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A�BCA D ^�0�2�/FEc2 BGBGBHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB J
A�B ¹ Kj+�^�_,[a/1¸QY,/FLX0,`e2�`a^�0 BIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB M
A�BNJ o W,¸�¸�qs+�¾d^�O@/FEc`a.�2�`e0
P�qs*,*,+�^ôq�p��X/�. BHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ¼A�BNJQBCA o W,¸�¸�qs+�¾ð^�O@+�/1*,[e`ap¢q�p�^�0X.�`a.�2�/10Xp1¾ïqs*,*,+�^ôq�pÖ�X/�. BIBHBGBGBHBGBHB ¼A�BNJQB ¹ o W,¸�¸�qs+�¾ ^�O©+�/�.�*F^�0X.Ö/£2�`e¸u/FR Yc+�`eUô/10n+�/1*,[e`ap¢q|.�/1[a/�p12�`a^�0nqs*QR

*,+�^ôq�p��X/�. BHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ¼A�B S o W,¸�¸�qs+�¾d^�O�2��X/Z.�^�[eW,2�`a^�0 BHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB T
A�B SUBCA o W,*,*F^�+�2�Oà^�+�.�*F/�p1`VOæ¾Ò`e0
P%2��X/©p�^�0X.�`a.�2�/10Xp1¾ qs0XY *B/1+WOà^�+�¸�qs0Xp�/

+�/�X�W,`e+�/1¸u/10 2�. BHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB T
A�B SUB ¹ Y /1*,[e`ap¢qs2�`a^�0d¸u^ÒY,/1[ BGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ·A�B SUBNJ Z 0QOæ^�+�p1`e0
P�2��X/'.�/1+�UÒ`ap�/FR .�*F/�p1`VLCpTp�^�0X.�`a.�2�/10Xp1¾�P»WCqs+Öqs0�2�/�/�. BGBHB ·A�B SUB S Z 0QOæ^�+�p1`e0
P�2��X/Z*F/1+WOà^�+�¸�qs0Xp�/Z+�/�X W,`e+�/1¸u/10�2�. BGBHBIBHBGBGBHBGBHB [
A�B SUBNM D ^�0�2�+�`e_,W,2�`a^�0X. BHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB\A ºA�BNM ] W,2�[e`e0X/T^�O@2��X/'Y,^ p1W,¸u/10 2 BHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB\A º

,�, ^#021?_`9:389:-`acb�dU0�_`9e7QdQf�bhgid(7
9kjl7)mndUg8oe9:7Qprq�1�-6st9:s./�d(-67!uwvx143`d(oes ;(y
z { ��� � $&|}�?~ � $&�h"����&
��I�+���.���	�	$*����|���
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¹ BCA � 0 2�+�^ YcWXp12�`a^�0 BHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB\A	M
¹ B ¹ o ¾Ò.�2�/1¸u. *,+�^¢UÒ`aYc`e0
P�.�2�+�^�0
P�p�^�0X.�`a.�2�/10Xp1¾ BHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB\A ¼
¹ BNJ o ¾Ò.�2�/1¸u. *,+�^¢UÒ`aYc`e0
P�Yc`eUô/1+�Pô/10Xp�/Tp�^�0 2�+�^�[ BHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB\A ¼
¹ B S o ¾Ò.�2�/1¸u. *F/1+WOà^�+�¸�`e0
Pu+�/1[rq.E,/�Yïp�^�0Xp1W,+�+�/10Xp1¾dp�^�0�2�+�^�[ BGBHBIBHBGBGBHBGBHB\A ·

¹ B SUBCA o ¾Ò.�2�/1¸u.>*F/1+WOà^�+�¸�`e0
Pu*B/�.�.�`e¸�`a.�2�`apZ.�pÖ�X/�YcW,[e`e0
P BHBIBHBGBGBHBGBHB\A	[
¹ B SUB ¹ o ¾Ò.�2�/1¸u.>*F/1+WOà^�+�¸�`e0
P�^�*,2�`e¸�`a.�2�`ap'.Öp��X/�YcW,[e`e0
P BHBIBHBGBGBHBGBHB\A	[

¹ BNM o ¾Ò.�2�/1¸u. *,+�^¢UÒ`aYc`e0
Pu��¾Ò_,+�`aYd¸u^ÒY,/1[a. BHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ¹ A
¹ B ¼ D ^�0Xp1[eWX.�`a^�0 BGBHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ¹ A
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¹ B ¼ BCA � �X/GX�WCqs[e`e2 ¾©^�Oj^�_X.�/1+�U»qs_,[a/'.�2Öqs2�/'Yc`e¸u/10X.�`a^�0 BHBIBHBGBGBHBGBHB ¹ A
¹ B ¼ B ¹ � �X/'p�^�0Xp1W,+�+�/10Xp1¾ïp�^�0�2�+�^�[ Yc`e¸u/10X.�`a^�0 BGBGBHBGBHBIBHBGBGBHBGBHB ¹ J
¹ B ¼ BNJ � �X/'Y,/1*F/10XY,/10Xp1¾ïp�^�0 2�+�^�[ Yc`e¸u/10X.�`a^�0 BGBGBHBGBHBIBHBGBGBHBGBHB ¹ S

@ � $&���.$*�	$*�+������' { $&� � ���&$	� { �`$&�&��
h� �I�?���������	$*����|��w�>%�$!"�� z
�
JQBCA � 0 2�+�^ YcWXp12�`a^�0 BHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ¹ TJQB ¹ � �X/'p�^�0X.�`a.�2�/10Xp1¾ð¸u/12Öq.R
¸u^ÒY,/1[ BHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ¹ TJQB ¹ BCA � _X.�2�+Öq�p12�`e0
P�2��X/'p�^�0X.�`a.�2�/10Xp1¾ðp�^�0X.�2�+Öqs`e0�2�. BGBHBIBHBGBGBHBGBHB ¹»·JQB ¹ B ¹ � `e0X/FR P»+Öqs`e0X/�Y�p�^�0X.�`a.�2�/10Xp1¾ BGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB J ºJQB ¹ BNJ o *F/�p1`VOæ¾ `e0
P�qu.�/1+�U `ap�/FR .�*F/�p1`VLCpZp�^�0X.�`a.�2�/10Xp1¾ðp�^�0 2�+Öq�p12 BGBHBGBHB J ºJQB ¹ B S � qs[e`aYc`e2 ¾ï^�O@^�*,2�`a^�0�p�^�¸T_,`e0Cqs2�`a^�0X. BGBHBGBGBHBGBHBIBHBGBGBHBGBHB J�J
JQBNJ � �X/Z+�/1[rqs2�`eUô/TYc`eUô/1+�Pô/10Xp�/T¸u/12�+�`ap BGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB J�J
JQB S D ^�0Xp1[eWX.�`a^�0 BGBHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB J�M
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SUBCA � 0 2�+�^ YcWXp12�`a^�0 BHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB J2T
SUB ¹ � �X/'p�^�0X.�`a.�2�/10Xp1¾ð_,W,`e[aYc`e0
Pu_,[a^Òp��c. ^mUô/1+�U `a/�� BHBGBGBHBGBHBIBHBGBGBHBGBHB J2T
SUBNJ � �X/ D ^�0X.�`a.�2�/10Xp1¾ D ^�0�2�+Öq�p12 BGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB J ·SUBNJQBCA � �X/Z+�/1*,+�/�.�/10�2Öqs2�`a^�0b^�Ojqs0bq�p�p�/�.�. BGBHBGBGBHBGBHBIBHBGBGBHBGBHB J ·SUBNJQB ¹ � �X/ +�/1*,+�/�.�/10 2Öqs2�`a^�0d^�O qT.Ö/1+�U `ap�/FR .�*B/�p1`VLCp�p�^�0X.�`a.�2�/10Xp1¾�p�^�0 2�+Öq�p12 J�[
SUB S � �X/Z*,+�^�*Cq�P�qs2�`a^�0�*,+�^�2�^Òp�^�[ BGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB S ¹SUBNM � �X/'.�p��X/�YcW,[e`e0
P®*,+�^�2�^ p�^�[ BHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB S�S

SUBNMQBCA � �X/Z*F/�.Ö.�`e¸�`a.�2�`apZp�^�0Xp1W,+�+�/10Xp1¾ïp�^�0�2�+�^�[ *,+�^�2�^ p�^�[ BHBGBGBHBGBHB S&M
SUBNMQB ¹ � �X/'^�*,2�`e¸�`a.�2�`ap'p�^�0Xp1W,+�+�/10Xp1¾dp�^�0 2�+�^�[Ô*,+�^�2�^Òp�^�[ BIBHBGBGBHBGBHB S*T

SUB ¼ Y /�.�^�[eUÒ`e0
Pu2��X/ZY,/1*B/10XY,/10Xp1`a/�. BHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB MQA
SUB T � �X/'^¢Uô/1+Öqs[e[�p�^�0X.�`a.�2�/10Xp1¾ð*,+�^�2�^ p�^�[ BGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB MQA

SUB T!BCA � �X/Z+�/1*,[e`ap¢qs2�/�YVq�p�p�/�.�.�/FEc/�p1W,2�`a^�0 BGBHBGBGBHBGBHBIBHBGBGBHBGBHB MQA
SUB T!B ¹ Kj+�^¢UÒ`e0
Pu2��X/'p�^�+�+�/�p12�0X/�.�.�^�O�2��X/Tp�^�0X.�`a.�2�/10Xp1¾ð*,+�^�2�^ p�^�[ BHBGBHB M ¹SUB T!BNJ Z EÒ*B/1+�`e¸u/10�2Öqs[ê/1U»qs[eWCqs2�`a^�0©^�Oê2��X/�p�^�0X.�`a.�2�/10Xp1¾�*,+�^�2�^Òp�^�[F^mUô/1+WR

�X/¢q�Y BHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ¼ MSUB · D ^�0Xp1[eWX.�`a^�0 BGBHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ¼»¼
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MQBCA � 0 2�+�^ YcWXp12�`a^�0 BHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ¼ [MQB ¹ o /1+�Uô/1+ [a^ôq�Y!R
_Cq�.�/�Yd.Ö/1[a/�p12�`a^�0V.�¾c.�2�/1¸u. BIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ¼ [MQBNJ % /12&��^�+'�ï*,+�^�Ec`e¸�`e2 ¾*R
_Cq�.�/�Y�.�/1[a/�p12�`a^�0�.�¾c.�2�/1¸u. BGBGBHBGBHBIBHBGBGBHBGBHB T ºMQB S Y /�.�*B^�0X.�/\2�`e¸u/'/�.�2�`e¸�qs2�`a^�0QR
_Cq�.Ö/�YV.�/1[a/�p12�`a^�0V.�¾Ò.�2�/1¸u. BHBIBHBGBGBHBGBHB T!A
MQBNM o ¾Ò.�2�/1¸u. *,+�^¢UÒ`aYc`e0
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¼ BCA � 0 2�+�^ YcWXp12�`a^�0 BHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB TtM
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¼ BNJQBCA Z ¸�*,`e+�`ap¢qs[ .�2�WXYc¾ BGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB T�T
¼ BNJQB ¹ D ^�0QLUP»W,+Öqs2�`a^�0�YXqs2Öq BGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ·»º
¼ BNJQBNJ � [CPô^�+�`e2��,¸u. Oæ^�+ D K213�~qs`e2�`e0
Pu2�`e¸u/'/�.�2�`e¸�qs2�`a^�0 BHBGBGBHBGBHB · A

¼ B S Z .�2�`e¸�qs2�`e0
P�2��X/TYc`a.'� ����] �¶qs`e2�`e0
P®2�`e¸u/ BHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ·»¹
¼ B SUBCA D ^�0QLUP»W,+Öqs2�`a^�0�YXqs2Öq BGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB · S
¼ B SUB ¹ � [CPô^�+�`e2��,¸u. Oæ^�+>Yc`a.'� ����] �¶qs`e2�`e0
P�2�`e¸u/T/�.�2�`e¸�qs2�`a^�0 BGBHBGBHB · S

¼ BNM Z .�2�`e¸�qs2�`e0
P�2��X/T.�/1+�U `ap�/\2�`e¸u/�. BHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB · S
¼ B ¼ Z .�2�`e¸�qs2�`e0
P�2��X/'0X/12���^�+'�ï2�+Öqs0X.�Oæ/1+�2�`e¸u/ BHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB · S

¼ B ¼ BCA � �X/'Y,/FLX0,`e2�`a^�0V^�O@2��X/Z+�/�.�*B^�0X.�/\2�`e¸u/'/�.�2�`e¸�qs2�^�+>¸u/12�+�`ap BGBHB ·»¼
¼ B T Z EÒ*B/1+�`e¸u/10�2Öqs[�U»qs[e`aYXqs2�`a^�0 BHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB ·»¼

¼ B T!BCA � �X/Tq�p�p1W,+Öq�p1¾ï^�O�2��X/\+�/�.�*B^�0X.�/\2�`e¸u/'/�.�2�`e¸�qs2�^�+ BIBHBGBGBHBGBHB ·»¼
¼ B T!B ¹ D �X^ ^».�`e0
P�2��X/'+�/FOæ/1+�/10Xp�/Z*B^�`e0�2�. BHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB · [

¼ B · � �X/���/12�+�^�[a^tP»¾ o ¾c.�2�/1¸ BGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB [QA
¼ B · BCA ��/12�+�^�[a^tP»¾ o /1+�Uô/1+ BHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB [QA
¼ B · B ¹ ��^».�2��b^�0,`e2�^�+ BHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB [QA
¼ B · BNJ D qs[e`e_,+Öqs2�`e0
P�2��X/Z¸u/¢q�.�W,+�/�. Yc`a.�.�/1¸�`e0Cqs2�`a^�0 BGBHBIBHBGBGBHBGBHB [�J

¼ BN[ � �X/GY /�.�*B^�0X.�/ � `e¸u/ Z .�2�`e¸�qs2�^�+ p�^�¸�*B^�0X/10�2 BGBGBHBGBHBIBHBGBGBHBGBHB [�M
¼ BCA º D ^�0Xp1[eWX.�`a^�0 BGBHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB [ ¼
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T!BCA � 0 2�+�^ YcWXp12�`a^�0 BHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB [�[
T!B ¹ Z EÒ*,+�/�.Ö.�`e0
Pu2��X/Z*B/1+WOæ^�+�¸�qs0Xp�/'+�/�X�W,`e+�/1¸u/10 2�. BGBGBHBGBHBIBHBGBGBHBGBHB A º»ºT!BNJ � /10X/1+�`ap1`e2 ¾d.�W,*,*B^�+�2 BIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A º»¹T!B S Y /1*,[e`ap¢q�.�/1[a/�p12�`a^�0�p1+�`e2�/1+�`a^�0 BGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A º JT!B SUBCA � 0QOà/1+�+�`e0
P�2��X/Z+�/1*,[e`ap¢q�.�/1[a/�p12�`a^�0bp1+�`e2�/1+�`a^�0 BHBGBHBIBHBGBGBHBGBHB A º JT!B SUB ¹ � �X/'.�/1[a/�p12�`a^�0d*B^�[e`ap1¾©^�_c��/�p12�. BIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A º MT!BNM � �X/Z+�/1_,`e0XYc`e0
P®p1+�`e2�/1+�`a^�0 BGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A º»¼T!BNMQBCA � 0QOà/1+�+�`e0
P�2��X/Z+�/1_,`e0XYc`e0
P®p1+�`e2�/1+�`a^�0 BGBHBGBGBHBGBHBIBHBGBGBHBGBHB A º»¼T!BNMQB ¹ � �X/Z+�/1_,`e0XYc`e0
Pu*B^�[e`ap1¾ð^�_c��/�p12�. BHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A º TT!B ¼ � �X/Z+�/1*,[e`ap¢qu.�/1[a/�p12�`a^�0bqs0XYï+�/1_,`e0XYc`e0
P�.�¾c.�2�/1¸ BGBGBHBGBHBIBHBGBGBHBGBHB A º TT!B ¼ BCA � �X/GY /1*,[e`ap¢q��Üqs0Cq�Pô/1+ p�^�¸�*B^�0X/10�2 BHBGBGBHBGBHBIBHBGBGBHBGBHB A º TT!B ¼ B ¹ � �X/Z+�/1*,[e`ap¢q�.�/1[a/�p12�`a^�0�qs[CPô^�+�`e2��,¸ BGBHBGBGBHBGBHBIBHBGBGBHBGBHB A º»·T!B ¼ BNJ � �X/Z+�/1_,`e0XYc`e0
P®qs[CPô^�+�`e2��,¸ BGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A�A�A
T!B T Z EÒ*B/1+�`e¸u/10�2Öqs[@/1U»qs[eWCqs2�`a^�0 BHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A�A�A

T!B T!BCA � �X/Z+�/1*,[e`ap¢q�.�/1[a/�p12�`a^�0�q�p�p1W,+Öq�p1¾ BHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A�A�A
T!B T!B ¹ � �X/Z+�/1*,[e`ap¢q�.�/1[a/�p12�`a^�0V.Öp¢qs[rqs_,`e[e`e2 ¾ BGBHBGBGBHBGBHBIBHBGBGBHBGBHB A�A S
T!B T!BNJ � �X/Z_F/10X/FLX2�. ^�O�+�/1_,`e0XYc`e0
P BHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A�A	M
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· BCA � 0 2�+�^ YcWXp12�`a^�0 BHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A�A	[
· B ¹ � �X/ � 0QOà^�+�¸�qs2�`a^�0 Y�/1*F^».�`e2�^�+�¾ðp�^�¸�*B^�0X/10�2 BHBGBGBHBGBHBIBHBGBGBHBGBHB A ¹»º

· B ¹ BCA �bqs`e0 2Öqs`e0,`e0
P�2��X/Z[a^Òp¢qs2�`a^�0X.>^�O@2��X/'p�^�¸�*F^�0X/10 2 `e0X.�2Öqs0Xp�/�. BHB A ¹»º
· B ¹ B ¹ �bqs`e0 2Öqs`e0,`e0
P�2��X/'.�/1+�UÒ`ap�/FR
+�/1[rqs2�/�YdY,/�.�p1+�`e*,2�`a^�0X. BIBHBGBGBHBGBHB A ¹ A

· BNJ � �X/'.�¾c.�2�/1¸�R .�*B/�p1`VLCp'p�^�¸�*F^�0X/10 2�. BGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A ¹ A
· B S � �X/Z+�/1*,+�/�.�/10�2Öqs2�`a^�0Ü^�O)q;+�/1*,[e`ap¢qs2�/�YV.�/1+�UÒ`ap�/ BGBGBHBGBHBIBHBGBGBHBGBHB A ¹»¹
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· B SUB ¹ � �X/ D [e`a/10�2WR o `aY,/ Y /1*,[e`ap¢q��%+Öqs*,*B/1+ BHBGBGBHBGBHBIBHBGBGBHBGBHB A ¹ J
· B SUBNJ � �X/HPô/10X/1+Öqs2�`a^�0V2�^Ò^�[a. BHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A ¹ S

· BNM � �X/'.�/1+�UÒ`ap�/FR .�*F/�p1`VLCpTp�^�¸�*F^�0X/10 2�. BGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A ¹ T
· B ¼ � �X/ZW,2�`e[e`��mqs2�`a^�0�^�O@2��X/GY /1*,[e`ap¢qs2�/�Y o /1+�U `ap�/���^».�2�`e0
P o ¾c.�2�/1¸ BGBHBGBHB A ¹»·

· B ¼ BCA � �X/'.�/1+�UÒ`ap�/Z.�W,*,*,[e`a/1+>¸u^ÒYcW,[a/ BIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A ¹»·
· B ¼ B ¹ � �X/'p1[e`a/10�2>¸u^ÒYcW,[a/ BGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A ¹ [

· B T D ^�0Xp1[eWX.�`a^�0 BGBHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A	J º
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[QBCA o *F/�p1`VOæ¾ `e0
P©qs0XYd/10QOæ^�+�p1`e0
P�2��X/'.�/1+�UÒ`ap�/FR .�*F/�p1`VLCpZp�^�0X.�`a.�2�/10Xp1¾ïp�^�0�2�+Öq�p12 A	J�J
[QB ¹ o *F/�p1`VOæ¾ `e0
P©qs0XYd/10QOæ^�+�p1`e0
P�2��X/Z*F/1+WOà^�+�¸�qs0Xp�/'p�^�0 2�+Öq�p12 BIBHBGBGBHBGBHB A	J�J
[QBNJ o W,¸�¸�qs+�¾d^�O�2��X/HY�/1*,[e`ap¢qs2�/�Y o /1+�UÒ`ap�/���^».�2�`e0
P o ¾Ò.�2�/1¸ Oà/¢qs2�W,+�/�. BGBHB A	J�S
[QB S 0�`a.Öp1WX.�.�`a^�0 BGBHBGBHBGBIBHBGBHBGBHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A	J�M
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A º BCA D ^�0X.�`a.�2�/10Xp1¾ð¸�qs0Cq�Pô/1¸u/10�2�W,0XY,/1+>+�/1*,[e`ap¢q�Yc`a.�p�^�0,0X/�p12�`a^�0X. BGBGBHBGBHB A	J2T

A º BCA�BCA � �X/'^�+�P�qs0,`��mqs2�`a^�0�^�O@+�/1*,[e`ap¢q�. BIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A	J2T
A º BCA�B ¹ Z EÒ2�/10X.�`a^�0X. ^�O 2��X/Tp�^�0X.�`a.�2�/10Xp1¾ð*,+�^�2�^ p�^�[ BHBGBHBIBHBGBGBHBGBHB A	J ·A º BCA�BNJ 0�/�p1`aYc`e0
P�*,+�`e¸�qs+�¾©Uc. B .�/�p�^�0XYXqs+�¾*R
[a/1Uô/1[Ô+�/1*,[e`ap¢q�. BHBGBGBHBGBHB A	J�[
A º BCA�B S � �X/Z*,+�^�2�^ p�^�[ p�^�+�+�/�p12�0X/�.�.>W,0XY,/1+ Yc`a.Öp�^�0,0X/�p12�`a^�0X. BHBGBGBHBGBHB A	J�[A º B ¹ Y /�.�^�[eUÒ`e0
Pu2��X/Z^�2��X/1+>+�/1*,[e`ap¢qs2�`a^�0bY,/�p1`a.�`a^�0X. BHBGBGBHBGBHBIBHBGBGBHBGBHB A S ºA º B ¹ BCA � �X/Z*,[rq�p�/1¸u/10�2�.�p�^�*F/ BHBGBGBHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A S ºA º B ¹ B ¹ � �X/Z+�/1*,[e`ap¢qs2�`a^�0V*,+�`e¸�`e2�`eUô/�. BHBIBHBGBHBGBGBHBGBHBIBHBGBGBHBGBHB A SUA
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qs*,*,+�^ôq�p�� qs+�`a.�/»½ Oà^�+'/FE,qs¸�*,[a/»½Ô`e0%2��X/ Oæ^�[e[a^ ��`e0
PV2&��^dp¢q�.�/�.mt'q©[rqs+�Pô/�0�W,¸T_B/1+4^�O~+�/FR
X WX/�.�2�.Ô+�/�p�/1`eUô/�Y;.�`e¸4W,[e2Öqs0X/�^�WX.�[e¾'_�¾T2��X/³p�/10�2�+Öqs[,.�/1+�Uô/1+¢½»qs0XY4[rqs+�Pô/³0X/12&��^�+'�TYc`a.�2Öqs0Xp�/�.
_B/12���/�/10�2��X/¶.�/1+�Uô/1+jqs0XY;2��X/�p1[e`a/10 2�. Bh� 042��X/6Oà^�+�¸u/1+@p¢q�.�/»½�2��X/�.Ö/1+�Uô/1+�^mUô/1+�[a^ôq�Y�p¢qsWX.�/�.
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�;¢ � ���%�����2�ABb� �¨� �
conit(ri)
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(1 − p) ∗ conit(r) ≤ conit(ri) ≤ (1 + p) ∗ conit(r)
  H6�}���;�

p ∈
� =  �/ � �2�F�¥� �����;��£ .

� �4B}�}� � �b���%��£����;��� ¦
9 �H�2��-J�b���%�����;�'���2�M�KJ��H�*¡J���2���-�6H6�*���3©
−p ≤ (conit(ri) − conit(r))/conit(r) ≤ p
⇐⇒ |conit(ri) − conit(r)|/conit(r) ≤ p

 
∀ i = 1, n

U[� �2�;���}� �2�8���}� � �'�'¢�£¥�L¢J���*���2¢��T¢�1g���}��� � ¢Y¡Q� -J�b���%���-�;�'�   �*���;¢¥�2¢ �!���3�'¢�� � �*���2¢��}�  
�;¢ � �d�I�����2�ABb� � �����!���;� �;���H�*�2�!� ¦ 9 �}���;�41�¢��;�   H�� � �4B}�}�

conit
���¥���}� ���H£ ¢�1[���}�

HV���.-J���;�[¢�1?���}�§�2¢ �!���P�H�H�H�;¢��b�(--���;� � �H� � ���;�'�   ���}� HV���.-J���;�[¢�1?���}�§�2¢ �!���P�H�;¢��b�(--���;� �
�H� � ���;�'�¤��� � ���}�2HV���.-J���;��¢�19���}�Z�H� � ���;�'� �;�'�'���*¡Q� � 1:�;¢�£ ���}�Z�#�'���;� ¦ L �
���;�;¢ ���5���;�
�;¢ �!���;�¨�;���H�*�2�!�

ri
 
i = 1, n

  ���}��1�¢��*�2¢ H6�*��-
���H�;�'�¤�;���;�!©
UU i   PU i ��� � RU i   H6�}���;�

UU i �'¢����%���*�}�����}� �H� � ���;�'�¥�2�%���}� � ���
ri

��� � ���b�������;� �;���*�*�M�H�H�H�;¢��b�(--���;� �P 
PU i

�'¢��-�%���*�}�����}� �H� � ���;�'���2�%���}� � ���
ri
  ���*�;�!� � � �H�;¢��b�(--���;� � ��� �

RU i �'¢��-�%���*�}�����}�
�H� � ���;�'�¤�;�'�'���*¡Q� � ���

ri
1/�;¢�£ �*�;� �#�'���;� ¦ L �
¢ � �%���*�l���}�21:¢��*�2¢>H6�*��- 1:¢���£Z�H�5� 1:¢�� ���}�

conit
���;�;¢ ���5���;� � �;¢
���}�§�;���H�*�2�!�

ri
©

conit(ri) =
∑

u∈UU i u.weight +
∑

u∈PU i u.weight +
∑

u∈RU i u.weight
  H6�}���;�

u.weight
�2�6���}� HV���.-J�-� ¢�1?���}���H� � ���;�

u

:�y,}z�Sv } ��� L ���'¢��}��� � ���
n
�;���H�*�2�!���

ri
��� �

r
���}�¥� � �!���+�;���H�*�2�!� ¦ 5-18�!���;� �;���H�*�2�!�

���
1�¢��;�'�'�M���b���!©
(
∑

u∈UU i u.weight)/(
∑

u∈PU i u.weight) ≤ p/(1 − p)
N��%S

���}���
|conit(rj) − conit(r)|/conit(r) ≤ p

 
∀ j = 1, n

N � S

��v � �b��� 9 �H�2� ���}�'¢��;��£ ���}¢ HM�[���}�Z�*�-¡J�����5���-� H6�H�2�;�l£Z�}��� � ��£����*���%���*�}� �l� �T�!���%�
�;���H�*�2�!�   �;¢ ���b�����;¢«�;�!���*�.0!�   ������� � £�¢�£����-�   ���}� -J�2¢ � ��� � ¢��H� � ¢�� ���}�T�;���5�����*¡Q�
� �*¡Q����-Q���}�'��£��������2� ¦

L �����%�;¢����5���;�¤���}� 1:¢��*�2¢>H6�*��-�¡������5� � �2�'�   ���;�;¢ ���5���;� � �;¢
�;���H�*�2�!�
ri
©

lpstatei =
∑

u∈PU i u.weight

lustatei =
∑

u∈UU i u.weight

rstatei =
∑

u∈RU i u.weight

lstatei = lpstatei + lustatei

conit(ri) = lstatei + rstatei

L � � �4B}�}�
conit(r) =

∑n
i=1 lstatei

PH�;¢�£ ���}�����;���H£¥�H���2¢�� ���b���
∀ u ∈ PU i ⇒ u ∈ RU j   H6�}���;� j 6= i

��� �
∀ v ∈ RU j ⇒ ∃ is.t.v ∈ PU i

HV��¢ � �%���*� ∑n
i=1,i6=j lpstatei = rstatej

L �*��� ���}�'�;�§���2��£������;�   ���}���'¢�� � �*���2¢�� N��%S � �'�'¢�£��'�Y©
lustatei/lpstatei ≤ p/(1 − p)

⇐⇒ (1 − p) ∗ lustatei ≤ p ∗ lpstatei

⇐⇒ p ∗ lustatei + (1 − p) ∗ lustatei ≤ p ∗ lustatei + p ∗ lpstatei

⇐⇒ lustatei ≤ p ∗ lstatei

L ����¡J���*�b���;�§���}���'¢�� � �*���2¢�� N � S 1:¢��6���}���;���H�*�2�!�
rj

⇒
∑n

i=1,i6=j lustatei ≤ p ∗
∑n

i=1,i6=j lstatei ≤ p ∗
∑n

i=1 lstatei
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⇒
∑n

i=1,i6=j lustatei ≤ p ∗
∑n

i=1 lstatei

R��H�   ∑n
i=1,i6=j lustatei = conit(r) −

∑n
i=1,i6=j lpstatei − lstatej = conit(r) −

(rstatej + lstatej) = conit(r) − conit(rj)

⇒ conit(r) − conit(rj) ≤ p ∗ conit(r)

⇒ (conit(r) − conit(rj))/conit(r) ≤ p

R��H�
conit(r) ≥ conit(rj)

⇒ |conit(rj) − conit(r)|/conit(r) ≤ p

� 3��H�2¢��*���*��-«���}� � E 	 �J� � [,E ^ � [�E	��� E �#�FE £��������2� �H�;¢!¡ � � �'�¥�IHV¢ £����*� � ���}�4B}�;� H6�*���
�;�'���L�'�����;¢¤���}�F���H�H�;¢Q���;�d¢�1 9 UP= 9 ¦ P?�*�;�����
�   �*�+�%��QQ�'�+�*�-�;¢����'�'¢��H���9���}�6���H���;���-�����%���;�
¢�19���}�Z�2¢��!���?�;���H�*�2�!�¨��� � ���}�Z���%���;�
¢�1+���}� � � �!���g�;���H�*�2�!�  #� �'��� � �'� ���}�Z�;¢��%��� HV���.-J�-�;�
¢�1+���}�Z�H�H�H�;¢��b�(--���;� � �H� � ���;�'� ¦�� �'�'¢�� � �
�   ���}���2¢ �!�����'¢�� � �*���2¢��}�0N��%S   �*�
1������;� � 1:�;¢�£
���}� -J�2¢ � ��� -J�b���%�����;�'�GN � S  #� ¢���� � � ���L��� � ¢�� ���}�����H£ � ����¢�1+�;���H�*�2�!��� ¦ 5
� �H�%�������2�'�  
HV� �}�'� � �;¢ � ¢��H� � ���}� �;¢��%��� HV���.-J�-�;�6¢�1����}�[�H�;¢��b�(--���;� � �H� � ���;�'� ¦ c[�}�¤�;¢��*�H���2¢��¨�;¢
���H�2�g�2�;���}�8�2�g�;¢ �*�*£¥�*�����}�6���.0!�6¢�1

PU i  J� �Z�'¢��}��� � �����*��-�¢��H�
� ���}���H� � ���;�'�+�H�;¢��b�(--���;� �
H6�*���H�*� � -J�*¡Q���T���*£��§�#�����2¢ �P¦

�]�X� }-v�v �X���&�Yy,} ���J��u]�!v�w �����!u �
v �S� �YyH}��	} �	�Sy��!u =V�}¢�¢J���*��- ���}� ���.-J�-�d�'¢��}���2�A.
�;���}���¥¢��H���2¢��}�V��� � ���;�;��£ � �*�*��-Z���}��£ �'¢����;�'�����
� H6�*���H�*�d�¤�'¢��}�;�2���;���}���¥£�¢ � ���b�2� � �CT .
���H�*� ¦ 5B�d¢�� � ���8�;¢Z�;� � �}�'�[���}� � �H� � ��� ¢������}�¤�;����¡ �2�'�4.
���H�H�H�*�2���;�   H�� ����¡��2�I�(-Q�F�*�.-J���;���
���L�'���CBb�!�����2¢��}� ¦ L �GQQ�'��� ���}�;-J�%���-�H�5�����*��� ���¥���}� ¢��#���%�����2¢��
.��2��¡Q���  6� �2�;���*��-J�H�2���H�*��-
� ���7HV�'��� �;�!� � ����� � H6���*�;�'� ¦ 9 �}�¥�%����¡��2�'�¥���H�H�H�*�2���;� ���;���.-J� �L���A.
¢��#���%�����2¢�� HV���.-J�-�;� ¦
9 �}�6H����.-J�-�;�6���;� � �4B}�}� � ���%�����2�!���*�
��¢��V�'¢�£¥�H�H�;� �d� � �b��£¥�2�!���*�
� � �¥£��!���}��¢�13���}�;���A.
� �4B}�}� � 1:�H�}�����2¢�� ¦

L �d���%���}���5���;�¨���}� HV���.-J����¢�1¤�T�;�!� �P  �*���;¢ ���}�d���.-J��� � � -J�;�'� ¢�1F�;���5�����*¡Q� � �*¡Q���A.
-Q���}�'�d���b���Z�*�
�!�����;¢��2���%���;�   ��� � ���}� H����.-J�-��¢�1[��� �H� � ���;�   �*�-�;¢����}�����%���}�R1:���
�*�
.
���%����� H6�}��� �*�d�b�����;¢ � �'�'¢�£��T¡ �2��� � �2�l���¨���*� ���}�T�L�'���;� ¦ L ���'¢��}�;� � �������b���d���}�
¢��L���%�����2¢��:HV���.-J���;���b�!¡Q� ���}� ¡J���*�}�'���%����-Q� � ���7H��'���

1
��� �

max 
 weight
  H6�}���;�

max 
 weight
�2�[�¥� � ���;��£ . � �4B}�}� � �b���%��£����;��� ¦ L �Z���;�;¢ ���5���;� H6�*��� ���}���;�!� �

a
¢��}�

�'¢��}�����%���*���g¢��Z���}� � E 	 �J� � [�E ^ � [�E��:� E
�S�FE £��������2�   H6�}���;�9���}�V�b���%��£����;���
p
�b�������}�9¡J���*�}�

1 − a.weight/max 
 weight
¦ 5
� �b�������2���H�5���   �C16���}� H����.-J�-�Z¢�16���}�¥�;�!� �

a
�b���§���}�

£�� 3��*£��H£ ¡����*�}�   ���}���
a
�;�KJ-�H�*�;�'�9�;¢��;�'�F�����H�
.��;¢�. � ���;�F�;���H�*�2�!� ¦ L �F���%�;¢����5���;�6H6�*���

���}�Z�H� � ���;�
a
¢��}�Z�'¢��}�;���%���*�-��¢������}� _S� �9_ � � �J� � ���
� ^ E 	 � W £��������2� ¦ 9 �H�2�¤�'¢��}�����%���*�-�

�*£¥�L¢J�;�'�g���b���
a
£��}�;� � ���H�;¢��b�(--���;� � �;¢ ���}�8�L�'���;�  �� �41�¢��;�����}�8���*£����#�����2¢ � -J�*¡Q��� � �

(1− a.weight/max 
 weight) ∗max 
 delay
  H6�}���;�

max 
 delay
�2�����}�[£�� 3��*£��H£

�H�;¢��b�(--�����2¢�� � ���5���   �H�;�4.
�'¢��
B�-J�H�;� � H6�*���H�*�T���}�§� �����;��£ ¦

576�� 
 AL;	F,{KE	o@IpAL;
L �d�H�;¢��#¢J�%� � � �'¢��}���2���;���}��� £����%� .�£�¢ � ���   H6�H�2�;� �(-�-J�;� --���;�'�¥�43 �2�;���*��- ��� � �L¢J�;���C.
� �
�«�}�8H �'¢��}���2���;���}��� �'¢��}�����%���*�-�;�  +� � £��!���}�¥¢�1F�b���%��£����;���;�������%���;�}� � �;¢l�!���%��¢�1
���}�¥���H�;�'� � �*£����}���2¢��}�!© V ª � 	 �:� W �ZY � � �KE	�\[ �	� 	 E�� ���J� E� 8� ���S��ª �	�RE �#�aWl� ��� � � ��	 ��� � ^ E	�_�E � ^ E �S�aW�� ��� � � ��	E¦ U ���.-J�H�CBb�!�������'¢��-����� � �H���2¢�� ¢�1V¢��H� H�¢��RQ �2� ���}�
�43 �;���}�;� � �*�*�*��� ¢�1
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£��������2�'� N/�C1+���}���T���;���}�'� � � � S ¦ U[�}¢����}���[�;���2��¡J���-� �;�'���H�*� �2�F���}� � �4B}�H�*���2¢��l¢�1V���}�8H
� �*¡Q����-Q���}�'� £��������2� ���b�����%��QQ�'���*���;¢ ���'�'¢��H�-�¨���2�;¢l���}� ���%� � �2� ���%���;� N/� ¦ � ¦ ���}�¨�;�'�4.
¢��}���*�*�5���;� � �H� � ���;�'� S � �'�;� � �'�����}� �H�H�H�;¢��b�(--���;� � �H� � ���;�'�   H6�}���)J��b���-���C1 ���*��- ���}�
� �2�;���;���b���}��� � ���7HV�'��� ���}�����H���;���-�[�;���H�*�2�!����� � ���}�§� � �!����¢��}� ¦
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£�¢ � ���   ���b���V�'¢��H� ��� �8�*�}�;�%���-���5���;� � �/�;¢�£ ���}�F£����%����£�¢ � ���  �� ���§�;�*��-J�2�6�H�;¢��;¢��'¢�� ¦�� �
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�;����¡J� � �2�F���%���;�   �'¢��}���H���;���}�����'¢������;¢��L��� �d� ���#��� � ���}�����'¢������;¢�� ¦ � �}� �'¢��}�����%���*�-�;�8¢��
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� � �l� -Q���}�����2�
�H�;¢��;¢ �'¢��   ���b���
���}��� ���}���;¢�£¥�.0!� ¦ � �}��¢Y¡Q���%���*���'¢��}���2�;�;���}��� �H�;¢��;¢��'¢��V�2���'¢�£¥�L¢J�;� � ¢��6���}���H�;¢��;¢ �'¢��
������¢��;���*��-����}�����b���*�*���¥¢��P���}�M¢ � �;����¡J� � �2�F���%���;�   ���}�6�H�;¢��;¢ �'¢��S������¢��;���*��-����}�F�;�%�}� � �H���
�*��-
¢����'¢��}���H���;���-�6�*��¡Q¢��!�����2¢��}�M��� � ���}� �H�;¢��;¢��'¢��L�����:¢��;���*��-
���}� � ���L��� � ���}���2�'� ¦ � �}�
�'¢��}���2���;���}��� �H�;¢��;¢��'¢��g�2�¤���}�!���}���H�5���;� � �6�*���H�*� ���H���*£¥�*���*¡Q�   �!���*�2� � ��¢�� �!���%� ���'�'�'�;�  
���%���}���b���;�������
���:¢��§���}���}�b���9���*�2�����;�   �;¢ ���§�;¢ �H�;¢!¡ � � �¥���}�
�;���H�*�2�!���;� � �! ��'���H���2¢�� ¢��
���b���M���'�'�'�;�M���M���*�L���}�[�;���H�*�2�!��� ¦ L � �'¢��}�;� � ���6���}� �!���%�"�6�}���;�¤���}� �;���H�*�2�!���M���;�#�/�H�*�
�
�'¢��H�}�'���;� �P¦ L �[���%���H£��8���b���9���}�M�'¢�£¥£Z�H�H�2�!�����2¢����2�9�;���*�5� � �2� N/� ¦ � ¦ ���}�6£��'�;�I�(-Q�'�9���;�
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a′
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• a

