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a K I S J LGbSUZ=X;Y;ZdceZHZHVfCFKgL
PUhiLBDC0j�CFk,Y;G J CFVfCFKMLE�hlP J LB;CQm4CTn J CTC

m4PoRpL7P J PUh I B;GHZdPqE7PUreBM[

s PqZHZdCTnUCtPUh s PqVfruY;LGHKDn
v CTP J nqGHS a KuE7LGdLYDL7C<PUh%@wCFR8B;KDPqZdPUnU[

?�YDnqY;E7L!xzyUyq{



���������	��
������������������������
�����! �"#��������$%�	���'&�(*),+����-�	�/.0�	1��2
�$%�	�
�3�4�	15�����6�4���7�2
8���:9;�<�-�	1=���>�

?4r;r J P}|UCFN ] [-~

I�J PUhlCFE�E7P J4� PqE7LSzh�S�?4VWV�S JF� ?�ND|,GbE7P J
s PqZbZdCTnUCtPUh s PqVfruYDLGbKDn
�����z���q�����8�;���������o�\���7���e���p�M�-�z�����U�

I�J PUhlCFE�E7P J s PqK;ELSUKMLGHK;PqE�m�P�| J PqZHGHE
s PqZbZdCTnUCtPUh s PqVfruYDLGbKDn
�����z���q�����8�;���������o�\���7���e���p�M�-�z�����U�

I�J PUhlCFE�E7P J j!GbR�B;S J N�XuY��7GbVfPUL7P
s PqZbZdCTnUCtPUh s PqVfruYDLGbKDn
�����z���q�����8�;���������o�\���7���e���p�M�-�z�����U�

I	J PUh�CFEE7P J v CTP J nUC2j4GHZdCT[
s PqZHZdCTnUCtPUh%��K;nqGHKDCTC J GHK;n
����z� �U� ���8�D���������D�\���¡���-��T�M�e�z�d��U�

I	J PUh�CFEE7P J �3ZHZdCFKO¢-CTnqY J S
s PqZHZdCTnUCtPUh s PqVfreYDLGHKDn
����z� �U� ���8�D���������D�\���¡���-��T�M�e�z�d��U�

m<SzL7C2?4r;r J P}|UCFN�~3£qYuZd[O¤F¥�LB � xzyUyq{
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"5&À¿`ÁÃÂÀÄ ÅO�6�ÇÆÈ�ÊÉ �ÊÁ��Ë.

a SUVÌn J SzL7CTh�Y;Z	L7PÍV�SUKM[Îr�CTPUruZdC�GbK;EGHNDC�SUK;NÏPqY;LEGHNDCfPUhÐLBDC s PqZHZdCTnUC�PUh s PqVfruY;LGHKDn©SzL v CTP J nqGHS
@ÑCFR�B �;Ò GdLBDPqYDL Ò B;PqE7CQEYDr;r�P J L a�Ò PqYuZHN�KDPUL!B;S�|UCQcuK;GbEBDCFN�LB;GHEÐLBDCFE�GHE�LBDC Ò SF[©GdL�GbE�KDP ÒQÓ

X>G J EL!PUh�SUZHZ �ea h�CTCFZir J Gd|oGHZdCTnUCFN�L7P·B;S�|UCÔLB;C2PUr;r�P J LYuK;GdLGdCFE!L7P Ò P JÕ©Ò GHLBOS·KgYuV ] C J PUh�CpÖ,r�Cp×
J GdCFKuRpCFNÎr J PUh�CFEE7P J E Ó @�B;C�SUN;|,GHRpCFEQLBDCT[ Ò C J C�S ] ZHCfPzØ-C JQÒ C J C�PUh�L7CFKÙRpPqVfreZdCFVfCFKgLS J [»SUKuN a h�CTCFZ
CpÖoL J CFVfCFZd[·ZHY;R Õ [�L7PWB;S�|UC0LBDC ] CFE7L�GbK�E7CT|UC J SUZ=SUE7r�CFRpLE Ó

