:?P$I f [\j3I�q :?@�F QAu ]kH�[
[�� :?N2MCFOu W : B?FO@ D_E�'$D BhD('$PMQ"7
@^FG8;FGWXD WXD_:?E$I5B�
 S"T @CFO8;FGW^D_W^D9:?E$I D

[ Q"N$79F<
 T IC]$:#� IeW^]$F WX:AW Q"7 E�P$p N;FG@e:"q�I^8$P�@^D9:"P$I f [\j3I3q :?@�W^]$F H\[
[�� :?N2MCFOu WXIe: B?FG@ QA797
@^FG8;FGWXD WXD_:?E$I�
 dsB?FOE WX]$:?P,�?])WX]$F/WX:AW Q"7
EKP$p N;FO@t:"q�WX]$F I^8�P$@^D_:?P$I=f [\j3I=D_I @^:?P��"]$7_R W^]$F
IXQ"ptF QAI8� D_WX] WX]$F FG@^@^:"@F"cq @CFOF=79D9E�J �mWX]$F I^8�P$@^D_:?P$I f [\j3I Q"@^F=I^8$@CF Q+'kQ"uG@^:?ICI�WX]�F H\[
[��
:?N2MCFOu WXI5pt:?@CF F B?FOE$7 R W^]MQ"ER� D WX] WX]�F\FO@^@C:?@F" q @^FGF\7_D9E$J N;FOuOQ"P$I^F�:"q WX]$F\IC8$P$@^D_:?P$I5f [\j3I�W^]MQAW
Q"@^F WX@^D(���?FG@^F�'/'�P$@^D_E��=WX]$F�79D_E$J�"�7_F B?FO7m@CFGWX@^Q"E$ICp=D_I^I^D_:?E$I�D_E WX]$F�NMQ+' ICWXQAWXF�
�i�F WI� W^]$F�D9E$7_D_E$F
:?N2MCFOu WXI\D_E WX]$F L$@^ICW\D9E�79D_E$F�N$P$@^I,W�]MQ B?F IC79D(�?]KW^7 R pt:?@^F3I^8$P$@CD9:?P�I\f [\j3I�


� &F1U 2/��@�� *# > � �J�V��E,4 >	�

� ]$FGE1V Q"I^FG79D_E$F�[\r�� D_I1P$I^F�'G� D WX] d�r a8��W^]$F3p=F�'$D9Q"E : B?FO@^Q"797;W^]$@^:"P��?]$8$PhW
D9I U?U S���VC6AI�

[
]$F ptF�'$D9Q"E H�[
[���@^FGI^8;:?E�I^F WXD_p=F3D9I 
�N�� I^]$:"@CWXFG@�Q"E,' W^]$F D_EKW^FO@X0KPMQA@CWXD_79F3@XQAE��?F :"q W^]$F
FO79Q"8$ICF�' W^D9ptF D_IeS�N�� ICp Q"7_7_FO@ WX]$Q"E/�
D_WX]/V Q"I^FG79D_E$F [\r���
 LM:?@\WX]�F H�[
[C� W^@XQ"E$I,q FO@���W^]$F
uO:"E��?FOI,WXD_:?E	'$@^:"8$I
ptF�'$D9Q"E D_IAL$B?F��MQ"E�' WX]$F3D9E WXFO@{0KPMQ"@CW^D97_F�@XQ"E,�?F3:"q W^]$FeuG:?E��?FGICW^D9:?E	'$@C:?8$I
D9IsICFGB?FGE=8MQ"u J"FGW^I�
&[
]$F
p=F�'$D9Q"E FG7 Q"8�I^F�' W^D9ptF1:"q WX]$F q QAICWXFG@E�M:�� D_I�
�
�%?
PO�I^FOuG:?E�'$I�Q"E�' W^]$F
D9E WXFG@X0KPMQ"@CW^D97_F
@XQAE��?F\:"q�W^]$F\FO7 QA8$I^F�'=WXD_p=F
D_I 
 U�� ICp QA797_FO@sW^]MQ"ER� D_W^]rV Q"ICFO7_D9E$F [\r��C
�[ ]$F
p=F�'$D9Q"E�FG7 Q"8$ICF�'�WXD9ptF�:"q$WX]$F1I^7_:#�1FG@��M:��)D9I¥
 S���
y��ICFOuG:?E�'$I�Q"E,' W^]$F1D9E WXFO@{0KPMQ"@CW^D97_F�@XQAE��?F1:"q
WX]$FeFO79Q"8$ICF�'/W^D9ptF3D_I O?
 � �(7 Q"@{�?FO@5WX]MQ"E	� D WX]1V QAI^FO7_D9E$F3[\r��C
�[
]$F ptF�'$D9Q"E I^D_p P$7_WXQ"E$FG:?P$I



:"T

WX]$@C:?P��?]�8$P�WeD9IeSQOQOQOrVC6 I3q :"@�WX]�F q Q"I,WXFG@P�M:��J�)
3N O?SrVC6AI�q :?@�WX]$F I^7_:#�1FG@*�M:#�J��Q"E�' 
�NQN?

VC6AI
q :"@
W^]$F H�[
[�� W^@XQ"E�ICq FO@�

[
]$F
H�[
[�� @CFOIC8 :"E$I^F WXD_p=F�D9I I^]�:?@CW^FO@&Q"E,' WX]$F 8�@^:?NMQAN$D97_D W�R :"q uO:?E��"FOICW^D9:?E D9I I^p=Q"797_FO@ WX]$Q"E
� D_W^] V1Q"I^FG79D_E$F [\r�� N;FGu Q"P�I^F d�r a(p Q"@CJKI IC]$:?@CW^FOE�WX]$FR0KP$FGP$F :Aq1W^]$Ft7 Q"I,W{"c]$:?8.@^:?P�W^FO@��
� ]$D_u ]�@CF�'$P$uGFOI @^:?P$E,'?"cW^@^D98 WXD_ptFOI�
m[
]$F5E�P$p N;FG@ :"q�'$@C:?8$I D9I QA79pt:?ICW ]MQ"7 B?F�' q :"@ WX]$F1H\[
[��
WX@^Q"E$ICq FG@�
 [
]$F H�[
[�� :?N2MCFOu WXI N;FOE�F�L$W 7 Q"@{�?FO7 R q @^:"p WX]�F @^F�'$P$u WXD_:?E :Aq
WX]$F uO:?E,�?FOI,WXD9:"E
'$@^:"8$I�
&d5r a D9I�@CF�'$P$uGD9E���Q"79IC: WX]�F '$@^:?8�I5W^]MQAW5:�uOuGP$@�q :?@�WX]�F�N$P$79J [\r�� �M:�� I�
�H�:��1FGB?FG@��
WX]$F ICFOuG:?E�' N$P, FO@ : B?FG@{�M:�� D9I
E$:"W\Q B?:"D�'$F�' F&�huGFO8�W�D9E Q q F�� @CFO8;FGW^D_W^D9:?E�I�

[
]$FG@^F D_I�Q 8$]$FOE�:?p=FGE$:?E WX]MQAW D9E$uG@^FOQ"I^FGI WX]$F=E�P$p N;FG@�:Aq
I^8$P�@^D9:"P$I�f [\j3I q :?@ W^]$F N$P�79J
[\r�� �M:#� I N$PhW8�1F=8;:"ICWX8;:"E$F Q1'$FGWXQ"D97_F�' Q"EMQA7_R�I^D_I W^: WX]$Ftu Q"ICF=:"qCV Q"ICFO79D_E$F [\r�� � D_WX]
d�r a(Q"E,'.8$@^D_:?@^D WXD!> QAW^D_:"E N;FGu Q"P$ICFtD_E WX]$QAWeu Q"ICF WX]�F 8$@^:?N$Q"N$D_79D W�R :"q�WX]$F 8$]�FOE$:?ptFOE�:?E.D9I
p P$u ] ]$D��"]$FO@�


� &F1U 2/��@�� *# > � �J�V��E � �"���K�"�V��� � &(���V��� � �K� �*# # �

� ]$FGE V Q"ICFO79D_E$Ft[\r�� D9I P$ICF�' � D WX] 8$@^D_:?@^D WXD!> QAW^D_:"E���WX]$F=ptF�'�D Q"E�: B?FG@XQ"7_7&W^]$@^:?P,�?]$8$P�W D9I
U?UQN"U VC6AI�
/[
]$F=p=F�'$D Q"E H�[
[�� @CFOI^8;:"E$I^F=WXD9ptF D9I�S � � IC]$:?@CW^FO@�Q"E�' W^]$F=D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F :Aq W^]$F @^FGI^8;:?E$ICF
W^D9ptF1U,
 � ICp QA797_FO@ WX]MQAE:� D_W^]2V1Q"I^FG79D9E�F1[\r��C
&[
]�F
P$8$8;FG@)0KPMQA@CWXD_79F
:"q�W^]$F H\[
[�� 8$Q"u J"FGWXIJ'�@^:?8$8;F�'.D9I*>OFG@^:�
 [
]$F ptF�'$D9Q"E FO79Q"8$ICF�' W^D9ptF�:"q&WX]$F�q Q"ICW^FO@*�M:#�
D9I 
�
 S?
\� ICFOuG:?E�'$I Q"E�' WX]$F�D9EKW^FO@{0�P$Q"@CW^D979F\@^Q"E��?F�:"q�WX]�F3FO79Q"8$ICF�' WXD_p=F\D9I SQ:��+ICp QA797_FO@�WX]$Q"E
� D_W^] V Q"ICFO7_D9E$Ft[\r��C
 [
]$F ptF�'$D Q"E�FO7 QA8$I^F�' WXD_p=F :"q W^]$F IC79:��1FO@5�M:��(D9IR
 S+%?
 T I^FGuO:?E�'�I
Q"E�' W^]$F D_EKW^FO@X0KPMQA@CWXD_79F @XQ"E��"F :"q�W^]$F FO79Q"8$I^F�' W^D9ptF D9IeS?
ZT�� ICp QA797_FO@ WX]MQ"E/� D WX]-V Q"I^FG79D_E$F
[\r��C
 [
]�F ptF�'�D Q"E ICD9p P$7 W QAE$FO:?P�I WX]$@C:?P��?]�8$P�W�D9I�S+% S"T VC6AI q :?@ WX]$Ftq Q"ICW^FO@5�M:#� ��
 � O �
VC6AI
q :"@
W^]$F I^7_:#�5FO@C�M:��J� Q"E�' S"S��KS�VC6 I
q :?@ WX]$F H\[
[�� WX@^Q"E$ICq FG@�

�&@^D9:"@^D_W^D(>OQAWXD :?E/:"qsW^]$F�H�[
[�� 8$Q"u J"FGWXI �1:?@CJ Q"I � D WX] WX]$F FO@C@^:?@�"cq @CFOF 79D_E$J9

[
]�FO@^F q :?@^F W^]$F
H�[
[�� WX@^Q"E$ICq FG@U'�:�FOImE$:"WmF&�h8;FG@^D9FGE$uGF1uG:?E��?FGICW^D9:?E5'$@^:"8$I Q"E,' WX]�F�@^FGI^8;:?E$ICF�WXD9ptF&D_I IC]$:?@CW^FO@
N;FOuOQ"P$I^F W^]$F @C:?P$E�';"cWX@CD98 W^D9ptF q :"@ Q"E H\[
[�� 8$Q"u J"F W D9I @CF�'$P�uOF�'�
 [
]$F I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�W5:"q WX]$F�H�[
[�� W^@XQ"E�ICq FO@�D_I5QA79pt:?ICW�Q"I��?:�:;' QAI�WX]$F\I^D_p P$7_WXQ"E$FG:?P$IsWX]$@C:?P��?]$8�P�W
:"qmWX]$Feq Q"I,WXFO@��M:#�J

V :?I,W3:"qsWX]�F�I^8�P$@^D_:?P$I3f [\j3I�q :?@\W^]$F H\[
[�� :"N0MCFGuGW^I3:�uGuOP$@*'�P$F WX:=W^]$F�NMQ�' ICWXQAWXF 79D_E$J�"
79F B?FO7�@^F WX@XQ"E�I^ptD9I^ICD9:"E$I�
s[
]$FO@CFGq :?@CF WX]�F E�P�p N;FG@
:"q I^8$P$@CD9:?P�I\f [ jeI D_I Q"7_p=:"ICW F�0KPMQA7�� D_WX]
F QAu ] H�[
[���:?N2MCFOu WI


� &F1U 2/��@�� *# > � �J�V��E,4 >	� &F����� �"���K�"�V��� � &(���V��� � �K� �*# # �

� ]$FGE8V Q"I^FG79D_E$Fs[\r�� D_I�P$I^F�'5� D WX] d�r akQ"E�' 8�@^D9:"@^D_W^D(>OQAWXD :?E¦�OWX]$F&ptF�'$D9Q"Ee: B?FO@^Q"797 WX]$@C:?P��?]?"
8$P�W�D_I&U+� � N VC6AI�
s[
]�F p=F�'$D9Q"E H\[
[�� @^FGI^8;:?E�I^F W^D9ptF1D9IE%+� � I^]�:?@CW^FO@�Q"E�' W^]$F
D9E WXFG@X0KPMQ"@�"
WXD_79F3@XQ"E��"F :"q WX]�F @^FOIC8;:?E$ICF W^D9ptFeD9I\U+%�� I^p=Q"7_79FG@ W^]MQ"EG� D_WX] V QAI^FO7_D9E$Fe[\r��C
 [
]$F P$8$8;FG@
0KPMQ"@CW^D97_F/:"q�WX]�F H�[
[��+8MQ"u J"FGW^Ir'$@^:?8�8;F�' D9IR>GFO@C:�
 [
]$F p=F�'$D QAE FG7 QA8$I^F�' WXD9ptF/:Aq3W^]$F
q Q"ICW^FO@8�M:#� D_Ir
�
I��
 S I^FOuG:?E�'$I Q"E�' WX]$F D_EKW^FO@X0KPMQA@CWXD_79Ft@XQAE��?F :"q
WX]$F FO7 QA8$I^F�' WXD9ptF=D_I U��
I^p=Q"7_79FG@�W^]MQ"EK� D WX] V Q"ICFO79D_E$F [\r��C
)[
]$F/p=F�'$D QAEkFG7 Q"8�I^F�'kWXD_ptF :"q�W^]$F/I^7_:#�1FG@��$:#� D9I

 S"U?
 N I^FGuO:"E�'$I�� QAE�'/WX]$F D9E WXFG@X0KPMQ"@,WXD97_F3@XQAE��?F :Aq WX]�F FG7 Q"8$ICF�'/WXD_p=F3D9I	N,
ZT ICFOuG:?E�'$I��9� ]$D9u ]
D9I U"U�� 7 QA@X�?FG@ WX]MQ"E8� D_W^]�V1Q"I^FG79D9E�F5[\r��C
s[
]$F ptF�'�D Q"E I^D_p P$7_WXQ"E$FG:?P$I WX]$@C:?P��"]$8$P�WsD_IsS?
�:AU



:?