��� �
a′
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a‖a′

�

• a
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a′
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a
¢��

a′
©
a′ → a →

a′ ∧ (a → a ∨ a′ → a′)
�

• a
��� �

a′
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a
¢��

a′
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a →
a′ ∨ a′ → a

�
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C(a, a′) =























a‖a′

a′ → a → a′ ∧ (a → a)
a′ → a → a′ ∧ (a′ → a′)
a → a′

a′ → a

� �}�
precedence 
 condition
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a
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a.preds
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a
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a
¦
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precedence 
 condition
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∀a′ ∈ a.preds : a′ <s a

¦
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LHi = {a/(a.state = appliedlocally)or(a.state = appliedremotely)}
¦
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� � � _ ��� � � ��� ��� � ���:� ��� ^ � ª�� ��� ��� 
!�	�	� � � � _ � ��� �
����� ���5� ����� �aW��8� �J��� � ���
pending
locally

ready

sent

locally outgoingissued

rejected
schedule(a)!=OK

waiting acks

received

remotely
deferred

send(a)

execute(a)

accepted ready

deferred
locally

terminated

waitExecPreds(a)

applied
if a.preds==null

if a.preds!=null

if a.type==update

if a.type==read

if acks not required

if a.preds!=null

if a.preds==null

if acks required if all acks received

applied
remotely

getExecPreds(a)

schedule(a)==OKif a has scheduling 
relations

if a doesn’t have
scheduling relations

states occurring at the initiator

states occurring at each peer

execute(a)

if acks required
sendAck

P?�.-J�H�;� $ ¦./-+ © � �}���'¢��}���2���;���}��� ���%���;�¤£����;�H�*�}�
��� �	��� �S�Q��� ^ ¢�� � ��� � � ��� ^   ���M���}���*�H�*���5���;¢��   ��� � � _�_ � � � ^ � � � �J����� WJ  ���M���}���#�'���;�   �*���
�}�H�*�;����£�¢��H���[¢��g���*£�� ¦ � �H�2�6�2�M� ���H�*¡����2�����F�;¢H©
∀a

 
∃ period
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• a.state == outgoing
� �H���*��-

period ≤ C(a).propagation 
 delay
N � / � �

• Σ a′/a′.state==outgoing a′.weight ≤ C(a).numerical 
 error/(n − 1)
  �6�}���;�

n
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n > 1
N � ­ � �

• |a′/a′.state == pending locally ≤ C(a).order 
 error
N � + � �

• a.state == pending locally
� �H���*��-

period ≤ C(a).stabilization 
 delayN ��$	� �

• ∃ a′ ∈ a.preds
 
a′.state 6= applied remotely
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 propagation 
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Qa’
r’r
a’ pending

a.state=Aa.state 

Qa
if a−>a then Aa=rejected 
else Aa=accepted

1.1.2.2

Aa

if not a’−>a, send AaAa

else defer AaAa’

send Aa

decide a’

a.state=Aa.state 

r’r
Qa

3

Aa=accepted
send Aa

a.state=Aa.state 

Qa’
r’

Qa
Aa’

r

1.1.2.1

process Qa
as in 1.1.1

a’ pending

defer
the processing of Qa

Qa’

Aa’

Qa

r’r

1.1.1

a’ pending

send Aa
else Aa=accepted
process Qa as in 2

if a’.state==accepted 

decide a’

Aa
a.state=Aa.state 

Qa’
r’r

Qa

1.1.2.3

process Qa

a’ pending

as in 1.1.2.2

r’r
Qa a’ accepted

then Aa=rejected 
else Aa=accepted
send Aa

2
a.state=Aa.state 

if a’−>a’ or a−>a or a−>a’ 

r’r
Qa a’ pending

1.2

process Qa
as in 1.1.2.2
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wk.net

�
�?>A@CO<@Qe N ac]Ae<@C^iRTvt@j@Qei^iRTvIZp^<acO L Z N�N [TR\@QV `�acOtZ�kmRTSU@M]�zxacOi¡_[\aUZcV L R\e	^i>A@Ce<h�v ap`^i>A@�e<@MOiS-R\PQ@j^iRTvt@Qe L ^i>A@�]A@M^~zxacOi¡ ^iO�Zp]Aei`b@MOt^iRTvt@�Zp]AV ^i>A@jzxZpRT^iRT]�k�^iRTvt@Qe�� ��ZcP<> ap`^i>A@Qe<@8PQacv N ac]A@M]_^<e/R\e N ZpO�Zpvt@M^<@MOiRT�q@QV�WYX�^i>A@�zwacOi¡-[\aUZcV�ap`"^i>A@�O<@QgYhA@Qei^ L Zp]AV�W_X�^i>A@PqZ N ZcPMRT^~X�Zp]AVj^i>A@�PMh�OiO<@M]Y^�h�^iRT[TRT��Zp^iR\ac]�ap`u^i>A@(O<@Qe<ach�O<PQ@Qe=ap`�Z N ZpOi^iR\PMh�[yZpO=>Aamei^q�

À ©c¢ À



����� "wDEH#! J �mH#! ��� H � � ���	� � ��!bH#! ��� H#! J �
$('�
 � -�.�:5*�
?.;:<,	��.���(������ ��
=:�.;:�,���.�:5*6(
� @ N @MO�`bacOiv Z�O<@MkmO<@Qe<eiR\ac]r|GW1Zce<@QV¼Zp]1Zp[TX-eiR\elap`d^i>A@�zxZpRT^iRT]�k�^iRTvt@ L z{>A@MO<@�zw@�ei^ihAVrX^i>A@�V�@ N @M]AV�@M]APMX£W3@M^~zx@Q@M] ^i>A@jzxZpRT^iRT]�k ^iRTvt@QelZp]AV�^i>A@�PMh�OiO<@M]Y^th�^iRT[TRT��Zp^iR\ac] ap`d^i>A@O<@Qe<ach�O<PQ@Qej]A@Q@QV�@QV¼WYX½^i>A@�zwacOi¡-[\aUZcV����{ZceiR\PqZp[T[TX L @qZcP�> zwacOi¡-[\aUZcV >1ZcelRT^<eCz?ZpRT^iRT]�k^iRTvt@d�A^i^iRT]�ktPMh�OiSU@ L z{RT^i>j^i>A@fW1Zce<@M[TRT]A@ N acRT]Y^<e{V�@M^<@MOivoRT]A@QV�W_XIvt@qZceih�O<@Mvt@M]_^<e L acO{WYX@Qei^iRTvIZp^iR\ac]Ae/acW�^�ZpRT]A@QV�`bO<acv ^i>A@5vt@qZceih�O<@Mvt@M]Y^<edap`"ac^i>A@MO=zwacOi¡-[\aUZcV�eq�
=/h�Od@E� N @MOiRTvt@M]Y^<e/ei>Aaqz ^i>1Zp^�^i>A@(PQac]_^iOiRTW�h�^iR\ac]�ap`"^i>A@5z?ZpRT^iRT]�kl^iRTvt@�z{RT^i>�RT]�^i>A@km[\acW1Zp[�O<@Qe N ac]Ae<@�^iRTvt@�W�@QPQacvt@Qe�eiRTkm]�R}�1PqZp]Y^ L @Qe N @QPMRyZp[T[TX h�]AV�@MO�^i>A@ PQac]AVrRT^iR\ac]Ae�ap`vt@QVrRTh�v ^<a�>�RTkm> O<@Qe<ach�O<PQ@�h�^iRT[TRT��Zp^iR\ac] L z{>A@MO<@�RT^lRT]APMO<@qZce<@QeI@E� N ac]A@M]_^iRyZp[T[TXU� 7xacvs|N h�^iRT]�k ^i>A@H7:9<; z?ZpRT^iRT]�k�^iRTvt@�R\eoSU@MOiX�P<>1Zp[T[\@M]�kmRT]�kA�¼�?>A@jvIZpRT] VrR��IPMh�[T^�X ZpOiR\e<@Qe`bO<acv ^i>A@{`GZcPM^�^i>1Zp^w^i>A@=z?ZpRT^iRT]�k8^iRTvt@dV�@ N @M]AV�exac]le�@MSU@MO�Zp[ N ZpO�Zpvt@M^<@MO<e L eihAP�>CZceq� ^i>A@O<@Qg_hA@Qei^szwacOi¡-[\aUZcV L ^i>A@ 7:9?; N O<a_PQ@Qe<e<RT]�k�PqZ N ZcPMRT^�X L ^i>A@ 7:9?;&h�^iRT[TRT��Zp^iR\ac] Zp]AV ^i>A@e<P�>A@QVrh�[TRT]�k N ac[TR\PMR\@Qe�ap`w^i>A@oa N @MO�Zp^iRT]�k�eiXrei^<@Mv��8�?>A@sW�RTk�R\e�eihA@	R\ef^<a�V�@M^<@MOivoRT]A@o^i>A@PQac]Y^iOiRTW�h�^iR\ac]Aefap`�@qZcP<> N ZpO�Zpvt@M^<@MOd^<ao^i>A@�a�SU@MO�Zp[T[17:9?;�z?ZpRT^iRT]�kl^iRTvt@ L Zp]AV�>Aaqz ^i>A@N ZpO�Zpvt@M^<@MO<efRT]Y^<@MO�`�@MO<@8z{RT^i>�@qZcP�>�ac^i>A@MOq��G�]Aac^i>A@MOdR\e<eihA@�R\e�^<aCPqZ N ^ih�O<@8^i>A@8VrX-]1ZpvoR\PSmZp[ThA@Qe{ap` ^i>A@�7:9?; h�^iRT[TRT��Zp^iR\ac]��w�~]j^i>A@/`�ac[T[\aqz{RT]�k L zx@fz{RT[T[3V�@E�A]A@(Z�`bh�]APM^iR\ac] L ]Aac^<@QVWYX
cpuWt(wk, u)

L ^i>1Zp^8@Qei^iRTvIZp^<@Qe�^i>A@ 7:9?;�z?ZpRT^iRT]�k�^iRTvt@t`bacO(^i>A@tzwacOi¡-[\aUZcV
wk
Lh�]AV�@MO=^i>A@5>Aame<^{h�^iRT[TRT��Zp^iR\ac]

u
�

� �"!#�%$ &('*),+%-�+%.0/21436587:9<;
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�uRTkmh�O<@£¢r�¥¤r� ��e<^iRTvIZp^<@QV Sreq��vt@qZceih�O<@QV
7:9?; zxZpRT^iRT]�kl^iRTvt@

@E� N @MOiRTvt@M]_^<e8[\@qZcV£hAe8^<a�^i>A@CPQac]APM[ThAeiR\ac] ^i>1Zp^ L kU@M]A@MO�Zp[T[TX L ^i>A@ 7:9?;¬zxZpRT^iRT]�k�^iRTvt@ Lvt@qZceih�O<@QV�`�acOfZlkmRTSU@M] 7:9?; zxacOi¡_[\aUZcV L kmO<a�z=e5@E� N ac]A@M]Y^iRyZp[T[TX L Zce/^i>A@C7:9?; h�^iRT[TRT��Z�|^iR\ac]�RT]APMO<@qZce<@Qe��
�¼RT^i>�^i>A@Qe<@	@M[\@Mvt@M]Y^<e L ^i>A@(` h�]APM^iR\ac]

cpuWt
W�@QPQacvt@QefZp]�@E� N ac]A@M]Y^iRyZp[ ` h�]APM^iR\ac]z{RT^i>n^i>A@o@E� N ac]A@M]_^(@E� N O<@Qe<e�@QV Zce(ZI[TRT]A@qZpO(` h�]APM^iR\ac]��	�?>�R\ef`bh�]APM^iR\ac]nR\e N ZpO�Zpvt@M^<@MO�|RT�q@QVjWYX

u.cpu
Zp]AVj>1Zce?^i>A@/`bacOiv

y � a∗u.cpu
�

b
L z{>A@MO<@f^i>A@fPQa-@ �IPMR\@M]Y^<e

a
Zp]AV

bV�@ N @M]AVlW3ac^i>jac]C^i>A@dzxacOi¡_[\aUZcV
wk

Zp]AVjac]C^i>A@/h�^iRT[TRT��Zp^iR\ac]�SmZp[ThA@
u
�u� @facW�^�ZpRT]C^i>A@`�ac[T[\aqz{RT]�kt`�acOiv�h�[yZs`bacO{^i>A@5z?ZpRT^iRT]�kI^iRTvt@m�

cpuWt(wk, u) = exp(a ∗ u.cpu + b)
L z{>A@MO<@

a = f(wk, u)
Zp]AV

b = g(wk, u)
A�¾�D

��]CacO<V�@MO?^<a	PQacv N h�^<@f^i>A@fPQa_@ �IPMR\@M]_^<e
a
Zp]AV

b
L zw@d]A@Q@QVC^i>A@dScZp[ThA@Qe?ap`9^i>A@F7:9?;zxZpRT^iRT]�kn^iRTvt@jh�]AV�@MOtZp^s[\@qZcei^s^~zxa�h�^iRT[TRT��Zp^iR\ac] SmZp[ThA@Qe

ui
z{RT^i> ^i>A@je�Zpvt@jVrR\ei¡��i��=h�^iRT[TRT��Zp^iR\ac] L RG� @m�

ui.io = uj .io
Zp]AV

ui.cpu 6= uj.cpu
L
i
L
j = 1, n

L
i 6= j, n ≥ 2

��� @]Aac^<@tW_X
mi

^i>A@ 7:9?;�z?ZpRT^iRT]�k�^iRTvt@Qe8vt@qZceih�O<@QV£h�]AV�@MO
ui
L
i = 1, n

L `�acO
wk
L RG� @m�

mi = measured � cpuWt(wk, ui)
L
i = 1, n

�
G?^s^i>�R\e N acRT]Y^ L zx@jPQacv N h�^<@j^i>A@CPQa-@ �IPMR\@M]Y^<e

a
Zp]AV

b
W_X Z N�N [TX-RT]�k�^i>A@ C�@qZce<^�-g_h1ZpO<@Qe,C�RT]A@d�uRT^i^iRT]�k�vt@M^i>Aa-V��¥¦m¢��~� �{ZceiR\PqZp[T[TX L ^i>�R\e�vt@M^i>Aa-VCV�@M^<@MOivoRT]A@Qe

a
Zp]AV

b
WYXvoRT]�RTvoRT�QRT]�k(^i>A@{e<g_h1ZpO<@?@MOiO<acO L ^i>1Zp^"R\e ∑n

i=1(mi−a∗ui.cpu−b)2
�u� @xRTv N [\@Mvt@M]Y^<@QV^i>�R\ewvt@M^i>Aa_VIz{RT^i>�RT]l^i>A@=` h�]APM^iR\ac]

getCoef()
RT]l�uRTkmh�O<@f¢r�¥¨r�u�?>�R\ewR\e N ZpO�Zpvt@M^<@MOiRT�q@QVWYX

n
N ZpRTO<e

(xi, yi), i = 1, n
L ^i>1Zp^xe�@MOiSU@dZcew^i>A@�W1Zce�@M[TRT]A@ N acRT]Y^<ew`�acO�^i>A@/O<@MkmO<@Qe<eiR\ac]r|W1Zce<@QV Z N�N O<aQ�rRTvIZp^iR\ac]����¼RT^i>

mi
O<@ N O<@Qe<@M]_^iRT]�k�^i>A@IzxZpRT^iRT]�k�^iRTvt@IacW�^�ZpRT]A@QV£h�]AV�@MO^i>A@37:9?; h�^iRT[TRT��Zp^iR\ac]�SmZp[ThA@

xi
L zx@5>1ZQSU@

yi = log(mi)
�

� @lV�@E�A]A@tRT]��uRTkmh�O<@l¢r�¥¨�^i>A@oW1Zce<@ N OiRTvoRT^iRTSU@
cpuWt � base

ap`=ach�O	@Qei^iRTvIZp^iR\ac]Z N�N O<aUZcP<>��w�~^=PQac]_^�ZpRT]Ae=^i>A@5PQacO<@(ap`u^i>A@5O<@MkmO<@Qe<eiR\ac]r|GW1Zce�@QV�zxZpRT^iRT]�kl^iRTvt@(Z N�N O<aQ�rRTvIZ�|^iR\ac]��t��^(V�@M^<@MOivoRT]A@Qe(^i>A@oz?ZpRT^iRT]�k�^iRTvt@s`�acO5^i>A@szwacOi¡-[\aUZcV
wk

h�]AV�@MO(h�^iRT[TRT��Zp^iR\ac]
u
LWYX�Z N�N [TX-RT]�ko`bacOiv8h�[yZ A�¾�D L z{>A@MO<@5^i>A@5PQa-@ �IPMR\@M]Y^<e

a
Zp]AV

b
ZpO<@(PQacv N h�^<@QV�hAe<RT]�ko^i>A@`bh�]APM^iR\ac]

getCoef()
���]�acO<V�@MO{^<asScZp[TR\VAZp^<@5ach�OdZ N�N O<aUZcP<> L zx@f^<a_ac¡l^i>A@(e�Zpvt@dzwacOi¡-[\aUZcV�e{`bO<acv¬�uRTkmh�O<@¢r�T¾ L `bacO8z{>�R\P<> zw@CPQacv N ZpO<@QV�^i>A@B7:9?;�zxZpRT^iRT]�k�^iRTvt@lPQacv N h�^<@QV£W_Xn^i>A@o`bh�]APM^iR\ac]

cpuWt � base
z{RT^i>�^i>A@dO<@qZp[�7:9?; zxZpRT^iRT]�kt^iRTvt@ L acW�^�ZpRT]A@QV�W_Xl@E��@QPMh�^iRT]�ko^i>A@fzwacOi¡_|[\aUZcV�eq���uRTkmh�O<@�¢r�¥¤5ei>Aa�z=e�^i>A@Qe<@=O<@Qeih�[T^<e L z{>A@MO<@=^i>A@=@Qei^iRTvIZp^iR\ac]lPMh�OiSU@QexZpO<@{SU@MOiXoPM[\ame<@
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�YI[ L
� [ N�� Q���
���������[�N�
�YI[ L
�
� @ N @MO�`�acOivt@QV�ZIe<@QPQac]AV�^�X N @�ap`"vt@qZceih�O<@Mvt@M]_^<e L z{>A@MO<@8zw@�e<^ihAVrR\@QV�^i>A@8@MSUac[Th�^iR\ac]ap`1^i>A@xzxZpRT^iRT]�k5^iRTvt@wz{>A@M]s^i>A@.7:9?; zxacOi¡_[\aUZcV L O<@Qe N @QPM^iRTSU@M[TX L ^i>A@xVrR\ei¡��i��= zwacOi¡-[\aUZcVSmZpOiR\@Qe L z{>�RT[\@5W3ac^i> 7:9?; h�^iRT[TRT��Zp^iR\ac]�Zp]AV�VrR\ei¡j�i��= h�^iRT[TRT��Zp^iR\ac]�ZpO<@f����@QV��

�?>A@CkmO�Z N >Ae	RT] �uRTkmh�O<@�¢r�¥¦�ei>Aaqz�^i>1Zp^	^i>A@ 7:9<; zxZpRT^iRT]�kn^iRTvt@lScZpOiR\@Qe	[TRT]A@qZpOi[TXz{RT^i> ^i>A@ 7:9?;�zwacOi¡-[\aUZcV�� 9"O<@QPMR\e<@M[TX RT^lRT]APMO<@qZce<@Qet[TRT]A@qZpOi[TX L ZceI^i>A@�SmZp[ThA@QeIap`5^i>A@
7:9?;�zwacOi¡-[\aUZcV�RT]APMO<@qZce�@m�w��]�Zp[T[�^i>A@5kmO�Z N >Ae L zw@5���r@QV�^i>A@8VrR\ei¡j����=�zxacOi¡_[\aUZcV L ^i>A@
7:9?;�h�^iRT[TRT��Zp^iR\ac]�Zp]AVj^i>A@�VrR\ei¡C�i��= h�^iRT[TRT��Zp^iR\ac]���?>A@?@E� N @MOiRTvt@M]_^<e�zw@ N @MO�`�acOivt@QV	[\@qZcV�e�hAeu^<a/^i>A@xPQac]APM[ThAeiR\ac]o^i>1Zp^ L h�]AV�@MO�Z�kmRTSU@M]h�^iRT[TRT��Zp^iR\ac]�ScZp[ThA@oZp]AV����r@QV�VrR\ei¡��i��=�zxacOi¡_[\aUZcV L ^i>A@@7:9?; zxZpRT^iRT]�kj^iRTvt@�RT]APMO<@qZce�@Qe[TRT]A@qZpOi[TX�z{RT^i>�^i>A@37:9<; zxacOi¡_[\aUZcV��=�_RTvoRT[yZpOi[TX L h�]AV�@MO/ZskmRTSU@M]�h�^iRT[TRT��Zp^iR\ac]�SmZp[ThA@�Zp]AV����@QV 7:9?; zxacOi¡_[\aUZcV L ^i>A@ 7:9<; zxZpRT^iRT]�k	^iRTvt@/Zp[\e<a�RT]APMO<@qZce<@Qe�[TRT]A@qZpOi[TXoz{RT^i>l^i>A@�VrR\ei¡�i��= zwacOi¡-[\aUZcV����?>�R\e=O<@Qe<h�[T^{R\e=ei>Aaqz{]�RT]��uRTkmh�O<@�¢r� §A��¼RT^i>sScZpOiRyZpW�[\@�7:9?; zwacOi¡-[\aUZcV L O<@Qe N @QPM^iRTSU@M[TX L VrR\ei¡	����= zxacOi¡_[\aUZcV L zw@?acW�^�ZpRT]o^i>A@`�ac[T[\aqz{RT]�kt`�acOiv�h�[yZce=`bacO{^i>A@�7:9?; z?ZpRT^iRT]�kI^iRTvt@m�
cpuWt(wk, u) = α′ ∗ wk.cpu + β ′ A�¤�D{Zp]AV
cpuWt(wk, u) = α′′ ∗ wk.io + β ′′ A�¦�D
��]£acO<V�@MOs^<a�PQacv N h�^<@

α′ Zp]AV β′ L zx@C]A@Q@QV�^i>A@ 7:9?;¬z?ZpRT^iRT]�k�^iRTvt@Qe8h�]AV�@MO
u
L `�acOe<@MSU@MO�Zp[ A�Zp^�[\@qZcei^{^~zxa D?zwacOi¡-[\aUZcV�e/z{RT^i>�^i>A@5e�Zpvt@(VrR\ei¡j�i��=�PQacv N ac]A@M]_^dZce

wk
��� @]Aac^<@5^i>A@Mv¬W_X

wki
L eihAP�>�^i>1Zp^

wki.io = wk.io
L
wki 6= wkj

Zp]AV�^i>A@(PQacOiO<@Qe N ac]AVrRT]�kzxZpRT^iRT]�kl^iRTvt@Qe{WYX
mi
L
i
L
j = 1, k

L
i 6= j, k ≥ 2

�
� @�Z N�N [TX�^i>A@ C�@qZce<^t�-g_h1ZpO<@Qe(C�RT]A@��uRT^i^iRT]�k�vt@M^i>Aa_V�� 9"O<@QPMR\e<@M[TX L zx@�PQacv N h�^<@

α′ Zp]AV β′ hAeiRT]�k�^i>A@	`bh�]APM^iR\ac] getCoef()
L�N ZpO�Zpvt@M^<@MOiRT�q@QVnW_X

x = {wki.cpu}
Zp]AV

y = {mi}
L
i = 1, k

�
�_RTvoRT[yZpOi[TX L RT]nacO<V�@MOf^<ajPQacv N h�^<@

α′′ Zp]AV β′′ L zw@s]A@Q@QV�^i>A@C7:9?;�z?ZpRT^iRT]�k�^iRTvt@Qe
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u
L `�acOxe<@MSU@MO�Zp[<A�Zp^?[\@qZcei^?^�zwa DwzwacOi¡-[\aUZcV�e{z{RT^i>j^i>A@5e�Zpvt@�7:9?; PQacv N ac]A@M]_^�Zce

wk
�	� @o]Aac^<@s^i>A@Mv W_X

wki
L eihAP�> ^i>1Zp^

wki.cpu = wk.cpu
L
wki 6= wkj

L Zp]AV�^i>A@PQacOiO<@Qe N ac]AVrRT]�kjzxZpRT^iRT]�kj^iRTvt@QedWYX
mi
L
i
L
j = 1, k

L
i 6= j, k ≥ 2

�/� @8PQacv N h�^<@
α′′ Zp]AV β′′ WYX�Z N�N [TX-RT]�kt^i>A@d`bh�]APM^iR\ac] getCoef()

L�N ZpO�Zpvt@M^<@MOiRT�q@QV�W_X
x = {wki.io}Zp]AV

y = {mi}
L
i = 1, k

�
� �"!#��� �������
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7:9?; z?ZpRT^iRT]�k5^iRTvt@Qe `bacOue<acvt@�zxacOi¡_[\aUZcV�e�
Uh�]AV�@MO"e<acvt@wh�^iRT[TRT��Zp^iR\ac]	SmZp[ThA@Qeq� �{ZceiR\PqZp[T[TX Lzw@I]A@Q@QV ^<a�V�@E�A]A@I^i>A@lPQac]r�Akmh�O�Zp^iR\ac] VAZp^�Z�`bacO8^i>A@o`�acOiv�h�[yZceBA�¾�D L A�¤�D�Zp]AV A�¦�D L e<aZce?^<a N @MO�`bacOiv�^i>A@5@Qei^iRTvIZp^iR\ac]�ap`?7:9?; zxZpRT^iRT]�kt^iRTvt@d`�acO=Zp]YXCzwacOi¡-[\aUZcV L h�]AV�@MO�Zp]YXh�^iRT[TRT��Zp^iR\ac]nSmZp[ThA@m�(�?>A@Qe<@sPQac]r�Akmh�O�Zp^iR\ac] VAZp^�ZjPQac]Y^�ZpRT]nO<@E`�@MO<@M]APQ@	h�^iRT[TRT��Zp^iR\ac] N acRT]_^<eZp]AV�O<@E`�@MO<@M]APQ@5zwacOi¡-[\aUZcV�e L ^i>1Zp^dZpO<@(V�@E�A]A@QV�RT]�^i>A@5]A@E�r^{^~zxa N ZpO�ZpkmO�Z N >Aeq�
������� N � S�� ��� [ QIS W�� �AacOiv�h�[yZ A�¾�D?]A@Q@QV�e{^<asW�@fPQac]r�Akmh�O<@QV�z{RT^i>�^i>A@fScZp[ThA@Qe=ap`u^i>A@
7:9?; zxZpRT^iRT]�k�^iRTvt@ L vt@qZce<h�O<@QVnh�]AV�@MO�e<@MSU@MO�Zp[wh�^iRT[TRT��Zp^iR\ac]�SmZp[ThA@Qe AK`bacO	Z N ZpOi^iR\PMh�[yZpOzwacOi¡-[\aUZcV DE�f� @	PqZp[T[u^i>A@Qe�@�h�^iRT[TRT��Zp^iR\ac]�SmZp[ThA@Qe8B ��� � B � ��� �5F � ! � H D �/��]�^i>A@	PqZce<@	ap`�^i>A@
7:9?;�z?ZpRT^iRT]�kj^iRTvt@ L ^i>A@MO<@sZpO<@sZp^�[\@qZcei^d^~zxalO<@E`�@MO<@M]APQ@ N acRT]_^<e/z{RT^i>�^i>A@	e�Zpvt@�SmZp[ThA@`�acO{^i>A@(VrR\ei¡j����= h�^iRT[TRT��Zp^iR\ac]���� @f`bacOivIZp[TRT�q@(^i>A@(e<@M^=ap`�O<@E`b@MO<@M]APQ@ N acRT]_^<e L ]Aac^<@QV

P ′ LZce/`bac[T[\a�z=eq�
P ′ = {u′

i}
L
i = 1, n′ 
 n′ ≥ 2

L z{>A@MO<@
∃ i, j, 1 ≤ i, j ≤ n′ L eihAP�>^i>1Zp^

u′
i.io = u′

j .io
Zp]AV

u′
i.cpu 6= u′

j.cpu
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� � �AacOiv8h�[yZce A�¤�D�Zp]AV A�¦�D�]A@Q@QV�^<aCW3@�PQac]r�Akmh�O<@QV�z{RT^i>�^i>A@SmZp[ThA@Qe=ap` ^i>A@37:9<; z?ZpRT^iRT]�kt^iRTvt@ L vt@qZceih�O<@QVj`�acO=e<@MSU@MO�Zp[�zxacOi¡_[\aUZcV�e L h�]AV�@MO/Z	kmRTSU@M]h�^iRT[TRT��Zp^iR\ac]CScZp[ThA@m�u� @�PqZp[T[9B ��� � B � ��� � �<�cB���� � ���pDML ^i>A@{zxacOi¡_[\aUZcV�ew`�acO"z{>�R\P<>C^i>A@�7:9?;zxZpRT^iRT]�ks^iRTvt@�>1Zce�W3@Q@M]Ivt@qZceih�O<@QVlh�]AV�@MO{Zp]YXoO<@E`�@MO<@M]APQ@ N acRT]Y^q�"�?>A@de<@M^�ap`�O<@E`�@MO<@M]APQ@zwacOi¡-[\aUZcV�e L ]Aac^<@QV
W
L e�Zp^iR\e��1@QeC^i>A@�`bac[T[\a�z{RT]�k N O<a N @MOi^�XU� �?>A@MO<@ ZpO<@�`bach�OjVrR�\�@MO�|@M]Y^/O<@E`b@MO<@M]APQ@(zwacOi¡-[\aUZcV�e L z{>A@MO<@MRT]�^~zwaCPQach N [\@Qe�ap`"zxacOi¡_[\aUZcV�e�>1ZQSU@(^i>A@8e�Zpvt@ 7:9?;zwacOi¡-[\aUZcV L Zp]AV�^i>A@MO<@	ZpO<@	ac^i>A@MO�`�ach�O/VrR�\�@MO<@M]Y^fzxacOi¡_[\aUZcV�e L z{>A@MO<@MRT]�^~zxajPQach N [\@Qedap`zwacOi¡-[\aUZcV�e8>1ZQSU@o^i>A@le�Zpvt@oVrR\ei¡n����=�zxacOi¡_[\aUZcV��C�?>A@oO�Zp^iR\ac]1Zp[\@IW�@M>�RT]AVn^i>�R\e N O<a N |@MOi^~X�z{RT[T["W3@	@E� N [yZpRT]A@QVn[yZp^<@MO L z{>A@M]£V�@Qe<PMOiRTW�RT]�k�^i>A@o@Qei^iRTvIZp^iR\ac]£Zp[TkUacOiRT^i>�vteq�(>�acO<@`�acOivIZp[T[TX��

W = {wki}
L
i = 1, m

L
m ≥ 4

L z{>A@MO<@
∃ i, j, k and l, 1 ≤ i, j, k, l ≤ m

LeihAP�>�^i>1Zp^
wki.cpu = wkk.cpu

L
wkj .cpu = wkl.cpu

L
wki 6= wkj

Zp]AV
∃ u, v, w and z, 1 ≤ u, v, w, z ≤ m

L e<hAP<>�^i>1Zp^
wku.io = wkw.io

L
wkv .io = wkz .io

L
wku 6= wkv

�
� @oZce<e<a-PMRyZp^<@	^<aj@qZcP<>

wk ∈ W
L ^i>A@se<@M^5ap`�^i>A@C7:9?;�zxZpRT^iRT]�k�^iRTvt@	vt@qZceih�O<@Qe LacW�^�ZpRT]A@QV�h�]AV�@MO/@qZcP<>�O<@E`�@MO<@M]APQ@ N acRT]Y^{`bO<acv

P ′ �#>�acO<@5`bacOivIZp[T[TX3�
M ′

wk = {(u′
i,m

′
i)}
L z{>A@MO<@

m′
i = measured � cpuWt(wk, u′

i)
L
u′

i ∈ P ′, i = 1, n′ �� @sZpkmkmO<@MkYZp^<@tZp[T[ ^i>A@8vt@qZceih�O<@QefRT]Y^<aC^i>A@	e<@M^
M ′ L z{>A@MO<@ M ′ = ∪wk∈WM ′

wk

�d�?>A@e<@M^<e
P ′ L W Zp]AV

M ′ ZpO<@�V�@E�A]A@QVI`bacOw@MSU@MOiX � � DEH � � �pD*D A RG� @m��vIZcP<>�RT]A@Qexz{RT^i>I^i>A@/e�Zpvt@O<@Qe<ach�O<PQ@(PqZ N ZcPMRT^�X L Zce=V�@E�A]A@QV�RT]�e<@QPM^iR\ac]�¾m� § DE�
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��]�^i>�R\eue<@QPM^iR\ac] L zw@xei>Aaqz >Aaqz ^<a�@Qe<^iRTvIZp^<@�^i>A@ 7:9?;�zxZpRT^iRT]�kf^iRTvt@ L `�acOuZp]_X5zwacOi¡-[\aUZcV
wk
L h�]AV�@MOdZp]YXjh�^iRT[TRT��Zp^iR\ac]�SmZp[ThA@

u
ap`�^i>A@

host
�"�~`

wk
R\e<]�
 ^/Z	O<@E`b@MO<@M]APQ@(zwacOi¡-[\aUZcV Lzw@{VrR\e<^iRT]�kmh�R\ei>o^~zxa(PqZce<@Qe.A�¾�D

wk
>1Zce�Zp^"[\@qZcei^�^i>A@�7:9?;½acO"^i>A@xVrR\e<¡8�i��= PQacv N ac]A@M]Y^RT]�PQacvovtac]�z{RT^i>�Z(O<@E`�@MO<@M]APQ@fzwacOi¡-[\aUZcV�Zp]AV8A�¤�D�]A@MRT^i>A@MO{^i>A@�7:9?; PQacv N ac]A@M]_^ L ]AacO^i>A@�VrR\ei¡ �i��= PQacv N ac]A@M]Y^�ap`

wk
R\eCPQac]_^�ZpRT]A@QV WYX ^i>A@�O<@E`�@MO<@M]APQ@�zwacOi¡-[\aUZcV�eq� ��]^i>A@j`�acOivt@MOlPqZce<@ L zx@�]1Zpvt@

wk
Z D � J ! � ���4���1� �<�cB������ ���mL ac^i>A@MOiz{R\e<@�zw@�]1Zpvt@�RT^Zp]�� � � �4���1� �<�cB���� � ��� �n�?>A@I`bac[T[\a�z{RT]�k�^i>�O<@Q@Ce�@QPM^iR\ac]Ae	e<>Aaqz�>Aaqz ^i>A@j@Qei^iRTvIZp^iR\ac]N O<a-PQ@Q@QV�efR}`

wk
R\e5Z�B ��� � B � ��� � �<�cB���� � ���mL Z D � J ! � ���4���1� �<�cB5� ��� � � acO5Zp]���� ���4���1�

�<�cB���� � ��� ���1acO�@qZcP<>�^�X N @5ap`uzxacOi¡_[\aUZcV L zw@5VrR\ei^iRT]�kmh�R\ei>�W�@M^�zw@Q@M]�^i>A@5PqZce<@Qe?z{>A@MO<@
uR\e�Z	O<@E`�@MO<@M]APQ@ N acRT]Y^/acO{]Aac^q�

E2F�G�F G�FJH ��� � �8L
� � [ � N � ��� N � S�� � ��[ N 
�YI[ L
� �

�?>A@�` h�]APM^iR\ac]
cpuWt � known(wk, u)

Abei>Aa�z{] RT] � RTkmh�O<@n¢r�¥¨�Dl@Qei^iRTvIZp^<@Qe�^i>A@�O<@E|e N ac]Ae<@=^iRTvt@=`bacO
wk
L PQac]AeiR\V�@MO<@QVjZcexZ�O<@E`b@MO<@M]APQ@/zwacOi¡-[\aUZcV����~`

u
R\e?Z5O<@E`�@MO<@M]APQ@ N acRT]Y^`bO<acv

P ′ L zw@	acW�^�ZpRT]�VrRTO<@QPM^i[TX�` O<acv Mwk
L ^i>A@@7:9?;�zxZpRT^iRT]�kj^iRTvt@8vt@qZceih�O<@QV�h�]AV�@MO

u
�
�~`

u
R\e�]Aac^oZ�O<@E`�@MO<@M]APQ@ N acRT]_^ L RT] acO<V�@MOs^<a�PQacv N h�^<@C^i>A@lPQa-@ �IPMR\@M]Y^<e

a
Zp]AV

bh�]AV�@MOs^i>A@Ch�^iRT[TRT��Zp^iR\ac] ScZp[ThA@
u
L zx@jP<>Aa-ame<@l` O<acv ^i>A@je<@M^

