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a SUVÌn J SzL7CTh�Y;Z	L7PÍV�SUKM[Îr�CTPUruZdC�GbK;E
GHNDC�SUK;NÏPqY;L
E
GHNDCfPUhÐL
BDC s PqZHZdCTnUC�PUh s PqVfruY;L
GHKDn©SzL v CTP J nqGHS
@ÑCFR�B �;Ò GdL
BDPqYDL Ò B;PqE7CQE
YDr;r�P J L a�Ò PqYuZHN�KDPUL!B;S�|UCQcuK;GbE
BDCFN�L
B;GHEÐL
BDCFE�GHE�L
BDC Ò SF[©GdL�GbE�KDP ÒQÓ

X>G J E
L!PUh�SUZHZ �ea h�CTCFZir J Gd|oGHZdCTnUCFN�L7P·B;S�|UCÔL
B;C2PUr;r�P J L
YuK;GdL
GdCFE!L7P Ò P J
Õ©Ò GHL
BOS·KgYuV ] C J PUh�CpÖ,r�Cp×
J GdCFKuRpCFNÎr J PUh�CFE
E7P J E Ó @�B;C�SUN;|,GHRpCFEQL
BDCT[ Ò C J C�S ] ZHCfPzØ-C JQÒ C J C�PUh�L7CFKÙRpPqVfreZdCFVfCFKgL
S J [»SUKuN a h�CTCFZ
CpÖoL J CFVfCFZd[·ZHY;R Õ [�L7PWB;S�|UC0L
BDC ] CFE7L�GbK�E7CT|UC J SUZ=SUE7r�CFRpL
E Ó

� [WSUND|oGHE7P J�� PqE
L
Szh�Sf?�V�V�S J B;SUE3nqY;GHNDCFN�VfC�L
B J PqYDnqB�CT|UC J [�ruGdCFRpC�PUh=L
BDC�L
BDCFE
GHE Ò P J�ÕeÓ	Ú PUL
PqK;Zd[·B;SUE�B;C0GHVfruS J L7CFN·L7P�VfC0S Ò CFSUZdL
BOPUh Õ KDP Ò ZdCFNDnUCQGbK©KDCTL Ò P J
Õ GHKDn � L7CFZHCFRpPqV�V2YuK;GHRTSzL
GdPqK;E4SUK;N
r�C J h�P J V�SUK;RpC�CT|�SUZHYuSzL
GdPqK � ] YDLÔSUZHE7PÎBDC·B;SUEÔL
SUYDnqBMLfVfC�L
BDC·E Õ GHZHZHEtCFE�E7CFKML
GbSUZ3L7PÏS I B;mÛE7L
Y;NDCFKgL
SUK;NÊS J CFE7CFS J R�B;C JF� GHK;RTZHYuN;GHKDn�L
BDC�nUCFKDC J SUZ�r J P ] ZdCFV�×\E7PqZd|oGHKDn©E Õ GHZbZHE � E
[,E7L7CFVf×\ZdCT|UCFZ�L
B;GHK Õ GHKDn � SUK;N
L
BDC0S ] GHZHGdLÜ[�L7P�GHN;CFKML
Gdh�[WSUK;NONDCTcuKDC J CFE
CFS J R�BOr J P ] ZdCFVWE Ó

� Y;R�BWPUheL
B;C�L
BDCFE
GHE Ò P J
Õ GHE%RpPqZHZbS ] P J SzL
GdPqK Ò GdL
B s PqKuE7L
SUKML
GbKDPqE	m�P�| J PqZHGHE Ó @!BDC�kgYuSUZHGdL\[ÔPUh-L
B;GHE
L
BDCFE
GbEtB;SUE ] CTCFKÎn J CFSzL
Zd[ÎGHVfr J P}|UCFN Ò GdL
BÎB;GHE<BDCFZHr Ó �	|UC J [»N;GbE
RTY;E
E
GHPqK Ò GHL
B»BuGHVÝB;SUE ] CTCFKÎRpPqKo×
E7L J YuRpL
Gd|UCtL7P�E7L J CFKDnUL
B;CFK;GHKDnfV2[ Õ KDP Ò ZdCFNDnUCQSUK;N�E Õ GHZHZbE � CFE7r�CFRTGHSUZbZd[WGHK�L
BDCQS J CFSUE!PUhiV�CFSUE
Y J CFVfCFKgL
SUK;N6KDCTL Ò P J
Õ r�C J h�P J V�SUK;RpC�CT|�SUZbY;SzL
GdPqK Ó�a L2GHE2B;GHEtL
B;PqYDnqBML¡×µr J P�|UP Õ GHKDnÎSUK;NÊNDCTL
SUGHZdCFN6kgYDCFE
L
GdPqK;E �
SUK;N©BuGHE�CFK;RpPqY J SznUCFVfCFKML�h�P J r�C J E
GHE
L7CFK;RpC � L
B;SzL4BuSF|UC2VWSUNDC0E7PqVfC2PUh>L
BDC0L
BDCFE�GHE Ò P J
Õ SUE!E7PqZHGbN©SUE
GdL�GHE�K;P ÒQÓ

j4GHR�B;S J NÏX;Y��
GHVfPUL7P�B;SUE<nqGd|UCFKÙV�C�S�ZHPUL�PUhÐE
YDnUnUCFE
L
GdPqK;E<L
B;SzLtn J CFSzL
ZH[OCFK;B;SUKuRpCFNÎL
BDCf|�S J GdPqY;E
ruGdCFRpCFE3PUh=E
GHVÔY;ZHSzL
GHPqK Ò P J�Õ GbKWV2[fL
BDCFE
GHE Ó%Þ C4B;SUE�SUZHE7P ] CTCFK�|UC J [�E
Y;r;r�P J L
Gd|UC�PUh�L
BDC4PUL
BDC J reGdCFRpCFE
PUh Ò P J�Õ L
B;SzL a NDCFRTGbNDCFN·L7PWruY J E
YDC Ó

a ZdCFS J K;CFN·h J PqV v CTP J nUCÔj!GHZdCT[�L
BDC ] SUE
GHRTE�SUE Ò CFZHZ�SUE!L
BDC0SUND|zSUK;RpCFNOL7PUruGHRTE!GbK�KDCTL Ò P J
Õ E
GHVÔYo×
ZHSzL
GdPqK Ó @!BDCtE
GHVÔY;ZHSzL
GdPqK�VfCTL
BDPoNDPqZdPUnqGdCFE Ò P J
Õ GHK�L
B;GbE�L
BDCFE�GHE�CFV ] PoN;GdCFEÐS�ZdPUL3PUhiGHKDruY;L�h J PqVßB;GHV Ó
Þ C�SUZbE7P�B;CFZdr�CFNOVÔY;R�BÎGHKÍL
BDCÔCpÖ,r�C J GHV�CFKML
SzL
GdPqKuE4GHKg|UPqZd|oGHKDn�KDCTL Ò P J
Õ E�GHV2YuZHSzL
GdPqK;E �eÒ B;GHR8B a Y;E7CFN
h�P J CT|UC J [·ruGdCFRpCQPUh>V2[�L
B;CFE
GHE Ò P J
ÕeÓ

�3ZHZdCFKO¢-CTnqY J SfB;SUE�nqGd|UCFK©V�CQ|�SUZbY;S ] ZdCtRpPqV�VfCFKgL
E!SUKuN©E
YDnUnUCFE7L
GHPqK;E�PqK©V2[ Ò P J
Õ SzL!N;GdØ-C J CFKgL
E7L
SznUCFEWPUh�V2[�n J SUNuY;SzL7C©E7L
Y;ND[ Óáà BDC�B;SUEfSUZbE7PÙE
B;S J CFN Ò GdL
B*VfC©BDC J PUruGHKuGdPqK;EÔSUK;NâSUND|oGHRpCFE�PqK
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n J SUN;YuSzL7C0E7L
Y;ND[·GHK·nUCFKDC J SUZ � PqK Ò�J GdL
GHKDnÔPqYDL
E7L
SUK;NuGHKDn�ruSzr�C J E�SUK;N·nqGH|,GHK;nfnUPgPoN�r J CFE
CFKML
SzL
GdPqKuE Ó
a P Ò C0S�ZdPUL�L7P�ãQS J E7L7CFK à R8B Ò SUK©h�P J L
BDCQE
[,E7L7CFVÇE Õ GbZHZHEÐSUK;N�GHK;E�GdnqBML
E a SURTkgYuG J CFN·L
B J PqY;nqB�L
BDC

Ò P J
ÕÎÒ GdL
BÙB;GbV �=Ò B;GbR�BÎL
Y J KÙPqYDLQL7P ] C�E7POCFE
E7CFKgL
GHSUZ	L7POV2[ J CFE7CFS J R8B Ó·Þ C�SUZHE7P©nqS�|UC�VfCWn J CFSzL
SUND|oGHRpCFE�PqK J CFE7CFS J R�BD× J CFZHSzL7CFN»RpPqV�V2YuK;GHRTSzL
GdPqK;E�SUKuN Ò�J GdL
GbKDn Ó

a SUVÝL
B;SUK Õ h�Y;ZÑL7P©£qGHVÃä<Y ��Ò BDP�B;SUE<BDCFZdr�CFN»VfC�PqKÏE7PqVfCfE7L
SzL
GHE
L
GHRTE J CFZHSzL7CFN»r J P ] ZdCFV�E<SUK;N
PzØ�C J CFNÎ|�SUZbY;S ] ZdCÔE
YDnUnUCFE7L
GdPqKuE<PqK»V2[ Ò P J
Õ-ÓQa SUVÝL
B;SUK Õ h�Y;ZÑL7P©ãQSUZd[qSUK I C J Y;V�SUZHZbSWh�P J B;GHE�BDCFZdr
Ò GdL
B·L
B;C0Y;E7CtPUh>B;GHEÐh�CFNDC J SzL7CFNÍE
GHVÔY;ZHSzL
GdPqK·ZHG ] J S J GdCFE Ó

@�B;C ] J GHZHZHGbSUKMLQh�CFZHZdP Ò E7L
Y;NDCFKgL
EfGHKÊL
BDC Ú CTL Ò P J
Õ GHKDnÙSUK;N*@ÑCFZdCFRpPqV�VÔY;K;GHRTSzL
GdPqKuE v J PqYDr � SUK;N
L
BDPqE7CtGHK�L
BDC I S J SUZHZdCFZ�SUK;N·m<GHE7L J G ] YDL
GdPqK à GHVÔY;ZHSzL
GdPqKuE � B;S�|UCtnqGd|UCFK�VfCtS�ZdPUL3PUhiGHKDruY;L � BDCFZdr�CFN�VfC
L
SUR Õ ZdCÔr J P ] ZHCFV�E�CFK;RpPqY;KgL7C J CFNÎGHK�CpÖor�C J GHVfCFKgL
E � SUK;NOV�SUN;C2V2[�n J SUN;Y;SzL7CÔE7L
Y;ND[�E7P�CFK��¡P}[qS ] ZdC Ó�a
Ò PqY;ZHN�ZHG Õ C�L7PQE7r�CFRTGdcuRTSUZHZH[tL
B;SUK Õ j4YDPqVfCFG v SzP �qå CFK J Y;G;¢�B;SzP �,à B;SUE
B;G � C J YDnqY �qÞ SzP0£qGHSUKDn � j4SF|oG
I	J SUE
SUN6SUKuN � SUK;GHE
B�£MSUGHKÙh�P J L
BDC�K,Y;VfC J PqYuE0N;GHE�RTY;E
E
GdPqKuE Ò C�B;SUN Ó j!S�|,G I	J SUE�SUN6SUK;N � SUKuGHE
B
£qSUGbK�BDCFZdr�CFN�VfCtPqK©Y;E�GHKDnfE7CT|UC J SUZÑVfCFSUE
Y J CFV�CFKML�L7P,PqZHE�SUKuN�L7CFE7L ] CFN;E Ó

a SUVÃSUZHE7P�n J SzL7CTh�YuZ=h�P J L
BDCÔE
YDr;r�P J L�h J PqVÇL
BDC0h�PqZHZdP Ò GHKDn�r�CTPUruZHC Ò BDP aÐÒ P J
Õ CFN Ò GdL
B©NuY J GHKDn
V2[ÊGHKgL7C J K;E�B;GdruE�SzL a¡æ�� ?�Y;E7L
GHKâSUKuNáSzL Þ�I#ç S ] ET~©X;S J B;SUNèX;SzL
SUB;SUZHGHSUK � j4SF[ æ�J [qSUKML � j4S}�7GH|
? J P J S �;å CFGHVWGHKDn v Y � j!P ] C J L�m<GHVfruE7CT[ � m<SUK � Y;KgL7é � m�C¾�
SUK � GHZdP��
GHRTGHR Ó

?�ZHZ,L
BDC�r J PUh�CFE
E7P J EiSUKuNfRpPqZHZdCFSznqYDCFE	BuSF|UC!SUZHE
P ] CTCFKÔCpÖoL J CFVfCFZd[�E
YDr;r�P J L
GH|UC�N;Y J GHKDn4L
BDCÐr J PoRpCFE
E
L
B;SzL a r J CTruS J CFN»hlP J S·RTS J CTC JFÓ @!BDCFG J BDCFZdrÎV�SUNDC�GdL�S·E
V�PgPUL
B J GHN;C2h J PqVÛr J PUr�PqE
SUZÑL7P�L
BDCFE
GHE4L7P
n J SUN;YuSzL
GdPqK Ó
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¤ Ó x à YuV�V�S J [�PUhij!CFE7CFS J R�B�� ] �7CFRpL
Gd|UCFE�SUKuN s PqKgL J G ] YDL
GHPqK;E Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x

¤ Ó x Ó ¤ I S J L a ~ I C J hlP J VWSUK;RpC2��|�SUZHYuSzL
GdPqKo×\?�E
E
GHE7L7CFN�m�CFE
GHnqK©PUh	?�ND|�SUKuRpCFNO@ s I ×
] SUE7CFN à C J |oGHRpCFE ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x

¤ Ó x Ó x I S J L a
a ~;��
WRTGdCFKgL ç S J nUC à RTSUZdC à GHVÔY;ZHSzL
GHPqK�PUh%@ s I��}a¡IèÚ CTL Ò P J
Õ E ÓtÓQÓ �
¤ Ó ¥ @�B;CFE
GHE�� J nqSUKuGdéFSzL
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x Ó ¤ @ s Iè� PoNDCFZHGbKDnfSUK;N©@�B J PqYDnqBDruYDL I�J CFN;GHRpL
GdPqK ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Ty

x Ó ¤ Ó ¤ @ s Iè� P,NDCFZbGHKDn ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Ty
x Ó ¤ Ó x @ s I @�B J PqYDnqBDruYDL I�J CFN;GHRpL
GdPqK ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤

x Ó x I CTC J ×µL7Pz× I CTC J0à [oE7L7CFV�E�SUK;N���|UC J ZHS�[ Ú CTL Ò P J
Õ E ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��
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x Ó x Ó ¥ � PoNDCFZHGHKDnfSUK;NO�	|zSUZHY;SzL
GdPqK·PUh I CTC J ×µL7Pz× I CTC J2à [,E
L7CFV�E ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ �

x Ó ¥ à GbV2Y;ZbSzL
GdPqK I C J hlP J VWSUK;RpC���r;L
GbV�GdéFSzL
GdPqK ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��
x Ó � Ú CTL Ò P J
Õ @ J S�
WRt?�K;SUZd[oE
GHE �;� P,NDCFZbGHKDnfSUK;N v CFK;C J SzL
GdPqK Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ �
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¥ Ó ¤ a KML J P,N;YuRpL
GdPqK Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ xo¤
¥ Ó x XDP J V2Y;ZbS�× ] SUE7CFN©r J CFN;GHRpL
GdPqK Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ xU¥

¥ Ó x Ó ¤ ?Ah�P J V2YuZHS�× ] SUE7CFN©@ s I L
B J PqY;nqBDruYDLÐr J CFNuGHRpL7P JÛÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x+�
¥ Ó x Ó x �	Ø-CFRpL!PUhiL
B;CtCpÖ,L J SWZdPqSUN©N;YDCtL7PWL
BDCQL
S J nUCTL-,;P Ò ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x �
¥ Ó x Ó ¥ � J
J P J E�NuYDCtL7P�L
BDC0@ s I E
SUVfreZHGHKDn ] CFB;SF|oGdP J ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x.�
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¥ Ó x Ó � � J
J P J E!N;YDCQL7P�L
BDC2N;GdØ-C J CFKuRpC ] CTL Ò CTCFKÍS�|�SUGHZbS ] ZdC ] SUKuN Ò GHNDL
B�SUKuNO@ s I
L
B J PqYDnqBDruY;L ÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x �

¥ Ó ¥ X æ r J CFNuGHRpL
GdPqK·SURTRTY J SURp[ ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x/�
¥ Ó ¥ Ó ¤ �<|UC J |,GHC Ò PUhiV�CFSUE
Y J CFVfCFKgL!VfCTL
B;P,NDPqZHPUnU[ ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x/�
¥ Ó ¥ Ó x j!CFE
Y;ZdL
E ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥o¤
¥ Ó ¥ Ó ¥ à Y;V�V�S J [ ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥.�

¥ Ó � Þ GHE7L7P J [g× ] SUE7CFN©r J CFN;GHRpL
GHPqK Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥.�
¥ Ó � Ó ¤ ç GHKDCFS J�I�J CFN;GHRpL7P J E Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥ �
¥ Ó � Ó x m�CTL7CFRpL
GdPqKÍPUh ç CT|UCFZ à B;Gdh�L
E�SUKuN&�<YDL
ZHGHC J E ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥/�

¥ Ó { Þ�æ r J CFN;GbRpL
GdPqK·SURTRTY J SURp[ ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �;¤
¥ Ó { Ó ¤ j!CFE
Y;ZdL
E ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �;¤
¥ Ó { Ó x à Y;V�V�S J [ ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �

¥ Ó0� @ Ò Pfr J CFNuGHRpL
S ] GHZHGHL\[�h�SURpL7P J E ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ���
¥ Ó0�,Ó ¤ �	Ø-CFRpL!PUh ç PqSUN ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
¥ Ó0�,Ó x �	Ø-CFRpL!PUh>m�CTn J CTC2PUh � Y;ZdL
GHruZdCpÖDGHKDn Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {o¤
¥ Ó0�,Ó ¥ à Y;V�V�S J [ ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {o¤

¥ Ó � à YuV�V�S J [ ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {Ux

ï�1 ðWófôÙù�î2û=ò0ï�ó�ô ðWófô»ò	��ó�ø ïTô ù�ô&�©ò0î<ø�ø�ñ32�ø�ïTöOî ó	1�î$��øÐñ�� ôÍî<ò)2
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� Ó ¤ a KML J P,N;YuRpL
GdPqK Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {+�
� Ó x s PqK;nUCFE7L
GdPqK s PqKgL J PqZ=GbK v KgY;L7CFZHZHS Ú CTL Ò P J
Õ E ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {U{

� Ó x Ó ¤ �<|UC J |,GHC Ò PUhÑL
B;C v K,YDL7CFZHZHS3��r�C J SzL
GHPqK;E ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ { �
� Ó x Ó x s PqKDnUCFE7L
GdPqK s PqKML J PqZ � CFR8B;SUK;GHE
VWE Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ { �
� Ó x Ó ¥ � CFE
E
SznUCÔ@�[,r�C à r�CFRTGdcuR ç GbV�GdL ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {/�
� Ó x Ó � s PqVfruS J GHE
PqK·PUhim<G�Ø�C J CFKgL v K,YDL7CFZHZHS à C J |UCFKML
E ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � y

� Ó ¥ s PqK;nUCFE7L
GdPqK s PqKgL J PqZ æ CFB;S�|,GHP JfÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � ¤
� Ó ¥ Ó ¤ � CFE
E
SznUCÔm J PUr I SzL7L7C J K;E ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � x
� Ó ¥ Ó x m<GHE
L J G ] YDL
GHPqK ÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�
� Ó ¥ Ó ¥ a VfruSURpL�PUh%?�RTRpCFE
E æ SUK;N Ò GHNDL
B�SUK;N I CTC J s PqK;KDCFRpL
GH|,GdLÜ[ ÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �

� Ó � 7�K;NDC J E
L
SUK;N;GHKDnÔL
BDC s PqKDnUCFE7L
GdPqK s PqKML J PqZ � CFR8B;SUK;GHE
VWE�GHK v K,YDL7CFZHZHS Ú CTL Ò P J
Õ E Ó � �
� Ó � Ó ¤ I�J GdP J GHL\[(8tYDCFY;GHKDn Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �z¥
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� Ó � Ó x @ s Iáæ SUR Õ r J CFE
E�Y J C ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
� Ó � Ó ¥ j4SzL7C ç GbV�GdL
GHKDn ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � ¤

� Ó { à YuV�V�S J [ ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � ¥
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{ Ó ¤ a KML J P,N;YuRpL
GdPqK Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � {
{ Ó x à GbV2Y;ZbSzL7P J ? J R8B;GdL7CFRpL
Y J C ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�

{ Ó x Ó ¤ �<|UC J |,GHC Ò ÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
{ Ó x Ó x I CTC J ?4r;r ÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�
{ Ó x Ó ¥ I CTC J ?4nUCFKgL ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
{ Ó x Ó � à P,R Õ CTL4?�N;Szr;L
SzL
GdPqK ç SF[UC J*ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �zy
{ Ó x Ó { m�CFE
R J G ] GHKDn�L
BDC à GHV2YuZHSzL
GdPqK ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �o¤

{ Ó ¥ à r�CFRTGHSUZbGdéFGHKDn2L
BDC0X J SUV�C Ò P J
Õ L7P à GHVÔY;ZHSzL7C v K,YDL7CFZHZHS à [oE7L7CFV�E ÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �Ux
{ Ó � �	Ö,r�C J GHV�CFKML
SUZ�j!CFE
Y;ZdL
EÐPqK v KgYDL7CFZbZHS I C J hlP J V�SUK;RpC ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �+�

{ Ó � Ó ¤ à [,E7L7CFVÇ@�B J PqYDnqB;ruYDL ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �U{
{ Ó � Ó x 8tYDC J [�j!CFE7r�PqK;E7CQ@�GbVfC ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
{ Ó � Ó ¥ s PqK;E
GHNDC J GHKDnÔL
BDCQj�CFE7L!PUhiL
B;C Ú CTL Ò P J
Õ ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�

{ Ó { ç S J nUC à RTSUZdC à GHV2YuZHSzL
GdPqK Ò GdL
B�?A@�B)C ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyUy
{ Ó0� �	Ö,L7CFK;E�G ] ZdC<h�P J m<G�Ø-C J CFKML!j!CFE7CFS J R8B I Y J r�PqE7CFE ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Tyqx

{ Ó0�,Ó ¤ v å C ] s SUR�B;C à GHVÔY;ZHSzL
GHPqK ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Tyqx
{ Ó0�,Ó x @ÑCFE7L ] CFN�h�P J ?�ZdL7C J K;SzL
Gd|UC v KgYDL7CFZbZHSfX>ZdP Ò s PqKML J PqZ � CFR8B;SUK;GHE�V�E ÓQÓtÓQÓ ¤Tyqx

{ Ó � à YuV�V�S J [ ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Tyq¥
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�,Ó ¤ a KML J P,N;YuRpL
GdPqK Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Tyq{
�,Ó x I�J CFN;GHRpL
GdPqKD× ] SUE7CFN à GHVÔY;ZHSzL
GHPqK�m�CFE
GHnqK ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyH�

�,Ó x Ó ¤ à GHV2YuZHSzL
GdPqK s PqKgL7CpÖ,L ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyH�
�,Ó x Ó x à GHV2YuZHSzL
GdPqK·X J SUVfC Ò P J
Õ m�CTL
SUGHZHE ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyH�

�,Ó ¥ I�J CFN;GHRpL
GHK;n à L7CFSUND[M×\E
L
SzL7C2@�B J PqYDnqBDruYDL ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤Ty
�,Ó ¥ Ó ¤ à Y;V�V�S J [�PUhi@ s I ] CFB;S�|,GdP J�ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤Ty
�,Ó ¥ Ó x � CFSUE
Y J CFVfCFKML I C J GdP,N ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤Ty
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|,GHGbG
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¤ � I PqGHE
E7PqK©r J PoRpCFE
E Ó-ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �H�
¤ � I	J P,RpCFE
E
P J<à B;S J GHKDn�VfP,N;CFZ ÓÛÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {zy
xzy v K,YDL7CFZHZHSfE
C J |UCFKML4hlP J�Ò S J NuGHKDn ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {.�
xo¤ m J PUrOreSzL7L7C J KeP v L Õ × v K,YDL7CFZHZHSHQ ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � ¥
xUx m J PUrOreSzL7L7C J KeP � YDL7CFZHZHSHQ ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
xU¥ m J PUrOreSzL7L7C J KeP ç GbVfC å G J CfQ Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
x+� s m<X*PUh%N J PUruE � E7CFR ÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � {

ÖoG



xU{ �%ÖoruSUK;N;CFN·|,GdC Ò P v L Õ × v KgYDL7CFZbZHSHQ ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�
x � �%ÖoruSUK;N;CFN·|,GdC Ò P � YDL7CFZbZHSHQ Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
x.� �%ÖoruSUK;N;CFN·|,GdC Ò P ç GHVfC å G J CfQ ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
x � @3[gr�CQN;GHE
L J G ] YDL
GHPqKWPUh%N J PUreE Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�
x/� a VfruSURpL�PUh%RpPqK;KDCFRpL
GH|,GdLÜ[ ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ��y
¥zy I C J h�P J V�SUK;RpCQPUh>r J GdP J GdLÜ[�k,YDCFY;GHKDn ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �f�
¥o¤ I C J h�P J V�SUK;RpC Ò GdL
B©YDL
GHZbGdL\[�h�Y;K;RpL
GHPqK ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �z{
¥Ux I C J h�P J V�SUK;RpCQ|oE Ó ] YoØ-C J E�GdéTC ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
¥U¥ Þ CTL7C J PUnUCFKDCFGdLÜ[©L7CFE7L!E7CTL
Y;r ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
¥+� @�B J PqYDnqBDruYDL Ò GHL
B�@ s I ] SUR Õ r J CFE
E
Y J C ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ���
¥U{ j�CFE
r-PqKuE7CtL
GHVfC Ò GHL
B�@ s I ] SUR Õ r J CFE
E
Y J C ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � y
¥ � Þ CTL7C J PUnUCFKDCTPqY;E ] SUR Õ r J CFE
E
Y J CQRTSzreS ] GHZHGdLÜ[ ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � x
¥.� j!SzL7CÔZHGHV�GHL
GHKDn0r�C J h�P J V�SUKuRpC Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � ¥
¥ � Þ CTL7C J PUnUCFKDCTPqY;E J SzL7C0ZbGHV�GdL
GHK;n2RTSzruS ] GbZHGdL\[ ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
¥/� I CTC J E�GHV2YuZHSzL7P J S J R�BuGdL7CFRpL
Y J C ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
�qy à [oE7L7CFV�L
B J PqYDnqBDruY;L ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
�;¤ s PqK;K;CFRpL
Gd|,GHL\[ Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �.�
�Mx Þ GdL�L
GHVfCt|oE Ó SURTRpCFE
E æF�}å ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
�M¥ Þ GdL�L
GHVfCt|oE Ó ZHGbK Õ NDCFZHS�[LP¡¤�Q Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
�/� Þ GdL�L
GHVfCt|oE Ó ZHGbK Õ NDCFZHS�[gP x.Q Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�
�M{ I C J h�P J V�SUK;RpC Ò GdL
B ] SUR Õ n J PqYuK;N�L J S�
WR ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyUy
� � à RTSUZHGbKDn Ò GdL
B�K,Y;V ] C J PUhir J PoRpCFE
E7P J E ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyD¤
��� à GHVÔY;ZHSzL
GHPqK·CTr-PoR�BuE ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyH�
� � @ÑPUr-PqZHPUnU[ a�ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤��
�H� @ÑPUr-PqZHPUnU[ a�aAÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤F{
{zy à r�CTCFN;YDr�|oE Ó L J SUKuE7hlC J E
GdéTC ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤ �
{o¤ ?4r;r J P�ÖoGHVWSzL
GdPqK·|,E Ó ZdPqE
E	P�m<G J CFRpL � CFSUE�Y J CFVfCFKgLhQ ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤��
{Ux ?4r;r J P�ÖoGHVWSzL
GdPqK·|,E Ó ZdPqE
E	P�X;P J V2YuZHSHQ ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤ �
{U¥ ?4r;r J P�ÖoGHVWSzL
GdPqK·|,E Ó KgYuV ] C J PUhi,;P Ò E ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fxzy
{+� @�B J PqYDnqBDruYDL�Szr;r J PFÖDGHV�SzL
GdPqKgP¡¤�Q ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fxo¤
{U{ @�B J PqYDnqBDruYDL�Szr;r J PFÖDGHV�SzL
GdPqKgP x.Q ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fxo¤
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{ � 8<YDCFY;CtP,RTRTYDreSUK;Rp[.VMreSUR Õ CTL¡× ] SUE7CFN ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤FxUx
{.� 8<YDCFY;CtP,RTRTYDreSUK;Rp[.VMh�P J VÔY;ZHS�× ] SUE
CFN ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤FxU¥
{ � I SUR Õ CTLtE7CFk,YDCFK;RpC ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx+�
{/� 8<YDCFY;CtP,RTRTYDreSUK;Rp[ Ò GdL
B�V�G�ÖoCFN�E
GHVÔY;ZHSzL
GHPqK;E ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx+�
� y I	J CFN;GHRpL
GdPqK·C J
J P J |,E Ó KDCTL Ò P J
Õ RpPqKDc;nqY J SzL
GdPqK ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤FxU{
� ¤ I	J CFN;GHRpL
GdPqK·C J
J P J |,E Ó L J S�
WRQVWG�Ö ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx �
� x ?4r;r J P�ÖoGHVWSzL
GdPqK·|,E Ó L J SUK;E7h�C J E
GHéTC ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx.�
� ¥ 8<YDCFY;CtP,RTRTYDreSUK;Rp[·|,E Ó K,Y;V ] C J PUhj,uP Ò E ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx �
� � 8<YDCFY;CtP,RTRTYDreSUK;Rp[gP�BDCTL7C J PUnUCFKDCFGdLÜ[6Q ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx �
� { 8<YDCFY;CtP,RTRTYDreSUK;Rp[.Vgj4��m |oE Ó m J PUru@iSUGHZ ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥zy
�/� XDP J VÔY;ZHS�|,E Ó N;G J CFRpL�VfCFSUE
Y J CFVfCFKgL ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥o¤
� � ?4r;r J P�ÖoGHVWSzL
GdPqK·PqK ç ? Ú E ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥+�
�/� s Szr;L
Y J GHKDn�L
BDCQL J SUK;E
GdCFK;RpC ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥U{
� � @ J S�
WRtnUCFKDC J SzL
GdPqKORpPqKgL7CpÖ,L Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥/�
��y 74L
GHZHGdéFSzL
GdPqK�Szrur J PFÖDGHV�SzL
GHPqK Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{o¤
�,¤ ç PqE�E J SzL7C0Szrur J PFÖDGHV�SzL
GHPqK ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{Ux
�zx s m<X*PUh>L
BDCQV�SznqK;GHL
Y;NDCtPUh J CFZHSzL
Gd|UCQC J�J P J P ] SUR Õ ] PqKDCQL7PUr�PqZdPUnU[kQ ÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{+�
�z¥ j�CFZbSzL
Gd|UCQC J
J P J |,E Ó L
S J nUCTL4ZdPqSUN ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{U{
�f� lÈ|,E Ó lFm'P {fZdPqE
E7[·ZHGHK Õ E � ��yfL
S J nUCTL�ZHGHK Õ EhQ Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{U{
�z{ lÈ|,E Ó lFm'P¡¤���ZdPqE
E
[�ZHGHK Õ E � ��yfL
S J nUCTL4ZHGHK Õ EhQ Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{ �
� � a VfruSURpL�PUh>L
BDCQK,Y;V ] C J PUh>L
S J nUCTL�ZHGHK Õ E ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{.�
�/� a VfruSURpL�PUh>L
BDCQK,Y;V ] C J PUh%ZdPqE�E7[�ZHGbK Õ E ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{ �
� � a VfruSURpL�PUh%SF|UC J SznUCÔBDPUr©RpPqYuKML#PU�fZdPqE
E7[·ZHGHK Õ EhQ ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{ �
��� a VfruSURpL�PUh%SF|UC J SznUCÔBDPUr©RpPqYuKML#P¡¤���ZdPqE
E7[·ZHGHK Õ EhQ ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{/�
� y ç PqE�E J SzL7C0Szrur J PFÖDGHV�SzL
GHPqKgP�E
RTSzL7L7C J reZdPULhQ ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ � y
� ¤ s m<X*PUh>ruSUR Õ CTL�kgY;CFY;GHKDnfNDCFZHS�[ ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ � ¤
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.	Y�É É "nZeo

I C J h�P J V�SUK;RpC�CT|zSUZHY;SzL
GHPqKâRpPqKML
GHK,YDCFEfL7PÏreZHSF[ÊSUKâGHVfr�P J L
SUKgL J PqZdC�GHK*KDCTL Ò P J
ÕÊJ CFE7CFS J R8B Ó
@ Ò PÎL\[,r-CFEÔPUh J CFE7CFS J R8BâCpØ-P J L
E J CFZHSzL7CFNÊL7PÙKDCTL Ò P J
Õ r-C J hlP J VWSUK;RpC�CT|zSUZHY;SzL
GHPqKÊS J C�reS J L
GHRTY;ZHS J Zd[
KDPUL7C Ò P J L
Bg[e~�P¡¤�Q�Y;E
GbKDn�E7[oE7L7CFV�SzL
GbR�r-C J hlP J VWSUK;RpC2CT|zSUZHY;SzL
GHPqKÍL7P©YuK;NDC J E7L
SUKuNÍE7r�CFRTGdceR0r J P ] ZdCFV�E
SUK;NOL7P�NDCFE
GHnqK ] CTL7L7C J E7PqZbYDL
GdPqK;E � SUKuNpP x.Q�N;CFE
GdnqK;GHK;nfCq
WRTGdCFKgL!r�C J h�P J V�SUK;RpCtCT|zSUZHY;SzL
GdPqKÍVfCTL
BDPoNo×
PqZdPUnqGdCFE Ó

@�BuGHEiL
BDCFE
GHE%SUN;N J CFE
E7CFE%E7CT|UC J SUZDr�C J hlP J V�SUK;RpCÐCT|�SUZbY;SzL
GdPqKfR�BuSUZHZdCFKDnUCFE � CFK;RpPqVfruSUE
E�GHKDn ] PUL
BfRTSzL¡×
CTnUP J GdCFE3PUh�CpØ�P J L�ZbGHE7L7CFNWS ] P}|UC �,J CFZHSzL7CFNWL7PÔS2E
CTCFV�GHKDnqZd[Ôh�SUV�GHZHGHS J L7PUruGHR � @ s I × ] SUE7CFNWE7C J |,GHRpCFE Ó X;P J
V�SUKg[�[UCFS J E4L
B J PqYDnqBDPqY;L�L
BDC a KgL7C J KDCTL!CT|UPqZbYDL
GdPqK � CFKuNo×µL7Pz×µCFK;N»RpPqKDnUCFE7L
GdPqK»RpPqKML J PqZ � SUKuNO@ s I GHK
ruS J L
GbRTY;ZHS JF� BuSUE J CFV�SUGbKDCFNÏL
BDC�r J CT|zSUGHZHGHKDn�VfCFR8B;SUK;GHE�VüL
B J PqYDnqB Ò B;GHR8BÙKDCTL Ò P J
Õ YuE
SznUCWGHE J CTnqYo×
ZHSzL7CFNáSUV�PqKDnÙCFK;NâY;E
C J EfSUK;NáKDCTL Ò P J�Õ r�C J h�P J V�SUKuRpC·GbEfRpPqKML J PqZbZdCFN Óè� Y;R�B J CFE7CFS J R�B B;SUE ] CTCFK
GHKg|UCFE7L7CFNOGbK�Y;K;NDC J E
L
SUK;N;GHKDn�@ s I SUK;N©GHK�GbVfr J P}|,GHK;nÔP J RTY;E7L7PqV�GHéFGHKDnf@ s IiÓ;a L�GHE�[UCTL4L7P ] Cth�Y;ZbZd[
SUK;E Ò C J CFN � BDP Ò CT|UC J�� SUE0L7P Ò B;SzL2SUKuN6BDP Ò L7P»CT|�SUZbY;SzL7C�@ s I × ] SUE
CFN�E7C J |oGHRpCFE ÓÍà Y;R�B6kgYDCFE
L
GdPqK;E
S J C�CFE7r�CFRTGHSUZHZd[ÏGHV�r-P J L
SUKML2L7PÎSUNuN J CFE
E Ò BDCFKÊKDC Ò KDCTL Ò P J
Õ E
C J |,GbRpCFEÔSUKuN�L7CFR8B;KDPqZdPUnqGdCFE�CFV�C J nUC Ó
@�B;GbE�L
BDCFE
GbE�GbE4VfPUL
GH|�SzL7CFN ] [ ] Y;GbZHN;GHKDnfB;GHnqBo×µr�C J hlP J V�SUK;RpC2@ s I × ] SUE
CFNÍKDCTL Ò P J�Õ E7C J |oGHRpCFE<GHKÍL
BDC
RpPqKgL7CpÖ,LÔPUhÐP�|UC J ZHS�[ J PqYDL
GbKDn©SUK;NÙr�CTC J ×µL7Pz×µr�CTC J E7[,E
L7CFV�E Ó�å B;GbZdC Ò P J�Õ GHK;n©L7P Ò S J N;EÔE7PqZHYDL
GHPqK;E<L7P
RpPqK;R J CTL7C·KDCTL Ò P J
Õ E7C J |oGHRpCWNDCFE
GHnqK�SUK;N�Cq
WRTGdCFKgL2KDCTL Ò P J
Õ r-C J hlP J VWSUK;RpC�CT|zSUZHY;SzL
GdPqK6VfCTL
BDPoNDPqZdPz×
nqGdCFE � L
B;GHE>L
BDCFE�GHE	NDCFVfPqKuE7L J SzL7CFE��
Y;E7L3BDP Ò VÔY;R8B�L
BDC!N;CTL
SUGHZdCFN Õ KDP Ò ZdCFNDnUC�PUh�@ s I SUK;NfPUh�KDCTL Ò P J
Õ
L J S�
WR0RpPqY;ZHN�BDCFZdr©GbK�SUR�B;GdCT|oGHKDnfL
B;CFE7C0E7PqZHY;L
GdPqK;E Ó