VC6AI3q :?@3WX]�F q Q"ICW^FO@P�M:#�J�W
 � � � V�6AIeq :?@�WX]$F IC79:��1FO@P�M:��J� QAE�' S���%�%GV�6AIeq :?@�WX]$FtH\[
[��
WX@^Q"E$ICq FG@�
s[
]$F�ptF�'$D9Q"EtP$E�E$FOuGFOI^IXQ"@,R=@^F WX@XQ"E�I^ptD9I^ICD9:"E$I�:"q�WX]�F�IC79:��1FO@W�$:#� D_I 
 T?
POe8MQ"u J"F WXI�

� I1D9E<V Q"ICFO7_D9E$F�[\r��K� D WX] 8$@CD9:?@CD_W^D(>OQAWXD :?E�� WX]�FeH\[
[��)@^FOIC8;:?E$ICF3WXD9ptF\D9I5I^]$:"@CWXFG@
QAE�' W^]$F
E�P$p N;FG@ :"q\H\[
[�� 8MQ"u J"F W2'$@C:?8$I D9I I^p=Q"797_FO@ N;FOuOQ"P$ICF/:Aq\8$@CD9:"@^D_W^D(>OQAWXD :?E�
 d�r a IC79D��"]KWX7 R
79:��1FO@CIeWX]$F : B?FO@^Q"797 WX]�@^:?P��"]$8$P�W N;FGu Q"P�I^F=:�uOuOQ"I^D_:?EMQA797 R WX]�Ft7_D9E$J N;FGuO:?ptFOI P$E�'$FG@^P�W^D979D(>OF�'
Q"I<'�D9I^uGP$I^ICF�'«� D_WX] W^]$F FO@C@^:?@�"cq @^FGF 79D_E$J � ]$FGE V Q"ICFO79D_E$F [\r�� D9I P�I^F�'«�
D_WX] d�r a QAE�'
8$@^D_:?@^D WXD!> Q WXD_:"E�
=`\E$79D_J"F�� D_W^]�W^]$FtFO@^@C:?@F" q @^FGFt7_D9E$J9� D_W D9I 8;:?ICI^D9N�79F WX]MQ W WX]�F=7_D9E$J N;FGuO:?ptFGI
P$E�'$FG@^P�W^D97_D�>GF�'tF B?FOE�� ]$FOE=WX]$F\N�P$79J [\r�� �M:�� I1QA@^F\I,WXD97_7$N;:"W^] Q"uGW^D_B?F N FGu QAP$I^F�:�uGu QAI^D9:"EMQ"7
FO@C@^:?@C'$@^:"8$I @^F�'�P$uOF uO:"E��?FOI,WXD_:?EG� D_E�'$:#� I�

� 8$]$FOE�:?p=FGE$:?E W^]MQAW D9E�uO@^FOQ"I^FGImIC8$P$@CD9:?P$I f [\j3I�q :?@�WX]$F�N�P$79J�[\r��]�M:�� ImQ"8$8;F QA@^I N;FOuOQ"P$ICF
:"q f\d�o�
�f\d�o D9I
QAN$79F�WX: uO:?E WX@^:"7 WX]$FP0KP$FOP�F 79FGE��"WX]�I N$P�W
N;FOu QAP$I^F :"q�WX]$F3F&�h8;:?E$FGEKWXD9Q"7_7_R
�1FGD��?] WXF�' p=: B�D9E�� Q B?FG@XQ+�"F+� D W ]MQ"I\Q p=FGpt:?@CR=WX]MQAW 7 Q"I,WXI N;F R?:?E�' W^]$F FGE�' :"q W^]$F H\[
[��
WX@^Q"E$ICq FG@�
s6�ptp=F�'$D QAW^FO7 R Q q WXFO@&WX]$F\FOE,' :"q�WX]�F�H\[
[�� W^@XQ"E�ICq FO@�WX]�F 0KP$FGP$D9E��8'$FG7 Q R I^]�@^D9E�J�I
N;FOuOQ"P$I^F�WX]$F3H\[
[��kWX@^Q"E$ICq FG@1uOFOQ"I^FGI��$N$P�W1W^]$F�N$P$7_J [\r��K�M:�� I ICW^D97_7 @^FGuOFOD B?Fed�r a p=Q"@CJ�I
WX]MQ W q :?@^uGF N�P$79J [\r�� �$:#� I WX: @CF�'$P�uOF W^]$F=W^@XQ"E$I,q FO@ @XQAW^F Q"E�' W^]$FO@CFON R q P�@CWX]�FO@ @^F�'�P$uOF
WX]$F50KP$FGP$D9E���'$FG7 Q R�
¥� D_W^] W^]$F 7_:#�@0KP$FOP�F�'$FO79Q R+�MWX]$F f [\j BAQ"7_P$F IC]$@^D_E$JKI�
A� ]$FOE QtN$Q+'
ICWXQAWXF � D WX] W^]$F 79D_E$J�"�7_F B?FO7�@^F WX@XQAE$I^ptD9ICI^D9:"E$I
N;F��?D9E$I��$W^]$FJ'$FG7 Q R F&�huGFOF�'$I\W^]$F uOP�@^@^FGEKW�f [\j
BAQ"7_P$F+��� ]$D_u ]/WX@^D(���?FG@^I QtIC8$P$@^D_:?P$I\f [\j:
 � q W^FO@
WX]$F IC8$P$@^D_:?P$I\f [\j:�MW^]$F N$P�79J [\r�� �M:#�
@^F�'$P$uOFGI D_W^I�uG:?E��?FGICWXD_:?E � D_E�'$:#�J�=� ]$D_u ] @^F�'$P$uOFGI WX]$F @^:?P$E,'?"cW^@^D98�WXD9ptF+� Q"E�' ]$FGE$uOF W^]$F
f [\j B Q"79P�F IC]$@^D_E$JKI Q+� Q"D_E�
 o�P$@^D_E�� WX]$F=E$F&��W NMQ+' ICW Q WXF ICD9ptD97_Q"@ F B?FOE WXI Q"@^F=@CFO8;FOQAWXF�'�

[
]$F�8 :�:"@5ICW QAN$D97_D W
R :"q�WX]$F�FG7 QA8$I^F�' W^D9ptF\:"q�WX]�F�I^79:��1FG@¥�M:�� D_I5u Q"P�I^F�' N RtWX]$:"I^F�I^8$P�@^D9:"P$I
f [\j3I�


4 ��E�&F���Q 2�W# > �

� ]$FGE d&E$]MQAE$uOF�' [\r��)D_I1P$ICF�'���W^]$F3ptF�'$D9Q"E : B?FO@XQA797 WX]$@C:?P��?]�8$P�W D9I UQ:?
�%�VC6AI�
�[ ]$FeptF "
'$D QAEtH�[
[�� @CFOI^8;:"E$I^F\W^D9ptF D9IC
�: � IC]$:?@,WXFO@�Q"E,' WX]$F D9E WXFG@X0KPMQ"@,WXD97_F @^Q"E��?F
:"q W^]$F @^FOIC8;:?E$ICF
WXD_p=F
D_I�%�%�� ICp Q"7_7_FO@ WX]MQ"E2� D_WX]�V Q"ICFO7_D9E$F [\r��C
&[
]$F�ptF�'�D Q"E I^D_p P�7_W QAE$FG:?P$IsWX]$@C:?P��?]$8�P�W
D9IeS�� N?T<VC6AI�q :?@�WX]$F�q Q"ICW^FO@*�M:#�J� S"TQN?T<VC6 I3q :?@�WX]$F I^7_:#�1FG@P�$:#�J� QAE�'K
3N�% :rVC6AI�q :?@�W^]$F
H�[
[�� W^@XQ"E�ICq FO@�

[
]$F�H\[
[�� @CFOIC8;:?E$I^F WXD9ptF D9I&I^]$:"@CWXFG@�W^]MQ"E2� D WX] W^]$F V Q"I^FG79D_E$F
[\r��C
�[��1: p Q"D_E @^FOQ"I^:?E�I
F&�h8$79Q"D9E D_W�
m[
]$F�I^79:���"�I,W Q"@,Wm: B?FO@CI^]$:�:"W :Aq�W^]$F�N$P$7_J3[\r��]�M:#� ImD9ImQ B?:?D('$F�' N;FOuOQ"P$I^F5:"qMr�V16$�
Q"E�'�Q/ICp Q"7_7_FO@�E�P$p N;FG@ :"q5@^:"P$E�'?" WX@^D_8$IeD_Ie@^F�0KP$D9@CF�'.WX:/uO:"p=8$7_FGW^F WX]�F WX@XQAE$ICq FG@ � D_W^].W^]$F
D9E$D WXD_Q"7�� D9E,'$:#� :"q q :?P�@�
5[
]$F 7 QA@X�?FG@ D_E$D_W^D9Q"7�� D_E�'$:�� D9I\Q"7_I^: 79FGI^I\I^FGE$I^D WXD B?F WX:t79:"I^I^FGI\W^]MQAW
Q"@^F E$:�� I^79D(�?]KW^7 R p=:?@CF�q @CF�0KP$FGEKW5'$P�F W^: uO:?@C@^P$8�W^D9:?E¦
 6�E�Q+'�'�D_WXD_:?E��;WX]$F I^8$P$@CD9:?P�I f [\j3I
q :?@�W^]$F N$P$7_J [\rA� �M:�� Ie@^F�'$P$uGF20KP$FGP$D9E,�	'$FO79Q R N;FGu Q"P$ICF W^]$F P$I^F�'.@^FOIC8;:?E$ICFtQ"7(�?:?@CD WX]$p
@^F�'$P$uOFGI WX]�FtuG:?E��?FGICW^D9:?E-� D9E�'$:�� I :Aq5WX]�FtN�P$79J [\r��@�$:#� I�
 [
]$FR'$@C:?8$Ieq :?@3WX]�F=H\[
[��
:?N2MCFOu WXI\8;:?I^D WXD B?FO7 R NMQ"79Q"E$uGFeWX]�F50KP$FOP�D9E��R'$FO79Q R :Aq WX]$F H�[
[���:?N2MCFOuGW^I�Q"IC� Q"I '$D_I^uOP�I^I^F�'
� D_W^] WX]$F
FO@C@^:?@F" q @^FGF
79D_E$J9
 6�E WX]$F
@^FG8;FGWXD WXD_:?E$I=� D_W^]tFG@^@C:?@)'$@C:?8$I�:?@sI^8$P$@CD9:?P�I�f [\j3I)'$P$@^D_E��
WX]$F�IC79:�� ICWXQ"@CW5:"q�W^]$F�N$P$7_J [\r�� �M:�� I��hP$E�NMQA7 Q"E$uGF�' uG:?E��?FGICWXD_:?E�� D_E�'$:�� I QA@^F�8�@^FGB?FGEKW^F�'
NKR r�V56 Q"I D9E W^]$F �1:?@CJK79: Q�'$I :"q Q IC]$:?@CW uO:?pt8;FGW^D9E�� [\r�� �M:�� B I^FOF�g�FOuGW^D9:"E*O?
!
#D&




:?S

4 ��E�&F���Q 2�W# > � �T�V��E,4�> �

� ]$FGEtd&E$]MQ"E$uGF�' [\r�� D_I P$I^F�'�� D_W^] d�r a5�"W^]$F ptF�'$D9Q"E : B?FO@^Q"797KWX]$@C:?P��?]�8$P�W&D_IsU?U : � VC6AI�

[
]$F ptF�'$D9Q"E H�[
[���@^FGI^8;:?E�I^F WXD_p=F3D9I\SQO�� I^]$:"@CWXFG@�Q"E,' W^]$F D_EKW^FO@X0KPMQA@CWXD_79F3@XQAE��?F :"q W^]$F
@^FGI^8;:?E$ICF=WXD_p=F D_I5% :�� I^p=Q"797_FG@3WX]$Q"E � D_W^] V Q"ICFO7_D9E$F [\r��C
 [
]$F=ptF�'$D9Q"E�I^D_p P$7_WXQ"E$FG:?P$I
WX]$@C:?P��?]�8$P�WeD9IeS+%+�!:rVC6 I3q :"@�WX]�F q Q"I,WXFG@P�M:��J�)
3N�%QN<VC6AI�q :?@�WX]$F I^7_:#�1FG@*�M:#�J��Q"E�'�S?
�O �
VC6AI�q :?@�W^]$F H\[
[���WX@^Q"E$I,q FO@�
 [
]$F @CFOIC8;:?E$I^F W^D9ptFOI3Q"@^F IC]$:?@CW^FO@eN;FGu Q"P�I^F=r�V16�8�@^FGB?FGEKW^I
WX]$F IC79:#��"cICWXQ"@CW�: B?FO@CI^]$:�:"W�q @^:"p4:�uGuOP$@C@^D_E�� q :"@&W^]$F N$P$7_J [\r�� �$:#� I��hd5r a uO:?E$I,WX@^Q"D9E$I&W^]$F
0KP$FOP$D_E��5'$FG7 Q R+��QAE�' WX]$F 79Q"@X�"FO@sD9E$D WXD9QA7?� D_E�'$:���Q"797_:#� I q Q"I,WXFO@&uO:?pt8$79F WXD_:?E :Aq WX]�F W^@XQ"E�ICq FO@�


4 ��E�&F���Q 2�W# > � �T�V��E � � �.�K�"�V�����Q&(���V��� � �K� � # # �

� ]$FGE d&E$]MQ"E�uOF�' [\r���D9I P$ICF�' � D WX] 8$@CD9:?@CD_W^D(>OQAWXD :?E��hWX]�F p=F�'$D QAE/: B?FO@^Q"797�WX]�@^:?P��"]$8$P�W\D9I
U :+%?S1VC6AI�
/[
]$F=p=F�'$D Q"E H�[
[�� @CFOI^8;:"E$I^F=WXD9ptF D9I�S�N�� IC]$:?@CW^FO@�Q"E�' W^]$F=D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F :"q
W^]$F @^FOIC8;:?E$I^F WXD9ptFtD9I5:?
 � I^p=Q"797_FG@ WX]MQ"E � D WX] V1Q"I^FG79D9E�F=[\r���
 [
]�F p=F�'$D Q"E
I^D_p P$7_WXQ"E$FG:?P$I W^]$@^:?P,�?]$8$P�W D9I S?SQ:�O V�6AI q :"@mWX]�F5q Q"I,WXFO@U�M:��J��
3N+�KS VC6AImq :?@mW^]$F1IC79:��1FO@U�M:��J�
Q"E�' S"SQ: � V�6AI1q :?@5W^]$FeH�[
[��kWX@XQAE$ICq FG@�
WV1FGI^D�'�FOI�� ]MQ W
]MQ"8$8;FGE$I
]MQ"8�8 FGE$I�� D_W^]	V Q"I^FG79D_E$F
[\r�� Q"E�' 8$@^D_:?@CD_W^D(> Q WXD_:"E��KWX]�F 0KP$FGP$D9E���'$FG7 Q R=D9I1I^]$:"@CWXFG@
N;FGu Q"P�I^F :"q r�V56$
�[
]$FO@CFGq :?@CFeW^]$F
@^FGI^8;:?E$ICF W^D9ptF3D9I
I^]�:?@CWXFG@
WX]MQ"E	� D_WX]1V Q"ICFO7_D9E$Fe[\r���Q"E�' 8$@CD9:?@CD_W^D(>OQAWXD :?E�


4 ��E�&F���Q 2�W# > � �T�V��E,4�> � &F��� � � �.�K�"�V�����Q&(���V��� � �K� � # # �

� ]$FGE d�E�]MQ"E$uGF�' [\r�� D9I P$ICF�'@� D_W^] d�r a Q"E�' 8$@CD9:?@CD_W^D(>OQAWXD :?E���WX]$F ptF�'�D Q"E : B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W D9I U"U O�N�VC6AI�
�[
]$F p=F�'$D QAE H�[
[��(@^FOIC8;:?E$ICF W^D9ptF D_Ir%?T�� I^]$:"@CWXFG@=WX]$Q"E
� D_W^] V1Q"I^FG79D_E$F [\r��U��� ]$D_u ].D_I3:?E$7 R IC79D��"]KW^7_R IC]$:?@CW^FO@3W^]MQ"E-� D WX] 8$@CD9:?@CD_W^D(> Q WXD_:"E � D_WX]�:?P�W
d�r a8
 � I¥� D_W^] FO@^@C:?@F" q @^FOF�7_D9E$J9�hr�V16�8$@CFGB?FGEKWXI1WX]$F�I^79:���"�I,W Q"@,W1: B"FO@^IC]$:�:"W1q @^:"p(:�uOuGP$@^@CD9E��
q :?@ WX]$F N$P�79J [\r�� �M:�� I��A� ]$D_u ] pt: B?FOI=d�r a p=Q"@^JKI WX: Q.7 QAW^FO@ 8 :"D9E Wtu Q"P�I^D9E,� d�r a
WX: N;FGE$F�L$W WX]$FeH\[
[�� @CFOI^8;:"E$I^F3WXD_p=F\79FOICI1WX]$Q"E<� D WX]	V Q"ICFO7_D9E$F�[\r�� QAE�' 8$@CD9:?@CD_W^D(>OQAWXD :?E�

[
]$F D9EKW^FO@{0�P$Q"@CW^D97_F5@^Q"E��?F1:"qMWX]$F @CFOIC8;:?E$I^F WXD_ptF5D9IsU � � I^p=Q"7_7_FO@ WX]MQ"E�� D_W^]2V1Q"I^FG79D_E$F1[\r��C

6�E E�P$p N;FG@^I���W^]$F:'$D! �FG@^FOE�uOF :"q&WX]$F D_EKWXFG@X0KPMQ"@,WXD_79F @XQ"E��"F N;F W��1FGFOE.W^]$D9I3QAE�' WX]$F�8$@^D_:?@^D WXDi"
> Q WXD9:"E :?E$7 R uOQ"I^F D_I MCP$ICW T?
n% I^FGuO:?E,'$I�
 [
]$F ptF�'$D9Q"E ICD9p P$7 W QAE$FO:?P�I�W^]$@^:?P,�?]$8$P�WeD9I S?S+%"U
VC6AI3q :?@3WX]�F q Q"ICW^FO@P�M:#�J�W
�N"U?TGV�6AIeq :?@�WX]$F IC79:��1FO@P�M:��J� QAE�' S+%+%?UGV�6AIeq :?@�WX]$FtH\[
[��
WX@^Q"E$ICq FG@�
�[
]�F p=F�'$D QAE/P$E�E$FOuGFOI^IXQ"@,R @^F WX@^Q"E$I^ptD9ICI^D_:?E$I
:"qmWX]$F IC79:��1FO@C�$:#� D9I
:?E$F 8$Q"u J"FGWI

6cW D9IeF �h8;FOuGW^F�' W^]MQAW d�r a+u Q"E�E$:"W D9pt8$@^: B?F�WX]$F @^FOIC8;:?E$ICF WXD9ptF p P$u ]�� Q"I3WX]$Ftr�V163QAE�'
8$@^D_:?@^D WXD!> Q WXD_:"E 79D_ptD W uO:?E,�?FOI,WXD_:?E�
�[
]�FO@^F q :?@^F :?E�7_R WX]$F @^FG8;FGWXD WXD_:?E$I WX]$QAW\u QAE @^FOQ"u ] Q @^FOQ�"
I^:?E$Q"N$7_F 7_FGB?FG7�:"q uG:?E��?FGICW^D9:?E u Q"E I^79D(�?] WX7 R N;FOE$F&L$W&q @C:?p d�r a8
sLU"
f [\j�D9E d&E$]$Q"E$uGF�' [\r��
FO7_D9ptD_E$QAWXFGIsQ"7_7hN$PhW�:?E�F
:Aq WX]$F P$E$E$FGuOFOICIXQ"@CR @^F WX@XQAE$I^ptD9ICI^D9:"E$I u Q"P�I^F�' NKR WX]$F 8$]$FOE�:?p=FGE$:?E
WX]MQ W\]$Q"8$8;FOE�F�' D_E1V Q"ICFO7_D9E$Fe[\r��M� D_WX] d�r a Q"E�'/8$@^D_:?@^D WXD!> QAW^D_:?E¦


R�� ;�� ; � �@����1 �T�V��E B  2������8 &F����� ��� I S�� �6 !�"13��1��� 2����Y

[
]$F : B?FO@^Q"7971W^]$@^:?P,�?]$8$P�Wt: B?FO@ WX]�F 7_D9E$J � D WX]kp=F�'$D_P$p � f�H 8;FG@^I^D_ICW^FOE$u R)D_I I^]$:�� E D_E
L D(�?P$@^F SQO"Q?




:+%

 4500

 5000

 5500

 6000

 6500

 7000

 7500

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

ec
)

2xBulk TCP + HTTP - ARQ2

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

 28

 30

 32

 34

 36

 38

 40

 42

 44

 46

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

R
es

po
ns

e 
tim

e 
(s

ec
)

2xBulk TCP + HTTP - ARQ2

HTTP transfer

�������@=9=!5 �9	:$<��� ��$�	���(*)+	

 0

 5

 10

 15

 20

 25

 30

 35

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

D
ro

ps

2xBulk TCP + HTTP - ARQ2

pkts dropped (c) - Faster flow
pkts dropped (e) - Faster flow
pkts dropped (c) - Slower flow
pkts dropped (e) - Slower flow

pkts dropped (c) - HTTP transfer
pkts dropped (e) - HTTP transfer

��3&�;5 �
3
7
	8��$.%���������	&% � -��
����=9=!5 ���
�����
� �
	�� ��38� � 

��	:3 ��(*� ��$��

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

S
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

 (
B

/s
ec

)

2xBulk TCP + HTTP - ARQ2

Faster flow
Slower flow

HTTP transfer

�4%�� � (�) ��� �
����	&�
��$!�������
���
�������
$

L D(�?P$@^F�SQO?[\ghP�p=p=Q"@CR/:"q&@^FGI^P$7 WXI�: B?FG@�WX]$F�79D_E$J<� D WX] ptF�'�D9P$p � fCH48;FO@CI^D_ICWXFGE$uGR D9E W^]$F
�1:?@CJK79: Q+'/:"q Q uG:?pt8;FGWXD_E�� H�[
[�� W^@XQ"E$I,q FO@8BF
 S"T @^FG8;FGW^D_WXD_:?E$I D

6�E L D��?P$@CF SQO N/D9I1WX]�F @CFOI^8;:"E$I^F W^D9ptF�:"qmWX]�F H\[
[�� WX@XQAE$ICq FG@�
�d�r a ]$FG798�IC� D WX]GV Q"I^FG79D_E$F
[\r��C
2� D_W^]�d�E�]MQ"E$uGF�' [\r�� WX]�Ft@CFOIC8;:?E$I^F WXD_p=F D_IeI^]$:"@CWXFG@eWX]MQ"E-� D_WX] V QAI^FO7_D9E$F [\r��
Q"E�'/W^]$F FOE$]$Q"E$uOFGp=FGEKW^I�:?E�7_R p=Q"J"F3WX]$F @CFOI^8;:"E$I^F WXD9ptF3I^7_D��?] WX7 R=p=:"@^FeICWXQ"N$7_F+

6�E�L D��"P$@^F SQOAu D_I�WX]$F W^:"W Q"7 E�P$p N;FG@e:"q�uO:"E��?FOI,WXD_:?E�Q"E,'.FO@C@^:?@P'$@^:"8$I3q :?@�WX]�F N$P$7_J [\r��
�M:�� I Q"E�' q :?@�WX]$F H\[
[�� W^@XQ"E�ICq FO@�
�� D WX]YV Q"ICFO79D_E$F [\r�� uO:"E��?FGICWXD_:?E.:�uOuGP$@^I N$PhW � D_WX]
d&E$]MQ"E$uGF�' [\r�� uO:?E,�?FOI,WXD9:"Er'$@C:?8$I1QA@^F B?FO@,Rtq F&�J
E� D_W^]=8$@CD9:?@CD_W^D(> Q WXD_:"E�� :"E$7_R FO@C@^:?@�'$@C:?8$I
:�uOuGP$@
q :?@ WX]$F H\[
[�� WX@XQAE$ICq FG@�

L D(�?P$@^F3S�O�' IC]$:�� I WX]$F3ICD9p P$7 W QAE$FO:?P�I5W^]$@^:"P��?]$8$PhWXI1q :?@5W^]$F3N$P�79Jt[\r��K�M:#�
I Q"E,' q :?@5W^]$F
H�[
[�� W^@XQ"E�ICq FO@�

� ]$FGE�V1Q"I^FG79D_E$F�[\r�� D9I P$ICF�'��AWX]�F5ptF�'�D Q"E : B?FO@^Q"797"WX]$@^:"P��?]$8�P�W D9ImU+� UQ:�VC6AI�
 [
]$F�p=F�'$D Q"E
@^FGI^8;:?E$ICF�W^D9ptF :"q�W^]$F�H�[
[�� WX@XQAE$ICq FG@5D9I¥%QN,
 O I^FGuO:?E,'$I��?� ]$D9u ] D9I1S�� � I^]$:"@CWXFG@�WX]MQ"ER� D_WX]
WX]$F FG@^@C:?@F" q @^FOF179D_E$J9
 [
]�F
D9E WXFG@X0KPMQ"@,WXD97_F5@^Q"E��?F1:"qMWX]$F @^FGI^8;:?E�I^F
W^D9ptF5D9I N,
 :�I^FGuO:?E�'�I���� ]$D9u ]
D9I N,
 U�� 79Q"@X�?FG@1WX]$Q"EG� D WX] W^]$F FG@^@C:?@F" q @^FOFe7_D9E$J9
s[
]�F @CFOI^8;:"E$I^F WXD_p=F�D9I I^]$:"@CWXFG@
WX]$Q"E	� D_WX]
WX]$F FO@^@C:?@F" q @^FGF/7_D9E�J N;FOuOQ"P$ICF :"q\W^]$F/FO@C@^:?@�"�@^FG7 QAW^F�' '$@^:"8$I I^7_:#� '$:#� EkWX]�F/:"WX]�FO@ WX@XQ��=u��
� ]$D_u ] @^F�'$P$uGFOI\W^]$F 79FGE��"WX]/:"qmWX]$F IC]MQ"@^F�' 0KP$FOP�F+

LM:?@ WX]$F N$P$7_Jk[\r�� �M:�� I��
W^]$F ptF�'�D Q"E :Aq3WX]$F FO@^@C:?@�'$@C:?8$I D_I 
 T�q :?@ WX]$F q Q"ICW^FO@R�M:#�



:��

Q"E�' 
I% q :?@ WX]$F IC79:��1FO@��M:��J
M� ]$FGE uO:?pt8MQ"@CF�'K� D_W^])W^]$F FO@C@^:?@�"cq @^FGF/79D9E�J @^FGI^P$7 WXI��5W^]$F
H�[
[�� @^FGI^8;:?E�I^F WXD_p=FGI
WX]MQ W�Q"@^F 7_:?E��?FG@
WX]MQAE W^]$F ptF�'�D Q"E ]$Q B?F�QtICp Q"7_7_FO@
@^F�'$P$u WXD9:"E D_E
WX]$F/@^FGI^8;:?E�I^F WXD_ptF/Q"E,')W^]$F IC]$:?@,WXFO@ :?E$FGIt]MQ B?F Q.7 QA@X�?FG@ @CF�'$P$u WXD_:?EkWX]MQAE)W^]$F/p=F�'$D Q"E
u QAI^F+
 [
]$D_I3D9I3Q"E D_E�'$D9uOQAW^:?@�:"q&WX]$F FO@C@^:?@*'$@^:?8-'�:?p=D_EMQ"E$uGF�D9E W^]$F u Q"ICFOIe]MQ B�D9E,�/Q I^]$:?@,W
@^FGI^8;:?E$ICF W^D9ptFeQ"E�'/:"qmWX]$F uG:?E��?FGICW^D9:?EG'$@^:"81'$:?ptD9E$Q"E$uOF3D9E WX]$F :"8$8;:?I^D WXFeFGE�'�
�[
]$F 7_:#��"
FOE�' @CFOI^8;:"E$I^F�W^D9ptFOI�uO:"E$I^D_ICWm:"q�@^FG8;FGWXD WXD_:?E$I�� ]$FG@^F5N;:AWX] N$P$79J�[\r��]�M:#� ImICP, �FG@ q @^:?p FO@C@^:?@
'$@^:"8$I���Q"E,' W^]$FO@CFGq :?@CF�WX]�FGR=uOQ"E$E$:AW�'�D9ICW^P$@^N FGE$:?P��"] WX]$F�H\[
[��kW^@XQ"E$I,q FO@���Q"E�'�� ]$FG@^F�W^]$F
H�[
[�� WX@^Q"E$I,q FO@ Q B?:?D('$I Q"7_7)'$@C:?8$I W^]MQAW ]MQA8$8;FOE '$P$@CD9E��/WX]$F2LM@^I,W�@C:?P$E�'�WX@^D_8$I�
 j3E W^]$F
uO:"EKWX@^Q"@CR+� WX]$F ]�D��?];"�FOE,' @^FOIC8;:?E$I^F WXD_p=FGI D_E$uO7_P�'$F f [\j WX]MQAW�'$FG7 Q R�I WX]$F uG:?p=8�79F WXD9:"E :"q
WX]$F5� ]$:?7_F�H�[
[�� WX@XQAE$ICq FG@�N;FGu Q"P$ICF�q F�� :"qsWX]$F�H�[
[�� I^F��?ptFOEKW^I3Q"@^F8'$FG79D_B"FO@^F�' Q q WXFO@�Q
79:"E���'$FO79Q R+�$:?@ WX]�F P$E$7_P$u JKR @CFO8;F WXD_W^D9:?E�I�� ]$FG@^F p P�7_WXD_8�7_F�FO@^@C:?@C'$@^:"8$I ]$D W\Q W 79FOQ"ICW :"E$F :"q
WX]$F3H�[
[��):?N2MCFOu W Q"E�' WX]$F�F� FOu W D_I5W^]$FOE u QAI^u Q�'$F�' W^:�WX]$F�WX@XQAE$ICq FG@ :"q�W^]$F37 Q WXFG@1:"N0MCFGuGW^I
N;FOuOQ"P$I^F WX]$F EKP$p N;FO@ :Aq uG:?E$uOP�@^@^FGEKW�H\[
[���uO:"E$E$FOu WXD_:?E$I\D_I
79D_ptD W^F�'�

� ]$FGENV QAI^FO7_D9E�F/[\r��4D_I P$ICF�'��5WX]�F uO:"E��?FGICWXD_:?E)D9I F&�h8;FO@CD9FGE$uOF�'N'�P$F/WX: WX]$F/I^79:���"�I,W Q"@,W
: B?FG@^IC]$:�:"W � ]�FOE$F B?FO@3QAE FO@^@C:?@�'$@C:?81'$:�FGI\E$:"W\uOQ"P$ICF FOQ"@^7 R WX@^Q"E$I^D WXD_:?E WX: WX]$F uO:?E,�?FOI,WXD9:"E
Q B?:"D�'MQ"E�uOF�
kr1:?E��"FOICW^D9:?EK'$@C:?8$I ]MQ"8$8;FGEM'�P$@^D_E�� W^]$F/IC79:���"�I,W Q"@,W : B?FO@CI^]$:�:AWt:"q\WX]�F/N$P�79J
[\r����M:�� I�Q"E�' E$FOQ"@sWX]�F FGEKW^@CR :"q;W^]$F\H\[
[�� WX@^Q"E$ICq FG@�
�� ]$FOE W^]$F\H\[
[�� ICWXQ"@CW^D9E���WXD9ptF
D9E$uG@^FOQ"I^FGI��mQ 8$@^:"NMQ"N$D_79D W�R :Aq5uO:?E��"FOI,WXD9:"E Q WeWX]�F FOE WX@,R :"q�W^]$F H�[
[���WX@XQAE$ICq FG@J'�FOuO@CF Q"ICFOI
N;FOuOQ"P$I^F WX]�F N$P$7_J [\r�� �M:�� I ]$Q B?F Q"79@CF Q+'hR]0KP$D_W^F ICp QA797 uG:?E��?FGICW^D9:?E/� D9E�'�:#� IeN;FOuOQ"P$ICF
WX]$F 8�@^:?NMQAN$D97_D W�R :"q Q"E FOQ"@^7_D9FG@ FO@C@^:?@C'$@^:?8/D9I
]$D(�?]�

� ]$FGEOV QAI^FO7_D9E$F.[\r�� D9I/P$I^F�'@� D WX] d�r a5�\W^]$F ptF�'$D Q"E : B?FO@^Q"7973W^]$@^:?P,�?]$8$P�W D9I U+�KS�O
VC6AI�
�d�r a D_I�ICW^D9797�F� FOu WXD_B"F+�&WX]�F p=F�'$D QAE H\[
[�� @^FGI^8;:?E$ICF W^D9ptF O�� I^]�:?@CW^FO@ Q"E�' W^]$F
D9E WXFG@X0KPMQ"@CW^D97_F @XQAE��?F :Aq\WX]�F/@CFOIC8;:?E$I^F WXD9ptF D9I<
�: � I^p=Q"797_FO@ WX]MQ"E �
D_WX]KV Q"ICFO79D_E$F [\r��C

� ]$FGE WX]$F3H\[
[��kWX@^Q"E$ICq FG@1ICWXQ"@CW^IA'$P$@^D_E�� WX]�F�D9E$D WXD9QA7 IC79:�� ICWXQ"@CW1:"q�WX]$F�N$P�79J [\r��K�$:#� I��
WX]$FG@^F Q"@^F Q=q F�� @CFO8;F WXD_W^D9:?E�I � ]$FO@CFtd�r a4D_I�N;FOE$F&LMuOD9Q"7T��N$P�W3W^]$F N;FOE$F&L$WXI QA@^F ICp QA797Q
36�E
WX]$F 79QAWXFG@&ICW QA@CWXD_E�� @CFO8;FGW^D_W^D9:?E$I��Kf�d�o uG:?EKW^@^:?7_IsWX]$F�0KP$FOP$F\N;FGq :?@CF W^]$F\FGEKW^@CR :"q W^]$F�H\[
[��
WX@^Q"E$ICq FG@���� ]�D9u ] p=Q"J"FGI @^:�:?p q :"@ WX]$F H\[
[�� WX@XQAE$ICq FG@
WX: uO:?pt8$7_FGWXF3q QAICWXFG@�

� ]$FGE V Q"ICFO79D_E$Ft[\r�� D9I P$ICF�' � D WX] 8$@^D_:?@^D WXD!> QAW^D_:"E���WX]$F=ptF�'�D Q"E�: B?FG@XQ"7_7&W^]$@^:?P,�?]$8$P�W D9I
U+���?TYVC6AI�
)[ ]$F p=F�'$D QAE)H�[
[��4@^FGI^8;:?E�I^F WXD_p=F D_IT:�� I^]$:"@CWXFG@=QAE�')W^]$F/D9EKW^FO@{0�P$Q"@CW^D97_F
@XQ"E,�?F :Aq5W^]$F @^FGI^8;:?E�I^F WXD9ptF D_I O+%�� ICp QA797_FO@�WX]MQAEY� D_W^] V Q"I^FG79D_E$F [\r��C
 [
]$FtICFO8MQ"@^QAWXF
H�[
[�� uG7 Q"ICI�0KP$FOP$F I^]$:"@CWXFGE$I @^FGI^8;:?E$ICF WXD_p=FtN;FGu Q"P$ICF WX]�F H\[
[�� 8MQ"u J"FGW^I NKR�8MQAI^I W^]$F
N$P$7_J [\r�� 8MQ"u J"FGW^I�
 � I W^]$FO@CF/D_I Q I^FG8MQ"@^QAWXF	0�P�FOP$F�� Q I^D_p P�7_W QAE$FG:?P$I H\[
[�� WX@^Q"E$ICq FG@
'$:�FOI E$:"W u Q"P�I^F/uG:?E��?FGICWXD_:?E)Q q WXFO@ FOE WX@,R�
 6�E$ICW^F Q+'���WX]$F N$P�79J [\r�� 0KP$FGP$F QAN$I^:?@CN$I W^]$F
8MQ"u J"FGW^I :"q�WX]$F N$P$7_J [\r�� �$:#� IeW^]MQAW QA@^F :?E�7_R]'$FG7 Q R?F�'.N;FOu QAP$I^Ft:Aq�WX]$F 8$@CD9:?@CD_W^D(>OQAWXD :?E�

[
]$FG@^FGq :"@^FtWX]$F q Q"I,WXFG@ [\r��@�M:#� '$@^:?8�I q F&�+8MQ"u J"FGW^I�79FGI^I Q"E�' uG:?p=8�79FGW^FOIeq Q"ICW^FO@���� ]$D9u ]
@^F�'$P$uOFGI\q Q"D_@^E$FGI^I N;F W��5FOFGE WX]$F N$P$7_J [\r�� �M:�� I�

� ]$FGE8V Q"I^FG79D_E$Fs[\r�� D_I�P$I^F�'5� D WX] d�r akQ"E�' 8�@^D9:"@^D_W^D(>OQAWXD :?E¦�OWX]$F&ptF�'$D9Q"Ee: B?FO@^Q"797 WX]$@C:?P��?]?"
8$P�W\D_I U�% :;
5VC6AI�
�[
]$F H�[
[���@CFOIC8;:?E$I^F WXD_p=F3D_I
ICW^D9797 8$P$IC]$F�' '$:#� E�� Q"@{'��MW^]$F ptF�'$D9Q"E D9I

I� �+I^]�:?@CW^FO@1WX]MQ"E<� D WX]GV1Q"I^FG79D9E�F�[\r���
 � IA� D_W^] 79D_E$J�� D_W^] ]$D(�?] � fCH 8;FO@CI^D9I,WXFGE$uGR+�MW^]$F
@^FGI^8;:?E$ICF W^D9ptFtD9I p=:?@CF=I,W Q"N$7_FtWX]MQ"E�� D_W^] V1Q"I^FG79D_E$F=[\r��U� N$P�W E�:"W Q"I�p P$u ] Q"I D9E W^]$F
u QAI^FJ� D WX]/8$@^D_:?@^D WXD!> QAW^D_:"E<� D_W^]$:?P�W\d�r a8

� ]$FGE d&E$]MQ"E$uGF�'�[\r��(D_ItP$I^F�'�� WX]$F ptF�'$D9Q"E): B?FG@XQ"7_7
WX]�@^:?P��"]$8$P�W=D9I=U+� U � VC6AI�
 [ ]$F
I^7_:#��"cICW QA@CW : B?FG@^I^]�:�:"WG'$:�FGI/E�:"W :�uOuGP$@ N;FGu Q"P$ICF.:"q�r�V16 Y I/ICICWX]$@CFOIC]�@CFOP$ICD9E���
 V5FOuOQ"P$I^F



:QO

:"q
FO@C@^:?@�"�@^FG7 QAW^F�'�'$@^:"8$I�� WX]�F N$P$7_J.[\r�� �M:�� I QA@^F=ICW QA@CWXD_E�� �
D_WX] Q"E FGB?FGEk7_:#�5FO@ D9E�D_WXD_Q"7
I^I,WX]$@CFOI^]¦�sQ"E�'.WX]$F R.:"q W^FOE �?F W ]$D_W N R�Q"E�FG@^@^:"@J'$@^:"8 N;F q :?@^F WX]�FtuO:"E��?FOI,WXD_:?EY� D9E�'�:#� D9I
7 QA@X�?F FOE$:"P��?] WX: uO:?E,�?FOI,W�WX]$F=79Q"ICWF"�]$:"8 @^:"P�WXFG@�
/[
]�F p=F�'$D9Q"E H\[
[�� @^FGI^8;:?E$ICF W^D9ptF D9I
S"T�� I^]$:?@,WXFG@�Q"E�' W^]$F=D9E WXFG@X0KPMQ"@,WXD97_F @XQ"E��"F=:"q1W^]$F=@^FGI^8;:?E$ICF=WXD9ptF D_I�S+%�� ICp QA797_FO@3WX]$Q"E
� D_W^]rV Q"ICFO7_D9E$F [\r��C
5j3E$7 R WX]$F\P$8$8;FO@�".0KPMQ"@,WXD_79F ]MQ"I�:?E$F\uO:"E��?FGICWXD_:?E�'$@^:"8=q :"@�W^]$F�H\[
[��
WX@^Q"E$ICq FG@��9� ]�D9u ] I^]�:?@CW^FOE$I�@^FOIC8;:?E$I^F W^D9ptFOI�
A� D_WX]/WX]$F 7 Q"@{�?FO@ D_E$D_W^D9Q"7�� D9E,'$:#� W^]$F�H\[
[��
:?N2MCFOu WXI\:?8;FOE WX]�F uO:?E��"FOI,WXD9:"E1� D_E�'$:#� q QAICWXFG@��MuO:?pt8$79F WXFP� D_WX] 7_FOI^I @^:?P$E,'?"cW^@^D98�I�� QAE�' Q"@CF
79FGI^I
B�P$79E�FO@XQAN$79F3W^:tFO@C@^:?@C'$@C:?8$I�

� ]$FGE�d&E$]MQ"E�uOF�' [\r��4D9I P$ICF�'M� D WX] d�r a8�&WX]$F/p=F�'$D Q"Ek: B?FO@^Q"7971WX]$@C:?P��?]�8$P�W=D_ItU+���?U
VC6AI�
 f\d�o uOQ"E '$: B?FO@,R 7_D_W^W^7_F*� D_W^] d&E$]MQAE$uOF�' [\r���N;FOuOQ"P$I^F WX]�FO@^F D_I E$:=uG:?E��?FGICWXD_:?E D9I
p=:"ICW u QAI^FOI�
5[
]�FO@^F q :?@^F :"E$7_R B"FO@CR q F�� @^FG8;FGW^D_WXD_:?E$I ]MQ B?F Q"EKR/d�r a p=Q"@CJ�I�
�[
]$F p=F�'$D Q"E
H�[
[�� @^FGI^8;:?E$ICF WXD9ptF1D9IC
3N�� IC]$:?@CW^FO@�QAE�' W^]$F D9E WXFG@X0KPMQ"@,WXD97_F1@XQ"E,�?F
:"q;WX]$F
@^FGI^8;:?E$ICF WXD9ptF
D9I�% : � I^p=Q"797_FO@5WX]MQAEG� D_W^] V QAI^FO7_D9E�Fe[\r���

� ]$FGE�d&E$]$Q"E$uOF�' [\r��4D9I P$ICF�' � D_WX]k8$@^D_:?@^D WXD!> QAW^D_:"E��&W^]$F/p=F�'$D Q"E : B?FG@XQ"7_71WX]$@C:?P��?]$8�P�W
D9I�U+�+��
:VC6AI�
 �&@CD9:?@CD_WXD!> Q WXD_:"E u QAE$E$:"W3IC]$:?@CW^FOE W^]$F�p=F�'$D QAE @^FGI^8;:?E�I^F W^D9ptF :Aq&WX]�F H\[
[��
WX@^Q"E$ICq FG@ QAEKR)q P$@,WX]$FG@ q @C:?p WX]$F d&E$]MQ"E$uGF�' [\r�� uOQ"I^F N;FOuOQ"P$ICF uO:?E,�?FOI,WXD9:"EN'$@^:?8�I Q"@CF
B?FO@,R q F�� � D_W^] d�E�]MQ"E$uGF�' [\r����MN$P�W ICW QAN$D97_D W
Rt:"qmWX]$Fe@^FOIC8;:?E$ICF W^D9ptF3D_I
ICW^D97_7�N;F W^W^FO@
WX]$Q"E
� D_W^].d&E$]MQAE$uOF�'�[\r���
 r1:"p=8$Q"@^F�'/� D_WX]-V Q"ICFO7_D9E$F�[\r��U��WX]$F D_EKWXFG@X0KPMQA@CWXD_79F @XQ"E��"F :"q�W^]$F
@^FGI^8;:?E$ICF W^D9ptF3D9IC� � � ICp QA797_FO@�

� ]$FGE d�E�]MQ"E$uGF�' [\r�� D9I P$ICF�'@� D_W^] d�r a Q"E�' 8$@CD9:?@CD_W^D(>OQAWXD :?E���WX]$F ptF�'�D Q"E : B?FG@XQ"7_7
WX]$@C:?P��?]�8$P�W D_I1U+�!O"S8VC6AI�
&[
]$F�D9EKW^FO@{0�P$Q"@CW^D97_F\@XQAE��?F�:"q�W^]$F3H\[
[��)@^FGI^8;:?E$ICF3W^D9ptF\D9I O�O��
I^p=Q"7_79FG@ WX]$Q"E1� D_W^]]V1Q"I^FG79D9E�F [\r��C
�V5FOI^D('$FOI WX]MQAW��MWX]�F @^FOICP$7_W^I�Q"@^F I^D9ptD_79Q"@1W^: d&E$]MQAE$uOF�'
[\r�� � D WX]/8$@^D_:?@^D WXD!> QAW^D_:"E<� D_W^]$:?P�W\d�r a5