� [WSUND|oGHE7P J�� PqELSzh�Sf?�V�V�S J B;SUE3nqY;GHNDCFN�VfC�LB J PqYDnqB�CT|UC J [�ruGdCFRpC�PUh=LBDC�LBDCFEGHE Ò P J�ÕeÓ	Ú PUL
PqK;Zd[·B;SUE�B;C0GHVfruS J L7CFN·L7P�VfC0S Ò CFSUZdLBOPUh Õ KDP Ò ZdCFNDnUCQGbK©KDCTL Ò P JÕ GHKDn � L7CFZHCFRpPqV�V2YuK;GHRTSzLGdPqK;E4SUK;N
r�C J h�P J V�SUK;RpC�CT|�SUZHYuSzLGdPqK � ] YDLÔSUZHE7PÎBDC·B;SUEÔLSUYDnqBMLfVfC�LBDC·E Õ GHZHZHEtCFE�E7CFKMLGbSUZ3L7PÏS I B;mÛE7LY;NDCFKgL
SUK;NÊS J CFE7CFS J R�B;C JF� GHK;RTZHYuN;GHKDn�LBDC�nUCFKDC J SUZ�r J P ] ZdCFV�×\E7PqZd|oGHKDn©E Õ GHZbZHE � E[,E7L7CFVf×\ZdCT|UCFZ�LB;GHK Õ GHKDn � SUK;N
LBDC0S ] GHZHGdLÜ[�L7P�GHN;CFKMLGdh�[WSUK;NONDCTcuKDC J CFECFS J R�BOr J P ] ZdCFVWE Ó

� Y;R�BWPUheLB;C�LBDCFEGHE Ò P JÕ GHE%RpPqZHZbS ] P J SzLGdPqK Ò GdLB s PqKuE7LSUKMLGbKDPqE	m�P�| J PqZHGHE Ó @!BDC�kgYuSUZHGdL\[ÔPUh-LB;GHE
LBDCFEGbEtB;SUE ] CTCFKÎn J CFSzLZd[ÎGHVfr J P}|UCFN Ò GdLBÎB;GHE<BDCFZHr Ó �	|UC J [»N;GbERTY;EEGHPqK Ò GHLB»BuGHVÝB;SUE ] CTCFKÎRpPqKo×
E7L J YuRpLGd|UCtL7P�E7L J CFKDnULB;CFK;GHKDnfV2[ Õ KDP Ò ZdCFNDnUCQSUK;N�E Õ GHZHZbE � CFE7r�CFRTGHSUZbZd[WGHK�LBDCQS J CFSUE!PUhiV�CFSUEY J CFVfCFKgL
SUK;N6KDCTL Ò P JÕ r�C J h�P J V�SUK;RpC�CT|�SUZbY;SzLGdPqK Ó�a L2GHE2B;GHEtLB;PqYDnqBML¡×µr J P�|UP Õ GHKDnÎSUK;NÊNDCTLSUGHZdCFN6kgYDCFELGdPqK;E �
SUK;N©BuGHE�CFK;RpPqY J SznUCFVfCFKML�h�P J r�C J EGHEL7CFK;RpC � LB;SzL4BuSF|UC2VWSUNDC0E7PqVfC2PUh>LBDC0LBDCFE�GHE Ò P JÕ SUE!E7PqZHGbN©SUE
GdL�GHE�K;P ÒQÓ

j4GHR�B;S J NÏX;Y��GHVfPUL7P�B;SUE<nqGd|UCFKÙV�C�S�ZHPUL�PUhÐEYDnUnUCFELGdPqK;E<LB;SzLtn J CFSzLZH[OCFK;B;SUKuRpCFNÎLBDCf|�S J GdPqY;E
ruGdCFRpCFE3PUh=EGHVÔY;ZHSzLGHPqK Ò P J�Õ GbKWV2[fLBDCFEGHE Ó%Þ C4B;SUE�SUZHE7P ] CTCFK�|UC J [�EY;r;r�P J LGd|UC�PUh�LBDC4PULBDC J reGdCFRpCFE
PUh Ò P J�Õ LB;SzL a NDCFRTGbNDCFN·L7PWruY J EYDC Ó

a ZdCFS J K;CFN·h J PqV v CTP J nUCÔj!GHZdCT[�LBDC ] SUEGHRTE�SUE Ò CFZHZ�SUE!LBDC0SUND|zSUK;RpCFNOL7PUruGHRTE!GbK�KDCTL Ò P JÕ EGHVÔYo×
ZHSzLGdPqK Ó @!BDCtEGHVÔY;ZHSzLGdPqK�VfCTLBDPoNDPqZdPUnqGdCFE Ò P JÕ GHK�LB;GbE�LBDCFE�GHE�CFV ] PoN;GdCFEÐS�ZdPUL3PUhiGHKDruY;L�h J PqVßB;GHV Ó
Þ C�SUZbE7P�B;CFZdr�CFNOVÔY;R�BÎGHKÍLBDCÔCpÖ,r�C J GHV�CFKMLSzLGdPqKuE4GHKg|UPqZd|oGHKDn�KDCTL Ò P JÕ E�GHV2YuZHSzLGdPqK;E �eÒ B;GHR8B a Y;E7CFN
h�P J CT|UC J [·ruGdCFRpCQPUh>V2[�LB;CFEGHE Ò P JÕeÓ