å GdL
B J CFE7r�CFRpLtL7P�L
BDC�c J E7L<L\[,r-CfPUh J CFE7CFS J R8BÙCpØ�P J LQZHGHE
L7CFN»S ] P}|UC � L
B;GHE�L
BDCFE�GHEtSUN;N J CFE�E7CFE<L Ò P
GHE
E�YDCFE J CFZHSzL7CFN�L7PWL
BDC0NDCFE
GHnqK·PUh>@ s I × ] SUE
CFN�KDCTL Ò P J
Õ E7C J |oGHRpCFET~
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BDCfVfPqE7LQGHVfr�P J ×
L
SUKgL·r�C J hlP J V�SUK;RpCÍV�CTL J GHR©PUh2ZHS J nUCÍ@ s I L J SUK;E7h�C J E ÓìI	J CFN;GbRpL
GHKDnÙL
BDCÎ@ s I L
B J PqY;nqBDruYDL
SzL7L
SUGbK;S ] ZdC�PqK�N;G�Ø�C J CFKMLtreSzL
B;E0GHE<h J CFk,YDCFKgL
Zd[Ír J SURpL
GHRpCFNÏh�P J E7C J |UC J P JQJ PqY;L7CWE7CFZdCFRpL
GdPqKuEQGHK
r�CTC J ×µL7Pz×µr�CTC J E7[,E
L7CFV�E	SUK;N�P}|UC J ZHSF[ � VÔY;ZdL
GHBDPqV�CFN J PqYDL
GHK;n<K;CTL Ò P J
Õ E Ó	æ SUE
CFN�PqK�S<L
BDP J PqYDnqB
V�CFSUE
Y J CFVfCFKgL0E7L
YuND[ �=Ò C�CT|�SUZbY;SzL7C�L
BDCWSURTRTY J SURp[ÎPUh�L Ò PÍRTSzL7CTnUP J GdCFE2PUhÐ@ s I L
B J PqY;nqBDruYDL
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r J CFN;GHRpL
GdPqKÎL7CFR8B;K;GHk,YDCFE Ófå CWL
BDCFKÙSUK;SUZd[,éTCfL
BDC�h�SURpL7P J E0L
B;SzL0S�Ø�CFRpL0L
BDC�SURTRTY J SURp[»PUhÐCFSUR8B
SUKuN©E
YDnUnUCFE7L!L
BDC0N;G J CFRpL
GdPqK;EÐh�P J GHVfr J P�|UCFVfCFKgL Ó
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K;P,NDCFE!GHK�L
BDC v K,YDL7CFZHZHSÔr�CTC J ×µL7Pz×µr�CTC J P}|UC J ZHS�[·K;CTL Ò P J
Õ RpPqK;KDCFRpL!L7PfCFSUR8BOPUL
B;C J Y;E
GHK;n�@ s I
L
YuK;KDCFZHE Ó s PqK;nUCFE7L
GdPqK�RpPqYuZHNÙL
S Õ C·ruZHSURpC�SzL2L
BDC�P�|UC J ZbSF[�ZHS�[UC J SUK;N�RTSUY;E
C�VfCFE
E�SznUC�ZdPqE�E7CFE
Ò BDCFK L
BDCÏL
B J PqYDnqBDruYDL�PUh�Sá@ s I L
Y;K;K;CFZtRTSUK;KDPUL Õ CTCTrìYDr Ò GdL
B�L
BDC J SzL7CÙPUhfS J
J Gd|oGHKDn
V�CFE
E
SznUCFE Ó3å CtCT|�SUZHYuSzL7CtL
BDCtRpPqKDnUCFE7L
GdPqK©RpPqKgL J PqZ�VfCFR8B;SUK;GHE�V�E�SUK;N·VfCFE
E
SznUCQZHPqE
E ] CFB;SF|oGdP J
GbK�L
BDC�CpÖoGbE7L
GHKDn v KgY;L7CFZHZHS©P}|UC J ZHS�[6KDCTL Ò P J
Õ E Ó @�BDC�R�B;SUZHZHCFKDnUCFEÔhlP J RpPqKDnUCFE7L
GdPqK*RpPqKgL J PqZÐGHK
E�Y;R�B2S!VfCFE
E�SznUCp×µP J GdCFKgL7CFNÔK;CTL Ò P J
Õ S J C3SUKuSUZd[géTCFN � SUEiS J C	L
BDC�NDCFE
GdnqKQL J SUNDCTPzØ�EwPUh;SUZdL7C J K;SzL
Gd|UC
V�CFR�B;SUK;GbE
V�E Ó
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Y;ND[fE7[oE7L7CFV�E�E
Y;R8BWSUE�L
BDC
S ] P}|UC Ò GdL
BÏNDCTL
SUGbZHE�PUh3L
BDC�YuK;NDC J Zd[oGHKDn�KDCTL Ò P J
Õ-�wÒ C�NDCFE
GdnqKÎSUK;N�NDCT|UCFZdPUrÙS�E
RTSUZHS ] ZdC�SUK;N
CpÖoL7CFK;E
G ] ZdCWr�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV E
GbV2Y;ZbSzL7P J L
B;SzLfGHE J Y;K6PqK*SÎK;SzL
Gd|UC�KDCTL Ò P J
Õ E
GHVÔY;ZHSzL7P J
Ò GdL
B uD�q��|q�T�{x¾�d�q}z�p��sM�F�µ�z��� � Ó @�BDC�E
GHVÔY;ZHSzL7P J B;SUEÐSUK�GHKgL7C J h�SURpC<L
B;SzL�GbE3GHKgL7CFK;NDCFN�L7PfV�S�ÖDGHV�GdéTC
GHL
Ewr�P J L
S ] GbZHGdL\[<L7P<N;G�Ø�C J CFKgLwruSUR Õ CTL¡×\ZdCT|UCFZDKDCTL Ò P J
Õ E�GHV2YuZHSzL7P J E � V�S Õ GHKDn!GHLwr�PqE
E
G ] ZdC%L7PtYDL
GHZHGdéTC
CpÖDGHE7L
GbKDn<ruS J SUZHZdCFZbGdéFSzL
GdPqK2L7CFR�B;K;GbkgYDCFE>h�P J E
RTSUZHS ] GHZHGdLÜ[ ÓÑa L%RTSUK ] C3CpÖoL7CFK;NDCFNfL7PQE
L
Y;ND[0N;GdØ-C J CFKgL
SUE
r-CFRpL
E!PUhiS�r-CTC J ×µL7Pz×µr-CTC J E7[oE7L7CFV Ó
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B;C�L
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GHE �qJ CTr J CFE
CFKML
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B;C!E7CFRpPqK;NfLÜ[gr�C�PUh�CpØ�P J L	PqYDL
ZbGHKDCFN�S ] P�|UC � r J Pz×
r�PqE7CFE�L Ò P�L7CFR�B;K;GbkgYDCFE!L7PWGHVfr J P�|UC0K;CTL Ò P J
Õ E
GHVÔY;ZHSzL
GdPqK;E ] [�CpÖ,ruZHPqGdL
GHKDn�L
BDC0N;CTL
SUGHZdCFN Õ KDP Ò ZdCFNDnUC
PUh%@ s I ~
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�.sU�+xÜ���µ�q�\�jue�
��sU�����µ�H�p��� �����.v I�J P,RpCFE�E
GHKDn
PUh0ruSUR Õ CTL�CT|UCFKgL
E�GHE ] [áh�S J L
BDCÎVfPqE7L�L
GHVfCÍRpPqKuE
Y;V�GHK;n6SUE7r�CFRpL�PUh0ZHS J nUCÎE
RTSUZdCÎKDCTL Ò P J
Õ
E�GHV2YuZHSzL
GdPqK;E ÓÍå C�NDCT|UCFZdPUrâSOL7CFR8B;K;GHk,YDC�L
B;SzL�E
SF|UCFEfPqKÊL
BDC�r J PoRpCFE
E
GbKDn©PUh!reSUR Õ CTLfCT|UCFKgL
E
h�P J @ s I ,;P Ò E2Y;E�GHKDn©L
BDC Ò CFZHZ	CFE7L
S ] ZHGHE
BDCFN J CFE
Y;ZHL
E0E
BDP Ò GHKDnOL
B;SzL2L
B;C�S�|UC J SznUC ] CFB;SF|oGdP J
PUh3S�@ s I ,uP Ò GHE!r J CFN;GHRpL
S ] ZHCQnqGd|UCFKÎS�E
L7CFSUND[M×\E
L
SzL7CfruSzL
BÍRpPqKuN;GdL
GdPqK Ó!å CÔCpÖoruZdPqGHL!L
B;GHE!L7P
r J CFN;GHRpL%L
BDC4SF|UC J SznUC ] CFB;SF|oGdP J PUh�S2@ s I ,uP Ò P}|UC J S0h�Y;L
Y J C�r�C J GdPoN�PUh�L
GHVfC Ò B;C J C�E7L7CFSUND[g×
E
L
SzL7C0RpPqK;N;GdL
GHPqK;EÐBDPqZHN � L
BgYuE�SUZHZdP Ò GHKDnÔhlP J S J CFNuY;RpL
GdPqK�P�P J CFZHGHVWGHK;SzL
GdPqK>Q%PUhÑL
B;C�r J P,RpCFE�E
GHKDn
J CFkgY;G J CFN�hlP J ruSUR Õ CTL3CT|UCFKML
E Ó �tY J L7CFR�B;KuGHkgY;C�RTSUK�GHKgL7CTn J SzL7C Ò CFZHZ Ò GdL
B�CpÖDGHE7L
GbKDn<ruSUR Õ CTL¡×\ZdCT|UCFZ
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E�GHV2YuZHSzL
GdPqK;E Óia KfL7C J V�E3PUh�L
BDC4Szr;r J PFÖDGHV�SzL
GdPqKWL7P0ruSUR Õ CTL¡×\ZdCT|UCFZ�E
GHVÔY;ZHSzL
GdPqKuE � GdL�GbE	SUZHE7PÔVfP J C
h�SUGdL
BDh�Y;Z�GHK©E
CT|UC J SUZ J CFE7r�CFRpL
E�L
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GdPqK�L7CFR8B;K;GHk,YDCFE Ó
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GHR�ZdPqSUN�ZdCT|UCFZ � RpPqKDnUCFE7L
GHPqK
ZHP,RTSUZHGHL\[�SUKuN�ZdPqSUN�N;Gd|UC J E�GdL\[WS J C J Cq,;CFRpL
GdPqK;EÐPUh J CFSUZ�KDCTL Ò P J�Õ RpPqK;NuGdL
GdPqK;E Ó>a K·P J NDC J L7P�B;S�|UC
E�Y;R�B»ZdPqSUN»RpPqK;N;GdL
GdPqKuE�GHKOS�ZHS J nUCÔE
RTSUZdC�KDCTL Ò P J
Õ E�GHV2YuZHSzL
GdPqK©E7CTL
Y;r �uÒ CÔK;CTCFNÍSUK»Szr;r J PqSUR8B
L7P�nUCFKDC J SzL
GHK;n�SUK»Szr;r J PUr J GHSzL7CtL J S�
WR2V�SzL J G�Ö ÓÐå C2NDCT|UCFZdPUrÎSUKOSUZHnUP J GdL
B;V`L
BuSzL4nUCFKDC J SzL7CFE
L J S�
WR�h�P J S2E7r�CFRTGdcuR�KDCTL Ò P J
Õ RpPqK;c;nqY J SzL
GdPqKWE
Y;R�BWL
B;SzL J CFSUZHGHE7L
GHR�SUKuNWY;E7C J ×\NDCFE
GdnqK;SzL7CFNWZdPqSUN
RpPqKuN;GdL
GdPqK;E!S J C2P ] L
SUGHKDCFN©PqKÍRpC J L
SUGHK»ZHGHK Õ E Ó ?ÐL4L
BDCÔE
SUVfC2L
GHVfC � L
B;C2SUZdnUP J GHL
B;VÇV�GbK;GHV�GdéTCFE
L
B;C0E
GHVÔY;ZHSzL
GdPqK·VfCFV�P J [ J CFkgYuG J CFVfCFKgL Ó
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@�BDC0CT|UPqZHYDL
GdPqKOPUh>K;CTL Ò P J
Õ L7CFR�B;K;PqZdPUnqGdCFE�RpPqK;E7L
SUKgL
Zd[©GHK;E7reG J CFE�KDC Ò Szr;ruZHGHRTSzL
GHPqK;E �DÒ B;GbR�B©GHK©L
Y J K �
R�BuSUKDnUC<L
BDC4KDCTL Ò P J�Õ L J S�
WR�R�BuS J SURpL7C J GHE7L
GbRTE�E�GdnqK;GdcuRTSUKgL
Zd[ Ó XDP J GHK;E
L
SUK;RpC � L
B;C�NDPqVWGHK;SUK;RpC�PUh å C ]
L J S�
WRÐPqK�L
BDC a KgL7C J KDCTL	GHK�L
B;C�ZHSzL7C��zyb  E	B;SUE>n J SUNuY;SUZHZd[ ] CTCFK J CTreZHSURpCFN ] [�StRpPqV ] GHKDCFNfNDPqVWGHK;SUK;RpC
PUh å C ] SUK;N·r�CTC J ×µL7Pz×µr�CTC J P I x I QÐL J S�
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�3VfC J nqGHKDnÏSzr;reZHGHRTSzL
GdPqK;E2L7CFK;N*L7PÙB;S�|UCOB;GdnqB*NDCFVWSUK;N;EÔhlP J K;CTL Ò P J
Õ6J CFE7PqY J RpCFEfSUK;N*CFV�ruZdP�[
E7PUruBuGHE7L
GHRTSzL7CFNÊSUK;N*N;Gd|UC J E�Gdc;CFNÙr J PUL7P,RpPqZbE �%Ò B;GHR8B*E7L J CFE
E�KDCTL Ò P J
Õ6J CFE7PqY J RpC�V�SUKuSznUCFVfCFKML Ó �<KDC
RpPqK;E7L
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BDCtCT|UPqZbYDL
GdPqK�GHEÐL
B;SzL�CFKuNo×µL7Pz×µCFK;N©RpPqKDnUCFE
L
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GbRTY;ZHS JF�
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B J PqY;nqB Ò B;GHR8BÊK;CTL Ò P J
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BDC©Y;E
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GdPqK
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@ s I L J SUK;E7h�C J r J P ] CFE Ò GHL
BÏS©ZHGHV�GHL7CFN»E
P,R Õ CTL ] YoØ�C J E
GdéTC�P ¥Uxzã æ Q Ó�` SzéFB Õ Y;N;SUG%CTL2SUZ Ó Y;E7C ] YuZ Õ
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B;P Ò L
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GbV�GHZHS J ZH[ � SUK;NÍL
B;SzL<L
BDCÔS�|UC J SznUCfr J CFNuGHRpL
GdPqK©C J�J P J PqKÍL Ò P·ruSzL
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Y;ZHL
EWS J CÍL
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BáE
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¤F¥



ZHGHK;CFS J r J CFN;GHRpL7P J E � S ] PqYDL3�U{.T PUh�L
B;C©r J CFN;GbRpL
GdPqKÊC J
J P J E�S J C ] CFZdP Ò �qyHT � SUKuNèx.QÔr J CFNuGHRpL
GdPqK;E
Y;E
GbKDn�S�|UC J [»ZdPqKDn·B;GHE7L7P J [eP�C Ó n Ód�i� P}|,GHK;n·?4|UC J SznUC Ò GHL
B6¤Fx � E
SUV�ruZdCFEhQ�r�C J hlP J V J SzL
B;C J r�P,P J Zd[ Ó
?5E7L
YuND[ ] [�8<GHSzP�CTLtSUZ Ó B;SUE<E
BDP Ò KOL
B;SzL<L
BDC�r J CFN;GHRpL
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WR�GHE�B;GdnqBuZd[·ruSzL
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NDCTr�CFK;NDCFKgL�¡�¤Ty � ¢ Ó#� SzL
B;CFV�SzL
GHRTSUZtVfPoNDCFZHE÷P�E
Y;R8BÀSUE �»�ÍI�I Q�B;S�|UC ] CTCFKÀr J CT|,GdPqYuE
Zd[âY;E7CFN L7P
SUK;SUZd[,éTCQL
BDCtr J CFN;GHRpL
S ] GbZHGdL\[WPUh>SznUn J CTnqSzL7CÔKDCTL Ò P J�Õ L J S�
WR3¡�¤FxU¥�¢ � B;P Ò CT|UC JF� L
BDCT[�S J C2KDPUL�N;G J CFRpL
ZH[
Szr;ruZbGHRTS ] ZdC�L7P�L
BDCQr J CFN;GHRpL
S ] GbZHGdL\[WPUhi@ s I L
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��|UCFK©L
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BDCQr J CT|oGdPqY;E Ò P J
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SUKML
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BÔL
B;GHEÑL
BDCFE
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SzL�L
BDC J CFRpCFGd|UC J P J E7CFK;NDC J RpPqV�ruS J CFN�L7P�L
B;CQruSzL
B�  E ] SUK;N Ò GHN;L
Bo×\NDCFZHS�[�r J PoN;Y;RpL � SUK;NOE7PfL
BDCT[�NDP
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BDCfKDCTL Ò P J
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BDC�r J CT|oGdPqY;E Ò P J
Õ N;GHN»KDPUL<CpÖoSUVWGHKDC�L
BDC
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B;GHEÔh J CFkgYDCFKuRp[6GHE�S
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GdPqK Ó @�B;G J N � r J CT|,GdPqYuE Ò P J
Õ B;SUE�K;PUL�GHKM|UCFE
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GdnqSzL7CFN©L
BDCQYuK;NDC J ×
Zd[oGHKDn�ruSzL
B6R�B;S J SURpL7C J GHE7L
GHRTE0L
B;SzL2N;CTL7C J V�GHKDCWL
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B J PqYDnqBDruYDL Ó�a KuE7L7CFSUN �
L
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Õ ruSzL
BfB;SUE ] CTCFK�|oGdC Ò CFNfSUE�SL@ ] ZHSUR Õ ] PFÖ�B � SUK;NfE
PQGdL Ò SUE	K;PUL%r-PqE�E
G ] ZdC3L7P
J CFZHSzL7C�GHL
E%R�B;S J SURpL7C J GHE7L
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Õ RpPqK;E�GHE7L
E=PUh;RpPqZbZHS ] P J SzL
GHKDn!K;P,NDCFEwL
B;SzLihlP J VìSUK0SzruruZHGHRTSzL
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Ò S J N;GHKDn
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SznUCFEÔS J C J PqY;L7CFN�GHKÏL
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Õ J CFE7CFS J R8B �4Ò BDC J CÎKgY;V�C J PqY;E�r J PUr�PqE
SUZHE�CpÖDGHE7L�L
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Õ E �
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GdPqK;EÔB;SUE
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GdPqK;EÔB;S�|UC ] CTCFKÙr�C J h�P J VfCFNÙL
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Õ L7PUr-PqZHPUnU[ÙNDPgCFE2KDPUL2VWSzL
R�BÊL
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Õ-Ó%� PqE7L>PUh;L
BDC�CpÖDGHE7L
GHKDn Ò P J
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RpPqYDruZHCFNÊRpPqKuRTSzL7CFK;SzL7CFNè@ s I L
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L
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PqK»L7PUrÏPUh�@ s I L
YuK;KDCFZHE!L7P�r J P�|oGHNDC'8�P à E7C J |oGHRpCFE�L7P·P�|UC J ZHS�[»YuE7C J E Ò B;GHZdC2L
S Õ GbKDn�GbKML7P·SURTRpPqY;KgL
L
BDCÍnqZdP ] SUZ�KDCTL Ò P J
ÕâJ CFE7PqY J RpC»YuE
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h J SUVfC Ò P J
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GHPqK;GHKDn�GHK·L
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�<K;CORpPqKDnUCFE7L
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BDCOS ] P�|UC»GHEfL
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ZdCfSzL7L7CFKgL
GdPqK Ó �<|UC J ZHSF[ÏRpPqKDnUCFE
L
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BDC
L
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BtL
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GdPqK�GHE3L
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E
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E
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GHSzL7C4SÔE7L
Y;ND[fPUhwL
BDC<P�|UC J ZHS�[�ZHS�[UC J RpPqKo×
nUCFE7L
GdPqKÎRpPqKgL J PqZir J P ] ZHCFVÇGHKOL
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Õ-Ó s B;S Ò SzL
BDCÔCTL�SUZ Ó B;S�|UCfE
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GdPqKÎRpPqKML J PqZiVfCFR8B;SUK;GHE
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B�CpÖ,L7CFKuE
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BDC�GHV�ruSURpL�PUh4Szr;ruZbGHRTSzL
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Y;E7C J ] CFBuSF|oGdP JFÓ%æ [�GHnqKDP J GHKDntL
B;C ] SUE
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BDCT[�h�SUZHZuE
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J CT|UCFSUZHGbKDnfL
BDCQGHVfreSURpL�PUhiL
B;CQGHKML7C J SURpL
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B;GHE3L
BDCFE
GHE �gÒ C�NuGHE
RTY;E
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Õ L
B;SzLÐGHE�GHKgL7CFK;NDCFN
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BuGHE�nqSzr Ó
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GHKDnÔNDCTL
SUGHZdCFN�,;P Ò ×
ZdCT|UCFZ�VfPoNDCFZHEÐGHK Ò BuGHR�B�L
BDCQS�|UC J SznUC2@ s I L
B J PqYDnqB;ruYDL ] CFBuSF|oGdP J RTSUK ] C�P ] L
SUGHKDCFN Ó>å CQP ] E
C J |UC �
BDP Ò CT|UC JF� L
B;SzLiGHLÑGHEiN;G­
WRTYuZdL=L7P<GHK;RpP J r�P J SzL7C�S�RpPqV�ruZdCpÖ),;P Ò ×\ZdCT|UCFZoVfPoNDCFZMGHKgL7P�L
BDC�SUKuSUZd[gL
GbR�VfPoNDCFZ
PUh�S<r-CTC J ×µL7Pz×µr-CTC J E7[oE7L7CFV5GHKÔL
BDC�c J E7L>ruZHSURpC Ó	� P J C�GHVfr�P J L
SUKgL
Zd[ � L
BDC�CFKuNo×µL7Pz×µCFK;N',;P Ò ×\ZdCT|UCFZ;@ s I
L
B J PqY;nqBDruYDL!GbE4KDPUL�SUZ Ò SF[oE�NuG J CFRpL
Zd[ J CFZHSzL7CFN»L7P�L
BDCÔL
B J PqYDnqBDreYDL�PUh	VfPqE7L�r�CTC J ×µL7Pz×µr�CTC J E7[,E
L7CFV�E Ó
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BDC J<Ò P J N;E � ] CTL7L7C J @ s I L
B J PqYDnqBDruYDL!PqKÍGHKuN;Gd|oGHN;Y;SUZ-RpPqK;KDCFRpL
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@ÑPÔGHV�r J P�|UC�L
BDC�r�C J hlP J V�SUK;RpC!PUhÑKDCTL Ò P J
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GbV2Y;ZbSzL
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GHKDn�L
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r J PqSUR�BDCFE Ó
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SUE Õ ] [»GHL
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P}|UC J CFE7L
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BDC·E
Y ] ×\ZHGHKDCFS J GHL\[ÎGHK6@ s I
L J SUK;E
V�GHE�E
GdPqK J SzL7C0VfPoNDCFZHGbKDn¥¡ xUx+¢ Ó
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B;GHE
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à QôP�E7CTC�hlP J CpÖDSUVfruZdC÷¡ ¥U{ � ¥o¤d¢~Q Ó»a K s BuSzr;L7C J;�,�>Ò C
CpÖoruZdP J C J CFZHSzL7CFNâGHN;CFSUEÔGbK6L
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[,E7L7CFVWE � PqY J nUPqSUZÐGHE0L7P J CFN;Y;RpC�L
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RTSUK·SUZ Ò SF[oE�RpP J�J CFRpLÐr J CFN;GHRpL
GHPqK;E Ò GHL
BWZHS J nUC�C J
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PqZHGHN;SzL7CFNÙSzrur J PqSUR�B;CFEtL7POGHVfr J P�|oGHKDn�E7r�CTCFN
SUK;N�E
RTSUZHS ] GHZbGdL\[ Ó @�BDCFE
C4GHK;RTZbY;NDCÐL7CFR�B;KuGHkgY;CFE3E
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GHVÔY;ZHSzL
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GHVÔY;ZHSzL
GdPqK �
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E7[oE7L7CFV�GHNDCFKgL
GdcuRTSzL
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¤ �



J CFSUZ�×µL
GbVfCtE
GHVÔY;ZHSzL
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J CFKgL
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Ù;�K_ U �Aã��"�-�XW �	���a` �cb:�¥�$�Ðß-���+�edf� �aå)�A�Ð�f��� �-��å g:�X�������$ã��H�-�

æ SUR Õ n J PqY;K;N·L J S�
WR4GbE3S Õ CT[�RpPqVfr�PqKDCFKgL�PUhwKDCTL Ò P J
Õ E
GHVÔY;ZHSzL
GdPqK;E � SUE�GdL3E�B;Szr�CFE�L
BDC<KDCTL Ò P J
Õ CFKo×
|oG J PqK;VfCFKgL!Y;KuNDC J�Ò B;GbR�BOK;CTL Ò P J
Õ VfCFR8B;SUK;GHE
VWE�P J r J PUL7PoRpPqZHE!S J CÔCT|zSUZHY;SzL7CFN Ó ?�E4E�Y;R�B � KDCTL Ò P J
Õ
L J S�
WRtV�P,NDCFZbGHKDn�SUK;N·nUCFKDC J SzL
GdPqKOB;SF|UC0SzL7L J SURpL7CFNOVÔY;R�B©SzL7L7CFKgL
GdPqK©GbK·L
BDCtZHGdL7C J SzL
Y J C'¡�¤�� � ¥zy �N� y �
� � � ¤Fx/� � ¤F{zy/¢ ÓÔ� Y;R8B J CFE7CFS J R�BÏB;SUE ] CTCFKÎGHKg|UCFE7L7CFNÏGHKÎY;K;NDC J E7L
SUK;N;GHK;n�L
BDC ] SUE
GHRÔR�BuS J SURpL7C J GHE7L
GbRTE
PUhÐKDCTL Ò P J
Õ L J S�
WR � E
Y;R�B�SUEtL
BDC�L J S�
�RfRpPqVfr�PqE
GdL
GdPqKÏSUK;NÎL
B;C�L J S�
WR�r J P,RpCFE
E0SUEQS�L
GHVfCfE7C J GdCFE Ó
I C J B;SzruE<L
B;C�V�PqE7LtKDPUL
S ] ZdC�cuK;NuGHKDn�SzL7L
SUGbKDCFNÏGHE<L
B;SzLtKDCTL Ò P J
Õ L J S�
WR�L7CFKuNÍL7P©BuSF|UCWZdPqK;nz× J SUKDnUC
NDCTr�CFK;NDCFKuRpC�P ç j!m)QQSUK;N�E7CFZHhb×\E
GbV�GHZHS J GHL\[p¡�¤Tyq¥ � ¤F{ � ¢ Ó @�BDCFE7CWr J PUr�C J L
GdCFEQBuSF|UC�GbVfr�P J L
SUKML2GHVfruZHGd×
RTSzL
GdPqK;E4h�P J KDCTL Ò P J
ÕOJ CFE7CFS J R8B�¡ { �o� ¤TyD¤�¢ Ó XDP J CpÖoSUV�ruZdC � L
B;CT[©S�Ø-CFRpL�L
BDC2N;CFE
GdnqK�PUh J PqY;L7C J k,YDCFYDC
V�SUK;SznUCFV�CFKML�E
R8BDCFVfCFE)¡ � ¤ ¢hO,PqK·L
B;C�PUL
B;C J B;SUK;N � L
BDCT[�RTSUK ] C�CpÖ,reZdPqGdL7CFN�hlP J r J CFN;GHRpL
GdPqK÷¡ � x+¢=SUK;N
RpPqKDnUCFE7L
GHPqKORpPqKgL J PqZA¡ xU¥ � ¤F¥.��¢ Ó

@�B;C J C�S J C�L J SUNuGdL
GdPqK;SUZHZH[©L Ò PÍRTSzL7CTnUP J GHCFE0PUhÐL J S�
WR�nUCFKDC J SzL
GdPqK�~ �huD�p�NxÜ�d�F�hu SUK;N �F���z�T��s/xÜ�d�F�hu Ó
@�BDC3PUr�CFKo×\ZdP,PUr2Szr;r J PqSUR�B � CpÖoCFVfruZHGHc;CFN ] [tL J SURpCp×\N J Gd|UCFKÔL J S�
�R�nUCFKDC J SzL
GdPqK � nUCFKDC J SzL7CFEiL
BDC�ruSUR Õ CTL
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GHVÔY;ZHSzL7C�L
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E%PUh�L J S�
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BDC�,uP Ò SUK;N�RpPqKDnUCFE
L
GdPqK6RpPqKgL J PqZ3r J P}|,GHN;CFN ] [Ï@ s IÑ�ÑÒ B;GHR8BÙRTS J
J GHCFEQP�|UC J �zyHTÌPUh�L
BDC
a KML7C J K;CTL%L J S�
WR Ó ?4E%GHL>GbEiGbK;R J CFSUE
GHK;nqZd[QSURTRpCTr;L7CFN�L
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GHPqK
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BDC�r J CT|zSUGHZHGbKDn�Szr;r J PqSUR�BÙGbK J CFRpCFKMLt[UCFS J E Ó @�BuGHE�L J S�
WRÔnUCFKDC J SzL
GdPqK�VfCTL
BDPoNÏE
GHVÔY;ZHSzL7CFE
L
BDC©E7PqY J RpC�SUK;NâNDCFE7L
GHKuSzL
GdPqKÊPUh!CFSUR�B ,;P Ò0� SUK;N*KDPUL
GHRpCFS ] Zd[ � L
BDC�,uP Ò SUK;NâRpPqKDnUCFE
L
GdPqKâRpPqKML J PqZ
PUhÐ@ s IiÓ �%ÖDGHE7L
GHK;n�L J S�
WRfnUCFKDC J SzL
GHPqKÙVfCTL
BDPoN;EtB;S�|UCWL\[,ruGHRTSUZbZd[ ] CTCFKÎh�P,RTY;E�GHKDn·PqKÏL
BDC�SURTRTY J SzL7C
VfPoNDCFZHGHK;n�CFGdL
BDC J PUhoL
BDC3ruSUR Õ CTL%S J
J Gd|�SUZqr J PoRpCFE
E=P J PUhDL
BDC�L J S�
�R�E7PqY J RpC ] CFB;SF|oGdP JF� E7P4SUEwL7P�RTSzruL
Y J C
KDCTL Ò P J
Õ L J S�
�RQR�B;S J SURpL7C J GHE7L
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WRTGdCFKgL
Zd[tSUN;N J CFE
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GHZHGdéFS�×
L
GdPqKÍSUK;NOZdPqE�E J SzL7C �-Ò B;GHR8BOS J CÔkgYuGdL7C J CFZdCT|zSUKgL!L7P�K;CTL Ò P J
Õ E
GHVÔY;ZHSzL
GHPqK;E Ó @!BDC2KDCTCFNOL7PWCpÖoruZHGHRTGHL
Zd[
RpPqKgL J PqZ4ZbGHK Õ RpPqK;N;GdL
GdPqKuE�B;SUE ] CTCFKèPqK;Zd[*P,RTRTSUE�GdPqK;SUZHZd[*SUR Õ KDP Ò ZdCFNDnUCFN ] [Êr J CT|,GHPqY;E Ò P J
Õ-Ó X;P J
CpÖDSUVfruZdC � GHK©P J N;C J L7P·RpPqKML J PqZwL
BDCÔYDL
GHZHGHéFSzL
GdPqK�PUh�S�E
GHVÔY;ZHSzL7CFNOZbGHK Õ-� GdL!B;SUE ] CTCFKÍE�YDnUnUCFE7L7CFNÍL
B;SzL
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PqKDC�RTSUK�L
Y;K;CWL
BDC�L J S�
WRWGHL7C J SzL
Gd|UCFZd[ÙY;KgL
GHZ%L
B;C�NDCFE
G J CFNÙYDL
GHZbGdéFSzL
GdPqKÙGHE J CFSUR�B;CFN�¡�¤F{zy.¢ ÓÍà Y;R�B6SUK
Szr;r J PqSUR�BÊGHEtCpÖor-CFKuE
Gd|UC ] CFRTSUY;E7CWPqKDC�B;SUE0L7P J YuKÏL
BDCWE
GbV2Y;ZbSzL
GdPqKÙVÔY;ZdL
GdruZHCÔL
GbVfCFEQL7P»R�BDCFR Õ L
BDC
YDL
GHZbGdéFSzL
GdPqK Ó>a K�SUN;N;GdL
GdPqK � L
B;GbE�Szr;r J PqSUR8B Ò P J�Õ E�PqKuZd[�h�P J E
GHVfreZdC4L7PUr�PqZdPUnqGHCFE Ó%a L�GbE�KDPUL�RTZdCFS J BDP Ò
GdL Ò GbZHZ Ò P J
ÕÎÒ B;CFKÏL
BDC�,;P Ò EtPqK6V2Y;ZHL
GdruZdC�ZHGHK Õ E<GHKgL7C J SURpL Ò GHL
BÎCFSUR�B6PUL
BDC J SUK;NÙCT|UC J [ÙZHGHK Õ B;SUE
SÍL
S J nUCTL�ZHGHK Õ RpPqK;N;GHL
GdPqK�L7P ] C�E�SzL
GHE7c;CFN Ó ?4EÔL7PÎkgY;CFY;GHKDn»NDCFZHSF[6SUK;N6ZHPqE
E J SzL7C � E7PqVfC·KDCTL Ò P J
Õ
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GHVÔY;ZHSzL
GHPqKÊSUKuN*CFV2Y;ZbSzL
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L
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NDP�KDPUL J CFE
Y;ZdL�h J PqV�Sf@ s IâÒ P J
Õ ZdPqSUN � BDP Ò CT|UC J�� L
B;GHE�Szr;r J PqSUR�B©N;CThlCFSzL
E�L
B;CtnUPqSUZ=PUh>RTZdPqE7CFNo×\ZdP,PUr
E
GHVÔY;ZHSzL
GHPqK Ó

a K s B;Szr;L7C J � �MÒ C�r J PUr�PqE7C�SUK�SUZdnUP J GHL
B;V L7P0RpPqKDc;nqY J C�L J S�
WRÐh�P J StE7r�CFRTGdcuRÐKDCTL Ò P J�Õ RpPqK;c;nqYo×
J SzL
GdPqKfGbK0P J N;C J L7PtP ] L
SUGHK�Y;E7C J ×\E
r-CFRTGHc;CFN2ZbGHK Õ ZdPqSUN�RpPqK;N;GHL
GdPqK;E Óiå BuGHZdC ç j!mÀSUK;NfZdPqSUN�RpPqK;N;GHL
GdPqK;E
S J C4L Ò PÔGHV�r-P J L
SUKML�R8B;S J SURpL7C J GbE7L
GHRTE3PUh=KDCTL Ò P J
Õ L J S�
WR!L
B;SzL Ò C4K;CTCFNWL7PÔRpPqK;E
GHNDC J GHKfPqY J KDCTL Ò P J
Õ
r�C J h�P J V�SUK;RpCÔE7L
Y;N;GdCFE Ó @�BDC J CÔS J CÔPUL
BDC J h�SURpL7P J E<L
B;SzL Ò C ] CFZHGdCT|UC Ò S J
J SUKML<VfP J C�SzL7L7CFKML
GHPqK Ótå C
GHNDCFKgL
Gdh�[WL
BDPqE
CQh�SURpL7P J E!GHK s BuSzr;L7C J-� SUE�NuG J CFRpL
GdPqK;EÐh�P J h�YDL
Y J C Ò P J
Õ-Ó

xzy



&À_�"#( �À��Z 9�9�9

( Z �Ê��9-&��À9-ÂAÁ ÂAë ÅO"nZ ÆÈ� ��Z5"5ÁÃ.0ëÏ��Z �Ë&�(

�À_ Z Â YÇÆÈ_`( Yß�

�#�+� ij��ã�����å�Û3�Aã��H�-�

a KWL
B;GbE�R�BuSzr;L7C JF�oÒ C4hlPoRTY;E3PqKWL
B;C�NDCFE�GdnqK � CFV�ruG J GHRTSUZ;CT|�SUZHYuSzL
GdPqK � SUK;N�SUKuSUZd[,E�GHE%PUhw@ s I L
B J PqYDnqBo×
ruYDL�r J CFN;GHRpL7P J EÐh�P J S ] J PqSUN©RTZHSUE
E�PUhiSzr;reZHGHRTSzL
GdPqK;E Ó @!BDCQRpPqV�VfPqK J CFkgYuG J CFVfCFKgLÐPUh>E�Y;R�B©SzruruZHGHRTS�×
L
GdPqK;E4GHE�L
B;SzL4L
BDCT[ J CFZd[·PqKÍSUKOSURTRTY J SzL7CÔL
B J PqY;nqBDruYDL�r J CFN;GHRpL
GdPqK�r J GdP J L7P�L
BDC2E7L
S J L!PUh>L
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L J SUK;E
hlC JFÓ>å C�c J E7L%nqGd|UC!V�P J C!NDCTL
SUGHZHCFN�GHKgL J P,NuY;RpL
GdPqK;EiPUh�L
BDC�L Ò PÔRTSzL7CTnUP J GdCFE3PUh�@ s I L
B J PqY;nqBDruYDL
r J CFNuGHRpL
GdPqKÏL7CFR8B;K;GHk,YDCFET~�XDP J VÔY;ZHS�× æ SUE7CFN*SUK;N Þ GHE
L7P J [M× æ SUE7CFN Ó�å GdL
BuGHKÏCFSUR�B*RTZHSUE�E �ÑÒ C�N;CT|UCFZdPUr
J CTr J CFE7CFKML
SzL
GH|UC»r J CFN;GHRpL
GdPqKÀSUZdnUP J GHL
B;V�E ��Ò BuGHR�B Ò CÎL
BDCFKÀCT|zSUZHY;SzL7CÎCFVfruG J GHRTSUZHZd[ÊP�|UC J L
B;CÎjF� Ú
L7CFE7L ] CFN ¡ x � ¢ ÓÍÚ PUL7C·L
B;SzLÔPqY J P ] �¡CFRpL
Gd|UC�GHE2KDPULÔL7P»RpPqVfreS J C�X æ SUK;N Þ4æ r J CFN;GHRpL7P J E Ó©a K�h�SURpL �
L
BDCfL Ò P»E
R�BDCFV�CFEQS J CWRpPqVfreZdCFVfCFKgL
S J [ � SUEtL
B;CT[ J CFkgY;G J CÔNuG�Ø-C J CFKMLtLÜ[gr�CFEtPUhÐVfCFSUE
Y J CFVfCFKML
E2SUK;N
r J CT|oGdPqY;E�GHKDh�P J V�SzL
GHPqKÍS ] PqYDL<L
BDCfY;K;N;C J Zd[oGHKDn�ruSzL
B ÓQa KuE7L7CFSUN � PqY J P ] �7CFRpL
Gd|UC�GHE�L7P·CpÖoSUVWGHKDC�L
BDC
Õ CT[âGHE
E
Y;CFEfGHKÊCFSUR�Bár J CFN;GHRpL
GdPqKâE�R�BDCFVfC � CT|zSUZHY;SzL7C©L
BDCFG J SURTRTY J SURp[âY;K;NDC J NuG�Ø-C J CFKMLfRpPqK;N;GHL
GdPqK;E �
CpÖoruZHSUGHK�L
BDC�V�S}�7P J RTSUY;E7CFE3PUh�r J CFN;GbRpL
GdPqK�C J
J P J E � SUK;NWr J P�|oGHNDC�GbK;E
GdnqBgL J CTnqS J N;GbKDntL
BDC�h�SURpL7P J E3L
B;SzL
S�Ø�CFRpL!L
BDCQr J CFN;GHRpL
S ] GbZHGdL\[fPUh%ZHS J nUCtL J SUK;E7h�C J @ s I L
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B Ó
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EÑL
BDC
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GdPqKÍPUh%L
BDC�R�B;S J SURpL7C J GHE7L
GHRTE<PUh	L
B;C2Y;K;N;C J Zd[oGHKDn�KDCTL Ò P J
Õ ruSzL
BIP�C Ó n Ód�
j>@�@ � ZdPqE
E J SzL7CfQ Óia KQL
BuGHEwR8B;Szr;L7C JF�zÒ C�r J CTh�C J L7P<Y;E7C�L
BDC I Xi@!ã VfPoNDCFZUPUh�¡�¤TyUy.¢ � ] CFRTSUYuE7C�GdLiGHE ] PUL
B
E
GHV�ruZdC�SUK;N�kgYuGdL7C4SURTRTY J SzL7C Ó @�BDC4V�SUGHK�SUND|�SUKgL
SznUC<PUhwX æ r J CFN;GHRpL
GdPqK�GHE	L
B;SzLÐGdL�NDPgCFEÐKDPUL J CFk,Y;G J C
SUKg[OB;GHE7L7P J [©PUh	r J CT|oGdPqY;E4@ s I L J SUKuE7hlC J E Ó4a K»SUN;N;GdL
GdPqK � X æ r J CFN;GHRpL
GdPqK»RTSUK ] C2r�C J h�P J VfCFN Ò GdL
B
J CFZHSzL
GH|UCFZd[�ZHGdnqBgL Ò CFGdnqBgL � KDPqKD×\GHKML J Y;E
Gd|UC!K;CTL Ò P J
Õ VfCFSUE
Y J CFVfCFKgL
E3PUh�reS J SUVfCTL7C J EÐE
Y;R8B�SUEÐj>@�@ÀSUK;N
ZdPqE
E J SzL7C Ó 74KDh�P J L
Y;KuSzL7CFZd[ � BDP Ò CT|UC J�� PqY J VfCFSUE
Y J CFVfCFKgL
EÑE
B;P Ò L
BuSzLwX æ E
R�B;CFVfCFEwRTSUKÔZdCFSUNtL7P�ZHS J nUC
r J CFNuGHRpL
GdPqK2C J
J P J E Ó @�BDCÐV�SUGHK J CFSUE7PqKfGbEÑL
BuSzLiL
B J PqYDnqBDruY;LÑVfPoNDCFZHE J CFk,Y;G J C Õ K;P Ò ZdCFN;nUC�PUhuL
BDCÐruSzL
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Ò CQNDP�P ] E7C J |UC<L
B;SzL�L
BDC<r J CFN;GHRpL
GdPqK�C J
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GdPqK;E � Gdh�L
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BDC J B;SUKuN �wÞ�æ Szrur J PqSUR�B;CFE0Y;E7C�E
L
SUK;N;S J NÎL
GHV�C�E7C J GdCFEth�P J CFRTSUE7L
GbKDn�L7CFR�B;KuGHkgY;CFEtL7P
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B J PqYDnqBDruYDL ] SUE
CFNâPqKáSÏB;GHE
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Y J CFVfCFKML
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SUVfC�ruSzL
B Ó �<Y J VfCFSUE
Y J CFVfCFKML
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B;P Ò L
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E
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W=20KB (window-limited)
W=1MB (congestion-limited)
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B Ó

a Káh�YDL
Y J C Ò P J�Õe� GdL Ò PqYuZHN ] COGHKgL7C J CFE7L
GbKDnÙL7PÊCpÖoSUV�GbKDCÍBg[ ] J GHNâr J CFN;GHRpL7P J E �ÐÒ BuGHR�B J CFZd[*PqK
@ s I VfPoNDCFZHE�SUE Ò CFZbZ�SUEWPqK J CFRpCFKgL�B;GbE7L7P J [ Ó ?�KDPUL
BDC J N;G J CFRpL
GdPqK Ò PqY;ZHN ] C©L7PÊNDCT|UCFZdPUr @ s I
L
B J PqY;nqBDruYDL�VfPoNDCFZHEÔL
B;SzL�S J C©E7r�CFRTGdceRTSUZHZd[�NDCFE�GdnqKDCFNÊhlP J r J CFN;GHRpL
GdPqK � SUK;N*L
B;SzLfL
S Õ COSUE�GbKDruYDL
E
|zS J GdPqY;EWCFE7L
GHV�SzL7CFE�PUhQL
BDCÍruSzL
B�ZdPqSUN � ] YDØ-C J GbKDn � SUK;NèR J PqE�E�L J S�
WRÍKuSzL
Y J C Ó'a KèL7C J V�EWPUh Þ�æ
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r J CFNuGHRpL
GdPqK � VfP J C0RpPqVfruZdCpÖ�r J CFN;GHRpL7P J E�P�E
Y;R�BÍSUE4?�j a7� ?ìV�P,NDCFZbEhQÐRTSUK ] C0SUZbE7P�CT|zSUZHY;SzL7CFN � CT|UCFK
L
BDPqYDnqBOPqY J VfCFSUE�Y J CFVfCFKgL
E4GbK;N;GHRTSzL7CtL
B;SzL!L
BDC0r J CFN;GHRpL
GdPqK·C J
J P J GHE�SUZ J CFSUND[�kgY;GHL7C0ZdP Ò0� r J P ] S ] Zd[
h�P J SUKM[·r J SURpL
GHRTSUZ�ruY J r-PqE
CFE � GHK�VfPqE7L�ruSzL
BuE Ó
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v K,YDL7CFZHZHS J CTr J CFE7CFKgL
E0SÍRTSzL7CTnUP J [ÙPUhÐr�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�E0L
B;SzL2Y;E
CW@ s I L
Y;K;KDCFZHEtSUKuNÙE
RpPUr�CFN
] J PqSUNuRTSUE7L J PqY;L
GHKDn �wÒ GdL
BÙKDP©CFKuNo×µL7Pz×µCFK;N�SzruruZHGHRTSzL
GdPqK�ZHSF[UC JÔJ CFZHGHS ] GHZHGdLÜ[©P J ,;P Ò RpPqKgL J PqZ{£ Ó ��SUR8B
E7C J |UCFKgL0V�SUGbKML
SUGHKuEQS©@ s I L
Y;K;KDCFZ + Ò GdL
BÙCFSUR�B�K;CFGdnqB ] P J GbKDn·r-CTC J�Ófå BDCFK�S©E7C J |UCFKgL J CFRpCFGd|UCFEÔS
VfCFE
E�SznUC � GdL�V�S�[©KDCTCFN�L7P�hlP J
Ò S J N©GHL � CFGdL
BDC J L7P�SfruS J L
GHRTYuZHS J KDCFGdnqB ] P J P�Y;K;GHRTSUE
L J PqYDL
GHKDn�Q � P J L7P
SUZHZ%L
B;C�KDCFGdnqB ] P J EtCpÖDRpCTr;L0L
B;CWPqKDC�h J PqV Ò B;GHR8BÙL
BDCWV�CFE
E
SznUC·GHE J CFRpCFGd|UCFN P ] J PqSUNuRTSUE7L J PqY;L
GHKDn�Q Ó
Ú PUL
GHRpCÐL
B;SzL>PqK;Zd[QRpPqKgL J PqZoVfCFE
E
SznUCFE%S J CÐGHKg|UPqZd|UCFN�GHK2L
BDC v KgYDL7CFZbZHS�h�P J
Ò S J N;GHKDn Ó X>GHZdCÐNDP Ò KuZdPqSUN;GHKDn
Y;E7CFE!S�N;G J CFRpL�@ s I RpPqK;KDCFRpL
GHPqK ] CTL Ò CTCFK©L
BDCtceZdC J CFk,YDCFE7L7C J SUK;N©L
BDCtcuZdCtr J P�|oGHNDC JFÓ

s PqK;nUCFE7L
GdPqK PoRTRTY J E©GbK v KgYDL7CFZbZHS Ò BDCFK Sâ@ s I L
Y;K;K;CFZ�GbE ] ZdPoR Õ CFN h�P J E7CFK;NuGHKDn � SUKuN L
BDC
E7[oVfr;L7PqV`GHEÐL
B;CQZdPqE
E�PUh v KgYDL7CFZbZHS�VfCFE
E
SznUCFE Ó @�BDC<CpÖDGHE7L7CFK;RpCtPUh>RpPqKDnUCFE7L
GdPqKOSUK;N�VfCFE
E
SznUCQZHPqE
E�GHK
v K,YDL7CFZHZHS�B;SUE ] CTCFK Õ KDP Ò K·hlP J k,Y;GdL7CtS Ò B;GbZdC;¡�¤F¥ � ¤U¤ � ¢wSUK;N·r J CT|oGdPqY;E Ò P J
Õ BuSUE�L
S Õ CFK©VfCFSUE
Y J CFE
SznqSUGHK;E
L0GdLô¡ ¥ � � �D� ¤FxUx�¢ Ó @�BDCFE7C�VfCFR8B;SUK;GHE�V�E �wÒ B;GHR�B Ò CWRTSUZbZ ���;�D�\�p�����Ï�8�z�g�,������� �z�á���U�u���¡�U� � L J [
L7P J CFN;Y;RpCÔP�|UC J ZbSF[ÍZbSF[UC J RpPqKDnUCFE7L
GdPqKÏSUKuNÍGHV�r J P�|UC2L
BDC�E7[,E
L7CFVÛr�C J h�P J V�SUKuRpC2Y;K;N;C J RpPqKDnUCFE7L
GHPqK Ó
m<YDCQL7P�L
BDC0ZHSUR Õ PUh>S�RpPqV�VfPqKÍY;K;NDC J E
L
SUK;N;GHKDn�PUh>L
BDC0KuSzL
Y J CQPUh v K,YDL7CFZHZHSWRpPqKDnUCFE7L
GdPqKÍSUK;NOBDP Ò
GdL<E
BDPqY;ZbN ] C ] CFE
L�B;SUKuN;ZdCFN � L
BDC¥P�SzLtZdCFSUE7LhQ4NDPUéTCFK;E<PUh v KgY;L7CFZHZHS�E7C J |UCFKgLQGHVfruZdCFV�CFKML
SzL
GdPqKuE!CFSUR8B
NDCFE
GHnqK;E3GHL
E3P Ò K�RpPqKDnUCFE7L
GHPqK�RpPqKML J PqZ�E�R�BDCFVfCFE � B;PUruGHKDnÔL7P ] C<RpPqVfruSzL
G ] ZdC Ò GdL
B�PUL
BDC J E7C J |UCFKgL
E�E7P
SUE�L7P�SUR�B;GdCT|UC2SfnqZdP ] SUZ�r�C J h�P J V�SUKuRpCQGHVfr J P}|UCFVfCFKgL Ó

a K�L
B;GHE�R�B;Szr;L7C J��DÒ CtY;K;N;C J L
S Õ CtSÔE
[,E7L7CFVWSzL
GHR<E7L
Y;ND[�PUhÑL
BDCtRpPqKDnUCFE7L
GdPqK�RpPqKgL J PqZ�SUK;N·VfCFE�E
SznUC
ZdPqE
EÐPqK v KgY;L7CFZHZHS�KDCTL Ò P J
Õ E Ó �tY JÐÒ P J
Õ SUGHV�EÐL7PWr J P�|oGHNDCtS ] CTL7L7C J Y;KuNDC J E7L
SUK;NuGHKDn0PUh>RpPqKDnUCFE7L
GHPqK