Mwk
L
n
N ZpRTO<e A

ui
L
mi
D LeihAP�>l^i>1Zp^

ui.io = uj.io
L z{RT^i>j^i>A@MRTO?PQacvovtac]jScZp[ThA@

ui.io
W�@MRT]�k	^i>A@/PM[\ame�@Qei^w^<a

u.io
LZpvtac]�k5Zp[T[_^i>A@wO<@E`b@MO<@M]APQ@ N acRT]Y^<eq� �½RT^i>	^i>A@Qe<@w@M[\@Mvt@M]Y^<e L zx@wPQacv N h�^<@

cpuWt(wk, u)
LWYX�Z N�N [TX_RT]�kj^i>A@8` h�]APM^iR\ac]

cpuWt � base()
L�N ZpO�Zpvt@M^<@MOiRT�q@QVnW_X�^i>A@	W1Zce<@M[TRT]A@ N acRT]Y^<e

A
{ui.cpu}

L
{mi}

D L
i = 1, n
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E2F�G�F G�F�� ��� � �8L
� � [ � � ��� Q�� 
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�?>A@I` h�]APM^iR\ac]
cpuWt � semiknown(wk, u)

Abei>Aaqz{]�RT]�� RTkmh�O<@j¢r�¥¨�D�@Qei^iRTvIZp^<@Qe	^i>A@O<@Qe N ac]Ae<@(^iRTvt@(`bacO
wk

L PQac]AeiR\V�@MO<@QV�ZcefZoe<@MvoR}|G¡-]Aaqz{]�zxacOi¡_[\aUZcV��{� @	PQac]AeiR\V�@MO/^i>1Zp^
wk

>1Zce=^i>A@(e�Zpvt@5VrR\ei¡j����=�PQacv N ac]A@M]Y^fZce=e<acvt@5O<@E`�@MO<@M]APQ@5zxacOi¡_[\aUZcV�eq�
� @jPQac]AeiR\V�@MO

k
O<@E`b@MO<@M]APQ@jzxacOi¡_[\aUZcV�e

wki, i = 1, k
L ^i>1Zp^o>1ZqSU@j^i>A@je�Zpvt@jVrR\ei¡�i��= zwacOi¡-[\aUZcV Zce

wk
��¾�Df�~`

u
R\e�Z�O<@E`�@MO<@M]APQ@ N acRT]Y^ L zx@tkU@M^5`bO<acv ^i>A@te�@M^<e

Mwki

L^i>A@�7:9?; z?ZpRT^iRT]�ko^iRTvt@dScZp[ThA@Qe
mi
L vt@qZceih�O<@QVjh�]AV�@MO

u
`bacO?@qZcP<>�zxacOi¡_[\aUZcV

wki
�u� @PQacv N h�^<@

cpuWt(wk, u)
WYX�Z N�N [TX-RT]�kt^i>A@d`�acOiv�h�[yZ A�¤�DE�

�~`
u
R\ei]�
 ^�Z£O<@E`b@MO<@M]APQ@ N acRT]Y^ L zw@�kU@M^C` O<acv

P ′ L n
O<@E`b@MO<@M]APQ@ N acRT]Y^<e

ui
L z{RT^i>^i>A@�e�Zpvt@jVrR\ei¡ ����=�PQacv N ac]A@M]Y^ L Zp]AV PQacv N h�^<@

mi = cpuWt(wk, ui)
L hAeiRT]�k�^i>A@N O<@MS-R\achAe5PqZce<@j¾�DE���uRT]1Zp[T[TX L zw@sPQacv N h�^<@

cpuWt(wk, u)
WYX�Z N�N [TX_RT]�k�^i>A@8`bh�]APM^iR\ac]

cpuWt � base
LrN ZpO�Zpvt@M^<@MOiRT�q@QV�WYXC^i>A@5W1Zce<@M[TRT]A@ N acRT]Y^<e�A

{ui.cpu}
L
{mi}

D L
i = 1, n

�
E2F�G�F G�F�G ��� � �8L
� � [ � U S 
�SR[ � S��	[ N 
�YI[ L
� �

�?>A@5`bh�]APM^iR\ac]
cpuWt � unknown(wk, u)

Abe<>Aaqz{]�RT]��uRTkmh�O<@	¢r�¥¨�D=@Qei^iRTvIZp^<@Qe�^i>A@8O<@E|e N ac]Ae<@?^iRTvt@?`�acO
wk

L PQac]Ae<R\V�@MO<@QVIZce�Zp]th�]�¡-]Aaqz{]tzxacOi¡_[\aUZcV
wk

�u� @=PQac]AeiR\V�@MO
l
e<@M^<e L@qZcP<>�ac]A@dPQac]_^�ZpRT]�RT]�k

k
O<@E`b@MO<@M]APQ@(zwacOi¡-[\aUZcV�e

wki
u

L eihAP�>�^i>1Zp^q�
wki

u.cpu = wki
v.cpu

L
i = 1, l; u, v = 1, k

�#C�@M^
wki.cpu = wki

u.cpu
L
wk′

i = (wki.cpu,wk.io), i = 1, l
�
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u
R\e=Z8O<@E`�@MO<@M]APQ@ N acRT]_^ L ^i>A@(Zp[TkUacOiRT^i>�v N O<a-PQ@Q@QV�e{RT]�^~zxatei^<@ N eq�"��]j^i>A@d�AO<ei^ei^<@ N�L zw@	@Qei^iRTvIZp^<@8^i>A@
7:9?; z?ZpRT^iRT]�kj^iRTvt@

mi
`�acO�^i>A@	e<@MvoR}|G¡-]Aaqz{]�zwacOi¡-[\aUZcV

wk′
i

LWYX�Z N�N [TX-RT]�kt^i>A@ N O<@MS-R\achAe N OiRTvoRT^iRTSU@
cpuWt � semiknown()

�
��] ^i>A@ne<@QPQac]AV ei^<@ N RT^�@Qei^iRTvIZp^<@Qe�^i>A@ 7:9?; zxZpRT^iRT]�k ^iRTvt@ L ]Aac^<@QV

d
L `�acOj^i>A@zwacOi¡-[\aUZcV

wk
L W_X�Z N�N [TX-RT]�k�^i>A@	O<@MkmO<@Qe<eiR\ac]�`�acOiv�h�[yZ A�¤�D L z{RT^i>n^i>A@sW1Zce�@M[TRT]A@ N acRT]Y^<e

A
{wk′

i.cpu}
L
{mi}

D L
i = 1, l

�
¤�DI�G`

u
R\eI]Aac^�Z�O<@E`b@MO<@M]APQ@ N acRT]_^ L zw@�kU@M^

n
O<@E`�@MO<@M]APQ@ N acRT]Y^<e

ui ∈ P
L z{RT^i>^i>A@�e*Zpvt@�VrR\ei¡ �i��= PQacv N ac]A@M]Y^ L RG� @m�

ui 6= uj
L

ui.io = uj .io
��� @£PQacv N h�^<@

mi = cpuWt(wk, ui)
L
i = 1, n

hAeiRT]�k�^i>A@ N O<@MS_R\achAeIPqZce<@n¾�DE� �uRT]1Zp[T[TX L zw@�@Qei^iR}|vIZp^<@f^i>A@ 7:9?; zxZpRT^iRT]�kt^iRTvt@
d
`�acO

wk
L W_XCZ N�N [TX-RT]�ko^i>A@d` h�]APM^iR\ac]

cpuWt � base()
LN ZpO�Zpvt@M^<@MOiRT�q@QV�WYXC^i>A@5W1Zce<@M[TRT]A@ N acRT]Y^<e

x = {ui.cpu}
Zp]AV

y = {mi}
L
i = 1, n

�
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diskIoWt(wk, u)
L ^i>A@o`bh�]APM^iR\ac]£@Qei^iRTvIZp^iRT]�k�^i>A@IVrR\e<¡��i��= z?ZpRT^iRT]�k�^iRTvt@`�acO(^i>A@ozwacOi¡-[\aUZcV

wk
h�]AV�@MO

u
�I� @s`�ac[T[\aqzx@QV Z�eiRTvoRT[yZpO	Z N�N O<aUZcP�> L Zce�RT] ^i>A@IPqZce�@ap`"^i>A@37:9?;�zxZpRT^iRT]�kC^iRTvt@m�w� @ N @MO�`bacOivt@QV�^i>A@8e�Zpvt@5^�zwaIe�@MOiR\@Qe�ap`"vt@qZceih�O<@Mvt@M]Y^<e���uRTO<ei^i[TX L zw@8vt@qZceih�O<@QV�^i>A@	VrR\ei¡��i��= z?ZpRT^iRT]�kC^iRTvt@ L z{>�RT[\@8ScZpOiX-RT]�kI^i>A@8ScZp[ThA@	ap`"^i>A@VrR\ei¡ �i��= h�^iRT[TRT��Zp^iR\ac]����?>A@CPMh�OiSU@QesacW�^�ZpRT]A@QV�`�ac[T[\aqz ^i>�R\e	^iRTvt@CZ�[TRT]A@qZpOs@MSUac[Th�^iR\ac] L^i>1Zp^xzw@fPQac]AeiR\V�@MO<@QVCz{>A@M]CV�@MOiRTS-RT]�ks^i>A@=`�acOiv�h�[yZ8^iO�Zp]Ae N ameiRT]�k A�¾�D"^<a	VrR\ei¡t�i��= z?ZpRT^�|RT]�kt^iRTvt@m�"� @5acW�^�ZpRT]�^i>A@d`bac[T[\a�z{RT]�kt`�acOiv�h�[yZo`bacO{^i>A@5VrR\ei¡j�i��= zxZpRT^iRT]�kI^iRTvt@m�

diskIoWt(wk, u) = a ∗ u.io + b
A § D

��] acO<V�@MO�^<a�PQacv N h�^<@t^i>A@tPQa_@ �IPMR\@M]_^<e
a
Zp]AV

b
L zx@o]A@Q@QVn^i>A@ovt@qZce<h�O<@Qe�ap`?^i>A@VrR\ei¡s����= zxZpRT^iRT]�k�^iRTvt@ L h�]AV�@MO�h�^iRT[TRT��Zp^iR\ac]lScZp[ThA@Qe L z{RT^i>t^i>A@=e�Zpvt@ 7:9?; PQacv N ac]A@M]_^q�� @fPQac]AeiR\V�@MO

n
N acRT]Y^<e

ui, i = 1, n
eihAP�>�^i>1Zp^

ui.cpu = uj .cpu
Zp]AV

ui.io 6= uj.ioZp]AV
mi

R\es^i>A@jvt@qZceih�O<@�ap`/^i>A@�VrR\e<¡£�i��=&zxZpRT^iRT]�k ^iRTvt@�h�]AV�@MO
ui
L

i = 1, n
� �~]^i>�R\e	PqZce<@ L

a
Zp]AV

b
ZpO<@IPQacv N h�^<@QV£hAeiRT]�k�^i>A@t` h�]APM^iR\ac]

getCoef()
L N ZpO�Zpvt@M^<@MOiRT�q@QVWYX

x = {ui.io}
Zp]AV

y = {mi}
L z{>A@MO<@

mi = measured � diskIoWt(ui)
�
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A�¤�D{Zp]AV A�¦�DE�
diskIoWt(wk, u) = α′ ∗ wk.io + β ′ A�¨�D?Zp]AV
diskIoWt(wk, u) = α′′ ∗ wk.cpu + β ′′ A�¢�D

�?>A@(PQa-@ �IPMR\@M]Y^<e
α′ Zp]AV β′ ZpO<@�PQacv N h�^<@QV�hAeiRT]�ktO<@E`�@MO<@M]APQ@5zxacOi¡_[\aUZcV�e�z{RT^i>�^i>A@e�Zpvt@ 7:9?; PQacv N ac]A@M]Y^q�s� @oPQac]AeiR\V�@MO

k
O<@E`�@MO<@M]APQ@szwacOi¡-[\aUZcV�e

wki ∈ W
z{RT^i>n^i>A@e�Zpvt@>7:9?; PQacv N ac]A@M]_^ L Zp]AV

mi
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wki
h�]AV�@MO

ui
L
i = 1, k

���?>A@5PQa-@ �IPMR\@M]Y^<e
α′ Zp]AV β′ ZpO<@5PQacv N h�^<@QV�W_XjZ N�N [TX-RT]�k^i>A@f`bh�]APM^iR\ac]

getCoef()
L�N ZpO�Zpvt@M^<@MOiRT�q@QV�W_X

x = {wki.io}
Zp]AV

y = {mi}
��?>A@tPQa-@ �IPMR\@M]Y^<e

α′′ Zp]AV β′′ ZpO<@tPQacv N h�^<@QV L eiRTvoRT[yZpOi[TX L hAe<RT]�k�O<@E`b@MO<@M]APQ@tzwacOi¡-[\aUZcV�ez{RT^i>�^i>A@(e*Zpvt@5VrR\ei¡C�i��=�PQacv N ac]A@M]Y^q�
�?>A@�PQac]r�Akmh�O�Zp^iR\ac] VAZp^�Z L ]A@Q@QV�@QV�RT]�acO<V�@MOo^<a�PQacv N h�^<@j^i>A@�PQa-@ �IPMR\@M]Y^<e L PQac]r|eiR\ei^5RT]n^i>A@tO<@E`b@MO<@M]APQ@ N acRT]Y^<e

P ′′ L ^i>A@oO<@E`b@MO<@M]APQ@tzwacOi¡-[\aUZcV�e W
Zp]AV ^i>A@IZce<e<a-PMRyZp^<@QV
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�8��� "xDEH#! J �UH#! ��� H � ����!KD ������� � ��!bH#! ��� H#! J �

�
	���
���	���������������� {
sx =

Pn
i=1

xi; sy =
Pn

i=1
yi; ssx =

Pn
i=1

x2
i ; sxy =

Pn
i=1

xi ∗ yi �
c = (n ∗ ssx − sx2); a = (n ∗ sxy − sx ∗ sy)/c; b = (sy ∗ ssx − sx ∗ sxy)/c � "!�#%$& "' < a, b >

}(�)�*�+ �-,/.10
2�	3�"465�� * �����������1� {
< a, b >= getCoef(n, x, y)
d = exp(a ∗ u.cpu + b) "!�#%$& "' d

}(�)�*�+ �-,/5����&47�8�9465�� * � {: ;=<
u ∈ P ′ >

m = measured ? cpuWt(wk,u)!�@BA�! {C >8D !E# n F C :  %A < ui G mi
> ;  %H�I M ′

wk G A�$KJMLN#%L C # ui 6= uj G ui.io = uj .io C '&O |ui.io − u.io|
: A=I : ' : I C @ G i G

j = 1, n, i 6= jP > @B!�# x = {ui.cpu} C '&O y = {log(mi)} � d = cpuWt ? base(wk, u, n, x, y)
} "!�#%$& "' d

}(�)�*�+ �-,/2�	KQSRT5����&47�8�9465�� * � {U�U
wk L C AV#�LK!�A C I6!WO : A%X7Y U�Z\[ H� "X-@BH C O C AVA%H�I6!] %! ; !� %!�'&J�! [ H� %X�@BH C O&A

D !E# wki ∈ W G wk.io = wki.io G i = 1, k: ;=<
u ∈ P ′ > {

mi = measured ? cpuWt(wki, u) GC > @B!E# x = {wi.cpu} C '&O y = {mi} � < α, β >= getCoef(n, x, y)P > d = α ∗ wk.cpu + β
} !�@BA�! {C >VD !E# n F H : '�#%A ui ∈ P ′ G A_^ #`^ ui 6= uj , ui.io = uj .io C 'KO |ui.io − u.io|

: AaI : ' : I C @ G i = 1, nP > mi = cpuWt ? semiknown(wk,ui)@B!�# x = {ui.cpu} C '&O y = {log(mi)} � d = cpuWt ? base(wk, u, nx, y)
} "!�#%$& "' d

}(�)�*�+ �-, * �15����&47�8�9465�� * � {D !E# l A%!E#�A G ! C JMLbH�'&!cJ�H�'�# C : ' : ' D k
[ H� "X�@BH C O&A wki

u ∈ W G wki
u.cpu = wki

v.cpu G i = 1, l � u, v = 1, k: ;=<
u ∈ P ′ > {@B!�# wki.cpu = wki

u.cpu G wk′

i = (wki.cpu,wk.io) G i = 1, lC > mi = cpuWt ? semiknown(wk′

i, u)P > @B!�# x = {wk′

i.cpu}andy = {mi} � < α,β >= getCoef(n, x, y)
d = α ∗ wk.cpu + β

} !�@BA�! {C >VD !E# n F H : '�#%A ui ∈ P ′ G A_^ #`^ ui 6= uj , ui.io = uj .io C 'KO |ui.io − u.io|
: AaI : ' : I C @ G i G j = 1, n G i 6= jP > mi = cpuWt ? unknown(wk,ui)@B!�# x = {ui.cpu} C '&O y = {log(mi)} � i G j = 1, n G d = cpuWt ? base(wk, u, n, x, y)

} "!�#%$& "' d
}(�)�*�+ �K�9465�� * � {: ;=<

wk
: A C  %! ; !_ "!�'&J�! [ H� %X�@BH C O >

d = cpuWt ? known(wk,u)!�@BA�!: ;=<
wk

: A C A%!_I : d X-'&H [ ' [ H� %X�@BH C O >
d = cpuWt ? semiknown(wk,u)!_@BA%!
d = cpuWt ? unknown(wk,u) "!�#%$& "' d

}

�uRTkmh�O<@�¢r�¥¨r���?>A@(@Qei^iRTvIZp^iR\ac]�ap`u^i>A@37:9<; z?ZpRT^iRT]�kI^iRTvt@
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�����*F3H�� B�� 	�

�cB������ ����� 	�� � B �����*DGF ��� D�� ��! J ��"wDMH#! J �mH �cB
vt@qZceih�O<@Qe

M ′′ L V�@E�A]A@QV�RT]�^i>A@5]A@E�r^=eih�WAe<@QPM^iR\ac]��
� ���:�%$ �������
	R7<-8/ 58+���� 9</ 5 /
��]�^i>A@(PqZce<@(ap`�^i>A@�VrR\e<¡C�i��=�zxZpRT^iRT]�kC^iRTvt@ L ^i>A@8e<@M^{z{RT^i>�^i>A@oB ��� � B � ��� �dF � ! � H D PQac]r|^�ZpRT]Aew^~zwa8VrR�\3@MO<@M]_^wO<@E`�@MO<@M]APQ@ N acRT]Y^<ewz{RT^i>I^i>A@/e�Zpvt@=SmZp[ThA@?`�acO�^i>A@�7:9<; h�^iRT[TRT��Zp^iR\ac]��
>�acO<@d`bacOivIZp[T[TX3�
P ′′ = {u′′

i }
L

i = 1, n′′ 
 n′′ ≥ 2
L z{>A@MO<@

∃ i, j
L

1 ≤ i, j ≤ n′′ L eihAP<>�^i>1Zp^
u′′

i .cpu = u′′
j .cpu

L
u′′

i .io 6= u′′
j .io

�� @5PQac]AeiR\V�@MO{^i>A@5e*Zpvt@de�@M^=ap`wB ����� B � � � � �<�cB������ ���pDEL Zce{V�@E�A]A@QV�RT]�e<@QPM^iR\ac]�¢r�¥¦r�¥¤r�� @?vt@qZceih�O<@QVo^i>A@{VrR\e<¡	�i��=½zxZpRT^iRT]�k(^iRTvt@ L h�]AV�@MO�@qZcP<>IzwacOi¡-[\aUZcV
wk ∈ W

Zp]AVt@qZcP<>O<@E`�@MO<@M]APQ@ N acRT]_^
u ∈ P ′′ �� @(acW�^�ZpRT]

M ′′
wk = (u′′

i ,m
′′
i )
L z{>A@MO<@

m′′
i = measured � diskIoWt(wk, u′′

i )
L

u′′ ∈ P ′′, i = 1, n′′ ��� @l]Aac^<@ M ′′ = ∪wk∈WM ′′
wk

���?>A@Ce<@M^<e
P ′′ Zp]AV M ′′ ZpO<@V�@E�A]A@QVj`�acO�@MSU@MOiX � � DEH � � �pD�D �

� ���:��� � 1�	 ��-�+ 5��:' 3�� �R-@9,+%3������	� � / + 58+�� 	 5 +�'�
 
 3658+%'*/ 58+����
�_RTvoRT[yZpOi[TXf^<a�7:9?;£zxZpRT^iRT]�k/^iRTvt@ L zx@�V�@E�A]A@QV(^i>A@�W1Zce<@"` h�]APM^iR\ac]

diskIoWt � base(wk, u)
�� @ N @MO�`�acOivt@QV ^i>A@l@Qei^iRTvIZp^iR\ac] ap`=^i>A@CVrR\ei¡��i��= z?ZpRT^iRT]�k�^iRTvt@ L WYX£VrR\e<^iRT]�kmh�R\ei>�RT]�kW3@M^~zw@Q@M] B ��� � B � ��� � �<�cB5� ��� � �pDEL(D�� J ! � ���4���1� �<�mB5��� � ���cD Zp]AV � �2���4���1� �<�cB���� � ���pDMLz{RT^i>�RT]I^i>A@=` h�]APM^iR\ac]Ae

diskIoWt � known(wk, u)
L
diskIoWt � semiknown(wk, u)

LO<@Qe N @QPM^iRTSU@M[TX
diskIoWt � unknown(wk, u)

LAN O<@Qe<@M]_^<@QV�RT]��uRTkmh�O<@�¢r�¥¢r�
$('�
 � -�.�:5*�
?.;:<,	��.���( - (�0
�5:<7�( .�:5*6(1-
�?>A@ ���	�£D�� B�� ! � �8H#! J � R\e?@Qei^iRTvIZp^<@QVjW_XlVrRTS-R\VrRT]�ko^i>A@�7:9?; zxacOi¡_[\aUZcVjW_XI^i>A@�7:9?;PqZ N ZcPMRT^~X Ab@E� N O<@Qe<e<@QV ZceC^i>A@�]_h�v�W3@MO�ap`�>�� C�= 9w� N @MOje�@QPQac]AV DE� �?>A@ ��!yD � �����D�� B�� ! � ��H#! J � R\es@Qei^iRTvIZp^<@QV�W_X£VrRTS-R\VrRT]�kn^i>A@jVrR\ei¡��i��=¬zxacOi¡_[\aUZcV�W_X�^i>A@jVrR\ei¡��i��=PqZ N ZcPMRT^~X Ab@E� N O<@Qe<e<@QVjRT] > �=�pe�DE�

$(' $ � -�.�:5*�
?.;:<,	��.���(�,3(u. � 2{0 � .;0 
=,�- /�(�0 .;:5*6(
�?>A@ � �MH �<�cB�� H B � � D�� � B H#! J � R\eCZp[\e�a�@Qei^iRTvIZp^<@QV¼WYX vt@qZp]Aejap`8Z�O<@MkmO<@Qe<eiR\ac]¼W1Zce<@QV^<@QP<>�]�R\g_hA@m�x� @(VrR\ei^iRT]�kmh�R\ei>�W�@M^�zw@Q@M]�W1Zp]AVrz{R\Vr^i>r|GRT]Y^<@M]AeiRTSU@sSreq�"]Aac]r|GW1Zp]AVrz{R\Vr^i>�RT]r|^<@M]AeiRTSU@�]A@M^~zwacOi¡�zwacOi¡-[\aUZcV�eq�{�?>A@5`�acOivt@MO�zxacOi¡_[\aUZcV�ed>1ZQSU@�^i>A@(^iO�Zp]Ae�`�@MO�^iRTvt@8V�acvs|RT]1Zp^<@QV WYX½^i>A@�W1Zp]AVrz{R\Vr^i> L z{>�RT[\@�^i>A@�[yZp^i^<@MO�zwacOi¡-[\aUZcV�ej>1ZQSU@�^i>A@�^iO�Zp]Ae�`�@MOj^iRTvt@V�acvoRT]1Zp^<@QVnW_X�^i>A@sO<ach�]AV-|G^iOiR N |G^iRTvt@m�o� @IVrR\e<PMhAe<ef>A@MO<@oac]�[TX�^i>A@s^iO�Zp]Ae�`b@MO5^iRTvt@	`�acO^i>A@fW1Zp]AVrz{R\Vr^i>r|GRT]Y^<@M]Ae<RTSU@�zxacOi¡_[\aUZcV�eq�<G zwacOi¡-[\aUZcV�R\e{PQac]AeiR\V�@MO<@QV�Zce?W1Zp]AVrz{R\Vr^i>�RT]r|^<@M]AeiRTSU@8R}`"RT^<e�SmZp[ThA@�R\e/kmO<@qZp^<@MOd^i>1Zp]�^i>A@�vIZ��-RTvIZp[uW1Zp]AVrz{R\Vr^i>�W�@M^�zw@Q@M] Zo>Aamei^fZp]AVZ�PM[TR\@M]Y^q��� @�Z N�N O<aQ�rRTvIZp^<@j^i>A@IW1Zp]AVrz{R\Vr^i>�W3@M^~zw@Q@M] Z�>Aamei^oZp]AV Z�PM[TR\@M]Y^sW_X ^i>A@W1Zp]AVrz{R\Vr^i>£ap`?^i>A@s[TRT]�¡�PQac]�]A@QPM^iRT]�k�^i>A@o>Aamei^5^<aj^i>A@IPM[\ame<@Qei^5]A@M^~zxacOi¡nO<ach�^<@MOq�o�?>A@O�Zp^iR\ac]1Zp[\@�W�@M>�RT]AV ^i>�R\eIP<>1ZpR\e�@�R\eI^~zwap|�`�ac[\V�� =/]½ac]A@�>1Zp]AV L RT^tR\etSU@MOiX VrR��IPMh�[T^C^<a>1ZQSU@�ZcPQPMh�O�Zp^<@�vt@qZceih�O<@Qelap`d^i>A@�ZQSmZpRT[yZpW�[\@�W1Zp]AVrz{R\Vr^i> W3@M^~zx@Q@M]¼Zp]_X O<@ N [TR\PqZ >Aamei^Zp]AV Zp]YX�PM[TR\@M]Y^ L z{RT^i>Aach�^lZ�PQac]AeiR\V�@MO�ZpW�[\@�aqSU@MOi>A@qZcV z{RT^i> O<@Qe N @QPM^o^<a�^i>A@j]A@M^�zwacOi¡^iO�Z6�IP�kU@M]A@MO�Zp^<@QV W_X eihAP<>½vt@qZceih�O<@Mvt@M]Y^<eq� =/] ^i>A@�ac^i>A@MOC>1Zp]AV L R}`5^i>A@�]A@M^�zwacOi¡
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�8� � "wDEH#! J �mH#! � � H � � � �QH �<�cB5� H B � � D���� B H#! J �

� R�2`5��M� + �K, .10
2_	3�9465�� * ������������� {
< a, b >= getCoef(n, x, y)
d = a ∗ u.io + b "!�#%$& "' d

}
� R�2`5��M� + �K, 51���&46�8�"465�� * � {: ;=<

u ∈ P ′′ >
d = measured ? diskIoWt(wk,u)!�@BA�! {D !E# n F C :  "A (ui, mi)fromM ′′

wk G A�$KJMLN#%L C # ui 6= ujui.cpu = uj .cpu G C '&O |ui.cpu − u.cpu|
: AVI : ' : I C @ G

i, j = 1, n, i 6= j@B!�# x = {ui.io}, y = {mi} G d = diskIoWt ? base(wk, u, n, x, y)
} "!�#%$& "' d

}
� R�2`5��M� + �K, 2_	KQSR�51���&47�8�9465�� * � {U�U

wk L C AV#�LK!�A C I6!WO : A%X7Y U�Z\[ H� "X-@BH C O C A=# [ H6 "! ; !� "!�'&J�! [ H� "X�@BH C O&A
D !E# wki ∈ W,wk.io = wki.io, i = 1, k: ;=<

u ∈ P ′′ > {
mi = measured ? diskIoWt(wki, u)@B!�# x = {wk.cpu}, y = {mi}; < α, β >= getCoef(n, x, y)
d = α ∗ wk.cpu + β

} !�@BA�! {D !E# n  %! ; !� %!�'&J�! F H : '�#%A ui ∈ P ′ G A`^ #_^ ui 6= uj G ui.cpu = uj .cpu C '&O |ui.cpu − u.cpu|
: A I : ' : I C @ �

i, j = 1, n
mi = diskIoWt ? semiknown(wk,ui)@B!E# x = {ui.io}, y = {mi} � d = diskIoWt ? base(wk, u, n, x, y)

} "!�#%$& "' d
}
� R�2`5��M� + �K, * �151���&46�8�"465�� * � {D !E# l A%!E#�A G ! C JMLbH�'&!cJ�H�'�# C : ' : ' D k

[ H� "X�@BH C O&A wki
u ∈ W,wki

u.cpu = wki
v.cpu G u; v = 1, k;u 6= v; i = 1, l: ;=<

u ∈ P ′′ > {@B!�# wk′

i = (wki
u.cpu,wk.io)

mi = diskIoWt ? semiknown(wk′

i, u)@B!�# x = {wk′

i.cpu}, y = {mi}; < α,β >= getCoef(n, x, y)
d = α ∗ wk.cpu + β

} !�@BA�! {D !E# n  "! ; !� "!_'KJ_! F H : '�#%A ui ∈ P ′′ G A`^ #_^ ui 6= uj , ui.cpu = uj .cpu C '&O |ui.cpu − u.cpu|
: A�I : ' : I C @ �

i, j = 1, n
mi = diskIoWt ? unknown(wk,u)@B!�# x = {ui.io} G y = {mi} G d = diskIoWt ? base(wk, u, n, x, y)

} "!�#%$& "' d
}
� R�2`5��M� + �&�9465�� * � {: ;=<

wk
: A C  %! ; !_ "!�'&J�! [ H� %X�@BH C O >

d = diskIoWt ? known(wk,u)!�@BA�!: ;=<
wk

: A C A%!_I : d X-'&H [ ' [ H� %X�@BH C O >
d = diskIoWt ? semiknown(wk,u)!_@BA%!

d = diskIoWt ? unknown(wk,u) "!�#%$& "' d
}

� RTkmh�O<@8¢r�¥¢r���?>A@5@Qei^iRTvIZp^iR\ac]�ap`�^i>A@5VrR\ei¡j����= zxZpRT^iRT]�kt^iRTvt@
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�����*F3H�� B�� 	�

�cB������ ����� 	�� � B �����*DGF ��� D�� ��! J ��"wDMH#! J �mH �cB
PQac]�kU@Qei^iR\ac]�a-PQPMh�O<e{ac]jZ�[TRT]�¡lPM[\ame<@/^<a	^i>A@/PM[TR\@M]_^{>Aamei^ L Zp]AVC^i>A@�]A@M^�zwacOi¡CW1Zp]AVrz{R\Vr^i>R\e?^i>A@ N O<@MSmZp[\@M]Y^{O<@Qe<ach�O<PQ@ L ]Aase<@MOiSU@MO�|~e<R\V�@5e<@M[\@QPM^iR\ac]�Zp[TkUacOiRT^i>�v¬PQach�[\Vj>A@M[ N�L W3@QPqZphAe<@Zp[T[�O<@ N [TR\PqZce�z{RT[T[ N @MO�`�acOiv eiRTvoRT[yZpOi[TXjW1ZcV��

��]�^i>�R\e=PqZce<@ L ^i>A@(^iO�Zp]Ae�`b@MO{^iRTvt@(R\e{kmRTSU@M]�WYXj^i>A@d`�acOiv�h�[yZr�
nt(wk, host) = wk.net/(a ∗ host.c.net + b)

Lz{>A@MO<@
host.c.net

R\e5^i>A@s]A@M^~zxacOi¡nW1Zp]AVrz{R\Vr^i>£ap`
host

�s� @IPQacv N h�^<@
a
Zp]AV

b
L `bacOe<acvt@d¡-]Aaqz{]�zxacOi¡_[\aUZcV�e L `�acO?z{>�R\P<>�^i>A@MO<@(ZpO<@5ZqScZpRT[yZpW�[\@(e�acvt@/vt@qZce<h�O<@Qe=ap` ^iO�Zp]Ae�`�@MO^iRTvt@ L h�]AV�@MOle<acvt@�W1Zp]AVrz{R\Vr^i>½h�^iRT[TRT��Zp^iR\ac]¼ScZp[ThA@Qe�� �?>A@Qe<@�vt@qZce<h�O<@QeCZpO<@�hAe�@QV Zce^i>A@5W1Zce<@M[TRT]A@ N acRT]_^<e�z{RT^i>�RT]�^i>A@ C�@qZcei^5�-gYh1ZpO<@QeBC�RT]A@��uRT^i^iRT]�klvt@M^i>Aa_V L ^i>1Zp^�kmRTSU@Qe

aZp]AV
b
�f�AacOf^i>A@	ac^i>A@MOfh�]�¡_]Aa�z{]nzwacOi¡-[\aUZcV�e L ^i>A@	^iO�Zp]Ae�`b@MOd^iRTvt@	R\efPQacv N h�^<@QV�hAeiRT]�k^i>A@5^iO�Zp]Ae�`�@MO=^iRTvt@(ap`�O<@E`�@MO<@M]APQ@(zwacOi¡-[\aUZcV�e/h�]AV�@MO=^i>A@(e�Zpvt@5h�^iRT[TRT��Zp^iR\ac]�ScZp[ThA@m�w�?>�R\ePQacv N h�^�Zp^iR\ac] O<@M[TR\@Qe5ac]�^i>A@oacWAe<@MOiSmZp^iR\ac]�^i>1Zp^5^i>A@8^iO�Zp]Aei`b@MOf^iRTvt@sRT]APMO<@qZce<@Qef[TRT]A@qZpOi[TXz{RT^i>�^i>A@5]A@M^�zwacOi¡�zxacOi¡_[\aUZcV L h�]AV�@MOfZ	kmRTSU@M]�W1Zp]AVrz{R\Vr^i>�h�^iRT[TRT��Zp^iR\ac]�ScZp[ThA@m�
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wk

ac]
host

LW3@QPQacvt@Qe=^i>A@�e<h�v ap`u^i>A@ ���	��D�� B�� ! � �	H#! J �ML ^i>A@ ��!yD ����� � D�� B�� ! � �sH#! J �ML ^i>A@ ��� �
� ��!bH#! � � H#! J �ML ^i>A@ ��!KD � ��� � � ��!bH#! ��� H#! J � Zp]AV�^i>A@ � �QH �<�cB5� H B � � D�� � B H#! J � �=�uRTkmh�O<@¢r�ª©fei>Aa�z=e�^i>A@?vIZp^i>A@MvIZp^iR\PqZp[;`bacOiv8h�[yZce"`�acO �>���
�EDEH#! J �UH �cBfZp]AVo`bacO"RT^<e�PQacv N ac]A@M]Y^<e��
RT ? estimator(wk, host) = cpuSt(wk,host.c) + diskIoSt(wk, host.c) + cpuWt(wk,host.u) +
diskIoWt(wk,host.u) + nt(wk, host)
cpuSt(wk, c) = wk.cpu/c.cpu
ioSt(wk, c) = wk.io/c.io
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� @"hAe�@QVf^i>A@"O<@E`b@MO<@M]APQ@ N acRT]_^<e9e<@M^
P ′ = P ′′ = {ui}

L
ui.cpu, ui.io ∈ {0, 20, 40, 80}

L
i = 1, 3

�1G/ew^i>A@�W1Zce�@M[TRT]A@/vt@qZce<h�O<@Qe L zw@/^<a_ac¡t^i>A@F7:9?; z?ZpRT^iRT]�ks^iRTvt@ L h�]AV�@MO?^i>�O<@Q@
7:9?;�h�^iRT[TRT��Zp^iR\ac] SmZp[ThA@Qe

{20, 40, 80}
Zp]AV ^i>A@�VrR\ei¡ ����=&z?ZpRT^iRT]�k£^iRTvt@�h�]AV�@MOI^i>A@e�Zpvt@fSmZp[ThA@Qe�PQac]AeiR\V�@MO<@QV�`bacO=VrR\ei¡j�i��= h�^iRT[TRT��Zp^iR\ac]��
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n
h�^iRT[TRT��Zp^iR\ac]�SmZp[ThA@Qe L zw@(acW�^�ZpRT]�^i>A@(e<@M^

D
z{RT^i>

n
vt@qZceih�O<@Qe=ap`O<@Qe N ac]Ae<@/^iRTvt@m����ZcP<>�e*Zpv N [\@

i
R\e?V�@E�A]A@QV�Zce?^i>A@fPQach N [\@
A �EDEH#! J �UH�� � B �*D~F ��� D �(H#! J �MLB � � �9B �*D~F ��� D ��H#! J � D L ]Aac^<@QV�WYX
erti

L O<@Qe N @QPM^iRTSU@M[TX
rrti

�:>�acO<@d`�acOivIZp[T[TX��
D = {(erti, rrti)}

L
i = 1, n

Zp]AV
erti < erti+1

L
∀ i, i = 1, n − 1

� � @�VrO�Zqz^i>A@(kmO�Z N >�Zce<e<a-PMRyZp^<@QV�^<a
D
L�N [\ac^i^iRT]�kjac]��_|�Z��rR\e=^i>A@�ScZp[ThA@Qe

erti
Zp]AV�ac]�X_|�Z��rR\e{^i>A@PQacOiO<@Qe N ac]AVrRT]�kISmZp[ThA@Qe

rrti
�� @oV�@E�A]A@	^i>A@ � � � � � �*DMH#! J �mH#! ��� � B*B �cBl`bacO5@qZcP<> e*Zpv N [\@sRT]

D
�5� @s]Aac^<@	RT^5WYX

valEri
L z{>A@MO<@

i = 1, n
L
valEri = min(100 ∗ |erti − rrti|/rrti, 100)� @�V�@E�A]A@�^i>A@ � � B ! �mH#! ��� �*DMH#! J �mH#! ��� � B*B �cB�`�acOI@qZcP<>½^~zwa£eihAPQPQ@Qe<eiRTSU@�e�Zpv N [\@QeRT]

D
� � @�]Aac^<@�RT^tWYX

varEri
L z{>A@MO<@

i = 2, n
L
varEri = min(100 ∗ (rrti −

rrti−1)/rrti−1, 100)
L R}`

rrti > rrti−1
L Zp]AV

0
ac^i>A@MOiz{R\e<@m�

E2F�� FIH�FJH ��� � � N Q � � S WXQJSRT �	[ N 
�Y"[�L
� � � Q"W �R[ U�W S � W ��[�N�

	 L S � � Q��RW � � � �
� L S � �

� @�W3@MkmRT] ^i>A@�ScZp[TR\VAZp^iR\ac] ap`oach�O�O<@Qe N ac]Ae<@�^iRTvt@ @Qei^iRTvIZp^iR\ac] Z N�N O<aUZcP�> L WYX PQac]r|eiR\V�@MOiRT]�k�ac]�[TX zwacOi¡-[\aUZcV�e L z{>A@MO<@�^i>A@j]A@M^~zxacOi¡ PQacv N ac]A@M]_^tR\eI¿r� � N @QPMR}�1PqZp[T[TX L zx@@E� N @MOiRTvt@M]_^<@QV£ach�OsZ N�N O<aUZcP<> `bacO8^i>�O<@Q@tzxacOi¡_[\aUZcV�e A�¤m¿m¿m¿ L «m¿m¿ L ¿�D L A�¤m¿m¿m¿ L §Y¿m¿ L ¿�DZp]AV A §Y¿m¿ L «m¿m¿ L ¿�D L ScZpOiX-RT]�kI^i>A@5O�Zp^iR\aIW�@M^�zw@Q@M]�^i>A@�PQacv N h�^�Zp^iR\ac]nV�@MvIZp]AV�e/S-eq��^i>A@VrR\ei¡�����= V�@MvIZp]AV�e��t�AacO�@qZcP�> zwacOi¡-[\aUZcV L zx@tPQac]AeiR\V�@MO<@QV�W�ac^i>n^i>A@tPqZce�@Qe5z{>A@MO<@oRT^zxZce/ZIB ��� � B � ��� � �<�mB5��� � ��� A RT]�z{>�R\P�>�PqZce<@d^i>A@5@Qei^iRTvIZp^iR\ac]�hAe<@Qe?RT^<e?vt@qZce<h�O<@Qe{h�]AV�@MO^i>A@dO<@E`b@MO<@M]APQ@ N acRT]Y^<e D L O<@Qe N @QPM^iRTSU@M[TX � �2���4���1� A RT]�z{>�R\P�>�PqZce<@/^i>A@5@Qei^iRTvIZp^iR\ac]�O<@M[TR\@Qeac]l`bach�OwO<@E`b@MO<@M]APQ@dzwacOi¡-[\aUZcV�e�DE���?>A@/O<@E`�@MO<@M]APQ@�zxacOi¡_[\aUZcV�e?hAe<@QVlzw@MO<@m�.A §Y¿m¿ L ¤m¿m¿ L ¿�D L
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ref. point1: CPU wt., disk I/O wt.

ref point2: CPU wt., disk I/O wt.

ref. point3: cpu wt., disk I/O wt.

ref. point4: CPU wt., disk I/O wt.