�3ZHZdCFKO¢-CTnqY J SfB;SUE�nqGd|UCFK©V�CQ|�SUZbY;S ] ZdCtRpPqV�VfCFKgLE!SUKuN©EYDnUnUCFE7LGHPqK;E�PqK©V2[ Ò P JÕ SzL!N;GdØ-C J CFKgL
E7LSznUCFEWPUh�V2[�n J SUNuY;SzL7C©E7LY;ND[ Óáà BDC�B;SUEfSUZbE7PÙEB;S J CFN Ò GdLB*VfC©BDC J PUruGHKuGdPqK;EÔSUK;NâSUND|oGHRpCFE�PqK

Gd|



n J SUN;YuSzL7C0E7LY;ND[·GHK·nUCFKDC J SUZ � PqK Ò�J GdLGHKDnÔPqYDLE7LSUK;NuGHKDn�ruSzr�C J E�SUK;N·nqGH|,GHK;nfnUPgPoN�r J CFECFKMLSzLGdPqKuE Ó
a P Ò C0S�ZdPUL�L7P�ãQS J E7L7CFK à R8B Ò SUK©h�P J LBDCQE[,E7L7CFVÇE Õ GbZHZHEÐSUK;N�GHK;E�GdnqBMLE a SURTkgYuG J CFN·LB J PqY;nqB�LBDC

Ò P JÕÎÒ GdLBÙB;GbV �=Ò B;GbR�BÎLY J KÙPqYDLQL7P ] C�E7POCFEE7CFKgLGHSUZ	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;GHRTSzLGdPqK;E�SUKuN Ò�J GdLGbKDn Ó

a SUVÝLB;SUK Õ h�Y;ZÑL7P©£qGHVÃä<Y ��Ò BDP�B;SUE<BDCFZdr�CFN»VfC�PqKÏE7PqVfCfE7LSzLGHELGHRTE J CFZHSzL7CFN»r J P ] ZdCFV�E<SUK;N
PzØ�C J CFNÎ|�SUZbY;S ] ZdCÔEYDnUnUCFE7LGdPqKuE<PqK»V2[ Ò P JÕ-ÓQa SUVÝLB;SUK Õ h�Y;ZÑL7P©ãQSUZd[qSUK I C J Y;V�SUZHZbSWh�P J B;GHE�BDCFZdr
Ò GdLB·LB;C0Y;E7CtPUh>B;GHEÐh�CFNDC J SzL7CFNÍEGHVÔY;ZHSzLGdPqK·ZHG ] J S J GdCFE Ó

@�B;C ] J GHZHZHGbSUKMLQh�CFZHZdP Ò E7LY;NDCFKgLEfGHKÊLBDC Ú CTL Ò P JÕ GHKDnÙSUK;N*@ÑCFZdCFRpPqV�VÔY;K;GHRTSzLGdPqKuE v J PqYDr � SUK;N
LBDPqE7CtGHK�LBDC I S J SUZHZdCFZ�SUK;N·m<GHE7L J G ] YDLGdPqK à GHVÔY;ZHSzLGdPqKuE � B;S�|UCtnqGd|UCFK�VfCtS�ZdPUL3PUhiGHKDruY;L � BDCFZdr�CFN�VfC
LSUR Õ ZdCÔr J P ] ZHCFV�E�CFK;RpPqY;KgL7C J CFNÎGHK�CpÖor�C J GHVfCFKgLE � SUK;NOV�SUN;C2V2[�n J SUN;Y;SzL7CÔE7LY;ND[�E7P�CFK��¡P}[qS ] ZdC Ó�a
Ò PqY;ZHN�ZHG Õ C�L7PQE7r�CFRTGdcuRTSUZHZH[tLB;SUK Õ j4YDPqVfCFG v SzP �qå CFK J Y;G;¢�B;SzP �,à B;SUEB;G � C J YDnqY �qÞ SzP0£qGHSUKDn � j4SF|oG
I	J SUESUN6SUKuN � SUK;GHEB�£MSUGHKÙh�P J LBDC�K,Y;VfC J PqYuE0N;GHE�RTY;EEGdPqKuE Ò C�B;SUN Ó j!S�|,G I	J SUE�SUN6SUK;N � SUKuGHEB
£qSUGbK�BDCFZdr�CFN�VfCtPqK©Y;E�GHKDnfE7CT|UC J SUZÑVfCFSUEY J CFV�CFKML�L7P,PqZHE�SUKuN�L7CFE7L ] CFN;E Ó