¦ �ÇÄhÎ+Ôh©ªÒ{ÏUÍ¤ÄdÎ�ÊªÄhÎqÏÖÅUÄdÉNÓhÎ�Æ Î ©ªÒÖÒUÓ<Ôd©aÉ¤ÄhÒÖÒ�Í0Î�ÓhÎ	ÄKÍ�©ÐÅUÉ0ÓªÊ)Î+©ÐÏ�ÆLÄhÅUÈ)Ó�ÅU©�Æf©ÐÕ/©ªÎ5Æ�©ªÎqÏiÄdÎ)ÏhË+©ùÊ×Ë+Ó<Å¨ÓGÊÐÏU©ÐÅUÍ¤Ò{ÏUÍ�ÊªÒXÄhÃ�Í¯ÏUÒ
Ó<ÅhÊ¬Ë+Í¯ÏU©IÊ´ÏUÑfÅU©FÓhÎ�Æ#ÏhË+©FÓ<Õ+ÕfÉ0Í�ÊØÓ�ÏUÍ¤ÄdÎ;ÏÖÅ¨ÓLK$Êd× ô ÄhÅ�©M�fÓ Î ÕfÉ0©FÉbÍ¯Ï Î ÓhÈ�©ªÒRÆ�Í�N.©´ÅU©ªÎ�Êª©ÐÒXÆaËf©ÐÏhË+©´Å � �lÇ�ÏUÑ+Î+Îf©ªÉ¤ÒXÄhÅPORQeÇ
ÏUÑ+ÎfÎ+©ªÉ¤ÒjÓ<ÅU©�ÑfÒÖ©-ÆTÉ.ÆaËf©ÐÏhË+©ÐÅj©ªÎ5Æ |�ÏUÄ�|y©ªÎ5ÆRÓ<Õ+ÕfÉ0Í�ÊØÓ�ÏUÍ¤ÄdÎ�É0ÓªÊq©ÐÅjÅU©ªÉ¤Í Ó<Ì+Í¤É¤Í¯Ï~Ê)ÄhÅRS�ÄØÆýÊªÄhÎ ÏÖÅUÄhÉ6Í¤Ò�©M��©ÐÅhÊªÍ¤ÒÖ©-ÆTÉ�Ó<Î5Æ$ÆaË+©ÐÏhËf©ÐÅ
ÌfÅUÄdÓ�Æ�ÊØÓhÒ{Ï�Í¤Ò�ÑfÒÖ©-Æ-©���ÏU©ÐÎ+ÒÖÍ�Í�©ªÉ¯Êq×| Ë�É¯ÏhË+ÄdÑfÔ�Ë@ORQeÇ�Õ�ÓGÊ´È�©´ÏUÒ�Ó�ÅU©XÓhÉ¤ÒÖÄFÓFÊ�Êª©ªÕfÏU©IÆ�ÌqÊ Î ÄhÒ{Ï�Í Î Õ+É¤© Î ©ªÎqÏ¨Ó<ÏUÍ¤ÄhÎ+ÒIÉ ÏhË+©ÐÊ�Ó�ÅU©�Å¨Ó<ÅU©ªÉ¯Ê-ÒÖ©ª©ªÎ$Í¤Î�Õ�Å¨ÓFÊÐÏUÍ�Êª©h×
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RpPqKgL J PqZwGHK�E�Y;R�B©K;CTL Ò P J
Õ E4SUK;N©GdL�RpPqKuE
GHE7L
E�PUhiL
BDCQh�PqZHZdP Ò GHKDnÔruS J L
EF~

¤ Ó ?�KQGHKg|UCFE7L
GdnqSzL
GHPqKtPUhoL
BDC	RpPqKDnUCFE7L
GdPqK2RpPqKML J PqZMVfCFR8B;SUK;GHE
VWE�Y;E7CFN ] [�E
CT|UC J SUZqr�PUruY;ZbS J v KgYDL7CFZbZHS
E
C J |UCFKML�GHVfruZHCFVfCFKML
SzL
GHPqK;E Ó

x Ó ? VfCFSUE�Y J CFVfCFKgL¡× ] SUE7CFNÍR�B;S J SURpL7C J GdéFSzL
GdPqK©PUh%VfCFE�E
SznUC0ZdPqE
E
CFE�PqK�7�ZdL J Szr�CTC J E 0 Ó
¥ Ó ?�KOSUKuSUZd[,E�GHE � ] SUE
CFN©PqK»ZHS J nUC2E�RTSUZdC0ruSUR Õ CTL¡×\ZdCT|UCFZ>E
GHVÔY;ZHSzL
GdPqKuE	¡ � �/¢ � PUh%L
B;C0r�C J h�P J V�SUK;RpCQPUh
RpC J L
SUGHK v K,YDL7CFZHZbSÔRpPqK;nUCFE7L
GdPqKORpPqKgL J PqZÑVfCFR�B;SUKuGHE
V�E Ó

@�B;C�c J E7LÔL Ò PÙruS J L
E�PUh4PqY JfÒ P J�Õ�J CT|UCFSUZ�E�Y ] E7L
SUKgL
GHSUZ�|�S J GHSzL
GdPqK;E�SUVfPqKDnÙE
C J |UCFKML
EWGHKÊL
BDCFG J
RpPqKDnUCFE7L
GHPqKÊRpPqKgL J PqZ�VfCFR�BuSUK;GHE
V�E2SUK;N�V�CFE
E
SznUC�ZdPqE
E ] CFBuSF|oGdP JFÓ·a L�GHE2SUZHE7PÍE�BDP Ò K�L
B;SzL2V�PqE7L2PUh
L
BDC v KgYDL7CFZbZHS�RpPqKDnUCFE7L
GHPqKÍRpPqKgL J PqZiVfCFR�B;SUKuGHE
V�E�S J C2NDC J GH|UCFN�h J PqV�L
BDPqE7C2NDCFE
GdnqKDCFN©hlP J PUr-C J SzL
GdPqK
PqK�KDCTL Ò P J
Õ�J PqY;L7C J E Ó @�BDC4ZHSUE7L�ruS J L�PUh�PqY J3Ò P J
Õ GHE�L7PÔY;KuNDC J E7L
SUK;N�BDP Ò L
BDCFE7C �e�U���~}z�0���z�,�g���p�����U�
���U�u���¡�U� V�CFR�B;SUK;GbE
V�EÔr�C J hlP J V:GHK6L
BDC v K,YDL7CFZHZHS»CFKg|,G J PqK;VfCFKgL ÓÏå BuGHZdC�RpPqK;nUCFE7L
GdPqKáRpPqKgL J PqZ�GHE�S
Ò CFZHZ�× J CFE7CFS J R�BDCFNèL7PUruGHR©GHKèKDCTL Ò P J
Õ GHKDn � L
BDCOE7r�CFRTGdceR·P�|UC J ZHS�[áCFKg|,G J PqK;VfCFKgL�CpÖ,CFV�ruZHGdc;CFN ] [*L
BDC
v K,YDL7CFZHZHSÍE7[oE7L7CFV:GbE2N;GbE7L
GHKDnqY;GbE
BDCFN ] [ 
UT L
BDC�ZbSUR Õ PUh�S»E7L J PqKDnÎKDPUL
GdPqK6PUh�@ª,;P Ò B � SUK;N *VT L
BDC
E
GdnqKuGdcuRTSUKgL�BDCTL7C J PUnUCFKDCFGdL\[ÏGHKÍL
BDC�RpPqKDnUCFE
L
GdPqKÏRpPqKML J PqZ	VfCFR�BuSUK;GHE
V�E<GHV�ruZdCFVfCFKgL7CFNÍSUKuNÎL
BDCfKDCTCFN
h�P J L
BDCFV`L7P�RpPgCpÖDGHE7L Ó

@�B;C J CFE7L4PUh	L
BDCÔR�B;Szr;L7C J GHE4P J nqSUK;GHéTCFNÍSUE4hlPqZbZdP Ò E Ó�a K à CFRpL
GdPqKÎx �-Ò C�NDCFE
R J G ] C2SUK;NORpPqVfreS J C
L
BDCÔRpPqKDnUCFE7L
GdPqK»RpPqKML J PqZiV�CFR�B;SUK;GbE
V�E!SUN;PUr;L7CFNOGHKÍN;G�Ø�C J CFKgL v K,YDL7CFZHZHS�E
C J |UCFKML<GHVfreZdCFVfCFKgL
SzL
GdPqK;E Ó
à CFRpL
GdPqK©¥ÔNDCFV�PqK;E7L J SzL7CFE�L
B;C<V�CFSUE
Y J CFVfCFKgL J CFE
YuZdL
E�PUhÑVfCFE
E�SznUCQN J PUr;ruGbKDn ] CFB;S�|,GdP J PqK�N;GdØ-C J CFKgL
7�ZdL J Szr�CTC J GHV�ruZdCFVfCFKgL
SzL
GdPqK;E Ó�a K à CFRpL
GdPqK&� �eÒ C2r J CFE7CFKgL!PqY J E
GHVÔY;ZHSzL
GdPqKD× ] SUE7CFNOGbKM|UCFE7L
GHnqSzL
GdPqKOPUh
L
BDC�r�C J hlP J V�SUK;RpCWPUh�E
CT|UC J SUZÐRpPqKDnUCFE7L
GdPqK*RpPqKgL J PqZÐVfCFR�B;SUKuGHE
V�EÔGHKÙL
B;C v K,YDL7CFZHZbSOKDCTL Ò P J
Õ-Ó @�BDC
R�BuSzr;L7C J GHE�RpPqKuRTZHY;NDCFN©GbK à CFRpL
GdPqKO{ Ó_��qÙ ���-���$�X��ã��H�-� ���-�(ã/���$�&�+� g �ôÛ�ã��A���<�ñU �Aã�� ���XWa�

s PqKDnUCFE
L
GdPqKâRpPqKML J PqZ�GHK v KgYDL7CFZbZHSÎKDCTL Ò P J
Õ E�L J GdCFEÔL7P J CFN;Y;RpC·P}|UC J ZHSF[*ZHS�[UC J RpPqKDnUCFE7L
GdPqK � SUK;NÊL7P
GHVfr J P�|UC!E
[,E7L7CFV#r�C J hlP J V�SUK;RpC Ò BDCFKWRpPqKDnUCFE7L
GdPqK�NDPgCFE�L
S Õ C!ruZbSURpC Ó ?�ZdL
BDPqY;nqB�RpPqKDnUCFE7L
GdPqK�RpPqKML J PqZ�MW Î�ÏhËf©LÄhÅUÍ¤ÔhÍ0Î+ÓhÉYXjÎ ÑfÏU©ªÉ¤É0ÓjÓ�ÅhÊ×ËfÍ¤ÏU©�ÊÐÏUÑfÅU©�ÉdÕ/©ª©ÐÅUÒkÓ�ÅU©lË+Ä Î ÄdÔd©ÐÎ+©ªÄhÑ+Ò6Í¤ÎAÏU©ÐÅ Î ÒWÄhÃ+ÏhËf©ªÍ¯Å6ÃºÄ<ÅÖÆ�Ó<Å¬Æ�Í¤Î+ÔjÅU©ªÒÖÕ/ÄhÎ+ÒÖÍ¤Ì+Í¤É¤Í¯ÏUÍ¤©ªÒª×�lË+©�Î+©´Æ Ó<ÅhÊ¬Ë+Í¯ÏU©IÊÐÏUÑ�ÅU©�Æ�Í¤Ò{ÏUÍ0ÎfÔdÑfÍ0Ò Ëf©ªÒ'O�É¤ÏÖÅ¨Ó<Õ/©ª©ÐÅUÒùÓ<Î5Æ�È�©ªÓ<Ã�Î+Ä�Æf©ÐÒ�ÏUÄ	Ó�Æ�Æ ÅU©ªÒÖÒ�ÏhËf©�Ò ÊªÓhÉ0ÓhÌfÍ0É¤Í¯Ï~Ê3Í¤ÒÖÒÖÑ+©h× ÄjÎ+É¯Ê�ÏhËf©OjÉ¯ÏÖÅ¨Ó<Õ/©ª©ÐÅUÒIÉ�ÆaË+Í�Ê×Ë�Ó<ÅU©�Ó<ÒÖÒÖÑ Î ©-ÆùÏUÄ Ë+Ó-Í�©\ËfÍ0ÔFË+©ÐÅ�Ì+ÓhÎ�Æ�Æ�Í Æ�ÏhË-ÓhÎ�Æ �lÇZO�Õ�ÅUÄºÊª©ªÒÖÒÖÍ¤Î+ÔaÕ/ÄØÆÇ©ÐÅ-É�Ó<Î5Æ�ÓAÉ¤ÄdÎfÔd©ÐÅ�É¤Í¯Ãº©ÐÏUÍ Î ©�É
Ó<ÅU©iÅU©ÐÒÖÕ/ÄdÎ+ÒÖÍ¤ÌfÉ0©�Ã½ÄhÅ�ÅUÄdÑ�ÏUÍ0ÎfÔaÍ¤Î�ÏhË+Í¤Ò�Î+©´Æ�Ó�ÅhÊ×ËfÍ¯ÏU©IÊÐÏUÑfÅU©h×
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GHE%KDPUL3E7r�CFRTGdc;CFNÔhlP J v KgY;L7CFZHZHS � VfPqE
L�E7C J |UCFKgL�GHVfreZdCFVfCFKgL
SzL
GdPqK;E>B;SF|UC�GHK;RpP J r�P J SzL7CFNfRpC J L
SUGHK�VfCFR8Bo×
SUK;GHE�V�E Ówa KfL
B;GbEiE
CFRpL
GdPqK �MÒ C Ò GHZbZMCpÖDSUV�GHKDC�BDP Ò RpPqKDnUCFE7L
GHPqK�GHE%B;SUK;NuZdCFN�GHK�L
BDC�h�PqZHZdP Ò GHKDn<E7C J |UCFKgL
ET~
ç GbVfC å G J CH¡ � ¢ ��I BDCpÖ�¡�¤Ty�¢ � v L Õ × v K,YDL7CFZHZHSI¡ � ¢ ��� YDL7CFZHZHSk¡¯�f¢ � v K,Y;RTZdCFYuE�¡ { � ¢�SUK;NI8<L7CFZHZHSp¡�¤U¤q¢ ÓÍÚ PUL
GHRpC
L
B;SzL I BDCpÖ·GbVfruZdCFVfCFKgL
EÐGdL
E�RpPqKDnUCFE7L
GHPqK©RpPqKML J PqZ ] SUE7CFN·PqK©L
BDC'C f't þ�Þ � ü t ¡�¤FxUx � ¥�¢=r J PUr�PqE
SUZ ] [
ç GbVfC å G J C � SUK;N � YDL7CFZbZHS�YuE7CFE<L
BDCfE7PqY J RpCfRpPoNDC ] SUE7C�h J PqV v KgYuRTZdCFY;E Ó @�B;C J CThlP J C � CFSUR�BÏruSUG J PUh
E7C J |UCFKgL
E!BuSF|UC2E�GHV�GHZHS J RpPqKDnUCFE
L
GdPqKORpPqKgL J PqZ=GHV�ruZdCFVfCFKgL
SzL
GdPqK;E Ó

5�æy*�æ{
 ófý>ëWè�ýwõ~ë�ÿ íNì�éfú�ëÙù(ï�ò�é�ëbñ~ñ~ç*ó�ûXëWè+ç6é}õ~í>ï�ó

å C<E
Y;V�V�S J GdéTC ] CFZdP Ò L
BDC v K,YDL7CFZHZbSQPUr�C J SzL
GdPqK;E�hlP J L
BDC!reY J r�PqE7C�PUh=N;GHE�RTY;E
E
GdPqKuE%GHKfL
B;GHE3R�B;SzruL7C JFÓ
m�CTL
SUGHZHE�PUh>L
BDC v KgYDL7CFZbZHS�r J PUL7PoRpPqZwRTSUK ] Cth�PqY;K;N�GHK·L
B;C0E7r�CFRTGdcuRTSzL
GdPqKg¡ ¥�¢ Ó

v K,YDL7CFZHZbS»E
C J |UCFKML
E�h�P J V SUK*P}|UC J ZHSF[ÊL
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B;C·GbK;RpPqV�GHKDnÎE7PoR Õ CTL Ò GbZHZ ] C ] ZdPoR Õ CFN*h�P JfJ CFSUN;GHKDn ÓÏa K
L
BDCQc J E7LÐCpÖ,r�C J GbVfCFKML �DÒ C0Y;E
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B;SzL
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BDC�E7[oE7L7CFV ZdPqSUN*GHK;R J CFSUE7CFE
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BÎL
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B;GbEQE7CTL
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BDCtN J PUr�L
SUGbZ-k,YDCFY;GbKDnÔE
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B;GHE�R�B;SUKDnUC � L
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E ��Ò C�B;GdnqBuZHGdnqBgLeL
B;SzLi@ s I ] SUR Õ r J CFE
E
Y J C�GHE�h�SUG J Zd[4CpØ-CFRpL
GH|UC
GHK J CFN;YuRTGHKDnÍRpPqK;nUCFE7L
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B;SUK»L
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þ!õ~öÇò�è+ë�J�K>ê j4SzL7C0ZHGHVWGdL
GHKDnÔr�C J hlP J V�SUK;RpC

%�ë�é�ëWèfí>öNëbï�ëoõ�éF� æ SUE
CFNÎPqKÍL
B;C�S ] P}|UC�N;GHE
RTY;E�E
GdPqK;E �eÒ C Õ KDP Ò L
B;SzL J SzL7CfZHGbV�GdL
GHKDn�GHE<Y;E7CFNÍr J G�×
V�S J GbZd[èSUE©SUK'Szrur J PqSUR�B'L7P J CFN;Y;RTGHK;n*RpPqK;nUCFE7L
GdPqK Ó s ZdCFS J Zd[ � SâZbS J nUC J ZdPqE
E J CFN;Y;RpL
GdPqK�RTSUK ] C
SUR�BuGdCT|UCFN Ò BDCFK»S�ZbS J nUC J r-P J L
GdPqKOPUh�r-CTC J E4GHV�ruZdCFVfCFKgL J SzL7C�ZHGHVWGdL
GHKDn � SUEtN;CFVfPqK;E7L J SzL7CFN ] [OX>Gdnz×
Y J Cf¥ �,ÓQÚ PqKDCTL
BDCFZdCFE
E � X>GdnqY J CÔ¥ � SUZHE7P�E
B;P Ò E�L
B;SzL Ò BDCFKÍL
BDC J CfS J C � yHTÛr�CTC J E<E
YDr;r�P J L
GHK;n J SzL7C
ZHGHVWGdL
GHKDn � GHK;R J CFSUE
GbKDn�L
B;CÔr�C J RpCFKgL
SznUC�PUh J SzL7Cp×\ZHGHV�GHL7CFNÍr�CTC J E<NDP,CFEtKDPUL<h�Y J L
BDC J CFK;B;SUKuRpCÔL
B;C�ZdPqE
E
J CFN;YuRpL
GdPqKÏE
GdnqK;GHcuRTSUKML
ZH[ Ó 7�K;ZHG Õ C�@ s I ] SUR Õ r J CFE
E
Y J C � hlP JQÒ B;GHR�BÏS·r�CTC J ZbSUR Õ GHKDn�L
BDC�RTSzruS ] GHZHGdLÜ[
RTSUK J CFN;Y;RpCÔL
BDC ] CFKDCTc;L
E ] J PqYDnqBgL ] [OVWSUKM[O@ s I ] SUR Õ r J CFE�E
Y J CÔRTSzruS ] ZdCÔr�CTC J E ��Ò GdL
B J SzL7C�ZHGHV�×
GdL
GHK;n � S�r�CTC J L
B;SzL�B;SUE�L
B;C0RTSzruS ] GHZbGdL\[·RTSUKÍBuSF|UC2ZbGHV�GdL
GHK;n2CpØ�CFRpL4PqKOr�CTC J E�L
B;SzL�NDPWKDPUL4B;SF|UCÔL
BDC
RTSzruS ] GbZHGdL\[ Ó @!BDC J CTh�P J C �eÒ C2N;P�KDPUL�KDCTCFNÊ¤TyUyHT�r�CTC J E4E
YDr;r�P J L
GbKDn J SzL7C�ZHGHV�GdL
GbKDn�L7P�SUR8B;GdCT|UCÔL
B;SzL
CpØ�CFRpL ÓQa KÍCFSUR�BÎPUh3L
BDCFE7CÔCpÖ,r�C J GbVfCFKML
E � S·N;G�Ø�C J CFKgL!r�C J RpCFKgL
SznUCfPUh	r�CTC J E�CFKDh�P J RpCÔSÎ¤Ty·V�E7nqE � E7CFR
r�C J ×\RpPqK;KDCFRpL
GHPqK J SzL7C�ZHGHV�GHL Ó @�BDC�K,Y;V ] C J EiE�BDP Ò KfS J C J CFZHSzL
Gd|UC�L7PtL
BDPqE
C�PUheL
BDC�N J PUr�L
SUGHZDkgY;CFY;GHKDn Ó_��}� Ú3Û�ÜÝÜÞ�-��ß

a K*L
B;GHEfR�BuSzr;L7C JF��Ò C�CpÖDSUV�GHKDC�L
B;C©RpPqKDnUCFE7L
GdPqKáRpPqKgL J PqZ4VfCFR�B;SUKuGHE
V�EfSUK;NâV�CFE
E
SznUCOZdPqE�EfGHK*L
BDC
RTY J
J CFKML v K,YDL7CFZHZHS�K;CTL Ò P J
ÕeÓ �<Y J GHKM|UCFE
L
GdnqSzL
GdPqK J CT|UCFSUZHEQL
BDC�BDCTL7C J PUnUCFKDCTPqYuE0RpPqKDnUCFE7L
GHPqKÙRpPqKML J PqZ
E7L J SzL7CTnqGHCFE�CpÖDGHE7L
GbKDn�SUVfPqKDnÊN;G�Ø�C J CFKgL�E7C J |UCFKgL·GHVfruZdCFV�CFKML
SzL
GdPqKuE Ó @!B J PqYDnqB VfCFSUE
Y J CFV�CFKML ��Ò C
E
BDP Ò L
BDC�NuG�Ø-C J CFKML�74ZdL J Szr-CTC J VfCFE
E�SznUC·ZHPqE
E ] CFB;S�|,GHP J2J CFE�Y;ZdL
GHKDnOh J PqV L
B;GbE0BDCTL7C J PUnUCFK;CFGdL\[ Ó @ÑP
Y;K;N;C J E7L
SUK;N�L
BDCWnqZdP ] SUZ�r�C J h�P J V�SUK;RpC�PUh!GHK;NuGd|,GbN;Y;SUZ>RpPqKDnUCFE7L
GdPqK*RpPqKgL J PqZÐVfCFR�BuSUK;GHE
V�E � V�PqE7L2PUh
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þ!õ~ö>ò�è+ë�J>=�ê0Þ CTL7C J PUnUCFKDCTPqY;E J SzL7CÔZHGHV�GdL
GbKDn2RTSzruS ] GHZHGdLÜ[

Ò B;GbR�B©S J CÔNDC J Gd|UCFNOh J PqV�L
BDPqE7CÔNDCFE
GdnqK;CFN©h�P J K;SzL
Gd|UCÔKDCTL Ò P J
Õ©J PqYDL7C J E �eÒ C2r-C J hlP J V�ruSUR Õ CTL¡×\ZdCT|UCFZ
E
GHVÔY;ZHSzL
GHPqK;EQPUh4L
BDC v KgY;L7CFZHZHS»KDCTL Ò P J
Õ-ÓÏå C©E
BDP Ò L
B;SzL�L
BDC�Y;E�SznUC·SUKuN6r�C J h�P J V�SUKuRpC�PUh�L
B;CFE7C
VfCFR8B;SUK;GHE
VWE�S J C©E7L J PqK;nqZd[ÊS�Ø�CFRpL7CFN ] [*L
BDC©R8B;S J SURpL7C J GHE
L
GHRTE�PUh<L
BDC v K,YDL7CFZHZbSÏKDCTL Ò P J
Õ-� SUV�PqKDn
Ò B;GbR�B·S J C<L
BDCtZHSUR Õ PUhÑS�E7L J PqK;n�K;PUL
GdPqK�PUh�@ª,;P Ò B � SUK;N�L
BDCtBDCTL7C J PUnUCFK;CFGdL\[�PUhÑRpPqKDnUCFE
L
GdPqK�RpPqKML J PqZ
VfCFR8B;SUK;GHE
VWE ÓÑa K�reS J L
GHRTY;ZHS J��UÒ C�E
BDP Ò L
B;SzLT~�¤�QiL
BDC!N;CFE
GdnqKfPUh�SUK�PUruL
GHV�SUZDr J GdP J GdLÜ[2r�PqZHGHRp[2hlP J L
BDC
r J GHP J GdL\[ÍkgYDCFYuGHKDn�E�R�BDCFVfC�GbEtR�B;SUZHZHCFKDnUCFN ] [»V2Y;ZHL
GdruZdCÔN;GHVfCFK;E�GdPqK;E4PUh�r�C J h�P J V�SUK;RpC J CFk,Y;G J CFV�CFKML
SUK;N�L
BDC�ND[oK;SUV�GbR Ò P J
Õ ZdPqSUN6RpPqVfr�PqE
GdL
GdPqK"O	x.QtL
BDCWr�C J h�P J V�SUK;RpCWPUh�@ s I ] SUR Õ r J CFE
E
Y J CWGHE2E7CFKo×
E
GdL
GH|UC2L7P�L
BDC�L J S�
�RÔZHPqSUN"Ow¥.Q J SzL7C�ZHGHV�GHL
GHKDn J CFNuY;RpCFE<RpPqKDnUCFE7L
GdPqKÎCpØ�CFRpL
Gd|UCFZd[»PqK;Zd[OSzL<L
BDCfRpPqE7LtPUh
L
B J PqY;nqBDruYDL�NDCTn J SUNuSzL
GdPqK"Ok��Q�hlP J CFSUR8BOPUh>L
BDC2S ] P}|UC2E
R8BDCFVfCFE � BDCTL7C J PUnUCFKDCFGdLÜ[�r J CFRTZHYuNDCFEÐL
BDCQh�Y;ZHZ
J CFSUZHGHéFSzL
GdPqK�PUh-GHL
E%h�YuZHZgSUN;|�SUKgL
SznUC Ó @�BDC�E
L
Y;ND[2GbK2L
BuGHE Ò P J�Õ ] J GHKDnqE>Y;E%RTZdPqE7C J L7PQPqY J Y;ZdL
GbV�SzL7CÐnUPqSUZ
PUh�Y;KuNDC J E7L
SUK;NuGHKDn�P�|UC J ZbSF[ÍRpPqK;nUCFE7L
GdPqKÎGHK©nUCFK;C J SUZ>SUK;NÍN;CFE
GdnqK;GHK;n ] CTL7L7C J<J CFE
PqY J RpC2VWSUK;SznUCFVfCFKgL
E
R8BDCFVfCFE�h�P J P}|UC J ZHSF[oE Ó
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a K2L
BuGHE>R�B;Szr;L7C J��MÒ CÐN;CT|UCFZdPUrWS �p�8�z�����p�H�<�z�>sf���M�\�p�D���Ö�T�d��uo�q�q|U�F�{xÜ�H��}U�p�+uD�8�p�dx¾�µ��xyuD�8�p������w��o�d�U�µ�z� Ó @�BDC
r J GbV�S J [WRpPqKgL J G ] Y;L
GdPqK;EÐPUh>L
B;GHE Ò P J
Õ S J CU~

r L
B;CÐN;CT|UCFZdPUruVfCFKgL%PUheS�h J SUVfC Ò P J
Õ PUh-SUK�CpÖ,L7CFKuE
G ] ZdC3r�CTC J ×µL7Pz×µr�CTC J E
GHVÔY;ZHSzL7P J L
B;SzL Ò GHZbZMSUZHZdP Ò
S4RpPqVfruZdCTL7C�CT|�SUZHYuSzL
GdPqKQPUhor�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�EwL
B;SzLÑGbK;RTZHY;NDCiL
BDC�NDCTL
SUGHZHE�PUhoL
BDC3Y;K;NDC J ZH[,GHK;n
K;CTL Ò P J
Õe� SUK;N

r L
B;CWNDCFVfPqK;E
L J SzL
GdPqKÎPUh�L
BDCWGHVfr�P J L
SUKuRpCÔPUhÐGHK;RpP J r-P J SzL
GHKDn�S�KDCTL Ò P J
Õ VfPoNDCFZ%SUK;NÏL
B;C�Y;E7C
PUh>ruSUR Õ CTL¡×\ZdCT|UCFZ>E
GHVÔY;ZHSzL
GdPqKuE�GHK·r�CTC J ×µL7Pz×µr�CTC J!J CFE7CFS J R�B � L
B J PqYDnqB�L
B;C0Y;E7CQPUh v K,YDL7CFZHZbSfE
GHV�×
YuZHSzL
GdPqK�NDCT|UCFZdPUr�CFN©SURTRpP J N;GHKDnfL7P�PqY J h J SUVfC Ò P J�Õ

@ÑP©SUN;N J CFE�E<L
BDC�KDCTCFN;E<PUhÐS Ò GHNDC J SUKDnUCfPUhÐE7L
Y;NuGdCFE � PqY J h J SUVfC Ò P J
Õ E�GHV2YuZHSzL7P J B;SUE<L
BDCfh�PqZ�×
ZdP Ò GHKDnfR�BuS J SURpL7C J GHE7L
GbRTET~

r v CFKDC J GHR Ó	I CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�EÐRTSUK·N;G�Ø�C J GHK�V�SUKg[�SUE7r�CFRpL
E � C Ó n Ód� GHK;GdL
GbSUZHGdéFSzL
GdPqK¥P�SÔr J PoRpCp×
NuY J C�PUhlL7CFK6RTSUZHZdCFN ] P,PUL
E7L J Szr;ruGbKDn�Q4SUK;NÙV�SUGHKgL7CFK;SUK;RpCfPUh�r�CTC J GHKDn J CFZbSzL
GdPqK;E
B;GHruE � r J PUL7PoRpPqZ
V�CFE
E
SznUC J PqYDL
GHKDn � SUK;N�YuE7C J ] CFB;S�|,GdP J�Ó @�B;CWE
GHVÔY;ZHSzL7P J E�BDPqY;ZHNÙRTSzruL
Y J C�SUZbZ%L
BDC�RpPqVWVfPqK
SUE
r-CFRpL
E �-Ò B;GHZdCQSURTRpPqV�V�P,N;SzL
GbKDn�SWZHS J nUC�NDCTn J CTCÔPUh�N;GH|UC J E
GdLÜ[·GbKOCFSUR8B»SUE
r-CFRpL Ó @ÑP�SUN;N J CFE
E
L
BuGHE J CFk,Y;G J CFV�CFKML � S�B;GHnqBo×\ZdCT|UCFZ�R�BuS J SURpL7C J GdéFSzL
GdPqKÍPUhir-CTC J ×µL7Pz×µr-CTC J E7[oE7L7CFV�E�GHE J CFkgYuG J CFN Ó

r I ZHSzL7h�P J VÈGbK;NDCTr�CFK;NDCFKgL Ó m�CTr�CFK;N;GbKDnQPqK�L
BDC4K;CTCFN;E�PUh=L
BDCFG J E
GHVÔY;ZHSzL
GdPqK;E � Y;E7C J E�V�S�[Wr J CTh�C J
PqK;CÔKDCTL Ò P J�Õ E
GHVÔY;ZHSzL7P J P�|UC J SUKDPUL
BDC JFÓ XDP J Y;E7C J E4L
B;SzL4S J CÔKDPUL�GHKgL7C J CFE7L7CFN»GHK©L
BDCÔruSUR Õ CTL¡×
ZHCT|UCFZgNDCTL
SUGbZHE=PUh;S�E
GHVÔY;ZHSzL
GdPqK � L
BDC�E
GHVÔY;ZHSzL7P J E�BDPqY;ZHNQSUZbE7P ] C3S ] ZdC	L7P J Y;K Ò GdL
BDPqYDLwS4KDCTL Ò P J
Õ
E�GHV2YuZHSzL7P JFÓ @wPÔSURTRpPqVfruZHGbE
BfL
B;GHE �qÒ C�NDCTcuKDC4S0RpPqV�VfPqK�E7PoR Õ CTL¡×\ZHG Õ C�? I	a ] CTL Ò CTCFK�L
BDC�r�CTC J ×
L7Pz×µr�CTC J E
GHVÔY;ZHSzL7P J SUK;NÎL
BDC�ZdP Ò C J ZHS�[UC J KDCTL Ò P J
Õ E
GHVÔY;ZHSzL7P J�Ó �tY J E
GHVÔY;ZHSzL7P J RTSUK J Y;KÎPqK

� {



L7PUrÍPUhiK;CTL Ò P J
Õ E
GHVÔY;ZHSzL7P J E�E�Y;R�B©SUE �D� � ¡ ¥+�H¢ � �Q� B �T��� ¡�¤U¤U¤�¢ÑSUK;N u6sz�D� ¡�¤U¤���¢ Ó

r à RTSUZHS ] ZdC Ó ?Çr�CTC J ×µL7Pz×µr�CTC J E7[,E
L7CFV RTSUKâRpPqK;E
GHE7LÔPUh!L
B;PqY;E
SUK;N;EÔPUh�KDP,N;CFE2P J V�P J C �	Ò B;GbR�B
J CFkgY;G J CFE�S�B;GHnqB;Zd[�E�RTSUZHS ] ZdCQE
GbV2Y;ZbSzL7P J�Ò BDCFK�reSUR Õ CTL¡×\ZdCT|UCFZ>NDCTL
SUGHZbE�S J CQruY J E
YDCFN Ó	I ZHSzL7h�P J V�×
GbK;NDCTr�CFK;NDCFK;RpCÔV�S Õ CFEtGdL�r�PqE
E
G ] ZHCQhlP J PqY J E
GbV2Y;ZbSzL7P J L7P�YDL
GbZHGdéTC0CpÖDGHE7L
GbKDnWL7CFR8B;K;GHk,YDCFE � E
Y;R8B
SUE ubsz�D� SUK;N�B �­���u���F�µ�z� J PqYDL
GbKDn¥¡�¤U¤F¥�¢ � L7PWE�RTSUZdC0KDCTL Ò P J
Õ E
GbV2Y;ZbSzL
GdPqK;E Ó

r �3SUE7[�L7P�CpÖ,L7CFK;N»SUK;NÍY;E7C Ó!� PqE7L�YuE7C J E�PUh%L
B;C2E
GHVÔY;ZHSzL7P J CFGdL
BDC J KDCTCFNOL7P�CpÖ,r�C J GbVfCFKML Ò GdL
B
SUK»CpÖDGHE7L
GHK;nWr�CTC J ×µL7Pz×µr�CTC J E7[,E
L7CFV � C Ó n Ód� hlP J r�C J h�P J V�SUK;RpC�SUK;SUZd[oE
GHE4SUK;N Ò P J
Õ ZdPqSUN»R�B;S J SUR�×
L7C J GdéFSzL
GdPqK ¡¤�z{+¢ � P J L
B;CT[ÍS J CfGHKgL7C J CFE7L7CFNÏGHK J CFN;CFE
GdnqK;GHK;n � SUN;N;GHKDn�S·hlC Ò RpPqVfr�PqKDCFKgL
EtGHKÎSUK
CpÖDGHE7L
GbKDnfr�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV Ó @wPWS�|UPqGHNONuYDruZHGHRTSzL7C<CpØ�P J L
E ] [·Y;E7C J E!SUK;N�L7PWV�S Õ CÔGdL�CFSUE7[
L7PÍCpÖ,L7CFKuN � L
BDC�E�GHV2YuZHSzL7P J GHEtNDCFE�GdnqKDCFNÏL7P ] C�VfPoN;Y;ZbS J SUKuNÙRpPqVfr�PqE
S ] ZdC ÓWa LQGHE0SUZHE7P�CFSUE7[
h�P J Y;E
C J E�L7PWE7CTL4YDr©SUK;N©NDCFE�R J G ] C<L
BDCFG J E
GHVÔY;ZHSzL
GHPqK;E Ó

å CWN;CFVfPqK;E7L J SzL7CfL
B;C�Szr;ruZHGHRTSzL
GHPqKÍPUh�L
BDCfh J SUVfC Ò P J
Õ ] [ ] Y;GHZHNuGHKDnWS v K,YDL7CFZHZbS�E
[,E7L7CFV E
GHV�×
Y;ZHSzL7P J ] SUE7CFNÎPqKÏPqY J h J SUVfC Ò P J
Õ-Ó 7�E
GHK;n�L
BDC v KgYDL7CFZbZHS·E
GHVÔY;ZHSzL7P JF��Ò C�E
BDP Ò L
B;SzLQr�CTC J ×µL7Pz×µr�CTC J
E7[oE7L7CFVÃr�C J hlP J V�SUK;RpC0RTSUK ] C2S�Ø�CFRpL7CFN ] [ÍKDCTL Ò P J
Õ R8B;S J SURpL7C J GHE
L
GHRTE�L7P�S�ZHS J nUCÔCpÖ,L7CFKgL � SUK;NÍL
B;SzL
PqK;Zd[ ruSUR Õ CTL¡×\ZHCT|UCFZ2NDCTL
SUGbZHE�RTSUK J CT|UCFSUZ0E7PqVfC�SUE7r�CFRpL
E�PUhÔL
BDC�GbVfruSURpL ÓÇà CT|UC J SUZQYuE
SznUCFE©PUhÔL
BDC
v K,YDL7CFZHZHSÏE�GHV2YuZHSzL7P J S J C©L7P ] C©N;CFE
R J G ] CFN*L7P�GHZbZHY;E7L J SzL7C�BDP Ò CpÖoL7CFK;E
G ] GHZHGdLÜ[�SUK;NèRpPqV�r-PqE�S ] GHZHGdLÜ[
h�SURTGHZHGdL
SzL7CQGdL
E!Y;E7Cth�P J N;G�Ø�C J CFKgL J CFE7CFS J R8B©ruY J r-PqE
CFE Ó

@�B;C J CFE7L�PUhwL
B;C�R8B;Szr;L7C J GHE3P J nqSUK;GdéTCFN·SUE�hlPqZbZdP Ò E Ó	à CFRpL
GdPqK�x0NDCFE�R J G ] CFE	L
BDC<E
GHVÔY;ZHSzL7P J h J SUVfCp×
Ò P J
Õ GbKÔN;CTL
SUGHZHE Ó	à CFRpL
GdPqK�¥<GHKgL J PoN;Y;RpCFE%S v K,YDL7CFZHZbS�E
[,E7L7CFV#E
GHVÔY;ZHSzL7P J ] Y;GHZHL ] SUE
CFN�PqK�L
BDC�E
GHVÔY;ZHS�×
L7P J h J SUV�C Ò P J
Õ-Ó	à CFRpL
GdPqK)��NDCFVfPqK;E
L J SzL7CFEwBDP Ò L
B;C v K,YDL7CFZHZHS�E
[,E7L7CFVAr�C J h�P J V�SUK;RpC�GbE=GHVfruSURpL7CFN ] [
KDCTL Ò P J
Õ R�B;S J SURpL7C J GHE7L
GHRTE�L
B J PqY;nqB�E7PqV�C4E
GHV�ruZdC�CpÖor�C J GHVfCFKgL
E Ó	à CFRpL
GdPqK·{0NDCFE�R J G ] CFE�BDP Ò Ò C<E
RTSUZdC
YDrÙr�CTC J ×µL7Pz×µr�CTC J E
GHVÔY;ZHSzL
GdPqK;EtYuE
GHKDn·CpÖDGHE7L
GHKDn�reS J SUZHZdCFZHGHéFSzL
GdPqKÎL7CFR�B;KuGHkgY;CFE Ó·à CFRpL
GHPqK � RpPqK;RTZbY;NDCFE
L
BDC0R8B;Szr;L7C JFÓ

�	�qÙ Ú3�fÜÝÛ��<�$ã��-�kb:�����	�/ã�����ã/Û����

a K�L
B;GHE�E7CFRpL
GdPqK �,Ò C�NDCFE
R J G ] C�L
B;C�P�|UC J SUZbZeS J R8B;GdL7CFRpL
Y J C!PUh�L
BDC4r-CTC J ×µL7Pz×µr-CTC J h J SUVfC Ò P J�Õ E
GHVÔY;ZHSzL7P J
SUK;NÙGHL
E0GHVfreZdCFVfCFKgL
SzL
GdPqK Ó�å C�E7L
S J L Ò GHL
BÙS�nUCFKDC J SUZ3NDCFE
R J GHr;L
GdPqKÎPUhÐr�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�E2SUK;N
L
BDCFK�CpÖoruZHSUGbK·L
BDCQE
GHVÔY;ZHSzL7P J GbK�NDCTL
SUGHZHE Ó

�/�



Peer−to−Peer Application
Controller
Activity

Network Simulator

(socket−based APIs)

(P2P protocol dependent APIs)

P2P User Command Interfaces

Peer−to−Peer Agent P2P Forwarding
Control

(ns2, GTNets, ...)