 3500

 4000

 4500

 5000

 5500

 6000

 6500

 7000

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

ec
)

2xBulk TCP + HTTP - ARQ1

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

 24

 26

 28

 30

 32

 34

 36

 38

 40

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

R
es

po
ns

e 
tim

e 
(s

ec
)

2xBulk TCP + HTTP - ARQ1

HTTP transfer

�������@=9=!5 �9	:$<��� ��$�	���(*)+	

L D(�?P$@^F�S"U?[�g�P$p=p=Q"@,R :"q�@^FGI^P$7 WXI1: B?FO@5W^]$F�79D_E$J�� D_WX] 7_:#� � fCH 8;FO@CI^D_ICWXFGE$uGR D_E=W^]$F �1:?@CJ�"
79:?Q+'/:AqsQ uG:?pt8;FGW^D9E�� H�[
[�� W^@XQ"E$I,q FO@8B�
 S"T @^FG8;FGW^D_WXD_:?E$I D

6�E L D��?P�@^F�SAU?Q D9I&WX]$F\: B?FO@^Q"797$W^]$@^:?P,�?]$8$P�W5: B?FO@�WX]$F\7_D9E$J8� D WX]t79:#� � fCH�8;FG@^I^D_ICW^FOE$u R��$QAE�'
D9EkL D��"P$@^F/S"UAN)D_I WX]�F/@^FGI^8;:?E�I^F/WXD_p=F :Aq\WX]$F H\[
[�� W^@XQ"E$I,q FO@�
 � 79:?ICICR 79D_E$J � D WX]k7_:#�
� fCH 8;FO@CI^D9I,WXFGE$uGR ]$Q"I�p=Q"EKR.FG@^@^:"@8'$@^:?8�I�
 [
]�FOI^F<'$@C:?8$I�@CF�'$P�uOF W^]$F 7_: Q+' :Aq WX]$F=7 Q"I,W{"
]$:?8 @^:"P�WXFG@1D9E pt:?ICW1u QAI^FOI��,� ]$D9u ] Q"797_:#� I�WX]$F�uO:"p=8;F WXD9E,� H�[
[��kWX@^Q"E$I,q FO@5WX:�ICW Q"@,W p P$u ]
q Q"ICW^FO@P� D WX]$:?PhW uO:"E��?FGICWXD_:?E�
 LM@^:?p WX]�F ptF�'$D9Q"E @CFOI^8;:"E$I^F WXD_ptF�� D WX] V QAI^FO7_D9E�F [\r�� �1F



:"U

'$F�'�P$uOF�WX]MQAW�WX]$F H�[
[C� W^@XQ"E�ICq FO@*�?:AW3:"E$F WX]$D_@X' :"q&W^]$F�NMQ"E�',� D('�WX]/'$P�@^D9E,� D WXI\WX@^Q"E$ICq FG@
FGB?FGE � D WX]$:"P�W\d5r a :?@
8$@^D_:?@^D WXD!> QAW^D_:"E�

� ]$FGE V Q"I^FG79D_E$F [\r�� D_I P$I^F�' � D WX]�8$@^D_:?@^D WXD!> Q WXD_:"E��
Q ]MQA7_q :Aq WX]�F 79D9E�JkNMQ"E�'?� D�'�W^] D9I
Q"7_79:�uOQAWXF�'=q :?@�WX]$F3H�[
[��kWX@^Q"E$I,q FO@1N$P�W 8MQ"@,W :"q�WX]�FeQ"7_79:�uOQAWXF�' NMQAE�',� D�'hWX] D9I5E$:"W P$ICF�'/N R
WX]$F H�[
[���WX@XQ"E�ICq FO@\N;FOuOQ"P$I^F WX]�F I^7_:#��"�I,W Q"@,W�@C:?P$E�';"cWX@CD98$I 79D_ptD W WX]$F uG:?E��?FGICW^D9:?E1� D9E�'�:#�
:"q W^]$F
H�[
[�� :?N2MCFOu WXI�
s[
]�FO@^F q :?@CF
W^]$F H\[
[�� @^FGI^8;:?E$ICF
WXD_p=F5D_Is:?E�7_R�T,
ZU3ICFOuG:?E�'$I�IC]$:?@CW^FO@
WX]MQAEG� D_W^] V QAI^FO7_D9E$F3[\r���

[
]$F ptF�'$D9Q"E)H�[
[C�+@CFOI^8;:"E$I^F W^D9ptF<�
D_WX])d�E�]MQ"E$uGF�' [\r��4D9I	
�O ��" 
�:�� I^]$:?@,WXFG@ WX]$Q"E
� D_W^]«V QAI^FO7_D9E$F [\r��U�A'$FO8;FGE�'$D_E�� :?E WX]$F uO:"E,LS�?P$@^QAWXD_:?E :"q3WX]$F 7 QAICW{"c]$:?8 @C:?P�W^FO@�
 [ ]$F
D9E WXFG@X0KPMQ"@CW^D97_F�@^Q"E��?F�:"q$W^]$F5@^FGI^8;:?E$ICF1W^D9ptF�D9I�% : ��"b�!:���I^p=Q"7_79FG@�W^]MQ"E8� D WX]�V Q"I^FG79D_E$F�[\r��C

� D_W^] d&E$]$Q"E$uOF�' [\r��Y� T�� :Aq$WX]$F57_D9E$J3NMQAE�',� D('�WX]�D9ImP$ICF�' NKR WX]$F1H\[
[�� WX@XQ"E�ICq FO@ QAI W^]$F
H�[
[�� :?N2MCFOuGW^I�]MQ B?F
7 Q"@{�?FO@ D_E$D_W^D9Q"77� D_E�'$:#� I�Q"7_79:�� D_E���WX]�FOp WX:e:?8;FGEtuG:?E��"FOICW^D9:?E:� D9E�'�:#�
q Q"ICW^FO@�WX]MQ"E D9E-V Q"I^FG79D_E$F [\r��C
 dsB?FOE.WX]�:?P��?] WX]$F H\[
[���W^@XQ"E�ICq FO@3D9I3]$D WeN R W^]$F FO@C@^:?@�"
@^FG7 QAW^F�'�'�@^:?8$I�� p P$7_W^D98�7_F5uO:"E$uOP$@C@^FGEKW&WX@XQAE$ICq FG@^I&FOE$Q"N$79F D W WX:3uO:?pt8$79F WXF1@^FOQ"I^:"EMQ"N$7 R�0KP$D9u JK7_R
N;FOuOQ"P$I^F D W D_I=E$:"W=B?FO@,R 8�@^:?NMQAN$79F W^]MQAW=WX]�F WX@XQAE$ICq FG@ :"q Q"797
q :"P$@=:?N2MCFOu WXI D_I�'$D_ICWXP�@^N;F�'
I^D_p P$7_WXQ"E$FG:?P$I^7 RtN R W^]$FeFG@^@C:?@�'$@C:?8$I�
&[
]$FeN$P$7_J=[\rA� �M:#� IC'$: E�:"W
]MQ B?F3WX]�D9I Q+'�BAQ"E W Q��?F
:"q
p P$7_W^D98�7_FtuG:?E$E$FGuGW^D9:?E Q"E,' WX]$FG@^FON R I^7_:#� '$:#� E I^D(�?E$D(L$u Q"E WX7 R-� ]$FGE)QAE FO@C@^:?@ :�uOuGP$@^I�

[
]$F�'�FO79Q R�I\q :?@�Q"E D9E�'�D_B�D�'$P$Q"7 H\[
[�� :?N2MCFGuGW3Q"@CF uO: B?FO@CF�' NKR/W^]$F WX@^Q"E$ICq FG@�:"q WX]�F�:AWX]$FG@
:?N2MCFOu WXI�
�[
]$F @CFO8;FGW^D_W^D9:?E$I�� ]$FG@^F�WX]�F�7 Q"I,W{"�uG:?pt8$7_FGW^D_E��t:?N2MCFOu W3D9I�]�D_W�NKR W^]$F�FO@C@^:?@ '$@C:?8$I
Q"@^F @^Q"@^F FGE$:?P��"] ]MQ B�D_E�� 7_D_W^W^7_F I^D(�?E$D!LMu QAE$uOF D_E.W^]$FR0KPMQ"@,WXD_79FOIe:?@3WX]$F p=F�'$D QAE�
 � I d�r a
E$:?@&8$@CD9:?@CD_W^D(> Q WXD_:"E uOQ"E$E$:AW5Q� FOu W�WX]$F 7_D9E$J FO@^@C:?@^I�QAE�' WX]�FO@^F D_I&E$: uG:?E��?FGICWXD_:?E��?WX]$F\H\[
[��
@^FGI^8;:?E$ICF W^D9ptF3:"q W^]$F d&E$]MQ"E$uGF�' [\r���u QAI^F D_I E�:"W\IC]$:?@,WXFOE�F�' NKR WX]�F FGE$]MQAE$uOFGp=FGEKWXI�


R�� ;�� H � ��8)8C& ��Y,��� SJ 01U��/V��1

� ]$FGEMV Q"ICFO7_D9E$F [\r�� D9I P�I^F�'¦��WX]$F @CFOIC8;:?E$I^F W^D9ptF :"q W^]$F/H\[
[�� W^@XQ"E�ICq FO@ I^P, FO@CI N;F "
u QAP$I^F�:Aq�IC79:���"�ICWXQ"@CW�: B?FG@^IC]$:�:"W5:"q WX]�F\N$P$7_J [\r�� �M:�� I���uO:"E��?FGICWXD_:?E��KI^8$P�@^D9:"P$I5f [\jeI5QAE�'
FO@C@^:?@J'�@^:?8$I�
=[
]$FGI^F=8$@^:"N$79FGp=Ie]MQ B?F WX]$F p=:"ICW I^FGB?FG@^F=F� FOu W8� ]�FOE W^]$FGR ]$D_WeWX]�FtD9E�D_WXD_Q"7
� D9E,'$:#� :Aq3Q"E H\[
[��+:"N0MCFGuGW�
 d�r a @CF�'$P�uOFOI=I^F B?FO@CD_W�Rk:"q�WX]$FGI^F 8$@^:?N�79FOptI F&�huOFG8�W=q :?@
WX]$F�I^79:���"�I,W Q"@,W3: B?FO@CI^]$:�:"W�
 H�:��1FGB?FG@���W^]$F 8$@C:?N$79FGptI3Q"@CF E�:"W3I^:?7 B?F�' uG:?pt8$79F WXFO7 R�
 � ]$FGE
V Q"ICFO7_D9E$F\[\r�� D9I�P$ICF�'r� D_W^] 8�@^D9:"@^D_W^D(>OQAWXD :?E��?W^]$F�@^FGI^8;:?E$ICF�W^D9ptF :"q�W^]$F�H�[
[�� WX@XQAE$ICq FG@5D9I
I^]$:"@CWXFGE$F�' '$@XQ"p=QAW^D9uOQ"7_7 R�
&[
]�F IC79:���"�ICWXQ"@CW : B?FO@CI^]$:�:"W�Q"E�' uO:?E��"FOI,WXD9:"E q :"@
W^]$F N$P�79J [\r��
�M:�� I uOQ"E$E$:AW�'$FG7 Q R H\[
[�� 8MQAu J"F WXI��)� ]$D_u ]kQ"@^F ICFO@CB?F�' q @^:?p WX]$F H�[
[��="�uG7 Q"ICI�0KP$FGP$F+

gh8$P$@CD9:?P�I f [\jeI q :"@�WX]$F/H\[
[�� WX@^Q"E$I,q FO@ N;FGuO:?ptF @XQA@^F Q"E�'kD WXI:'$@C:?8$I Q"@CF uG:?pt8$79F WXFO7 R
@^FGp=: B?F�'�
8� ]�FOE�8$@^D_:?@CD_W^D(> Q WXD_:"E D_IeP�I^F�'.W^:��?FGW^]$FO@P�
D_WX].d�r a8��uG:?E��"FOICW^D9:?E D9I3uO:?E WX@C:?797_F�'
NKR d�r a8��� ]$D9u ] @CF�'$P�uOFOI 0KP$FOP�D9E��R'�FO79Q R :Aq W^]$F H\[
[���8MQAu J"F WXI '$P�@^D9E,� WX]�FeWXD_p=FGI��
]$FOE
WX]$F�N$P$7_Jt[\r�� 0KP$FGP$FeN;FOuG:?p=FGI FOpt8�W�R�
&[
]�FO@^F q :?@CF3W^]$FeH\[
[�� @CFOI^8;:"E$I^F3W^D9ptF�D_I1IC79D��"]KWX7 R
I^]$:"@CWXFG@�W^]MQ"E � D WX] 8�@^D9:"@^D_W^D(>OQAWXD :?E QA79:?E�F+
�� D_W^] Q"7_7UV1Q"I^FG79D_E$F [\r�� uO:?E?LS�?P$@^QAWXD_:?E$I WX]$FGI^F
F� FOu WXI N;FOuG:?ptF/Q"79pt:?I,W E$:?E;"�F&�hD_ICWXD_E�� :"E$7_R : B?FG@ B?FG@CR FO@^@C:?@ 8$@^:?E�F/7_D9E�J 
 j3E W^]$F 79D_E$JKI
WX]MQ W 8;FO@,q :?@^p � fCH @CFGW^@XQ"E$ICp=D_I^ICD9:?E$I���W^]$F3@CFOI^8;:"E$I^F3W^D9ptF �"@^:#� I1N;FOuOQ"P$ICFe:"q ICWXQ"797_I5:"q�W^]$F
79D_E$J9
s[
]$:?I^F I,W Q"7_79I
Q"7_I^:2�?FGE$FO@^QAWXF uG:?E��?FGICWXD_:?E�

� ]$FGE�d&E$]$Q"E$uOF�'.[\r�� D9I�P$ICF�'�� r�V56$��LU"�f [\j:� Q"E�' W^]$F D_E$D_W^D9QA73� D_E�'$:#� :"q&q :"P$@�@^F�'�P$uOF
WX]$F H�[
[��4@CFOI^8;:"E$I^F W^D9ptF+
)r�V16�@CF�'$P�uOFOI=uG:?E��?FGICW^D9:?E��5LU"
f [\j 8$@CFGB?FOE WXI=P$E$E�FOuGFOI^IXQ"@,R



:Q:

@^F WX@XQAE$I^ptD9ICI^D9:"E$I���Q"E�' D9E�D_WXD9QA7�� D_E�'$:�� :"q�q :?P�@eQ"7_79:�� I�q Q"ICW^FO@3:?8;FGE$D9E�� :"q�WX]$F uO:?E,�?FOI,WXD9:"E
� D9E,'$:#�J
�H�:��1F B?FO@���� D WX] 79Q"@X�?FG@1D9E�D_WXD9QA79� D_E�'$:�� WX]$FeIC8$P$@CD9:?P$I
f [\j3I QAE�'G'$@C:?8$I
N;FGuO:?ptF
p=:"@^F q @^F�0KP$FGEKW Q"I3W^]$F H\[
[���W^@XQ"E$I,q FO@P�?FOE$FG@XQAW^FOIeuO:?E��"FOICW^D9:"E q :?@�D_W^I^FO7 q�
 [
]$FG@^FGq :"@^F W^]$F
@^FGI^P$7 WXI���� ]$FOE d&E$]MQ"E�uOF�' [\r�� Q"E�' 8$@CD9:?@CD_W^D(>OQAWXD :?E3D_I�P$I^F�'��"Q"@CF&E$:AWmQ"I3�?:�:;' Q"I�D_EJV Q"I^FG79D_E$F
[\r�� � D WX] 8$@CD9:?@CD_W^D(>OQAWXD :?E�
 d�E�]MQ"E$uGF�'/[\r�� � D WX] d�r a ]MQAI I^D_p=D_79QA@5d5r1a p=Q"@^J N;FOE$F&L$WXI
Q"I�W^]$F*V Q"ICFO7_D9E$F [\r�� � D WX] d�r a�u QAI^F+
WV1FGu QAP$I^F�I^7_:#��"�I,W Q"@,W5: B?FO@CI^]$:�:"W1:"q�WX]�F�N$P$7_J [\r��
�M:�� I�D9I�Q B?:?D�'�F�'��?WX]$F\H\[
[�� WX@^Q"E$ICq FG@&W QAJ"FOI5Qe7 Q"@{�?F I^]MQA@^F :"q W^]$F NMQ"E�'?� D�'�W^]t:?E W^]$F 79D_E$J
� D_W^]tptF�'$D9P$p :?@&7_:#� � fCH 8;FO@^ICD9ICW^FOE$u R�
&[
]$FG@^FGq :"@^F\E$FGD_W^]$FO@�d�r a E$:?@&8$@CD9:?@CD_W^D(>OQAWXD :?E ]MQ"I
E$:tICD��?E�D(LMuOQ"EKW
F� FOu W�:?E/W^]$F H�[
[���@CFOIC8;:?E$I^F WXD_p=F*� D WX] WX]$FGp 

� D_W^] d�r a q Q"D_@^E$FGI^I N;FGW.�1FOFGE W^]$F N$P$7_J [\r�� �$:#� ItD9I D_E�q FO@CD9:?@�WX:.W^]$F V Q"ICFO7_D9E$F [\r��
u QAI^F+
 � D WX] 8$@CD9:?@CD_W^D(>OQAWXD :?E�WX]�F.q Q"D_@^E$FGI^I/D9I N F W^W^FO@/W^]MQ"E D9E WX]$F�V1Q"I^FG79D_E$F.[\r�� uOQ"I^F�

� D_W^] FO@^@C:?@F" q @^FGF 7_D9E$J W^]$F N$P$7_J [\r��«�M:�� I�F&�h8;FG@^D9FGE$uGF:'$P$F WX:=8$@CD9:?@CD_W^D(> Q WXD_:"E QR0KP$FOP$D_E��
'$FO79Q R�W^]MQAW�D9I&7_:?E��eFOE$:"P��?] WX:eWX@^D(���?FG@sI^8$P�@^D9:"P$I�f [\j3I&q :?@sW^]$F N$P$7_J�[\r�� �M:�� IW� ]$FGE=W^]$F
H�[
[�� W^@XQ"E$I,q FO@ N;F��"D9E$I Q q WXFO@�% S\ICFOuG:?E�'$I�
&[
]$F1IC8$P$@CD9:?P$I f [\j�uOQ"P$I^FGIsp=Q"EKR P$E�E$FOuGFOI^IXQ"@,R
@^F WX@XQAE$I^ptD9ICI^D9:"E$I�
�� D_WX].8$@CD9:?@CD_W^D(>OQAWXD :?E.QAE�' d�r a8� ICP$u ] IC8$P$@CD9:?P$I f [\j3I QA@^F 8�@^FGB?FGEKW^F�'
NKR d�r a p Q"@CJKI WX]$QAW/@^F�'�P$uOF.WX]$FY0KP$FGP$D9E,� '$FO79Q R�N;FGq :"@^FO]$Q"E�'�
 H�:��1FGB?FG@��*� D_WX] ]$D(�?]
� fCH 8;FO@CI^D_ICWXFGE$uGR�WX]$F I^p=Q"797 0KP$FGP$D9E,� '$FG7 Q R�uOQ"E 7_F Q+'�WX: 79:�:?8 � ]$D9u ] W^:��?F WX]$FG@<� D_WX]
WX]$F 79D9E�J�"c7_FGB?FG7\@CFGW^@XQ"E$ICp=D_I^ICD9:?E u QAP$I^F�' '�FO7 Q RkWX@CD����"FO@^I=Q I^8$P$@CD9:?P�I f [\j 8;FG@ F Q"u ] N$Q+'
ICWXQAWXFtq :"@ Q N�P$79J [\r�� �M:��J
 � I8� D WX]�WX]�FR�1:?@CJ�7_: Q+'$I :"q
Q uO:?pt8;FGW^D9E�� [\r�� �M:#�J� W^]$F
I^7_:#��"cICW QA@CW
: B?FG@^I^]�:�:"W\D9I 8$@^F B?FOEKW^F�' NKR r�V561D_E d&E$]MQAE$uOF�' [\r�� uOQ"I^F�
1j3E/W^]$F FG@^@^:"@F"cq @CFOF
79D_E$J9��P�E�q Q"D9@CE$FOICI D9E$uG@^FOQ"I^FGI N;FGW.�1FGFOE W^]$F N$P$7_J [\r��@�$:#� I � ]$FOE�W^]$FO@CFtD_IeE$:/I^79:���"�I,W Q"@,W
: B?FG@^IC]$:�:"W5N;FOuOQ"P$ICF�:"q¦'$@C:?8$I5Q� FGuGWXD_E�� :?E�7_R :?E$F\N�P$79J [\r�� �M:��J
&H�:#�5FGB?FG@���d�r a D_I�Q"N$7_F
WX:3D_pt8$@^: B?F�q Q"D9@CE$FOICIsQ+� Q"D_E WX:�79F B?FO7;� D_W^]�WX]$F�V Q"ICFO79D_E$F5[\r��Y� D_W^] d�r a u Q"ICF+
=� D WX] :AWX]$FG@
79D_E$JtW�Rh8;FGI�� E$: uO:?E$uG@^F WXF WX@CFOE�'�I q :?@ WX]$F N�P$79J [\r��&I�uOQ"E N;F5'$@^Q�� E :?P�W :"qmWX]$F @^FGI^P$7 WXI�


��� � # ��� � ��� �(# ��! �=�,� �k	 ����2�� ���h�,��� �k�c� � � � ���$����24�
��� �=�
� �

6�E WX]�FC�1:?@CJ�7_: Q+'�� D WX] uG:?pt8 F WXD_E��eICWX@CF Q"ptD9E,�P�M:#�J� W^]$FO@CF\Q"@^F W.�1: N$P�79J�'MQ W Qe[\r�� WX@XQAE$IF"
q FO@CI Q"E�'/:?E�FeICWX@CF QAp=D_E�� `�oP� �M:��J
�[
]$FeN$P$7_J=[\r��M�M:�� I\Q"@CFeI,W Q"@,WXF�' QAWC>GFO@C:tICFOuG:?E�'$I�

� F @CFGq FG@
WX: WX]$FGp QAI
WX]$Feq Q"I,WXFG@\Q"E�' I^7_:#�5FO@C�$:#�J

� F @CFO8;:?@,W WX]�F 8;FG@Cq :?@Cp QAE$uOF :"qeW^]$F � ]$:?7_F �5:?@^JK79:?Q+' P$I^D_E�� WX]$F : B?FG@XQA797 WX]�@^:?P��"]$8$P�W�

[
]$F B Q"79P�F D_E$uO7_P�'$FOI\]$FOQ+'$FO@CI���Q"E�' W^]$FO@CFGq :?@CF�D WXI W^]$FO:"@^FGW^D9uOQ"7 p Q#��D_p P$p D9I � T"T?T�VC6AI�
 6�E
WX]$F QAEMQ"7_R�ICD9I :"q WX]$FeI,WX@^FOQ"ptD9E����M:�� �1FeP$I^F3WX]$F3WX]�@^:?P��"]$8$P�W���WX]$FeFGE�'?"cW^:�"�FGE�'G'$FG7 Q R���W^]$F
6�� � Q"u J"F W o�FO7 Q R b�Q"@CD QAW^D_:?E B 6���o
b D&��Q"E,' WX]�F E�P�p N FG@3:"q�8MQ"u J"FGWJ'$@C:?8$I�
 [
]$F E�P$p N;FG@
:"q ICWX@CF Q"ptD9E,� 8$Q"u J"F WXI	'$@^:"8$8;F�' D_I D9E B?FO@^ICFO7 R 8$@C:?8;:?@CW^D9:?E$Q"7 WX: WX]�F W^]$@^:"P��?]$8$PhW :"q W^]$F
ICW^@^F QAp=D_E��r�M:#�J
�LM:?@eQ"E$Q"7_R�I^D_I3:"q�WX]�F q QAICWXFG@ Q"E,'.I^79:��1FG@P�M:�� �5F P$ICF FO79Q"8$ICF�' WXD_p=F�
 6�E
Q+'�'$D WXD_:?E���WX]$F ICD9p P$7_WXQ"E�FO:?P$I1WX]�@^:?P��"]$8$P�W^I�Q"@CF @^FG8;:?@CW^F�'�

LM:?@ F Q"u ] 79D_E$J�W�R�8;F �5F P�I^F�LS�?P$@CFOI WX]MQAW uG:?pt8MQ"@CF�WX]$F @^FOICP$7_W^I � D WX] V Q"ICFO7_D9E$F�[\r��
BQV lUD �*V QAI^FO7_D9E$F [\r�� � D_WX] d�r a BQV lU�ed�r aPD �PV Q"ICFO7_D9E$F [\r�� � D WX] o�D( �ghFO@,B�8$@CD9:?@�"
D_W^D�>OQAWXD_:"E q :?@ ICW^@^FOQ"p=D_E��@BQV lU�eoeg�D �*V1Q"I^FG79D_E$F�[\r�� � D_W^] d�r a Q"E�' o�D! �g�FO@CB 8�@^D9:"@^Dt"
WXD(> QAW^D9:?E q :?@ I,WX@^FOQ"ptD9E��KBQV1l��eoeg,� d�r a*D&��d&E$]MQAE$uOF�' [\r�� B d&[\r��¥D ��d&E$]MQ"E$uGF�')[\r��
� D_W^].d�r a B d&[\r���� d�r aPD �md&E$]$Q"E$uOF�'�[\r�� �
D_WX] o�D( �ghFO@,B 8$@^D_:?@^D WXD!> QAW^D_:"E q :"@3I,WX@^FOQ"p�"
D9E�� B d&[\r����eoeg�D ��Q"E,'�d&E$]MQ"E$uGF�'�[\r�� � D WX] d�r a Q"E�'�o�D! �g�FO@CB�8$@CD9:?@CD_W^D(>OQAWXD :?E q :?@



: �

ICW^@^F QAp=D_E��/B d�[\r����eoeg��ed�r
aPD 
�� F�Q"EMQA7_R;>OF WX]�F�uOQ"I^FGI3D9E WX]$QAW�:?@{'$FO@�
�ghD_E$uOF :?E�7_R/8$@CD!"
:?@^D WXD(> Q WXD_:"E8� D WX] W^]$D9I��1:"@^JK79: Q�' D_I q :?@ ICWX@CF Q"ptD_E������1F @^F q FO@ WX:3D_W I^D9pt8$7 R Q"Is8$@CD9:?@CD_W^D(>OQAWXD :?E�

[
]$F2LS�?P$@CFOI I^]�:#� WX]$FtptF�'�D Q"E�QAE�'�W^]$FR0KPMQ"@,WXD97_FOIP� D_W^] Q/I^:?7_D�' FO@^@C:?@^N$Q"@eq :?@3WX]$FR�"D_B?FGE
p=F WX@CD9uGI�
E� ]$FGE 8$@^FGI^FGEKWI�;Q�'$:"WCWXF�' FG@^@^:"@^NMQ"@
I^]�:#� I WX]$F ptD9E�D9p�P$p Q"E�'/W^]$F p Q#��D_p P$p1


R�� H ��� 46�����K� � ���� ! � �@���

 7300

 7400

 7500

 7600

 7700

 7800

 7900

 8000

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

ec
)

2xBulk TCP + Stream - Error-free link

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

 2900

 3000

 3100

 3200

 3300

 3400

 3500

 3600

 3700

 3800

 3900

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

T
hr

ou
gh

pu
t (

B
/s

ec
)

2xBulk TCP + Stream - Error-Free Link

Streaming flow

�4��� � ����	&��)+( ��� �������
�����������

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

E
nd

-t
o-

en
d 

de
la

y 
(m

s)

2xBulk TCP + Stream - Error-Free Link

�43&� � ����	&��)+( ���+	 ��% 
 ����
 	 ��% %�	��#� �

-50

 0

 50

 100

 150

 200

 250

 300

 350

 0  0.25  0.5  0.75  1

IP
 p

ac
ke

t d
el

ay
 v

ar
ia

tio
n 

(m
s)

Cumulative distribution function

2xBulk TCP + Stream - Error-Free Link

BL
BL+ECN
BL+DS
BL+DS+ECN
ETCP
ETCP+ECN
ETCP+DS
ETCP+DS+ECN

�4%�� � ����	&�
)+( ����� 5����

 70

 75

 80

 85

 90

 95

 100

 105

 110

 115

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

E
la

ps
ed

 ti
m

e 
(s

ec
)

2xBulk TCP + Stream - Error-Free Link

Faster flow
Slower flow

�4	:�; "�#����$<	:%'��(�)+	,��-.����	,������7>=@?A5 $

 0

 500

 1000

 1500

 2000

 2500

 3000

 3500

 4000

ETCP
DS

ECN

ETCP
DS

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
ECN

BL

S
im

ul
ta

ne
ou

s 
th

ro
ug

hp
ut

 (
B

/s
ec

)

2xBulk TCP + Stream - Error-free link

Faster flow
Slower flow

Streaming flow

� -
� � (�) ��� �
����	&�
��$!�������
���
�������

L D(�?P$@^F SQ:?[
ghP$ptp=Q"@CR :"q&@CFOI^P�7_WXI�: B?FO@\WX]$F FO@C@^:?@�"cq @CFOF 7_D9E$J D_E WX]$F5�1:?@CJK79: Q�' :"q WX]$F uO:"p2"
8;FGW^D9E�� ICW^@^FOQ"p=D_E��:�M:#� BF
 S"T @^FG8;FGWXD WXD_:?E$I$D