a SUVÃSUZHE7P�n J SzL7CTh�YuZ=h�P J LBDCÔEYDr;r�P J L�h J PqVÇLBDC0h�PqZHZdP Ò GHKDn�r�CTPUruZHC Ò BDP aÐÒ P JÕ CFN Ò GdLB©NuY J GHKDn
V2[ÊGHKgL7C J K;E�B;GdruE�SzL a¡æ�� ?�Y;E7LGHKâSUKuNáSzL Þ�I#ç S ] ET~©X;S J B;SUNèX;SzLSUB;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,LBDC�r J PUh�CFEE7P J EiSUKuNfRpPqZHZdCFSznqYDCFE	BuSF|UC!SUZHEP ] CTCFKÔCpÖoL J CFVfCFZd[�EYDr;r�P J LGH|UC�N;Y J GHKDn4LBDCÐr J PoRpCFEE
LB;SzL a r J CTruS J CFN»hlP J S·RTS J CTC JFÓ @!BDCFG J BDCFZdrÎV�SUNDC�GdL�S·EV�PgPULB J GHN;C2h J PqVÛr J PUr�PqESUZÑL7P�LBDCFEGHE4L7P
n J SUN;YuSzLGdPqK Ó

|
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í�î<í�ï�ðÔñtò2ï�ófô ÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ õ�õ�õ
ñ�ð2öÍôÏó0÷Ýø�î�í»ù·îtúAî<ô»òfûüÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ õlý
ø�ï�û�òüófþ5òÐñ�ÿ�ø3î2û Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �
ø�ï�û�òüófþ þ!ï�ù�����î0û ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �wõ
û��©úìú ñ����ÝÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ��wõlý
ï ïTô»ò	��ó�í��»ðÔò2ï�ó�ô ÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ 


¤ Ó ¤ ��|UC J |,GdC Ò PUhij!CFE7CFS J R�B s B;SUZbZdCFKDnUCFE ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤
¤ Ó x à YuV�V�S J [�PUhij!CFE7CFS J R�B�� ] �7CFRpLGd|UCFE�SUKuN s PqKgL J G ] YDLGHPqK;E Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x

¤ Ó x Ó ¤ I S J L a ~ I C J hlP J VWSUK;RpC2��|�SUZHYuSzLGdPqKo×\?�EEGHE7L7CFN�m�CFEGHnqK©PUh	?�ND|�SUKuRpCFNO@ s I ×
] SUE7CFN à C J |oGHRpCFE ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x

¤ Ó x Ó x I S J L aa ~;��WRTGdCFKgL ç S J nUC à RTSUZdC à GHVÔY;ZHSzLGHPqK�PUh%@ s I��}a¡IèÚ CTL Ò P JÕ E ÓtÓQÓ �
¤ Ó ¥ @�B;CFEGHE�� J nqSUKuGdéFSzLGdPqK ÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �

ï�ï ��î<ø�ñtò2î<í ÷Ýó���ö ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ 
��
x Ó ¤ @ s Iè� PoNDCFZHGbKDnfSUK;N©@�B J PqYDnqBDruYDL I�J CFN;GHRpLGdPqK ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Ty

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

x Ó x I CTC J ×µL7Pz× I CTC J0à [oE7L7CFV�E�SUK;N���|UC J ZHS�[ Ú CTL Ò P JÕ E ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��
x Ó x Ó ¤ �<|UC J |,GHC Ò ÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��
x Ó x Ó x j!CFE7PqY J RpC � SUK;SznUCFV�CFKML�GHK���|UC J ZHS�[ ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{
x Ó x Ó ¥ � PoNDCFZHGHKDnfSUK;NO�	|zSUZHY;SzLGdPqK·PUh I CTC J ×µL7Pz× I CTC J2à [,EL7CFV�E ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ �

x Ó ¥ à GbV2Y;ZbSzLGdPqK I C J hlP J VWSUK;RpC���r;LGbV�GdéFSzLGdPqK ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��
x Ó � Ú CTL Ò P JÕ @ J S�WRt?�K;SUZd[oEGHE �;� P,NDCFZbGHKDnfSUK;N v CFK;C J SzLGdPqK Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ �

ï�ï}ï"!	��î<í�ï�ðÔò2ï�ó�ô ófþ øÐñ���ù�î�ò#��ñ�ôÙû�þ�î$� òfð#!Ûò	%&��ó'�»ù(%�!)�©ò ÓtÓQÓ *�

¥ Ó ¤ a KML J P,N;YuRpLGdPqK Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ xo¤
¥ Ó x XDP J V2Y;ZbS�× ] SUE7CFN©r J CFN;GHRpLGdPqK Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ xU¥

¥ Ó x Ó ¤ ?Ah�P J V2YuZHS�× ] SUE7CFN©@ s I LB J PqY;nqBDruYDLÐr J CFNuGHRpL7P JÛÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x+�
¥ Ó x Ó x �	Ø-CFRpL!PUhiLB;CtCpÖ,L J SWZdPqSUN©N;YDCtL7PWLBDCQLS J nUCTL-,;P Ò ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x �
¥ Ó x Ó ¥ � JJ P J E�NuYDCtL7P�LBDC0@ s I ESUVfreZHGHKDn ] CFB;SF|oGdP J ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x.�
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¥ Ó x Ó � � JJ P J E!N;YDCQL7P�LBDC2N;GdØ-C J CFKuRpC ] CTL Ò CTCFKÍS�|�SUGHZbS ] ZdC ] SUKuN Ò GHNDLB�SUKuNO@ s I
LB J PqYDnqBDruY;L ÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x �

¥ Ó ¥ X æ r J CFNuGHRpLGdPqK·SURTRTY J SURp[ ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x/�
¥ Ó ¥ Ó ¤ �<|UC J |,GHC Ò PUhiV�CFSUEY J CFVfCFKgL!VfCTLB;P,NDPqZHPUnU[ ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x/�
¥ Ó ¥ Ó x j!CFEY;ZdLE ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥o¤
¥ Ó ¥ Ó ¥ à Y;V�V�S J [ ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥.�

¥ Ó � Þ GHE7L7P J [g× ] SUE7CFN©r J CFN;GHRpLGHPqK Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥.�
¥ Ó � Ó ¤ ç GHKDCFS J�I�J CFN;GHRpL7P J E Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥ �
¥ Ó � Ó x m�CTL7CFRpLGdPqKÍPUh ç CT|UCFZ à B;Gdh�LE�SUKuN&�<YDLZHGHC J E ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥/�

¥ Ó { Þ�æ r J CFN;GbRpLGdPqK·SURTRTY J SURp[ ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �;¤
¥ Ó { Ó ¤ j!CFEY;ZdLE ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �;¤
¥ Ó { Ó x à Y;V�V�S J [ ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �

¥ Ó0� @ Ò Pfr J CFNuGHRpLS ] 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;ZdLGHruZdCpÖDGHKDn 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
÷Ýó���öÏû ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ 465
� Ó ¤ a KML J P,N;YuRpLGdPqK Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {+�
� Ó x s PqK;nUCFE7LGdPqK s PqKgL J PqZ=GbK v KgY;L7CFZHZHS Ú CTL Ò P JÕ E ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {U{

� Ó x Ó ¤ �<|UC J |,GHC Ò PUhÑLB;C v K,YDL7CFZHZHS3��r�C J SzLGHPqK;E ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ { �
� Ó x Ó x s PqKDnUCFE7LGdPqK s PqKML J PqZ � CFR8B;SUK;GHEVWE Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ { �
� Ó x Ó ¥ � CFEESznUCÔ@�[,r�C à r�CFRTGdcuR ç GbV�GdL ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {/�
� Ó x Ó � s PqVfruS J GHEPqK·PUhim<G�Ø�C J CFKgL v K,YDL7CFZHZHS à C J |UCFKMLE ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � y

� Ó ¥ s PqK;nUCFE7LGdPqK s PqKgL J PqZ æ CFB;S�|,GHP JfÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � ¤
� Ó ¥ Ó ¤ � CFEESznUCÔm J PUr I SzL7L7C J K;E ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � x
� Ó ¥ Ó x m<GHEL J G ] YDLGHPqK ÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�
� Ó ¥ Ó ¥ a VfruSURpL�PUh%?�RTRpCFEE æ SUK;N Ò GHNDLB�SUK;N I CTC J s PqK;KDCFRpLGH|,GdLÜ[ ÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �

� Ó � 7�K;NDC J ELSUK;N;GHKDnÔLBDC s PqKDnUCFE7LGdPqK s PqKML J PqZ � CFR8B;SUK;GHEVWE�GHK v K,YDL7CFZHZHS Ú CTL Ò P JÕ 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 CFEE�Y J C ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
� Ó � Ó ¥ j4SzL7C ç GbV�GdLGHKDn ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � ¤

� Ó { à YuV�V�S J [ ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � ¥
1 !�ñ�ð2öÍî<ò)2�ø�î-1�î<ø û�ïFú9��ø�ñtò2ï�ó�ô�ó�þ:!Qî<î$��28ò�ó;2<!Qî<î��:ôOîtò0÷Ýó'��öÏû =>4

{ Ó ¤ a KML J P,N;YuRpLGdPqK Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � {
{ Ó x à GbV2Y;ZbSzL7P J ? J R8B;GdL7CFRpLY 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;LSzLGdPqK ç SF[UC J*ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �zy
{ Ó x Ó { m�CFER J G ] GHKDn�LBDC à GHV2YuZHSzLGdPqK ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �o¤

{ Ó ¥ à r�CFRTGHSUZbGdéFGHKDn2LBDC0X J SUV�C Ò P JÕ L7P à GHVÔY;ZHSzL7C v K,YDL7CFZHZHS à [oE7L7CFV�E ÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �Ux
{ Ó � �	Ö,r�C J GHV�CFKMLSUZ�j!CFEY;ZdLEÐPqK 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;EGHNDC J GHKDnÔLBDCQj�CFE7L!PUhiLB;C Ú CTL Ò P JÕ ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�

{ Ó { ç S J nUC à RTSUZdC à GHV2YuZHSzLGdPqK Ò GdLB�?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;ZHSzLGHPqK ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Tyqx
{ Ó0�,Ó x @ÑCFE7L ] CFN�h�P J ?�ZdL7C J K;SzLGd|UC v KgYDL7CFZbZHSfX>ZdP Ò s PqKML J PqZ � CFR8B;SUK;GHE�V�E ÓQÓtÓQÓ ¤Tyqx

{ Ó � à YuV�V�S J [ ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Tyq¥

1�ïÈî$D(!Qø!ó�ïFò0ïTôÙù ò#%OîE!)��î<í�ï�ðÔòÐñ�ÿ�ïTø3ïFò	� ó�þ�òfð�! û=ò2î<ñ�í3� û=ò�ñtò2î
ÿ�î$%ÍñF1�ï�ó'� ò�ó:û�!Qî<î<íG��!�ôOîtò0÷Ýó'��ö�û�ïFú9��ø�ñtò2ï�ó�ôÌÓQÓtÓ0ÓQÓQÓtÓQÓ9
��>4
�,Ó ¤ a KML J P,N;YuRpLGdPqK Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Tyq{
�,Ó x I�J CFN;GHRpLGdPqKD× ] SUE7CFN à GHVÔY;ZHSzLGHPqK�m�CFEGHnqK ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyH�

�,Ó x Ó ¤ à GHV2YuZHSzLGdPqK s PqKgL7CpÖ,L ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyH�
�,Ó x Ó x à GHV2YuZHSzLGdPqK·X J SUVfC Ò P JÕ m�CTLSUGHZHE ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyH�

�,Ó ¥ I�J CFN;GHRpLGHK;n à L7CFSUND[M×\ELSzL7C2@�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 � CFSUEY J CFVfCFKML I C J GdP,N ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤Ty
�,Ó ¥ Ó ¥ m<G J CFRpL!@�B J PqY;nqBDruYDL � CFSUE�Y J CFVfCFKgL ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤U¤

|,GHGbG



�,Ó ¥ Ó � X;P J V2YuZHS æ SUE7CFN I�J CFN;GHRpLGdPqK ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤U¤
�,Ó � � G�ÖDGHKDn I SUR Õ CTL¡× ] SUE7CFNÎSUK;N I	J CFN;GbRpL7CFN©X>ZdP Ò E ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤Fx
�,Ó { �	Ö,r�C J GHV�CFKMLSUZ�j!CFEY;ZdLE ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤��

�,Ó { Ó ¤ a VfruZHCFVfCFKMLSzLGHPqK ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤��
�,Ó { Ó x à r-CTCFNuYDr ÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤F{
�,Ó { Ó ¥ ?4r;r J PFÖDGHV�SzLGdPqK ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤ �
�,Ó { Ó � �	Ö,r�C J GHCFK;RpC Ò GdLB ç S J nUC J!a¡IèÚ CTL Ò P JÕ E ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤FxU{

�,Ó0� à Y;nUnUCFE7LGdPqK;E�h�P J 7�ESznUC ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx/�
�,Ó � s PqV�ruS J GHE7PqK Ò GdLB�X>ZHY;GHN·X>ZdP Òì� PoNDCFZHE ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥U¥
�,Ó0� à YuV�V�S J [ ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥U{

1�ï}ï�ó�!0ò2ïFú ñ�ø ð�ó�ôOþ�ï�ù(����ñtò2ï�ó�ô ó�þ�òfð�! ò#�·ñ�þ!þ�ï�ð ïTô ôÍîtòQ÷Ýó���ö
û�ïFú9��ø�ñtò2ï�ó�ôÏûI��ôOí�î$�:ø�ïTôOö ø�ó�ñ�í ð�ó�ôÙû�ò#��ñ�ïTô»òfû ÓQÓtÓ0ÓQÓQÓtÓQÓ9
�JLK
� Ó ¤ a KML J P,N;YuRpLGdPqK Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥.�
� Ó x I�J P ] ZdCFV à LSzL7CFV�CFKML ÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥/�

� Ó x Ó ¤ �<|UC J |,GHC Ò PUhÑLB;C0@ J S�WR v CFKDC J SzLGHPqK s PqKgL7CpÖ,L Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥/�
� Ó x Ó x @ J S�WR v CFKDC J SzLGdPqK s PqKML7CpÖoL à r�CFRTGdceRTSzLGdPqK ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��qy