(Gnutella, Chord, ...)

(Limewire, Gnucleus, ...)

Socket Adaptation Layer

Message Parser

þ!õ~ö>ò�èfë÷JNO�ê0I CTC J E
GbV2Y;ZbSzL7P J S J R�B;GHL7CFRpL
Y J C
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 ófý>ëWè�ýwõ~ë�ÿ

? �8�p�dx¾�µ�/x ? ���p� C �}�p�\��wÔ� S J CWNDCFRpCFKgL J SUZHGHéTCFN�Szr;ruZbGHRTSzL
GdPqK;E Ò GHL
B Ò B;GHR8BÏr�CTPUruZdC�E
B;S J C J CFE7PqY J RpCFE0P J
RpPqZHZHS ] P J SzL7C�PqK6RpC J L
SUGHK�L
SUE Õ E Ó @�BDC�r�CTC J EÔGHKÏPqK;C�E7[oE7L7CFV Y;E
Y;SUZbZd[»BuSF|UC�L
BDC�E
SUV�C ] SUE�GHR�h�Y;K;R�×
L
GdPqK;SUZbGdL
GdCFE � ] YDL�RTSUK ] CtN;GHE
E
GbV�GHZHS J GbK�RpC J L
SUGHK�R�B;S J SURpL7C J GHE7L
GHRTE!SUK;N�V�SF[ ] CFB;SF|UCt|UC J [�N;GdØ-C J CFKgL
Zd[ Ó
@�BDC ] SUE
GHR<h�Y;K;RpL
GdPqK;SUZbGdL
GdCFE�PUhiS�r-CTC J RTSUK ] CtnUCFKDC J SUZHZd[·RTSzL7CTnUP J GdéTCFN»SUE�h�PqZHZdP Ò E	¡¯�U{+¢µ~

r E�B;S J CQSUK;N©E
CFS J R�BOhlP J�J CFE7PqY J RpCFE

r YuE7C2S�RpC J L
SUGHK»r�CTC J ×µL7Pz×µr�CTC J r J PUL7P,RpPqZiL7P·GHVfruZHCFVfCFKML!L
BDC J CFE7PqY J RpCÔE
B;S J GHK;nD~�CFE
L
S ] ZHGHE
BÍSUK;N
VWSUGHKML
SUGbKÊRpPqKuKDCFRpL
GdPqK;E Ò GHL
B6r�CTC J E � SURTRpCTr;L�Y;E7C J GHK;ruYDL�SUK;N*GHK;GdL
GHSzL7C�r J PUL7PoRpPqZ�VfCFE
E�SznUCFE �
r J P,RpCFE�E�SUK;N J PqY;L7CQr J PUL7PoRpPqZ=VfCFE
E�SznUCFE

a K�PqY J E
GHVÔY;ZHSzL7P JF� SÔr-CTC J ×µL7Pz×µr-CTC J E
[,E7L7CFV`RpPqKuE
GHE7L
E�PUhÑSÔn J PqY;r�PUhwr-CTC J KDPoNDCFE � CFSUR8B·PUh Ò B;GbR�B
B;SUE�L
BDC·L
B J CTCp×\ZHSF[UC J S J R�B;GdL7CFRpL
Y J C©E
BDP Ò K*GHK*XiGHnqY J C©¥/� Ó ?ÐLfL
BDC ] PUL7L7PqV ZHS�[UC J GHEÔL
BDC�ruSUR Õ CTL¡×
ZdCT|UCFZtKDCTL Ò P J�Õ E
GHVÔY;ZHSzL7P J·Ò BuGHR�BÀr J P}|,GbNDCFE�ruSUR Õ CTL©L J SUK;E7h�C J Y;rÀL7P*L
BDCÎL J SUKuE7r�P J L�ZHSF[UC JFÓ @�BDC
V�GHNuN;ZdCÍZbSF[UC J GHE�L
BDCÎr�CTC J ×µL7Pz×µr�CTC J SznUCFKgLpP I CTC J ?4nUCFKMLhQ Ò B;GHR8BÀN;CFSUZHE Ò GdL
B�SâE7r�CFRTGdcuRÍr�CTC J ×µL7Pz×
r�CTC J r J PUL7P,RpPqZ Ó ?4V�PqKDn»GHL
E J CFE7r�PqK;E�G ] GHZHGHL
GdCFE4S J C�L
BDC�L J SUK;E�V�GHE
E
GHPqK �=J CFRpCTr;L
GHPqK � r J PoRpCFE
E
GHK;nOSUK;N
h�P J
Ò S J N;GHKDnfPUh>r J PUL7PoRpPqZwV�CFE
E
SznUCFE � SUE Ò CFZHZ=SUE4L
BDC0V�SUGbKML7CFK;SUKuRpCQPUh%L J SUK;E7r�P J L�RpPqKuKDCFRpL
GdPqK;E Ò GdL
B

� �



r�CTC J E Ó @�BDC�r-CTC J ×µL7Pz×µr-CTC J Szr;reZHGHRTSzL
GdPqK0CFKML
GdLÜ[ôP I CTC J ?4r;rÇQÑSzLÑL
B;C3L7PUr�PUh;L
BDCÐS J R8B;GdL7CFRpL
Y J CÐr�C J h�P J V�E
Szr;ruZbGHRTSzL
GdPqK J CFZbSzL7CFNÀSURpL
GHPqK;E�E�Y;R�BÀSUE J CFE7PqY J RpC»E
B;S J GHK;n � k,YDC J [âr J P,RpCFE�E
GHKDn�SUKuNár�CTC J�J CFZHSzL
GdPqK
V�SUGHKgL7CFK;SUK;RpC Ó @!B;GHE�E
CTruS J SzL
GdPqK�PUh=h�Y;K;RpL
GdPqKuSUZHGdL
GdCFE ] CTL Ò CTCFK I CTC J ?4nUCFKML�SUK;N I CTC J ?4r;r�S J C ] SUE7CFN
PqK�L Ò P�RpPqK;E
GHNDC J SzL
GdPqK;ET~

r @!BDC J C2GbE!PUh�L7CFKÎSWV�SUKg[M×µL7Pz×µPqK;C�V�Szr;ruGHK;n ] CTL Ò CTCFKÍL
B;C2Szr;ruZbGHRTSzL
GdPqKOSUKuNOL
BDCÔr�CTC J ×µL7Pz×µr�CTC J
r J PUL7P,RpPqZiP J |oGHRpCÔ|UC J E
S Ó XDP J CpÖDSUVfruZdC ��ç GHVfC å G J C � v KgYuRTZdCFY;E�SUK;N æ CFS Jpà B;S J CfSUZHZiY;E7CÔL
BDC
v KgYDL7CFZbZHSfr J PUL7PoRpPqZwSUKuN©L
BDCT[�RTSUK ] C ] Y;GHZdLÐPqK©L7PUr»PUh>L
BDC2E�SUVfC v K,YDL7CFZHZHS�r J PUL7PoRpPqZwSznUCFKgL Ó
a KÊE7PqVfC·PUL
BDC J RTSUE7CFE � r�CTPUruZHC�V�S�[ Ò SUKgL�L7P»RpPqV�ruS J C�N;G�Ø�C J CFKgL0r J PUL7PoRpPqZHE ] [ J Y;K;K;GbKDnOS
E�SUVfC0Szr;ruZbGHRTSzL
GdPqK·PqK�L7PUrÍPUhÑL
BDCFV Ó

r I CTPUruZHC<RpPqKuN;Y;RpL
GHKDn J CFE7CFS J R8B�PqK�L
B;C4L Ò P�ZHS�[UC J E�PUhlL7CFK·B;S�|UCQN;G�Ø�C J CFKgL3RpPqK;RpC J KuE3P J S J CFSUEÐPUh
GbKML7C J CFE
L Ó�I	J PUL7PoRpPqZ=ZHS�[UC J!J CFE
CFS J R�B©VWSF[·hlPoRTY;EÐPqK�L
B;CQE7[,E
L7CFV�  E�RpPqV�VÔY;K;GHRTSzL
GHPqK ] CFB;SF|oGdP JFÓ
?4r;ruZbGHRTSzL
GdPqK�ZHS�[UC J�J CFE7CFS J R8BOV�S�[ ] CQV�P J CQRpPqK;RpC J KDCFN Ò GdL
B�GHE�E
YDCFE�E
Y;R8B©SUE�Y;E
C J ] CFB;SF|oGdP JFÓ
a L!GHE�N;CFE
G J S ] ZHC<GHhwL
BDCT[�RTSUK©GHKuNDCTr�CFK;NDCFKgL
Zd[WRpPqK;E
GbNDC J L
BDC0RpPqVfr�PqKDCFKgL
E�PUh%GHKgL7C J CFE7L Ó

å C�GHV�ruZdCFVfCFKgL!L
BDC�h J SUVfC Ò P J
Õ E�GHV2YuZHSzL7P J SUEtS�E
CTL�PUh s 1�1 ] SUE7CfRTZHSUE�E7CFE Ó @�B;C J CFE
L�PUh3L
BDC
E7CFRpL
GdPqKÍNDCFE
R J G ] CFE�CFSUR8BOPUhiL
BDCFE7C0RpPqV�r-PqK;CFKML
E Ó

4Læy*�æ�* !-ëWëWè�ñ�ûjû

I CTC J ?4r;rÔGbE=L
BDC�N;G J CFRpLiGHKML7C J h�SURpC�L7P!r�CTC J ×µL7Pz×µr�CTC J Szr;ruZHGbRTSzL
GdPqKQY;E7C J E Ówa LÑCFV ] P,NuGdCFE�L
BDC ] CFB;SF|oGdP J PUh
S2r-CTC J ×µL7Pz×µr-CTC J Szr;ruZbGHRTSzL
GdPqK Ó>I CTC J ?!rur�GHE�L
BDC J CTh�P J C<S0RpPqVfr�PqKDCFKgL Ò BDC J C!N;GH|UC J E
GdLÜ[�GHE�VfPqE
L3ZHG Õ CFZH[
L7P�L
S Õ CtruZHSURpC Ó	Þ P Ò CT|UC JF�;Ò C�S J C<S ] ZdC4L7PfGHN;CFKML
Gdh�[�L
BDCtSURpL
Gd|oGdL
GdCFE�RpPqV�VfPqK·L7PfVfPqE7LÐSzr;ruZHGbRTSzL
GdPqK;E �
Ò B;GbR�B�RTSUK ] CQRTSzL7CTnUP J GHéTCFNÍSUE�h�PqZHZdP Ò E Ó

r 7�E7C J GHKgL7C J h�SURpC Ó 74E
C J GHKgL7C J h�SURpC2GHKuRTZHY;NDCFE�? I	a E4L
B;SzL4S J C�RTSUZHZdCFN ] [©SzruruZHGHRTSzL
GdPqKOY;E7C J E�SUK;N
VWSF[�L J GdnUnUC J RpC J L
SUGHK·r J PUL7P,RpPqZ�VfCFE
E�SznUCFE�SUK;N � P J R8B;SUKDnUCFEÐL7PfL
BDC<r�CTC J E7L
SzL7C Ó X;Y;KuRpL
GdPqK;EÐGHK
L
BuGHE�RTSzL7CTnUP J [�GHK;RTZHYuNDCU~ �T�z����á/â�E��H�
��}U� á/â�E	�{sD�d��á/â�E����,�z�
� á?â�E	�F�
�z�7�p�Pá/â Ó @�BDC J C<S J CQSUZHE7PfYDr�RTSUZHZHE
h J PqV I CTC J ?4r;r©L7P�Y;E7C J E � L
B;C0VfPqE7L!GbVfr�P J L
SUKMLÐPqKDC ] CFGbKDn CT�u�p�����M���-á?â Ó

r � SUGHKgL7CFK;SUK;RpC2PUh%r-CTC J!J CFZHSzL
GdPqK;E�B;Gdr Ó�I CTC J E�GHK�S�E7[,E
L7CFVÇRpPqK;KDCFRpL4L7PWCFSUR8BÍPUL
B;C J GHK©RpC J L
SUGHK
Ò SF[oE Ó @ Ò P·PUr�C J SzL
GdPqKuE�RpPqVWVfPqK;Zd[»GHKM|UPqZH|UCFN»S J CU~ � â&���F�U�������7�hu ~ Ò B;GHR8BÍZdCFS J K;E�PUh � E7CFZHCFRpL
E
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SUKuN�RpPqK;K;CFRpL
E3L7P�SÔKgY;V ] C J PUh�r�CTC J E3SUE�S2r�CTC J GHKuGdL
GHSUZHZd[��¡PqGbK;E	L
BDC�E7[oE7L7CFV � SUK;N � â�w��z���u�\��x
�-�z�e�8� ~ Ò B;GHR8BÔSUNuSzr;L
E%L7PtL
BDC�E7[oE7L7CFV5R8B;SUKDnUCFE ] [2r-PqE�E
G ] Zd[QN J PUr;ruGHK;n4PqZHNÔr�CTC J E%SUK;NfSUNuN;GHKDn
K;C Ò r�CTC J E�h�P J GHVfr J P�|UCFN©RpPqK;K;CFRpL
Gd|,GHL\[ Ó

ñ�ð/é}õlýwõ�éF�>ð�í>ïÇé�è+í>ñ{ñ~ë�è �<K;CtPUhiL
B;C0VfPqE7L!GbVfr�P J L
SUKML�GHK;ruYDL
EÐL7PWSfr�CTC J ×µL7Pz×µr�CTC J E
[,E7L7CFVÛE
GHVÔY;ZHS�×
L
GdPqKÊGHEQL
B;C�Y;E7C J ] CFB;SF|oGdP JF�iÒ B;GbR�B�GbE0PUh�L7CFK6N;C J Gd|UCFN6h J PqV:S J CFSUZ�P J E7[oKML
BDCTL
GbR�L J SURpC Ó ?4K;PUL
BDC J
r�PqE
E
G ] GHZHGdLÜ[QGHE%L7P0Y;E
C�L
BDC J CFE
YuZdL
E>P ] L
SUGHKDCFN ] [�E7PqVfC�r�CTC J R8B;S J SURpL7C J GHéFSzL
GdPqK�E
L
Y;N;GdCFE%SUK;NWSUE
E7PoRTGHSzL7C
S�RpC J L
SUGHKÏV�P,NDCFZ Ò GdL
B»L
BDCfr�CTC J ] CFB;S�|,GHP JFÓ ?�RpL
Gd|oGdL\[ s PqKgL J PqZHZdC J GHEtSUKÎCFKgL
GdLÜ[»SUE
E
P,RTGHSzL7CFN Ò GdL
BÏS
I CTC J ?4r;rOL
B;SzL!nUCFKDC J SzL7CFE<Y;E7C J SURpL
GHPqK;E!ND[oK;SUV�GbRTSUZHZd[ ] SUE
CFN©PqKOS ] CFBuSF|oGdP J SUZ=VfPoNDCFZ Ó @�BDC J CTh�P J C �
L
BDC©GHKgL7C J h�SURpC ] CTL Ò CTCFKá?4RpL
GH|,GdLÜ[ s PqKML J PqZbZdC J SUK;N I CTC J ?4r;ráGHE�L
BDC©E
SUV�C©SUEfL
BDC¥7�E7C Jd��I CTC J ?4r;r
GHKgL7C J h�SURpC Ó @�B;GHE�K;SzL
Y J SUZ�RpP J
J CFE7r�PqK;NDCFKuRpC�h�SURTGHZHGHL
SzL7CFE�L
BDC©NDCT|UCFZdPUruV�CFKML�PUh<N;G�Ø�C J CFKgLfRTZHSUE
E7CFEfPUh
?�RpL
Gd|,GHL\[ s PqKML J PqZHZdC JFÓ

å COGbVfruZdCFVfCFKgL�L
BDC©VfPoNDCFZÐr J PUr�PqE7CFNâGbK ¡ {U{/¢ Ò GdL
B*L Ò P�RTZbSUE
E7CFET~ I CTC J�à [oE�SUK;N s ZHSUE
E à r�CFR Ó
I CTC J�à [oE�VfP,N;CFZHE�E7[,E
L7CFV�× Ò GHNDC�ruS J SUVfCTL7C J EfE
Y;R�B*SUE�L
BDC·K,Y;V ] C J SUK;N6r�PUruY;ZHS J GHL\[ÙN;GHE
L J G ] YDL
GHPqK
PUh�r�PUruYuZHS J cuZdCFE � SUK;NÎL
BDCfK,Y;V ] C J PUhÐN;G�Ø�C J CFKgL<RTZbSUE
E7CFE<PUh�r�CTC J E Ó s ZHSUE�E à r�CFR2GbE4L
B;C�VfP,N;CFZÑPUhÐS
E7r�CFRTGdcuR�RTZHSUE
E>PUh�Y;E7C J E � E
Y;R�BfSUE	PqK � PzØ�r J P ] S ] GHZbGdL\[ � L
BDC�SF|UC J SznUC4ZdCFKDnUL
B�PUh-GHN;ZdC�r�C J GdPoN2SUKuN�PjoWGHKDC
r�C J GdPoN Ó ?4K©?�RpL
Gd|oGdL\[ s PqKgL J PqZHZdC J GbE�R J CFSzL7CFN Ò GHL
B·L Ò P�ruS J SUVfCTL7C J ET~�S I CTC J�à [oE�SUK;N�S s ZHSUE
E à r�CFR Ó
?�RpL
Gd|,GHL\[ s PqKML J PqZHZdC J GHE0GHV�ruZdCFVfCFKgL7CFN ] SUE�GHRTSUZHZd[ÏSUE�SOL
GbVfC J PUh Ò B;GHR8BÙL
BDC�CpÖ,reG J SzL
GdPqK�L J GdnUnUC J E�S
R�BuSUKDnUC0PUhir�CTC J E7L
SzL7C2SUKuN�E
R�BDCFNuY;ZdCFE�L
BDCQK;CpÖ,L�CT|UCFKgL!PUh>E7L
SzL7CÔR�B;SUKDnUC Ó

4Læy*�æ­J !-ëWëWè�ñ�öNëbïÇé

I CTC J ?4nUCFKML�r�C J h�P J V�Etr J PUL7P,RpPqZ3NDCTr�CFK;NDCFKgL0VfCFE
E
SznUC�L J SUK;E�V�GHE
E
GHPqKÏSUK;NÙr J P,RpCFE
E�GHKDn Ó @�BDCW? I	a E
] CTL Ò CTCFK I CTC J ?!nUCFKgLOSUK;N I CTC J ?4r;r'Y;E
Y;SUZbZd[âRpP J
J CFE7r�PqK;N L7P*L
BDCÏVfCFE
E
SznUCÏLÜ[gr�CFE·NDCTcuKDCFNÀGHK�S
E7r�CFRTGdcuR4r�CTC J ×µL7Pz×µr�CTC J r J PUL7PoRpPqZ Ó ?'reSUR Õ CTL!NDCFZbGd|UC J CFN�L7P�S I CTC J ?4nUCFKgL ] [WL
BDCtKDCTL Ò P J
Õ E
GHVÔY;ZHSzL7P J
GHE2c J E7L2ruS J E7CFN ] [�SÍV�CFE
E
SznUC·ruS J E7C J�Ó»æ SUE7CFNÊPqKÊL
BDC·NDCTL
SUGHZHE2PUh�L
BDC·VfCFE
E
SznUC � L
BDC I CTC J ?4nUCFKgL
CFGdL
BDC J N J PUruE�GdL � N;CFZHGd|UC J E�GdL�L7PÏL
BDC I CTC J ?4r;r � SUK;N � P J h�P J
Ò S J N;EfGdL�L7P�SUN��
SURpCFKMLfr�CTC J P�EdQ � Szh�L7C J
E7PqVfC0r J PUL7PoRpPqZ�×\NDCTr�CFK;NDCFKgL�R�B;SUKDnUCFE4L7P�L
BDC2VfCFE
E
SznUC � GHhiKDCFRpCFE�E
S J [ Ó

!#*k! þ�íNèfÿ�çNèfõ>õ{ï�öÈð#íÇïÇé�èfíÇñ a KáV�PqE7L�r�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�E � r�CTC J Efr�C J h�P J V E7PqV�COE7P J L�PUh
r J PUL7PoRpPqZ�VfCFE
E�SznUCQhlP J�Ò S J NuGHKDn Ó m<Y J GHKDn�L
BDC<h�P J
Ò S J N;GHKDn�r J P,RpCFE
E � GHLÐRTSUK©CFSUE
GHZd[�B;Szr;r�CFK�L
B;SzL�L
BDC
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W��êÔà P,R Õ CTL-74r�RTSUZbZHE
�Ó�I�(z �º���w|h� ���-����K�N��£1|×�I��� �{z#|#u�� � �~|�§2zh���~�:�T�y|D§2z ���l�������~�Y�P�I�<����z#��� � �l����� �Zz#|}zh� u�z#�uK�-���ù��£1|×�I��� |h�-���wz}| �{z#��� � �~|D§2z �R� � ²¡|h� � u�z�¢ �-���<z#| �����-�¤£�¤ ���I¢�����¤3¥wz}�uK�-���ù��£1|×�I��� £��I¤�¤3|h�-����� � �L|D§2z ��� � �T�I¤�¤ � u�z�¢ �-���<z#| �����-�'£�¤ ���I¢�����¤3¥wz}�uK�-���ù��£1|×�I��� |h���-¤ ���<v�� � �~|D§2z �¦� � � �L|D§2z �P´,z¬���wv=¢ ���-¤3z#�uK�-���ù��£1|×�I��� ¤{zh�<��� � �~|�§2zh��� � � �L|D§2z �V�$z¬�y�w§R��� � zh�<�uK�-���ù��£1|×�I��� �y|#|#zh£��¬� � �L|D§2z �	� � ¨ �<|h�-�e���<v(¢��-���<z#|h� ���-�¤�Zz#©F�<zh¤¾�

PqYDL7nUPqGHK;n2RpPqK;KDCFRpL
GHPqK�P�EhQ%GbE ] ZdPoR Õ CFN Ó>I CTC J ?4nUCFKgLÐRTSUK�GHKg|UP Õ C�RpC J L
SUGHK�h�P J
Ò S J N;GHKDn2RpPqKML J PqZ-RpPqVfr�Pz×
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ö�õ�û�ýZó�ô_ñ2ò`õ ð ñ�ú$õ�ö�ö2òiñR÷jùZò'F,ü�òiþLõ�û!ò ð ñ�öA��÷jñ�ú�úZô�
jò'ôIË8üZþL÷��$ô,�$õ�ó�õ�ñ$��÷jù � ÷Iõ ð	� ÷jo>õ ð ò8ô_ù3ñ2òiþ(ô@öLýZÿiÿ<ò1ö�ö2ù�ýZó
BÙýUòiþ1� � ñ�úUòiþ�òiù3÷jþ�ò � ñ�úZò ð ý$ûl��òiþ�÷jù¤ô�
_ôjõ�ó�ô,�¡óGòÛü�òiòiþLö�ô_ñ�ô ð �Eõ ð ö2ñ�ô ð ÿ<òÛ÷jù'ñ�õ�û!ò�õ�ö ð ÷jñ/ôo��ò1ÿ<ñ2ò��Æ�5�
öD�,ö2ñ2ò1ûBñ�úZþ�÷Iý � úUü$ýZñ ô ð �Ûö2ñ�ô��,ö=ñ�úZò�ö�ôjû!ò ù3÷jþ=ñ�úUò�ñ�úUþ�òiò¤ò'F,üVòiþ~õ�û!ò ð ñ�ö��� ð ô��M�$õGñ�õG÷ ð�� ôjöP#Pò�ÿiô ð ö2òiò
ù3þ�÷Iû 
 õ � ýUþ�ò ®Mr,� ñ�úUò�ÿ<÷ ð$ð ò1ÿ<ñ�õ�
,õGñ$�\ôjû!÷ ð	� ü�òiòiþLö@õ ö@úZô_þ:�Zó���ÿLú$ô ð	� ò��-ôjÿ<þ�÷Iö�ö�ñ�úUò�ñ�úUþ�òiò!ö2òiñ2ñ�õ ð	� ö��
� úUòiþLòiù{÷jþ�ò � ôjó�óÙñ�úUò'ü$ô_þLôjû!òiñ2òiþLö8ýZö2ò��øñ2÷�ÿ<÷Iû!ü$ýZñ2ò`ñ�úZò öD�Ùö�ñ2ò1ûDñ�úUþ�÷Iý � úUü¡ýUñ � ô ð �!úUò ð ÿ<ò'ñ�úUò¤þLò1ö�ýZóGñ �

x ª



0

200

400

600

800

1000

1200

1400

0 500 1000 1500 2000 2500

Th
ro

ug
hp

ut
(Q

ue
ry

H
it/

se
c)

Time(second)

System Throughput vs. Peer bandwidth

Low speed
Medium speed

High speed

Ì V Ä/ÃzÁo¼�¶\Í�Î ­��Ùö�ñ2ò1û ñ�úUþ�÷Iý � úZü$ýUñ

ö�úU÷Iý$óQ�Ï��ò<
jòiþ1�ÛÿióG÷Iö2ò@ù{÷jþPñ�úUò�ñ�úZþ�òiò�ò'F,ü�òiþLõ�û!ò ð ñ�ö � #�ú$õ�ÿLú�õ�ö ð ÷jñ`ÿ<÷ ð ö�õ�ö2ñ2ò ð ñP#@õGñ�ú!ñ�úUò@ü$ôjÿ1CjòiñK&}óGò�
jò1ó
þ�ò1ö�ý$óGñ�ö�õ ð 
 õ � ýUþLò ®a° �Nj-ò>÷��¡ö2òiþ1
jòÛñ�úZô_ñ/ñ�úUòN�Zõ�öLÿ<þ�òiü$ô ð ÿ'�\þ�ò1ö�ýZó�ñ�ö ð ÷jñ�÷ ð ó��\ù3þ�÷Iû ñ�úUò@�Zõ��Vòiþ�ò ð ñ
� L�� ñ�úUþ�÷Iý � úUü$ýUñJ
_ôjó�ýUò1ö � �$ýUñ@ôjó�ö2÷>ù3þ�÷Iûäñ�úUò��$õ`�VòiþLò ð ñ�óG÷Iö�ö þ~ô_ñ�õG÷Iö�÷jù���ýUòiþ1�S�@õ�ñ ü$ôjÿ1Cjòiñ�ö��ÑÐ�÷Iö�ö2ò1ö
ÿiô ð ú$ô_üZü�ò ð #@úUò ð ñ�úUòiþ�ò�ô_þLò;��÷jñ2ñ�óGò ð ò1ÿ1C � L<� ñ�ý ðZð ò1ó ö¤õ ð ñ�úUò ��ð ýUñ2ò1ó�ó ô ð òiñ$#`÷jþ1C/�

³µ´�¶z´QÒ f Ãz¼�Á%¹|Ó�¼�º�Å!Â\Ô�º�¼i¾ V ½Ê¼
��ýUòiþ��?þLò1ö2ü�÷ ð ö2ò�ñ�õ�û!ò�õ�ö ÷ ð ò�÷jù(ñ�úUò ûÛ÷Iö2ñ@ýZö�òiþD&#ü�òiþLÿ<ò1õ�
_ô,�$óGò�ü�òiþ�ù3÷jþLûÛô ð ÿ<ò/ûÛòiñ2þLõ�ÿiö ÷jù=ô>ü�òiòiþD&#ñ2÷,&
ü�òiòiþ öD�,ö2ñ2ò1ûm�! ð���ð ýUñ2ò1ó�ó�ôøöD�,ö2ñ2ò1ûÛö � ñ�úUò���ýUòiþ��>þ�ò1ö2ü�÷ ð ö�ò�ñ�õ û!ò�ÿ<÷ ð ö�õ�ö�ñ�ö¤÷jù	ñ¯#P÷�ü$ô_þ�ñ�ö�((ñ�úZò�ñ�õ�û!ò
õGñ¤ñ�ô,Cjò1ö�ôÛýZö2òiþ�ñ2÷ � òiñ�ñ�úUò[�$þLö2ñR��ýUòiþ�����õGñ ÿ<÷jþ�þ�ò1ö�üV÷ ð �Zõ ð	� ñ2÷>ôd��ýZòiþ1�Õ�¯>53 2¨2 3×Ö . � � ô ð �Fñ�úZò�ñ�õ�û!ò
õGñ�ñ�ô,Cjò1öøñ2÷Õ�U÷�# ð óG÷Iô���ôY�$óGò�� ¦a),Ø*+M^�)�]a¦ 3 +54Æ2 3XÖ . �:���Ròi÷jü$óGò�÷jù{ñ2ò ð ôjö�ö�ý$û!ò>ñ�úZô_ñ ñ�úUò�ú$õGñ�ñ�õ�û!ò?õ�ö
ð ò � ó�õ � õ��$óGò?ôjö!ÿ<÷Iû!ü$ô_þ�ò��µñ2÷-ñ�úUòY�Z÷%# ð ó�÷Iô��Zõ ð	� ñ�õ�û!ò��Ùj-òm��ò1ó�õ�ò�
jò�ñ�úZô_ñ!ñ�úZò ��ð ýUñ2ò1ó ó�ô�úZõGñ�ñ�õ�û!ò
õ�ö�ô ð õ�û!ü�÷jþ�ñ�ô ð ñ�üVòiþLù{÷jþLû>ô ð ÿ<ò�ûÛòiñ2þLõ�ÿøôjö�õGñ�ôo�Vò1ÿ<ñ�ö�ý$ö2òiþ[��ò1úZô�
,õG÷jþ��[ ðÚp~ª�ªote� úZõGñ@ñ�õ�û!ò!úZôjö���òiò ð
û!÷S�Uò1óGò��?ôjö¤ô/ù�ý ð ÿ<ñ�õ�÷ ð ÷jù ð ÷ ð & ð òiñ¯#P÷jþ1C5&#þ�ò1ó�ô_ñ2ò���ü¡ô_þLôjû!òiñ2òiþLö'ö�ýZÿ~ú�ôjö'ñ�úUò�ô%
Yôjõ ó�ô,�$óGò�÷ ð ó�õ ð ò�ü�òiòiþLö
ô ð �Fñ�úZò�ô�
jòiþLô � òøúZõGñ¤üZþL÷��$ô,�$õ�ó�õ�ñ$�>ÿ<÷jþ�þLò1ö2ü�÷ ð �Zõ ð	� ñ2÷Ûñ�úUò/þ�ò1ö2÷IýUþLÿ<ò[��ò1õ ðM� ö�ò1ô_þLÿLúUò��Aù{÷jþ%�

 ð ñ�úZõ�ö�ö2òiñ ÷jù ò'FÙü�òiþLõ û!ò ð ñ�ö � #Pòl#�õ�ó�ó/�ZþLö�ñ ö�úU÷%#�ñ�úZô_ñ�úZõ�ñ¤ñ�õ�û!ò/õ�ö�ö�ý	�$ö2ñ�ô ð ñ�õ�ôjó�óQ��õ�û!ü¡ôjÿ<ñ2ò��m�5�
ñ�úUòøôjÿiÿ<ò1ö�ö��$ô ð �M#�õQ�Uñ�ú�ô ð ��ñ�úZò��$ôjÿ�C5��÷ ð òøó�õ ð C��Uò1ó ô���� 
 ÷jþ�ñ�úUò�ò'FÙü�òiþLõ û!ò ð ñ�ôjó�þ�ò1ö�ýZó�ñ�ö@ö�úZ÷%# ð õ ð

 õ � ýUþ�ò ® � � #`ò@
_ô_þ1��ñ�úUòN�Zõ�ö�ñ2þLõ��$ýUñ�õ�÷ ð ÷jù'ñ�úUò>üVòiòiþ ôjÿiÿ<ò1ö�öv�$ô ð �	#�õ_�Uñ�ú\ñ2÷A÷��Zñ�ôjõ ð ñ$#`÷�
_ôjó�ýUò1ö�÷jù
ô�
jòiþ~ô � ò�ôjÿiÿ<ò1ö�öv�$ô ð �	#�õ_�Uñ�ú-ñ�úZô_ñI�Zõ`��òiþ;��� ª,°?Û � � úZò�úZõGñ/ñ�õ�û!ò>ü$þ�ò1ö2ò ð ñ2ò���õ�ö�ô�
jòiþ~ô � ò��µ÷%
jòiþÛô

x�±



0

20

40

60

80

100

0 500 1000 1500 2000 2500

A
ve

ra
ge

 #
 o

f P
ee

rs
 R

ea
ch

ed
 P

er
 Q

ue
ry

Time(second)

Connectivity

Low speed
Medium speed

High speed

Ì V Ä/ÃzÁo¼�¶�·MÎ L'÷ ðZð ò1ÿ<ñ�õ�
,õGñ$�

± ° &}ö2ò1ÿ<÷ ð �EüVòiþ~õG÷��A�� Mñ�õ�ö�ò�
Ùõ_�Uò ð ñ�ñ�úZô_ñ�ôFúZõ � úUòiþ�ôjÿiÿ<ò1öLö[�$ô ð �	#@õQ�Uñ�úAôjÿ~úZõGò�
jò1ö�ôFöLúU÷jþ�ñ2òiþ�ô�
jòiþLô � ò
úZõGñ`ñ�õ�û!ò���­Uõ�ûÛõ�ó�ô_þ~ó��!õ ð 
 õ � ýZþ�ò ® y � #Pò�ö�úZ÷%#6ñ�úZô_ñ ó�õ ð C@�Uò1ó�ô%�Ùö;��ôøþLô_ñ�õ�÷�÷jù r (Ü��( y ôjû!÷ ðM� ñ�úZò�ñ�úUþ�òiò
ÿiýUþ1
jò1ö9�øôo�Vò1ÿ<ñ�ñ�úUò�úZõGñ!ñ�õ û!ò��|��÷jñ�õ ÿ<òAñ�úZô_ñ>õ ð ñ�úZõ�öI� � ýUþLò�ô ð � ñ�úUòm� � ýZþ�ò1öÛõ ð ñ�úUòAþ�ò1ö2ñ!÷jù�ñ�úUò
ö2ò1ÿ<ñ�õG÷ ðA� ñ�úUò�úZõGñ¤ñ�õ û!ò�õ�ö¤ô�
jòiþ~ô � ò���ù3þ�÷Iû ñ�úZò�ö2ñ�ô_þ�ñ ÷jù ñ�úUò�ñ2þLôjÿ<ò��

 ð ñ�úUò�ò'FÙü�òiþLõ�ûÛò ð ñ�ö'ö�úU÷�# ð õ ð 
 õ � ýUþ�ò1ö ® ��ô ð � ® y � �Zõ`��òiþ�ò ð ñ�
_ôjó�ýUò1ö`÷jù�ô%
jòiþLô � ò ôjÿiÿ<ò1ö�öJ�$ô ð �S&
#�õQ�Zñ�ú/÷jþ(ô�
jòiþ~ô � ò�ó�õ ð C;�Zò1ó�ô��/ôjó ö2÷�þ�ò1ö�ýZóGñRõ ð �Zõ`��òiþ�ò ð ñ � L���ñ�úZþ�÷Iý � úUü$ýZñ��z Mñ û>õ � ú ñw��ò`ô_þ � ýUò���ñ�úZô_ñ
ñ�úUò<�Zõ`��òiþ�ò ð ñ � L���ñ�úUþ�÷Iý � úZü$ýUñ	ÿiô ð ò'F,ü$ó�ôjõ ð ôjó�ó�ñ�úUò<�Zõ�öLÿ<þ�òiü$ô ð ÿiõGò1öRô ð ��ñ�úUòiþ�òiù3÷jþ�ò¤ô�ö2÷jü$úZõ ö2ñ�õ�ÿiô_ñ2ò��
© ÷�#<&}óGò�
jò1ó�û!÷S�Uò1ó�ñ�úZô_ñ@ÿiô ð ôjö�ö2÷,ÿiõ�ô_ñ2ò/ôÛÿ<òiþLñ�ôjõ ð ñ�úUþ�÷Iý � úUü$ýUñ�#�õGñ�ú�ò1ôjÿ~ú�÷jùRñ�úUò�ü�òiòiþ�ÿ<÷ ðZð ò1ÿ<ñ�õ�÷ ð ö
ÿiô ð û!÷S�Uò1ó8ñ�úZò�úZõGñ ñ�õ�û!ò�� � ÷�ý ð �ZòiþLö2ñ�ô ð �gñ�úUò�ü$þ�÷��$óGò1û ù3ýUþLñ�úUòiþ � #Pò?ü�òiþ�ù{÷jþ~û ô ð ÷jñ�úZòiþøöLý	�$ö2òiñ
÷jù�ò'F,ü�òiþLõ�û!ò ð ñ�ö��uj-ò�û>ô,CjòFñ�úUò�ñ�úUþ�÷Iý � úUü¡ýUñ ÷jù�ôjó�ó`ü�òiòiþÛÿ<÷ ðZð ò1ÿ<ñ�õG÷ ð ö!ó õ�ûÛõGñ2ò��Ù�5��üVòiòiþÛôjÿiÿ<ò1öLö
�$ô ð �M#�õQ�Uñ�ú � öLýZÿLú�ñ�úZô_ñ�ñ�úZò � L�� ñ�úUþ�÷Iý � úUü$ýUñ�õ ö�ôjó�ó	ó�õ�ûÛõGñ2ò���ñ2÷�ñ�úUò�ö�ôjû!òv�Uò � þ�òiò��R�@÷ ð òiñ�úUò1ó�ò1ö�ö �

 õ � ýUþ�ò1ö ®�® ö�úU÷�#�ö(ñ�úZô_ñ=ñ�úZò�ô�
jòiþLô � ò�úZõGñ ñ�õ�ûÛò ö2ñ�õ�ó�ó�
_ô_þLõGò1ö=ö�ýM�$ö2ñ�ô ð ñ�õ�ôjó�ó���#�õGñ�úÏ�Zõ`��òiþ�ò ð ñW�$ôjÿ1CÏ��÷ ð ò
ó�õ ð CN�Uò1ó�ô%��ÿ<÷ ð � � ýUþLô_ñ�õG÷ ð ö��

H�ýUò�ñ2÷�ñ�úUòAúUòiñ2òiþL÷ � ò ð ò1õGñ$� ôjû!÷ ð	� ü�òiòiþLöÛõ ð ñ2òiþLûÛö>÷jù�ÿ~úZô_þLôjÿ<ñ2òiþLõ ö2ñ�õ�ÿiö>öLýZÿLú ôjöÛþLô_ñ2ò\ó�õ�ûÛõGñ �
þ�ò'&}ô_ñ2ñ2ò1û!ü$ñ!üZþ�÷��$ô,�$õ ó�õGñ$� � õGñøõ�ö�úZô_þ��]ñ2÷-õ ð ÿ<÷jþ�ü�÷jþLô_ñ2ò?ô��Zòiñ�ôjõ�óGò�� © ÷%#<&}ó�ò�
jò1ó¤û!÷��Zò1óPö�ý$ÿLúµôjö p~ª � t �
¬A÷jþ�ò�õ�ûÛüV÷jþLñ�ô ð ñ�ó�� � ñ�úUò1õGþ/û!÷S�Uò1ó=ô_ü$ü$ó�õGò1ö�ñ2÷Añ�úUò>ñ�úUþL÷Iý � úUü$ýUñ�÷jù¤ò ð �	&#ñ2÷,&#ò ð � © ÷�#�ö/ô ð �i#Pò?ÿiô ð
ð ÷jñ(ûÛô_ü!õGñW�ZõGþ�ò1ÿ<ñ�óQ��ñ2÷�ñ�úZò � ÷Ù÷S�Uü$ýUñR÷jù$û!÷Iö2ñ ü�òiòiþD&#ñ2÷,&#ü�òiòiþ=öD�,ö2ñ2ò1ûÛö � #@úZõ�ÿLú�ýZö2ò¤ô_üZü¡ó�õ�ÿiô_ñ�õG÷ ð &}ó ô��jòiþ
�Zþ�÷Iô��$ÿiôjö2ñ�õ ð	� ô ð �AûÛô��FúZô%
jò�ü$ôjÿ1Cjòiñ�óG÷Iö�ö�ò1ö¤÷ ð ù3÷jþ1#`ô_þ:�Zõ ð	� ü�òiòiþ ð ÷S�Uò1ö��

x s



0

5

10

15

20

0 500 1000 1500 2000 2500

A
ve

ra
ge

 H
it 

Ti
m

e(
se

c)

Time(second)

Average Hit Time vs. Access Bandwidth

High Access Bandwidth
Low Access Bandwidth

Ì V Ä/ÃzÁo¼�¶µÒµÎ ��õGñ¤ñ�õ�ûÛò[
Ùö��=ôjÿiÿ<ò1öLö ¡ n�j

0

0.5

1

1.5

2

2.5

0 200 400 600 800 1000 1200 1400 1600

A
ve

ra
ge

 H
it 

Ti
m

e(
se

c)

Sequence of Hits

Average Hit Time vs. Link Delay

Small Delay
Medium Delay

Large Delay

Ì V Ä\Ã�Áo¼�¶/Ý�Î ��õGñ ñ�õ�ûÛò[
Ùö��=ó õ ð CN�Uò1ó ô���� r �

x }



0

5

10

15

20

25

30

0 500 1000 1500 2000 2500 3000

A
ve

ra
ge

 H
it 

Ti
m

e(
se

co
nd

)

Time(sec)

Average Hit Time vs. Link Delay (access b/w limited)

Small Delay
Large Delay

Ì V Ä\Ã�Áo¼�¶\¶AÎ ��õGñ¤ñ�õ�û!ò[
,ö��8ó õ ð CN�Uò1ó ô��u�E�a�

³µ´�¶z´�Ý Þ�Â\Ô�º VXß ¼5Á V ÔzÄÊ»�À�¼�Ó�¼5º�»dÂ-àR»�Àz¼�á�¼5»:âIÂ-Áoã

¬A÷Iö2ñ�þ�ò1ö2ò1ô_þLÿ~ú�÷ ð üVòiòiþ1&#ñ2÷,&#üVòiòiþ�öD�,ö2ñ2ò1ûÛö�ú$ôjö�ôjöLö�ýZû!ò��\ñ�úZô_ñ�ñ�úUòøôjÿiÿ<ò1ö�ö[�$ô ð �	#�õQ�Uñ�úA÷jù=ü�òiòiþLö�õ�ö
ó�õ�û>õGñ�õ ð	� ñ�úZò ð òiñ$#`÷jþ1C ñ�úZþ�÷Iý � úUü$ýZñ	ôjÿLú$õGò�
Yô,�¡óGò��5� üVòiòiþ~öRõ ð ñ�úZò'ö1�Ùö2ñ2ò1ûY� � úUò`ôjöLö�ýZû!üZñ�õ�÷ ð ò ð ô,�$óGò1ö
÷jþ�ö�õ û!ü$ó�õ��$ò1öPûÛô ð ��ò�
Yôjó ýZô_ñ�õG÷ ð ö � ��� ð ÷jñ þ�ò�BÙýZõGþLõ ð	� ñ�úZò�û!÷��Zò1ó�õ ð	� ÷jù ñ�úUò�þ�ò1ö2ñ¤÷jù ñ�úUò ð òiñ$#`÷jþ1C\�

� úZò/ò'F,üVòiþ~õ�û!ò ð ñ�ö@õ ð ñ�úZõ�ö@ö�ý	�$ö�ò1ÿ<ñ�õG÷ ð öLúU÷%#Dñ�úZô_ñ�#�úUò ð �$ôjÿ1C � þ�÷Iý ð �Añ2þLô,ä�ÿ õ�ö�ô��M�Uò���ñ2÷�ñ�úUò
�$ôjÿ�C5��÷ ð ò�õ ð ÷IýUþ¤ö2òiñ�ýUü � õGñ`ÿiô ð õ�û!ü$ôjÿ<ñ¨
Yô_þ~õG÷IýZö ��ð ýZñ2ò1ó�ó�ô üVòiþLù{÷jþLû>ô ð ÿ<ò@û!òiñ2þ~õ�ÿiö'ô ð �?ñ�úUò�õ û!ü$ôjÿ<ñ
ñ2ò ð �Zö�ñ2÷��Zõ`��òiþ�ù3÷jþl�Zõ`��òiþ�ò ð ñ�ö2òiñ�ýUü$ö��N ð 
 õ � ýZþ�ò ®?ª�� ÿ<÷ ð � � ýUþLô_ñ�õG÷ ðqr õ�ö�ñ�úUò>ôjÿiÿ<ò1öLöl�$ô ð �	#�õQ�Uñ�ú
ó�õ�û>õGñ2ò��Fÿ<÷ ð � � ýUþ~ô_ñ�õG÷ ð #`ò/ýZö2ò��Aù{÷jþ@ñ�úUò 
 õ � ýUþLò ®�® ò'F,ü�òiþLõ�û!ò ð ñ���L`÷ ð � � ýUþLô_ñ�õG÷ ð �ÛúZôjö�ñ$#�õ�ÿ<ò ñ�úUò
ô�
jòiþ~ô � ò ôjÿiÿ<ò1ö�ö<�¡ô ð �	#�õQ�Zñ�ú>ôjö¤ÿ<÷ ð � � ýZþLô_ñ�õG÷ ðÕr ô ð ��ÿ<÷ ð � � ýUþ~ô_ñ�õG÷ ð y ú$ôjö'ñ$#�õ�ÿ<ò�ñ�úUò�ô%
jòiþLô � ò ó�õ ð C
�Uò1ó�ô%�gôjö�ÿ<÷ ð � � ýUþLô_ñ�õ�÷ ð§r � � úUòd�$ôjÿ1C � þ�÷Iý ð �]ñ2þLô,ä�ÿ�ÿ<÷ ð öLõ�ö2ñ�ö ÷jùJ�$ýZó�C � L��Cñ2þLô ð ö2ù{òiþ~ö ö2ñ�ô_þLñ�õ ð	�
ô_ñøþLô ð �U÷Iû ñ�õ�ûÛò?õ ð ö2ñ�ô ð ÿ<ò1ö�� � úZò ð ýZû��Vòiþ~ö ö�úZ÷%# ð ô_þ�ò�þ�ò1ó�ô_ñ�õQ
jò�ñ2÷-ñ�úUò?þ�ò1ö�ý$óGñ�öv#�úUò ð ñ�úUòiþ�òFõ�ö
ð ÷��$ôjÿ1C � þ�÷Iý ð ��ñ2þLô,ä>ÿ,�[j-òÛÿiô ð ö2òiòøñ�úZô_ñ[�Zõ`��òiþ�ò ð ñ@ü�òiþ�ù3÷jþLûÛô ð ÿ<ò�û!òiñ2þ~õ�ÿiö�ÿiô ð �Vòøôo��ò1ÿ<ñ2ò��Eô ð �
ñ�úZô_ñÛñ�úZòFò'�Vò1ÿ<ñ�öN
Yô_þ1�]ù3÷jþN�Zõ`��òiþ�ò ð ñøö�òiñ�ýUü$ö�� 
 ýUþLñ�úUòiþ>ô ð ôjó��,ö�õ�öøõ�ö ð òiò��Uò�� ñ2÷gý ð �UòiþLö2ñ�ô ð �µúU÷�#
ü$ô_þLôjûÛòiñ2òiþLö�ö�ý$ÿLú�ôjö¤ñ�úZòl�Zõ�ö2ñ2þ~õ��$ýUñ�õG÷ ð ÷jùRüVòiòiþ@õQ�ZóGò�ñ�õ�û!ò � ô%
jòiþLô � òv#`ôjõGñ¤ñ�õ û!ò;��òiù{÷jþLò�ô,�V÷jþLñ�õ ð	� ÷jþ
þ�ò1ô_ñ2ñ2ò1û!ü$ñ�ö�õ�û!ü¡ôjÿ<ñ¤ñ�úUò�ü$ôjÿ�Cjòiñ@ô_þ�þLõQ
Yôjó�ü$ô_ñ2ñ2òiþ ð ÷ ð ñ�úUò ��ð ýUñ2ò1ó ó�ô � L�� © ÷%#�ö��

x�x



0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

# of Queries Throughput Success Ratio Avg Hit Time 5

R
el

at
iv

e 
P

er
fo

rm
an

ce
 w

/ B
ac

kg
ro

un
d 

Tr
af

fic

Metrics

Performance w/ and w/o Background Traffic

config 1
config 2
config 3

Ì V Ä/ÃzÁo¼�¶µ³µÎ �Ròiþ�ù3÷jþLûÛô ð ÿ<ò;#�õGñ�ú{�$ôjÿ�C � þL÷Iý ð �Fñ2þLô,ä�ÿ

ål��å æY�R�Mç[�éèm z�[���éèN���ê�@�����,�?�R�ìëq���oíïî§ðòñôó

� ��õ ýUñ2ò1ó�ó�ô õ òiñ$#`÷jþ1C>ÿiô õ úZô�
jò�ñ2ò õ öP÷jù¦ñ�úU÷IýZö�ô õ �Zö=÷jù¦ü�òiòiþLöPô õ �ÛþLý õ ÷ õ ô õ òiñ$#`÷jþ1C@#@õGñ�ú>ô õ ò�
jò õ
ó�ô_þ � òiþ õ ýZû��Vòiþ@÷jù õ ÷S�Uò1ö�� � úUòøôjû!÷Iý õ ñ@÷jùPû!ò1û!÷jþ1��þLò�B�ýZõ�þ�ò��Y���Aô�ö�õ�û�ýZó�ô_ñ�õG÷ õ ò õ 
,õGþ�÷ õ û!ò õ ñ@ñ2÷
û!÷S�Uò1óVô ñ2÷jü�÷IóG÷ � ��÷jù�ñ�úZõ ö`öLõ�Giò�ÿiô õ ÷jù3ñ2ò õ ��ò�ôøó�õ ûÛõGñ�õ õ	� ù3ôjÿ<ñ2÷jþ¤ù3÷jþ¤ö�õ�û�ýZó�ô_ñ�õG÷ õ ö��� õ ÷IýUþ'üZþ�ò�
,õG÷IýZö
#`÷jþ1C � #`ò��Uò�
jò1óG÷jü�ò�� ô@ü$ô_þLôjó óGò1ó�õ�G1ô_ñ�õG÷ õ ñ2ò1ÿLú õ õQB�ýZòPô õ �v�$ýZõ óGñ�ô�ü¡ô_þLôjó�óGò1ó�ô õ �I�Zõ�ö2ñ2þLõQ�$ýUñ2ò���
jòiþLö�õ�÷ õ ÷jù
+ =9¢�ÿiôjó óGò�� cS¦�+ = p`r�r'®�t �*«@öLõ õ	�[c	¦,+ = � ô ö�õ õ	� ó�ò�ö�õ�û�ýZó�ô_ñ�õG÷ õ ñ2÷jüV÷Ió�÷ � �>õ�öP�$õ�
Ùõ_�Uò��Ûõ õ ñ2÷ ö2ò�
jòiþ~ôjó¡ü¡õGò1ÿ<ò1ö �
ô õ ��ò1ôjÿLú�÷jùPñ�úUò ü¡õGò1ÿ<ò1ö@ô_þLòøöLõ�û ý$ó�ô_ñ2ò��Aõ õ ô?ö2òiü$ô_þLô_ñ2òøüZþ�÷,ÿ<ò1ö�ö�÷ õ õ õ �ZõQ
ÙõQ�$ýZôjó/#P÷jþ1C,ö2ñ�ô_ñ�õG÷ õ ö�� ¡ �
�Zõ�
,õQ�Zõ õ	� ñ�úUò/ñ2÷jüV÷Ió�÷ � ��ûÛ÷��Uò1ó�õ õ ñ�úZõ�ö�#'ô�� � #Pò � ôjõ õ ôÛó�õ õ ò1ô_þ õ õ ÿ<þ�ò1ôjö�ò�õ õ ñ�úUò�÷�
jòiþLôjó�ó�öLõ�Giò�÷jù ñ�úUò
ñ2÷jü�÷IóG÷ � � � �$ôjö�ò��F÷ õ ñ�úUò õ ýZû���òiþ¤÷jùw#`÷jþ1C,ö2ñ�ô_ñ�õG÷ õ ö�ôjö�ö�õ �aõ ò���ñ2÷Ûñ�úUò/ö�õ û ýZó ô_ñ�õG÷ õ �

�@÷%#`ò�
jòiþ � ö2ü¡ó�õGñ2ñ�õ õ	� ñ�úZò>ñ2÷jü�÷IóG÷ � �Eõ õ ñ�úZõ�ö[#'ô��gõ õ ñ2þ�÷S�ZýZÿ<ò���ô õ ýZû��Vòiþ ÷jù¤÷jñ�úUòiþøõ�ö�ö�ýUò1ö�ñ�úZô_ñ
þ�ò�BÙýZõGþ�ò��>ÿLúZô õ	� ò1ö'õ õ #�úZõ�ÿ~ú!ñ�úUò + =:¢�÷��S�2ò1ÿ<ñ�öPô_þ�ò�ô��M�Uþ�ò1öLö2ò����Wj-ò�ö�÷Ió�
jò��Ûñ�úZõ ö=üZþ�÷��¡óGò1ûö���øô��-�Zõ õ	�
ñ�úUò õ ÷jñ�õG÷ õ ÷jù¤ô õÉ÷Døöù"¦a¦�7D. =�=;ú2÷�ú�ú	û + =9¢ õ ÷S�	ûÛ÷��	�Kû1ÿ'ú1ü �*ý�õ �Ù�-þ õ �-þ õ	� ú�ú	û + =9¢ ý,� û õ ú1üvúDÿ�#¨û����
C õ ÿ%# õ üµÿjþ1ú õ ýZû��/ûiþ:ü�� � úMþQü<û õ-ý ����û�ü�ý-üJúDÿ ý �M�Uþ1û�ü1ü�ü ý ÿ1C�û�ú1ü�úDÿ õ ÿS�	û�üJú�ú ý ú ý þ1ûIþ õ ù ý ÿ'ú��Mû�� õ û��
ý�õ ��ûÏÿ��Mû���û��@ÿ õ�ý �Mþ��/ûiþ1û õ úP#¨ÿjþ1CSüDú ý ú1þ�ÿ õ�� #"þ�ú�úMÿIý	ú=þ1û�BÙýMþGþ�þ õ	� C õ ÿ�#���û�� � ûRÿjù�ú�ú	ûR�Mû�ú ý þ��Qü!ÿjù�ú�úMÿaüDû
õ ÿS�	û�ü�� ¡ �{ü1þ�û!ü��Q�ÛÿLú ý�õ	� þ õ	� ú�ú	û + =9¢ ý �M�Uþ�û�ü1ü1þ õ	� ùXÿjþLû ý ú<úDÿ@ú�úMþ_ü� K� ý �-�Uþ1û�ü1ü1þ õ	� ùXÿjþLû ý ú ý-üDû��mþ õ
cS¦,+ = � #¨û�üµÿjþ1úDû��{ú�ú	û + =:¢�ü1ÿÙÿ�C�û�ú ý � ý üMú ý ú1þQÿ õ � ý ��ûiþRúDÿ cS¦,+ = ý�õ �{#�ûiþ1û ý ����û[úDÿ!þLý õ ú�úMû ��õ ýMúDû���� ý
ü1þ�û�ý�� ý úDÿjþ<ÿ õmcS¦,+ =�#"þ�ú�úMÿIý	ú ý�õ ��ù�ýUþ1ú�ú	ûiþ ÿ~ú ý�õ	� û�ü��

r�°�°



0

100

200

300

400

500

600

700

800

900

2 4 6 8 10 12 14 16
0

10

20

30

40

50

60

70

80

90

m
sg

s/
se

c(
el

ap
se

d 
tim

e)

hi
ts

/s
ec

(s
im

ul
at

ed
 ti

m
e)

# of Processors

Scaling with # of Processors

msgs/sec (elapsed time)
hits/sec (simulated time)

Ì V Ä\Ã�Áo¼�¶���Î ­,ÿ ý �_þ õ	� #"þ�ú�ú õ ýZû��µûiþ<ÿjù	üZþ�ÿÙÿ'û�ü1ü1ÿjþ�ü

«�ü1þ õ	��cS¦�+ = � #¨ûFü/ûiþLù×ÿjþLû@û�� ��õ ýMúDû���� ý ü1þ�û�ý�� ý ú1þ�ÿ õ ü�ý-ü1þ õ	� �Mþ`�µûiþ1û õ ú õ ýZû��µûiþ�üIÿjù@ü$þ1ÿÙÿ'û�ü�üDû�ü��
 õ ú�ú	û�ü1ûvû'F,üµûiþ�þ�ûÏû õ ú1ü � #�ûøþLý õ�ªSr � õ ÿ��Mû�üv�h�Mþ_üDú2þ�þ��$ýMúDû�� ý ÿ<þ1ÿaü1ü�ùXÿIýUþ�ü�ý	� õ û�ú1ü9� ý�õ � x °m��õ ýMúDû���� ý
üDûiþ1
�û õ ú1ü¨ÿ õ û�
�ûiþ1�Ûü$ú5��ü�þ�ÿ ý �$û ý ÿ~úMþ õ û�� � ú	û�� ý þ � û�üDú�û'F,üµûiþ�þ�ûÏû õ ú � þ~ý õ ÿ õÕr ± û ý ÿLúMþ õ û�ü � ü1þ�û�ý�� ý úDû�ü
ý ü$ú?�Sü1þ�ÿ ý � õ û�ú$#¨ÿjþ1C@ÿjù }Sr x � õ ÿS�	û�üP#"þ�ú�ú r'®�®a°@��õ ý	úDû���� ý üDûiþ1
�û õ ú1ü�� � úMû@û ý ÿ~úMþ õ û�ü�û ý ÿLú�ú ý ü ®5� ¡
È"��¬ ý�õ ��ú�ú	û�� ý þ1û!ÿ'ÿ õMõ û1ÿ'úDû��-ýMü1þ õ	��r%� �\þ�ú
	Pú�ú	ûiþ õ û�ú��[È"û�ü�ý���ú1ü�ü�ú	ÿ�# ú�ú ý ú�ü�þ �aõ þ��$ÿ ý�õ úRüLÿ ý �Qþ õ	�
ý�õ �dü2üµû�û��ZýUü>ÿ ý�õ �µû ý ÿLú-þ�û�
�û���ýMü1þ õ	� ú�úMû�ü ý þ ý ����û��Qþ�G ý ú1þ�ÿ õ úDû1ÿLú õ þ_B�ý	û�ü��w õ 
 þ � ýUþ1û ® ± � #¨û�ü���ÿ�ú�ú�ú	û
ý 
�ûiþ ý,� û õ ý$ûl�µûiþ¨ÿjù ��õ ý	úDû���� ý üZþ1ÿ�úDÿ,ÿ'ÿ���ûÏû�ü1ü ý,� û�ü<üDû õ ú:n�þ1ÿIý	úDû���üµûiþ<üDû1ÿ'ÿ õ ��ÿjùAû�� ý ü-üDû��?þLý õ ú1þ�ûÏû�

����& ý FSþQü9� ý,�aý þ õ üDúlú��	û õ ý$ûl�µûiþ;ÿ��¤üZþ�ÿÙÿ'û�ü1ü1ÿjþ�ül#¨û�ý-üDû����R& ý FSþ_ü:�:����ülú��	û õ ý$ûl�µûiþ;ÿ��¤üZþ�ÿÙÿ'û�ü1ü1ÿjþ�ü
þ õ ÿ<þ�û ý üDû�ü � ûÏÿjþ1û[þ õ úDûiþD&}û ý ÿ��Mþ õ û�ÿ'ÿIûÛû�ý õ þ�ÿ ý ú1þ�ÿ õ þQü�þ õ ÿiýUþ�þ1û���� � �	ûiþ�û��×ÿjþ1û � ú��	û�� ý þ � û�ü1ú õ ýZû��µûiþ¨ÿ��
ûÏû�ü1ü ý,� û�ü üµûiþvüDû1ÿ'ÿ õ �ÆþQü�þ1û ý �_þ�G�û��u#"þQú����XÿIýUþ/üZþ�ÿÙÿ'û�ü1ü1ÿjþ�ü���O õ �[��& ý F	þQüm�3þ�þ � �5ú���& ý FSþ_ü:� � #�û�ü���ÿ�ú
ú��	û ý 
�ûiþ ý,� û õ ýZû��/ûiþ"ÿ�����ý	ûiþ1�S�RþQú1ü üµûiþRüDû1ÿ'ÿ õ ��ÿ���=93×ÖI6 ^`]a2$.1¦ ú1þ�ûÏû � #��Mþ�ÿ���þ1ûiüZþ�û�üDû õ ú1üRú��	ûvü�ÿ ý ��û
ÿ��Wú��	û�üµû�ûiþD&eúDÿ,&#üµû�ûiþRüD�SüDúDû1û ý ÿ'ú1þQ
�þ�ú¯���

­Sþ õ ÿ'û ý�õ þ�û!üµÿjþ1ú ý�õ úRþQü�ü�ý	ûlþ õ ú��	ûvüDú�ýM�	�mÿ��=üµû�ûiþD&eúDÿ,&#üµû�ûiþ õ û�ú¯#�ÿjþ1CSü�þQüJú��Mû�û'�µû1ÿ'ú�ÿ�� õ û�ú$#¨ÿjþ1C
ü�ÿ ý ��û�ÿ õ ú��Mû/üµû�ûiþD&eúDÿ,&#üµû�ûiþ�ü/ûiþ��×ÿjþLû ý�õ ÿ'û � #¨û ý þ1û ü�� ý�õMõ þ õ	� ÿ õ ýMü1þ õ	�vc	¦,+ ="úDÿ?ÿ<þ1û ý úDûÏü1þ�û�ý�� ý ú1þ�ÿ õ
ûÏÿS�	û��QüRÿ�� r�°�°S�Ñ°�°�° ÿjþ�ûÏÿjþ1û õ ÿS�	û�ü ý�õ ��úDû õ ü�ÿ��Pú��	ÿIý-ü ý�õ �MüRÿ�� ��õ ý	úDû���� ý ÿ��_þ�û õ ú1ü���O�ýUþ�üZþ1û�
Sþ�ÿIýMü
���! #"�$&%('*)($,+�-�.�.0/�12-43!5&687:9<;>=�?�@A"B"�@DCFEG@H=�;B'2C�@I%�JK"�$&@L;B9MEL'& M=�"�9<%�NPOK%�C�Q� M%(=(R�STOK@I%(?&;B@AC�UV@L"�$&=�"W"�$&@LN�'&EI?�@AC

%�J4XYN�'*"�@0 < M=�Z2C�%�"�%�[0%� �EG@0;B;�=�)�@0;W9<;W=�[D M%�;B@G=�Z*Z*C�%H\29<E]=�"�9<%(N^S_)�9<UV@0N`"�$&@L;a"8=�CBb� <9MQ(@L"�%(Z�%� <%()�cP=�N�R`$&@0N*[0@L"�$*@L;B9<EG9< M=�C
N&@A"�OK%�C�Q�R*9M=�EG@D"�@AC�;!9<N
"�$*@WR*9#d�@DC�@DN�"e;B@A"B"�9MN*)(;0f

r�°	r



#¨ÿ�g1Ch� ý ü"ü��	ÿ�# õ ú�� ý úJúDÿ�iµÿ���ÿ � þQû�üJÿ��wú��MþQü<ü1þ�G�ûPj ý�õ û ý ü1þ������µû;ü1þ�k:l�� ý úDû�mnlMü�þ õ	��cS¦,+ =9�

ål��o p|�����*���w��q����k�P�R�sr �At �!�A�!�m�Ú� �*�P�z���A *í ���v�/�I�R�P�!�

 õ ú��MþQü;ü1û�j'ú1þ�ÿ õ4u #�û@#Rþ����vm	û�kÏÿ õ ü1úHg ý úDûw�	ÿ�#�#¨ûwj ý�õ û ý ü�þ��yx�û'F�úDû õ mÙú��	ûhz õ l	úDû���� ý ü1þ�k:l�� ý úDÿ�g��Xÿ�g
lMüDû;þ õ üDÿ�kÏû;ÿ��wÿ�l{gJÿ õ{| ÿaþ õ{| g1û�üDû ý g�j��Yû'�µÿ�g1ú1ü��

³µ´��A´h· }w~ö¼T�!ÞP���oÀ�¼Ê¸ V ½iÃY���M» V Â\Ô

� �	û>i�g1ÿ�j'û�ü1üe�Xÿ�g ý iµû�û�gzúDÿ�� õ m ý�õ m:j'ÿ õMõ û�j'ú�úDÿ ý üDû�úzÿ��Mþ õ þ�ú1þ ý ��iµû�û�g�ü u ÿ��×úDû õ j ý ����û�m��/ÿ�ÿ�ú1üDúHg ý i�i-þ õ{|{u
� ý üIüDû���û�g ý ��þ�k�i/ÿ�g�ú ý�õ ú:lMüDû�gH��iµû�g�j'û�þy� ý ����û�i/û�g��×ÿ�g�k ý�õ j'ûdþ�k�i��Qþ�j ý ú1þ�ÿ õ ü u ü�l�j�� ý üIüDú ý g1ú�l{i�� ý úDû õ jVx
ý�õ mÉú��	ûYBTl ý �QþQú8xuÿ��
iµû�û�g�ü�j'ÿ õMõ û�j'úDû�m uI� �Mþ�j���� ý ��û õ ÿ�ú��µû�û õ ü1ú�l�mMþ�û�m�i�g1û��Sþ�ÿ�lMü��yx�� � g1û ý ú�kÏû õ ú
ÿ��,iµû�û�g{úHg ý�õ ü�þ�û õ j'û�k ý x ý �QüDÿ�mMþ��/û�g1û õ ú1þ ý úDû�ÿ õ û�i�g1ÿ�úDÿ�j'ÿ�����g1ÿ�k ý�õ ÿ�ú��	û�gYþ õ úDû�g�k@ü{ÿ��vüHxSüDúDû�k
iµû�g��Xÿ�g�k ý�õ j'û��

� �Mû�g1ûRþQü õ ÿ�ü1ú ý�õ m ý g�mMþQG�û�m�i�g1ÿ�úDÿ�j'ÿ����×ÿ�gI�µÿ5ÿ�ú1üDúHg ý i�i-þ õ{| þ õ z õ l	úDû���� ý�õ û�ú � ÿ�g1CSü�� � �	û�i�l{g�iµÿaüDû
ÿ��Aú��Mþ_ü � ÿ�g1CNþQü�úDÿIüDú�l�m{xÏÿ õ û�ÿ��Aú��Mû
kÏÿaü1úLiµÿ�i�l�� ý gLkÏû�j�� ý�õ þQü�kNüLlMü1û�m��Txwz õ l	úDû���� ý iµû�û�g�ü u j ý ����û�m
z�jiû��/L ý j��	û pÑs�t �

� ÿRü�l�i�iµÿ�g1ú�ú��	û�z�jiû��/L ý j��Mû�ü�þ�kPl�� ý ú1þ�ÿ õ4u ú��Mû�z õ l	úDû���� ý���| û õ ú ý�õ m�z õ l	úDû���� ý�� i�ilþQüzûV��úDû õ m	û�m
úDÿÚü�l{i�iµÿ�g1ú õ û � þ õ úDû�g�� ý j'û�ünj'ÿ�g�g�û�üHiµÿ õ mMþ õ{| úDÿÆú��Mû�z�jiû��µL ý j��	û�i�g1ÿ�úDÿTj'ÿ�� u�� �Mþ�j�� ý g�ûÕü�þ�k�i���û
� �]�]� z�	 � ý�õ mÕ� ���]��� « � j'ÿ�k�k ý�õ mMü ý�õ mi� �]�]� g1û�üHiµÿ õ ü1û�ü��,� õÕý m�mMþ�ú1þ�ÿ õ úDÿmú��	û�ü1û u ú��	û
���2�����(�a� ]:cY��� k@û�ú��	ÿTmÆÿ��
z õ l	úDû���� ý�� i�iÆþQü�ú��	û�ÿ õ �yxiÿ õ û{ú�� ý ú õ û�û�m-ülúDÿ �µûdÿ*��û�g���ÿ ý m	û�m u úDÿiüDû õ m
¡ � �]�]� z�	 � �	ÿaüDúH���Qû�¢ÏúDÿ�i�g�û�j'ÿ õ � | l{g1û�m£z�jiû��/L ý j��	ûÏüDû�g���û�g�ü���� õ ú��	û:l{i4j ý ���QüGj'ÿ�g�g�û�üHiµÿ õ mMþ õ{|
úDÿIú��	û[� ���]� g1û�üHiµÿ õ üDû�ü¨úDÿ ¡ � ���]� z�	 � �	ÿaü1úH����û�¢ u ú��	û�ÿ�g�þ | þ õMý � £I¤�¥ �8¦ ^X^�]%ù>§ ¦ ¤ ��¨�¨D©W� ¤�¤ ¦�ª�� �y� þQü
j ý ����û�mYúDÿ�j'ÿ õMõ û�j'úJúDÿ�« õ ÿ �"õ üDû�g���û õ ú1ü��

³µ´��A´QÒ ¾¨¼5º�»*�!¼ ß à$Â\Áh¬­�×»%¼�ÁoÔ®�	» V�¯ ¼�}mÔ�ÃA»%¼��a��� Ì �XÂ5â�Þ�Â\Ô/»%ÁoÂ���° ¼T�oÀ®�-Ô V º�½Ùº

� û�ÿ�i���ûh� ý ��ûwi�g1û��Sþ�ÿ�lMü��yx ý g | l	û�mÙú�� ý ú�z õ l	úDû���� ýYõ û�ú � ÿ�g�«�m	ÿ�û�ü õ ÿ�ú�ü�j ý ��ûw�µû�j ý lMüDû@ÿ���ú��	ûh� ý g | û
õ û�ú � ÿ�g�«±� ý�õ m � þ�m	ú��iþ�ú,m	û�k ý�õ mMü ý üvþ�ú1ü�ü1þy²�ûNþ õ jVg1û ý üDû�ü p`r�r ± t �mjiûdÿ��-ü1û�g���ûdþ õ ÿ�l{glûV��iµû�g�þ�kÏû õ ú1ü
ú�� ý ú�ú��	û�g1û ý g1ûh��ÿ�ú1ü;ÿ���i ý j�«�û�ú�m{g1ÿ�i-ü[ÿ õ iµû�û�g õ ÿ�m	û�ü�� � z õ lMúDû���� ý iµû�û�gPm{g�ÿ�i-ü ý i ý j�«�û�ú � �	û õ
ú��	û � L � j'ÿ õMõ û�j'ú1þ�ÿ õ ÿ õ�� �Mþ�j���þQú;þQü�úDÿ³�µûIü1û õ úN�Xÿ�g��Xÿ�g ��ý g�m	û�m\�RþQü�����ÿTj�«�û�m�� ¡ ÿ�ú��iú��	û���ÿaü1ü�ÿ��
��l	û�g�x k@û�ü1ü ý�| û�ü ý�õ mÉ��l	û�g�xS�RþQúPkÏû�ü1ü ý�| û�ü � þ����Fm	û | g ý m	ûNú��	û{üHxSüDúDû�k ú��{g1ÿ�l | �{i�l	ú��n�¯ú�� ý ü õ ÿ�ú
�µû�û õ üDú�l�mMþ�û�m�i�g1û��Sþ�ÿ�lMü���x � �	û�ú��	û�g ý�õ x © ÿ � j'ÿ õ úHg1ÿ��4kÏû�j�� ý�õ þQü�k ý ú�ú��	û�z õ l	úDû���� ý i�g1ÿ�úDÿ�j'ÿ��K��û���û��

r�°�´



� þ����Y�Mû��yiÙþ�k�i�g1ÿ2�Sþ õ{| ú��	ûdüHx�ü1úDû�kéú��{g1ÿ�l | �{i�l	ú�� � ��úDû�g õMý ú1þy��û © ÿ � j'ÿ õ úHg1ÿ��IkÏû�j�� ý�õ þQü�k@ü;þ õ j���l�m	û
�	ÿ�i{���Tx_�8�	ÿ�iw� ý j�«_��i�g1û�ü1ü�l�g1û u ��lS�µû�g�þ õ{|lý�õ mNú��	û�üDû�i ý g ý ú1þ�ÿ õ ÿ��e��g1ÿ ý m�j ý ü1ú ý�õ mwl õ þ�j ý üDú � L � ú�l õ �
õ û��Qü
�µû�ú � û�û õuõ û�þ | �^�µÿ�g�þ õ�| iµû�û�g�ü�� � ü[þ õ i��^xSü1þ�j ý � õ û�ú � ÿ�g�«Sü u ú��	û�i/û�g��×ÿ�g�k ý�õ j'ûIÿ�� ý i ý g�ú1þ�j�l�� ý g
© ÿ � j'ÿ õ úHg1ÿ��>kÏû�j�� ý�õ þQü�k þQü�ÿ��XúDû õ m	û�iµû õ m	û õ ú�ÿ õ ú��	û õMý ú�l{g1ûIÿ���j'ÿ õ{| û�üDú1þ�ÿ õ ü��P� õiý m�mMþQú1þ�ÿ õ4u ú��	û
iµû�g��Xÿ�g�k ý�õ j'û�j'ÿ�l���mw�µû
m	û�iµû õ mMû õ ú�ÿ õ ú��Mû
i ý g ý kÏû�úDû�g�ü�ÿ��Aú��Mû © ÿ � j'ÿ õ úHg�ÿ�� ý � | ÿ�g�þ�ú���kY�v	"� | � u ú��	û
� ý j�«^��i�g�û�ü1ü�l{g1û ý � | ÿ�g�þ�ú���kµkNþ | �?úPú ý «�û ý j'ú1þ�ÿ õ üPÿ õ �yx � �	û õ j'û�g�ú ý þ õ ú8xTiµûJÿ��4kÏû�ü1ü ý�| û�ü ý g1û]����ÿTj�«�û�m u
ÿ�gJÿ õ ��x � �Mû õ ú��	û,kÏû�ü1ü ý�| û �]� ÐÊü ý ú1þQüH��xhj'û�g�ú ý þ õ j'ÿ õ mMþQú1þ�ÿ õ ü��

«�ü1þ õ{| ú��Mû�z õ l	úDû���� ý ü�þ�kPl�� ý úDÿ�g u^� û ý g1û
j�l{g�g1û õ ú��yxvû�� ý ��l ý ú1þ õ{| ú��	û�� ý j�«_��i�g1û�ü�ü�l{g1û"ü�j��	û�kÏû ý�õ m
ú��	ûP��lS�µû�g�þ õ{| ü�j��	û�kÏû u�ý ü
j'ÿ�k�i ý g1û�m�úDÿ�ú��	û�ü�þ�k�i���û�m�g1ÿ�i�i-þ õ�| � � �	û��Xÿ�����ÿ � þ õ{| ûV�{j'û�g�iMú�ÿ��Fj'ÿ�m	û u
Z ª j ý�õ �µû ý�õ x{ÿ���¶Dû�j'úJú�� ý úRþ�k�i���û�k@û õ ú1ü ýI© ÿ � j'ÿ õ úHg1ÿ�� ý � | ÿ�g�þ�ú���kn·

¸#¹�º�»�¹�¼(º�½8¾#¾<¿0À�ÁH½�¹�º8Â#Â ¼VÃ�Ä8¿0¾#¾ Å�½8ÄBÆ2ÇÉÈ^¿0ÄaÊH½Bº�ËK¿Dº�¿IÌDÃ�¿0Ä�ÊH½�ºaÍKÎ
ÏWÐ ÁHÈ^¿0Å Ð ½8Å�Ñ�ÒDÃ�¿0Å Ð ½HÇÉÃV¿0ÄaÊH½BºBÍaÓ
Ô#Ô#Ô#Ô#Ô#Ô#Ô#Ô
¸ Õ�ÇMÕÉÖHÅ�×�¿0Å�Ø*ÇÉÃ�¿0Ä�ÊH½�ºaÍ�Ù4ÙKÚ�Û�Ü4Ý{ÞKß�Ë4Í�Î

¸ Õ�ÇMÕÉÄ Ñ�ÒAà�Ö8×{Ä�ÖH¹�º�Å�ÖH¾áÇâÃ�¿0ÄaÊH½BºaÍ�Ù4ÙKã�Í
Å�½�º�¼VÅ�¹�ã(Ó

ä
Å�½Bº�¼(Å�¹IÃV¿0ÄaÊH½Bº�Ñ�Ò Ð ¸#å�½�ÇáÍaÓ
Ô#Ô#Ô#Ô#Ô#Ô#Ô#Ô

ä
¡ ý j�«_��i�g1û�ü�ü�l{g1û�j ý�õ �µû ý l	úDÿ�k ý ú1þ�j ý ���yxYþ�k�i���û�kÏû õ úDû�mælMü�þ õ{| � L �]ç ü © ÿ � j'ÿ õ úHg�ÿ��WkÏû�j�� ý�õ þQü�k

� ý üDû�mqÿ õ§ý m���û�g1ú1þQüDû�mèg1û�j'û�þy��û�g � þ õ m	ÿ � ��­Sþ õ j'û ¥�c ª ],^X^ ��¦�ª�é �y� g1û�ú�l�g õ üÏú��	û ý kÏÿ�l õ úNÿ���m ý ú ý þQü
j'ÿ õ ü�l�kÏû�m³�Txmú��	û�ü1ÿTj�«�û�ú ý i�i��Qþ�j ý ú1þ�ÿ õeu � ý j�«_��i�g1û�ü�ü�l{g1û � þ����4�µûlü1þ�k�i��yx ý j��Mþ�û���û�mÕþy�Wú��	û�ú��	û�ê � Ø*f
ª�� ¤ �a�0� ^���� kÏû�ú��	ÿ�mmÿ���ú��Mû © ÿ � j'ÿ õ úHg1ÿ�� ý � | ÿ�g�þ�ú���këg1û�ú�l{g õ ü ° �

ål��ì èN�v�ê���R�Wí

� õ ú��MþQüWj�� ý iMúDû�g u_� û�mMû���û���ÿ�i@ú��	û]��g ý kÏû � ÿ�g�«Iÿ�� ý i�� ý úH�Xÿ�g�k��$þ õ m	û�iµû õ m	û õ ú ý�õ mIûV�SúDû õ ü1þ�����ûGi ý j�«�û�ú0�
��û���û���ü1þ�k:l�� ý úDÿ�gY�×ÿ�gv� ý g | ûV�$ü�j ý ��ûLiµû�û�gH�eúDÿ���iµû�û�g*üHxSüDúDû�k@ü�� � �	ûIkÏû�g�þ�ú1üzÿ��Mú��	ûI��g ý kÏû � ÿ�g�« ý g1ûImMû�kÏÿ õ �
üDúHg ý úDû�m �Tx�ú��Mû@þ�k�i���û�k@û õ ú ý ú1þ�ÿ õ�ý�õ m�lMü ý�| û�ü�ÿ�� ý z õ l	úDû���� ý ü1þ�k:l�� ý úDÿ�g�� ý ü1û�mÕÿ õ þQú���«�ü1þ õ{| ú��	û
z õ l	úDû���� ý ü1þ�k:l�� ý úDÿ�g u_� û�ü��	ÿ � ú�� ý ú�iµû�û�gH�eúDÿ���iµû�û�gJüHxSüDúDû�kîi/û�g��×ÿ�g�k ý�õ j'û
j ý�õ �µû�þ�k�i ý j'úDû�mh�Tx@ú��	û
õ û�ú � ÿ�g�«�j�� ý g ý j'úDû�g�þQüDú1þ�j�ü*úDÿ ý � ý g | û�ûV��úDû õ ú u5ý�õ mIú�� ý úWú��	ûJþ�k�i ý j'ú*þQüvkÏÿaü1ú��yx õ ÿ�ú*û���û õ g�û���û ý ��û�m��_x
© ÿ � �8��û���û�� ý�õMý �yxSü1þQü���jiû ý �QüDÿ�m	û�kÏÿ õ ü1úHg ý úDû�ú��	û�ûV�SúDû õ ü1þ��-þ��Qþ�úAx�ÿ��Mú��	û<ü1þ�k:l�� ý úDÿ�gY�_xPm	û�ü�jVg�þy�\þ õ{| �	ÿ �

r�° y



þ�ú�þQüIlMüDû�m�úDÿÏü1þ�k:l�� ý úDûRü1ÿ�kÏû[ü�j��	û�k@û�ü�i�g1ÿ�iµÿaüDû�mdúDÿIþ�k�i�g1ÿ*��ûRú��	û�z õ l	úDû���� ý üHxSüDúDû�kîiµû�g��×ÿ�g�k ý�õ j'û��
� �{g�ÿ�l | �vÿ�l{g � ÿ�g�« u^� ûJþ õ úDû õ mIúDÿ;û õ j'ÿ�l{g ý�| û�kÏÿ�g�û ý úDúDû õ ú1þ�ÿ õ úDÿ[ú��	û]m	û�ú ý þ��Qû�m õ û�ú � ÿ�g�«�kÏÿ�m	û��Qþ õ{|
þ õ iµû�û�gH�eúDÿ���iµû�û�g�g1û�üDû ý g�j�� uSý�õ m � û�i�g1ÿ2�Sþ�m	û ý ��g ý kÏû � ÿ�g�«Ïÿ�� ý ü�j ý � ý ����û]i ý j�«�û�ú0�8��û���û��Kiµû�û�gH�eúDÿ���iµû�û�g
ü1þ�k:l�� ý úDÿ�gwúDÿ
� ý j�þ��_þ�ú ý úDû�ú�� ý ú�� � ý g1úWÿ��Mÿ�l{gY�al	ú�l{g1û � ÿ�g�«;þ_üzúDÿ`m	û���û���ÿ�iIüDû�j'ÿ õ m���û���û��_��g ý kÏû � ÿ�g�«�üY�Xÿ�g
mMþ`�µû�g1û õ ú�j ý úDû | ÿ�g�þ�û�ü�ÿ��Wiµû�û�gH�eúDÿ���iµû�û�g�üHxSüDúDû�k@ü u û�� | � u l õ üDúHg�l�j'ú�l�g1û�m ý�õ m�üDúHg�l�j'ú�l{g�û�m³iµû�û�gH�eúDÿ���iµû�û�g
üHxSüDúDû�k@ü��

r�°,®



ïñðóò îñôñõ÷ö øîù

õ÷úòîèû üýù�ôþù	ñ ÿ ô ð õ îèöµõÆð ù ï ô ò � ù{û³ù�ô�� ü�� ô ï î óPôñõ ò ð��

óPô ò ôñõ � õ ðóò øîù�ü ö ô ü ólîèõ�õÊð � î ñ õ�ô�� üýö	�

ó,ù�
 �îû ò ôñù�ü�ñ

o��
� �w�m�,�z�����N ��,�?�R�

� ü
m-þQü�j�lMü1ü1û�m�þ õ�� � ý i-úDû�g ´Tu ú��	û:�µû�� ý �Sþ�ÿ�g�ÿ�� ý � � � © ÿ � þQü
i�g1û�mMþ�j'ú ý ����û | þy��û õÕý üDúDû ý m{xæi ý ú��
j'ÿ õ mMþQú1þ�ÿ õ �e� úzþQü�ÿ�l�g | ÿ ý �?þ õ ú��-þQüej�� ý iMúDû�gzúDÿRûV�Ti��Qÿaþ�ú�ú��MþQüK� ý j'úzúDÿJû�ü1ú1þ�k ý úDûPú��Mû ý ��û�g ý�| ûI�µû�� ý �Sþ�ÿ�gAÿ��
ý � � � © ÿ � ÿ*��û�g ý �al	ú�l{g1û�iµû�g�þQÿTm{ÿ��*ú1þ�k@û � �	û�g1û�üDúDû ý m{x_�$üDú ý úDû�j'ÿ õ mMþ�ú1þ�ÿ õ ü]�	ÿ���m u ú��_lMü ý ����ÿ � þ õ{|
�Xÿ�g ý g1û�m�l�j'ú1þQÿ õ �Xÿ�g�û��Qþ�k@þ õ-ý ú1þ�ÿ õ ��ÿ��;ú��	ûæi�g1ÿ�j'û�ü1ü1þ õ�| g1û��TlMþyg1û�mè�×ÿ�ghi ý j�«�û�ú{û���û õ ú1ünm�l{g�þ õ{| ú��	û
iµû�g�þ�ÿ�m��`� õ i ý g1ú1þ�j�l�� ý g u�| þ���û õ ú��	û�j�l{g�g1û õ ú�i�g1ÿ | g1û�ü�ü�ÿ�� ý � � � m ý ú ý úHg ý�õ üH�Xû�g@�hþE�~û�� u ú��	û��-þ | �	û�üDú
üDû��Tl	û õ j'û õ l�kP�µû�gPüDû õ úPÿ�g ����� û�m\� ý�õ m ý i�g1û�mMþ�j'úDû�m ý ��û�g ý�| û�ú��{g1ÿ�l | ��i�l	ú*ÿ2��û�g ý ��l	ú�l�g1ûJüDúDû ý m{x_�
üDú ý úDû
iµû�g�þ�ÿ�m u�� û�j ý�õ i�g1û�mMþ�j'ú*ú��Mû"ú1þ�kÏû ý i ý j�«�û�ú � þ�ú�� ý,| þy��û õ üDû��Tl	û õ j'û õ l�k,�µû�g � þ����{� ý ��û��µû�û õ
ü�l�j�j'û�ü�üH��l����yx�m	û��_þy��û�g1û�m��

� �Mû � � � üDúDû ý m{x_�$üDú ý úDû�ú��{g1ÿ�l | �{i�l	úe�Xÿ�g�k:l�� ýlp`r�°�°at_� �-þ�j��lû�üDú1þ�k ý úDû�ü�ú��	û ý ��û�g ý�| û�ú��{g1ÿ�l | �{i�l	ú
� ý üDû�mdÿ õ È �]� ý�õ mw��ÿaü1üFg ý ú1þ�ÿP� ý üL�µû�û õ ü��Mÿ �"õ úDÿ ý i�i�g1ÿ��	þ�k ý úDûRú��	û�g1û ý � � � � © ÿ � ú��{g1ÿ�l | �{i�l	ú
j���ÿaüDû���x����iû<ÿ��-ü1û�g���û�ú�� ý ú ý j�j�l�g ý úDû]kÏû ý ü�l{g�û�kÏû õ úwÿ��-È �]� ý�õ m:��ÿaü1üYg ý ú1þ�ÿ�þQü��_l-þ�úDûIk ý�õMý�| û ý ����û�þ õ
ý ü�þ�kPl�� ý ú1þ�ÿ õ üHxSüDúDû�k ý�õ mNú��	û�j'ÿaüDú�ü ý ��þ õ�| ú��{g1ÿ�l | �Nú��{g�ÿ�l | �{i�l	úWi�g1û�mMþ�j'ú1þ�ÿ õ j'ÿ�l���m��/ûRü1þ |aõ þy��j ý�õ ú
ý ü,�Qÿ õ{|�ý ü ýY© ÿ � þQü;þ õ ü1úDû ý m{x^�$ü1ú ý úDûw�Xÿ�g ý �Qÿ õ{| �eû õ ÿ�l | �Ùú1þ�kÏû�g1û�� ý ú1þ���û@úDÿ�ú��	ûNú1þ�kÏû õ û�û�mMû�miúDÿ
ý j�j�l{g ý úDû���x­k@û ý ü�l{g1û���ÿaü�ü�g ý ú1þ�ÿ ý�õ mmÈ �]� � ��õ ÿ�ú��	û�g �¨ý x�úDÿ�i�g1û�mMþ�j'ú � � � i�g1ÿ | g1û�ü1ü"þQü�úDÿ@ü1þ�k�i��yx
kÏû ý ü�l�g1û�ú��Mû ý ��û�g ý�| ûÏú��{g1ÿ�l | ��i�l	úRþ õ ú��	ûIüDúDû ý m{x_�$üDú ý úDû��Xÿ�g ý iµû�g�þ�ÿ�mYÿ��!ú1þ�kÏû��R�Rÿ�úDû ý�|aý þ õ ú�� ý ú
ú��	û�üDû�i�g�û�mMþ�j'ú1þ�ÿ õ ü ý g1û�� ý üDû�m�ÿ õ ¦(�V��� Ö�� �8¦V� ÿ��wüDúDû ý m{x_�$üDú ý úDû � � � ú��{g�ÿ�l | �{i�l	ú uT� �Mþ�j���þ õ ú�l{g õ4u þQü
� ý üDû�mYÿ õ ÿ��-üDû�g�� ý ú1þ�ÿ õ ü ¦�¥ ��� ¤_§ ú��	û[úHg ý�õ üH�Xû�g"þ õ ü1úDû ý m{x^�$ü1ú ý úDû��

� õ ú��MþQü¨ú��	û�ü1þ_ü � û�m	û�ü1þ |aõ�ý ü�þ�kPl�� ý ú1þ�ÿ õ ��g ý k@û � ÿ�g�«dú�� ý úGi�g1ÿ*��þ�m	û�ü¨ú��	û © ûV�	þy�-þ��QþQú8xIúDÿ@þ õ j'ÿ�g�iµÿ��
g ý úDûdú��MþQü`kÏû�ú��	ÿ�muÿ��<ü1þ�kPl�� ý ú1þ õ{| � � � i ý j�«�û�ú © ÿ � ü�� � �Mû�j'ÿ�k�i���ûV�	þ�ú1þ�û�ü[ÿ��<ü�l�j�� ý ��g ý k@û � ÿ�g�«

r�°aª



g1û�ü�l���ú���g�ÿ�kïú��	û³g1û��TlMþyg�û�kÏû õ ú1ü@ú�� ý ú�· r �IþQú�� ý ü@úDÿ ý j�j'ÿ�k�kÏÿTm ý úDû£mMþ��/û�g1û õ ú õ û�ú � ÿ�g�« j'ÿ õ � | l��
g ý ú1þ�ÿ õ üN� ý üP�Mû�úDû�g1ÿ | û õ û�ÿ�lMü ý ülú��Mû�� õ úDû�g õ û�ú:� u ÿ õ n�ÿ,� © ÿ � �µû�� ý ��þ�ÿ�g:ü ý�õ muþ õ úDû�g ý j'ú1þ�ÿ õ �µû�ú � û�û õ
i�g1û�m-þ�j'úDû�m © ÿ � ü ý�õ m�i ý j�«�û�ú0��� ý üDû�m © ÿ � ü! ´ �Wþ�úW� ý üWúDÿ�i�g1û�üDû�g���û<ú��	ûJü1ú ý ú1þQüDú1þ�j ý ���µû�� ý ��þ�ÿ�g*ÿ��/û���û�g�x
û õ ú1þ�ú8xNþ õ ��ÿ��y��û�m{þ õ ú��	û�üHx�ü1úDû�k u ��g1ÿ�kî�	ÿaüDú1ü¨úDÿ:g1ÿ�l	úDû�g�ü�úDÿ:�_þ õ «Sü u üDÿ ý ü¨úDÿ�k ý þ õ ú ý þ õ ú��	û ý j�j�l{g ý jVx
ÿ��Wú��	û õ û�ú � ÿ�g�«mü1þ�kPl�� ý ú1þ�ÿ õmý ü ý�� �Mÿ���û��

" l�g � ÿ�g�«n� ý üJú��	û`�×ÿ�����ÿ � þ õ{| j'ÿ õ úHg�þ���l	ú1þ�ÿ õ ü�·

# �iû m	û�ü1þ |aõ|ý ü1þ�kPl�� ý ú1þ�ÿ õ ��g ý kÏû � ÿ�g�«Éú�� ý úwj ý�õ l	ú1þ��Qþ�²�ûni�g1û�mMþ�j'ú1þQÿ õ úDÿÆþ�k�i�g1ÿ2��û�ú��	û iµû�gH�
�Xÿ�g�k ý�õ j'û�ÿ�� � � � © ÿ � üNü1þ�k:l�� ý ú1þQÿ õ4uL� �Mþ���û­�µû�þ õ{|uý ���QûYúDÿÆþ õ úDû�g ý j'ú � þ�ú���i ý j�«�û�ú0��� ý üDû�m
© ÿ � ü��

# �iûNû�� ý ��l ý úDûÏú��	û@üHiµû�û�m�l{i ý�õ m ý i�i�g1ÿ��	þ�k ý ú1þ�ÿ õ ÿ���ú��	û@ü1þ�k:l�� ý ú1þQÿ õ ��g ý kÏû � ÿ�g�«/� � �	ûÏú � ÿ
i�g1û�mMþ�j'ú1þ�ÿ õ úDû�j�� õ þ$�Tl	û�ü ý g1û�j'ÿ�k�i ý g�û�m �×ÿ�g[ú��	û�þ�g ý i�i�g1ÿ��	þ�k ý ú1þQÿ õ úDÿni ý j�«�û�ú0��� ý üDû�mÊü1þ�k:l�� ý �
ú1þQÿ õ þ õ mMþ`�µû�g1û õ úJü1þ�k:l�� ý ú1þ�ÿ õ j'ÿ õ � | l{g ý ú1þ�ÿ õ ü��

# �iû
g1û�� ý úDû"ú��	ûJû�g�g1ÿ�g:ü!ÿ��µú��	û]i�g�û�mMþ�j'ú1þ�ÿ õ ��� ý üDû�m@ü1þ�k:l�� ý ú1þQÿ õ úDÿlú��	ûJúHg ý�õ ü1þ�û õ ú � � � �µû�� ý �Sþ�ÿ�g
ý�õ mnmMþQü�j�lMü�üPú��	û ý i�i��Qþ�j ý �-þ��_þ�ú8xIÿ��®m-þ`�/û�g�û õ ú�kÏû�ú��	ÿ�m	ÿ���ÿ | þ�û�ü�úDÿÏþ�k�i�g1ÿ2�Sþ õ{|võ û�ú � ÿ�g�«{ü1þ�k:l�� ý �
ú1þQÿ õ �×ÿ�g�mMþ`�µû�g1û õ úGi�l{g�iµÿaüDû�ü��

� �Mûæg1û�ü1údÿ��;ú��Mû£j�� ý iMúDû�gYþQüdÿ�g |aý�õ þy²�û�m ý üh�Xÿ�����ÿ � ü��ö­Sû�j'ú1þ�ÿ õ ´ m	û�ú ý þ��QüNú��Mû mMû�ü1þ |aõ ÿ��;ú��	û
i�g1û�m-þ�j'ú1þ�ÿ õ ��� ý ü1û�miü1þ�k:l�� ý ú1þ�ÿ õ ��g ý kÏû � ÿ�g�« � þ�ú�� i�g1û�m-þ�j'úDû�m © ÿ � ü[ÿ õ �yx���­Sû�j'ú1þ�ÿ õ y m	û�ü�jVg�þy�µû�ü�ú��	û
ú � ÿ�i�g�û�mMþ�j'ú1þ�ÿ õ úDû�j�� õ þ$�_lMû�ü�·w�Xÿ�g�k:l�� ý � ý üDû�m�i�g1û�mMþ�j'ú1þ�ÿ õÆý�õ m�mMþ�g1û�j'ú�kÏû ý ü�l{g1û�k@û õ ú�i�g�û�mMþ�j'ú1þ�ÿ õ �
­�û�j'ú1þ�ÿ õl® ûV�SúDû õ mMüzú��	û�ü1þ�kPl�� ý ú1þ�ÿ õ ��g ý kÏû � ÿ�g�«�úDÿ ý j�j'ÿ�k�kÏÿ�m ý úDû¨ú��	û>j'ÿ�ûV�Sþ_üDúDû õ j'ûPÿ��{i ý j�«�û�ú0��� ý üDû�m
© ÿ � ü ý�õ m�i�g1û�mMþ�j'úDû�m © ÿ � ü��!­�û�j'ú1þ�ÿ õ�ª û�� ý ��l ý úDû�üAú��	û>i/û�g��×ÿ�g�k ý�õ j'û"�hüHiµû�û�m�l{i ý�õ m ý i�i�g1ÿ2�Sþ�k ý ú1þ�ÿ õ �
� þ�ú�� ý�õ�¤ � ¢vþ�k�i���û�k@û õ ú ý ú1þ�ÿ õeu j'ÿ�k�i ý g1û�üJú��Mû ý i�i�g1ÿ2�Sþ�k ý ú1þ�ÿ õ ÿ��v�×ÿ�g�k:l�� ý ��� ý üDû�m­i�g1û�mMþ�j'ú1þ�ÿ õmý�õ m
mMþyg�û�j'ú�kÏû ý ü�l�g1û�kÏû õ ú�i�g�û�mMþ�j'ú1þ�ÿ õ �Xÿ�g`mMþ`�µû�g1û õ úRü�j'û õMý g:þ�ÿaü���­�û�j'ú1þQÿ õ ± g1û�� ý úDû�üRú��	û ý i�i�g1ÿ2�Sþ�k ý ú1þ�ÿ õ
ÿ��zú��Mû
i�g1û�mMþ�j'úDû�m © ÿ � ü�úDÿÏú��	û�úHg ý�õ ü1þQû õ ú��µû�� ý �Sþ�ÿ�g�ÿ�� � � � ý�õ m | þy��û�ü<ü�l |�| û�üDú1þ�ÿ õ ü�ÿ õ ú��	û`lMü1û�ÿ��
ú��	ûlü�þ�kPl�� ý ú1þ�ÿ õ úDû�j�� õ þ$�Tl	û���­�û�j'ú1þQÿ õ�s j'ÿ�k�i ý g1û�üJÿ�l{gRúDû�j�� õ þ$�_lMû[úDÿNú��	û © lMþ�m © ÿ � kÏÿ�m	û��Qü�� � �MþQü
j�� ý iMúDû�gRþQüGj'ÿ õ j���l�m	û�mYþ õ ­�û�j'ú1þ�ÿ õ�} �

r�° ±
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end of simulationstart of simulation
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Ì�% Ä\Ã�Á�¼�¶'&/Î ­Sþ�k:l�� ý ú1þ�ÿ õ û�iµÿ�j��Mü

o��!( ���A���R�? P���a�R�*)�qz���!��� è@�o�ê�Ï���[�,�a��� r �!����ç"�
��´_Ò�´h· ¸ % ½iÃY���	» % Â\Ô�Þ�Â\Ô/»�¼,+�»

� ÿNþ�����l-üDúHg ý úDû�ÿ�l{g"ü1þ�kPl�� ý ú1þ�ÿ õ ü�j��	û�k@û u�� û,lMüDû[ú��	û,�×ÿ����Qÿ � þ õ�| k@ÿTm	û��AúDÿ�m	û�ü�jVg�þ��/û�ÿ�l{gRü1þ�k:l�� ý ú1þ�ÿ õ
j'ÿ õ úDûV��ú��L� õ ú��Mþ_üIk@ÿTm	û�� u ú��	û�g�û ý g1û.- � � � © ÿ � ü ý�õ m0/ õ ÿ õ � � � � © ÿ � ü��F	 ý j�� © ÿ �21 �4365 1 5
-87�/��[þQü ý�õ ÿ õ �eÿ,� © ÿ � � �Mþ�j���j ý�õ �µû�j�� ý g ý j'úDû�g:þy²�û�m��_x ý üDû�g:þ�û�ü;ÿ��;�:9<;>= u�? ;@=�� u 3*5BAC5EDF; u
� �	û�g�ûG9 ;@= þQüvú��	ûYüDú ý g�úvÿ���ú��	ûHAaú��Éÿ õ ��iµû�g�þ�ÿ�mÊÿ��Rú�� ý ú © ÿ ��uI? ;@= þQüvú��	û õ l�kP�/û�gIÿ��
�_x�úDû�üÏüDû õ ú
þ õ ú�� ý úwiµû�g�þ�ÿ�m uPý�õ m�DJ;[þQüÏú��	û õ l�kP�µû�gÏÿ���ÿ õ ��i/û�g:þ�ÿTm-üIÿ�� © ÿ �K1 ���iûæj ý ��� ý � � � © ÿ � ú�� ý ú
þQü[ü1þ�kPl�� ý úDû�m � þ�ú��Õÿ�l{g`i�g1ÿ�iµÿaüDû�mÕü�j��	û�kÏû ý ü ýML �H¦ ¦ �Bª��8¦ ¦ ê � ØWuwý ü�j'ÿ�k�i ý g1û�muúDÿ ýmõ ÿ�g�k ý � © ÿ �
� �Mþ�j�� � û�j ý ��� ý*L � ª!N�¦���O�� � ��¦ ¦ ê � Ø �­� õ ú��MþQü[ü1û�j'ú1þ�ÿ õ4uY� û � þ����vj'ÿ õ j'û õ úHg ý úDû�ÿ õ i�g1û�m-þ�j'úDû�m © ÿ � ü
ÿ õ �yx u þE�~û�� u ú��	û�g�ûvþQü õ ÿ õ ÿ õ � � � � © ÿ �öý�õ m ý ���zú��Mû � � � © ÿ � ü ý g1û:i�g1û�m-þ�j'úDû�m © ÿ � ü���� õ ­Sû�j'ú1þ�ÿ õ
± � ®{u�� û � þ����\þ õ ��û�üDú1þ |aý úDûPj ý üDû�ü � �	û�g1û`i�g�û�mMþ�j'úDû�m © ÿ � üJþ õ úDû�g ý j'ú � þ�ú��­i ý j�«�û�ú0��� ý üDû�m © ÿ � ü��

��´_Ò�´QÒ ¸ % ½iÃY���	» % Â\Ô Ì Á&�-½Ê¼?âIÂ-ÁoãQPm¼?»2� % �Xº

R l{g�þ õ�|;ý ü1þ�k:l�� ý ú1þQÿ õ4u ú��	û�üHx�ü1úDû�k l õ mMû�g | ÿ5û�ü ý üDû�g:þ�û�ü!ÿ��µû�iµÿTj��Mü�ST; ý ü�þ�����lMüDúHg ý úDû�m��_x�UWþ | l{g�û ®WV_u
� �	û�g�û�û ý j��Ïû�iµÿTj���j'ÿ õ ü1þQüDú1üwÿ�� ý �a� � ¤ �X�B¦ ¤ � L ¦V�X�a� ¦ � � u �µÿ���m:m ý ü��	û�mIüDû | kÏû õ ú1ü:� ý�õ m ý �(�8¦ � ¦ZY OA�(� � �8¦
L ¦����B� ¦ �e­ u g1û | l�� ý g
m	ÿ�úDúDû�mÕüDû | kÏû õ ú1ü:�:��� õ ú��Mþ_ü"ü�l{�\üDû�j'ú1þ�ÿ õ4u�� û:m	û�ü�jVg�þy�µû;ú��Mû�ü1þ�k:l�� ý ú1þQÿ õ üHxSüDúDû�k
m	û�ú ý þ��_ü�ÿ�� ý�õ û�iµÿ�j�� u þ õ j���l�mMþ õ{| ú��	û@ü � þ�ú�j�� ��g1ÿ�k úHg ý�õ ü1þ�û õ ú�úDÿYü1úDû ý m{x^�$ü1ú ý úDû�iµû�g�þ�ÿ�m u�ý ü � û���� ý ü
ú��	û;úHg ý�õ ü1þ�ú1þ�ÿ õ �µû�ú � û�û õ ü�l�j�j'û�ü1ü1þy��ûlû�i/ÿ�j��-ü��

[ Å!Â4�,Àzº �Rõ û�i/ÿ�j���g1û�i�g1û�üDû õ ú1ü ý j'û�g1ú ý þ õ ü õMý i-ü��	ÿ�úej'ÿ õ � | l{g ý ú1þ�ÿ õ ÿ�� ý j'ú1þ���û © ÿ � üAþ õ ú��MûPüHxSüDúDû�km�
� g ý�õ ü1þ�ú1þQÿ õ ��g1ÿ�k ÿ õ û�û�iµÿ�j��{úDÿ ý�õ ÿ�ú��Mû�gJþQü�úHg�þ |�| û�g1û�m­�Txwj�� ý�õ{| û�ü"ÿ�� ý j'ú1þy��û © ÿ � ü u{� �Mþ�j�� � û � þ����
m	û�ú ý þ��zü��	ÿ�g1ú��yx��

R l{g�þ õ{| ú��	ûdþ õ þ�ú1þ ý �viµû�g�þ�ÿ�mÕÿ�� ý�õ û�iµÿ�j�� u � � � © ÿ � ülûV��iµû�g�þ�û õ j'û�j�� ý�õ{| û�üIþ õuý ��û�g ý�| ûmÈ �]�
ý�õ mn��ÿaü�ü�g ý ú1þ�ÿ�m�l	û�úDÿÏú��	û�j�� ý�õ{| û;ÿ��vj'ÿ�k�iµû�ú1þ õ{|I© ÿ � ü u ú��TlMü � û�j ý ���µú��MþQü ý �a� � ¤ �X�B¦ ¤ � L ¦V�X�a� ¦ �L� ú

3 °,V



þQü�m�l{g�þ õ{| ú��MþQü�iµû�g�þQÿTmÕú�� ý úlû ý j�� � � � © ÿ � ��û ý g õ ü;þ�ú1ü ý ��û�g ý�| û{ú��{g1ÿ�l | �{i�l	ú��@�"û õ j'û ý ��� © ÿ � ü 

þ õ ÿ�l�glü1þ�k:l�� ý ú1þ�ÿ õ ü�x�üDúDû�k üDû õ m�i ý j�«�û�ú1ü�m�l{g�þ õ{| ú��	û�iµû�g�þ�ÿ�m�� � �×úDû�gvú��	û@úHg ý�õ ü1þ�û õ ú`i/û�g:þ�ÿTm u ú��	û
üHxSüDúDû�k ü � þQú�j��	û�ü�úDÿmú��	ûÏüDúDû ý m�x^�$üDú ý úDû�i/û�g:þ�ÿTm u m�l�g�þ õ{|w� �Mþ�j���û ý j�� © ÿ � þQü ý ü1ü�l�kÏû�miü1ú ý ����û ý�õ m
ü ý ��û�ü�g�l õ ú1þ�kÏûh�Tx õ ÿ�ú@ü1û õ mMþ õ{|Õý�õ x÷i ý j�«�û�ú�� � �	ûn��û õ{| ú��Éÿ���ú��	û{úHg ý�õ ü�þ�û õ ú�iµû�g�þQÿTmÆü��	ÿ�l���m÷�µû
j��MÿaüDû õ ü�l�j��{ú�� ý ú�ú��	û ý ��û�g ý�| û;ú��{g1ÿ�l | ��i�l	ú�üDû�û õ �TxNû ý j�� © ÿ � � ý ü��µû�j'ÿ�kÏû`g�û�� ý ú1þy��û��yxNü1ú ý ����û��_x
ú��	ûIû õ mÕÿ���ú��	ûÏúHg ý�õ ü1þQû õ ú
iµû�g�þ�ÿ�m��`�¯ú;ü��	ÿ�l���mæ�µû ý ú���û ý ü1ú���ÿ õ{| û�g�ú�� ý�õ]\_^`^�u4� �Mþ�j���þ_ü
mMû�� õ û�mÕþ õ
a y }
b�ý ü¨ú��	û
�Qû õ{| ú��Nÿ��zú��	û�þ õ þ�ú1þ ý �Mü���ÿ � üDú ý g1úIiµû�g�þ�ÿ�mÏÿ�� ývõ û � © ÿ �,u�ý ü � û � þ����	ûV��i�� ý þ õ þ õ ­Sû�j'ú1þ�ÿ õ
± � y �

c Ô/»%Á&�ed�¼�Å!Â4�oÀò¾¨Á*�-Ô�º % » % Â\Ô � õ úHg ý �eû�i/ÿ�j��ÆúHg ý�õ ü1þ�ú1þ�ÿ õ þQü�ú��	ûdúHg ý�õ ü1þ�ú1þ�ÿ õ ��g1ÿ�k�úHg ý�õ ü1þ�û õ úPiµû�g�þQÿTm
úDÿNüDúDû ý m�x^�$üDú ý úDû:iµû�g�þ�ÿ�m � þ�ú��Mþ õ{ý�õ û�iµÿ�j�� ý�õ mYþ õ ��ÿ��y��û�ü<ú � ÿwk ý ¶Kÿ�g ý j'ú1þQÿ õ ü��

"�õ û ý j'ú1þ�ÿ õ þQü®�Xÿ�gwú��Mû ý j'ú1þ���û � � � © ÿ � ü ý�õ mvú��	û õ û�ú � ÿ�g�«�úDÿ`j��	û�j�«_iµÿaþ õ úWú��	û�þygvj�l{g�g1û õ úwü1ú ý úDû�ü
üDÿdú�� ý ú"ú��	û õ ûV�SúJú1þ�kÏû�ú��	û�üHxSüDúDû�k ü � þ�ú�j��	û�üJúDÿ�úHg ý�õ ü1þQû õ ú]iµû�g�þQÿTm u û ý j���ÿ��wú��Mû�ks� ý ü ý üDú ý g�ú1þ õ{|
üDú ý úDûJú�� ý ú!üDú ý ú1þQüDú1þ�j ý ���yx ý i�i�g1ÿ��	þ�k ý úDû�üWú��	ûJü1úDû ý m{x^�$ü1ú ý úDû"ÿ��/ú��MþQüwû�iµÿTj���� � � � © ÿ � üDú ý úDû�üPþ õ j���l�m	û
j'ÿ õ{| û�üDú1þQÿ õw� þ õ m	ÿ ��u È �]� u g1û�úHg ý�õ ü�k@þQü1ü1þQÿ õ ú1þ�kÏû�ÿ�l	ú u	ý�õ mwm ý ú ý úHg ý�õ üH�Xû�gLi�g�ÿ | g1û�ü1ü�� � �	û õ û�ú � ÿ�g�«
üDú ý úDû � û³j��Mû�j�«Ti/ÿaþ õ ú@þQüIú��Mû0�Tl	û�l	ûmÿ�j�j�l{i ý�õ jVxÙÿ õ û ý j���g1ÿ�l	úDû�g�� � �	ûnj��	û�j�«Tiµÿaþ õ ú1þ õ{| þ õ ��ÿ��y��û�ü
��g1û�û�²�þ õ{| ú��	û*�Tl	û�l	û­�_x õ ÿ�ú ý ����ÿ � þ õ{|Õý�õ xÊû õ �Tl	û�l	û{ÿ�g�m	û��Tl	û�l	û�ÿ�i/û�g ý ú1þ�ÿ õ4u üDÿiú�� ý úvú��MûYü ý kÏû
��lS�µû�g<ÿ�j�j�l{i ý�õ jVxnj ý�õ �µû`g1û�üDúDÿ�g�û�m ý úJú��	û õ ûV��úJúHg ý�õ ü1þ�ú1þ�ÿ õ �

� �Mû@ÿ�ú��	û�g ý j'ú1þQÿ õ þQü`�Xÿ�g ý j'ú1þ���û © ÿ � ü;úDÿæi�g1û�mMþ�j'ú[ú��Mû@û õ miÿ���ú��	û�þygPj�l{g�g1û õ ú;ÿ õ ��iµû�g�þ�ÿ�m�� ��õ
ý j'ú1þy��û © ÿ � þ_ü ý ü1ü�l�kÏû�m�úDÿh� ý ��û�i�g1û�mMþ�j'úDû�m ý�õÕý ��û�g ý�| ûÏú���g1ÿ�l | �{i�lMúTfhgÕ���_x�úDû�ü�ioüDû�j%���TxYú��	ûvû õ m
ÿ�� ý úHg ý�õ ü1þ�û õ ú]iµû�g�þ�ÿ�m��Iz�þy��û õ ú�� ý ú ý�õ�ý j'ú1þy��û © ÿ � � ý ü ?kj �_x�úDû�ü"ÿ��Wm ý ú ý g1û�k ý þ õ þ õ{| úDÿ��µû;üDû õ ú
m�l{g:þ õ{| þQú1ü�j�l{g�g1û õ úÏÿ õ ��iµû�g�þ�ÿ�m uW� û³j ý�õ ü�j��	û�m�l���û ý �(�8¦ � ¦ZY O8�V� � �8¦ L ¦����B� ¦ û���û õ ú��Xÿ�gÏú��	û © ÿ � ý ú
?kj ilf�g@üDû�j'ÿ õ mMü�� ý úDû�g u�� �	û õ ú��Mû;ÿ õ ��iµû�g�þ�ÿ�mmþQü]i�g1û�mMþ�j'úDû�mmúDÿdû õ m��J­Sþ õ j'û ý � � � ý i�i��Qþ�j ý ú1þQÿ õ j ý�õ
i ý ü1üYm	ÿ �"õ�ý m�mMþ�ú1þ�ÿ õMý �^m ý ú ý m�l{g�þ õ�|Jý�õ ÿ õ ��iµû�g�þQÿTm u ú��	û ý kÏÿ�l õ ú�ÿ���m ý ú ý úDÿ
�µû�üDû õ ú � þ�ú��Mþ õ;ýR© ÿ � ç ü
ÿ õ ��iµû�g�þ�ÿ�mYþQü õ ÿ�ú��{�Sû�m ý úRú��	ûlú1þ�kÏû;ÿ��*úHg ý�õ ü�þ�ú1þ�ÿ õYý�õ m � û õ û�û�m�úDÿ�g1û�ü�j��	û�m�l��Qû;ú��	û�ü1úDû ý m{x^�$ü1ú ý úDû
iµû�g�þ�ÿ�m�û���û õ ú � �	û õ û���û�g�k@ÿ�g1û,m ý ú ý þ_ü���lS�µû�g1û�m­�_x � � � �
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c Ô/»%¼�Á�d�¼�Å!Â4�,À�¾¨Á*�\Ôzº % » % Â/Ô � g ý�õ ü�þ�ú1þ�ÿ õ ü��µû�ú � û�û õ û�iµÿ�j��Mü ý g1ûIúHg�þ |�| û�g1û�m£�_x j�� ý�õ{| û�ü�ÿ�� ý j'ú1þy��û
© ÿ � ü�� � �Mû�g1û ý g1û;ú � ÿNúAx_iµû�ü<ÿ��Wû���û õ ú"ú�� ý ú�g1û�ü�l���ú<þ õ ü�l�j��³j�� ý�õ{| û�ü��

# û õ m;ÿ�� ý�õ ÿ õ ��i/û�g:þ�ÿTmA� � �	û!û õ m;ÿ�� ýJ© ÿ � ç üzÿ õ ��iµû�g�þ�ÿ�m;þQüelMü�l ý ���yx�þ õ mMþ�j ý úDû�m`�_x�ú��	û�ûV��û�j�lMú1þ�ÿ õ
ÿ��*þ�ú1ü"üDúDû ý m{x_�$üDú ý úDû,iµû�g�þ�ÿ�m�û���û õ úuta�>	 õ m{ÿ�� ýI© ÿ � þQü ý üHiµû�j�þ ý �4j ý üDû;ÿ��Wú��MþQü��

# ü1ú ý g1ú*ÿ�� ý�õ ÿ õ ��iµû�g�þQÿTm�� � �	û<üDú ý g1ú*ÿ�� ý�© ÿ � ç üWÿ õ ��iµû�g�þ�ÿ�m�þQüvm	û�úDû�j'úDû�m � �	û õIõ û �|ý i�i��Qþ�j ý ú1þ�ÿ õ
m ý ú ý@ý g�g�þy��û�ü�m�l{g�þ õ�| ú��	û © ÿ � ç üJÿ,����iµû�g�þ�ÿ�m���­�ú ý g�ú<ÿ�� ýNõ û �Ç© ÿ � þQü ý üHiµû�j�þ ý �4j ý ü1û;ÿ��Wú��MþQü��

� ü1ü�l�k@û[ú�� ý úJú��	û�g1û ý g1ûwv ý j'ú1þy��û © ÿ � ü ý�õ mmú��Mû �(�8¦ � ¦ZY O8�V� � �8¦ L ¦����B� ¦ ¦�é�¦ ¤ � ÿ��Wú��	û 1 ú�� ý j'ú1þy��û
© ÿ � þ_üPü�j��	û�m�l���û�mdúDÿvûV�Ti-þ�g1û ý úTx�;¯�yU�l{g1ú��	û�g ý ü1ü�l�k@û"ú�� ý ú�ú��	û�g1û ý g1û.z;þ õMý j'ú1þ���û © ÿ � ü ý�õ mdú��	û�Aaú��
þ õMý j'ú1þ���û © ÿ ��� þ������µû�j'ÿ�kÏû ý j'ú1þy��û ý úk{ = � � �	û õ ûV�SúJþ õ úDû�g��eû�i/ÿ�j��YúHg ý�õ ü1þ�ú1þQÿ õ­� þ����\ú��	û õ ú ý «�ûPi�� ý j'û
ý ú�·

/ 1 -}|nx 
!~ x t ~ xX� ~!��������~ x g ~ { 
�~ { t ~ {l� ~!��������~ {����

�Rÿ � û���û�g u�õ û�þ�ú��	û�g6x�;k|43H5 1 5�v�� õ ÿ�g6{�=*|43M5�A]5BzJ��j ý�õ �µûPi�g�û�mMþ�j'úDû�m u üDÿ{ú�� ý ú[ú��	û õ ûV�Sú
û�iµÿTj��ÏúHg ý�õ ü�þ�ú1þ�ÿ õ j ý�õ ÿ õ ��x,�µû<úHg�þ |�| û�g1û�m�m{x õ-ý k@þ�j ý ���yx ý ü}x�; ç ü*ûV��i-þyg�û¨ÿ�g ý ü}{X= ç ü*ú ý «�û�i�� ý j'û��*«�iµÿ õ
ý�õ þ õ úDû�gH�eû�iµÿTj���úHg ý�õ ü1þ�ú1þ�ÿ õeu,ý úHg ý�õ ü�þ�ú1þ�ÿ õ ��g1ÿ�kküDúDû ý m�x�üDú ý úDû�úDÿ�úHg ý�õ ü1þQû õ úWüDú ý úDû u^� û õ û�û�mIúDÿ`j ý�õ j'û��
ý ���Wú��	û@ü�j��	û�m�l���û�mÕüDúDû ý m{x_�$üDú ý úDû�iµû�g�þ�ÿ�m�û���û õ ú1ü�� � �QüDÿ u ú��	û ý j'ú1þy��û © ÿ � ü ý�õ mÕú��Mû õ û�ú � ÿ�g�« õ û�û�m
úDÿ�g1û�j'ÿ*��û�gXi&l{i4m ý úDûvüDú ý úDû�ü ý�õ m­g1û�ü�l�kÏû;ü1û õ mMþ õ{| i*�Xÿ�g ��ý g�mMþ õ�| i ý j�«�û�ú1ü��

� �	û õYýI© ÿ � ü � þQú�j��	û�üG��g1ÿ�k üDúDû ý m�x�üDú ý úDû�úDÿÏúHg ý�õ ü1þQû õ úJüDú ý úDû u þ�ú�g1û�üDúDÿ�g1û�ü ý ���µú��	û`i�g1û��Sþ�ÿ�lMü��yx
üDúDÿ�g1û�m � � � üDú ý úDû�ü[ûV�{j'û�iMú�ú��	ÿaüDû�g1û�� ý úDû�m�úDÿmú��Mû:i�g1ÿ | g1û�ü1ü�ÿ��Lm ý ú ý úHg ý�õ üH�Xû�g uK� �Mþ�j�� õ û�û�m ý m�mMþá�
ú1þ�ÿ õMý � ý úDúDû õ ú1þ�ÿ õ ��� õ i ý g1ú1þ�j�l�� ý g uµý ü1ü�l�kÏûvú�� ý ú ý ú�ú��	ûIú1þ�kÏûvÿ��Pú��Mû:� ý ü1ú�þ õ úHg ý �eû�iµÿ�j���úHg ý�õ ü�þ�ú1þ�ÿ õ4u
ú��	û`�Mþ | �Mû�üDú<üDû��_lMû õ j'û õ l�k,�µû�g ý j�« õ ÿ � ��û�m | û�mn�TxNú��	û�ÿ�ú��	û�g"û õ m�|n� 1n� ����{�9 ���!Dr�¨þQüw�r��� u ú��	û`j�l{gH�
g1û õ ú.� 1n� ����{�9 ����D�þQü�l{i4m ý úDû�m ý ü��Xÿ�����ÿ � ü�·�� 1n� ���l{�9 �W�!D������ � 7�f g.���J� f g u�� �	û�g1û�f g ý�õ m �J� f g
ý g1ûIú��	û:i�g1û�mMþ�j'úDû�m�ú��{g�ÿ�l | �{i�l	ú ý�õ m�ú��	û�m�l{g ý ú1þ�ÿ õ ÿ��!ú��	ûÏüDúDû ý m�x�üDú ý úDû@þ õ ú��	û�� ý üDú�û�iµÿTj������¯ú�þQü
ý �QüDÿ{þ�k�iµÿ�g1ú ý�õ úJúDÿ­g1û�üDúDÿ�g�û�ú��	ûIüDúDû ý m{x_�$üDú ý úDû ����� j���ÿ�j�«Sþ õ{| �µû�� ý �Sþ�ÿ�g"ÿ��Pú��	û � � � © ÿ ��u�� �Mþ�j��
� û ý j��Mþ�û���ûh�_x ý i�i�g1ÿ�i�g�þ ý úDû���xÕü1û�úDú1þ õ{| g�û���û�� ý�õ úIüDú ý úDûw� ý g�þ ý ����û�ü;ÿ��Jú��MûNÿ�ú��	û�gvû õ mÊÿ��<ú��	û � � �
j'ÿ õMõ û�j'ú1þQÿ õ ��� �	û õ ú��Mû]�Tl	û�l	û�ü�g1û�ü�l�kÏû�ÿ�iµû�g ý ú1þ�ÿ õ ü u g�û�ü1þ�m�l ý �]i ý j�«�û�ú1ü­��g1ÿ�²�û õ þ õ ú��	û]�_lMû�l	û�ü
m�l{g:þ õ{| ú��	û�� ý üDú�úHg ý�õ ü1þ�ú1þ�ÿ õ�ý g1û�m	û��Qþy��û�g1û�m�úDÿ{ú��	û�þyg�m	û�üDú1þ õ-ý ú1þ�ÿ õ ü ý ��ú��	ÿ�l | � � þ����4�µû:mMþ_ü�j ý g�m	û�m ý ü
ÿ��-üDÿ��Qû�úDû,m ý ú ý �µû�j ý lMüDû[ú��Mû�g1û�j'û�þy�Sþ õ{| � � � ü ç üDú ý úDû�ü
� ý ��û,�/û�û õ l{i4m ý úDû�m��

�<�K$*@DC�@F=�C�@F[H=�;B@0;4Oe$&@DC�@F=�N�%(N2b�Z�@DC�9<%�R
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�iû,� ý ��ûPm	û�ü�jVg�þy�µû�m�ú��	û���g ý kÏû � ÿ�g�«dúDÿdüHiµû�û�m³l{i � � � © ÿ � ü1þ�k:l�� ý ú1þ�ÿ õh� þ�ú�� � � � ú��{g1ÿ�l | �{i�l	ú
i�g1û�m-þ�j'ú1þ�ÿ õ � � �Mþ_ü;üDû�j'ú1þ�ÿ õ þQüPm	û�mMþ�j ý úDû�mÙúDÿ£m	û�ü�jVg�þy�-þ õ�| ú � ÿ�úDû�j�� õ þ$�Tl	û�ü�úDÿæi�g�û�mMþ�j'ú;ú��	û ý ��û�g ý�| û
ú��{g1ÿ�l | �{i�l	ú�ÿ�� ý üDúDû ý m{x_�$üDú ý úDû � � � © ÿ � �

��´QÝA´h· ¸�Ãw½Æ½±�MÁ�¹ÚÂ-à�¾ÏÞ£¢ �P¼�À®� ¯ % Â\Á

� � � � © ÿ � j ý�õ �µû�j�� ý g ý j'úDû�g�þ�²�û�m ý ü ý�õ � ¤ �a��� �Z¤ � ¤ � Ø �V� � �(� i�� ý üDû��Xÿ�����ÿ � û�m �Tx ý �(�8¦ � ¦ZY OA�(� � �8¦
i�� ý ü1û a>¥ s�u 3 °�°Zb � � � � úHg�þ�û�ü<úDÿwj ý iMú�l{g1û[ú��	û�k ý �Sþ�k:l�k ý � ý þ�� ý ����û�� ý�õ m � þ�m	ú��­m�l{g�þ õ{| ú��	û�þ õ þ�ú1þ ý �
ü���ÿ � üDú ý g�ú]i�� ý üDû � þ�ú��{ú��	û�ûV�Tiµÿ õ û õ ú1þ ý �Aþ õ jVg1û ý üDû[ÿ��Fj'ÿ õ{| û�üDú1þQÿ õ³� þ õ m	ÿ � ÿ õ û ý j�� ����� � � úRú��	û
û õ m§ÿ��;ü���ÿ � üDú ý g�ú u]� �Mþ�j��qþQü�þ õ m-þ�j ý úDû�m �TxÚú��	û ��g�üDú�i ý j�«�û�ún��ÿaü1ü ý�õ m§ú��	û �Xÿ�����ÿ � þ õ{| ú1þ�kÏû�ÿ�l	ú
iµû�g�þ�ÿ�m u � � � | ÿ�û�ü;þ õ úDÿ�ú��MûIü1úDû ý m{x^�$ü1ú ý úDû��@­SúDû ý m{x^�$ü1ú ý úDû@ÿ�� ý � � � © ÿ � j'ÿ�k�i�g�þQüDû�ü�ÿ�� ý ü1û�g�þ�û�ü
ÿ���ú1þ�kÏû�ÿ�l	ú�iµû�g�þ�ÿ�mMü0| ¤�¦ � u û ý j��Úÿ�� � �Mþ�j��ÚþQü u þ õ ú�l{g õ4u j'ÿ�k�i/ÿaü1û�mÉÿ�� ý � ¤ � Ø �(� � �V� i�� ý üDû ý�õ m
k:l���ú1þyi��QûlúHg�þyi���ûPm�l�i��Qþ�j ý úDû:iµû�g�þ�ÿ�mMü§| ¤'¨�ø �:� � �	ûvû õ mÕÿ�� ý � R � þ_ü
k ý g�«�û�m��Tx�úHg�þyi���ûPm�l�i��Qþ�j ý úDû
����� ü ý�õ muú��	ûÏû õ miÿ�� ý � " þQü,k ý g�«�û�m��Tx ý g1û�úHg ý�õ ü�k@þQü1ü1þQÿ õ ú1þ�kÏû�ÿ�l	ú;û���û õ ú�� ¡ ÿ�ú��Ùú��	ûNü���ÿ �
üDú ý g1ú�i�� ý üDû ý�õ mYú��Mû � R � i/û�g:þ�ÿTm�üDúHg�þ�j'ú��yx­�Xÿ�����ÿ � j'û�g1ú ý þ õ�ý � | ÿ�g�þ�ú���k@üJúDÿ ý m ý iMú"ú��MûPj'ÿ õ{| û�üDú1þQÿ õ
� þ õ m	ÿ � �>z�þ���û õ ú��Mû�mMû�úDû�g�k@þ õ þ_üDú1þ�j ý � | ÿ�g�þ�ú���kîlMüDû�m u � � � �/û�� ý �Sþ�ÿ�g<þQü>��û�g�xwi�g�û�mMþ�j'ú ý ����û | þy��û õmý
üDúDû ý m{x_�$üDú ý úDû�i ý ú���j'ÿ õ mMþ�ú1þ�ÿ õeu þe�~û�� uAý i ý ú�� � þ�ú��ÕüDú ý ú1þ�ÿ õMý g�x g ý�õ mMÿ�k �Qÿaü1üDû�ü���� õ i ý g1ú1þ�j�l�� ý g u ú��	û
��û õ{| ú��{ÿ���ú��	û;ü���ÿ � üDú ý g1úGi�� ý üDû ý�õ m{ú��	û`��û õ{| ú���i õ l�kP�µû�g¨ÿ�� � R � ü � þ�ú��Mþ õ�ý � ":u	ý ü � û���� ý ü<ú��	û
ý kÏÿ�l õ úJÿ��vm ý ú ý úHg ý�õ üH�×û�g�û�m³m�l{g�þ õ{|vý � " j ý�õYý ���e�/û[üDú ý ú1þ_üDú1þ�j ý ���yx­m	û�úDû�g�kNþ õ û�m��

��´QÝA´QÒ ° ¼_�Mº�ÃzÁo¼�½Ê¼SÔ/»�¢R¼�Á % Â ß

Ð ý g | û�g�ü�i/û�û�m�l{iæj ý�õ �µû�ÿ��-ú ý þ õ û�mæ�_x l-ü1þ õ{| ü��	ÿ�g1úDû�g�úHg ý�õ ü1þQû õ ú
iµû�g�þ�ÿ�mMü�� "�õ ú��	ûvÿ�ú��	û�g`� ý�õ m uµý
úHg ý�õ ü�þ�û õ ú
iµû�g�þ�ÿ�m�ü��	ÿ�l���mæ�µû:��ÿ õ�| û õ ÿ�l | �ÕúDÿ­j ý i-ú�l{g1ûIú��	ûÏüDúDû ý m{x_�$üDú ý úDû��µû�� ý ��þ�ÿ�g�ÿ���û ý j�� © ÿ � �
" l{gvûV��i/û�g:þ�kÏû õ ú1ü�ü��Mÿ � ú�� ý ú ý kÏû ý ü�l{g1û�k@û õ ú:iµû�g�þ�ÿ�muÿ õ ú��	û�ÿ�g�m	û�gIÿ��JúDû õ üIÿ�� � R � ü | þy��û�ü ý
j���ÿaüDû"û�üDú1þ�k ý úDûRÿ��µÈ �]� ý�õ m���ÿaü1ü>g ý ú1þ�ÿ	�ª©Rÿ � û���û�g u ú��	û��Tl	û�üDú1þ�ÿ õ ú�� ý ú ¡ �	ÿ � ��ÿ õ{| þ_üF��ÿ õ{| û õ ÿ�l | ��¢
ü��	ÿ�l���mh�/û ý�õ ü � û�g�û�mmÿ õ�ý iµû�gH�$ü1þ�kPl�� ý ú1þ�ÿ õ � ý ü1þQü u{� �Mþ�j�� � û � þ����-û�� ý �/ÿ�g ý úDû;ÿ õ þ õ ­�û�j'ú1þQÿ õ ± � ± �

� g1û�mMþ�j'ú1þ�ÿ õ ü��Mÿ�l���m ý �QüDÿ��µû
� ý üDû�m�ÿ õYý i/û�g:þ�ÿTm � �	û õ{õ ÿ © ÿ � þQü<üDú1þ����\þ õ þ�ú1ü<þ õ þ�ú1þ ý �-ü���ÿ � �$ü1ú ý g1ú
üDú ý�| û����iû­j ý ��� ý iµû�g�þ�ÿ�m�m�l{g:þ õ{|n� �Mþ�j��iú��	û�üHxSüDúDû�k þ_ü ý j'ú�l ý ����x�kÏû ý ü�l{g�þ õ{| |�i�g1û�mMþ�j'ú1þ õ{| ��û ý j��
© ÿ � ç ü*ú��{g1ÿ�l | �{i�l	ú ý Ö ¦ � � ¥ ��¦ Ö ¦ ¤ � L ¦V�X�a� ¦ �F� ú!ü��	ÿ�l���m:�µû | þ õIý �XúDû�g!ú��	ûJþ õ þQú1þ ý �5ü���ÿ � �$ü1ú ý g1úWi�� ý üDû<ÿ��
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ú��	û õ û � ��x«|�g1ûl� üDú ý g1úDû�m © ÿ � þ õ�ý úHg ý�õ ü1þ�û õ ú�i/û�g:þ�ÿTmA� � �Mû ý ��û�g ý�| ûP�Qû õ{| ú���ÿ�� ý�õ þ õ þ�ú1þ ý �-ü���ÿ � �$ü1ú ý g1ú
j ý�õ �µû�g1û ý mMþ��yxNû�� ý ��l ý úDû�mælMü1þ õ{| ûV�	þQüDú1þ õ�| g�û�ü�l���ú1ü6|hüDû�ûlú��	û;ûV��i�g1û�ü1ü1þQÿ õ �×ÿ�g \ ^<^ þ õ a>¥ s
b �:�

��´QÝA´�Ý P % Á�¼T��»�¾vÀ�Á�Â/ÃzÄ/ÀzÅWÃA»h°�¼T�Mº%Ã�Áo¼�½Ê¼�Ô/»

"�õ û ý i�i�g1ÿ ý j��ÙúDÿ£i�g1û�m-þ�j'ú�þQülúDÿ£m-þyg1û�j'ú��yx�kÏû ý ü�l�g1ûNú��	û ý ��û�g ý�| ûmú���g1ÿ�l | �{i�lMú;ÿ��Jû ý j�� © ÿ � � � ÿ
m	ÿ�ú�� ý ú u>� ûmü1þ�k�i��yx�j��	û�j�«Êú��	û ý kÏÿ�l õ úIÿ���m ý ú ý g�û��Qþ ý ���yx�m	û��_þy��û�g1û�m ¦�¥ ��� ¤_§ ú��Mû­k@û ý ü�l{g1û�kÏû õ ú
iµû�g�þ�ÿ�m��¬�iû�ú��	û õ mMû�g�þy��ûmú��	û ý ��û�g ý�| û�ú���g1ÿ�l | �{i�lMú:�Tx�mMþy�Sþ�mMþ õ�| ú��	û ý kÏÿ�l õ ú@ÿ���m ý ú ý �TxÉú��	û
��û õ{| ú��Æÿ��Rú��	û³kÏû ý ü�l{g�û�kÏû õ ú�iµû�g�þ�ÿ�m�� � �	û ý j�j�l{g ý jVxÊÿ��Rú��MþQü:i�g1û�mMþ�j'ú1þ�ÿ õ mMû�i/û õ mMülÿ õ�� �	û�ú��	û�g
ú��	û�kÏû ý ü�l{g1û�kÏû õ ú`iµû�g�þ�ÿ�m�þQü`�Qÿ õ{| û õ ÿ�l | ���Xÿ�g[ú��	û�i�g1û�m-þ�j'úDû�m © ÿ � úDÿ | û�ú,j���ÿaüDûÏúDÿmú��	û��_þ�k@þ�ú1þ õ�|
�µû�� ý �Sþ�ÿ�g<ÿ��*þ�ú1üJü1úDû ý m{x^�$ü1ú ý úDû��

��´QÝA´`¶ Ì Â\Áo½iÃY���®­��Mº�¼ ß ¢;Áo¼ ß % ��» % Â/Ô

" l{g`i�g1ÿ�iµÿaüDû�m��Xÿ�g�kPl�� ý ��� ý üDû�m�i�g1û�mMþ�j'ú1þ�ÿ õ þ_ü`� ý üDû�miÿ õ ú��	û�kÏÿ�m	û��*û�üDú ý ���QþQü��	û�miþ õ a 3 °�°Fb�u!� �	û�g1û
ú��	û ý lMú��	ÿ�g�ü,j�� ý g ý j'úDû�g�þ�²�ûdú��	ûdüDúDû ý m{xiüDú ý úDû�ú��{g1ÿ�l | �{i�l	ú�ÿ�� ý � � � © ÿ � ý ü ý �al õ j'ú1þQÿ õ ÿ��]��ÿaü1ü
g ý ú1þ�ÿ u g1ÿ�l õ mÉúHg�þyi|ú1þ�k@û u x¯| õ l�k,�µû�g@ÿ���üDû | kÏû õ ú1ü ����� û�m��TxÉÿ õ û ����� � ý�õ mÚú��	û k ý �	þ�k:l�k
� þ õ m	ÿ � ü1þy²�û ý m{��û�g1ú1þ_üDû�m��_xÙú��	û­g1û�j'û�þy��û�g�� � �	û ? |�°:±F{
{ ~u² \�\ ~ x ~�³]´Iµh¶ �,�Xÿ�g�k:l�� ý�ý i�i��Qþ�û�ü�úDÿ ý
��l���«�úHg ý�õ üH�Xû�g � � � © ÿ ��u þE�~û�� u�ýN© ÿ � � þ�ú�� ý�õ l õ �Qþ�k@þ�úDû�m ý kÏÿ�l õ ú�ÿ��Fm ý ú ý úDÿ�üDû õ m�� � ÿ�k�i ý g1û�m
úDÿvú��	û�i�g�û���þ�ÿ�l-ü � ÿ�g�«@þ õ a sFs
b�u ú��MþQüLkÏÿ�m	û���j ý iMú�l{g�û�üPú��	ûRú1þ�kÏû�ÿ�l	ú�û���û õ ú1ü�þ õ ú��	ûRü1úDû ý m{x@üDú ý úDû ý�õ m
�	û õ j'û�þ�ú1ü ý i�i��Qþ�j ý �-þ��Qþ�úAx@þQü õ ÿ�ú��Qþ�k@þ�úDû�m�úDÿNü�k ý ���Ki ý j�«�û�ú���ÿaü1ü]g ý ú1þ�ÿaü��

� þ�ú�� �Xÿ�g�k:l�� ý ��� ý üDû�m�i�g1û�mMþ�j'ú1þQÿ õ4u�� û±kÏû ý ü�l�g1û��Xÿ�gYû ý j�� © ÿ � þ�ú1ü ý ��û�g ý�| ûÆÈ �]� ý�õ mÇú��	û
i ý j�«�û�ú���ÿaü1ü:i�g1ÿ�� ý �\þ��Qþ�úAx�ÿ õ þQú1üPi ý ú������iû{ú��	û õ û�üDú1þ�k ý úDûmú��	û ý ��û�g ý�| û�ú��{g1ÿ�l | �{i�l	ú:lMü1þ õ{| ú��	û
� � � ú��{g1ÿ�l | ��i�l	ú`�Xÿ�g�kPl�� ý � � �Mû ý j�j�l{g ý jVxuÿ���ú��	û�i�g1û�mMþ�j'ú1þ�ÿ õ mMû�i/û õ mMü��µÿ�ú��uÿ õ ú��Mû ý j�j�l{g ý jVx
ÿ��;ú��	û kÏû ý ü�l�g1û�m§È �]� ý�õ mñ��ÿaü1üwi�g1ÿ�� ý �\þ��Qþ�úAx u�ý�õ m§ÿ õ ú��	û£�×ÿ�g�kPl�� ý ç ü ý i�i�g1ÿ��	þ�k ý ú1þ�ÿ õ úDÿ�g1û ý �
ú��{g1ÿ�l | �{i�l	ú��y�iû�ÿ��Mú ý þ õ ú��Mû ý ��û�g ý�| ûÏÈ �]� �_x ý ��û�g ý�| þ õ{|�ý ���µú��	û � � � È �]� ü ý k�i���û�ü]m�l�g�þ õ{|Ïý
kÏû ý ü�l�g1û�kÏû õ úWi/û�g:þ�ÿTmA� " l{g*ûV��iµû�g�þ�kÏû õ ú1üWü�l |�| û�üDú*ú�� ý ú ý ��û�g ý�| û�È ��� j'ÿ õ ��û�g | û�ü ý ü*ú��	û]kÏû ý ü�l{g1ûV�
kÏû õ úLiµû�g�þQÿTmdþ õ jVg1û ý üDû�ü ý�õ m ý i/û�g:þ�ÿTm@ÿ��}3 ° � R � ü¨þQüLl-ü�l ý ���yx���ÿ õ�| û õ ÿ�l | ��úDÿvû õ ü�l{g�û�g1û ý üDÿ õ-ý ����û
ý j�j�l{g ý jVx�� R l�g�þ õ{| ú��Mû­k@û ý ü�l{g1û�kÏû õ ú:i/û�g:þ�ÿTm u ú��	ûmü1þ�kPl�� ý ú1þ�ÿ õ j'ÿ�l õ ú1üIú��	û õ l�k,�µû�gvÿ��]i ý j�«�û�ú1ü
g1û�j'û�þy��û�m ý�õ m m{g1ÿ�i�iµû�m�ÿ õ û���û�g�xæg�ÿ�l	úDû�g ý{© ÿ � úHg ý ��û�g�üDû�ü�� � �	û���ÿaü1ü
i�g1ÿ�� ý �\þ��Qþ�úAxmÿ��Pú��	û © ÿ � þQü
m	û�g�þ���û�m���g�ÿ�k ú��	û�üDû�m�g1ÿ�i�g ý ú1þ�ÿaü � � " l{g[ûV��i/û�g:þ�kÏû õ ú1ü;ü�l |�| û�üDúlú�� ý ú,��ÿaü1ü�i�g1ÿ�� ý �-þ��Qþ�ú8xæj'ÿ õ ��û�g | û�ü

·0�!;B;B'&EG@W"�$�=�"v"�$&@F <%(;B;vC8=�"�9<%�%�J�"�$*@L%�N*b�Z�=�"�$�C�%�'*"�@DC�;v=�C�@!7 � S�7 � S{f<f<f<fMS*7J¸�S�"�$&@> M%�;B;vZ*C�%�?�=�?&9< <9<"�c�%�J�"�$&@yo�%HO 9<;

3F3F3



ý ú ý i�i�g1ÿ��	þ�k ý úDû��yx�ú��	û;ü ý k@û�g ý úDû ý üRÈ ��� �

o.�u¹ º »�¼k»l½@ç ��¾; ª¿kÀIÁJ)�qÂ¾R�}ÀÂ�Ã¾Ä½8� �2ÅÂÀÂ�k»a IÁWÀ��ÇÆ�ÈhÉRë�Ê

­�û�j'ú1þ�ÿ õ ± � ´ � ´ m	û�ü�jVg�þy�µû�ü[ú��Mû�ü1þ�kPl�� ý ú1þ�ÿ õ ��g ý kÏû � ÿ�g�« � þ�ú�� ý ���!ú��	û © ÿ � üP�µû�þ õ{| i�g�û�mMþ�j'úDû�m � � �
© ÿ � ü�� � �Mû:��g ý kÏû � ÿ�g�«�üHiµû�û�mMü�l{iiü1þ�k:l�� ý ú1þ�ÿ õ ú��{g1ÿ�l | � i�g�û�mMþ�j'ú1þ�ÿ õ�ý�õ m ý�|�| g1û |aý ú1þ�ÿ õ ÿ��>i ý j�«�û�ú
û���û õ ú1ü u þE�~û�� u ú��	û{üHiµû�û�m�l{i�j'ÿ�kÏû�ü ý úIú��	ûhj'ÿaü1ú�ÿ����Qÿaü1þ õ{| i ý j�«�û�úÏû���û õ ú1ü�� � �MþQü�þQü õ ÿ�ú:m	û�ü�þyg ý ����û
�Xÿ�g@ü1þ�k:l�� ý ú1þ�ÿ õ ü � �	û�g�û�û���û�g�x÷i ý j�«�û�ú@û���û õ ú@þQüIÿ��Rþ õ úDû�g1û�üDúIúDÿuüDÿ�k@û © ÿ � ü��±� úIþ_ü ý �_üDÿ i/ÿaü�ü1þy����û
ú�� ý ú � � � © ÿ � ü�j'ÿ�k�i/û�úDûn�Xÿ�g�� ý�õ m � þ�m	ú�� � þ�ú�� õ ÿ õ � � � � © ÿ � ü u �Xÿ�g � �Mþ�j��Æú��	ûYü1úDû ý m{x^�$ü1ú ý úDû
i�g1û�m-þ�j'ú1þ�ÿ õ m	ÿ5û�ü õ ÿ�ú � ÿ�g�«/� ¡ ÿ�ú��³j ý üDû�üJü�l |�| û�üDú<ú��	û õ û�û�m{úDÿ ý j�j'ÿ�k�k@ÿTm ý úDû,i ý j�«�û�ú0��� ý ü1û�m © ÿ � ü
þ õ ú��	û���g ý k@û � ÿ�g�« u^� �Mþ�j��Ïþ_ü*ú��	û | û õ û�g ý ��j ý üDû�mMû�ü�jVg�þy�µû�mIþ õ ­�û�j'ú1þQÿ õ ± � ´ �$3,� � ÿ;ú�� ý ú!û õ m u�� û õ û�û�m
ÿ õ �yxdúDÿwk ý «�û ý �×û � k@þ õ ÿ�g]j�� ý�õ{| û�üJúDÿNú��	û���g ý kÏû � ÿ�g�« u\ý ü]m	û�ü�jVg�þ��/û�mh�µû���ÿ � �

ÞvÀ®�-Ô�Ä-¼�º[»%ÂY»oÀz¼ Ì Á&�-½Ê¼?âIÂ-Áoã �bþQú��Mþ õ ú��	û õ û � ��g ý kÏû � ÿ�g�« u ú��	û"úHg ý�õ ü1þ�ú1þ�ÿ õ �/û�ú � û�û õ û�iµÿTj��Mü
þQü<úHg:þ |�| û�g1û�m³�Tx{ú��	ûlüDú ý g�ú�i�û õ m�ÿ�� ý�õ ÿ õ ��iµû�g�þ�ÿ�m{ÿ�� ý�õ x © ÿ �,u þ õ j���l�mMþ õ{| i ý j�«�û�ú0��� ý üDû�m © ÿ � ü�� � ü
ÿ�� ý i�g1û�mMþ�j'úDû�m © ÿ ��u ú��	ûYüDú ý g1úÏÿ�� ý�õ ÿ õ ��iµû�g�þ�ÿ�mÆÿ�� ý i ý j�«�û�ú0��� ý üDû�m © ÿ � þQü ý �QüDÿ�m	û�úDû�j'úDû�mè�_x
ÿ��-üDû�g���þ õ�| ú��	û ý g�g�þy� ý �Aÿ�� ý i�i��Qþ�j ý ú1þ�ÿ õ m ý ú ý m�l{g�þ õ�|@ý�õ ÿZË���iµû�g�þ�ÿ�m�� � �Mûlû õ m�ÿ�� ý�õ ÿ õ ��iµû�g�þ�ÿ�mYþ õ
ý i ý j�«�û�ú0��� ý üDû�m � � � © ÿ ��u ú��	ÿ�l | � u þQü ý � ��ý xSü�m	û�úDû�j'úDû�m��Tx�ú��	û�� ý j ý ú1þ õ�| ÿ�� � � � ��leËµû�g��£UMÿ�g
ý i ý j�«�û�ú0��� ý ü1û�m õ ÿ õ � � � � © ÿ ��u ú��	û­m ý ú ý ü1ÿ�l{g�j'û­j ý�õ mMû�j�� ý g1ûNú��Mûdû õ mÊÿ�� ý�õ ÿ õ ��iµû�g�þ�ÿ�m ý �XúDû�g
ÿ��-üDû�g���þ õ�| þ õMý j'ú1þy�Sþ�ú8xh�×ÿ�g ý j'û�g1ú ý þ õ iµû�g�þQÿTm�ÿ��Wú1þ�kÏû��

¬h���aÂ/Ã�Ô/» % Ô�ÄÇà$Â\Áiá�¼5»:âIÂ-Áoã²Ó�¼5º%Â\Ã�Á*�a¼�º¯Ìmº��MÄ\¼ � �	û ý ��û�g ý�| û{È �]� ý�õ m±�Qÿaü1ü�g ý ú1þQÿ ýY© ÿ �
ûV��i/û�g:þ�û õ j'û�ü ý g1û ý Ëµû�j'úDû�m��_x�ú��	ûT�Tl	û�l	ûG�Qþ�k@þQú ý�õ m��Qþ õ «`� ý�õ m � þ�m	ú��;ÿ��/ÿ õ ��i ý ú���g1ÿ�lMúDû�g�ü uaý ü � û���� ý ü
ú��	û ý m�mMþ�ú1þ�ÿ õMý ���Tl	û�lMþ õ{| m	û�� ý x ý�õ m���ÿaü1üDû�üFm�l	û<úDÿPj'ÿ�k�iµû�ú1þ õ�|[© ÿ � ü��pUMÿ�g�û ý j���i�g�û�mMþ�j'úDû�m © ÿ ��u^� û
j ý�õÏý j�j'ÿ�l õ úW�×ÿ�gW�µÿ�ú��vú��	ûG�Qþ õ «`� ý�õ m � þ�m	ú��lþ�úvlMüDû�ü ý�õ m�ú��Mû��Tl	û�lMþ õ{| m	û�� ý x�þQúYj ý lMü1û�üW�_x ý m&¶Hl-üDú1þ õ{|
ú��	û:� ý�õ m � þ�m	ú��Yÿ��Pû ý j����Qþ õ «{ÿ õ þQú1ü�i ý ú�� ý j�j'ÿ�g�mMþ õ{| úDÿmþ�ú1üRü�� ý g1ûIÿ��!ú��	û��Qþ õ « ç üRú��{g1ÿ�l | �{i�l	ú���� õ
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Í,Ûlf�ÏÜ�:�y� �	û õYý i�g1û�mMþ�j'úDû�m © ÿ � ü � þ�ú�j��	û�ü]� ý j�«{úDÿÏúHg ý�õ ü�þ�û õ úJü1ú ý úDû u
ú��	û`�Qþ õ «�� ý�õ m � þ�m	ú��NþQü�þ õ jVg1û ý üDû�m ý j�j'ÿ�g�mMþ õ�| úDÿÏú��Mû © ÿ � ç ü<ü�� ý g1û�ÿ��zú��{g1ÿ�l | �{i�l	ú�þ õ ú��	û�i�g1û��Sþ�ÿ�lMü
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S1

S2

S4

R2 R3

K1,3

K2,4

5ms, 800Kbps

5ms, 800Kbps

10ms, 500Kbps

5ms, 500Kbps

10ms, 400Kbps

5ms, 300Kbps

5ms, 700Kbps

5ms, 400Kbps
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§v¨ª©�«U¬�­�®J¯	°]±U²�³�²�´�²�µ�¶}·W·

¸3¹=º3¸3¹=»�¼�½Y»*¾ ²�¿R³ ¼4ÀW¹=»ÂÁ~ÃG¹=½G¹aÄ�¹aÀO¸WÃY¹ ¶�¿2ÅQµ Ã�¸ ³�² ¸3¹=½,¸ Å ¼ ´Q´�¶ ¿ ¼4Æ�¹�» ÅkÇ ¹aÀW¹=½Y¾d¹=ºaÈ�É ² º3¸O¹dÊ ³ ¹aÀ ÅQ¿ ¹=½,¸Wº
Ë º3¹}¸WÃG¹Â½Y¹a¸�Á ² ÀWÆÌº_Ã ² Á~½ Å ½ÌÍ Å�µ Ë ÀW¹}Î�Ï�È ± ÃY¹ÑÐ ³ À ²�³ ¼ µ ¼4¸ Å�² ½Ò»G¹ ´ ¼ ¶�Ó�Ô ¼�½t»GÁ Å »G¸WÃ�Õ ² ½Ö¹=¼�¾hÃ ´QÅ ½GÆ
×JØ8Ù,Ú]Û Å ºÜÐ�Ý ¿ º Ó Ï4Þ�Þ�ß ÔY³ ºàÕ*¼�½Y»�¸WÃG¹Rá Ë ¹ Ë ¹"º Å�â ¹ ² ½ Ú�Û Å º�Ý4Þ�ãCä�åaæ�çaèIé Ó Ë ½ ´ ¹=ºWº ² ¸WÃG¹aÀWÁ Å º3¹R½ ² ¸3¹=»	È
± ÃG¹aÀ_¹ Å º�¼ ±|ê�ë ¾ ² ½t½G¹=¾d¸ Å�² ½�ìIí ² Á�î~¼�½Y»�¼�½MÍ ±~ë ¼ ³Y³t´QÅ ¾a¼4¸ ÅQ² ½ Ô ¹a¸�Á�¹a¹=½M¹=¼�¾hÃ × Ø ¼�½Y»�ï Û È ± ÃG¹
½G¹a¸�Á ² ÀWÆ Å ½�Í ÅQµ Ë ÀW¹~Î�ð Å º Ë º3¹=» Å ½�º ²�¿ ¹�¹dÊ ³ ¹aÀ ÅQ¿ ¹=½,¸WºaÈ%ñ ¿ ¹=¼�º Ë À_¹ ¿ ¹=½�¸ ³ ¹aÀ Å�² » ²�ò�ó Ï4Þ�ºW¹=¾ ² ½Y»Yº Å º
Ë º3¹=» Ë ½ ´ ¹=ºWº ² ¸WÃG¹aÀ_Á Å º3¹Üº ³ ¹=¾ Å�ô ¹=»	È

õ ² ¸3¹2¸WÃY¼4¸ ² Ë ÀÜº Å8¿ Ë ´ ¼4¸ Å�² ½Ñ¹dÊ ³ ¹aÀ ÅQ¿ ¹=½,¸Wº�¼4ÀW¹RÀW¹ ´ ¼4¸ Å Ä�¹ ´�¶�´�² Á ÔtÅ ¸�öqÀ_¼4¸3¹=º Ô Ë ¸vÁ�¹ Ë º3¹Rº3¸W¼�½t»Y¼4À_»
³ ¼�¾_Æ�¹a¸Ñº Å�â ¹=º ²�ò Ý�÷�ø Ô�¶ ¸3¹=ºaÈúùM¹�Á Å8´Q´ À_¹ ³�² À_¸ ² Ë À*ÀW¹=º Ë ´ ¸Wº Å ½¢¸WÃG¹MÀ_¹=º3¸ ²�ò ¸WÃ Å º�¾hÃY¼ ³ ¸3¹aÀ Ë º Å ½ µ
û º3¹=¾ ² ½Y»tºWü�¼�º ² Ë À}¸ ÅQ¿ ¹ Ë ½ Å ¸WºaÈþý ´ ¸ ÅQ¿ ¼4¸3¹ ´�¶ ÁvÃY¼4¸ Å º ¿R² º3¸ ÅQ¿R³�² ÀW¸W¼�½,¸ Å º2¸WÃG¹�ÀW¹ ´ ¼4¸ Å Ä�¹ ³ ¼�¾_Æ�¹a¸
¸3À_¼�½Yº ¿2Å ºWº ÅQ² ½�¸ Å8¿ ¹2¼�½Y»�½ ² ¸�¸WÃG¹ ¼ Ô º ²�´ Ë ¸3¹RÄ�¼ ´ Ë ¹ ²�ò ¸ ÅQ¿ ¹�È2ùÿÃ ÅQ´ ¹ Ë º Å ½ µ º3¹=¾ ² ½Y»Yº]º ÅQ¿R³J´QÅ�ô ¹=ºv¸WÃG¹
» Å º_¾ Ë ºWº Å�² ½ Ó4Å ¸ ºWÃ ² Ë ´ » Ô ¹O½ ² ¸3¹=»2¸WÃY¼4¸ ¿R² ÀW¹~ÀW¹=¼ ´QÅ º3¸ Å ¾ ÔJÅ ¸%À_¼4¸3¹=ºvì Å ½R¸WÃG¹ ó Þ�� º ²�ò É ÔY³ ºdîUÁ ² Ë ´ » ¿ ¼4Æ�¹
² Ë À~¾ ² ½t¾ ´ Ë º Å�² ½tº�¼ ³Y³t´�¶ ¸ ² ¿ Ë ¾_ÃÂº ¿ ¼ ´Q´ ¹aÀ�¸ ÅQ¿ ¹ Ë ½ Å ¸Wº Å ½}¸WÃG¹ ó Þ�� º ² À ó Þ�Þ�� º ²�ò%¿2ÅQ´Q´QÅ º3¹=¾ ² ½Y»YºaÈ

�������	� 
�� ­,­
��« �

ÍGÀ ²�¿ ¸WÃY¹�»G¹=º_¾dÀ Å�³ ¸ Å�² ½ ²�ò ¸WÃG¹�¸�Á ²*³ ÀW¹=» Å ¾d¸ Å�² ½Â¸3¹=¾hÃY½ Å á Ë ¹=º Ó Á�¹"Æ�½ ² Á ¸WÃY¼4¸�¸WÃG¹ ² Ä�¹aÀ_ÃG¹=¼�» ²�ò�³ ÀW¹dö
» Å ¾d¸ ÅQ² ½ Å º�¸WÃG¹�ºW¼ ¿ ¹ òI² À Ô�² ¸WÃ�¼�½Y»�¸WÃG¹ ¶ ºWÃ ² Ë ´ » ¼�¾hÃ Å ¹aÄ�¹�¸WÃG¹�ºW¼ ¿ ¹�º ³ ¹a¹=» Ë ³ È�� ² Á�¹ ³ ÀW¹=º3¹=½,¸ ² ½ ´Q¶
¸WÃG¹ÜÀ_¹=º Ë ´ ¸Wº ò À ²�¿ ¸WÃG¹ òI² À ¿ Ë ´ ¼�ö Ô ¼�ºW¹=»Âº ÅQ¿ Ë ´ ¼4¸ Å�² ½�È

Í ² Àv¸WÃG¹�ÀW¹=º Ë ´ ¸Wº Å ½*Í Å�µ Ë ÀW¹ÜÝ4Þ Ó Á�¹ Ë ºW¹ ó Þ2Í ±Oë ¾ ² ½Y½Y¹=¾d¸ Å�² ½Yº ò À ²�¿ ×JØ ¸ ² ï Û Å ½}¹=¼�¾_ÃÂ¸3¹=ºW¸ Ó ¼ ´Q´
¸3À_¼�½Yº ò ¹aÀWÀ Å ½ µ ¼ ôt´ ¹ ²�ò ¸WÃG¹�ºW¼ ¿ ¹�º Å�â ¹�È É Ë ´ ¸ Å�³t´ ¹ ¸3¹=º3¸Wº ¼4ÀW¹ ³ ¹aÀ òI² À ¿ ¹=»]Á Å ¸WÃ"» ÅkÇ ¹aÀW¹=½,¸ ôJ´ ¹�º Å�â ¹=ºaÈ ± ÃG¹
¼=Ä�¹aÀh¼ µ ¹R¸WÃGÀ ² Ë µ Ã ³ Ë ¸ Å º~Á Å ¸WÃ Å ½Ñ¼�÷���» ÅkÇ ¹aÀW¹=½Y¾d¹ ò À ²�¿ ¼ ³ ¼�¾_Æ�¹a¸�ö Ô ¼�º3¹=»�º ÅQ¿ Ë ´ ¼4¸ Å�² ½ òI² Àv¹=¼�¾hÃ�¸3¹=º3¸
ÀW¹=º Ë ´ ¸ ³ ÀW¹=º3¹=½,¸3¹=»	È Í Å�µ Ë ÀW¹ÜÝ4Þ ³J´�² ¸Wºx¸WÃG¹�ÀW¹ ´ ¼4¸ Å Ä�¹|À Ë ½�¸ Å8¿ ¹ ²�ò ¼ ³ À_¹=» Å ¾d¸ Å�² ½Cö Ô ¼�º3¹=»�º ÅQ¿ Ë ´ ¼4¸ Å�² ½�¸ ² ¼
³ ¼�¾_Æ�¹a¸�ö Ô ¼�º3¹=»Mº ÅQ¿ Ë ´ ¼4¸ ÅQ² ½ ÓYÅ È ¹�È Ó ¸ Å8¿ ¹ Ë ºW¹=»*¸ ² À Ë ½*¸WÃG¹ ³ ÀW¹=» Å ¾d¸ ÅQ² ½Cö Ô ¼�º3¹=»Âº ÅQ¿ Ë ´ ¼4¸ Å�² ½*½ ² À ¿ ¼ ´QÅ�â ¹=»
Ô�¶ ¸WÃG¹~¸ ÅQ¿ ¹ Ë º3¹=» Ô,¶ ¸WÃG¹O¾ ² ÀWÀ_¹=º ³�² ½Y» Å ½ µ�³ ¼�¾_Æ�¹a¸�ö Ô ¼�º3¹=»}º ÅQ¿ Ë ´ ¼4¸ ÅQ² ½ Ó ¼ µ ¼ Å ½Yº3¸ ¸WÃY¹~º Å�â ¹ ²�ò ¸WÃG¹ ±�ê�ë
í ² ÁÜÈ ± ÃG¹�¼=Ä�¹aÀ_¼ µ ¹]º ³ ¹a¹=» Ë ³�²�ò ¼ ´Q´ í ² Ávº Å º ³ ÀW¹=º3¹=½,¸3¹=»*¼ ´�² ½ µ Á Å ¸WÃ�¼�½�¹aÀWÀ ² À Ô ¼4À òI² Àx¼"¾ ² ½ ô »G¹=½Y¾d¹
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�Ä%�������������� � iµû�û�m�l{i­��ü��!úHg ý�õ üH�Xû�g"ü1þ�²�û

þ õ úDû�g�� ý �µÿ�� �"!$# � � iµû�û�m�l{i � þ�ú��­i�g�û�mMþ�j'ú1þ�ÿ õ ��� ý üDû�m{ü1þ�k:l�� ý ú1þ�ÿ õ þ õ jVg�û ý üDû�ü]m{g ý k ý ú1þ�j ý ���yx � þ�ú��{ú��	û
úHg ý�õ ü��×û�g"ü�þy²�û u ü1þ õ j'û[ú��	ûlü ý kÏû:j'ÿaüDúJÿ��*þ õ þQú1þ ý �KkÏû ý ü�l{g1û�k@û õ ú�þQü ý kÏÿ�g1ú1þ�²�û�mmÿ2��û�g ý ��ÿ õ�| û�g"üDúDû ý m{x_�
üDú ý úDû�iµû�g�þ�ÿ�mmþ õ�ý � ý g | û�úHg ý�õ üH�Xû�g�� � ��ú��	ÿ�l | �Yú��MþQü"ûV�Ti�� ý�õMý ú1þ�ÿ õ�ý ü1ü�l�kÏû�ü õ ÿ ý m�mMþ�ú1þ�ÿ õ-ý � õ û�ú � ÿ�g�«
j�� ý�õ{| û�ü<þ õ�ý �Qÿ õ{| û�g�úHg ý�õ üH�Xû�g u þ�ú¨þ_üLj'ÿ õ j'û�þ�� ý ���QûRú�� ý ú ý � ý g | û�g�úHg ý�õ ü��×û�g��µû õ û��Mú1üIkÏÿ�g1û ý üG��ÿ õ{|Iý ü
ú��	û õ l�kP�µû�g<ÿ�� õ û�ú � ÿ�g�«­j�� ý�õ{| û�ü
m	ÿ�û�ü õ ÿ�ú | g1ÿ � i�g1ÿ�iµÿ�g1ú1þQÿ õMý ���yx@úDÿNú��	û[úHg ý�õ üH�Xû�g"ü1þ�²�û��

�iû ý �QüDÿ³� õ miú�� ý ú�ú��	û�g1û�� ý ú1þ���û�g�l õ ú1þ�kÏûÏÿ��<ú��Mû�i�g1û�mMþ�j'ú1þ�ÿ õ ��� ý üDû�mÙü1þ�k:l�� ý ú1þ�ÿ õ j'ÿ�g�g�û�üHiµÿ õ mMü
� û����zúDÿ�ú��	û:i�g1ÿ�iµÿ�g1ú1þ�ÿ õ ÿ��!ú1þ�kÏûIþ�úRü�i/û õ mMü]kÏû ý ü�l�g�þ õ{|{u ü�l |�| û�üDú1þ õ{| ú�� ý ú�ú��	û�j'ÿaüDú�ÿ��!úHg ý�õ ü�þ�ú1þ�ÿ õ ü
ý�õ mng�l õMõ þ õ�| þ õ üDúDû ý m�x^�$üDú ý úDûIþQü õ û | �_þ | þy����û��

��% � %'& ¬)(*( �,+ + %.- �0/ %1+32

� õ ú��MþQüÕü�l{�-ü1û�j'ú1þ�ÿ õ4u:� ûÚû�� ý ��l ý úDû �	ÿ � ú��	û�i�g1û�m-þ�j'ú1þ�ÿ õ ��� ý ü1û�m ü�þ�kPl�� ý ú1þ�ÿ õ ý i�i�g1ÿ2�Sþ�k ý úDû�üiú��	û
i ý j�«�û�ú0��� ý üDû�mqü�þ�kPl�� ý ú1þ�ÿ õ4u þ õ úDû�g�k@üIÿ�� ý ��û�g ý�| û54Mÿ � ú��{g�ÿ�l | �{i�l	ú u!õ û�ú � ÿ�g�«÷��leË/û�gIÿ�j�j�l{i ý�õ jVx
ý�õ m i ý j�«�û�ú[üDû��Tl	û õ j'û�úHg ý j'û�ü�� � ÿ�k�i ý g�þQüDÿ õ ü]�µû�ú � û�û õ �Xÿ�g�k:l�� ý i�g1û�mMþ�j'ú1þ�ÿ õ�ý�õ m mMþ�g1û�j'ú�kÏû ý ü�l{g1ûV�
kÏû õ ú�i�g1û�mMþ�j'ú1þQÿ õNý g1û�ÿ õ �yx õ û�j'û�ü1ü ý g�x�þ õ ú��	û�û�� ý ��l ý ú1þ�ÿ õ ÿ�� ý ��û�g ý�| û;ú��{g�ÿ�l | �{i�l	ú ý i�i�g1ÿ2�Sþ�k ý ú1þ�ÿ õ �

6"718$7�9�7 á ù é�¦V� � § ¦;:�<^�0� ¥�§ < L�¥ �

U	ÿ�g ý i�g1û�m-þ�j'úDû�m � � � 4Mÿ ��u�� û ý g1û�i�g�þ�k ý g�þ��yxÏþ õ úDû�g1û�üDúDû�m{þ õ û�� ý ��l ý ú1þ õ�| þ�ú1ü ý ��û�g ý�| û;ú��{g1ÿ�l | �{i�l	ú
�µû�� ý �Sþ�ÿ�gH|Xÿ�g,j'ÿ�k�i���û�ú1þ�ÿ õ ú1þ�k@û | þ���û õiý úHg ý�õ üH�Xû�glü1þy²�ûl�:�§�iû ��ý�õ ú[úDÿ�ûV� ý k@þ õ û ý i�i�g1ÿ2�Sþ�k ý ú1þ�ÿ õ ü
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��%1�3�*���?�A@�� � i�i�g1ÿ2�Sþ�k ý ú1þ�ÿ õ �Sü��F��ÿaü1ü�| R þyg�û�j'úCBYû ý ü�l{g1û�kÏû õ ú��

�Xÿ�g�·�3�� ý � þ�m	ûhg ý�õ{| ûmÿ��ED ��� ý�õ m���ÿaü1ü�g ý ú1þQÿ£� ý ��l	û�ü� ´ �:m-þ Ë/û�g�û õ ú �Tl	û�lMþ õ{| mMþQü�j�þyi��Qþ õ û�ü! ¥ � ý
mMþ Ëµû�g1û õ ú õ l�k,�µû�g<ÿ��F4Mÿ � ü� �GW��ü1þ�ú�l ý ú1þ�ÿ õ ü � �	û�g�û;þ õ úDû�g ý j'ú1þ õ{| 4Mÿ � üJûV�{�Mþy�-þQúLi ý ú�� �	û�úDû�g1ÿ | û õ û�þ�úAx��

c - (®���$/ +IHKJL+IMNMPO �0/ %�+ � 2�Q�OPRSR � õ ú��MþQüwûV��iµû�g�þ�kÏû õ ú u�� û]lMü1û ý�õ U �]� j'ÿ õMõ û�j'ú1þ�ÿ õ ��g1ÿ�kUT 

úDÿWV 
 þ õ UWþ | l{g1ûPG s �I�iûPj��Mÿ5ÿaüDûPmMþ Ëµû�g1û õ ú]j'ÿ�kP�-þ õ-ý ú1þ�ÿ õ ü�ÿ��ª�_lMû�l	û��Qþ�k@þQú�ÿ õ ²,
 ý�õ m­�/ÿ�úDú��Qû õ û�j�«
|a�Qþ õ « ² 
YX V 
 �I� ý�õ m � þ�m	ú��dúDÿ | û�ú ý�� þ�m	û�g ý�õ�| û;ÿ��Y�Qÿaü1üGg ý ú1þ�ÿaü ý�õ mZD �]� ü��

UWþ | l{g�û ! 3]i���ÿ�ú1ü!ú��	û ý i�i�g�ÿ��	þ�k ý ú1þ�ÿ õ ÿ��4j'ÿ�k�i��Qû�ú1þ�ÿ õ ú1þ�kÏû ý�|aý þ õ üDú>��ÿaü�üWg ý ú1þ�ÿ u_� �	û õ ú��	û]m-þyg1û�j'ú
kÏû ý ü�l�g1û�kÏû õ úPi�g�û�mMþ�j'ú1þ�ÿ õ þQüPl-üDû�m�� � i�i�g1ÿ2�Sþ�k ý ú1þ�ÿ õ g1û�k ý þ õ üPj'ÿ õ ü1þQü1úDû õ ú��yx�j��QÿaüDûw�Xÿ�gIú��	ûhg ý�õ{| û
ÿ�����ÿaü1ü`g ý ú1þQÿaüH|al{iiúDÿ 3 ¥ # � � ûÏúDû�üDú�� � ��ú��Mÿ�l | � �×ÿ�g�kPl�� ý ��� ý üDû�m�i�g�û�mMþ�j'ú1þ�ÿ õÕý �QüDÿ ý j��Mþ�û���û�ü | ÿ5ÿ�m
ý i�i�g�ÿ��	þ�k ý ú1þ�ÿ õ �Xÿ�g@ú��MþQü�g ý�õ{| ûYÿ�����ÿaü1ü�g ý ú1þQÿaü u þ�ú�� ý ü ý úHg1û õ mÉÿ��[þ õ jVg1û ý ü1þ õ{| û�g�g1ÿ�g]|amMþ Ëµû�g1û õ j'û
��g1ÿ�kîi ý j�«�û�ú0��� ý ü1û�m�ü1þ�k:l�� ý ú1þQÿ õ � ý ü�ú��	û`��ÿaü�ü�g ý ú1þ�ÿIþ õ jVg1û ý üDû�ü uMý ü<þQüPû��Sþ�m	û õ ú<þ õ UWþ | l{g1û !�´ �}æRÿ�ú1þ�j'û
ú�� ý ú�þ õ UWþ | l{g1û !�´Tu�� ûPi���ÿ�úJú��Mû,kÏû ý�õ i�g1û�mMþ�j'ú1þ�ÿ õ û�g�g1ÿ�g�mMþ�g1û�j'ú��yx u-ý ��ÿ õ�|�� þ�ú�� ýM�"!$# j'ÿ õ ��m	û õ j'û
þ õ úDû�g�� ý �E� � �	ÿaüDû�� ý g | û�g�û�g�g1ÿ�g:ü�þ õ ú��	û
�×ÿ�g�kPl�� ý ��� ý üDû�m�ü1þ�k:l�� ý ú1þ�ÿ õ ü ý g1û`j ý lMüDû�mh�Tx@ú��	û�þ õMý j�j�l{g ý jVx
ÿ��Aú��	û��×ÿ�g�kPl�� ý�� �	û õ ��ÿaü1üDû�ü ý g1û�ü�l{�-ü1ú ý�õ ú1þ ý � u^� �Mþ�j��dû�j��	ÿ�û�ü¨ú��	û�g�û�ü�l���ú1ü�þ õ a 3\["[ b �W� õ � û�j'ú1þ�ÿ õ =�� V_u
� û � þ�����g1û�� ý úDû[ú��	ûlþ õMý j�j�l�g ý jVxdúDÿ ý�õ�ý ü1ü�l�k�iMú1þ�ÿ õ k ý m	û,�_x�ú��	û��Xÿ�g�k:l�� ý�u	ý ü"üDú�l�mMþ�û�mmþ õ a ´�´
b �

� ü1þ�kNþ�� ý g<üDû�úJÿ��wûV�Tiµû�g�þ�kÏû õ ú1üJûV�Ti��Qÿ�g�þ õ{| ú��	û`iµÿaü1ü1þ�����û�g1û�� ý ú1þ�ÿ õ �µû�ú � û�û õ D ��� ý�õ m ý i�i�g1ÿ��	þá�
k ý ú1þ�ÿ õ ü��	ÿ � ú�� ý úI�Xÿ�gLmMþ Ëµû�g1û õ ú]D �]� ü>��l	ú � þ�ú��@ú��	û�ü ý kÏû�g ý�õ{| û"ÿ��e�Qÿaü1üFg ý ú1þQÿaü u ú��Mû ý i�i�g�ÿ��	þ�k ý �
ú1þ�ÿ õ m	ÿ�û�ü õ ÿ�úIj�� ý�õ{| û[ü1þ |aõ þ���j ý�õ ú���x��×ÿ�g¨û�þ�ú��	û�g�i�g1û�m-þ�j'ú1þ�ÿ õ �p©"ÿ � û���û�g u�� þ�ú�� ýC^F_ ¦a` k@û ý ü�l{g1û�kÏû õ ú
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��%1�3�*���?�3b�� � i�i�g1ÿ2�Sþ�k ý ú1þ�ÿ õ �Sü��F��ÿaü1ü�|�UMÿ�g�kPl�� ý �

R ���Y� �c@
b�� � i�i�g1ÿ��	þ�k ý ú1þQÿ õ X D�	 R �Sü�� R g1ÿ�i � ý þ��y| # û�g�g1ÿ�gX�
æ"û�ú � ÿ�g�« � ÿ õ � | l{g ý ú1þ�ÿ õ R g1ÿ�i � ý þ�� D�	 R

3 Uv��ÿ � [ [S�dG
e ý�õ m � þ�m	ú��â� � ["[ � � GHUv��ÿ � ü ¥ � � [S� �

f lMû�l	û � þy²�ûl� ! [ � ý j�«�û�ú1ü ! Uv��ÿ � ü G	� ¥ [S� �
= Uv��ÿ � ü 3,� V [S� s
3 Uv��ÿ � [ [S� ¥

e ý�õ m � þ�m	ú���� � B³� GHUv��ÿ � ü ¥ � ! [S�dG
f l	û�l	û � þ�²�ûl�Ý3\["[ � ý j�«�û�ú1ü ! Uv��ÿ � ü 3,� V [S� ´

= Uv��ÿ � ü 3,�g= [S�g=

iµû�g�þ�ÿ�m � û�lMüDûIþ õ ú��Mû�üDû�ûV��iµû�g�þ�kÏû õ ú1ü u ú��	û�g1ûÏþQü ý ��þQü�þy����û;úHg�û õ m�ÿ��¨þ õ jVg1û ý ü�þ õ{| û�g�g�ÿ�g � þ�ú��æ� ý g | û�g
D �]� ü]l-ü1þ õ{| ú��	û�mMþ�g1û�j'ú]kÏû ý ü�l{g�û�kÏû õ ú�i�g1û�mMþ�j'ú1þQÿ õ4u�� �Mþ�j�� � û � þ����\ûV�Ti�� ý þ õ þ õ � û�j'ú1þ�ÿ õ =��g=��

c - (®���$/ +3HihW������%12*� P %1M � % (v� %12*� f l	û�l-þ õ{| mMþQü�j�þyi��Qþ õ û�ü�þ õ úDû�g ý j'ú � þ�ú��Iû õ m{�eúDÿ��eû õ m�j'ÿ õ{| û�üDú1þQÿ õ
j'ÿ õ úHg1ÿ�� ý�õ m ý Ëµû�j'ú�ú��Mû ��ý x�j'ÿ�k�iµû�ú1þ õ�| 4Mÿ � ü�ü�� ý g1û õ û�ú � ÿ�g�«�g1û�üDÿ�l{g�j'û�ü�� � ý ���Qû£3 ´ j'ÿ�k�i ý g1û�ü¨ú��	û
û�g�g1ÿ�g:ü!ÿ��emMþyg�û�j'ú>kÏû ý ü�l{g�û�kÏû õ úLi�g1û�mMþ�j'ú1þ�ÿ õ�� þ�ú�� R g�ÿ�i � ý þ����Sü��KD�	 R |.D ý�õ m	ÿ�k 	 ý g���x R û�úDû�j'ú1þ�ÿ õ �
�Tl	û�lMþ õ{| a G slb �kj�ü1þ õ{| ú��	û õ û�ú � ÿ�g�«ÆúDÿ�iµÿ���ÿ | xÉþ õ UWþ | l{g1ûlG sTuI� ûmúDû�ü1ú�mMþ Ëµû�g1û õ úIü1û�úDú1þ õ{| ü��Xÿ�g@ú��	û

² 
YX V 
 �Qþ õ «�� ý�õ m � þ�m	ú�� u g1ÿ�l	úDû�gÄ�_l	û�l-þ õ{| mMþQü�j�þ�i��Qþ õ û ý�õ m*�Tl	û�l	û�j ý i ý j�þ�úAx��
D"û�ü�l���ú1üIü��	ÿ � ú�� ý ú uPý ���¨ÿ�ú��	û�g�i ý g ý kÏû�úDû�g�üIû��Tl ý � u �µû�úDúDû�g ý i�i�g1ÿ��	þ�k ý ú1þ�ÿ õ þQü ý j��-þ�û���û�m|þ õÉý

D�	 R õ û�ú � ÿ�g�«�ú�� ý�õ þ õ{ý R g1ÿ�i � ý þ�� õ û�ú � ÿ�g�« u ûV�{j'û�iMúG�Xÿ�gJú��	û�j ý üDû � �	û õ ú��	û�g1û;þQü�ÿ õ ��xNÿ õ ûP4Mÿ � �
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� �	û�ü1ûGg1û�ü�l���ú1ü ý g1û"ûV�Ti�� ý þ õ û�m:�_xvú��	ûG� ý j'ú!ú�� ý ú�D�	 R j'ÿ õ úHg�ÿ��Qü!ú��	ûG� ý g�þ ý ú1þQÿ õ þ õ �_lMû�l	û�ÿTj�j�l{i ý�õ jVx u
ý ü � û � þ����Km	û�ú ý þ���þ õ � û�j'ú1þQÿ õ =��g=��w�iû õ ÿ�úDû u �	ÿ � û���û�g u ú�� ý ú��×ÿ�g�kPl�� ý ��� ý üDû�m³i�g1û�mMþ�j'ú1þ�ÿ õ m	ÿ5û�ü õ ÿ�ú
j���ÿaüDû���x ý i�i�g�ÿ��	þ�k ý úDû[ú��	û`i ý j�«�û�ú0��� ý üDû�m�ü1þ�k:l�� ý ú1þ�ÿ õ þ õ{ý D�	 R õ û�ú � ÿ�g�«/� � �Mû � � � ú��{g1ÿ�l | �{i�l	ú
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g ý ú1þ�ÿ ý�õ m�ú��	û ý i�i�g1ÿ��	þ�k ý ú1þ�ÿ õ ÿ���ú��	û:m-þyg1û�j'ú
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� �	û�ü1û;ü1þ�ú�l ý ú1þ�ÿ õ üGmMþ Ëµû�gJþ õ ú��	û�þygJúHg ý�õ üH�Xû�g"ü1þy²�û�ü��
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Approximation

Formula qlim 30
Formula qlim 100

Direct Measurement qlim 30
Direct Measurement qlim 100
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D �]� üRþ õ ú��	ûP��g�üDú�j ý üDû ý�õ mYú��	ûvü ý kÏû D ��� ü"þ õ ú��	ûvü1û�j'ÿ õ m���j�ü1þ õ{| i ý j�«�û�ú0��� ý üDû�miü�þ�kPl�� ý ú1þ�ÿ õ ü u
� û`� õ mdú�� ý úJþ�ú¨ú ý «�û�ü"ü1þ |aõ þy��j ý�õ ú��yx���ÿ õ{| û�gG�Xÿ�g<ú��	û ý ��û�g ý�| û�ú��{g1ÿ�l | ��i�l	ú¨úDÿ�j'ÿ õ ��û�g | ûvþ õ ú��Mû`��g�üDú
j'ÿ õ � | l�g ý ú1þ�ÿ õ ú�� ý�õ þ õ ú��	ûlüDû�j'ÿ õ m³j'ÿ õ � | l{g ý ú1þ�ÿ õ �
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ÿ��-üDû�g���ûPú�� ý ú�·�3��_U	ÿ�g � ¤ ��� ¤ Y ª�� ¤ é�¦V� § � ¤_§ j'ÿ õ � | l�g ý ú1þ�ÿ õ ü®�Qþy«�û}UWþ | l{g�û ! G u ú��	ûLk@û ý ü�l{g1û�kÏû õ ú!iµû�g�þQÿTm
g1û��TlMþyg1û�m��×ÿ�g�ú��	ûLmMþ�g1û�j'ú!kÏû ý ü�l�g1û�kÏû õ ú!i�g1û�m-þ�j'ú1þ�ÿ õ úDÿRÿ��Mú ý þ õlý g1û ý üDÿ õMý ����û ý i�i�g1ÿ��	þ�k ý ú1þ�ÿ õ k ý x��µû
úDÿ�ÿ���ÿ õ{| úDÿ�i�g1ÿ*��þ�mMûWü�þ |aõ þy��j ý�õ úAüHiµû�û�m�l{iz�ÂU	ÿ�g�k:l�� ý ��� ý ü1û�m�i�g1û�m-þ�j'ú1þ�ÿ õ j'ÿ�l���m ý j��Mþ�û���û ý g1û ý üDÿ õ-ý ����û
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ú ý «�ûNú��Mû�kÏû ý ü�l{g�û�m ý ��û�g ý�| û ý ü[ú��	û ý ��û�g ý�| ûh��leËµû�g;ÿ�j�j�l{i ý�õ jVx m�l{g�þ õ{| ú��	û@üDúDû ý m{x_�$üDú ý úDû�� � �	û
�Xÿ�����ÿ � þ õ{| ûV�Tiµû�g�þ�kÏû õ ú�úDû�üDú1ü � �	û�ú��Mû�g[ú��	û�iµû�g�þ�ÿ�m�� � þQü1û ý ��û�g ý�| û�ü�k ý ú�j��Ùú��	û�kÏû ý ü�l{g�û�m ý ��û�g ý�| û
��leËµû�g"ÿ�j�j�l{i ý�õ j�þ�û�ü�þ õ i ý j�«�û�ú0��� ý üDû�miü1þ�kPl�� ý ú1þ�ÿ õ · � û�lMüDû ¥ U �]� 4Mÿ � ü�þ õ UWþ | l{g�û�G sdý�õ m�ü1ú ý g1ú
û ý j�� ý úlþ õ úDû�g�� ý �Qü�ÿ�� ´"! [�üDû�j'ÿ õ m-ü��HUWþ | l{g1û�ü ! = ý�õ m !JV ü��Mÿ � ú��Mû@þ õ üDú ý�õ ú ý�õ û�ÿ�lMü6�Tl	û�l	ûw��û õ{| ú��
ü ý k�i���û�mÉû���û�g�x ! ["[±j�� ý�õ{| û�ü��þ� õ ú��	û³i ý j�«�û�ú0��� ý üDû�m ü1þ�k:l�� ý ú1þ�ÿ õeuF� ûæj ý�õ üDû�û�ü1û���û�g ý ��m-þQüDú1þ õ j'ú
iµû�g�þ�ÿ�mMü � �	û�g1û�ú��	û���leËµû�g�ÿTj�j�l�i ý�õ jVxhg ý�õ{| û[þQü<üDú ý ���Qû uT� �Mþ�j�� ý g1û[ú��Mû�û�iµÿ�j��Mü<þ õ ÿ�l�gJü1þ�k:l�� ý ú1þ�ÿ õ
j'ÿ õ úDûV��ú���� õ ú��	ûni�g1û�mMþ�j'ú1þ�ÿ õ ��� ý üDû�mÆü1þ�k:l�� ý ú1þQÿ õ4u!ý iµû�g�þ�ÿ�m � þQú���j'ÿ õ üDú ý�õ úM�_l	û�lMû­�Qû õ{| ú�� ý�õ m ý
iµû�g�þ�ÿ�m � þ�ú���4�l�j'ú�l ý ú1þ õ{| �Tl	û�l	ûI��û õ{| ú��:j'ÿ�g�g1û�üHiµÿ õ mlúDÿRú��	û�üDúDû ý m{x_�$üDú ý úDûGiµû�g�þ�ÿ�m ý�õ m�ú��	û�úHg ý�õ ü1þ�û õ ú
iµû�g�þ�ÿ�m�ÿ�� ý�õ û�iµÿ�j����Ý�iû�j ý�õ üDû�ûÏú�� ý ú;û ý j��uû�iµÿ�j��uþ õ UWþ | l�g1û ! =nk ý ú�j��Mû�ü ý úHg ý�õ ü1þ�û õ ú
iµû�g�þQÿTm
�Xÿ�����ÿ � û�m��_x ý üDúDû ý m�x^�$üDú ý úDûniµû�g�þQÿTmÊþ õ UWþ | l{g�û !JV � � �	û ý ��û�g ý�| û ��leËµû�g�ÿ�j�j�l{i ý�õ j�þQû�ülÿ*��û�g@ú��	û
� �	ÿ��Qû;ü1þ�k:l�� ý ú1þ�ÿ õ{ý g1û ¥ [S� sFsNý�õ m ´F� �dG �Tu g1û�üHiµû�j'ú1þy��û��yx u{� þ�ú�� ý mMþ Ëµû�g1û õ j'û[ÿ��FG	� !$# �
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ú��	ûmþ õ ü1ú ý�õ ú ý�õ û�ÿ�l-üÏüDú ý úDû m�l{g:þ õ{| ú��Mû{þ õ úDû�gH�eû�iµÿ�j��ÉúHg ý�õ ü1þ�ú1þ�ÿ õ ü uW� ûnj ý�õMõ ÿ�ú�i�g1û�üDû�g���û{ú��	û{ûV� ý j'ú
i ý j�«�û�ú�üDû��Tl	û õ j'û�� " l{g[ûV��i/û�g:þ�kÏû õ ú�þ_ü[úDÿ³� ý �Qþ�m ý úDûÏú�� ý úlú��	û ý ��û�g ý�| û�ú��{g1ÿ�l | �{i�l	ú�ÿ�� ý i ý j�«�û�ú0�
� ý üDû�mS4Mÿ ��� �Mþ�j���ü�� ý g1û�üYi ý ú�� � þ�ú�� ý i�g1û�mMþ�j'úDû�m}4-ÿ � þQüYg1û ý üDÿ õMý ���yx,j���ÿaüDû�úDÿ � � ý ú*þ�úwûV��i/û�g:þ�û õ j'û�ü
� �	û õ ú��	û"ÿ�ú��Mû�g]4Mÿ � þ_ü ý �QüDÿvü1þ�k:l�� ý úDû�m � þ�ú���i ý j�«�û�ú0��� ý üDû�m�úDû�j�� õ þ$�Tl	û��ª�iû�lMüDû"ú � ÿ�j'ÿ õMõ û�j'ú1þQÿ õ ü
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Queue Occupancy Evolution

Formula Based

��%1�3�*���?� & � f lMû�l	û[ÿTj�j�l�i ý�õ jVx X �×ÿ�g�k:l�� ý ��� ý üDû�m

þ õ UWþ | l{g1ûiG s �W� õ ú��	ûGi�g1û�m-þ�j'ú1þ�ÿ õ ��� ý ü1û�m�ûV��iµû�g�þ�kÏû õ ú u U �]� ´ |�T t ÚnV 
 �Yl-üDû�ü ý i ý j�«�û�ú0��� ý üDû�m � � �
j'ÿ õMõ û�j'ú1þQÿ õÊý�õ mCU �]� 3¯|�T�3 
 Ú�V 
 ��lMüDû�ü ý i�g1û�m-þ�j'úDû�m � � � j'ÿ õMõ û�j'ú1þ�ÿ õ � e ÿ�ú��c4Mÿ � üvüDú ý g1ú ý ú
ú1þ�kÏû[ú��P[S�

UWþ | l{g�û !Fs ü��	ÿ � ü�ú�� ý ú<ú��	û;üDû��Tl	û õ j'û õ l�k,�µû�g�úHg ý j'û�üJÿ���U �]� ´ þ õ ú��	û�i�g�û�mMþ�j'ú1þ�ÿ õ ��� ý üDû�m{ü1þ�k��
l�� ý ú1þQÿ õmý�õ mYþ õ ú��	û`i ý j�«�û�ú0��� ý üDû�mÕü1þ�kPl�� ý ú1þ�ÿ õ k ý ú�j��£j���ÿaüDû��yx��

­ �A�]�r�Z� �^� � (Y� 2 �"y�� 2*Q�JL+IM>MnO �0/ � e leËµû�g<ÿTj�j�l{i ý�õ jVx ý�õ m­��ÿaü�ü�g ý úDû ý g1û | ÿ5ÿ�mmþ õ m-þ�j ý úDÿ�g�ü
ÿ����	ÿ �÷� û ý i�i�g1ÿ2�Sþ�k ý úDû�ú��	û õ û�ú � ÿ�g�« ý �×úDû�g ý i�i���x�þ õ�| ú��	ûPúDû�j�� õ þ$�Tl	û¨ú�� ý úYi�g1ÿ�iµÿ�g1ú1þ�ÿ õMý ���yx�g1û�m�l�j'û�ü
ú��	û�� ý�õ m � þ�mMú����

UWþ | l{g�û !F� ü��	ÿ � ü�ú��MûÏû���ÿ���l	ú1þ�ÿ õ ÿ��L��leËµû�g�ÿ�j�j�l{i ý�õ jVxæ�µû��Xÿ�g1û ý�õ m ý �×úDû�g;ú��Mû�i�g1û�mMþ�j'úDû�mq4Mÿ �
ü � þQú�j��	û�üNúDÿÙüDúDû ý m{x_�$üDú ý úDû ý úNú1þ�kÏû�ú��Ý3 s [Ùþ õ ú��Mû�ûV��i/û�g:þ�kÏû õ ú � û mMû�ü�jVg�þy�µû ý �µÿ2��û�� � �Qú��	ÿ�l | �
��leËµû�g�ÿTj�j�l�i ý�õ jVx�j�� ý�õ{| û�ü ý ú ý ��ÿ � û�gGg ý úDû ý �XúDû�g<ú��	û�úHg ý�õ ü1þQú1þ�ÿ õ4u ú��	û ý ��û�g ý�| û��Tl	û�l	û�ÿ�j�j�l{i ý�õ jVx
g1û�k ý þ õ ü<ü1þ�k@þ�� ý g��Y�¯ú"þ_ü ´JV �$3 ý�õ m ¥ 3,� s g1û�üHiµû�j'ú1þy��û��yx u �µû��Xÿ�g1û ý�õ m ý �XúDû�g"ú��Mû[úHg ý�õ ü1þ�ú1þQÿ õ �
� ÿaü1ü�g ý úDû�ü[ûV��iµû�g�þ�û õ j'û�m �Tx«U �]� ´{ý g1û�[S� ¥ �$# ý�õ m�[S� ¥ !$# �/û��Xÿ�g1û ý�õ m ý �XúDû�g;ú��	ûIúHg ý�õ ü�þ�ú1þ�ÿ õ4u

g1û�üHiµû�j'ú1þy��û���x��
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Queue Occupancy Evolution

before and after intra-epoch transition

��%1�3�*�,�����A� f l	û�l	û[ÿ�j�j�l{i ý�õ jVx � þ�ú��nk@þá�Sû�mmü1þ�k:l�� ý ú1þ�ÿ õ ü
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��%1�3�*�,� � �A�,� g�û�mMþ�j'ú1þ�ÿ õ û�g�g�ÿ�g]��ü�� õ û�ú � ÿ�g�«nj'ÿ õ � | l�g ý ú1þ�ÿ õ

��% � % � [ +A( �r�Z%1�
2 � �quM% /,o J � ���I�
� c ¢ p5� / u +I� � M

� õ ú��MþQü[ü�l{�\üDû�j'ú1þ�ÿ õ4u4� û � þ����®m	û�ü�jVg�þy�µûIÿ�l{g[ûV�Tiµû�g�þQû õ j'ûIÿ��¨ü1þ�kPl�� ý ú1þ õ{| � ý g | û�g�� � õ û�ú � ÿ�g�«�ü�l-ü1þ õ{|
ú��	û�i�g1û�mMþ�j'ú1þ�ÿ õ úDû�j�� õ þ$�Tl	û�ü��

�iû�lMü1ûP� õ úDû�g õ û�ú�úDÿ�i/ÿ��Qÿ | þ�û�ü�ú�� ý ú ý g1û | û õ û�g ý úDû�m � þ�ú���z � ��� � B a>¥ = b � � � � 4Mÿ � ü ý g1û�j'ÿ õ �
� | l{g�û�mæ�µû�ú � û�û õ g ý�õ m	ÿ�k i ý þyg�üRÿ���ü1ÿ�l{g�j'ûli&m	û�üDú1þ õMý ú1þ�ÿ õiõ ÿ�m	û�ü ý�õ m ý g1ûÏüDú ý g1úDû�m � þ�ú�� ý g ý�õ m	ÿ�k
þ õ úDû�g�� ý � � �Mþ�j�� ý ��û�g ý�| û�ü�úDÿ ! ["[ÊüDû�j'ÿ õ mMü���Uv��ÿ � úHg ý�õ üH�Xû�gNü1þy²�û�ü��×ÿ�����ÿ � ý � ý g1û�úDÿ�mMþQü1úHg�þy��l	ú1þQÿ õ
� �	û�g�û��¯�	3 � ´Ïý�õ mmú��	û�k@û ý�õ þQü s B �Tx5úDû�ü��

6"718$7��I7 á ù�LJL �H� _ ��� � ���B� ¤

UWþ | l{g1ûq=�[Êü��Mÿ � üdú��	û � R U�ÿ��[ú��	û�ú��{g�ÿ�l | �{i�l	ú�i�g1û�mMþ�j'ú1þ�ÿ õ û�g�g1ÿ�g­lMü1þ õ{| m-þyg1û�j'úwk@û ý ü�l{g1û�kÏû õ ú
i�g1û�m-þ�j'ú1þ�ÿ õ � � �	û;ú���g1û�û�üDû�ú�l�i-ü�� ý ��û:m-þ Ë/û�g�û õ ú õ l�kP�µû�g�ü<ÿ�� õ ÿ�m	û�ü ý�õ m�i�ÿ�g � � � j'ÿ õMõ û�j'ú1þ�ÿ õ ü uµý ü
ü��	ÿ �"õ ÿ õ ú��	û�� | l{g1û��ª�iû�ÿ��-üDû�g���û[ú�� ý ú<þ õdý ���-ú��	û�ûV��iµû�g�þ�kÏû õ ú1ü u ÿ2��û�g s [ # ÿ���ú��	û�4Mÿ � ü�� ý ��û ý�õ
û�g�g1ÿ�g�l õ m	û�g63\[ # �
� þ�k@þ�� ý g���x u UWþ | l{g�û�=e3Gj'ÿ�k�i ý g1û�üPú��	û ý i�i�g1ÿ2�Sþ�k ý ú1þ�ÿ õ ü � þQú��:m-þ Ë/û�g�û õ ú*úHg ý�� jGk@þá�Sû�üWÿ�g}�_lMû�lMþ õ{|

mMþQü�j�þyi��Qþ õ û�ü�� � ���{�×ÿ�l�g!ûV�Tiµû�g�þ�kÏû õ ú1ü>lMüDûJú��	û£3\["[&�8j'ÿ õMõ û�j'ú1þ�ÿ õ i ¥ [&� õ ÿTm	û[üDû�ú�l�i ý�õ m�m-þyg1û�j'ú>kÏû ý ü�l{g1ûV�
kÏû õ úWi�g1û�mMþ�j'ú1þ�ÿ õ �Y� õ ú��Mþ_üv� | l{g1û u�� û�lMüDû ¡ i�«5ú0��� ý ü1û�m�¢�úDÿ,m	û õ ÿ�úDû ý � � � 4Mÿ � � þ�ú���i ý j�«�û�ú0��� ý üDû�m
ü1þ�k:l�� ý ú1þQÿ õ4u ¡ i�g1û�mMþ�j'úDû�m�¢�úDÿ`m	û õ ÿ�úDû ý � � � 4Mÿ ��� þ�ú��Pi�g1û�mMþ�j'ú1þ�ÿ õ ��� ý üDû�mvü1þ�k:l�� ý ú1þQÿ õ4uoý�õ m ¡ � e D�¢
úDÿ m	û õ ÿ�úDû ý8� ÿ õ üDú ý�õ ú e þ�ú D ý úDûsj R � j'ÿ õMõ û�j'ú1þ�ÿ õ � � �	û�üDû�g�û�ü�l���ú1ü[ü��Mÿ � ú�� ý ú�· � � ÿ õuý ��û�g ý�| û u
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�Ä%�������� � @��P� g1û�mMþ�j'ú1þ�ÿ õ û�g�g1ÿ�g]�Sü��*úHg ý�� j�k@þá�

i�g1û�m-þ�j'ú1þ�ÿ õ{ý j��MþQû���û�ü]�µû�úDúDû�g ý i�i�g�ÿ��	þ�k ý ú1þ�ÿ õ­� þQú��;D�	 R ú�� ý�õ³� þ�ú�� R g1ÿ�i � ý þ��n �:� �Rý �Qú��	ÿ�l | �³k@þy�_�
þ õ{| i ý j�«�û�ú0��� ý üDû�m ý�õ m�i�g�û�mMþ�j'ú1þ�ÿ õ ��� ý üDû�mÙü1þ�kPl�� ý ú1þ�ÿ õ mMû | g ý m	û�üvú��	û ý ��û�g ý�| û ý i�i�g1ÿ��	þ�k ý ú1þQÿ õ ÿ��
i�g1û�m-þ�j'úDû�mv4-ÿ � ü u ÿ*��û�g � [ # ÿ��Jú��	û)4Mÿ � ü:� ý ��û ý�õ û�g�g1ÿ�g�l õ m	û�gG3\[ #  �Ü�:� � kNþá�Sþ õ{| j R � úHg ý�� j
m	ÿ�û�ü õ ÿ�ú�� ý ��û õ ÿ�ú1þ�j'û ý ����ûlþ�k�i ý j'ú<ÿ õ ú��	û;ü1þ�kPl�� ý ú1þ�ÿ õmý j�j�l{g ý jVx��

� õ Uwþ | l{g1û)= ´Tu>� û­i���ÿ�úvú��	û�û�g�g1ÿ�gIÿ��"þ õ mMþy�Sþ�m�l ý �~4Mÿ � ü ý�|aý þ õ üDúvú��	û�þygÏü1þ�²�û�üa¡o�?D"û�ü�l���ú1üvü��	ÿ �
ú�� ý ú!ú��Mû ý i�i�g1ÿ2�Sþ�k ý ú1þ�ÿ õ � ý ü ý � ý g | ûG� ý g�þ ý ú1þ�ÿ õ �Xÿ�g�4Mÿ � ü � þQú�����û�g�xÏü�k ý ���SúHg ý�õ üH�×û�g�ü1þy²�û�ü��v� õ a !�´
b�u
ú��	û ý l	ú��Mÿ�g�üFm	û�kÏÿ õ üDúHg ý úDûJú�� ý ú�þ õ ú��	û]� õ úDû�g õ û�ú*û õ �Sþyg1ÿ õ kÏû õ ú u � � � ú���g1ÿ�l | �{i�lMúY�Xÿ�g �Ý�Bª�¦ |hü�k ý ���
úHg ý�õ ü��×û�g�üX�µúDû õ mMü�úDÿ
�/ûL�Mþ | ���yx
� ý g�þ ý ����û � �Mþ��Qû*ú�� ý ú®�Xÿ�g ¦ ¤ ¦ L < � ¤ ��� |a� ý g | û�úHg ý�õ üH�Xû�g�ü��AþQüYkÏÿ�g1û�ü1ú ý ����û��
e ý j�«ÕúDÿYÿ�l{g[ûV��iµû�g�þ�kÏû õ ú1ü u ú��{g�ÿ�l | �{i�l	ú�ÿ�� ý ü�k ý ���wúHg ý�õ ü��×û�g�k ý xæ� ý g�xÕü�l{�-ü1ú ý�õ ú1þ ý ���yx³��g1ÿ�k ú��	û
i�g1û�m-þ�j'ú1þ�ÿ õ ��� ý ü1û�m�ü1þ�k:l�� ý ú1þQÿ õ úDÿ�ú��	ûPi ý j�«�û�ú0��� ý üDû�mÙü1þ�k:l�� ý ú1þ�ÿ õ4u ú��_lMü
j'ÿ õ úHg�þy��l	ú1þ õ{| úDÿ�ú��	û�� ý g | û
� ý g�þ ý ú1þ�ÿ õ ü�ÿ��Wû�g�g�ÿ�g��

6"718$7��I7�� ¢ L ¦�¦m` ¥lL

� ü�ú��	û õ l�kP�µû�g�ÿ��vj'ÿ õMõ û�j'ú1þQÿ õ ü�þ õ jVg1û ý üDû�ü u ú��	û[üDú ý g1ú�i*� õ þ_ü��Nÿ��*4Mÿ � ü ý ú�m-þ Ë/û�g�û õ ú�ú1þ�kÏû�þ õ ü1ú ý�õ j'û�ü
k ý x³g1û�ü�l��QúRþ õ�ý � ý g | û�g õ l�kP�µû�g"ÿ��!úHg ý�õ ü1þ�û õ ú�iµû�g�þ�ÿ�mMü��TæRû���û�g1ú��	û��Qû�ü1ü u üHiµû�û�m�l{i�þQü�j'ÿ�k�i/û õ ü ý úDû�m
�Xÿ�g
�Tx�ü ý ��þ õ{| ü
��g1ÿ�k i ý j�«�û�ú[û���û õ ú1ü;ÿ��>kÏÿ�g1ûS4Mÿ � ü��6U	ÿ�g�� ý g | ûIü�j ý ��û:� õ úDû�g õ û�ú�ü�þ�kPl�� ý ú1þ�ÿ õ ü � þ�ú��

£<�K$*@�C�@0;B'& #"�9<;GJá%�C�%(N*@`@D\2Z�@DC�9<EG@0N�"G?&'2"]9<;]C�@DZ*C�@0;B@0N�"8=�"�9MU(@�%�JFE]=�N�c�"�@D;a"�;0S4"�$&@DC�@DJÉ%�C�@�"�$*@`@DCBC�%�C�;GJá%�C
 M=�C�)(@DC
"BC8=�N*;aJá@DC®;B9¥¤0@0;!=�C�@>=� M;B%�C�@DZ*C�@0;B@0N�"8=�"�9MU(@WR*@0;BZ*9#"�@v"�$&@v;BE]=� M ^N�'&EL?�@DC4%�J� â=�C�)(@W"BC8=�N*;aJá@DC�;0f
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��%1������� � b�� � i�i�g�ÿ��	þ�k ý ú1þ�ÿ õ �Sü��*úHg ý�õ ü��×û�g"ü�þy²�û

R ���v� ��@ & � D�l õ � þ�k@û � ÿ�k�i ý g�þQü1ÿ õ
	W��iµû�g�þ�kÏû õ ú � g1û�m-þ�j'ú1þ�ÿ õ � ý j�«�û�ú0��� ý ü1û�m

3\["[&�8j'ÿ õMõ i ¥ [&� õ ÿTmMû 3`�{g ´ [�kNþ õ ü G��{g�ü�3\[�k@þ õ ü
! ["[&�8j'ÿ õMõ i�3\["[&� õ ÿ�m	û ¥ ��g�ü ´ G�k@þ õ ü � �{g�ü�3 ´ k@þ õ ü
3 ! ["[&�8j'ÿ õMõ i�=�["[&� õ ÿTmMû � ��g�ü ´F� k@þ õ ü V Gw�{g�ü 3>=�kNþ õ ü

j'ÿ�k�i��QûV�s4Mÿ �²ý g�g�þy� ý ��i�g1ÿ�j'û�ü1üDû�ü ý�õ ml4Mÿ � ü�þy²�û`mMþQüDúHg�þ���l	ú1þ�ÿ õ ü u þ�ú<þQüG� ý g�mdúDÿ��×ÿ�g1û�úDû����µú��	û;üHiµû�û�m�l{i
ú�� ý ú�j'ÿ�l���m �/û�ÿZË/û�g�û�mæ�Txmú��	û:i�g1û�mMþ�j'ú1þ�ÿ õ ��� ý üDû�m�ü1þ�k:l�� ý ú1þ�ÿ õ � � ý ����ûG3 ¥ �_þQüDú1üJú��Mû�ú1þ�k@ûlú ý «�û õ �_x
üDÿ�kÏûIÿ��!ú��Mû�� ý g | û�g[ü�j ý ��ûvûV�Tiµû�g�þ�k@û õ ú1ü � û:iµû�g��Xÿ�g�k ÿ õiý � û õ ú1þ�l�k ´ z.©�²�i�g1ÿ�j'û�ü1üDÿ�g � þ�ú��¬32z e
kÏû�kÏÿ�g�x��

�iû õ ÿ�úDû u �	ÿ � û���û�g u ú�� ý úRÿ õ � ý j�«T�µÿ õ ûP�_þ õ «Sü � þ�ú�� ý ��û�g�x³�Mþ | � m	û | g1û�ûlÿ��Fk:l���ú1þ�i���ûV�	þ õ{|Ïý�õ m
g ý i-þ�m�j�� ý�õ{| û�üdÿ�� ý j'ú1þy��û54-ÿ � ü u kÏÿ�g1û�û � j�þ�û õ ú@úHg ý�� j³k@ÿTm	û��_ü ý�õ m�i�ÿ�g�ü1þ�k:l�� ý ú1þ�ÿ õ úDû�j�� õ þ$�Tl	û�ü
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�ø@ý!û
þ$ÿRügö�ø[þ��,ó���üÉþ/�6üÉü�ý\þ$ÿ!ügó	��� üÉö��@ü�û-ø@ý!û¥þ$ÿ!ügþ$ø[ö � üÉþ"ù,ó����¶ö'ø[þ ü$�K���d÷�ó�� þ$ù,úg���,þ$ÿ��jýCþ$ÿ!ügö'ø@ý � ü�o ·6� º 
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���j÷��àù,ügýRüÉþ#�±ó@ö�w6���Sc�ÿ��jù,ürø[þ þ$ø	�{ý��jý � þ$ø[ö � üÉþÃù��jý&w � ó�ý!û��,þ��jó�ý���
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� ó�ù��Rþ��,ó�ý���þ$ÿ!ø[þdü��&��� þ�
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