CPU capacity, disk I/O capacity, net. bw. capacity
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HJILK2MFKONQPSRUTWVYXZRU[]\_^QK`TORUaZRU[]\LaWbQVYPSMFKWV]^dceRU^QKO\fXZRhg;K`^iRS\jKE�7RUaZXZRS\QklMFKONQPSRUTWVYXZRU[]\_aZcdaZXFKOmna �¥¨m¦ �ob
RS\LTOPSpL^QKrqsMFKONQPSRUTWVtaFKOPUK`TOXZRU[]\uVYX9XZILKBTOPSRUKO\vX?T`[]\Q\LK`TOXZRU[]\dwxXZRSmnKrb=MFKOyQRS\L^dRS\Qki^dpQMZRS\QkjTOPSRUKO\fX
wzMFKONQPSRUTWV{RS\fXFKOM|V]TOXZRU[]\}bsMFKONQPSRUTWV~TOMFKWVYXZRU[]\}b�MFKONQPSRUTWV~NQP�V]T`KOmnKO\vXWbsMFKONQPSRUTWVu^QKOPUKOXZRU[]\�VY\L^
MFKONQPSRUTWVzm�RSkrM|VYXZRU[]\}��HJILK�MFKONQPSRUTWVzaFKOPUK`TOXZRU[]\�^QK`TORUaFRU[]\taFKOPUK`TOXFa�XZILKGN=KOMZXZRS\LKO\vX�MFKONQPSRUTWV?��[]M
VjkrRS��KO\�TOPSRUKO\vXWb�VYmn[]\Qk A�V�aZpQyLaFKOXz[Y� D�VYPSPJV`�rVYRSP�VYyQPUKnMFKONQPSRUTWV]aW�jHJILKnMFKOyQRS\L^dRS\Qk�^QK`TORhw
aZRU[]\�^QKOXFKOMZm�RS\LK`al�sILKO\�XZILKeMFKONQPSRUTWVdb�XF[��sIQRUTFI�V�krRS��KO\�TOPSRUKO\fX�RUaBTOpQMZMFKO\fXZPSc�y=[]pQ\L^�b
y=K`T`[]mnK`aGpQ\LaZpQRSX|VYyQPUK	VY\L^imzpLaZX9y�K�MFKONQP�V]T`K`^_yvc_VY\L[]XZILKOM9MFKONQPSRUTWVd��HJILK�TOMFKWVYXZRU[]\�^QK�w
TORUaZRU[]\i^QKOXFKOMZm�RS\LK`as�sILKO\�VB\LKO��MFKONQPSRUTWV	RUaJ\LK`K`^QK`^���HJILK2NQP�V]T`KOmnKO\vX�^QK`TORUaFRU[]\_aFKOPUK`TOXFa
XZILKjVYNQNQMF[]NQMZR�VYXFKtIL[raFXWb��sILKOMFKtXZILKn\LKO�sPSc�TOMFKWVYXFK`^�MFKONQPSRUTWV�aZIL[]pQPU^�y�K�NQP�V]T`K`^���HJILK
m�RSkrM|VYXZRU[]\{^QK`TORUaZRU[]\�^QK`TORU^QK`a��sILKO\�VY\�KE�dRUaZXZRS\QknMFKONQPSRUTWVnmzpLaZX9y�K�mn[W��K`^�[]\{VY\L[]XZILKOM
IL[raZXWbdy=K`TWVYpLaFK�XZILK?IL[raZXWbd�sILKOMFK�RSX�RUasTOpQMZMFKO\vXZPScjMZpQ\Q\QRS\QkLbLy=K`T`[]mnK`aG[W��KOMZPU[�V]^QK`^���HJILK
^QKOPUKOXZRU[]\�^QK`TORUaFRU[]\�^QK`TORU^QK`a��sILKO\�VY\�KE�7RUaZXZRS\Qk�MFKONQPSRUTWViy=K`T`[]mnK`a?pQ\vpLaFK���pQP�VY\L^�b�T`[]\dw
aFK`�fpLKO\vXZPSc�bQRSXsmBpLaZXGy=K?KOPSRSm�RS\;VYXFK`^��:=9pQMs��[]Mi¡�X|VYMZk�KOXFaGmeVYRS\QPSc�XZILK�MFKONQPSRUTWVnaFKOPUK`TOXZRU[]\
VY\L^iXZILK�MFKOyQRS\L^dRS\Qk�^QK`TORUaZRU[]\LaW�

HJILKtMFKONQPSRUTWVYXZRU[]\�K �eTORUKO\LTOc�^QKON�KO\L^Qa	[]\�XZILKjVYyQRSPSRSXoc�[Y�JXZILK�aZcdaZXFKOm�XF[�MFK`^dRSMFK`TOX
XZILK�TOPSRUKO\fX�MFK`�fpLK`aZXFa�XF[�XZILK9VYNQNQMF[]NQMZR�VYXFK9MFKONQPSRUTWV]aW��HJILKGRUaFaFpLKJXZI;VYX���K2V]^Q^dMFK`aFa�RS\tXZIQRUa
TFI;VYNQXFKOMsRUa�IL[���XF[BgL\L^�XZILK�VYNQNQMF[]NQMZR�VYXFK?MFKONQPSRUTWVz��[]MJKWV]TFI_TOPSRUKO\fX�MFK`�fpQRSMZRS\QknV]T`T`K`aFaJXF[
VBkrRS��KO\_MFKONQPSRUTWVYXFK`^iaFKOMZ�7RUT`Kr�?G$aFpQyLaFK`�vpLKO\fXsRUaFaZpLKrbd^QKOXFKOMZm�RS\LK`^iyfc�[]pQMsy;V]aFK2IfcfN=[]XZIdw
K`aZRUaWbERUa2IL[W��XF[�NQMF[W�7RU^QK	XZILKz�rVYMZRU[]pLa2MFK`aZN�[]\La|KzXZRSmnK	MFK`�fpQRSMFKOmnKO\vXFa�[Y��aFKOMZ�7RUT`K`a2�sRSXZI
�rVYMZRU[]pLa�MFK`aF[]pQMFT`K9^QKOmeVY\L^Qa�yfceV�aZRS\QkrPUKGMFKONQPSRUTWVzaFKOPUK`TOXZRU[]\tNQMF[]XF[fT`[]Px���~K9^QKO��KOPU[]N�K`^jV
NQMF[]XF[7T`[]PEN=KOM���[]MZm�RS\QkBXZILK9a|KOPUK`TOXZRU[]\t[Y�}XZILK�aFpQRSX|VYyQPUK�MFKONQPSRUTWVdbQVYX�XZILK�y�KOkrRS\Q\QRS\Qkl[Y��XZILK
aFK`aFaFRU[]\�VY\L^�b�^dc7\;VYm�RUTWVYPSPSc�b��sILKO\~XZILKeTOpQMZMFKO\fXzMFKONQPSRUTWV_NQMF[W�7RU^QK`azy;V]^�N�KOM���[]MZmeVY\LT`Kr�
HJILK?MFKONQPSRUTWV�a|KOPUK`TOXZRU[]\_NQMF[]XF[fT`[]P�VYRSmnasXF[�a|VYXZRUa���ctXZILK�N=KOM���[]MZmeVY\LT`K?MFK`�vpQRSMFKOmnKO\fXFaG��[]M
VekrRS��KO\�N=KOMFT`KO\vX|VYk�K�[Y��MFK`�vpLK`aZXFa��2HJILK	NQMF[]XF[7T`[]P"RUa2T`[]\dgLkrpQMFK`^{�sRSXZI{XZILK	MFKONQPSRUTWV�aFK�w
PUK`TOXZRU[]\_VY\L^eXZILK9MFKOyQRS\L^dRS\Qk�TOMZRSXFKOMZR�Vdb7y�[]XZIj[Y�}XZILKOm�RS\d��KOMZMFK`^e� MF[]m¡XZILK�MFK`aFN�[]\LaFK�XZRSmnK
MFK`�fpQRSMFKOmnKO\vXFaWb"aZN=K`TORhg;K`^uyvcuXZILKeaFKOMZ�fRUT`KeaZpQNQNQPSRUKOMW�tHJILKeMFKONQPSRUTWV_aFKOPUK`TOXZRU[]\�TOMZRSXFKOMZRU[]\
T`[]\vX|VYRS\La9XZILKzT`[]\L^dRSXZRU[]\La9XZI;VYX�mBpLaZX�y=K���pQPhgLPSPUK`^_yfciV�krRS��KO\�MFKONQPSRUTWVdbERS\�[]MF^QKOM�XF[�y=K
V]aFaZRSkr\LK`^�XF[uV�krRS��KO\�TOPSRUKO\vXW��HJILKjMFKOyQRS\L^dRS\Qk�TOMZRSXFKOMZRU[]\�aFN�K`TORhg;K`alIL[��¢meVY\vc�XZRSmnK`a
XZILKn�7RU[]P�VYXZRU[]\�[Y�sXZILKeN�KOM���[]MZmeVY\LT`KnMFK`�fpQRSMFKOmnKO\vXFa	RUa�XF[]PUKOM|VYXFK`^�b���[]MBVikrRS��KO\�MFKONQPSRUTWV
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NQMF[]XF[7T`[]P"aFIL[]pQPU^�NQMF[��fRU^QK	XZILK	N=KOM���[]MZmeVY\LT`K	MFK`�fpQRSMFKOmnKO\vXFa���[]M�VtN;VYMZXZRUTOpQP�VYM�aFKOMZ�7RUT`Krb
��[]M��sIQRUT|IiRSX�RUaJRS\LaFX|VY\vXZR�VYXFK`^����2KO\LT`Krb7XZILK2\LK`K`^tXF[	meVp¡�K�XZILK2NQMF[]XF[7T`[]P=TOpLaFXF[]m�R���VYyQPUK
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X|V]a-,u��[]M	XZILK�a|KOMZ�fRUT`K�aZpQNQNQPSRUKOMFaW� � ^QKWVYPSPSc�b�XZILKt��[]M-,7PU[�V]^ TFI;VYM|V]TOXFKOMZRUaZXZRUT`anaFIL[]pQPU^�y=K
T`[]m�NQpQXFK`^�VYpQXF[]meVYXZRUTWVYPSPScj��[]MGKWV]TFI�[]N�KOM|VYXZRU[]\�[Y��XZILK?aFKOMZ�7RUT`KrbQyfcjVlNQMF[YgLPSRS\QkeXF[f[]Px�

� \�[]pQM	��[]M-,=b"Rh�GXZILKta|KOMZ�fRUT`KtaZpQNQNQPSRUKOM	^Q[7K`aZ\�
 X ,f\L[���XZILK�KE�LV]TOXz��[]M-,7PU[�V]^�k�KO\dw
KOM|VYXFK`^�yvc�[]N�KOM|VYXZRU[]\LaWb=ILK �YaFILKBI;V]a2XZILKl[]NQXZRU[]\{XF[jaZN�K`TORh��c�b;��[]M?KWV]TFIu[]N=KOM|VYXZRU[]\}b=XZILK
�<� � ��� � ��� ��� � 	�	{��[]MiKWV]TFI [Y�BXZILK{XZIQMFK`K�MFK`a|[]pQMFT`K`a A 7:9?;	b�^dRUa , �-��= VY\L^�\LKOX ��[]M-,
y;VY\L^d�sRU^dXZI4D��CG �<� � ����� ��� � � � 	 	eVYkrkrMFKOkvVYXFK`a���[]M-,fPU[�V]^Qaz�sRSXZI�aZRSm�RSP�VYM�^QKOmeVY\L^Qa?��[]M
ViN;VYMZXZRUTOpQP�VYMlMFK`aF[]pQMFT`Kr��HJILKH�<� � � ��� � � � � � 	 	�MFKONQMFK`aFKO\vXFalXZILKtpLa|VYk�KnRS\fXFKO\LaZRSXoc�PUKO��KOP
��[]MnXZI;VYXeMFK`aF[]pQMFT`Kr��HJILK_pLa4VYk�KiRS\vXFKO\LaZRSX c�PUKO��KOPUatVYMFK�RU^QKO\vXZRhg;K`^/yvc�mn[]\L[]XF[]\QRUTWVYPSPSc
RS\LTOMFKWV]aZRS\Qkj\vpQmBy�KOMFa�b�pQN�XF[jVtkrRS��KO\uaZpQN�KOMZRU[]M2y=[]pQ\L^�� #~K	V]aFa|[fTOR�VYXFKBXF[jKWV]TFI{PUKO��KOPxb
V	�vp;VY\fXZRSX|VYXZRS��K���[]M-,fPU[�V]^i�rVYPSpLKr��HJIQRUaJmeVYNQNQRS\QknXZM|VY\LaZP�VYXFK`a9V �<� � � ��� � � � � � 	�	�RS\fXF[eV
�fp;VY\vXZRSX|VYXZRS��K���[]M-,fPU[�V]^��

#~K�VYPUaF[�T`[]\LaZRU^QKOM�VY\�KO\QMZRUT|ILK`^���[]M-,fPU[�V]^�aZN=K`TORhg;TWVYXZRU[]\}b"XZI;VYXBKE�dNQPU[]RSXFazXZILKt[]Ndw
KOM|VYXZRU[]\�N;VYM|VYmnKOXFKOMFaW� �fpLT|I VY\ VYNQNQMF[�V]TFI�TOP�VYRSmnae��[]M���[]M-,7PU[�V]^�� pQ\LTOXZRU[]\LaWb�XF[�y=K
k�KO\LKOM|VYXFK`^e��[]M�XZILK�aFKOMZ�fRUT`K9[]N�KOM|VYXZRU[]\La��1G ��[]M-,fPU[�V]^e� pQ\LTOXZRU[]\}bdV]aFaF[7TOR�VYXFK`^�XF[	V�krRS��KO\
[]N=KOM|VYXZRU[]\}bEX|V ,�K`a�V]a9N;VYM|VYmnKOXFKOM?VY\�� � �Q¯M°i°2[]y � K`TOX�VY\L^�MFKOXZpQMZ\La?V ��²U»�
�� ²Uº��j[]y � K`TOXWb
T`[]\vX|VYRS\QRS\QkuXZIQMFK`K�RS\fXFKOk�KOMFalXZI;VYX	MFKONQMFK`a|KO\vXWb�MFK`aFN�K`TOXZRS��KOPSc�b�XZILK 7:9?; ��[]M-,7PU[�V]^�b�XZILK
^dRUa-, �-��= ��[]M-,7PU[�V]^jVY\L^�XZILK2\LKOXo��[]M-,t��[]M-,fPU[�V]^�XZI;VYXJXZILK2[]N�KOM|VYXZRU[]\iMFK`�fpQRSMFK`a���[]M�RSXFa
NQMF[7T`K`aFaZRS\QkL�
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��[]MZmeVY\LT`K�T`[]\fXZM|V]TOX�RUa"VYXZX|V]TFILK`^BXF[�VGaFKOMZ�7RUT`KrbY�sIL[raFK�[]N=KOM|VYXZRU[]\La�k�KO\LKOM|VYXFK�VG��[]M-,7PU[�V]^
K`�fp;VYP7XF[ECGFGFGF > � C�= 9��lVY\L^IHGFGF >@�~XZM|VY\La���KOMZMFK`^	XF[
��� MF[]m�XZILKJ^dRUa-,=��HJIQRUa"T`[]\fXZM|V]TOX
T`[]\vX|VYRS\La?VeaZRS\QkrPUK�MFK`�fpQRSMFKOmnKO\vXWb��sIQRUTFI{TOP�VYRSmna���[]M�VlMFKONQPSRUTWVeKE�dN=K`TOXFK`^_XF[nNQMF[��fRU^QKlV
MFK`aZN=[]\LaFK�XZRSmnK?RS\d��KOMZRU[]M�[]MGK`�fp;VYP}XF[JHGFlaFK`T`[]\L^QaW�

� \jXZILK2a|K`T`[]\L^jN�KOM���[]MZmeVY\LT`K?T`[]\vXZM|V]TOXWbQXZILK?[]N=KOM|VYXZRU[]\Las��[]M-,fPU[�V]^jRUasaZN=K`TORhg;K`^jyvc
mnKWVY\Lae[Y��V���[]M-,7PU[�V]^ TOP�V]a|aWb�T`[]\fX|VYRS\QRS\Qk�XZILK_^QKOkrMFK`K�[Y�2XZILKH7:9<;&pLa4VYk�K�VY\L^�XZILK
^QKOkrMFK`Kz[Y��XZILK�^dRUa ,+�-��=+pLa|VYk�Kr��HJIQRUa�T`[]\fXZM|V]TOX�VYPUa|[nT`[]\vX|VYRS\La�V�aZRS\QkrPUKzMFK`�vpQRSMFKOmnKO\fXWb
�sIQRUTFI�TOP�VYRSmnaJ��[]M�VlMFKONQPSRUTWV�KE�dN�K`TOXFK`^iXF[lNQMF[��fRU^QKzXZILK�y�K`aFXsN�[raFaFRSyQPUK�MFK`aZN�[]\La|K�XZRSmnKr�
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KOM|VYXZRU[]\}b"N;VYM|VYmnKOXFKOMZR��WK`^�yvc�VY\�RS\fXFKOk�KOMW��HJILK�[]N�KOM|VYXZRU[]\���[]M-,fPU[�V]^�RUa	aZN�K`TORhg;K`^�yvc
mnKWVY\Lae[Y�zVY\/VYMZRSXZIQmnKOXZRUTWVYP�KE�dNQMFK`aFaZRU[]\}b��sIQRUTFI�X|V ,�K`anRS\fXF[�V]T`T`[]pQ\vXtXZILK�[]N=KOM|VYXZRU[]\
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mnKWVY\La�[Y��gL��K?XZIQMFK`aZIL[]PU^Qa�bQ�sIQRUTFI�^dRS�fRU^QK?XZILKz^Q[]meVYRS\�[Y�"�]VYPSpLK`asRS\fXF[�gL��K�aFpLT`T`K`aFaZRS��K
M|VY\Qk�K`aW�tHJILK]M�������	 �l[]y � K`TOXBT`[]\vX|VYRS\LaWqBXZILK�mnKOXZMZRUTn\;VYmnKrb�XZILKn^Q[]meVYRS\��]VYPSpLK`aWbCXZILK
mnKWV]aZpQMFKOmnKO\fX�pQ\QRSXWbrXZILKJT`[]m�N;VYMZRUaF[]\�[]N�KOM|VYXF[]M.A&?����|b=?�����[]M ? � �ED�VY\L^BXZILK�XZIQMFK`aFIL[]PU^Qa^QK�gL\QRS\QkeXZILK�N=KOM���[]MZmeVY\LT`K?PUKO��KOPUaW�
��� ��� � N Q�� � � � � W N Q�� [ 	�� � � W #~KlN�KOM���[]MZm�aZX|VYXZRUaZXZRUTWVYP�T`[]m�NQpQX|VYXZRU[]\LaWbCRS\~[]MF^QKOM
XF[�NQMFK`^dRUTOX9XZILK?mnKWV]aZpQMFK`a�KE�dN=K`TOXFK`^j��[]M�V�krRS��KO\�mnKOXZMZRUT?RS\_XZILK�\LKWVYMs� pQXZpQMFK A�^QK�gL\LK`^
yvc�V?krRS��KO\�XZRSmnK�N=KOMZRU[f^ D�bv��MF[]m XZILK9mnKWV]aZpQMFK`aJT`[]PSPUK`TOXFK`^eNQMFKO�7RU[]pLaZPSc���[]M�XZI;VYX�mnKOXZMZRUTr�
�fpLTFI�NQMFK`^dRUTOXZRU[]\La�I;VW��KBVYPSMFKWV]^dcjy=K`KO\_NQMF[]N�[ra|K`^iRS\��2KOXo��[]M-, #~KWVYXZILKOMG�fc7aFXFKOm ���GH �o�
HJILKOc�^QKOXFK`TOXeXZILK�MFK`aF[]pQMFT`K`atXZI;VYXtI;VW��K_y=K`KO\ RS\vXFKO\LaFRS��KOPSc�pLaFK`^�MFK`T`KO\fXZPSc�bGaF[�V]atXF[
V`��[]RU^tpLaZRS\QkBXZILKOm ��[]M�[]XZILKOM�MFK`�fpLK`aZXFaWbdV]a�XZILK�N�KOM���[]MZmeVY\LT`K2[Y�=XZIL[ra|KGMFK`�fpLK`aZXFa���[]pQPU^
^QK`TOMFKWV]aFK?^dM|VYmeVYXZRUTWVYPSPSc���#~K9pLa|K2aFX|VY\L^LVYMF^iaZX|VYXZRUaZXZRUT`aWbdaZpLT|IiV]a�q"XZILK9mnKWVY\i�rVYPSpLKrb7XZILK
mnK`^dR�VY\_�rVYPSpLK �DC � � A�V]asRS\!�2KOXo��[]M-,�#~KWVYXZILKOM �fc7aZXFKOm D�bLXZILK�mn[raZXJ� MFK`�fpLKO\vX�mnKWV]aZpQMFK
VY\L^iXZILK�mn[raZX�MFK`T`KO\vX�mnKWV]aFpQMFKr�
G�aZX|VYXZRUaZXZRUTWVYP�T`[]m�NQpQX|VYXZRU[]\�RUasMFKORhg;K`^�yvcjXZILK#"$�%��	 Q&� ��M������
	 ��[]y � K`TOXWb;T`[]\fX|VYRS\QRS\QkLq

XZILKjIQRUaZXF[]MZc�[Y��mnKWV]aZpQMFK`a�XF[�y=KtX|V ,�KO\ RS\fXF[~V]T`T`[]pQ\vXWb�XZILKiT`[]m�NQpQX|VYXZRU[]\�Xoc7N=Krb�XZILK
A�[]NQXZRU[]\;VYP D�N;VYM|VYmnKOXFKOMFaJ\LK`K`^QK`^�yvcnXZILK�T`[]m�NQpQX|VYXZRU[]\_VY\L^�XZILK9T`[]m�N;VYMZRUaF[]\i[]N=KOM|VYXF[]M
y=KOXo��K`KO\�XZILK9mnKOXZMZRUT��rVYPSpLK`aW�"�L[]MGKE�LVYm�NQPUKrbdRh��XZILK�T`[]m�NQpQX|VYXZRU[]\�T`[]pQ\fXFaJ��[]M�XZILK�N=KOM�w
T`KO\vX|VYk�K�[Y�}MFK`�fpLK`aZXFa�XZI;VYX�N=KOMFT`KORS��K`^�pQ\La|VYXZRUa��xV]TOXF[]MZcnMFK`aZN=[]\LaFKGXZRSmnKrb7XZILK9N;VYM|VYmnKOXFKOMFa
KO\LTWVYNLaZpQP�VYXFK?XZILK2XZIQMFK`aZIL[]PU^�[]\�XZILK��rVYPSRU^�MFK`aZN=[]\LaFK2XZRSmnK��]VYPSpLK`aW��HJILK�mnKWV]aFpQMFK`asIQRUa�w
XF[]MZceRUas^QK�gL\LK`^_V]aGVBXZRSmnK�N=KOMZRU[f^j[]M�V]aJXZILK2\vpQmBy�KOM9[Y��mnKWV]aZpQMFK`aJXF[ly=K�T`[]\LaZRU^QKOMFK`^��
HJILK	T`[]m�NQpQX|VYXZRU[]\uXoc7N�KzRS\L^dRUTWVYXFK`a�IL[W�+XF[�VYkrkrMFKOkvVYXFK	XZILKBmnKWV]aZpQMFK`a2RS\�XZILKBIQRUaZXF[]MZc�b
yvcjpLaZRS\QknaFX|VY\L^LVYMF^_aZX|VYXZRUaZXZRUT`aW���o\iXZILK`aFK?TWV]a|K`aWbdN;VYM|VYmnKOXFKOMFa�RUaG\vpQPSPx�
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�L[]M�VYPSP�XZILKBaFX|VYXZRUaZXZRUT`aWb�XZILKBT`[]m�NQpQX|VYXZRU[]\~[Y��XZILKB^QKOMZRS��K`^�mnKOXZMZRUT	�]VYPSpLKBMFKOPSRUK`a?[]\
Xo��[�meVYRS\�mnKOXZIL[f^Qa�q43 � ��M��5376 �8�9�%:<;"VY\L^ O8��� �03>=+?�� �%:<;���HJILK���[]MZmnKOM"mnKOXZIL[7^lRS\LTOPSpL^QK`a
Vl\LKO��mnKWV]aZpQMFKz�sRSXZIQRS\�XZILKzT`[]m�NQpQX|VYXZRU[]\{[Y��XZILKz^QKOMZRS��K`^�mnKOXZMZRUT��rVYPSpLKr��HJILKzP�VYXZXFKOM
mnKOXZIL[7^iMFKOXZpQMZ\LaGXZILK�^QKOMZRS��K`^_mnKOXZMZRUT?�]VYPSpLKrbEVYXsXZILK�KO\L^_[Y�"XZILK?T`[]m�NQpQX|VYXZRU[]\}�

HJILK@"$�%�
	 Q&� ��M�������	 �2[]y � K`TOXJRUasaZN=K`TOR�VYPSR��WK`^t��[]MsKWV]TFI_T`[]m�NQpQX|VYXZRU[]\iX cfN=K@A mn[raZXsMFK�w
T`KO\vXlmnKWV]aZpQMFKrb"mnKWVY\�mnKWV]aZpQMFKrb"mn[raFXz��MFK`�vpLKO\fXBmnKWV]aFpQMFKrb�mnK`^dR�VY\�mnKWV]aZpQMFK�D�b"�sRSXZI
XZILKe^LVYX|V�mnKOmzy=KOMFa	\LK`K`^QK`^�yfcuXZILKeT`[]m�NQpQX|VYXZRU[]\}� �o\�N;VYMZXZRUTOpQP�VYMWb�XZILKe[]y � K`TOXBaZN=K�w
TOR�VYPSR��WK`^���[]M�T`[]m�NQpQXZRS\Qk	XZILKGmnKWVY\}b7T`[]\vX|VYRS\LaJV]a�^LVYX|V�mnKOmzy=KOMFa�XZILK�\vpQmzy=KOMsVY\L^�XZILK
aZpQm [Y��VYPSPLmnKWV]aZpQMFK`a�T`[]\LaZRU^QKOMFK`^��1GJX�XZILKsKO\L^�[Y�=XZILKsT`[]m�NQpQX|VYXZRU[]\}bfXZILKJmnKOXZIL[f^ O8��� �

�03>=+? � �z^dRS�7RU^QK`a9XZILK	aZpQm yvc_XZILKB\vpQmBy�KOM�[Y��mnKWV]aFpQMFK`a2T`[]\LaFRU^QKOMFK`^ A Rh��XZIQRUa2\fpQmzy=KOM
RUasN=[raZRSXZRS��K�D��
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HJILK�[]y � K`TOXWbsT`[]MZMFK`aFN�[]\L^dRS\Qk�XF[~XZILK�mn[raZXn��MFK`�fpLKO\vX�mnKWV]aZpQMFK�VY\L^/XF[~XZILK�mnK�w
^dR�VY\�mnKWV]aZpQMFKrbfT`[]\fX|VYRS\LaGV]a�^LVYX|VzmnKOmzy=KOMFasVY\�VYMZM|V`ce�sRSXZItXZILK�mnKWV]aZpQMFK`aJT`[]\LaZRU^QKOMFK`^
XF[]k�KOXZILKOM��sRSXZI XZILK���MFK`�vpLKO\LTOc�[Y�9XZILKORSMn[7T`TOpQMZMFKO\LT`Kr� �o��XZILKjT`[]m�NQpQX|VYXZRU[]\ MFK`�fpQRSMFK`a
XZILKimn[raZXe� MFK`�fpLKO\vXtmnKWV]aZpQMFKrb�XZILK_mnKOXZIL[7^ O8�����038=�? � �iMFKOXZpQMZ\LatXZILKimnKWV]aZpQMFK��sRSXZI
XZILK�meV��dRSmzpQm&��MFK`�vpLKO\LTOc��%�o��XZILKzT`[]m�NQpQX|VYXZRU[]\�MFK`�vpQRSMFK`a9XZILKBmnK`^dR�VY\�mnKWV]aZpQMFKrbEXZILK
mnKOXZIL[7^^O8�����038=�? � ��M|VY\),7aCXZILK�mnKWV]aZpQMFK`a�VY\L^�MFKOXZpQMZ\La�XZILK�mnKWV]aFpQMFKrb]�sIL[raFK���MFK`�vpLKO\LTOc
a|VYXZRUa�g;K`a2XZILK � F

%
N�KOMFT`KO\fX|VYk�Krb��sRSXZI{MFK`aZN=K`TOX2XF[tXZILK	\vpQmBy�KOM�[Y�sVYPSP�mnKWV]aZpQMFK`a�b=XZI;VYX

NQMFK`T`K`^QK?RSXGRS\iXZILK�M|VY\),��
� \jXZILK9\LKE�dXsN;VYM|VYkrM|VYNQI}bQ��K?^QK�gL\LK�XZILK�� 
��?� ! � � ����	 
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 bLXZI;VYXsMFKONQMFK`aFKO\fXFa

XZILK?yQpQRSPU^dRS\QknyQMZRUT ,���[]MG^QK�gL\QRS\QktMFKONQPSRUTWV�aFKOPUK`TOXZRU[]\�VY\L^iMFKOyQRS\L^dRS\Qk�TOMZRSXFKOMZRU[]\}�
� � W N?Q�� � 	 L
� � � � N � � Q���L0W � � #~Kj^QK�gL\LK�Xo��[{Xoc7N�K`al[Y��mnKOXZMZRUT�wxy;V]a|K`^�NQMFK`^dRUTWVYXFK`aWq
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 �h��HJILK9��[]MZmnKOM�X cfN=K
TOP�VYRSmnaJ��[]MJXZILK9y=K`aZXJ�rVYPSpLKrbQ^QKOXFKOMZm�RS\LK`^�VYmn[]\QkeV	aFKOXs[Y��mnKWV]aZpQMFK`aW��HJILK�P�VYXZXFKOMsX cfN=K
TOP�VYRSmna���[]M�XZILK�mnKOXZMZRUT9�]VYPSpLK`a��sRSXZIQRS\iV?N;VYMZXZRUTOpQP�VYMJN�KOM���[]MZmeVY\LT`K9PUKO��KOPx�1G�y�K`aZX�woK \�[]MZX
mnKOXZMZRUT�wxy;V]aFK`^�NQMFK`^dRUTWVYXFK�RUaB^QK�gL\LK`^�V]a�Vi��K`TOXF[]M	�sRSXZI�XZIQMFK`KtKOPUKOmnKO\fXFaWq�XZILK � 
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 �?��! �jVY\L^~XZILKnN=KOM���[]MZmeVY\LT`KePUKO��KOPx�iHJILKeP�VYXZXFKOMBN;VYM|VYmnKOXFKOM	RUa
VYyLaFKO\fXWb�RS\�XZILKiTWV]aFKj[Y��V�NQMFK`^dRUTWVYXFKi[Y�2Xoc7N�K � 
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 ^QK�gL\LK`a�XZILKz�rVYPSRU^��]VYPSpLK`aWb=V]a2XZIL[raFKBy�KOPU[���VekrRS��KO\�XZIQMFK`aZIL[]PU^��>G�MFKOP�VYXZRS��K
mnKOXZMZRUT�wxy;V]aFK`^�NQMFK`^dRUTWVYXFKtRUa	V_��K`TOXF[]MB�sRSXZI�XZIQMFK`KtKOPUKOmnKO\fXFaWqlXZILK � 
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� 	 � W N L � W N ��� YJQ���L0WXQ"[ S �8N?Q"W � N?Q"[ S G MFKONQPSRUTWVYXZRU[]\�TOMZRSXFKOMZRU[]\+RUa�KE�dNQMFK`aFaFK`^�V]a{V
y=[f[]PUKWVY\ KE�dNQMFK`aFaZRU[]\}b��sIQRUT|I T`[]\LaZRUaZXFa�[Y��T`[]\ � pQ\LTOXZRU[]\Lae[Y��� 
��?� ! � � ��� 	 
 � �9��
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HJILK?TOMZRSXFKOMZRU[]\�RUaGV]a|aF[fTOR�VYXFK`^jXF[nV	N;VYRSM �
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 []MsXF[nV	N;VYRSM �;��
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 � � \uXZILKl��[]MZmnKOMzTWV]aFKrb�XZILKnNQMFK`^dRUTWVYXFK`a	VYMFKnT|ILK`T ,�K`^~��[]M?XZILK�MFKONQPSRUTWV�VY\L^{XZILKTOPSRUKO\vXW���o\jXZILK2P�VYXZXFKOMsTWV]aFKrb7XZILK9NQMFK`^dRUTWVYXFK`a9VYMFK2T|ILK`T ,�K`^j��[]MJKWV]TFIiMFKONQPSRUTWVdbd�sRSXZIQRS\jXZILK
krMF[]pQN}bdVY\L^eXZILK9TOPSRUKO\vXW�"(��LVYm�NQPUK`aJ[Y�=MFKONQPSRUTWVzkrMF[]pQNLa�RS\LTOPSpL^QKrq�VYPSP�V`�rVYRSP�VYyQPUK9MFKONQPSRUTWV]aWb
VYPSP�VW�]VYRSP�VYyQPUK9MFKONQPSRUTWV]a��sRSXZIQRS\jV?krRS��KO\�^Q[]meVYRS\iVY\L^nXZILK�MFKONQPSRUTWV]a�NQMF[q�7RSmeVYP�XF[BV�krRS��KO\
TOPSRUKO\vXWb;�sILKOMFK?XZILK?NQMF[q�7RSm�RSX c�mnKOXZMZRUTBT`[]pQ\vXFaG��[]MsXZILK?\fpQmzy=KOM9[Y�1G �tIL[]NLa��

� \ []pQMi��[]M-,=b9��KuaZXZpL^dc XZILKuTOMZRSXFKOMZR�V krpQRU^dRS\Qk XZILK{MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\�VY\L^�XZILK
MFKOyQRS\L^dRS\Qkt^QK`TORUaFRU[]\LaW�?G9\_KE�QVYm�NQPUK�[Y�"MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\�TOMZRSXFKOMZRU[]\�RUaWq
RT � estimator < 120ms

b
�sILKOMFKtXZILKnmnKOXZMZRUT

RT � estimator
b"VYNQNQMF[Q�dRSmeVYXZRS\QkuXZILKnMFK`aZN=[]\LaFKeXZRSmnKrb"I;V]azy=K`KO\

^QK�gL\LK`^iRS\�T|I;VYNQXFKOM �d�1G9\_KE�QVYm�NQPUKz[Y��MFKOyQRS\L^dRS\Qk�TOMZRSXFKOMZRU[]\�RUaWq
the percentage of unsatisfactory requests ≥ 80%

b
�sILKOMFKjViMFK`�fpLK`aZXzRUaBT`[]\LaZRU^QKOMFK`^�V]aBpQ\La|VYXZRUa��xV]TOXF[]MZc�b�Rh�GRSXFazN=KOMFT`KORS��K`^~MFK`aFN�[]\LaFKeXZRSmnK
KE�QT`K`K`^Qa

50ms
VY\L^�XZILKlN=KOMFT`KO\vX|VYk�KlRUa?T`[]m�NQpQXFK`^u[���KOMzVYPSP"XZILKBMFK`�fpLK`aZXFa?aZpQyQm�RSXZXFK`^

yvcjXZILK?TOPSRUKO\fX�XF[lXZILK�TOpQMZMFKO\fX�MFKONQPSRUTWVdbL^dpQMZRS\QktXZILK?TOpQMZMFKO\vX9a|K`aFaZRU[]\}�
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 -8-�+�� 	 5�� 
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HJILK�VYPSk�[]MZRSXZIQm ��[]M2RS\d��KOMZMZRS\QkjXZILK	MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\uTOMZRSXFKOMZRU[]\uRUa9^QKONQRUTOXFK`^{RS\ ��RSkrpQMFK
A7���d� #~KuVYNQNQPSc�RSXe��[]MjKO��KOMZc�MFK`�vpQRSMFKOmnKO\fXWb?VYXZX|V]TFILK`^�XF[�V~N;VYMZXZRUTOpQP�VYM_[]N=KOM|VYXZRU[]\}b
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} !_@BA%! {� 8 ? !_A"# : I C #%H� d P C A�!�ONJ_ : #%!_ : H�' % P !�A%# � 8 ? !�A%# : I C #�H�  "!_A%H�$& "J_!�J C F C J : #�� d P C A�!�O J� : #%!� : H�' % P !_A"#a %!�A
1
^ J C F C J : #�� G [ L&!� %! A"# 1 % I C
	 { A%# 1 G A"# 2 G A%# 3}