� Ó ¥ @ J S�WR v CFKDC J SzLGdPqK©?�ZdnUP J GHLB;V ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��M¥
� Ó ¥ Ó ¤ à GHKDnqZdC ç GHK Õ �%ÖDSUVfruZHC ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��M¥
� Ó ¥ Ó x I�J P ] ZdCFV`X;P J V2YuZHSzLGdPqK ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��M{
� Ó ¥ Ó ¥ I PUruYuZHSzLGHKDn�LBDC ç GHKDCFS J�I�J PUn J SUV Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤����

� Ó � ��|�SUZHYuSzLGdPqK ÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��H�
� Ó � Ó ¤ à GHKDnqZdC ç GHK Õ �%ÖDSUVfruZHC ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{zy
� Ó � Ó x Ú CTL Ò P JÕ PUh ç GHK Õ E Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{o¤
� Ó � Ó ¥ �	Ö,reZHSUGHK;GHK;n0LBDC a VfruSURpL�PUh ç PqEE7[ ç GHK Õ E ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ � y
� Ó � Ó � à Y;V�V�S J [�PUhÑLB;C0�	|zSUZHY;SzLGdPqK�j!CFEY;ZdLE ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ � x

� Ó { à YuV�V�S J [ ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ � x
1�ï}ï�ï ðWófôÙð2ø��»û�ï�ó�ô ñ�ôOí þF�©ò#����îß÷Ýó���ö ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ9
�MNJ

�,Ó ¤ j!CFE7CFS J R�B à Y;V�VWS J [ ÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ � ¥
�,Ó x X;Y;LY J CQm<G J CFRpLGdPqKuE ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ �/�

��î�þ!î���î<ôÏð2î2û ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ9
�MNO

G�Ö



Å©9-.2� ÂAë �»"5ê'ÅO�á.

¤ � SUGHK à [oV ] PqZHE Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x+�
x P�?RQ a K;R J CFSUE7CFN©j>@�@SP æ Q a K;R J CFSUE7CFN ç PqEE�j!SzL7C Ó ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x �
¥ m<G�Ø�C J CFKML ç PqEE4j!SzL7C0�3E7LGHV�SzL7CFE�NuY J GHKDnfSf@ s I X>ZdP Ò0Ó�ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ x �
� à C J |UCFKgL!X>ZdP Ò s PqKgL J PqZ=XDCFSzLY J CFE ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � y
{ I	J GdP J GdLÜ[�8<Y;CFYDCFGHKDn � CFR�B;SUK;GbEV�E ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � ¤
� Þ PUruE!m<GHE7L J G ] YDLGdPqK�PUh%m J PUruE	PUT�Q ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
� @�@ ç m<GHE7L J G ] YDLGdPqK�PUhim J PUreE	PUT�Q ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ��y
� @ Ò P s ZHSUE�E7CFE�PUh I CTC J E ÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �z¥
� Þ CTL7C J PUnUCFKDCTPqY;E I	J GdP J GdLÜ[ I PqZHGHRp[ ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
¤Ty à PoR Õ CTL�7!r�RTSUZHZHE ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �zy
¤U¤ RTZHSUEE�GHKDh�P Ó L¡Ö,L ÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �Ux
¤Fx ?4r;r J P�ÖoGHVWSzLGdPqKWVgj!�3mì|,E Ó m J PUru@ÑSUGbZXPUT�C JJ P J Q ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤ �
¤F¥ j!YuK©@�GHVfC s PqV�ruS J GHE7PqK ÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx.�
¤�� @ÑC J V�E�SUK;N Ú PULSzLGdPqKuE ÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤��M¥

Ö



Å©9-.2� ÂAë ëÏ9-ÆSY[Z �á.

¤ @�BDCFE�GHE�� J nqSUK;GHéFSzLGdPqK s B;S J L Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �
x ?ÃVfCFSUEY J CFV�CFKML�CTr�PoR�B Ó ¤F{zyÙEYuR�BâCTr�PoR�B;E Ò C J C J CFRpP J NDCFNâN;Y J GbKDnÍCFSUR8BáL J SURpC �

Ò GdLB��2L J SURpCFE4RpPqZbZdCFRpL7CFN�r�C J ruSzLB Ó ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥zy
¥ s m<X©PUhD�»h�P J SUZHZMr J CFN;GHRpLGHPqK;E � h�P J r J CFN;GHRpLGdPqKuE=GHKQZdPqE�E7[<ruSzLB;E � SUK;N0hlP J r J CFN;GHRpLGHPqK;E