:�N

[
]$F\: B?FG@XQ"7_7�WX]$@C:?P��?]$8�P�W5: B?FO@&WX]$F FO@C@^:?@�"cq @^FGF 79D_E$J D9I&I^]$:�� E D_E=L D��?P$@CF\SQ:"Q?
 [
]$F\ICW QAN$D97_D W
R
:"q WX]$Fe: B?FG@XQ"7_7 WX]$@C:?P��?]�8$P�W D_IC�":�:;'/D_E/Q"797 uO:"E,LS�?P$@^QAWXD_:?E$I F&�huGFO8�W\D9EGV Q"ICFO7_D9E$F3[\r�� � D_WX]
d�r a Q"E,' 8$@^D_:?@^D WXD!> QAW^D_:"E�
M� D_W^] d&E$]MQ"E$uGF�'�[\r��+W^]$F : B?FG@XQ"7_7
W^]$@^:?P,�?]$8$P�W=D9ItIC79D��"]KWX7 R
]$D��"]$FO@ WX]MQAE��
D_WX]�V Q"I^FG79D_E$F�[\r���
 6�E�WX]�F1u QAI^FOI�� D_W^] d�r a8� WX]�FO@^F5D9I Q�E$F��"79D��"D_N$7_FW'$FGuO@CF Q"ICF
D9E W^]$F : B?FG@XQ"7_7�WX]�@^:?P��"]$8$P�W�

[
]$F I,WX@^FOQ"ptD9E�� WX]$@C:?P��?]$8�P�W D9I I^]�:#� E D9E L D(�?P$@CF SQ:AN¦
 � D_W^]$:?P�W 8�@^D9:"@^D_W^D(>OQAWXD :?E�W^]$F
WX]$@C:?P��?]�8$P�W D9I 7_:#�1FG@ W^]MQ"E WX]$F/ICFOE�'�D9E��.@XQAW^F+
 � D_W^])d�r a W^]$F W^]$@^:?P,�?]$8$PhWtD9I uO7_F Q"@C7_R
79:��1FO@eWX]MQAE D9E.WX]�F=:"WX]�FO@ u Q"ICFOI�
<� D_WX]�8$@^D_:?@^D WXD!> QAW^D_:"E.W^]$F=I,WX@^FOQ"ptD9E��G�$:#�+D9I I^FG@CB?F�' QAW
WX]$F q P$7971@^QAWXF D9E FGB?FG@CRkuOQ"I^F�
k[
]$F WX]�@^:?P��"]$8$P�W :"q\WX]$F/I,WX@CF Q"ptD9E,�/�M:#� D_I ]$D��"]$FO@�� D_WX]
d&E$]MQ"E$uGF�' [\r�� WX]$Q"EG� D_W^] V1Q"I^FG79D9E�Fe[\r��C

[
]$F
ICW^@^FOQ"ptD9E���FOE�'?" WX:�"cFOE�'�'$FG7 Q R�D_I I^]$:�� EtD_E L D��?P�@^F
S�:Au+
 [
]�F WX]$FG:?@^F WXD_u Q"7hp=D_E$D_p�P$p :"q
WX]$F�FOE�'?" WX:�"cFOE�'8'$FO79Q R D_I W^]$F5I^P�p :"q$W^]$F�W^@XQ"E�I^ptD9I^ICD9:?E QAE�'�8$@C:?8MQ+�?QAWXD_:?E5'�FO7 Q R�I�
=V Q"I^FG79D_E$F
[\r��)]MQ"I1B?FG@CR 79:?E,��FOE�'?" WX:�"cFOE,'	'$FO79Q R+
E� D WX]$:"P�W 8�@^D9:"@^D_W^D(>OQAWXD :?E���d�r a @^F�'�P$uOFGI
W^]$F3FOE,'?"
WX:�"cFOE�'�'�FO7 Q R.:Aq1WX]$FtICWX@CF QAp=D_E�� 8MQ"u J"F WXI�I^7_D��"]KWX7 R+
R� D_W^] 8$@CD9:?@CD_W^D(>OQAWXD :?E WX]�F=FGE�'?"cW^:�"�FGE�'
'$FO79Q R @^FGp QAD9E$IeI,W Q"N$7_F N$PhW @CFO79QAWXD B?FO7_R 7_:?E��,
 6�E.WX]$Ftd�r a � D_WX].8$@^D_:?@^D WXD!> QAW^D_:"E u Q"ICF+�mW^]$F
FOE�';"cWX:�"�FGE�'Y'�FO7 Q R D_I3E�:"WeD9pt8$@C: B?F�'.Q�� Q"D9E�ICW�W^]$F 8�@^D9:"@^D_W^D(>OQAWXD :?E :"E$7_R uOQ"I^F�
 [
]$F FOE,'?"cW^:�"
FOE�'1'$FO79Q R D_I
:?E$7_R I^7_D��?] WX7 R Q� �FGuGW^F�' N R WX]$F [\r�� B Q"@^D9Q"EKW�

6���o
b+:"qsWX]$F�ICW^@^FOQ"p=D_E��R�M:#� D9I�I^]$:�� E D9E L D(�?P$@^F�SQ:�'¦
�6cW3D_I*'�:?p=D_EMQAW^F�' NKR WX]$F�N$P�@^ICW^I
WX]MQ We:�uOuOP�@P� ]$FOE�p=Q"E R ICW^@^FOQ"p=D_E�� 8MQ"u J"F WXI Q"@^F:'$FG79D_B?FG@^F�'�Q"I3uO:?E�I^FOuGP�WXD B?F 8MQ"u J"FGW^I QAE�'
@^FG7 QAW^D_B?FG7_R 79Q"@X�"F '�FO7 Q R�I�

6�E L D��?P�@^F S�:AF+� WX]$F FG7 Q"8$ICF�' WXD_p=FGI=:"qeW^]$F N$P$7_J)[\r�� �M:#� I QA@^F IC]$:#� E�
@� D WX]�d�r a
WX]$F ptF�'�D Q"E FO79Q"8$I^F�'�WXD9ptF :"qeWX]$F q Q"I,WXFG@r�M:#� D9I IC]$:?@CW^FO@ W^]MQ"EN� D WX]$:?PhW d5r a5
 � D WX]
d&E$]MQ"E$uGF�' [\r��U� WX]$F�FO79Q"8$I^F�' WXD_ptF�:"qhWX]$F�q Q"ICW^FO@��M:�� D9I pt:?@^F�ICWXQ"N$7_FW� D_W^]�d�r a8� N�P�WU� D_WX]
V Q"ICFO7_D9E$Ft[\r�� WX]$F=:?8$8;:?ICD_W^F=]MQ"8�8;FOE$I�
 [
]�F B Q"@^D9QAWXD_:?E$I :"q W^]$F I,WX@^FOQ"ptD9E��/WX]$@C:?P��?]$8�P�W
Q"@^F BhD_I^D_N$79F D9EtWX]$F�FO79Q"8$ICF�' W^D9ptF\:Aq�WX]$F�I^7_:#�1FG@��M:�� N;FOu QAP$I^F�W^]$FGR=Q� FOuGW5WX]�F�W^:"W Q"7 ICD�>OF�:"q
WX]$FeW^@XQ"E�I^ptD_W^W^F�'	'MQAW Q?

[
]$F I^D_p P$7_WXQ"E$FG:?P$I1WX]$@^:"P��?]$8�P�WXI�QA@^F I^]�:#� E D9E L D(�?P$@^F SQ: q�
&[
]$F ICWX@CF Q"ptD9E,���M:�� D9I Q"N$7_F
WX:<� QAD9E Q 7 QA@X�?FG@�I^]MQ"@CF :"q&WX]�F NMQ"E�'?� D�'�W^]/� D_W^] 8$@^D_:?@^D WXD!> Q WXD_:"E�� Q"E�' WX]$FG@^F q :?@^F�W^]$F N$P�79J
[\r��M�$:#� I
]MQ B?Fe7_:#�1FG@ I^D_p P�7_W QAE$FG:?P$I5WX]$@C:?P��?]�8$P�WXI�
)� ]$FGE V Q"ICFO79D_E$F3[\r�� D9I P�I^F�'	� D_WX]
8$@^D_:?@^D WXD!> Q WXD_:"E��KWX]�FeICD9p P$7_WXQ"E�FO:?P$I�WX]$@C:?P��?]$8�P�WXI
:Aq WX]$F3N$P$7_J=[\r�� �M:�� I Q"@CF3p=:?@CF�ICW QAN$79F
WX]MQAEG� D_W^]$:?P�W 8$@CD9:?@CD_W^D(>OQAWXD :?E�


� &F1U 2/��@�� *# > �

� ]$FGE V Q"ICFO7_D9E$F [\r�� D9I P$ICF�'�� WX]�F=ptF�'$D9Q"E�: B?FG@XQ"7_7&W^]$@^:?P,�?]$8$P�W D9I�:�N?T�%1VC6 I�� Q"E�' W^]$F
ICWXQ"N$D97_D W�R�:AqhW^]$F�: B?FO@XQA797AWX]$@C:?P��?]$8�P�WmD_I3�?:�:;'�
m[
]�F�ptF�'$D9Q"EeICWX@CF QAp=D_E�� WX]$@C:?P��?]�8$P�WmD_I�% O+%QO
VC6AI�
�[
]$F�D9EKW^FO@{0�P$Q"@CW^D97_F @^Q"E��?F :"qsWX]�F�ICW^@^F QAp=D_E��tWX]$@C:?P��?]�8$P�W3D_I8
�
I%rVC6AI�
�[
]$F�p=F�'$D Q"E
:"q WX]$F5'�@^:?8$8;F�' I,WX@^FOQ"ptD9E�� 8MQ"u J"F WXI�D9I � 
+��� ]$D9u ] D9I : � :Aq W^]$F ICW^@^FOQ"p=D_E����M:#� 
 LM:?@
W^]$F
ICW^@^F QAp=D_E��/8MQ"u J"FGW^I�� W^]$FtptD9E$D_p�P$p FOE,'?"cW^:�"�FGE�'�'$FG7 Q R D9I5%?T�N/ptI�� W^]$Ft79:��1FG@J0�P$Q"@CW^D979F D9I
S?S � :/p=I��mWX]$F=ptF�'�D Q"E�D9I�SQO NQN ptI�� Q"E�' W^]$F=p=Q��hD9p P$p D9I8%+�?T+� ptI�
 [
]$F�0�P$Q"@CW^D979FGI :"q
ICW^@^F QAp 6���o b Q"@^FP" 
�
 ptI\Q"E,' W^]$F p Q#��D_p P$p D_I %�� N p=I�
�[
]$F ptF�'$D9Q"E/FG7 Q"8�I^F�'/WXD_p=F3:"q
WX]$F�q Q"ICW^FO@A�$:#� D9I N�N,
 T I^FOuG:?E�'$I�� Q"E�' WX]$F3D_EKW^FO@X0KPMQA@CWXD_79F\@XQ"E,�?F�:"q�WX]$F3FG7 Q"8�I^F�' W^D9ptF�D9I U?
n%
I^FGuO:?E,'$I�
 [
]$F ptF�'$D9Q"E FG7 Q"8�I^F�' WXD_p=F :"q1WX]$F=I^7_:#�1FG@5�M:��(D9IR
 T�%?
PO�% I^FOuG:?E�'�I�
 gh8$P$@CD9:?P�I



� T

f [\j3I�'$:tE$:AW\:�uGuOP$@�

[
]$FtI,WX@CF Q"ptD9E�� W^]$@^:?P,�?]$8$P�WeBAQ"@CD9FOIeN;FOuOQ"P$I^Ft:"q1Q B Q"@CR�D9E,� EKP$p N;FO@ :Aq1I,WX@^FOQ"ptD9E��	'$@C:?8$I
WX]MQ W :�uOuGP$@ N;FGu Q"P�I^F.:"q uO:?E��"FOICW^D9:?E¦
 6�E�WX]$F FOE,'?"cW^:�"�FGE�' '�FO79Q R :"q ICW^@^FOQ"p=D_E�� 8$Q"u JAFGWXI
WX]$FG@^F\D_I�Q 79Q"@X�"FC'$D( FO@CFOE$uGF�N;F W��5FOFOE=WX]$F\ptD_E$D9p�P$p QAE�'tWX]$F 79:��1FO@W0KPMQA@CWXD_79F���� ]$D9u ]=F&�hD_ICWXI
N;FOuOQ"P$I^F W^]$F W^:"W Q"7�'$FG7 Q R D9I*'$:?ptD9EMQ WXF�' NKR WX]$F�0KP$FGP$D9E,�G'$FG7 Q R�
 [
]$F ptD9E$D_p�P$p FOE,'?"cW^:�"
FOE�'N'�FO79Q RkD9It:?E WX]$F F�'��"F � ]$FG@^F D W=uG:?P$7�' ICWXD_797
N;F P$I^F q P$7\q :?@=Q @^F QA7!" WXD_ptF/I,WX@^FOQ"ptD9E��
Q"8$8$7_D9uOQAWXD_:"E�
 [
]$F�BAQ"7_P$F�:Aq�WX]�F37_:#�5FO@¥0�P$Q"@CW^D979F���]$:��1FGB?FG@��$D_I¥�1Q R=N;FGR?:?E,'/:Aq N;FOD_E�� P�I^FGq P�7
D9E/ICP$u ] QAE Q"8$8$7_D9uOQAWXD_:"E�

6���o
b D9I1'�:?ptD9EMQAW^F�' N R W^]$F N$P�@^ICW^I :"q I,WX@CF Q"ptD9E��k8MQ"u J"FGWXI Q"E�'�W^]$F N�P$@^ICW^I :Aq [\r��
8MQ"u J"FGW^I�
 � D WX]$:"P�W uG:?pt8;FGWXD WXD_:?E F QAu ] ICW^@^FOQ"p=D_E��)8MQAu J"F W IC]$:?P$7(' QA@^@^D B?FY� D WX] S"Tkp=I
'$FO79Q R WX]$QAW�D9I
WX]�F ICFOE�'$D_E��=D9EKW^FO@,BAQ"7T
5[
]�F uO:?pt8;FGW^D_WXD_:?E/uG:?pt8$79D_u QAW^FOI WX]$F Q"@^@CD_BAQA7�8MQAWCWXFG@^E
N;FOuOQ"P$I^F=p P$7_W^D_8$7_F [\r�� 8MQ"u J"FGW^I�uOQ"E D9E WXFG@CB?FOE�F=uO:"E$I^FGuOP�W^D_B?F=ICWX@CF QAp=D_E�� 8$Q"u J"FGWXI D9E.W^]$F
0KP$FOP$F�
t[
]$F2� D9@CFO7_FOI^I 7_D9E�J WX@XQAE$I^ptD_W^I Q I^D9E,�?79F [\r�� 8MQAu J"F W D9EC:"S ptI���� ]$D9u ]�D9Ie79:"E��?FG@
WX]MQAE S"T p=I&W^]MQAW�D9I&WX]�F�ICFOE�'�D9E�� D_EKWXFG@CB Q"7M:"q�W^]$F\ICW^@^F QAp=D_E�� 8MQ"u J"FGWXI�
�[
]$FG@^F q :?@^F�p P$7 WXD_8$7 F
ICW^@^F QAp=D_E�� 8MQ"u J"F WXI/Q"@^@CD_B?F WX: WX]�F 7 QAICW{"c]$:?8 @^:"P�WXFG@<'�P$@^D_E�� W^]$F WX@^Q"E$ICp=D_I^I^D_:?E '�FO7 Q R :"q
WX]$F [\r�� 8MQ"u J"F WI
 � I E$F&� [\r�� I^F��?ptFOE WXI Q"@^F<�?FOE�FO@XQ WXF�'k:?E$7 R QAq W^FO@ � r n :?@ f [\j:�
p QAEKRk:"q3WX]$FGI^F I,WX@^FOQ"ptD9E�� 8$Q"u J"F WXI @CFOI^D('$F NMQAu J�" WX:�"cNMQ"u J)D_E W^]$F]0KP$FOP�F+��� ]�D9u ]�u QAP$I^FGI
WX]$FGp W^: N;FtWX@XQAE$I^ptD_WCWXF�'�D9E Q @^:��J
 [
]�D9I N$P$@^I,W :"q ICWX@CF Q"ptD_E�� 8MQAu J"F WXI D_I8'�FO79D B?FO@CF�' WX:
WX]$F�@^FGuOFOD B?FO@A� D WX] D9E WXFG@CBAQA79I5:"q�N�p=I��;� ]$D9u ] D_I5WX]�F�WX@^Q"E$I^ptD9ICI^D_:?Er'$FG7 Q R=:"q�W^]$F3I,WX@^FOQ"ptD9E��
8MQ"u J"FGW�
 � ]�FOE WX]$FG@^F D9I\E$:"W�FGE$:?P,�?] N$P? �FG@�IC8MQ"uOF���uG:?E$I^FGuOPhWXD_B?F�ICWX@CF Q"ptD_E��=8MQAu J"F WXIeQA@^F+�
:"qsuO:?P�@^I^F��¦'�@^:?8$8;F�' N R/WX]$F 79Q"ICW{"c]$:?8 @^:"P�WXFG@�
 � I�[\r�� P$ICFOI*'$FO79Q R?F�' � r neI�� FOQ"u ] � r n
W
R�8$D_u QA797_R Q"u JKE$:#� 7_F�'��"FOI W��1: ICF��?ptFGEKWXI���� ]$D9u ] Q"797_:#� I3I^FGE�'$D_E�� QAW 7_F Q"I,W W.�1: E$F&�4[\r��
I^F��?ptFOEKW^I�
�[
]$FGI^F W��5:t[\r�� I^F��?ptFOE WXI\Q"@C@^D_B?FeQ"7_p=:"ICW
QAW
W^]$F I^Q"p=F�WXD9ptF�WX: W^]$F 79Q"ICWF"�]$:?8
@^:?PhWXFO@�Q"E,'=Q"@CF B?FO@CR 8�@^:?NMQAN$7_R�0KP$FOP�F�'=D9E Qe@^:#�J
�� ]$FGEtWX]�F 79D_E$J WX@XQAE$I^ptD_W^I WX]$FGI^F W.�1: :?@
p=:"@^F5I^F��"p=FGEKWXI��?WX]$F5WX@XQAE$I^ptD9ICI^D9:"E�'$FO79Q R N;F W��5FOFGE W��5:euO:"E$I^FGuOP�W^D_B?F
ICW^@^F QAp=D_E���8MQ"u J"FGW^I&D9I
p P$7_W^D_8$7_F :"q�:"Sep=I�
&LM@^:"p WX]$F\p=Q��hD9p P�p 6���o b :"q WX]$F\ICW^@^FOQ"p=D_E�� �M:��N�1F\u QAE=u Q"7_uOP$79QAWXF
WX]MQ W�L�B?F [\r���I^F��?ptFOE WXI��5FO@^FeWX@XQ"E�ICq FO@C@^F�' N;FGW.�1FGFOE W.�1:tICW^@^FOQ"p=D_E�� 8MQ"u J"FGW^I�


 20

 40

 60

 80

 100

 120

 140

 160

 180

 0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30  32  34  36

D
ro

pp
ed

 s
tr

ea
m

in
g 

pa
ck

et
s

Starting time of the streaming flow

2xBulk TCP + Stream - Error-Free Link - Baseline TCP
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Starting time of the streaming flow

2xBulk TCP + Stream - Error-Free Link - Baseline TCP
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Starting time of the streaming flow

2xBulk TCP + Stream - Error-Free Link

Baseline TCP
Enhanced TCP
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Starting time of the streaming flow

2xBulk TCP + Stream - Error-Free Link - Enhanced TCP
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Spurious RTOs - Faster flow
Unnecessary rexmits - Faster flow

Spurious RTOs - Slower flow
Unnecessary rexmits - Slower flow

Spurious RTOs - HTTP transfer
Unnecessary rexmits - HTTP transfer
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Spurious RTOs - Faster flow
Unnecessary rexmits - Faster flow

Spurious RTOs - Slower flow
Unnecessary rexmits - Slower flow

Spurious RTOs - HTTP transfer
Unnecessary rexmits - HTTP transfer
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2xBulk TCP + HTTP + Stream (2xburst) - ARQ1

HTTP transfer

����� �@=9=!5 �9	:$<��� ��$�	���(*)+	

 2400

 2600

 2800

 3000

 3200

 3400

 3600

 3800

ETCP
DS

ECN

ETCP
DS

ETCP
DS-U
ECN

ETCP
DS-U

ETCP
ECN

ETCPBL
DS

ECN

BL
DS

BL
DS-U
ECN

BL
DS-U

BL
ECN

BL

T
hr

ou
gh

pu
t (

B
/s

ec
)

2xBulk TCP + HTTP + Stream (2xburst) - ARQ1

�4��� � ����	&��)+( ��� �������
�����������

L D(�?P$@^F �KS;[�g�P$p=p=Q"@,R :"q�@^FGI^P$7 WXI1: B?FO@5W^]$F�79D_E$J�� D_WX] 7_:#� � fCH 8;FO@CI^D_ICWXFGE$uGR D_E=W^]$F �1:?@CJ�"
79:?Q+'/:Aq uO:"p=8;F WXD_E��tH\[
[�� WX@XQAE$ICq FG@\Q"E�' I,WX@^FOQ"ptD9E��:�M:#� Bv�?T @CFO8;F WXD_W^D9:?E�I$D

6�E=L D��"P$@^F��KS"QeQ"@^F WX]$F\H\[
[�� @^FGI^8;:?E�I^F WXD9ptFOIs: B?FG@&WX]$F 7_D9E$JJ� D_W^]t7_:#� � f�H 8;FO@^ICD9I,WXFOE�uGR+

6�E W^]$F uOQ"I^F :"q V QAI^FO7_D9E$F [\r�� � D_W^]kd�r a8� WX]�F @^FGI^8;:?E�I^F WXD_p=F=D9I�I^]$:?@,WXFG@ WX]$Q"EkD_E W^]$F
V Q"ICFO7_D9E$F
[\r�� u QAI^FOI5N;FGu Q"P�I^F�:"q WX]$F�d�r a p QA@^JKI�W^]MQAW�@^F�'$P$uGF\WX]$F 0KP$FGP$F�79FGE��"W^]�
s6�EtW^]$F
u QAI^FOI&:"q d&E$]MQAE$uOF�'t[\r�� � D_W^] 8$@^D_:?@^D WXD!> Q WXD_:"E�� WX]$F @^FGI^8;:?E�I^F
WXD_p=F5D_Is7_:?E��?FG@ WX]MQAE:� D_WX]�:?P�W
o�D( �ghFG@CB N FGu QAP$I^F :"q N$P$79J [\r�� uO79Q"I^IGYZI�0KP$FOP$D_E��tI^8$Q"uOF��S� ]$D_u ] D_E$uO@CF Q"ICFOI W^]$F E�P�p N;FG@ :"q
WX]$F N�P$79J [\r���8$Q"u J"F WXI WX@^Q"E$ICq FG@^@CF�' '$P�@^D9E,� WX]$F H�[ [�� WX@XQAE$ICq FG@�

[
]$F ICW^@^F QAp=D_E�� W^]$@^:?P,�?]$8$P�W�D_I\8$@CFOI^FGEKW^F�' D9E L D��"P$@^FJ�KS N�
 [
]�F B Q"79P�FOI�� D_WX]�:?P�W\8$@^D_:?@^D WXDi"
> Q WXD9:"E Q"@^FeI^7_D��?] WX7 R=79:#�5FO@ WX]MQAE D9E W^]$F �1:?@CJ�7_: Q+'/:"q Q uG:?pt8 F WXD_E�� I,WX@^FOQ"ptD9E��:�M:��J


R�� R�� H �*�.A�E � � �  ! 2� 4 �"���K� � � �� 2 �<��� �

� D_W^] WX]$Fe]$D��?];"�I^8;FGF�' FG@^@^:"@F"cq @CFOFe7_D9E$J9�?�1FeWXFGICW�� D WX] W��5:t7 QAICW{"c]$:?8 @^:"P�WXFG@�0KP$FGP$F I^D�>GFOI�[5Q
I^p=Q"7_79FG@ I^D(>OF D9I\S"T 8MQAu J"F WXI:BvV
S"T�D Q"E�' Q 79Q"@X�?FG@
ICD�>OF D_I � T 8MQ"u J"FGW^I:BQV � T�D&
�d�r a '$D(' E$:"W
�1:?@CJG� D_W^] W^]$F�79Q"@X�?FG@ 0�P�FOP$F I^D(>OF�N;FGu Q"P�I^F E$:?E?"�d5r aC"�uOQ"8MQ"N�79F [\r�� @^F WX@^Q"E$I^ptD_I^I^D_:?E$I�D_E
WX]$F : B?FO@CI^]$:�:AW @CFOuG: B?FG@CR]�1FG@^F Q"7_7U'$@^:"8$8;F�'.Q"I*� D WX] WX]$F��5:?@^JK79:?Q+' :"q�Q I,WX@^FOQ"ptD9E����M:��J

d�Q"u ]�@CFO8;FGW^D_W^D9:?E)uG:?EKWXQ"D9E$It:"E$F : B?FO@^IC79FGFO8 W^]MQAW=D_ItP$8 WX: S"T�ptIt79:"E���
 [
]$D_I=: B?FG@^IC79FGFO8
:�uOuGP$@^I N;FGu Q"P�I^F/W^]$F 79:�� I^D(>OF uG:?E,LS�"P$@XQAW^D9:?E :"q3g�F Q�� D_E�'k8$@^:�uGFOICI2� QAI E$:AW @^F&�MFGuGWXF�')WX:
WX]$F 7 QA@X�?FG@=Q"pt:?P$E W=:"q '$QAW Q :Aq3WX]$D_ItW^FOICW u Q"ICF+��� ]$D9u ]�uOQ"P$ICFOI Q ICD9E��"79FGL�B?F p=F�� Q"NKRKW^F
p=FGpt:?@CR uG:?8 R]'$P$@CD9E��=WX]$F�@^FO8;F WXD WXD9:"E�
�[
]$F F� FOu W D_I�ptD9E$:"@�N;FGu QAP$I^F Q� FOu We8MQ"u J"F WXI Q"@CF
B?FO@,R q F��J
�ghD9E$uGF WX]$F ICWXQ"@CW^D9E�� WXD_p=FGI\:"qsW^]$F uO:?pt8;FGW^D9E�� WX@XQ��=u B Q"@CR+�;WX]$F : B?FO@^IC79FGFO8/'$:�FGI
E$:"W ICR�ICW^FOp=QAWXD_u Q"7_7_R :�uOuGP$@ Q W W^]$F IXQ"ptF 8$79Q"uGF+
 6cW D9IeJKE$:#� E N$Q"I^F�' :?E.WX]�Ft8�@^FO7_D9ptD_E$Q"@CR
WXFGICWXI5WX]MQAW1ICP$u ] : B?FG@^I^7_FOFG8$I
Q"@^F�D9E$ICD��?E�D(LMuOQ"EKW�q :?@5[\r��C
�[
]$F3Q� FOuGW^F�' I,WX@CF Q"ptD9E,��8$Q"u JAFGWXI
u QAE$E$:"W�Q� FGuGW\D9E,'$D9uGFOI�





+
 T

 44000

 44500

 45000

 45500

 46000

 46500

 47000

 47500

 48000

 48500

ETCP
DS

ECN
B20

ETCP
DS
B80

ETCP
DS
B20

ETCP
DS-U
ECN
B20

ETCP
DS-U
B80

ETCP
DS-U
B20

ETCP
ECN
B20

ETCP
B80

ETCP
B20

BL
DS

ECN
B20

BL
DS
B80

BL
DS
B20

BL
DS-U
ECN
B20

BL
DS-U
B80

BL
DS-U
B20

BL
ECN
B20

BL
B80

BL
B20

O
ve

ra
ll 

th
ro

ug
hp

ut
 (

B
/s

)

High-Speed Link - 2xBulk TCP + HTTP + Stream (2xburst) - Error-Free Link

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

 3700

 3710

 3720

 3730

 3740

 3750

 3760

 3770

 3780

 3790

 3800

 3810

ETCP
DS

ECN
B20

ETCP
DS
B80

ETCP
DS
B20

ETCP
DS-U
ECN
B20

ETCP
DS-U
B80

ETCP
DS-U
B20

ETCP
ECN
B20

ETCP
B80

ETCP
B20

BL
DS

ECN
B20

BL
DS
B80

BL
DS
B20

BL
DS-U
ECN
B20

BL
DS-U
B80

BL
DS-U
B20

BL
ECN
B20

BL
B80

BL
B20

T
hr

ou
gh

pu
t (

B
/s

)

High-Speed Link - 2xBulk TCP + HTTP + Stream (2xburst) - Error-Free Link

�4��� � ����	&��)+( ��� �������
�����������

 85

 90

 95

 100

 105

 110

 115

 120

 125

 130

ETCP
DS

ECN
B20

ETCP
DS
B80

ETCP
DS
B20

ETCP
DS-U
ECN
B20

ETCP
DS-U
B80

ETCP
DS-U
B20

ETCP
ECN
B20

ETCP
B80

ETCP
B20

BL
DS

ECN
B20

BL
DS
B80

BL
DS
B20

BL
DS-U
ECN
B20

BL
DS-U
B80

BL
DS-U
B20

BL
ECN
B20

BL
B80

BL
B20

E
la

ps
ed

 ti
m

e 
(s

)

High-Speed Link - 2xBulk TCP + HTTP + Stream (2xburst) - Error-Free Link
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High-Speed Link - 2xBulk TCP + HTTP + Stream (2xburst) - Error-Free Link

HTTP transfer
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High-Speed Link - 2xBulk TCP + HTTP + Stream (2xburst) - Error-Free Link (minimal LSB)

HTTP transfer
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High-Speed Link - 2xBulk TCP + HTTP + Stream (2xburst) - Error-Free Link
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