}

��RSkrpQMFK A7���dq �o\d��KOMZMZRS\QknXZILK?MFKONQPSRUTWVnaFKOPUK`TOXZRU[]\�TOMZRSXFKOMZRU[]\

�sRSXZIQRS\_XZILK�N=KOM���[]MZmeVY\LT`KzT`[]\vXZM|V]TOXW� #~K?^dRUaZXZRS\QkrpQRUaZI_y=KOXo��K`KO\_XZILK�TWV]aFK?[Y��V	MFKOP�VYXZRS��K
N=KOM���[]MZmeVY\LT`KsMFK`�fpQRSMFKOmnKO\vXJVY\L^lXZILKGTWV]aFKs[Y�}V2y�K`aFX�woK \=[]MZX�N=KOM���[]MZmeVY\LT`KGMFK`�vpQRSMFKOmnKO\fXW�
�L[]M�KWV]TFI []N=KOM|VYXZRU[]\}b���K�k�KO\LKOM|VYXFK�Xo��[�MFKONQPSRUTWV�a|KOPUK`TOXZRU[]\�TOMZRSXFKOMZR�Vdq�VY\ 
 	 �#! � � �#! ��� �
��� 	 
 � � � !?�,
���! ��� VY\L^�V ��
 � 
 �&��� � ��
 	�� � � � 
 	 � ����	 
 � � � ! �,
���! ������MF[]m XZILKtN�KOM���[]MZmeVY\LT`K
MFK`�fpQRSMFKOmnKO\vX�VYXZX|V]T|ILK`^ XF[ XZI;VYX�[]N�KOM|VYXZRU[]\}�¢HJILKu��[]MZmnKOM_MFKOPSRUK`a�[]\ XZILKuMFK`aZN=[]\LaFK
XZRSmnKzK`aFXZRSmeVYXF[]MWbLNQMFK`aFKO\fXFK`^�RS\�T|I;VYNQXFKOM �d��HJILK?P�VYXZXFKOM9MFKOPSRUK`a�[]\�XZILKzTWVYN;V]TORSXoc�[Y�"XZILK
MFK`aF[]pQMFT`K`aWbf\LK`K`^QK`^e��[]M�NQMF[fT`K`aFaFRS\QkzXZILK�[]N=KOM|VYXZRU[]\jTWVYPSPUaW� #~K9[]yQX|VYRS\jV?X|VYyQPUKrb7�sILKOMFKORS\
KWV]TFI�[]N�KOM|VYXZRU[]\�RUa�VYXZX|V]TFILK`^�V	MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\�TOMZRSXFKOMZRU[]\}�
��F��RFIH�FJH � � � � [�S � � WXQ � ��� � WXQ � L0W [ N � 	 L
� � � �8N Q"W � N QI[�S
��� � �8L
� � [ � L*N � Y"L0WXQ�� � N �	� U QIN ��� � S W G MFKOP�VYXZRS��K�N�KOM���[]MZmeVY\LT`KtMFK`�vpQRSMFKOmnKO\fX
RUaj��[]MZmeVYPSR��WK`^ yvc=q

response time ≤ b
b2�sILKOMFK

b
RUaiXZILK{y=[]pQ\L^ ^QKOPSRSm�RSXZRS\Qk�XZILK

�rVYPSRU^��rVYPSpLK`aCA�V]a?aZN=K`TORhg;K`^�yvc�XZILK	a|KOMZ�fRUT`KlaZpQNQNQPSRUKOM?RS\{XZILKlN=KOM���[]MZmeVY\LT`K�T`[]\fXZM|V]TOX�D��
G&MFK`�vpLK`aZX�RUanpQ\La|VYXZRUa�g;K`^�b�Rh�2XZILKi�rVYPSpLKi[Y��XZILKjMFK`aZN�[]\La|KjXZRSmnKrb�N=KOMFT`KORS��K`^���[]M�XZIQRUa
MFK`�fpLK`aZXWb}KE�QT`K`K`^Qa?XZILKly�[]pQ\L^

b
�lHJIQRUa�MFKOP�VYXZRS��K�MFK`�fpQRSMFKOmnKO\vXBRUa?XZM|VY\LaZP�VYXFK`^uRS\fXF[jXZILK

aFKOPUK`TOXZRU[]\�TOMZRSXFKOMZRU[]\}b�T`[]\vX|VYRS\QRS\Qk�[]\LK�MFKOP�VYXZRS��KjNQMFK`^dRUTWVYXFKrb�XZI;VYXlRSm�N�[raFK`alXZILK�y=[]pQ\L^
b
[]\

RT � estimator
��HJILKnMFK`aZN�[]\La|KlXZRSmnKnK`aZXZRSmeVYXF[]M�wxy;V]aFK`^�aFKOPUK`TOXZRU[]\�TOMZRSXFKOMZRU[]\�RUa

��[]MZmeVYPSR��WK`^�bEV]aJ��[]PSPU[W�GaWq
RT � estimator ≤ b

�
��� � �8L
� � [ � L 	 � � W � �
� [ N6W N �	� U QIN ��� � S W G y=K`aZX�woK \=[]MZXlMFK`�fpQRSMFKOmnKO\vXn[]\�MFK�w
aZN=[]\LaFK�XZRSmnK�RUaGXZM|VY\LaZP�VYXFK`^_RS\fXF[nXZILK�aFKOPUK`TOXZRU[]\�TOMZRSXFKOMZRU[]\}b;T`[]\fX|VYRS\QRS\Qk�[]\LKzy�K`aZX�woK \�[]MZX
NQMFK`^dRUTWVYXFKz[]\ �>��� 
 	 �#! � � � � � �
��F��RFIH�F�� � � � [�U N � � �8L � L ��Q"W P � 	 L
� � � �8N?Q"W � N?Q"[ S
#~K�V]aFaF[7TOR�VYXFK�XF[lXZILK ��
 	 � ���)	 
 �#! � 
 []\LK?[]M�aFKO��KOM|VYP�y;V]a|K�mnKOXZMZRUT`aWbQMFKONQMFK`aFKO\fXZRS\QknXZILK
TWVYN;V]TORSXoct[Y�=XZILK�MFK`aF[]pQMFT`K`a�XZI;VYX�RSm�N;V]TOX�XZILKGMFK`aZN=[]\LaFKsXZRSmnKr��HJILK`aFK�y;V]aFKsmnKOXZMZRUT`aJVYMFK
RS\d��KOMZMFK`^j� MF[]m XZILKzaFKOMZ�fRUT`K���[]M-,fPU[�V]^�b�V]aGaZIL[��s\_RS\_XZILK���[]PSPU[W�sRS\QkL�

#~KjT`[]\LaZRU^QKOMlXo��[�Xoc7N�K`al[Y����[]M-,fPU[�V]^ aZN=K`TORhg;TWVYXZRU[]\LaWqt�vp;VY\fXZRSX|VYXZRS��K_VY\L^��fp;VYPSRhw
X|VYXZRS��Kr�<C}KOX

(cpu � wk, io � wk, bw � wk)
y�K�Vl�fp;VY\vXZRSX|VYXZRS��Kz��[]M-,7PU[�V]^�aZN=K`TORhg;TWVYXZRU[]\}�

#~KsT`[]\v��KOMZX�XZILKsRS\L^dRS�fRU^dp;VYPLT`[]m�N=[]\LKO\vXFa�[Y�EXZILKJ��[]M-,fPU[�V]^nRS\�XZILKsaFKOMZ�fRUT`KJXZRSmnK`a�brXZI;VYX
VYMFKnKE�dN�K`TOXFK`^~� MF[]m VjkrRS��KO\�MFK���KOMFKO\LT`KnIL[raZXW� #~Kn[]yQX|VYRS\�XZILKeaFKOMZ�7RUT`K`a�XZRSmnKrb�\L[]XFK`^
cpu � st

b
io � st

b
bw � st

� #~K�a|VWctXZI;VYX
resi

RUa9V	IQRSkrIQPScvwxpLaFK`^_MFK`aF[]pQMFT`KrbQRh�Zq
sti/(st1 + st2 + st3) ≥ 1/3

b
i = 1, 3

� �o��XZILKz��[]M-,fPU[�V]^�RUa2aZN�K`TORhg;K`^��fp;VYPSRSXFVYXZRS��KOPSc�b
yvc{mnKWVY\LaB[Y�GV8�<� � � ���5� � � �-��	 	tVYXZX|V]TFILK`^�XF[_KWV]T|I�MFK`aF[]pQMFT`Krb���KeT`[]\v��KOMZX	XZILK�XZIQMFK`K
��[]M-,7PU[�V]^�TOP�V]a|aFK`asRS\vXF[tVl�vp;VY\fXZRSX|VYXZRS��K���[]M-,7PU[�V]^�VY\L^_NQMF[fT`K`K`^�V]a9VYy�[���Kr�
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��� � �8L
� � [ � LDN � YIL0WXQ�� � N � � U QIN � � � S W G�MFKOP�VYXZRS��KJMFK`�fpQRSMFKOmnKO\vX�[]\�XZILK�MFK`aZN=[]\LaFK
XZRSmnKJRUa"XZM|VY\LaZP�VYXFK`^�RS\fXF[ � 
 	 � � 
 � 
 �ENQMFK`^dRUTWVYXFK`aWbvRSm�N�[raFRS\Qk?XZILKJN�KOM���[]MZmeVY\LT`KJPUKO��KOP ��� � �
[]\nXZILKGTWVYN;V]TORSX cn[Y�=KWV]T|IeIQRSkrIQPScfwxpLaFK`^�MFK`aF[]pQMFT`Kr�"� \nXZIQRUa�TWV]a|Krb�XZILKGaFKOPUK`TOXZRU[]\tTOMZRSXFKOMZRU[]\
y=K`T`[]mnK`aBViPU[]krRUTWVYP�KE�7NQMFK`a|aZRU[]\}bCMFKOP�VYXZRS\Qk�yvcuXZILK�y=[7[]PUKWVY\�[]N=KOM|VYXF[]M�? VY\L^ �|b�XZILK � 
 	 �
� 
 � 
 ��T`[]\L^dRSXZRU[]\La2[]\iMFK`aF[]pQMFT`K�TWVYN;V]TORSXZRUK`aW�
��� � �8L
� � [ � L 	 � � W � �
� [ N6W N �	� U QIN ��� � S W G y=K`aZX�woK \=[]MZXlMFK`�fpQRSMFKOmnKO\vXn[]\�MFK�w
aZN=[]\LaFK�XZRSmnK�RUaGXZM|VY\LaZP�VYXFK`^_RS\fXF[nXZILK�aFKOPUK`TOXZRU[]\�TOMZRSXFKOMZRU[]\}b;T`[]\fX|VYRS\QRS\Qk�[]\LKzy�K`aZX�woK \�[]MZX
NQMFK`^dRUTWVYXFK�[]\jXZILK9TWVYN;V]TORSX ct[Y�CXZILK9mn[raZX�RS\vXFKO\LaZRS��KOPSctpLaFK`^7wxMFK`aF[]pQMFT`Kr� � \tXZIQRUa�MFK`aZN=K`TOXWb
��KBT`[]m�NQpQXFKzXZILKzmeV��7RSmBpQm&y=KOXo��K`KO\

st1
b
st2

VY\L^
st3

VY\L^_��KBT`[]\LaZRU^QKOM�XZILKBT`[]MZMFK�w
aZN=[]\L^dRS\QknMFK`aF[]pQMFT`Krb;V]aGXZILK�[]\LK�XZI;VYXGRUasXZILK?mn[raFXsRS\vXFKO\LaZRS��KOPScipLaFK`^��
��F��RFIH�F�G ��� � � �R[ Q�� � [ � W � � L ��� N [ � N QIL0W � �8N?Q"W � N?QI[�S L0WDN U S � WXQ � �

HJILKzT|IL[]RUT`Kz[Y��XZILK�MZRSkrIfX9TOMZRSXFKOMZRU[]\�RUaGN=KOM���[]MZmnK`^�VYX�MZpQ\dwxXZRSmnKr�JHJILKzT|IL[]RUT`KB^QKON=KO\L^Qa
[]\�XZILKGTOpQMZMFKO\fX�^QKOkrMFK`KG[Y�=XZILKJMFK`aF[]pQMFT`KspQXZRSPSR���VYXZRU[]\}b7[]\�XZILKspQXZRSPSR���VYXZRU[]\n�rVYMZR�VYXZRU[]\tVY\L^
[]\�XZILK�MFK`�fpLK`aZXFa2MFK`aZN�[]\La|K�XZRSmnKrb�T`[]m�N;VYMFK`^�XF[tXZILK	K`aZXZRSmeVYXZRU[]\�T`[raFXW��HJILK	aFKOPUK`TOXZRU[]\
TOMZRSXFKOMZRU[]\jmzpLaZXsKE�dNQPU[]RSXGV�MFK`aZN=[]\LaFK�XZRSmnK2K`aFXZRSmeVYXF[]MWbf�sILKO\jXZILK2MFK`aF[]pQMFT`K`asVYMFK2aZI;VYMFK`^
yvc�aFKO��KOM|VYP"pLaFKOMFaW� �9[���KO��KOMWb��sILKO\{XZILKBMFK`aF[]pQMFT`K`a�VYMFKBpQ\L^QKOM�wxpQXZRSPSR��WK`^�b}XZILKBMFK`aF[]pQMFT`K
TWVYN;V]TORSXocfwxy;V]aFK`^tTOMZRSXFKOMZRU[]\eRUa�XZILKGVYNQNQMF[]NQMZR�VYXFK2[]\LKr�"HJIQRUa�TOMZRSXFKOMZRU[]\eI;V]a�m�RS\QRSmeVYP�T`[raZXWb
V]a�XZILKeTWVYN;V]TORSXZRUK`a	VYMFKtT`[]\dgLkrpQMFK`^�aZX|VYXZRUTWVYPSPSc���HJIQRUa	TOMZRSXFKOMZRU[]\�aZIL[]pQPU^�VYPUaF[iy=K�pLaFK`^�b
�sILKO\	XZILK�MFK`aF[]pQMFT`K�pQXZRSPSR���VYXZRU[]\l�rVYMZRUK`a�XF[7[GM|VYNQRU^dPSc�� � \BXZIQRUa�T`[]\vXFKE�dXWbrRSX�RUaC\L[]X�N=[raFaZRSyQPUK
XF[?[]yQX|VYRS\eaZp0�eTORUKO\fXZPScnV]T`TOpQM|VYXFKspQXZRSPSR���VYXZRU[]\nmnKWV]aZpQMFK`aWbv\LK`K`^QK`^lyvc	XZILKsMFK`aZN=[]\LaFK�XZRSmnK
K`aZXZRSmeVYXF[]MW� G�PUa|[Qb;XZILKBaFKOPUK`TOXZRU[]\uTOMZRSXFKOMZRU[]\{T`[]\fX|VYRS\QRS\Qk_Vny=K`aZX�woK \�[]MZX�MFK`�fpQRSMFKOmnKO\vX�[]\
7:9?; TWVYN;V]TORSX ceRUasVYNQNQMF[]NQMZR�VYXFK2RS\tXZILK2TWV]aFK9�sILKO\tXZILK2MFK`aZN=[]\LaFK�XZRSmnK2[Y�}XZILK9MFK`�fpLK`aZXFa
RUaGTOPU[raFK�XF[nXZILK�^QKOP�V`cjRS\L^dpLT`K`^iyfc�XZILK�MFK`aFN�[]\LaFK�XZRSmnKzK`aZXZRSmeVYXZRU[]\}�
	 ���:��� ��� 
�3 
 1 
 . 58+���� ) �R1%+�. ; � ��� 
�. 5 3
� \�[]MF^QKOM�XF[emeVY\QRSNQpQP�VYXFK	XZILK	MFKONQPSRUTWVtaFKOPUK`TOXZRU[]\uTOMZRSXFKOMZR�Vdb=��KBRS\vXZMF[7^dpLT`KBX ��[i[]y � K`TOXFaWb
TWVYPSPUK`^�� �%? � 	 �53��)	 � � �%��VY\L^�� 3�� 
��%� ��HJILKOc_T`[]MZMFK`aZN=[]\L^iXF[eMFKOP�VYXZRS��KrbLMFK`aZN=K`TOXZRS��KOPSc�bLy=K`aZX�w
K \�[]MZX�N=KOM���[]MZmeVY\LT`K9MFK`�vpQRSMFKOmnKO\fXFaW��HJILK�Xo��[l[]y � K`TOXFa�VYMFK�NQMFK`aFKO\vXFK`^tRS\eXZILK�\LKE�7X�Xo��[
N;VYM|VYkrM|VYNQILaW�
����� YIQ��8L
	 QJY"W � N G�� �%? � 	 �53��0	 � � �%�E[]y � K`TOXJKO\LTWVYNLaZpQP�VYXFK`asV?X|VYyQPUKrbf�sILKOMFKORS\�KWV]T|Ij[]N=KOM�w
VYXZRU[]\}b�[Y�"XZILKzMFKONQPSRUTWVYXFK`^�a|KOMZ�fRUT`Krb;RUa2VYXZX|V]T|ILK`^�RSXFa9��[]M-,7PU[�V]^�VY\L^�VlMFKONQPSRUTWVtaFKOPUK`TOXZRU[]\
TOMZRSXFKOMZRU[]\}��HJIQRUa9TOMZRSXFKOMZRU[]\{RUa9RS\d��KOMZMFK`^���MF[]m&XZILKzMFKOP�VYXZRS��K	N�KOM���[]MZmeVY\LT`K	MFK`�vpQRSMFKOmnKO\fXWb
aZN=K`TORhg;K`^j��[]MsXZI;VYX�[]N�KOM|VYXZRU[]\��sRSXZIQRS\_XZILK?N=KOM���[]MZmeVY\LT`K�T`[]\fXZM|V]TOXW�

(�V]T|I�TOMZRSXFKOMZRU[]\�RUa�KE�dNQMFK`aFaFK`^_yvc_[]\LK�[Y��XZILK?��[]PSPU[W�sRS\Qk�Xo��[t^LVYX|VnmnKOmzy=KOMFaW�JHJILK
��[]MZmnKOM	^LVYX|V�mnKOmzy=KOM�T`[]\vX|VYRS\La�V_MFKOP�VYXZRS��KtNQMFK`^dRUTWVYXFKj[]\�XZILK �>��� 
 	 �#! � � � � � mnKOX�w
MZRUTrb�V]aFaF[7TOR�VYXFK`^�XF[tXZILKBMFK`aZN�[]\La|K�XZRSmnKr��HJILKzNQMFK`^dRUTWVYXFKlT`[]\fX|VYRS\La�XZILKBMFK`aFN�[]\LaFKzXZRSmnK
XZIQMFK`aZIL[]PU^�b7XZI;VYXJRUa�MFK`�fpQRSMFK`^�yvcnXZILK2TWVYPSPUa�XF[zXZI;VYXJ[]N=KOM|VYXZRU[]\}��HJILK�P�VYXZXFKOMs^LVYX|VzmnKOmlw
y=KOM�RUa�Vn��K`TOXF[]MWb=T`[]\vX|VYRS\QRS\Qk_VePSRUaZX9[Y��MFKOP�VYXZRS��K	mnKOXZMZRUT�wxy;V]aFK`^�NQMFK`^dRUTWVYXFK`aWb�MFKOP�VYXFK`^�yvc
XZILK�y=[f[]PUKWVY\�[]N�KOM|VYXF[]M^? VY\L^ �|�tHJILK`a|K�NQMFK`^dRUTWVYXFK`a�VYMFKn^QK�gL\LK`^�[]\�XZILKnTWVYN;V]TORSXZRUK`aB[Y�
XZILK?MFK`aF[]pQMFT`K`a�[]\_�sIQRUTFI�XZILK�MFK`aZN�[]\La|K�XZRSmnK�[Y��XZILKz[]N�KOM|VYXZRU[]\�^QKON=KO\L^QaW�

HJILK�� �%? � 	 �53��)	 � � �%��NQMF[��fRU^QK`azXZILK�mnKOXZIL[7^�
 � � �%� b=XZI;VYX�X|V ,�K`aBV]a?N;VYM|VYmnKOXFKOMFa�q?XZILK
aFKOMZ�7RUT`K�\;VYmnKrbLVzPSRUaZXJ�sRSXZIjXZILK2MFKONQPSRUTWV]a'� 9 V]^Q^dMFK`aFaFK`asVY\L^�XZILK�TOPSRUKO\vXsRU^QKO\fXZRhg;KOMW��HJILK
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VYMZM|V`clN;VYM|VYmnKOXFKOM�meV`cly�KJMFKONQP�V]T`K`^nyvcnV2meVYN}b��sILKOMFKORS\nXZILKGMFKONQPSRUTWV]a�VYMFKskrMF[]pQN=K`^�yvc
XZILK�^Q[]meVYRS\LaWb�XF[��sIQRUT|I~XZILKORSM?IL[raZXFa�y=KOPU[]\QkL�BHJILKlMFK`aZpQPSX�MFKOXZpQMZ\LK`^uyfc�XZILK	mnKOXZIL[7^
RUaGVY\�VYMZM|V`c��sRSXZIiRS\vXFKOk�KOMFa���HJILK2gLMFaZXsKOPUKOmnKO\vXGRS\iXZIQRUaGVYMZM|VWctMFKONQMFK`a|KO\vXFasXZILK�\fpQmzy=KOM
[Y�?a|VYXZRUa��xV]TOXF[]MZc�MFKONQPSRUTWV]aW� � X�RUa	��[]PSPU[���K`^ yvc�XZILKiRS\L^QKE�dK`ae[Y�2a|VYXZRUa��xV]TOXF[]MZc�MFKONQPSRUTWV]aWb
meVYXFTFIQRS\QkuXZILKORSMlN=[raZRSXZRU[]\Lal�sRSXZIQRS\�XZILKiVYMZM|V`c�N;VYM|VYmnKOXFKOMW��HJILKtPSRUaFX	[Y�9a4VYXZRUa���V]TOXF[]MZc
MFKONQPSRUTWV]a�meV`cly�KGM|VY\),�K`^�bvyfc	XZILK��]VYPSpLK`a�[Y�=XZILK � ��� 
 	 �#! � � � � � mnKOXZMZRUTr�1G/�rVYMZR�VY\vX�[Y�
XZILK 
�� � �%�LmnKOXZIL[7^�gLPSXFKOMFa�XZILKsMFKONQPSRUTWV]a�MFKOP�VYXZRS��KOPSc�XF[�V�MFK���KOMFKO\LT`KsMFKONQPSRUTWVdbfaFpLTFItV]a�[]\QPSc
XZILKjMFKONQPSRUTWV]a�y=KOXZXFKOM�XZI;VY\ XZIQRUalMFK���KOMFKO\LT`KjMFKONQPSRUTWV�VYMFKiTFILK`T ,�K`^/VYkvVYRS\LaZX�XZILKjMFKONQPSRUTWV
aFKOPUK`TOXZRU[]\�TOMZRSXFKOMZRU[]\}�
� L S 
 � N G � 3 ��
��%�}[]y � K`TOX�KO\LTWVYNLaZpQP�VYXFK`a���[]M�KWV]TFI�[]N�KOM|VYXZRU[]\}bfXZILKsMFKONQPSRUTWVzaFKOPUK`TOXZRU[]\
TOMZRSXFKOMZRU[]\}bGRS\d��KOMZMFK`^ � MF[]m XZILK�y=K`aZX�woK \�[]MZXeN=KOM���[]MZmeVY\LT`K�MFK`�fpQRSMFKOmnKO\vXWb2VYXZX|V]TFILK`^�XF[
XZI;VYXj[]N�KOM|VYXZRU[]\}� HJILK�TOMZRSXFKOMZRU[]\�RUaeKE�dNQMFK`aFaFK`^�yfc�[]\LK�[Y�?XZILK���[]PSPU[��sRS\Qk�X ��[�^LVYX|V
mnKOmzy=KOMFaWq�V�y�K`aZX�woK \�[]MZX�NQMFK`^dRUTWVYXFK�[]\ � ��� 
 	 �#! � � � � � []MsV?y=K`aZX�woK \�[]MZX�NQMFK`^dRUTWVYXFK�[]\
XZILKsTWVYN;V]TORSXoc�[Y��XZILKJMFK`aF[]pQMFT`Krb�XZI;VYX�RUa"XZILKsmn[raFX�RS\fXFKO\LaZRS��KOPScfwxpLaFK`^nyfcBXZI;VYX�[]N=KOM|VYXZRU[]\}�

HJILK � 3�� 
��%�"NQMF[W�7RU^QK`a9XZILK?mnKOXZIL[f^���3�� 
rbLXZI;VYXGI;V]a�XZILKza|VYmnK?PSRUaFX�[Y��N;VYM|VYmnKOXFKOMFa
V]asXZILK?mnKOXZIL[7^ 
�� � �%��[Y��XZILK � �%? � 	 �53 �0	 � � �%�o��HJILK?mnKOXZIL[7^iM|VY\),dasXZILK?MFKONQPSRUTWV]a9yvc�XZILK
mnKOXZMZRUT��rVYPSpLK`azVY\L^uMFKOXZpQMZ\La?XZILKnRS\L^QKE�{[Y�JXZILKly�K`aFX?MFKONQPSRUTWVd�CG �rVYMZR�VY\vXz[Y�JXZILK ��3�� 

mnKOXZIL[7^uX|V ,�K`azViaZpQNQNQPUKOmnKO\fX|VYMZcuN;VYM|VYmnKOXFKOMzXZI;VYX?RUazViMFK���KOMFKO\LT`K�MFKONQPSRUTWVd� �oX?M|VY\),da
[]\QPScjXZILK�MFKONQPSRUTWV]a9y�KOXZXFKOM9XZI;VY\�XZI;VYX9MFK���KOMFKO\LT`KzMFKONQPSRUTWVHA Rx� Kr��XZILKORSM�mnKOXZMZRUTz�]VYPSpLK`a2VYMFK
y=KOXZXFKOMGXZI;VY\_XZILK�mnKOXZMZRUT��rVYPSpLK?^QKOXFKOMZm�RS\LK`^i��[]MsXZILK?MFK���KOMFKO\LT`K?MFKONQPSRUTWV�D��
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HJILKzVYPSk�[]MZRSXZIQm ��[]MsRS\d��KOMZMZRS\QknXZILK?MFKOyQRS\L^dRS\QkeTOMZRSXFKOMZRU[]\�RUaG^QKONQRUTOXFK`^_RS\ ��RSkrpQMFKBA7� �L�
� ��� S Q WXQI[ S #~K2^QK�gL\LK�V�mnKOXZMZRUTrbdTWVYPSPUK`^ �>
 � � � � � �,
 � �F� � bdXZI;VYXJT`[]pQ\vXFa�XZILK9N�KOMFT`KO\fX�w
VYk�K2[Y�=MFK`�fpLK`aZXFa�XZI;VYX�^dRU^d\�
 XJa|VYXZRUa���clXZILKGMFK`aZN=[]\LaFK�XZRSmnK�MFK`�fpQRSMFKOmnKO\vX�A Rx� Kr��KE�dNQMFK`aFaFK`^
V]a9V�XZIQMFK`aZIL[]PU^�RSm�N=[raFK`^_[]\�XZILK ��
 	 � ���)	 
 �#! � 
 D�bd� MF[]m&XZILK?y=KOkrRS\Q\QRS\Qk�[Y��XZILKzTOPSRUKO\fX
T`[]\Q\LK`TOXZRU[]\�XF[2IQRUa�� ILKOM"MFKONQPSRUTWVd�"HJILK��rVYPSpLK�[Y� �>
 � � � � � �,
 � �F�>� RUa�pQN=^LVYXFK`^lKWV]TFIlXZRSmnK
XZILKJMFK`aZN=[]\LaFK�XZRSmnKs[Y�=V2MFK`�fpLK`aZX"�fRU[]P�VYXFK`a�XZILKJMFK`�vpQRSMFKOmnKO\fXW� #~Ks^QK�gL\LKsXZILK�MFKOyQRS\L^dRS\Qk
TOMZRSXFKOMZRU[]\�yfcty=[]pQ\L^dRS\QknXZILK?�rVYPSpLK�[Y� �>
 � � � � � �,
 � �F�>� �

#~K"��[]MZmeVYPSR��WK�VJMFKOP�VYXZRS��K�MFK`�vpQRSMFKOmnKO\fX�V]a=��[]PSPU[W�Ga
response time ≤ b

� � \?XZILK�TWV]aFK
[Y�"VBy=K`aZX�woK \�[]MZX�MFK`�fpQRSMFKOmnKO\vXWb;XZILK2XZIQMFK`aZIL[]PU^

b
RUas^QK�gL\LK`^_V]asK`�fp;VYP�XF[

1.5 ∗ avg � rt
b

�sILKOMFK
avg � rt

MFKONQMFK`aFKO\fXFa	XZILKtV`��KOM|VYk�K��rVYPSpLKrb"T`[]m�NQpQXFK`^�[���KOMBXZILKeMFK`aZN=[]\LaFKnXZRSmnK
mnKWV]aZpQMFK`aWb;[]yLaFKOMZ��K`^iyvc_VYPSP�XZILK�TOPSRUKO\fXGMFK`�fpLK`aZXFaW�

�J[]XZI�RS\�XZILKzTWV]aFKB[Y��V�MFKOP�VYXZRS��K�MFK`�fpQRSMFKOmnKO\vX�VY\L^�[Y��Vny�K`aFX�woK \=[]MZX9MFK`�vpQRSMFKOmnKO\fXWb
��K?��[]MZmeVYPSR��WK?XZILK�MFKOyQRS\L^dRS\QktTOMZRSXFKOMZRU[]\_yfc�q
degradated � RT ≥ percentage

b
�sILKOMFK

percentage = 100% − percentage � requests � ok
VY\L^

percentage � requests � ok
RUa9VnN;VYM|VYmnKOXFKOM9NQMFK�wo^QK�gL\LK`^�RS\�[]pQM2aZcdaZXFKOm_���oX�^QKO\L[]XFK`a

XZILK�N=KOMFT`KO\vX|VYk�K	[Y��MFK`�vpLK`aFXFaGXZI;VYX9a4VYXZRUa�g;K`^iXZILK�XZIQMFK`aFIL[]PU^
b
bQ��MF[]m¢XZILK�y=KOkrRS\Q\QRS\Qkt[Y�

XZILK�aFK`a|aZRU[]\}�"#~Kza|KOXsXZILK?�]VYPSpLKz[Y�
percentage � requests � ok

XF[
80%

��#~KzVYPUaF[naFKOX
V�XZIQMFK`aZIL[]PU^�[]\nXZILK�m�RS\QRSmeVYPE\fpQmzy=KOM�[Y��MFK`�fpLK`aZXFaWb�XZI;VYX�aZIL[]pQPU^�y=K�T`[]\LaZRU^QKOMFK`^e�sILKO\
TFILK`T ,fRS\QkeXZILK�N�KOM���[]MZmeVY\LT`K?T`[]\vXZM|V]TOXW��HJIQRUaJXZIQMFK`aZIL[]PU^iILKOPSNLas^QKWVYPSRS\Qkn�sRSXZIjXZM|VY\LaZRUKO\fX
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��RSkrpQMFKBA7� �Lq��o\d��KOMZMZRS\Qk�XZILK?MFKOyQRS\L^dRS\QktTOMZRSXFKOMZRU[]\

[W��KOMZPU[�V]^�T`[]\L^dRSXZRU[]\LaWb�VYX�XZILKzy�KOkrRS\Q\QRS\Qk�[Y��XZILK�RS\fXFKOM|V]TOXZRU[]\�y=KOXo��K`KO\�XZILKBTOPSRUKO\vX?VY\L^
XZILK�aFKOPUK`TOXFK`^_MFKONQPSRUTWVd�
��F	�2FIH�FJH � N � � � � S � � N � 	 QJS � QJS T �8N?Q"W � N?Q"L
#~K�T`[]\LaFRU^QKOMt[]\LK_NQMFK`^QK�gL\LK`^/MFKOyQRS\L^dRS\Qk�TOMZRSXFKOMZRU[]\}bs\LK`K`^QK`^ RS\/[]MF^QKOMtXF[uPSRSm�RSXtXZILK
K \�K`TOXFa?[Y��KOMZMF[]\LK`[]pLa?MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\La�[]\{XZILKlTOPSRUKO\vXFa 
=KE�dN�KOMZRUKO\LT`Kr�BHJIQRUa�TOMZRSXFKOMZRU[]\
RUaG^QK�gL\LK`^�V]as��[]PSPU[��GaWq
if during the client session, the first a consecutive requests
have unsatisfactory response time, then rebind the client to another replica

�
HJILK�TOMZRSXFKOMZRU[]\�RUa�T`[]\dgLkrpQMFK`^tyvceV�y�[]pQ\L^

a
[]\tXZILKG\fpQmzy=KOM�[Y�}T`[]\LaFK`TOpQXZRS��K9MFK`�vpLK`aFXFaWb

��[]Ms�sIQRUTFI�XZILK�N=KOM���[]MZmeVY\LT`KzT`[]\vXZM|V]TOX9I;V]asy=K`KO\i�fRU[]P�VYXFK`^��
	 ���#��� ��� 
 -�
 �,+��,9:+ � 	*) �R1%+�. ; � � � 
 . 583
#~KzKO\LTWVYNLaFpQP�VYXFKzXZILKzMFKOyQRS\L^dRS\QkjTOMZRSXFKOMZRU[]\�RS\d��KOMZMFK`^i��MF[]m XZILK�N=KOM���[]MZmeVY\LT`KBT`[]\fXZM|V]TOX
�sRSXZIQRS\iV�

�7� � 
��%�}[]y � K`TOXW��HJILK�MFKOyQRS\L^dRS\Qk�TOMZRSXFKOMZRU[]\�RUaJKE�7NQMFK`aFa|K`^tV]aJV�MFKOP�VYXZRS��K9NQMFK`^7w
RUTWVYXFKj[]\�XZILK �>
 � � � � � �,
 � �F�>� mnKOXZMZRUTr�~HJILK�

�7� � 
��%�9NQMF[W�7RU^QK`alXZILKemnKOXZIL[7^ ���7� � 

�sRSXZIiXZILK�a|VYmnK2PSRUaZXs[Y��N;VYM|VYmnKOXFKOMFa�V]aJXZILK2mnKOXZIL[7^ 
 � � �%�C[Y��XZILK ���%? � 	 �53��)	 � � �%��[]y � K`TOXW�
HJILKBmnKOXZIL[f^�TFILK`T ,7a2Rh��XZILK�NQMFK`^dRUTWVYXFK	RUa9��KOMZRhg;K`^_��[]M9KWV]T|I{N;VYRSM�A MFKONQPSRUTWVtRS\�XZILKBPSRUaZXWb
TOPSRUKO\vX�D�� G �rVYMZR�VY\vX�[Y�;XZIQRUa�mnKOXZIL[7^BT|ILK`T ,da"XZILK�NQMFK`^dRUTWVYXFKs[]\QPSc���[]M�XZILK�MFKONQPSRUTWV]a�y=KOXZXFKOM
XZI;VY\�V	MFK���KOMFKO\LT`K?MFKONQPSRUTWVdbLkrRS��KO\�V]asN;VYM|VYmnKOXFKOMW�

�21 $ C���( : ( + �FDFA 
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	 �"�#�%$ ��� 
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 ) 1%+%.0/ U / �:/ 	�
 - . �R'*) ��� 
 � 5
(�V]T|I_MFKONQPSRUTWVYXFK`^�aFKOMZ�7RUT`K�RUaGVYXZX|V]TFILK`^�V ���%?�� 	 �53@M@3 � 3 O8�%��T`[]m�N�[]\LKO\fXW��HJIQRUaGT`[]m�N=[Yw
\LKO\vX9I;V]asXZIQMFK`K�meVYRS\�MF[]PUK`aW��HJILK���[]MZmnKOMGRUaGXF[�T`[]\fXZMF[]P�XZILKzKO��[]PSpQXZRU[]\�[Y�"XZILK?MFKONQPSRUTWV
krMF[]pQN A yvc{V]^Q^dRS\QkLb=m�RSkrM|VYXZRS\Qk�VY\L^�^QKOPUKOXZRS\QkiMFKONQPSRUTWV]a D���HJILKlaFK`T`[]\L^�RUa9XF[tyQRS\L^�XZILK
TOPSRUKO\vXFa�XF[lXZILK�VYNQNQMF[]NQMZR�VYXFK?MFKONQPSRUTWV]aWbQXZI;VYXGT`[]pQPU^�a|VYXZRUa���cnXZILK�N�KOM���[]MZmeVY\LT`K�T`[]\fXZM|V]TOXW�
HJILKsP�VYXZXFKOM�RUa�XF[?mn[]\QRSXF[]M�XZILKsN=KOM���[]MZmeVY\LT`KsN�KOMFT`KORS��K`^eyvc	XZILKGTOPSRUKO\vXFa���MF[]m�XZILKsMFKONQPSRhw
TWV]a�XZI;VYX�XZILKOc�I;VW��K2y�K`KO\iV]aFaZRSkr\LK`^�bQVY\L^tXF[zMFKOyQRS\L^tXZILKOm�XF[lVY\L[]XZILKOMJMFKONQPSRUTWV]aWb7�sILKO\
XZILK�TOpQMZMFKO\vXn[]\LK`a	y�K`T`[]mnK�pQ\La|VYXZRUaZ��V]TOXF[]MZc�� =9pQMl��[]M-,~X|VYMZk�KOX�[]\QPSc~XZILK�P�VYXZXFKOM	Xo��[
��pQ\LTOXZRU[]\;VYPSRSXZRUK`aW�
� L0W L � � � 	 � N � G � �%? � 	 �53 M@3��&3 O8�%��RS\LaZX|VY\LT`K�T`[]\vX|VYRS\La?X ��[_TWVYXFKOk�[]MZRUK`az[Y��^LVYX|V
mnKOmzy=KOMFaW�2HJILKB^LVYX|VemnKOmzy=KOMFaWb�RS\�XZILK?��[]MZmnKOM2TWVYXFKOk�[]MZc�b�T|I;VYM|V]TOXFKOMZR��WKlXZILKBaFKOMZ�7RUT`Krb
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RS\LTOPSpL^dRS\QkLq�RSXFa�\;VYmnKrb;XZILKzaZp0�o��VY\L^�XZILK�NQMFK�g��_XZI;VYX9aFIL[]pQPU^_y=KBV]^Q^QK`^�VYMF[]pQ\L^�XZILK
IL[raZXeV]^Q^dMFK`aFa�a|[~V]alXF[uT`[]\LaZXZMZpLTOX�XZILKjMFKONQPSRUTWV{MFK���KOMFKO\LT`K A XZI;VYXnRUalMFKOXZpQMZ\LK`^ XF[�XZILK
MFK`�fpLK`aZXZRS\QkeTOPSRUKO\vX�D��

HJILK�^LVYX|VBmnKOmzy=KOMFaWb7RS\tXZILK2P�VYXZXFKOMsTWVYXFKOk�[]MZc�bdRS\LTOPSpL^QK2XZILK2N�[]PSRUTOce[]y � K`TOXFa�\LK`K`^QK`^
XF[2MFK`aF[]PS��K�XZILK�MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\eVY\L^	XZILK�MFKOyQRS\L^dRS\Qk�^QK`TORUaFRU[]\La�VY\L^lXZILK � �%? � 	 �53����%?��%6 �

	 ���8��Pf��HJILK?N=[]PSRUTOc�[]y � K`TOXFaGRS\LTOPSpL^QKrq�V � �%? � 	 �53��)	 � � �%�C[]M�KE�QTOPSpLaZRS��KOPSc_V � 3�� 
��%��[]y � K`TOXWb
MFK`aZN=[]\LaZRSyQPUK	��[]M?XZILKlMFKONQPSRUTWViaFKOPUK`TOXZRU[]\�^QK`TORUaZRU[]\�VY\L^�V�

�7� � 
��%�J[]y � K`TOXWb}MFK`aZN=[]\LaZRSyQPUK
��[]MsXZILK?MFKOyQRS\L^dRS\Qkt^QK`TORUaZRU[]\}�

HJILK � �%? � 	 �53����%?��%6�	 ���8��P	[]y � K`TOXsmeVYRS\vX|VYRS\La���[]MGKWV]T|I�aFKOMZ�7RUT`Krq�XZILK�PSRUaZXG[Y��^Q[]meVYRS\La
T`[]\vX|VYRS\QRS\Qk{MFKONQPSRUTWV]aWb�XZILKePSRUaZXz[Y�GMFKONQPSRUTWV]aBkrMF[]pQN�K`^�yvc~^Q[]meVYRS\LalVY\L^~XZILKe^dRUaFX|VY\LT`K`a
y=KOXo��K`KO\ VYPSP�^Q[]meVYRS\La�VY\L^�XZILKe^Q[]meVYRS\La	�sRSXZI�MFKONQPSRUTWV]aW� (�V]TFI V`�rVYRSP�VYyQPUKeMFKONQPSRUTWV�RUa
^QK`aFTOMZRSy=K`^	yvczXZILKJXZRSmnK`aFX|VYm�Nn[Y�;RSXFa�TOMFKWVYXZRU[]\�XZRSmnK�RS\LaZX|VY\vXWbvRSXFa �E9~V]^Q^dMFK`aFaWb]XZILKJMFK���KOM�w
KO\LT`Ksyfc	�sIQRUT|IeXZILKGTOPSRUKO\fXFa�RS\fXFKOM|V]TOX��sRSXZInXZILKsMFKONQPSRUTWVBVY\L^�XZILKsXZRSmnK`aZX|VYm�NeRS\L^dRUTWVYXZRS\Qk
XZILK?P�V]aZXsXZRSmnK�RS\LaZX|VY\vXG�sILKO\�XZIQRUaGMFKONQPSRUTWVlI;V]asy=K`KO\�aFKOPUK`TOXFK`^i��[]M�VlTOPSRUKO\fXW�

HJILK � �%? � 	 �53 M@3 �&3 O8�%��RSm�NQPUKOmnKO\vXFa�XZILKBMFKONQPSRUTWV�aFKOPUK`TOXZRU[]\~VYPSk�[]MZRSXZIQm A�^QK`aFTOMZRSy=K`^
RS\ aFK`TOXZRU[]\ A7���d�DC�D�b�RS\ []MF^QKOM�XF[�NQMF[W�7RU^QKjXF[{KWV]TFI�TOPSRUKO\vX�XZILKiaFpQRSX|VYyQPUKtMFKONQPSRUTWVd��HJILK
� �%? � 	 �53 M�3��&3 O8�%�?N�KOM���[]MZmnatXZILK�MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\}bsy=K���[]MFK�XZILK_gLMFaFX�V]T`T`K`aFaj[Y�?XZILK
TOPSRUKO\vX�XF[lXZILK�MFKONQPSRUTWVYXFK`^�aFKOMZ�7RUT`K?VY\L^_^dpQMZRS\Qk�XZILK�RS\vXFKOM|V]TOXZRU[]\�[Y��XZILK?TOPSRUKO\fXG�sRSXZIiXZILK
MFKONQPSRUTWVeXF[��sIQRUTFI�ILK �YaZILKBI;V]aGy=K`KO\�y=[]pQ\L^�bL�sILKO\uVlkrRS��KO\�N=KOMFT`KO\vX|VYk�K	[Y��XZILKBTOPSRUKO\fX
MFK`�fpLK`aZXFaGN=KOMFT`KORS��K`^ipQ\La|VYXZRUa��xV]TOXF[]MZcjMFK`aZN=[]\LaFK?XZRSmnK?�rVYPSpLK`aW���o�"XZIQRUaGRUasXZILK�TWV]a|KrbQXZILKO\
XZILK�TOPSRUKO\vX�a|KO\L^QaJVBMFKOyQRS\L^dRS\QknMFK`�fpLK`aZXJXF[	XZILK ���%? � 	 �53�M�3��&3 O8�%�o�"� \�[]MF^QKOMsXF[	NQMF[7T`K`aFa
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TOpQMZMFKO\vX�MFKONQPSRUTWVeXF[n�sIQRUT|I�XZILK	TOPSRUKO\vX2RUaGy=[]pQ\L^��GHJILKBmeVYRS\�MF[]PUKB[Y��XZIQRUa�NQMZRSm�RSXZRS��KBRUa
XF[	^QKOXFKOMZm�RS\LK9Rh��XZILK�MFKOyQRS\L^dRS\QknTOMZRSXFKOMZRU[]\jRUa�a|VYXZRUa�g;K`^�bQVY\L^eXF[	aFKOPUK`TOXGVY\L[]XZILKOMJMFKONQPSRUTWVdb
y=KOXZXFKOM?XZI;VY\uXZILK�TOpQMZMFKO\vXB[]\LKrb}RS\uXZILKnV6�nMZmeVYXZRS��KnTWV]aFKr�lHJILKlNQMZRSm�RSXZRS��KnT`[]\LaZRUaZXFa?[Y�
XZIQMFK`K?meVYRS\�aFXFKONLaW�

HJILK�gLMFaZX�aZXFKON	^QKOXFKOMZm�RS\LK`a�Rh�dXZILK�TOpQMZMFKO\vX�yQRS\L^dRS\Qk9RUa�VJ�xVYPUaFK�N=[raZRSXZRS��KrbYyvc�T|ILK`T ,7RS\Qk
XZI;VYX"\L[�MFK`�fpLK`aZX�I;V]a�y�K`KO\la|VYXZRUa�g;K`^lVY\L^	XZI;VYX�XZILK�MFK`�fpLK`aZX�\fpQmzy=KOM�KE�dT`K`K`^Qa�XZILK�krRS��KO\
XZIQMFK`aZIL[]PU^����x�JXZILKnTOpQMZMFKO\fXzyQRS\L^dRS\Qk�RUaF\�
 XBV��xVYPUaFK�wxN�[raFRSXZRS��KrbCXZILKna|K`T`[]\L^~aZXFKON�T|ILK`T ,da
XZILK9MFKOyQRS\L^dRS\QklTOMZRSXFKOMZRU[]\}bdRS\d��KOMZMFK`^tNQMFKO�fRU[]pLaZPScn� MF[]m�XZILK�N=KOM���[]MZmeVY\LT`K�T`[]\fXZM|V]TOXW��HJILK
XZIQRSMF^laZXFKONlN�KOM���[]MZmna�XZILK�MFKOyQRS\L^dRS\QkLb�Rh�;RSX�RUa�\LK`K`^QK`^���HJIQRUa�aFXFKON	RS\f��[�,�K`a"XZILK�NQMZRSm�RSXZRS��K
6�� � � ���Ob7XZI;VYXGPU[7[�,7aJ��[]M�VY\L[]XZILKOM�MFKONQPSRUTWV�XZI;VYX�T`[]pQPU^iN=[]XFKO\vXZR�VYPSPSc_a|VYXZRUa���ceXZILKzaFKOPUK`TOXZRU[]\
TOMZRSXFKOMZRU[]\}b;VY\L^jXZI;VYXsRUaJy=KOXZXFKOMsXZI;VY\iXZILK?TOpQMZMFKO\vXGMFKONQPSRUTWVd� �x��aZpLTFI�V	MFKONQPSRUTWV	I;V]asy=K`KO\
��[]pQ\L^�bQRSXFasMFK���KOMFKO\LT`K?RUasMFKOXZpQMZ\LK`^_XF[lXZILKzTOPSRUKO\vXW�
 "! P&: '&O < ' P ? H�X G ' P ? '&H�X G H F !� C # : H�' G J�@ : !�'�# G  "! F @ : J C > {: ;=< / ' P ? 'KH�X >  %!E#%$& "' 6 �92 2'&!�!�O ?  "! PK: '&O % <"< ' P ? H�X % % 0 > C '&O < ' P ? '&H�X ≥ C >">: ;=< / '&!�!_O ?  %! P&: '&O >'&!�!�O ?  %! P&: 'KO % D8L&!�JMX�!� d > JML&!�JMX < A%!_ ? : J_! G  %! F @ : J C G J�@ : !�'�# >: ;=< '&!�!_O ?  %! P&: '&O > { %! ; % A�!�@B!�JE# < A�!� ? : J�! G H F !� C # : H�' G J�@ : !�'�# G  "! F @ : J C > %!E#%$& %'  "! ;
} "!�#%$& "' 6 � 2�2
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TWV]aFK	[Y��V�y=K`aZX�woK \�[]MZX9N=KOM���[]MZmeVY\LT`K	T`[]\vXZM|V]TOXW� #~K	T`[]\LaZRU^QKOMFK`^{^dR�\=KOMFKO\fX2� MFK`�fpLKO\LTORUK`a
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XZILKlXZIQMFK`aZIL[]PU^~[]\ � 
 ��	 � ��
B��! 	 � ��

� ������� A�T`[]\LT`KONQXzRS\fXZMF[f^dpLT`K`^uRS\~a|K`TOXZRU[]\ �d�DHd����D2XF[
CGF

%
�

KMLGLGLEK



* ' � ���,
�� � 	�� 
 � 
���! �@��� � * �
	 � ��� !7` � � � 
 � 

� � ! ��� � 
 � 
 � �#! ��� ��� � � ��� ���

 50

 55

 60

 65

 70

 75

 80

 85

 90

 95

 100

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8

pe
rc

en
ta

ge
 o

f 
re

qu
es

ts

selection error

long interval

medium interval

short interval

��RSkrpQMFKBA7�6A7q:7�^7�"[Y�"XZILK�aFKOPUK`TOXZRU[]\�KOMZMF[]MFa
 0

 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 0  10  20  30  40  50  60

pe
rc

en
ta

ge
 o

f 
re

qu
es

ts

response time estimation error

long interval
medium interval

short interval

��RSkrpQMFK A7�DHdq17�^7��[Y�=XZILKsK`aZXZRSmeVYXZRU[]\nKOMZMF[]MFa

��F�� FIH�FJH ��� � � N Q � � S W L Y � � WXU �
#~K_T`[]\LaZRU^QKOMtXZI;VYXe[]\/KO��KOMZc�MFKONQPSRUTWVdbJXZILKOMFKiRUa�V � �>� 
 � �83 � ��	 =�� � 35���8�ob��sIQRUTFI�KOmlw
pQP�VYXFK`atVuMFKWVYP�aFKOMZ�7RUT`KrbJV]ae^QK`aFTOMZRSy�K`^ RS\ aFK`TOXZRU[]\ �d�6A7� L � �L[]MtKWV]T|I/aFKOMZ�7RUT`KiMFK`�fpLK`aZXWb
XZILK � �>� 
 � �83 � ��	 =�� � 35���8��k�KO\LKOM|VYXFK`a	VY\~K`�vpQRS�rVYPUKO\vX���[]M-,fPU[�V]^ A yvc�mnKWVY\La�[Y��meVYXZMZR}�
mzpQPSXZRSNQPSRUTWVYXZRU[]\La�b�^dRUa-, �-��= []N=KOM|VYXZRU[]\LaWb�aF[7T ,�KOX ����= []N=KOM|VYXZRU[]\La�D�� � XBKE�QK`TOpQXFK`a	XZIQRUa
K`�fpQRS�]VYPUKO\fXG��[]M-,7PU[�V]^�VY\L^jPU[]k�asXZILK?a|KOMZ�fRUT`K�XZRSmnK`a2VY\L^jXZILK?��VYRSXZRS\QknXZRSmnK`a�[]yQX|VYRS\LK`^��
HJILK`aFKBPU[]k�a?VYMFK	VY\;VYPSc5�WK`^�yfc_XZILK ���%? � 	 �53 M@3��&3 O8�%��RS\�[]MF^QKOM2XF[tKO�rVYPSp;VYXFKBXZILKBN=KOMZXZRhw
\LKO\LT`K�[Y�JRSXFaBMFKONQPSRUTWV�TFIL[]RUT`K`aWb��sILKO\�XZILKnMFK`�fpLK`aZXFa�gL\QRUaFI}� �o\�[]pQMlKE�dN�KOMZRSmnKO\fX|VYXZRU[]\
aFT`KO\;VYMZRU[QbE��KBT`[]\LaZRU^QKOM2VeaFKOX�[Y�$�eMFKONQPSRUTWV]aWbE�sIQRUTFI���KBKOmzpQP�VYXFKByvciMZpQ\Q\QRS\QkiV � �>� 
 �

� �83 � ��	 =�� � 37���8�sRS\LaZX|VY\LT`Kj[]\ �u^dR�\=KOMFKO\fX�meV]TFIQRS\LK`aW��H}��[u[Y�9XZILKOm VYMFKB9�KO\fXZRSpQm �
�sRSXZI �8=G� ��b � FGF?> ��A�G >�b]MZpQ\Q\QRS\Qk C�RS\vpr�jVY\L^nXZILK�[]XZILKOM�Xo��[	VYMFK�9�KO\fXZRSpQm ���sRSXZI
L = ����b C � �?> � A�GB>�b7MZpQ\Q\QRS\QkDC�RS\fpr�=�
��F�� FIH�F�� ��� � � N Q � � S W�� � � � �8N?Q � WXQI[ S
#~K�aZRSmzpQP�VYXFK`^�XZILKjVYMZMZRS�]VYPJ[Y��aZpLT`T`K`aFaZRS��K�TOPSRUKO\vXFa�VYX	XZILK � �%? � 	 �53 M@3 � 3 O8�%��VY\L^�XZILK
KE�QK`TOpQXZRU[]\ [Y�	XZILKORSMiMFK`�fpLK`aZXFajyvc�XZILK{MFKONQPSRUTWV]aiXF[��sIQRUT|I XZILKOc/I;VW��Kuy�K`KO\�y=[]pQ\L^��
9�MFK`TORUaFKOPSc�b"��KeRSm�NQPUKOmnKO\fXFK`^ � � ! ��� �0���
� � !�
 � � �sIL[�k�KO\LKOM|VYXFK`alaFKOMZRUK`aB[Y� L FGF�MFKONQPSRUTWVaFKOPUK`TOXZRU[]\{MFK`�fpLK`aZXFaWb��sRSXZI��rVYMZRU[]pLa���[]M-,7PU[�V]^QaW� (�V]T|IuMFKONQPSRUTWVta|KOPUK`TOXZRU[]\�MFK`�fpLK`aZX2�sRSXZI
XZILK���[]M-,7PU[�V]^8� ��VYMZMZRS��K`a9VYXsXZILK ���%? � 	 �53�M�3��&3 O8�%�obd�sIQRUTFI�NQMF[fT`K`aFa|K`aJRSXsyvcjaFKOPUK`TOXZRS\Qk
XZILKsVYNQNQMF[]NQMZR�VYXFKsMFKONQPSRUTWV � VYmn[]\Qk?XZILK ��V`�rVYRSP�VYyQPUKJMFKONQPSRUTWV]aW�"HJIQRUa"MFKONQPSRUTWV2RUa"MFKOXZpQMZ\LK`^
XF[iXZILKnTOPSRUKO\fXW�tHJILKn�fRSMZXZp;VYP�TOPSRUKO\fXzRS\f��[�,�K`a�XZILKnaFKOMZ�7RUT`Kn[]N=KOM|VYXZRU[]\LaBVYX�XZILKeaFKOPUK`TOXFK`^
MFKONQPSRUTWV � bryvc	k�KO\LKOM|VYXZRS\QkzMFK`�fpLK`aZXFa"�sRSXZInXZILKJ��[]M-,fPU[�V]^ � � �"HJILK � �>� 
 � �83 ����	 =�� � 37���8�ob
MZpQ\Q\QRS\QktVYX � bQaZRSmBpQP�VYXFK`a9KWV]T|I_MFK`�vpLK`aFXWbdyvciKE�dK`TOpQXZRS\Qk�Vl��[]M-,7PU[�V]^_K`�fp;VYP}XF[B� � �

#~KimeVYRS\fX|VYRS\ ��X cfN=K`ae[Y��PU[]k�aWq_[]\LK_PU[]k�VYXnXZILK � �%? � 	 �53 M@3��&3 O8�%�obJ[]\LKiPU[]k�VYX
KWV]TFI � �>� 
 � �83 � ��	 =�� � 35���8�=VY\L^e[]\LK�PU[]kBVYX�KWV]T|I]K �%6��GM � � 	 � �>�o�"HJILK � �%? � 	 �53 M@3��&3 O8�%�
�sMZRSXFK`a9VY\�KO\vXZMZcjRS\_RSXFasPU[]kLb;V ��XFKOMGKWV]TFI�MFKONQPSRUTWVnaFKOPUK`TOXZRU[]\�MFK`�vpLK`aZXWbLXZI;VYXGRSXsNQMF[fT`K`a|aFK`aWb
yvc_a|KOPUK`TOXZRS\QkeXZILKzaFpQRSX|VYyQPUKzMFKONQPSRUTWVd�sHJIQRUa2KO\vXZMZc_T`[]\fX|VYRS\La9XZILKzXZRSmnK`aZX|VYm�N�RS\L^dRUTWVYXZRS\Qk
XF[2XZILKJaFKOPUK`TOXZRU[]\�RS\LaZX|VY\vXWb�XZILK�a|KOPUK`TOXFK`^lMFKONQPSRUTWVdbrXZILK�MFK`aZN�[]\La|K�XZRSmnKJK`aZXZRSmeVYXFK`^	��[]M"XZIQRUa
MFKONQPSRUTWVlVY\L^nXZILK9RU^QKO\vXZRhg;KOMG[Y�}XZILK2aFK`aFaZRU[]\ A�T`[]MZMFK`aZN=[]\L^dRS\Qk	XF[BXZILK�TOpQMZMFKO\fXsyQRS\L^dRS\Qk	[Y�
XZILK�TOPSRUKO\fXGXF[�IQRUa�� ILKOMGMFKONQPSRUTWV�D��

HJILK � �>� 
 � �83 � ��	 =���� 37� �>���sMZRSXFK`a�VY\�KO\vXZMZc~RS\�RSXFa	PU[]kLb���[]M	KWV]TFI���[]M-,7PU[�V]^�XZI;VYX
RSXlKE�dK`TOpQXFK`aW�{HJIQRUalKO\vXZMZc�T`[]\vX|VYRS\LalXZILK�RU^QKO\vXZRhg;KOMn[Y�GXZILKjaFK`a|aZRU[]\�XF[��sIQRUTFI�XZILK�MFK�w
�fpLK`aZX�y�KOPU[]\Qk�atVY\L^�XZILKiMFK`aZN=[]\LaFKjXZRSmnKjmnKWV]aZpQMFK`^ yfc�KE�QK`TOpQXZRS\Qk~XZILKi��[]M-,fPU[�V]^�[Y�
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XZILK?MFK`�fpLK`aZXW� �fRSmBpQPSX|VY\LK`[]pLaZPSc�b=KWV]TFI K �%6��^M � �8	 ���8�C�sMZRSXFK`a�RS\_RSXFasPU[]kLbQXZILK�pQXZRSPSR���VYXZRU[]\
mnKWV]aZpQMFK`a�XZI;VYXGRSXGT`[]PSPUK`TOXFaW�

#�ILKO\{XZILKBKE�QK`TOpQXZRU[]\~[Y��XZILKBMFK`�vpLK`aZXFa�KO\L^QaWb=XZILK � �%? � 	 �53 M@3 �&3 O8�%��VY\;VYPScdaZRUa2XZILK
T`[]\vXFKO\fX?[Y�"RSXFa9PU[]k�VY\L^�XZILKBT`[]\fXFKO\vX?[Y��XZILK�PU[]k�a9meVYRS\vX|VYRS\LK`^�yvciXZILK � �>� 
 � �83 � ��	 = �

� � 35���8� 6lVY\L^~yfc~XZILK K �%6�� M � � 	 ���8� 6W� 9�MFK`TORUaFKOPSc�b���[]M	KWV]TFI�MFK`�fpLK`aZXBKE�QK`TOpQXFK`^�yfcuXZILK
MFKONQPSRUTWV � b�XZILK � �%? � 	 �53 M@3 � 3 O8�%�GN=KOM���[]MZmna�XZILKt��[]PSPU[��sRS\Qk~Xo��[�V]TOXZRU[]\LaW� ��RSMFaFXZPSc�b�RSX
[]yQX|VYRS\La�� MF[]m¡XZILK � �8��
�� �83�� ��	 =�� � 35���8�=MZpQ\Q\QRS\Qk�VYX�XZILK9IL[raZXJ[Y� � bfXZILK�MFK`aFN�[]\LaFK�XZRSmnK
mnKWV]aZpQMFK`^�yvc�KE�QK`TOpQXZRS\Qk�XZILK���[]M-,7PU[�V]^�k�KO\LKOM|VYXFK`^�yfc_XZILK�MFK`�fpLK`aZXW� �7K`T`[]\L^dPSc�b;��MF[]m
XZILK2PU[]k�aJmeVYRS\vX|VYRS\LK`^iyfctXZILK K �%6��JM � � 	 � �>� 6WbvRSXs[]yQX|VYRS\LaJXZILK�pQXZRSPSR���VYXZRU[]\i�rVYPSpLK`aJmnKWV w
aZpQMFK`^jVYX�XZILK9XZRSmnK2RS\LaZX|VY\vXWb7�sIQRUT|I�RUaJTOPU[raFK`aFX�XF[BXZILK�MFKONQPSRUTWV	aFKOPUK`TOXZRU[]\�RS\LaZX|VY\fXW��HJILKO\
RSXlM|VY\),7a	RS\�V]aFT`KO\L^dRS\Qk~[]MF^QKOM�XZILK�MFKONQPSRUTWV]anV]T`T`[]MF^dRS\Qk~XF[�XZILKORSM�MFK`aZN=[]\LaFKeXZRSmnKj�rVYPhw
pLK`aWb7K`aZXZRSmeVYXFK`^�pLaZRS\Qk	XZIL[raFK2pQXZRSPSR���VYXZRU[]\�mnKWV]aFpQMFK`aW��HJILK ���%? � 	 �53 M@3��&3 O8�%��T`[]m�NQpQXFK`a
��[]M9KWV]TFI�MFK`�fpLK`aZXWqJXZILKBa|KOPUK`TOXZRU[]\�KOMZMF[]M?VY\L^_XZILK	K`aZXZRSmeVYXZRU[]\{KOMZMF[]MW� � X9T`[]m�NQpQXFK`a2XZILK
aFKOPUK`TOXZRU[]\�KOMZMF[]MWb"yvc~^dRS�7RU^dRS\Qk�XZILKeN�[raFRSXZRU[]\�[Y� � RS\�XZIQRUal[]MF^QKOMFK`^�aFK`�fpLKO\LT`Krb�yfcuXZILK
\vpQmBy�KOM?[Y��MFKONQPSRUTWV]aW� � X9T`[]m�NQpQXFK`a2XZILKBK`aFXZRSmeVYXZRU[]\�KOMZMF[]M�[Y� � V]a9XZILKB^dR�\�KOMFKO\LT`Kzy=K�w
Xo��K`KO\iXZILK2mnKWV]aZpQMFK`^jMFK`aZN=[]\LaFK�XZRSmnK?VY\L^�XZILK�K`aZXZRSmeVYXFK`^jMFK`aZN=[]\LaFK9XZRSmnKrb7^dRS�7RU^QK`^jyvc
XZILKnmnKWV]aFpQMFK`^~MFK`aZN=[]\LaFK�XZRSmnKr��#~KtVYkrkrMFKOkvVYXFKtXZILK`aFKn^LVYX|Vi��[]MlVYPSP�XZILKnMFK`�fpLK`aZXFaWb�RS\
[]MF^QKOMGXF[nT`[]m�NQpQXFKzXZILK?TOpQmzpQP�VYXZRS��K	^dRUaZXZMZRSyQpQXZRU[]\La2[Y��XZILK�a|KOPUK`TOXZRU[]\�KOMZMF[]MG�rVYPSpLK`a�VY\L^
[Y�"XZILK�K`aZXZRSmeVYXZRU[]\�KOMZMF[]MG�rVYPSpLK`aW�

#~K�MFKONQMFK`aFKO\fXGXZILK2MFK`aZpQPSXFasRS\jXo��[�krM|VYNQILaW�"� \ ��RSkrpQMFK A7�6A7bd��K�NQPU[]XG[]\j�fw V��dRUa�XZILK
aFKOPUK`TOXZRU[]\ KOMZMF[]M	�]VYPSpLK`a�VY\L^�[]\�cfw V��7RUaBXZILKtN�KOMFT`KO\fX|VYk�Ki[Y�GMFK`�vpLK`aZXFa�b���[]MB�sIQRUTFI�XZILK
aFKOPUK`TOXZRU[]\{KOMZMF[]M���V]a�aZmeVYPSPUKOM2XZI;VY\�XZILK	T`[]MZMFK`aZN=[]\L^dRS\Qkl�7w V��dRUa��rVYPSpLKr��� \ ��RSkrpQMFK A7�DHdb
��K2NQPU[]Xs[]\C�fw V��dRUa�XZILK�K`aZXZRSmeVYXZRU[]\iKOMZMF[]MsVY\L^j[]\jcfw V��7RUa�XZILK2N�KOMFT`KO\fX|VYk�K?[Y�CMFK`�fpLK`aZXFaWb
��[]M��sIQRUT|IiXZILK2K`aFXZRSmeVYXZRU[]\_KOMZMF[]M��JV]asaZmeVYPSPUKOMsXZI;VY\jXZILK�T`[]MZMFK`aZN�[]\L^dRS\Qks�7w V��dRUa��rVYPSpLKr�

#~KJT`[]\LaZRU^QKOMFK`^ ��XZRSmnK�RS\fXFKOMZ�]VYPUa�b�^QKOPSRSm�RSXZRS\Qk�XZILK�MFK`�fpLK`aZXFa�VYMZMZRS�rVYPUa"VYX"XZILK ���%?�� 	 �53
M@3 � 3 O8�%� qeV � ����� ! � �,
�� �&����A �]VYMZc7RS\Qk���MF[]m L � XF[�CGF�aFK`T`[]\L^Qa D�b�V � 
 ��! �5� ! � �,
�� �&���
A �rVYMZcfRS\Qk�� MF[]m � XF[ L F�aFK`T`[]\L^Qa�DCVY\L^BV 	 ' � ���0! � �,
�� � ��� A �]VYMZc7RS\QkG��MF[]m L XF[ � a|K`T`[]\L^Qa�D��
HJILK`aFK�RS\vXFKOMZ�rVYPUa"��KOMFKsT|IL[raFKO\nV]T`T`[]MF^dRS\Qk2XF[2XZILK�^dRUaFaFKOm�RS\;VYXZRU[]\�RS\fXFKOMZ�]VYP A�^QK�gL\QRS\Qk�XZILK
��MFK`�vpLKO\LTOce[Y�}mnKWV]aFpQMFK`a�^dRUa|aFKOm�RS\;VYXZRU[]\4D��?9�MFK`TORUaFKOPSc�bdXZILK9PU[]\Qk	RS\vXFKOMZ�rVYP�RUa�P�VYMZk�KOM�XZI;VY\
XZILK_^dRUaFa|KOm�RS\;VYXZRU[]\�RS\vXFKOMZ�rVYPxbJXZILKjmnK`^dRSpQm RS\fXFKOMZ�]VYP9RUanTOPU[raFKjXF[uXZILK_^dRUa|aFKOm�RS\;VYXZRU[]\
RS\vXFKOMZ�rVYPxbfVY\L^nXZILKGaZIL[]MZX�RS\vXFKOMZ�rVYPLRUa�aFmeVYPSPUKOM�XZI;VY\nXZILKs^dRUaFaFKOm�RS\;VYXZRU[]\tRS\vXFKOMZ�rVYPx�"HJILK`aFK
KE�dN�KOMZRSmnKO\fXFa	aFIL[W�¡Xo��[�meVYRS\�N�[raFRSXZRS��KnMFK`aZpQPSXFaW��HJILKn��[]MZmnKOMBMFK`aFpQPSXBT`[]\dgLMZmna	XZI;VYX
XZILKnV]T`TOpQM|V]TOcu[Y��MFK`aZN=[]\LaFKlXZRSmnK�K`aZXZRSmeVYXZRU[]\�VY\L^�b�V]a�VjT`[]\LaFK`�fpLKO\LT`Krb}XZILKnV]T`TOpQM|V]TOc
[Y��XZILK�MFKONQPSRUTWVzaFKOPUK`TOXZRU[]\�RUa�a|VYXZRUa��xV]TOXF[]MZc��"� \tVYPSP;XZILK �?KE�dN�KOMZRSmnKO\fXFaWb � F

%
[Y��MFK`�vpLK`aFXFaWb

I;V`��K�XZILK_K`aZXZRSmeVYXZRU[]\�KOMZMF[]MeRS\d��KOMZRU[]MeXF[ Fd���d� G�PUaF[Qb���[]M � F
%
[Y�?XZILKiMFK`�fpLK`aZXFaWb�XZILK

MFKONQPSRUTWV�aFKOPUK`TOXFK`^_��V]aGXZILK�y�K`aZXs[]\LKrbQ�sIQRUT|I�T`[]pQPU^iI;VW��K?y=K`KO\�^QKOXFKOMZm�RS\LK`^_Rh�"XZILK�MFKWVYP
mnKWV]aZpQMFK`a�I;V`��K?y=K`KO\ ,7\L[W�s\}�

HJILK2P�VYXZXFKOMsMFK`aZpQPSXsaZIL[��GaWbQV]a�KE�dN=K`TOXFK`^�bdXZI;VYX�XZILK�aFKOPUK`TOXZRU[]\iKOMZMF[]MJRUaJmzpLT|IiIQRSkrILKOM
�sILKO\uXZILKlMFK`�fpLK`aZXFa���MFK`�vpLKO\LTOc���[]PSPU[��Ga?XZILK�aZIL[]MZX?RS\vXFKOMZ�rVYPx�
9�MFK`TORUaFKOPSc�bCRS\uXZIQRUa�TWV]aFKrb
� F

%
[Y��MFK`�fpLK`aZXFa	I;V`��K_VY\ K`aZXZRSmeVYXZRU[]\�KOMZMF[]MlRS\d��KOMZRU[]MlXF[ Fd�DC{VY\L^ � �

%
[Y��MFK`�vpLK`aFXFa

I;V`��Kny�K`KO\�VYPSPU[7TWVYXFK`^{XZILKly�K`aFX2MFKONQPSRUTWVd��HJIQRUa�MFK`aZpQPSX?RS\L^dRUTWVYXFK`a?XZI;VYX?RSX?RUa�V]^d�7RUa|VYyQPUK
XF[_V]^LVYNQX?XZILK�^dRUaFaFKOm�RS\;VYXZRU[]\uRS\fXFKOMZ�]VYP�XF[tXZILKlMFK`�fpLK`aZXFa2��MFK`�vpLKO\LTOc�b���[]M?KE�LVYm�NQPUKrb}yvc
mnKWV]aZpQMZRS\QkiXZILKC7:9?;�pQXZRSPSR���VYXZRU[]\�VY\L^{XZILKl^dRUa-, �-��= pQXZRSPSR���VYXZRU[]\}b�V ��XFKOM�KWV]T|IuMFKONQPSRUTWV
aFKOPUK`TOXZRU[]\_N=KOM���[]MZmnK`^j��[]M�VnTOPSRUKO\vXW�
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#~K	aZXZpL^dRUK`^{KE�7N=KOMZRSmnKO\vX|VYPSPSc�XZILKBa|TWVYP�VYyQRSPSRSXoc�[Y��[]pQM2MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\uaZcdaZXFKOm_bE�sRSXZI
MFK`aZN=K`TOX�XF[jXZILK�\fpQmzy=KOMB[Y�JXZILKn^Q[]meVYRS\LazT`[]\fX|VYRS\QRS\Qk�MFKONQPSRUTWV]a	VY\L^u�sRSXZI~MFK`aZN=K`TOX�XF[
XZILKs\fpQmzy=KOM�[Y�EMFKONQPSRUTWV]a��sRSXZIQRS\�V2krRS��KO\e^Q[]meVYRS\}�"� \�XZIQRUa�MFK`aZN=K`TOXWb���KGKO�rVYPSp;VYXFK`^naFKONdw
VYM|VYXFKOPSc	XZILK�X ��[�meVYRS\naZX|VYk�K`a�[Y�EXZILKJMFKONQPSRUTWV�aFKOPUK`TOXZRU[]\}qCXZILKJT`[�VYMFaFK�wxkrM|VYRS\LK`^eaFKOPUK`TOXZRU[]\}b
T`[]MZMFK`aZN=[]\L^dRS\Qk�XF[iXZILKtT`[]m�NQpQX|VYXZRU[]\�[Y�sXZILKnaFKOPUK`TOXZRU[]\�aFT`[]N=Krb�VY\L^~XZILK�gL\LK�wxkrM|VYRS\LK`^
aFKOPUK`TOXZRU[]\}b"T`[]MZMFK`aZN=[]\L^dRS\Qk�XF[iXZILKtKO�]VYPSp;VYXZRU[]\�[Y�sXZILK�MFKONQPSRUTWV�a|KOPUK`TOXZRU[]\�TOMZRSXFKOMZRU[]\~��[]M
KWV]TFI{MFKONQPSRUTWVt�sRSXZIQRS\{XZILKBa|KOPUK`TOXZRU[]\{a|T`[]N�Kr� #~KBMZpQ\{V ���%?�� 	 �53 M�3��&3 O8�%��RS\LaZX|VY\LT`Kl[]\
V	meV]TFIQRS\LK39�KO\fXZRSpQm �e�sRSXZI �8= � ��b � FGF?> � A�G >��

��� � �8[�LON�� � � T N L QJS � � � � Y � � WXQI[�S � � YIL8P � \�[]MF^QKOM�XF[�KO�]VYPSp;VYXFK�XZILK�aFTWVYP�VYyQRSPSRSXoc
[Y��XZILK�T`[�VYMFaFK�wxkrM|VYRS\LK`^ aFKOPUK`TOXZRU[]\}bs��K��rVYMZRUK`^/y�KOX ��K`KO\ L VY\L^ L FGF�XZILK�\fpQmzy=KOMj[Y�^Q[]meVYRS\La2T`[]\vX|VYRS\QRS\QkjMFKONQPSRUTWV]aW�%�L[]M�V�krRS��KO\�\vpQmzy=KOM?[Y��^Q[]meVYRS\LaWb;��K�N=KOM���[]MZmnK`^�CGC
MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\�MFK`�vpLK`aFXFaWb���[]M	�sIQRUTFI���KtmnKWV]aFpQMFK`^�XZILK�^QKOP�V`c�[Y�9T`[]m�NQpQXZRS\Qk{XZILK
aFKOPUK`TOXZRU[]\jaFT`[]N=Kr� #~K2T`[]m�NQpQXFK`^tXZILK2VW��KOM|VYk�K2^QKOP�VWcHA yvc�RSkr\L[]MZRS\QklXZILK�m�RS\QRSmzpQm¢VY\L^
XZILKGmeV��dRSmzpQm ^QKOP�VWc7a�D�� #~K2aZIL[W�/XZILKGMFK`aZpQPSXFa�RS\ ��RSkrpQMFK A7� � �<=9\LK�TWVY\�aFK`KGXZI;VYX�XZILK
^QKOP�V`c�RS\LTOMFKWV]aFK`a2PSRS\LKWVYMZPSc��sRSXZI�XZILK	\vpQmzy=KOM?[Y��^Q[]meVYRS\LaWb�VY\L^�XZILKzmeV��dRSmzpQm ^QKOP�VWc�b
N=KOMFT`KORS��K`^j��[]M L FGFn^Q[]meVYRS\LaWbQRUasRS\LaZRSkr\QRhg;TWVY\fX
A y=KOPU[W� Fd� � mna�D��
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��RSkrpQMFKBA7� � q�HJILK�^QKOP�VWcj[Y��T`[�VYMFaFK�wxkrM|VYRS\LK`^�MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\

��� � � S � � T N L QJS � � � � Y � � WXQI[�S � � Y"L�P � \�[]MF^QKOM�XF[�KO�rVYPSp;VYXFK�XZILK�a|TWVYP�VYyQRSPSRSXoc/[Y�
XZILK�gL\LK�wxkrM|VYRS\LK`^ aFKOPUK`TOXZRU[]\}b9��KuT`[]\LaFRU^QKOMFK`^�XZI;VYXiXZILKuaFKOPUK`TOXZRU[]\ aFT`[]N�K{T`[]\fX|VYRS\La�V
aZRS\QkrPUKu^Q[]meVYRS\}�¢HJILK~M|VYXZRU[]\;VYPUKuy�KOIQRS\L^�XZIQRUa�aZRSm�NQPSRhg;K`^$V]aFaZpQm�NQXZRU[]\$RUaiXZI;VYXiXZILK
� �%? � 	 �53 M@3 � 3 O8�%�JK`aZXZRSmeVYXFK`a?XZILKlMFK`aZN=[]\LaFK	XZRSmnKnKE�dN�K`TOXFK`^���MF[]m�MFKONQPSRUTWV]a�y=KOPU[]\QkrRS\Qk
XF[{^dR�\=KOMFKO\fX�^Q[]meVYRS\La�RS\�N;VYM|VYPSPUKOPx� 9�MFK`TORUaFKOPSc�b�XZILK�\fpQmzy=KOMn[Y��XZIQMFKWV]^QalRUalK`�vp;VYPJXF[
XZILK{\vpQmBy�KOM�[Y�	^Q[]meVYRS\La�T`[]\vX|VYRS\QRS\Qk MFKONQPSRUTWV]a�� #~K{�rVYMZRUK`^ y=KOXo��K`KO\ L VY\L^ L FGFdbXZILK�\vpQmBy�KOMn[Y��MFKONQPSRUTWV]a�T`[]\fX|VYRS\LK`^�RS\�XZILK�aFRS\QkrPUKt^Q[]meVYRS\�[Y��XZILKjaFKOPUK`TOXZRU[]\ aFT`[]N=Kr�
�L[]M�V	krRS��KO\�\vpQmBy�KOM�[Y�"MFKONQPSRUTWV]aWbL��K?N�KOM���[]MZmnK`^MCGC�MFKONQPSRUTWVnaFKOPUK`TOXZRU[]\�MFK`�vpLK`aZXFa�� #~K
mnKWV]aZpQMFK`^zXZILK�aFKOPUK`TOXZRU[]\	^QKOP�V`c���[]MCKWV]TFI	MFK`�vpLK`aFX�VY\L^���K�T`[]m�NQpQXFK`^BXZILK�V`��KOM|VYk�K�^QKOP�V`c
A yvc�RSkr\L[]MZRS\QkiXZILKlm�RS\QRSmzpQm VY\L^�XZILKlmeV��dRSmzpQm ^QKOP�V`cda�D�� #~K�aZIL[���XZILK	MFK`aZpQPSXFa?RS\
��RSkrpQMFK8A7� L Fd� =9\LK�TWVY\ja|K`K9XZI;VYXJXZILK�MFKONQPSRUTWV	aFKOPUK`TOXZRU[]\_^QKOP�VWctRS\LTOMFKWV]aFK`aJPSRS\LKWVYMZPSct�sRSXZIXZILK�\fpQmzy=KOM2[Y��MFKONQPSRUTWV]aW�'�2[W��KO��KOMWb�XZILK�meV��dRSmzpQm�^QKOP�V`c�bEXZI;VYX�RUa�[]yQX|VYRS\LK`^���[]M L FGFMFKONQPSRUTWV]aWbQMFKOmeVYRS\La�MFKWV]aF[]\;VYyQPUKzaFmeVYPSP<A y�KOPU[�� L �GFYmna�D��
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��RSkrpQMFKBA7� L Fdq�HJILK�^QKOP�V`ci[Y��gL\LK�wxkrM|VYRS\LK`^_MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\

HJILK`aFKjKE�dN�KOMZRSmnKO\fXFa�T`[]\dgLMZm XZI;VYXlXZILK�a|KOPUK`TOXZRU[]\�^QKOP�VWc�RUa�VYPSmn[raZXlRS\LaZRSkr\QRhg;TWVY\fX
�sRSXZIuMFK`aZN=K`TOX�XF[tXZILK�VW��KOM|VYk�KlMFK`aZN�[]\La|KBXZRSmnK�[Y��XZILKlMFK`�vpLK`aZXFa2XF[�XZILK�aFKOMZ�7RUT`K`aWb�XZI;VYX
��KzKE�7N=K`TOXsXF[�MFKONQPSRUTWVYXFKr�

#~K�VYPUa|[?mnKWV]aZpQMFK`^�XZILKG^QKOP�VWc�[Y�=I;VY\L^dPSRS\QklV2MFKOyQRS\L^dRS\QkzMFK`�fpLK`aZXWb��sILKO\eMFKOyQRS\L^dRS\Qk
XF[�VB\LKO� MFKONQPSRUTWV	RUa�\L[]Xs\LK`T`K`a|a|VYMZc�� #~K�[]yQX|VYRS\LK`^�VY\jRS\LaZRSkr\QRhg;TWVY\vX�^QKOP�VWc�[Y��Fd� L �YmnaW�
	 �
	 �"! ��� 
 � 
 � 
 �:583���� -�
 �,+��,9:+ � 	
#~KiaZXZpL^dc�KE�7N=KOMZRSmnKO\vX|VYPSPSc�XZILKjy�KO\LK�gLXFae[Y�9MFK�woaFKOPUK`TOXZRS\QkuXZILKjN=KOMZXZRS\LKO\vXnMFKONQPSRUTWV���[]M
VnTOPSRUKO\fX�VYX9MZpQ\dwxXZRSmnKrb��sILKO\�XZILKBTOpQMZMFKO\fX2MFKONQPSRUTWVeNQMF[W�7RU^QK`a2pQ\La|VYXZRUa��xV]TOXF[]MZc_MFK`aZN=[]\LaFK
XZRSmnKr� �o\�XZIQRUa�MFK`aZN=K`TOXWbE��K	MZpQ\�H 9:7�w;# �6A C����sRSXZI�XZILKBXo��[�NQMF[YgLPUK`aWqJyQMF[��GaZRS\Qk]wxm�R}�
VY\L^iaZIL[]NQNQRS\Qknm�R}���"� \�y=[]XZI_TWV]aFK`aWb7XZILK?N=KOM���[]MZmeVY\LT`K?T`[]\vXZM|V]TOX�MFK`�fpQRSMFK`aGV	MFK`aZN=[]\LaFK
XZRSmnK?XZIQMFK`aZIL[]PU^�K`�vp;VYP}XF[ � FYmna��

#~KzpLaFK`^j��[]pQM�meV]TFIQRS\LK`a9\;VYmnK`^ ������� � � �rb ' � � � ! �;b � � � � � � � � VY\L^ �9� ����� ����� � �&� �
VY\L^ � � � � � � � � VYMFK 9�KO\vXZRSpQm �~�sRSXZI L = ����b C � �?> � A�G >�� ' � � � ! � VY\L^ �F� ����VYMFK
9�KO\vXZRSpQm �u�sRSXZI �8= � ��b � FGF?> � A�GB>��"HJILKjMFKONQPSRUTWV{RUa�aFKOPUK`TOXFK`^ RS\QRSXZR�VYPSPSc VY\L^ VYX
MZpQ\dwxXZRSmnKrbLVYmn[]\QklXZILKG��[]pQM�MFKONQPSRUTWV]aGV`�rVYRSP�VYyQPUK2[]\jXZILK9meV]TFIQRS\LK`aGKO\fpQmnKOM|VYXFK`^_VYy�[���Kr�
#~Ks�rVYMZRUK`^nXZILKsPU[�V]^t[Y�}KWV]TFIeMFKONQPSRUTWV�IL[raZXWb�yfc�MZpQ\Q\QRS\QkzRS\ny;V]T ,fkrMF[]pQ\L^jV?aZILKOPSPEaFTOMZRSNQXWb
^QKO��KOPU[]N=K`^tRS\j[]pQMJXFKWVYm�yfc �	� =2RSy=KOPSRS\}��HJIQRUaJaFTOMZRSNQXJP�VYpQ\LTFILK`aGVY\iVYMZyQRSXZM|VYMZce\fpQmzy=KOM
[Y�"NQMF[fT`K`aFa|K`aJ��[]M�VY\�VYMZyQRSXZM|VYMZciN=KOMZRU[7^i[Y��XZRSmnKr�

#~K�pLa|K`^�ViTOPSRUKO\vX�woaFRU^QKnNQMF[Q�dcu^QKO��KOPU[]N�K`^�RS\�[]pQM�XFKWVYm yvc �4� 7�I;VYyQy=[]pQI �DH��ob�RS\
[]MF^QKOMnXF[~a|KO\L^ XZILKiMFK`�fpLK`aZXFa�XF[uXZILK #~KOy/aFKOMZ��KOMtVY\L^ XF[~T`[]PSPUK`TOXeXZILKimnKWV]aZpQMFK`ae[Y�
MFK`aZN=[]\LaFK	XZRSmnKrb�KE�7N=KOMZRUKO\LT`K`^{yvc�XZILKlTOPSRUKO\vXFaW�BHJIQRUa�NQMF[Q�dc�N=KOM���[]MZmna�XZILK�V`��KOM|VYk�K�[Y�
MFK`aZN=[]\LaFK?XZRSmnKBN�KOMFT`KORS��K`^�yvcjgL��KBaZpLT`T`K`aFaZRS��KzMFK`�vpLK`aZXFa�b;VY\L^_RSX2aFKO\L^QaGXZILKBT`[]m�NQpQXFK`^
�rVYPSpLK?XF[lXZILK � �%? � 	 �53�M@3��&3 O8�%� �

#�ILKO\�N=KOM���[]MZm�RS\Qk~XZILK`a|KiXFK`aZXFaWb���K_pLa|K`^�VY\ []NQXZRSm�RUaZXZRUT_T`[]\LTOpQMZMFKO\LTOc�T`[]\fXZMF[]Pxb
�sILKOMFKtXZILKeMFKONQPSRUTWV]a	I;V`��K�y=K`KO\�V]T`T`K`aFa|K`^�RS\�RUaF[]P�VYXZRU[]\}�*#~K�^dRU^d\�
 X	pLaFKnXZILKtMFKONQPSRUTWV
T`[]\LaZRUaZXFKO\LTOc�meVY\;VYk�KOmnKO\vXjV`�rVYRSP�VYyQPUKjRS\ >�cdaF�fP ���GH��ob�y�K`TWVYpLaFKj[Y�2XZILKjVYyLa|KO\LT`Ki[Y��V
mnK`TFI;VY\QRUaFm ��[]MeMFK`a|[]PS�fRS\Qk�XZILK�T`[]\��LRUTOXFa�y=KOXo��K`KO\�XZILK�pQN�^LVYXFK`ajV]T`T`K`aFaZRS\Qk�T`[]\LTOpQM�w
MFKO\vXZPScjXZILK�a4VYmnK�RSXFKOm_�

HJILK�MFKONQPSRUTWV�aFKOPUK`TOXZRU[]\eTOMZRSXFKOMZRU[]\}b7XZI;VYX���KGpLaFK`^�bfT`[]\vX|VYRS\LaJV�y=K`aZX�woK \=[]MZX�T`[]\L^dRSXZRU[]\
[]\�XZILKB7:9?; pQXZRSPSR���VYXZRU[]\}��HJILKeMFKOyQRS\L^dRS\Qk�RUazN�KOM���[]MZmnK`^�VYXzMZpQ\dwxXZRSmnKt�sILKO\�[Y�sXZILK
Xo��[eaZRSXZp;VYXZRU[]\La9[fT`TOpQMWq

•
HJILKegLMFaZX �_MFK`�vpLK`aFXFaz[Y�GXZILKea|K`aFaZRU[]\�N=KOMFT`KORS��K`^�MFK`aZN�[]\La|KnXZRSmnKn�rVYPSpLK`aBP�VYMZk�KOM
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XZI;VY\ C L FYmnaW�
•

CGF
%
[Y�lXZILK�TOPSRUKO\vX�MFK`�vpLK`aZXFa�[]yLaFKOMZ��K`^�MFK`aZN�[]\La|KuXZRSmnK`a_�rVYPSpLK`a_P�VYMZk�KOM�XZI;VY\

C L FYmna�� GJXePUKWV]aZX+�{MFK`�fpLK`aZXFa�VYMFK�X|V ,�KO\/RS\fXF[�V]T`T`[]pQ\fXWb�aF[�V]atXF[�^QKWVYP9�sRSXZIXZM|VY\LaFRUKO\vX�PU[�V]^Qa��
(�V]T|I�krM|VYNQI�aZIL[W�Ga�XZILK?MFK`aZpQPSXFaG[]yQX|VYRS\LK`^�yvcjMZpQ\Q\QRS\Qk�VYPSP}XZILK�MFK`�vpLK`aZXFaG�sRSXZIQRS\�V

T`[]m�NQPUKOXFK�H 9 7�w;# aFK`aFaZRU[]\}�F9�MFK`TORUa|KOPSc�b���K	NQPU[]XZXFK`^{XZILK	TOpQmzpQP�VYXZRS��Kn^dRUaZXZMZRSyQpQXZRU[]\~[Y�
XZILK�VW��KOM|VYk�K�MFK`aZN=[]\LaFK"XZRSmnK��rVYPSpLK`aW� =9\(�fw V��dRUa���K�NQPU[]XZXFK`^?XZILK�V`��KOM|VYk�K�MFK`aZN=[]\LaFK"XZRSmnK
�rVYPSpLK`aWb�VY\L^�[]\�cfw V��7RUa9��K	NQPU[]XZXFK`^{XZILKBN�KOMFT`KO\fX|VYk�K�[Y��MFK`�vpLK`aFXFaWb��sRSXZI�XZILK	MFK`aZN=[]\LaFK
XZRSmnK_�rVYPSpLK�aZmeVYPSPUKOMeXZI;VY\/XZILK�T`[]MZMFK`aZN=[]\L^dRS\Qk£�fw V��dRUan�rVYPSpLKr� =9\/KWV]T|I/krM|VYNQI}bs��K
NQPU[]XZXFK`^ X ��[�TOpQMZ��K`a�b�[]\LKiTOpQMZ��KiMFKONQMFK`a|KO\vXZRS\Qk�XZILK�aZX|VYXZRUTjyQRS\L^dRS\QkLbsVY\L^�[]\LKiTOpQMZ��K
MFKONQMFK`aFKO\fXZRS\QkeXZILK�^dc7\;VYm�RUT?MFKOyQRS\L^dRS\QkL�

��RSkrpQMFK`a'A7� LGL VY\L^ A7� L CsaZIL[W��XZILK�MFK`aZpQPSXFa}[Y�QKE�7N=KOMZRSmnKO\vXFa}��[]M�XZILK�aFT`KO\;VYMZRU[syQMF[W�GaFRS\Qk]wm�R}��� �o\�XZILKtTWV]aFKt[Y�sXZILKtaZX|VYXZRUTeyQRS\L^dRS\QkLb"XZILKnMFKONQPSRUTWV�aFKOPUK`TOXFK`^�RUa�������� � � ��RS\ ��RSk]w
pQMFK A7� LGL VY\L^ � � � � � � � � RS\ ��RSkrpQMFK A7� L Cd� #�ILKO\ MFKOyQRS\L^dRS\Qk�RUajpLaFK`^�b2XZILKOMFK{RUa�VY\
RS\LTOMFKWV]aZRS\Qkn[Y�4� F

%
[Y��XZILK�MFK`�vpLK`aFXFaJ�sIQRUTFI_a|VYXZRUa�g;K`^jXZILK2MFK`aZN=[]\LaFK2XZRSmnK�XZIQMFK`aZIL[]PU^i[Y�

� FYmnaW���9[���KO��KOMWb��sILKO\uXZILK	MFKONQPSRUTWVjaFKOPUK`TOXFK`^uaZX|VYXZRUTWVYPSPSc�RUa ' � � � ! ��[]M �9� � ��b�XZILKOMFK	RUa
\L[�y=KO\LK�gLXG[Y��pLaFRS\QknMFKOyQRS\L^dRS\QkLbEV]asXZILK`a|K�meV]TFIQRS\LK`a�VYMFK?XZILK�mn[raZXGN=[W��KOM�� pQP�[]\LK`aW�

#~K�MFKON=KWVYXFK`^lXZILK�a4VYmnKsKE�7N=KOMZRSmnKO\vXFa"RS\�XZILKJTWV]aFKJ[Y�EaZIL[]NQNQRS\Qk]wxm�R}���"��RSkrpQMFK`a)A7� L �VY\L^ A7� L ��aZIL[W��XZILKeT`[]MZMFK`aZN=[]\L^dRS\Qk�MFK`aZpQPSXFa�bC�sILKO\�XZILK�MFKONQPSRUTWV_aFKOPUK`TOXFK`^�RS\QRSXZR�VYPSPScuRUa
����� � �&� �rb;MFK`aFN�K`TOXZRS��KOPSc � � � � � � � � �'� \_y�[]XZI�TWV]aFK`aWbQ�sILKO\�MFKOyQRS\L^dRS\QktpLa|K`^�bLXZILKOMFKBRUa9VY\
RS\LTOMFKWV]aZRS\Qkn[Y� � F

%
[Y��XZILK�MFK`�vpLK`aFXFaJ�sIQRUTFI_a|VYXZRUa�g;K`^jXZILK2MFK`aZN=[]\LaFK2XZRSmnK�XZIQMFK`aZIL[]PU^i[Y�

� FYmnaW�
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��RSkrpQMFK A7� LGL q<��MF[W�GaZRS\Qk]wxm�R}��bQ�sILKOMFK�XZILK�MFKONQPSRUTWVeaFKOPUK`TOXFK`^_aZX|VYXZRUTWVYPSPSc�RUa ������� � � �

�21BA � <G6	A �F@�-;D|<G6
#~Kj^QKO��KOPU[]N�K`^�V�NQMF[]XF[7T`[]Pxb�VYRSmnK`^�XF[{aFKOPUK`TOXlXZILKjaZpQRSX|VYyQPUK�MFKONQPSRUTWV���[]M�KWV]TFI TOPSRUKO\fXWb
VYXlXZILKjy�KOkrRS\Q\QRS\Qk~[Y�2IQRUanaFK`aFaFRU[]\�VY\L^ ^dc7\;VYm�RUTWVYPSPSc���HJIQRUalNQMF[]XF[fT`[]PsmeV ,�K`a�pLa|K�[Y�
XZILKjMFK`aZN=[]\LaFK�XZRSmnKiK`aZXZRSmeVYXF[]M�NQMFK`aFKO\fXFK`^ RS\ XZILKjNQMFKO�fRU[]pLa�T|I;VYNQXFKOMW� #~Ki[]yQX|VYRS\LK`^
KE�dN�KOMZRSmnKO\fX|VYPSPSctXZIQMFK`K�meVYRS\jMFK`aZpQPSXFaW��HJILK9��[]MZmnKOMJMFK`aZpQPSXsaZIL[W�GaJXZILK�V]T`TOpQM|V]TOc�[Y�CXZILK
MFKONQPSRUTWV�a|KOPUK`TOXZRU[]\}bfRh��XZILK2V]T`TOpQM|V]TOcn[Y�=MFK`a|[]pQMFT`KGpQXZRSPSR���VYXZRU[]\�mnKWV]aZpQMFK`a�MFK`aFN�K`TOXJV�krRS��KO\
aZX|VYPUKO\LK`aFalXZIQMFK`aFIL[]PU^ A�a|VYXZRUa�g;K`^�yfc�aFKOPUK`TOXZRS\QkuXZILK_VYNQNQMF[]NQMZR�VYXFK�mn[]\QRSXF[]MZRS\Qk~RS\vXFKOMZ�rVYP
VY\L^�^dRUaFaFKOm�RS\;VYXZRU[]\ TOMZRSXFKOMZR�V�D���HJILK�aFK`T`[]\L^�MFK`aZpQPSXlT`[]\dgLMZmnaBXZILK�aFTWVYP�VYyQRSPSRSX c�[Y��[]pQM
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��RSkrpQMFKBA7� L Cdq<��MF[W�GaFRS\Qk]wxm�R}�=b;�sILKOMFK?XZILK?MFKONQPSRUTWV�aFKOPUK`TOXFK`^�aZX|VYXZRUTWVYPSPScjRUa � � � � ����� �
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��RSkrpQMFKBA7� L �dq �fIL[]NQNQRS\Qk]wxm�R}��bL�sILKOMFK�XZILK?MFKONQPSRUTWV�aFKOPUK`TOXFK`^_aFX|VYXZRUTWVYPSPSc�RUa ������� � � �
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��RSkrpQMFK A7� L �Lq �fIL[]NQNQRS\Qk]wxm�R}�=bE�sILKOMFK?XZILK�MFKONQPSRUTWVeaFKOPUK`TOXFK`^_aZX|VYXZRUTWVYPSPScjRUa � � � ��� ��� �
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MFKONQPSRUTWVGa|KOPUK`TOXZRU[]\	VYNQNQMF[�V]TFI}b]yfc?aZIL[W�sRS\Qk9XZI;VYX}RS\LTOMFKWV]aZRS\Qk�XZILK�\vpQmBy�KOM�[Y�dMFKONQPSRUTWV]a�VY\L^
XZILK2\vpQmBy�KOM�[Y�"^Q[]meVYRS\LasI;V]asV	m�RS\QRSmeVYP�RSm�N;V]TOXG[]\jXZILK?aFKOPUK`TOXZRU[]\i^QKOP�V`c8A�T`[]m�N;VYMFK`^
XF[iXZILKeVW��KOM|VYk�KnMFK`aZN=[]\LaFK�XZRSmnKeKE�7N=K`TOXFK`^{��[]M?XZILK�MFKONQPSRUTWVYXFK`^�a|KOMZ�fRUT`K`a�D��eHJILK�P�VYXZXFKOM
MFK`aZpQPSX�aZIL[��Ga"XZILK�y=KO\LK�gLX�[Y�;MFK�woaFKOPUK`TOXZRS\Qk?XZILKsVYNQNQMF[]NQMZR�VYXFKJMFKONQPSRUTWV�^dcf\;VYm�RUTWVYPSPScB�sILKO\
XZILKGTOpQMZMFKO\fX�MFKONQPSRUTWV�y=K`T`[]mnK`a�pQ\La|VYXZRUa��xV]TOXF[]MZc��"�2[W��KO��KOMWbf��K�[]yQX|VYRS\LK`^nXZIQRUa�kvVYRS\e[]\QPSc
�sILKO\_XZILK?\LKO�sPSciaFKOPUK`TOXFK`^_MFKONQPSRUTWV�I;V]a�V	y=KOXZXFKOMGNQMF[7T`K`aFaZRS\QknN=KOM���[]MZmeVY\LT`KzT`[]m�N;VYMFK`^
XF[lXZILK?NQMFKO�7RU[]pLa�[]\LKr�
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� \�[]MF^QKOM�XF[_NQMF[���KnXZILKl��KWV]aZRSyQRSPSRSX c~[Y�J[]pQMlVYNQNQMF[�V]TFI}b���Ke\LK`K`^~XF[iNQMF[��fRU^QKeXZILK�NQMF[Yw
XF[]Xoc7N=Ke��[]MlXZILK
��KONQPSRUTWVYXFK`^ �7KOMZ�fRUT`K �2[raZXZRS\Qk �fcdaZXFKOm_b��sIQRUTFI RS\fXFKOkrM|VYXFK`a�XZILK�RS\L^QK�w
N=KO\L^QKO\vXGyQpQRSPU^dRS\QktyQMZRUT ,dasRSm�NQPUKOmnKO\vXZRS\Qk�y�[]XZI�XZILK?T`[]\LaZRUaZXFKO\LTOcjkrp;VYM|VY\vXFK`K`a�VY\L^jXZILK
N=KOM���[]MZmeVY\LT`K2RSm�NQMF[W��KOmnKO\fXW��HJILK9NQMF[]XF[]Xoc7N�K2I;V]a�y=K`KO\eRSm�NQPUKOmnKO\vXFK`^_VY\L^�XFK`aZXFK`^�[]\
��RS\fpr� Cd� ��VY\L^ Cd���jmeVY\L^dM|V ,�Kr�jHJIQRUaBTFI;VYNQXFKOM�V]aFaFKOmzyQPUK`azXZILKnT`[]m�N=[]\LKO\vXFa	NQMF[W�7RU^7w
RS\Qk�XZILKBaFKOMZ�7RUT`K�woaZN=K`TORhg;TzT`[]\LaZRUaFXFKO\LTOc�T`[]\vXZM|V]TOX�VY\L^�XZILKBT`[]m�N=[]\LKO\vXFa�NQMF[��fRU^dRS\Qk�XZILK
MFK`aZN=[]\LaFK�XZRSmnK?MFK`�fpQRSMFKOmnKO\vXFa2�sRSXZIQRS\�V�aFRS\QkrPUK���KONQPSRUTWVYXFK`^ �7KOMZ�7RUT`K �2[raZXZRS\Qk��fcdaZXFKOm_�
HJILK`aFKBT`[]m�N�[]\LKO\fXFa�VYMFKzP�VYRU^�[]pQX2[]\�Xo��[eP�VWc�KOMFaWq�XZILKzaZcdaZXFKOm¢P�VWc�KOM�VY\L^�XZILKzaFKOMZ�7RUT`K
P�V`c�KOMW��HJILK��9KONQPSRUTWVYXFK`^ �7KOMZ�fRUT`K��9[raFXZRS\Qk �fc7aZXFKOm RUasmeV]^QKBV]T`T`K`aFaFRSyQPUK?XF[�XZILK�aFKOMZ�7RUT`K
aZpQNQNQPSRUKOMFa2VY\L^iXF[�XZILK�TOPSRUKO\fXFaWbLyfc�mnKWVY\La2[Y��Vl��KOPSPhwo^QK�gL\LK`^�RS\vXFKOM��xV]T`KrbLXZI;VYX9MFKOkrRUaZXFKOMFa
Vi\LKO� aFKOMZ�7RUT`Krb"^QKONQPU[WcdalV_\LKO� MFKONQPSRUTWV�[Y�9V_aFKOMZ�7RUT`KjVY\L^~yQRS\L^Qa	XZILKeTOPSRUKO\fXFaBXF[�XZILK
MFKONQPSRUTWV]aW�

HJILK�MFK`aZXi[Y�zXZIQRUaiT|I;VYNQXFKOM_RUajaZXZMZpLTOXZpQMFK`^�RS\ aZR}�/aFK`TOXZRU[]\LaW� �7K`TOXZRU[]\ Hd�DC�RS\fXZMF[Yw
^dpLT`K`aeV�\LKO� T`[]m�N=[]\LKO\vX�TWVYPSPUK`^�� ��� �8��= 35��	 � � � �%?��%6�	 ���8���7b�XZI;VYXnmeVYRS\fX|VYRS\Lae�rVYMZRU[]pLa
^LVYX|V�MFKOP�VYXFK`^/XF[�XZILK�a|KOMZ�fRUT`K`aWbGXF[~XZILK�MFKONQPSRUTWV�IL[raFXFa�VY\L^/XF[�XZILK�T`[]m�N=[]\LKO\vXFajPU[Yw
TWVYXZRU[]\LaW� �7K`TOXZRU[]\ Hd���~aZIL[��GatXZILK�^dRUaZXZMZRSyQpQXZRU[]\ VY\L^/XZILK�RS\fXFKOM|V]TOXZRU[]\ y�KOX ��K`KO\�XZILK
aZcdaZXFKOmlwoaZN=K`TORhg;TjT`[]m�N�[]\LKO\fXFaWb�RS\LTOPSpL^dRS\QkLq�� ��� �>��= 37��	 � � � �%? �%6�	 � �>���fb ����6 ?�� �56��
� 	 = �
� 6���	 = 37� �>�ob�� �%6���� � � 	 ���8�sVY\L^�������� � � �"!"�
#)�%��$&�%� � �7K`TOXZRU[]\ Hd� ��NQMFK`aFKO\fXFazXZILKtMFKONQMFK�w
aFKO\fX|VYXZRU[]\�[Y�JMFKONQPSRUTWVYXFK`^�aFKOMZ�7RUT`Krb}yfc�mnKWVY\LaB[Y�sV%#)�%�&$&�%��'(#�	 )>�����%?*� 	 �53,+ �(38?8? �%�sVY\L^
V�
-� 	 � �5�('(#�	 )8� ���%?.� 	 �53/+ ��3>?8? �%�ob�VYpQXF[]meVYXZRUTWVYPSPSc�k�KO\LKOM|VYXFK`^���MF[]m&XZILK	T`[]\vXZM|V]TOX�aZN=K`T�w
Rhg;TWVYXZRU[]\}� �7K`TOXZRU[]\ Hd� � aZIL[W�GalXZILKi^dRUaFXZMZRSyQpQXZRU[]\/VY\L^�XZILKjRS\vXFKOM|V]TOXZRU[]\�y=KOXo��K`KO\�XZILK
aFKOMZ�7RUT`K�woaZN=K`TORhg;TtT`[]m�N=[]\LKO\vXFaWb�RS\LTOPSpL^dRS\QkLq 
 � �76�	 6�� � � �0���@3��&31!8�%�ob ���%?*� 	 �53��@3��&31!8�%�ob
#)�%��$&�%�&'(#�	 )8� ���%?.� 	 �532+ ��38?>?%�%��VY\L^ 
-� 	 � �5�('(#�	 )>� ���%?*� 	 �532+ ��3>?8? �%�o���7K`TOXZRU[]\ Hd���naZIL[��Ga
IL[W� XZILK%�9KONQPSRUTWVYXFK`^ �7KOMZ�fRUT`K �2[raZXZRS\Qk �fcdaZXFKOm-RUalmeV]^QK�V]T`T`K`aFaZRSyQPUK�XF[{XZILKiaFKOMZ�7RUT`K
aZpQNQNQPSRUKOMFa2VY\L^jXF[�XZILK�TOPSRUKO\vXFa�� ��RS\;VYPSPSc�bLaFK`TOXZRU[]\MHd�6AlT`[]\LTOPSpL^QK`a�XZILK�TFI;VYNQXFKOMW�

KMLGL � K



* ' � ���,
���� ��')
���� 
�� ���	��
 

� �
����� �,
���� 
���� ��� 
���� 	 � ����� ��� 	 �,
 �

��1�� � �"! 576"#`<s:�$&%J8EDF<G6(')!+*�<-,;DZ8E<s:/. A�<0$1*t<�62!�698
#~KtRS\vXZMF[7^dpLT`KjV�\LKO� aZc7aFXFKOmlwoaZN�K`TORhg;TtT`[]m�N�[]\LKO\fXWb�TWVYPSPUK`^ � ��� �8��= 35��	 � �����%?��%6�	 � �>���f�
HJIQRUa2T`[]m�N�[]\LKO\fX�aFXF[]MFK`a2VY\L^�NQMF[W�7RU^QK`a?V]T`T`K`aFa�XF[t^LVYX|VnXZI;VYX�TFI;VYM|V]TOXFKOMZR��WK	XZILKBMFKONQPSRhw
TWVYXFK`^ea|KOMZ�fRUT`K`a03 RS\LTOPSpL^dRS\Qk	XZILKORSM�VYXZX|V]T|ILK`^tT`[]\fXZM|V]TOXFa�D�VY\L^eXZILKsPU[fTWVYXZRU[]\La�[Y��XZILKGT`[]mlw
N=[]\LKO\vXGRS\LaZX|VY\LT`K`a��

(�V]T|I�^LVYX|VGRUa�V]aFaF[7TOR�VYXFK`^BV ,�KOc�b]XZI;VYX�RU^QKO\vXZRhg;K`a"pQ\QRU�fpLKOPSc�XZI;VYX�^LVYX|V�RS\	XZILK�MFKON=[raZRhw
XF[]MZc��"HJILK�,�KOczRUa"V9aZXZMZRS\QkLb][]yQX|VYRS\LK`^lyvcBT`[]\LTWVYXFKO\;VYXZRS\Qk?XZIQMFK`K�aFXZMZRS\Qk�a�[Y�;g��dK`^BPUKO\QkrXZI}�
HJILKOciMFKONQMFK`aFKO\fXWbEMFK`aFN�K`TOXZRS��KOPSc�bEXZILK�\;VYmnK	[Y��VnaFKOMZ�7RUT`Krb�Ve^Q[]meVYRS\�RU^QKO\fXZRhg;KOM�VY\L^{VY\
�54 V]^Q^dMFK`a|aW� �;[]MjaFRSm�NQPSRUTORSXoc/[Y��XZILK � ��� �8�,= 37��	 � � � �%?��%6�	 ���8���~RSm�NQPUKOmnKO\fX|VYXZRU[]\}b9��K
T`[]\LaZRU^QKOMeV]al^Q[]meVYRS\LaWb�XZILK G�pQXF[]\L[]mn[]pLa �fcdaZXFKOmnalKE�dRUaZXZRS\Qk{RS\�XZILK � \vXFKOMZ\LKOXW��HJILK
� ��� �8��= 35��	 � ��� �%? �%6�	 � �>���_RUalT`[]\LaZXZMZpLTOXFK`^�V]alV*&2RUaZXZMZRSyQpQXFK`^ ��V]aZI�H�VYyQPUKrb�T`[]\fX|VYRS\QRS\Qk
XZILK�meVYNQNQRS\Qk�a	[Y��,�KOcda?XF[_^LVYX|Vd� #~K�RSm�NQPUKOmnKO\vXFK`^�RSXWb�pLaZRS\Qk_XZILK�6�IL[]MF^7498�4�aZcda�w
XFKOm;: � L=< �"� \iXZIQRUasMFK`aZN=K`TOXWbd��K�T`[]\LaFRU^QKOMGXZILK�4>8�4�[W��KOMZP�V`c�bET`[]\vX|VYRS\QRS\QktXZILK�N�[]XFKO\fXZR�VYPMFKONQPSRUTWVlIL[raZXFa��

HJILKsRS\fXFKOM���V]T`K2[Y�=XZILK�� ��� �8��= 35��	 � � � �%?��%6�	 ���8���?T`[]\vX|VYRS\La�Xo��[zmeVYRS\emnKOXZIL[f^QaWq ?@? ��'
� 	 6 ��VY\L^�� � �BAC?>?vbdXZI;VYXGaZXF[]MFK`aG^LVYX|V	RS\fXF[lXZILK?MFKON�[raFRSXF[]MZc�bdMFK`aZN�K`TOXZRS��KOPSc�bLMFKOXZMZRUKO��K`aG^LVYX|V
��MF[]m�XZILKsMFKON�[raFRSXF[]MZc���HJILKGmnKOXZIL[f^ ?D? �.� 	 6 �sX|V ,�K`a�V]a�N;VYM|VYmnKOXFKOMFa�XZILKGaZXZMZRS\Qk�T`[]\fX|VYRS\dw
RS\Qk{XZILKjaFKOMZ�fRUT`K�\;VYmnKrb�XZILK�RS\fXFKOk�KOMnT`[]\vX|VYRS\QRS\Qk~XZILKj^Q[]meVYRS\ RU^QKO\vXZRhg;KOMWb�XZILKjaZXZMZRS\Qk
T`[]\vX|VYRS\QRS\Qk XZILK �54 V]^Q^dMFK`aFa_VY\L^�XZILK�aZXZMZRS\Qk T`[]\fX|VYRS\QRS\Qk�XZILK�^LVYX|Vd��HJILK�mnKOXZIL[7^
� � �BA�?8?lX|V ,�K`a?V]a�N;VYM|VYmnKOXFKOMFa�XZILK	aFKOMZ�7RUT`Kz\;VYmnKrb=XZILK	^Q[]meVYRS\{RU^QKO\vXZRhg;KOM�VY\L^�XZILK��54
V]^Q^dMFK`aFaW��HJILK�Xo��[�mnKOXZIL[f^Qa�MFKOPSczMFK`aFN�K`TOXZRS��KOPScz[]\lXZILK�NQMZRSm�RSXZRS��K`a$6����8�9�%:<;�VY\L^2� �������8:<;�b
V`�rVYRSP�VYyQPUK�RS\iXZILK"6�IL[]MF^_^dRUaZXZMZRSyQpQXZRU[]\}�
G�y=KO\LK�gLX�[Y��pLaZRS\QkE6�IL[]MF^{RUa�XZI;VYX�RSX�MFK`aF[]PS��K`a�XZILK	RUaFaZpLK`aWb=aZpLT|I�V]a9XZILKlaFKOPUK`TOXZRU[]\~[Y�
XZILKJIL[raZXWbr�sILKOMFKGXZILKs^LVYX|V��sRSPSPQy�KsaFXF[]MFK`^nVY\L^lXZILKJMF[f[]XZRS\Qkz[Y��XZILKG�fpLKOMZRUK`a"XF[?XZILKJIL[raZX
XZI;VYX�I;V]a�XZILK�^LVYX|VBV]aFaZRSkr\LK`^eXF[�XZILKGkrRS��KO\�,�KOc��F6�[]\LaFK`�fpLKO\vXZPSc�bdXZILKGpQXZRSPSR���VYXZRU[]\j[Y��XZILK
� ��� �8��= 35��	 � � � �%?��%6�	 ���8���By�K`T`[]mnK`as��KOMZc�KWV]aZc=q"RSXJTOP�VYRSmna�[]\QPSce��[]MJXZILK?aZN�K`TORhg;TWVYXZRU[]\_[Y�
XZILKnXZIQMFK`KtaZXZMZRS\Qk�azT`[]m�N=[raZRS\Qk�XZILK ,�KOc�VY\L^~[Y�sXZILKeaZXZMZRS\Qk�T`[]\vX|VYRS\QRS\Qk�XZILKe^LVYX|Vdb"V]a
VYMZkrpQmnKO\vXFa2[Y�"XZILK?RS\v��[7TWVYXZRU[]\LaGXF[�XZILK@?D? �.� 	 6 �BVY\L^iXF[�XZILK � � �BA�?8?zmnKOXZIL[f^QaW�

G+H	IJHLK MONQPSRUT�N�PSR>PLR>VWT@X>Y[ZL\+]BN/T@P^\UR>_`\ba�TcX>Y[]B\Udfeg\URFY�RUThPSR>_iTcNQR9]BY�_
� \BXZIQRUa"aZpQyLaFK`TOXZRU[]\}b]��KJaZIL[W��IL[W��XZILK � ��� �8��= 35��	 � � � �%? �%6�	 � �>���GRUa�pLaFK`^	aF[2V]a�meVYRS\fX|VYRS\
XZILKiPU[7TWVYXZRU[]\Lae[Y��XZILKiRS\LaZX|VY\LT`K`an[Y��XZILKj��[]PSPU[W�sRS\Qk�T`[]m�N�[]\LKO\fXFaWq�� �%?.� 	 �53 �@3��&31!8�%�ob
������� � � �"!"� #)�%��$&�%�?VY\L^ 
 � �56�	 6�� � � �0� �@3��&3 !8�%� � HJILKjPU[fTWVYXZRU[]\}b�[Y��KWV]T|I�RS\LaZX|VY\LT`K_[Y�
XZILKsXZIQMFK`K9T`[]m�N�[]\LKO\fXFaWbfT`[]\fX|VYRS\La�XZILK �S4�V]^Q^dMFK`aFa�[Y��XZILKsIL[raZXWbv�sILKOMFKsXZILKGRS\LaFX|VY\LT`KsRUa
MZpQ\Q\QRS\QkLbvVY\L^BXZILK�\vpQmzy=KOM�[Y�LXZILK�N�[]MZXWb][]\l�sIQRUTFIlXZILK�RS\LaZX|VY\LT`K�RUa���VYRSXZRS\Qk���[]M�TOPSRUKO\fXFakj
T`[]\Q\LK`TOXZRU[]\LaW� #~KjV]aFaZRSkr\�V*,�KOcuXF[�XZILKePU[7TWVYXZRU[]\�[Y��VikrRS��KO\ T`[]m�N�[]\LKO\fXlRS\LaZX|VY\LT`Kr�
HJILKG,�KOc�RUa�VlaZXZMZRS\QkLbL^QK�gL\LK`^_yvciT`[]\LTWVYXFKO\;VYXZRS\QktXZIQMFK`KzaZXZMZRS\Qk�aWbLV]aJ��[]PSPU[W�GaW�

� \ XZILK�TWV]aFKi[Y�zV � �%?.� 	 �53 ��3��&31!8�%�9RS\LaFX|VY\LT`Krb�XZILKi��[]MZmnKOMeaFpQyLaZXZMZRS\Qk~RU^QKO\vXZRhg;K`a
XZILK�aFKOMZ�fRUT`K�XZI;VYX�RUaeMFKONQPSRUTWVYXFK`^�b9XZILK�a|K`T`[]\L^/aZpQyLaFXZMZRS\Qk�T`[]\fX|VYRS\LajXZILK�RU^QKO\fXZRhg;KOMj[Y�
XZILK{^Q[]meVYRS\}bGXF[��sIQRUTFI�XZIQRUajRS\LaZX|VY\LT`K�RUaiVYXZX|V]TFILK`^ VY\L^/XZILK�P�VYXZXFKOMiaZpQyLaZXZMZRS\Qk�I;V]a
XZILK9NQMFK`^QK�gL\LK`^j�]VYPSpLKml�n8��n8��n8���Jl �"HJILK2� � � �>��= 37��	 � � ���%?��%6�	 ���8�&��NQMF[W�7RU^QK`aJXZILK�mnKOXZIL[7^
� � �BA�?8?�� � ���0�Zbr�sIQRUTFIeX|V ,�K`a�V]a�N;VYM|VYmnKOXFKOMFa�XZILK�aFKOMZ�fRUT`KJ\;VYmnKGVY\L^nXZILKs^Q[]meVYRS\nRU^QKO\dw
XZRhg;KOMW��HJILKsmnKOXZIL[7^nMFKOXZpQMZ\La�XZILKsMFK���KOMFKO\LT`K�[Y��XZILK � �%?.� 	 �53/�@3��&31!8�%�ob�RS\LaZX|VY\fXZR�VYXFK`^n��[]M
XZI;VYX�aFKOMZ�7RUT`K�RS\_XZI;VYX�^Q[]meVYRS\}�

� \�XZILK�TWV]aFK�[Y�EV�������� � � �"!"� #)�%��$&�%�dRS\LaZX|VY\LT`KrbYXZILK���[]MZmnKOM�aFpQyLaZXZMZRS\Qk�RUa�oSp�KOXZMF[]PU[]krcfw
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�7KOMZ��KOM �|b7XZILK9a|K`T`[]\L^eaZpQyLaZXZMZRS\QklT`[]\vX|VYRS\La�XZILK9RU^QKO\vXZRhg;KOMs[Y�}XZILK2^Q[]meVYRS\tXF[z�sIQRUTFIjXZIQRUa
RS\LaZX|VY\LT`K9RUa�VYXZX|V]T|ILK`^iVY\L^nXZILK9P�VYXZXFKOM�aZpQyLaFXZMZRS\QkzI;V]a�XZILKGNQMFK`^QK�gL\LK`^��rVYPSpLK l�n8��n8��n8���Ul �
HJILK � � � �>��= 37��	 � � � �%?��%6�	 ���8���sNQMF[W�7RU^QK`a�XZILK�mnKOXZIL[7^,� � �BA�?8? � # � �0��b �sIQRUTFI	X|V ,�K`a�V]aCN;V w
M|VYmnKOXFKOMGXZILK?^Q[]meVYRS\_RU^QKO\fXZRhg;KOMW��HJILK�mnKOXZIL[7^jMFKOXZpQMZ\LasXZILK�MFK���KOMFKO\LT`K�[Y��XZILK,������� � � '
�"!"� #)�%�&$&�%�obdRS\LaZX|VY\fXZR�VYXFK`^�RS\iXZI;VYX�^Q[]meVYRS\}�

� \�XZILKGTWV]aFKs[Y�}V 
 � �56�	 6�� � � �0�/�@3��&3 !8�%��RS\LaZX|VY\LT`KrbvXZILKJ��[]MZmnKOM�aZpQyLaZXZMZRS\Qk?RU^QKO\vXZRhg;K`a
XZILK�MFKONQPSRUTWVYXFK`^	aFKOMZ�7RUT`Krb�XZILK�a|K`T`[]\L^zaZpQyLaZXZMZRS\Qk�I;V]a}XZILK�NQMFK`^QK�gL\LK`^B�rVYPSpLK`l���� l�VY\L^?XZILK
P�VYXZXFKOM�aZpQyLaFXZMZRS\QknT`[]\vX|VYRS\LaGXZILKG�54 V]^Q^dMFK`aFas[Y�"XZILK�MFKONQPSRUTWVlIL[raZXWbd�sILKOMFK�XZIQRUaGRS\LaZX|VY\LT`K
I;V]a�y�K`KO\lTOMFKWVYXFK`^��"HJILK � � � �>��= 37��	 � � � �%?��%6�	 ���8���GNQMF[��fRU^QK`a"XZILK�mnKOXZIL[7^ � � �BA�?8? 
 � � �0��b
�sIQRUTFI�X|V ,�K`alV]a	N;VYM|VYmnKOXFKOMFaBXZILK�aFKOMZ�7RUT`Ke\;VYmnKjVY\L^�XZILKnMFKONQPSRUTWV �S4�V]^Q^dMFK`aFaW��HJILK
mnKOXZIL[7^�MFKOXZpQMZ\La2XZILK	MFK���KOMFKO\LT`K	[Y��XZILK 
 � �56�	 6�� � � �0� �@3 �&31!8�%�ob�RS\LaZX|VY\fXZR�VYXFK`^���[]M2XZI;VYX
aFKOMZ�7RUT`KrbQ[]\_XZI;VYXGMFKONQPSRUTWVlIL[raFXW�

HJILKlmeVYNQNQRS\Qk�a?[Y��,�KOc7a2XF[�PU[fTWVYXZRU[]\LaBVYMFK	^dRUaFXZMZRSyQpQXFK`^~V]TOMF[raFa�XZILK	MFKONQPSRUTWV�IL[raZXFaWb
XZI;VYXlT`[]m�N�[raFKtXZILK 498�4�[W��KOMZP�V`c���HJILKtpLa|VYk�Kt[Y�GIQRSkrIdwxPUKO��KOPJRU^QKO\fXZRhg;KOMFa�^QKOXFKOMZm�RS\LK`a
^dc7\;VYm�RUTWVYPSPSc�bfXZILK9N=[]MZX�XF[By�K�pLaFK`^nyfctV?N;VYMZXZRUTOpQP�VYMsT`[]m�N=[]\LKO\vXJRS\LaZX|VY\LT`KrbdV]T`T`[]MF^dRS\Qk
XF[2XZILK�\LKOXo��[]M-,�T`[]\dgLkrpQM|VYXZRU[]\tVW�]VYRSP�VYyQPUKs[]\lRSXFa"MFKONQPSRUTWV2IL[raZXW� � \	N;VYMZXZRUTOpQP�VYMWbf^dR��=KOMFKO\fX
RS\LaZX|VY\LT`K`ai[Y�zXZILK 
 � �56�	 6�� � � �0� �@3 �&31!8�%�zT`[]m�N=[]\LKO\vXimeVWc pLaFK�^dR��=KOMFKO\fXiN�[]MZXFa�b�V]a
V`�rVYRSP�VYyQPUKz[]\iXZILKORSM�MFKONQPSRUTWV]aGIL[raZXFaW�

G+H	IJH	I MONQPSRUT�N�PSR>PLR>VWT@X>Y[_CY	��
FPS]BY
���@Y Z^N/TcY����>Y�_�]
�DP^e>T@P^\ R9_
G2a���K2I;V`��K?VYPSMFKWV]^dcemnKO\fXZRU[]\LK`^�bQRS\�[]MF^QKOMJXF[	y=K�MFKONQPSRUTWVYXFK`^�bQKWV]T|I_aFKOMZ�fRUT`K9\LK`K`^Qa�XZILK
aZN=K`TORhg;TWVYXZRU[]\�[Y��XZILKBT`[]\LaZRUaZXFKO\LTOc_T`[]\fXZM|V]TOX?VY\L^�[Y��XZILK�N=KOM���[]MZmeVY\LT`K	T`[]\vXZM|V]TOXW�9HJILK
Xo��[uaZN=K`TORhg;TWVYXZRU[]\LanVYMFKtkrRS��KO\�yfc�XZILK�aFKOMZ�fRUT`KjaZpQNQNQPSRUKOMl�sRSXZIQRS\�VY\ $ p �/gLPUKr�uHJILK
aFKOMZ�7RUT`KzaZpQNQNQPSRUKOM�VYPUaF[nNQMF[��fRU^QK`a2XZILKBaFKOMZ�fRUT`KB^QKONQPU[Wc7mnKO\vX?^QK`aFTOMZRSNQXZRU[]\}bERS\�VeaFKON;VYM|VYXFK
gLPUKr��HJIQRUa}^QK`aFTOMZRSNQXZRU[]\BT`[]\fX|VYRS\LaCXZILK�RS\d��[]MZmeVYXZRU[]\La�\LK`K`^QK`^�yfc2XZILK #)�%��$8	 � � "$�%?*� ��� = � �5�
T`[]m�N=[]\LKO\vXWb}aZpLT|I�V]a2XZILKBPU[7TWVYXZRU[]\~[Y��XZILK�VYMFTFIQRS��K�T`[]\fX|VYRS\QRS\Qk_XZILKlaF[]pQMFT`K`a�VY\L^�XZILK
T`[]\dgLkrpQM|VYXZRU[]\ugLPUK`a�[Y��XZILKlaFKOMZ�7RUT`K`: 8�� < � #~K	T`[]\LTWVYXFKO\;VYXFKnXZILKzPU[7TWVYXZRU[]\La?[Y��XZILK	Xo��[gLPUK`a"RS\eV2aZXZMZRS\QkLbrXZI;VYX�RUa�V]aFaFRSkr\LK`^BXZILKsa|KOMZ�fRUT`K�\;VYmnKrbvV]a"XZILK�,�KOc��"HJILKsT`[]MZMFK`aZN=[]\L^dRS\Qk
meVYNQNQRS\QkeRUa�aZXF[]MFK`^j�sRSXZIQRS\_XZILK,� ��� �8�,= 37��	 � � ���%?��%6�	 � �>���f�

#~KsKO\QMZRUT|InXZILK�� ��� �8��= 35��	 � � � �%? �%6�	 � �>���9�sRSXZI�X ��[?mnKOXZIL[7^QaWb�TWVYPSPUK`^
� � �BA�?8? "$�%?.� � � '
= � �7��VY\L^ � � �BA�?8? 
 � �5����3 ��� 6W���J[]XZI�mnKOXZIL[7^Qa9X|V ,�K`a2V]a�VYMZkrpQmnKO\vX�XZILK	aFKOMZ�fRUT`Kz\;VYmnKrb
VY\L^_[]yQX|VYRS\_XZILK?T`[]\fXFKO\vX2[Y��XZILK?^QKONQPU[�cfmnKO\fX2^QK`aFTOMZRSNQXZRU[]\}bLMFK`aZN�K`TOXZRS��KOPSc�bLXZILK�T`[]\vXFKO\fX
[Y��XZILKzT`[]\LaZRUaZXFKO\LTOcjT`[]\vXZM|V]TOX9VY\L^i[Y�"XZILK�N�KOM���[]MZmeVY\LT`K�T`[]\fXZM|V]TOXWb;V]aFaF[7TOR�VYXFK`^jXF[lXZI;VYX
aFKOMZ�7RUT`Kr�

��1�� � �"! , .�,Q8 !F$��D,�*�!�A�D��	A�A�< $1*t<G6"!�698 ,
HJILKGaZcdaZXFKOmlwoaZN=K`TORhg;TGT`[]m�N=[]\LKO\vXFa�RS\LTOPSpL^QKrq�XZILK�� �%6�� � � � 	 � �>�obrXZILK ������� � � �"!"� #)�%�&$&�%�
3 NQMFK`aFKO\fXFK`^ RS\�aFK`TOXZRU[]\ �d�DH�D�b�XZILK ����6 ?�� �56��%� 	 = � � 6���	 = 37� �>��3 NQMFK`aFKO\vXFK`^�RS\�aFK`TOXZRU[]\
�d� � D�b"XZILK
#)�%��$8	 � � "$�%?.� � �>= � �7�BVY\L^�XZILK � ��� �8��= 35��	 � �����%?��%6�	 � �>��� 3�V]a	aFIL[W�s\�RS\ ��RSk]w
pQMFK Hd� q D���HJILKOMFKiRUatV � �%6��%� � � 	 ���8�2RS\LaZX|VY\LT`KiMZpQ\Q\QRS\Qk�[]\ KWV]TFI/meV]TFIQRS\LK�XZI;VYXnRUa
IL[raZXZRS\QkiV�MFKONQPSRUTWV�[]M�XZI;VYX�T`[]pQPU^�IL[raZX2VnMFKONQPSRUTWV�[Y��VY\vc�aFKOMZ�7RUT`Kr��HJILK � �%6�� � � �8	 ���8�
TWVYNQXZpQMFK`aJXZILK9mnKWV]aZpQMFK`a���[]MJ^dc7\;VYm�RUT9mnKOXZMZRUT`a�bfRS\LTOPSpL^dRS\QkLq�XZILK�6 4�� pQXZRSPSR���VYXZRU[]\}bdXZILK
^dRUa-,+������pQXZRSPSR���VYXZRU[]\�VY\L^_XZILK�\vpQmzy=KOM9[Y��V]TOXZRS��K?NQMF[7T`K`aFaFK`a���� \_KWV]TFI�^Q[]meVYRS\}b;XZILKOMFK
RUaBV ������� � � �"!"�
#)�%��$ �%�o�iHJILK ������� � � �"!"�%#)�%��$&�%�saZXF[]MFK`alVY\L^~NQMF[W�7RU^QK`a�V]T`T`K`aFa�XF[�XZILK
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domain1

Replica Hosting Infrastructure
domain2

HMHM

client2 client4 client5

HMSD SD SD

client3

MS: Metrology Server
HM: Host Monitor
RTE: Response Time Estimator

SD: Service Deployment

client1

host1 host3

replica host4 replica host5replica host2

SDHM

MS RTE

HM SD

MS RTE

IR LS

IR: Information Repository
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��RSkrpQMFKBHd� q q�HJILK�aZcdaZXFKOmlwoaZN=K`TORhg;T?T`[]m�N�[]\LKO\fXFa

mnKWV]aZpQMFK`a	T`[]PSPUK`TOXFK`^�[]\~XZILKeIL[raZXFaWbCy�KOPU[]\QkrRS\Qk�XF[_XZI;VYXz^Q[]meVYRS\}b�yvcuXZILK � �%6��,� � ��'
	 ���8�96W�	HJILK ������� � � �"!"� #)�%��$&�%�JT`[]\vX|VYRS\LalV�����6 ?�� �56�� � 	 = � � 6���	 = 37���8��RS\LaZX|VY\LT`KrbCXZI;VYX
VYNQNQMF[Q�dRSmeVYXFK`aBXZILKlMFK`aZN�[]\La|KlXZRSmnKnKE�7N=K`TOXFK`^{XF[jy=K�[]yQX|VYRS\LK`^{� MF[]m V�krRS��KO\~IL[raZX?RS\
XZILK_^Q[]meVYRS\}b�yvc KE�QK`TOpQXZRS\Qk�V�krRS��KO\���[]M-,7PU[�V]^ []\ XZI;VYXeIL[raZXW� G�PUa|[Qb�KWV]T|I�MFKONQPSRUTWV
IL[raZX?T`[]\vX|VYRS\LaBV #)�%��$>	 � �2"$�%?.� � �>= � �7��RS\LaZX|VY\LT`K 3 MFKWVYPSR��WK`^{yfc �	���2RSy=KOPSRS\ : 8�� < D�b=XZI;VYX^QKONQPU[Wcda9VY\L^_RS\LaZX|VY\vXZR�VYXFK`a�[]\iXZI;VYX�IL[raFXWb;V	MFKONQPSRUTWVn[Y��VY\vciaFKOMZ�7RUT`Kr��HJILK � ��� �>��= 37��	 � �
� �%? �%6�	 � �>���BRUaGRS\LaZX|VY\vXZR�VYXFK`^�[]\�KO��KOMZcjMFKONQPSRUTWVlIL[raZX�VY\L^_[]\�KO��KOMZcjTOPSRUKO\vX9IL[raZXW�

��1�� � �"! :/!+*	:/!J, !�698 %J8EDF<�6 <-# % :/!+*��FDFA %J8 !�> ,�!":��?DFA !
(�V]T|I�MFKONQPSRUTWVYXFK`^�aFKOMZ�fRUT`K�RUaGMFKONQMFK`aFKO\fXFK`^_XZI;VY\),daGXF[nXZIQMFK`K�meVYRS\�TOP�V]aFaFK`a�q�XZILKzaFKOMZ�7RUT`K
RSm�NQPUKOmnKO\vX|VYXZRU[]\tTOP�V]aFaWbYXZILK #)�%�&$&�%��'(#�	 )>� � �%?.� 	 �53 + �(38?8? �%�EVY\L^BXZILK 
-� 	 � �5�('(#�	 )>� ���%?*� 	 �53
+ �(38?8? �%�o��HJILKzaFKOMZ�7RUT`K�RSm�NQPUKOmnKO\fX|VYXZRU[]\~TOP�V]aFa�RUa�NQMF[W�7RU^QK`^�yvciXZILKza|KOMZ�fRUT`KBaZpQNQNQPSRUKOMWb
�sRSXZIQRS\�XZILK9VYMFTFIQRS��KrbQT`[]\fX|VYRS\QRS\QknVYPSP;XZILK2aF[]pQMFT`K`a�\LK`K`^QK`^�b7RS\�[]MF^QKOM�XF[BRS\LaZX|VY\vXZR�VYXFK9XZILK
aFKOMZ�7RUT`Kr��HJILK #)�%��$&�%��'(#�	 )8� � �%?.� 	 �53
+ �(38?8? �%�?VY\L^�XZILK 
-� 	 � �5�('(#�	 )>� � �%?.� 	 �53
+ ��3>?8? �%�
NQMF[W�7RU^QK2XZILK2MFKONQPSRUTWVYXFK`^t��KOMFaFRU[]\j[Y�"VY\vcta|KOMZ�fRUT`Krbfyvc�KO\QMZRUTFIQRS\Qk�XZILK2aFKOMZ�fRUT`K9PU[]krRUT2�sRSXZI
XZILK�T`[]\LaZRUaZXFKO\LTOc�meVY\;VYk�KOmnKO\vXWb�MFK`�fpQRSMFK`^~aF[iV]a?XF[_VYNQNQPSc{T`[]MZMFK`TOXZPScuKWV]TFI�[]N=KOM|VYXZRU[]\
TWVYPSP�VYX�VYPSP�XZILKlMFKONQPSRUTWV]azVY\L^�XF[iKO\d��[]MFT`KlXZILKlMFKONQPSRUTWV]azT`[]\v��KOMZk�KO\LT`Kr�lHJILK	��KWVYXZpQMFK�[Y�
MFKONQPSRUTWVtT`[]\LaZRUaZXFKO\LTOcimeVY\;VYk�KOmnKO\vX�RUa9NQMF[W�7RU^QK`^�XZM|VY\LaFN;VYMFKO\vXZPSc�b�y�[]XZI���[]M9XZILKzaFKOMZ�7RUT`K
aZpQNQNQPSRUKOMFa�VY\L^���[]M9XZILK�TOPSRUKO\fXFaW� �J[]XZI #)�%��$&�%�&'(#�	 )8� � �%?.� 	 �53/+ �(38?8? �%�JVY\L^ 
 � 	 � �5�('(#�	 )8�
� �%?.� 	 �53�+ ��3>?8? �%��TOP�V]aFaFK`a9VYMFKzk�KO\LKOM|VYXFK`^�aFX|VYXZRUTWVYPSPSc�bL��MF[]m¢XZILK $ p ��aZN=K`TORhg;TWVYXZRU[]\�[Y�
XZILK	aFKOMZ�fRUT`K�woaFN�K`TORhg;TlT`[]\LaZRUaZXFKO\LTOc�T`[]\vXZM|V]TOXzVY\L^�[Y��XZILKzN=KOM���[]MZmeVY\LT`K	T`[]\fXZM|V]TOXW�?HJILK
��[]PSPU[W�sRS\QkeX ��[naFpQyLaFK`TOXZRU[]\LaGNQMFK`aFKO\fXGXZILK?X ��[eTOP�V]a|aFK`aW�
G+H	�>HLK 
 XFY��+Y	��
 Y	���
�+P��FY�� Y e9ZSPL]BN�� �DN/e9egY	�
HJILKGaFKOMZ��KOM�woaFRU^QKJMFKONQPSRUTWV��sM|VYNQN�KOM�KO\LTWVYNLaZpQP�VYXFK`a�XZILKJPU[7TWVYPLRS\LaZX|VY\LT`Ks[Y�=XZILKsaFKOMZ�7RUT`Kr� � X
NQMF[W�7RU^QK`a���[]M�KWV]T|I�[]N=KOM|VYXZRU[]\�[Y��XZILK?MFKONQPSRUTWVYXFK`^�aFKOMZ�7RUT`KrbQXZILK�mnKOXZIL[7^����

i ���
3>?8?.� �f�

�
i
MFKONQMFK`aFKO\vXFaJV?\fpQmnKOMZRUTWVYPERU^QKO\fXZRhg;KOMJk�KO\LKOM|VYXFK`^n��[]M�XZILK�TOpQMZMFKO\fX�[]N=KOM|VYXZRU[]\}bQV]T`T`[]MF^7w

RS\Qk�XF[�XZILK{[]MF^QKOMi[Y��XZILK{[]N�KOM|VYXZRU[]\Lai^QK`TOP�VYM|VYXZRU[]\ �sRSXZIQRS\�XZILK $ p ��aZN=K`TORhg;TWVYXZRU[]\
[Y�sXZILKeT`[]\LaZRUaFXFKO\LTOc~T`[]\vXZM|V]TOXW��HJILKemnKOXZIL[f^����

i ���
38?>?.� �_X|V ,�K`alV]a�N;VYM|VYmnKOXFKOMnVY\

� � � ��6�6�[]y���K`TOXWb7MFKONQMFK`aFKO\fXZRS\QknVY\tRS\f��[fTWVYXZRU[]\jXF[�XZI;VYXJ[]N=KOM|VYXZRU[]\iVY\L^tN=KOM���[]MZmnaJV]a���[]Phw
PU[W�Ga��"��RSMFaFXZPSc�bfXZILK2�sM|VYNQN=KOMs^QK`aFKO\LTWVYNLaZpQP�VYXFK`asXZILK9RS\v��[7TWVYXZRU[]\bj a�VYMZkrpQmnKO\vXFas� MF[]m¡XZILK
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� � � ��6�6n[]y��ZK`TOXW� HJILKO\}b�XZILKj�sM|VYNQN�KOMeRS\v��[�,�K`anXZILK�[]N�KOM|VYXZRU[]\ []\ XZILK_PU[fTWVYPGaFKOMZ�7RUT`K
RS\LaZX|VY\LT`Kr�"��RS\;VYPSPSc�bdXZILK9�sM|VYNQN�KOM�MFKORhg;K`aJXZILK�MFK`aFpQPSX�[Y�}XZILK�[]N=KOM|VYXZRU[]\�TWVYPSP}VY\L^tRS\LaFKOMZXFa
RSXsRS\vXF[eXZILK � � � ��6�6�[]y��ZK`TOXW�

HJILK�VYNQNQMF[]NQMZR�VYXFK ���
i ���

38?>?.� �smnKOXZIL[7^?RUa}^QKOXFKOMZm�RS\LK`^?��MF[]m$VJ^dRUaZN;VYXFT|ILKOMCmnKOXZIL[7^
3>?8?.� �7bfyfctKE�dXZM|V]TOXZRS\QklXZILK�RU^QKO\fXZRhg;KOM�� �

i �
[Y�CXZILK9TWVYPSPUK`^j[]N=KOM|VYXZRU[]\�� MF[]m¡XZILKE� � � ��6�6

[]y��ZK`TOXWbQkrRS��KO\�V]a�VYMZkrpQmnKO\fXW�
G+H	�>H	I 
 XFY�� ZSP^Y�RUT �
�JP��>Y � Y e9ZSPL]BN�� �DN/e9egY	�
	�

���
��������������� HJILKeTOPSRUKO\fX�woaZRU^QKtMFKONQPSRUTWVi�sM|VYNQN=KOMBTOP�V]aFaWb"V]aFaF[7TOR�VYXFK`^uXF[�VjkrRS��KO\
MFKONQPSRUTWVYXFK`^�a|KOMZ�fRUT`KrbCRUaz^QKOMZRS��K`^{��MF[]m Vjy;V]aFKeTOP�V]aFaWb}RSm�NQPUKOmnKO\fXFK`^�RS\L^QKON=KO\L^QKO\vXZPSc~[Y�
XZILK�MFK`�fpQRSMFKOmnKO\vXFa2[Y��V	N;VYMZXZRUTOpQP�VYM�a|KOMZ�fRUT`Kr��HJIQRUa�TOP�V]aFasT`[]\vX|VYRS\La�V	meVYN}b;V]aFaF[7TOR�VYXZRS\Qk
XF[~KWV]T|I []N�KOM|VYXZRU[]\}b�RSXFae��[]M-,7PU[�V]^/VY\L^ XZILKjXZIQMFK`aZIL[]PU^/[]\�MFK`aZN=[]\LaFKjXZRSmnKiMFK`�fpQRSMFK`^
XF[�y�Kj[]yLaFKOMZ��K`^�yfc�XZILKjRS\f��[fTWVYXZRU[]\La�XF[�XZI;VYXn[]N=KOM|VYXZRU[]\}��HJILKjT`[]\LaZXZMZpLTOXF[]Mt[Y��XZILK
y;V]aFKGTOP�V]a|a�[]yQX|VYRS\La�XZILKsMFK���KOMFKO\LT`K9[Y��XZILK � �%?.� 	 �53 �@3 �&31!8�%�=RS\LaZX|VY\LT`KrbdVYXZX|V]TFILK`^tXF[?XZILK
^Q[]meVYRS\�XF[n�sIQRUTFI�XZILKzTOPSRUKO\vXkj a9IL[raZXsy�KOPU[]\Qk�a���� \_XZIQRUasMFK`aZN=K`TOXWbQXZILK?�sM|VYNQN=KOM9�fpLKOMZRUK`a
XZILK�PU[7TWVYP � ��� �>��= 37��	 � � � �%?��%6�	 ���8����RS\LaZX|VY\LT`Krb�N;V]aFaFRS\QkeXF[nRSX�V]a�N;VYM|VYmnKOXFKOMFa�XZILKz\;VYmnK
[Y��XZILKzaFKOMZ�7RUT`KzVY\L^�XZILK�\vpQmBy�KOM�[Y��XZILK GG�jXF[��sIQRUT|I�XZILKBTOPSRUKO\vX2IL[raZXGy=KOPU[]\Qk�aW�JHJILK
� ��� �8��= 35��	 � � ���%?��%6�	 � �>���?MFKOXZpQMZ\La�XF[zXZILK�TOPSRUKO\vX�XZILK9MFK���KOMFKO\LT`K9[Y�}XZILK � �%?.� 	 �53/�@3��&31!8�%�ob
MFK`aZN=[]\LaZRSyQPUK���[]MsXZILK?TOPSRUKO\vXkj a G ���

HJILK��sM|VYNQN�KOMjT`[]\vX|V]TOXFa�XZILK ���%?*� 	 �53 �@3��&3 !8�%�?RS\LaFX|VY\LT`KrbsRS\�[]MF^QKOMtXF[~gL\L^ XZILK
aZpQRSX|VYyQPUK{MFKONQPSRUTWV���[]MjXZILKuTOPSRUKO\vXWb2y=K���[]MFK�XZILK�gLMFaZX_TWVYPSP?RUaFaFpLK`^/yfc/XZILKuTOPSRUKO\fX�VY\L^�b
^dc7\;VYm�RUTWVYPSPSc�b=�sILKO\�XZILKB��[]M-,7PU[�V]^�TOP�V]a|a2[Y��XZILK	[]N=KOM|VYXZRU[]\�TWVYPSPUa�TFI;VY\Qk�K`a?VY\L^��sILKO\
XZILK�XZIQMFK`aZIL[]PU^_[]\�XZILK�MFK`aZN�[]\La|K�XZRSmnK?I;V]asy=K`KO\i�fRU[]P�VYXFK`^�bd��[]M�V	krRS��KO\iN=KOMFT`KO\vX|VYk�Kz[Y�
MFK`�fpLK`aZXFaW�

HJILKly;V]aFKlTOP�V]aFa�NQMF[��fRU^QK`a�XZILKlmnKOXZIL[7^ 3>?8?.� �7b=N;VYM|VYmnKOXFKOMZR��WK`^~yvc{VY\ � � � ��6�6?[]ydw
�ZK`TOXW�BHJIQRUa?mnKOXZIL[7^{RUa?TWVYPSPUK`^���[]M�KWV]T|I�[]N=KOM|VYXZRU[]\uRS\v��[7TWVYXZRU[]\}bCRUaFaFpLK`^�yfc�XZILK�TOPSRUKO\fX
VY\L^nT`[]\fX|VYRS\La�XZIQMFK`K�V]TOXZRU[]\La���HJILKsgLMFaZX�V]TOXZRU[]\nRUa�N=KOM���[]MZmnK`^�Rh��XZILKG��[]M-,7PU[�V]^eTOP�V]aFa�[Y�
XZILKsTOpQMZMFKO\vX�[]N�KOM|VYXZRU[]\tTWVYPSPLTFI;VY\Qk�K`a���MF[]m XZILKJ��[]M-,fPU[�V]^n[Y�=XZILKJNQMFKO�7RU[]pLa�[]\LKr� �x��XZIQRUa
RUa"XZILKJTWV]aFKrbrXZILKO\lXZILKJ�sM|VYNQN=KOM"T`[]\fX|V]TOXFa�XZILK � �%?.� 	 �53 �@3 � 3 !8�%�ERS\l[]MF^QKOM"XF[�MFK`KO�rVYPSp;VYXFK
XZILKzaFpQRSX|VYyQRSPSRSXoc�[Y��XZILKBTOpQMZMFKO\vX2MFKONQPSRUTWVd�GHJILKzaFK`T`[]\L^�V]TOXZRU[]\�T`[]\LaFRUaZXFa�RS\�XZILKz^dRUaZX|VY\fX
TWVYPSP�XF[lXZILK@�9�%?.� 	 �537� ��) � � � ��6�6JmnKOXZIL[f^�[Y��XZILK 
 � �56�	 6�� � � �0� �@3 � 3 !8�%��RS\LaZX|VY\LT`KrbLV]aFaF[7TORhw
VYXFK`^tXF[�XZILKGMFKONQPSRUTWVBaFKOPUK`TOXFK`^e��[]M�XZILK�TOPSRUKO\fXW��HJILKGXZIQRSMF^jV]TOXZRU[]\�T`[]\LaFRUaZXFa�RS\�T`[]PSPUK`TOXZRS\Qk
XZILK�mnKWV]aZpQMFK?[Y��XZILK�MFK`aZN�[]\La|K9XZRSmnK?[]yLa|KOMZ��K`^j��[]MJXZILK?[]N=KOM|VYXZRU[]\_TWVYPSPx��HJILK�MFK`aZN=[]\LaFK
XZRSmnK�RUazVYNQNQMF[��7RSmeVYXFK`^�yvc{XZILK�XZRSmnK�RS\fXFKOMZ�]VYP�KOP�VYNLaFK`^uy=KOXo��K`KO\�XZILK�y=KOkrRS\Q\QRS\Qk�VY\L^
XZILKnKO\L^~[Y�JXZILK2�9�%?.� 	 �537� ��) � � � ��6�6�TWVYPSPx�nHJILK�N=KOMFT`KORS��K`^uMFK`aZN=[]\LaFKlXZRSmnK�RUazT`[]m�N;VYMFK`^
VYkvVYRS\LaZX�XZILKjMFK`�fpQRSMFK`^�XZIQMFK`aZIL[]PU^�b�VY\L^�XZILKj\fpQmzy=KOMe[Y�9a|VYXZRUaZg;K`^ []M�pQ\La|VYXZRUa�g;K`^�MFK�w
�fpLK`aZXFaGRUasRS\LTOMFKOmnKO\fXFK`^�b�V]T`T`[]MF^dRS\QktXF[�XZILKBT`[]m�N;VYMZRUaF[]\�MFK`aFpQPSXW���o�"XZILK?N�KOMFT`KO\fX|VYk�KB[Y�
pQ\La|VYXZRUa�g;K`^�[]N=KOM|VYXZRU[]\�TWVYPSPUa�MFKWV]TFILK`asV�krRS��KO\tXZIQMFK`aZIL[]PU^�b7XZILKO\�XZILK9TOPSRUKO\fX�woaZRU^QK2MFKONQPSRUTWV
�sM|VYNQN=KOMGaFKO\L^Qa�XF[BXZILK � �%?.� 	 �53��@3��&3 !8�%� bdVBMFKOyQRS\L^dRS\QknMFK`�fpLK`aZXJT`[]\vX|VYRS\QRS\QknXZILK�\fpQmlw
y=KOM�[Y�;a|VYXZRUaZg;K`^BMFK`�fpLK`aZXFa"VY\L^	XZILK�\fpQmzy=KOM�[Y�LpQ\La|VYXZRUa�g;K`^	MFK`�vpLK`aFXFaW� �o�Zb�yfczNQMF[7T`K`aFaZRS\Qk
XZILKnMFKOyQRS\L^dRS\Qk{MFK`�fpLK`aZXWb�XZILK � �%?.� 	 �53��@3 �&31!8�%�sMFK`aFKOPUK`TOXFalVY\L[]XZILKOMBMFKONQPSRUTWVdb"XZILKO\�XZILK
TOPSRUKO\vX�woaFRU^QK�MFKONQPSRUTWVl�sM|VYNQN=KOMG�sRSPSP}MFK`^dRSMFK`TOX9XZILK?TOPSRUKO\vX�XF[lXZI;VYX�MFKONQPSRUTWVd�
	�

���������! #"%$'&(�*)+�-,.�0/1���*�2�43657��/+/8��5.9:�� 
�05;�<"��0)>=@?A5.�B9#� � �� C����5 � �*�2� HJILK
TOPSRUKO\vX�woaFRU^QKeMFKONQPSRUTWV_�sM|VYNQN�KOMWb�V]aFaF[7TOR�VYXFK`^uXF[�VjkrRS��KO\�aFKOMZ�7RUT`Krb�I;V]a�XZILKna|VYmnKeNQpQyQPSRUT
RS\vXFKOM��xV]T`K9V]a"XZILKGpQ\L^QKOMZPScfRS\Qkza|KOMZ�fRUT`Kr� �L[]M�KWV]T|Ie[]N=KOM|VYXZRU[]\e[Y��XZILK�aFKOMZ�fRUT`Krb�XZILKsMFKONQPSRUTWV
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�sM|VYNQN=KOM�NQMF[��fRU^QK`aJRSXFa�MFKONQPSRUTWVYXFK`^j��KOMFaZRU[]\}b7�sIQRUTFIiTWVYPSPUa�XZILK��9�%?.� 	 �537� ��) � � � ��6�6�mnKOXZIL[7^
[Y�CXZILK 
 � �56�	 6�� � � �0���@3 � 3 !8�%�}RS\LaFX|VY\LT`KrbdMZpQ\Q\QRS\Qkn[]\�XZILK2MFKONQPSRUTWVdbdXF[	�sIQRUTFIiXZILK?TOPSRUKO\fX
I;V]asy=K`KO\_y=[]pQ\L^��

HJILK?MFKONQPSRUTWVYXFK`^�[]N�KOM|VYXZRU[]\���KOMFaZRU[]\_I;V]a�XZILK?a|VYmnK�aZRSkr\;VYXZpQMFK	V]asXZILK�T`[]MZMFK`aZN=[]\L^7w
RS\Qk�aFKOMZ�7RUT`Kn[]N=KOM|VYXZRU[]\�VY\L^~T`[]\fX|VYRS\LazXZIQMFK`KemeVYRS\�V]TOXZRU[]\LaW��HJILKlgLMFaZXBV]TOXZRU[]\�MFKORhg;K`a
XZILK�TOpQMZMFKO\fX�RS\v��[7TWVYXZRU[]\�RS\vXF[eVY\ � � � ��6�6�[]y��ZK`TOXW��HJILK�aFK`T`[]\L^�V]TOXZRU[]\�T`[]\LaZRUaZXFa�RS\iXZILK
TWVYPSPsXF[{XZILK�3>?8?.� ��mnKOXZIL[7^�[Y�9XZILKiy;V]a|KiTOP�V]aFaWb��sRSXZI XZILKjMFKORhg;K`^/V]T`T`K`aFaWb�N;V]a|aFK`^�V]a
N;VYM|VYmnKOXFKOMW�GHJILKzP�VYXZXFKOM2V]TOXZRU[]\�^QK`a|KO\LTWVYNLaZpQP�VYXFK`a2XZILK�MFK`aZpQPSX2[Y�"XZILKzRS\v��[7TWVYXZRU[]\���MF[]m
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