GHK©ZHPqEEZdCFEEÐreSzLB;E Ó�ÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥o¤
� s m<X*PUh%j>@�@'SUK;N�ZdPqE�E J SzL7C0GHKuR J CFSUE7C0N;Y;C�L7PWLS J nUCTL�,;P ÒQÓ»ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥Ux
{ I	J CFN;GHRpLGdPqKÍC JJ P J E<Y;E�GHKDn:\] SUK;N \^ P�j>@�@ SUK;NÎZdPqEE¡× J SzL7C�NuY J GHKDnWLBDC�LS J nUCTLR,;P Ò Q

SUK;N©YuEGHKDn:_] SUK;N _^ P�j>@�@'SUK;N©ZHPqEE¡× J SzL7CQr J GdP J L7P�LBDCtLS J nUCTL�,;P Ò Q Ó4ÓtÓ0ÓQÓQÓtÓQÓ ¥U¥
� ` S J GHSzLGHPqK©PUhiLBDCQr J CFNuGHRpLGdPqK�C JJ P J SUR J PqEE!N;GdØ-C J CFKgL�ruSzLB;E Ó�ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥+�
� s m<X*PUh>r�C J ×µL J SURpC0j �»à j4� Ó ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥U{
� ?�RpLY;SUZ=LB J PqYDnqBgY;L�|,E Ó r J CFN;GHRpLGdPqK·C J�J P JFÓèÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥ �
� I	J CFN;GHRpLGdPqK�SURTRTY J SURp[�hlP J�Ò GHK;NDP Ò ×\ZHGHV�GHL7CFNW|oE Ó RpPqKDnUCFE7LGHPqKo×\ZHGHV�GHL7CFN(,;P Ò E Ó'ÓQÓtÓQÓ ¥ �
¤Ty �%ÖDSUVfruZHCFE�PUh2@ s I LB J PqY;nqBDruYDL�L J SURpCFE�SUK;NÀLBDCÎr J CFN;GbRpLGdPqKáC JJ P J E�P�j �Îà j!�aQ

Ò GdLB©|�S J GHPqY;EÐr J CFN;GbRpL7P J E Ó�ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¥ �
¤U¤ � P�|oGHKDnW?4|UC J SznUC0r J CFN;GHRpLGdPqK·C J�J P JFÓfÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �;¤
¤Fx Þ PqZdL¡× å GbKML7C J E!r J CFN;GbRpLGdPqK·C JJ P JFÓ�ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �Mx
¤F¥ I	J CFN;GHRpLGdPqK·C JJ P J |UC J EY;E s P `2Ó ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �M¥
¤�� ?2~ I�J CFN;GHRpLS ] ZdC!ruSzLBuE$P�ZHP Ò j �Îà j!�aQ �,æ ~ I SzLB;E Ò GdLB�EV�SUZHZ-SUK;N�r J CFN;GbRpLS ] ZdC!C J ×

J P J ERP�E7LS ] ZdC4j �»à j4��Q � s ~ I SzLBuE Ò GdLBWEVWSUZHZ ] Y;L3Y;KDr J CFN;GHRpLS ] ZHC�C JJ P J E$P�|zS J [,GbKDn
j �Îà j4��Q � mÔ~b7�KDr J CFN;GHRpLS ] ZdC4ruSzLB;ERP�B;GdnqB�j �Îà j4� � KDPULGHRpC<LBDC<N;G�Ø�C J CFKMLAc�×\S�ÖoGHE
J SUKDnUCFEdQ ÓËÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�

¤F{ I	J CFN;GHRpLGdPqK·C JJ P J hlP J!Ò GHK;NDP Ò ×\ZHGHVWGdL7CFNW|oE Ó RpPqK;nUCFE7LGdPqKo×\ZHGbV�GdL7CFN(,;P Ò E ÓÇÓ0ÓQÓQÓtÓQÓ �M{
¤ � I	J CFN;GHRpLGdPqK·C JJ P J�Ò GdLB�N;GdØ-C J CFKgL�@ s I L J SUK;E7h�C J r�C J GdPoN;E ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
¤�� v SUY;E�EGHSUK�r J P,RpCFEE Ó%ÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �H�
¤ � I PqGHEE7PqK©r J PoRpCFEE Ó-ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �H�
¤ � I	J P,RpCFEEP J<à B;S J GHKDn�VfP,N;CFZ ÓÛÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ {zy
xzy v K,YDL7CFZHZHSfEC 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;GHEL J G ] YDLGHPqKWPUh%N J PUreE Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�
x/� a VfruSURpL�PUh%RpPqK;KDCFRpLGH|,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 GdLB©YDLGHZbGdL\[�h�Y;K;RpLGHPqK 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!E7CTLY;r ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
¥+� @�B J PqYDnqBDruYDL Ò GHLB�@ s I ] SUR Õ r J CFEEY J C ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ���
¥U{ j�CFEr-PqKuE7CtLGHVfC Ò GHLB�@ s I ] SUR Õ r J CFEEY J C ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � y
¥ � Þ CTL7C J PUnUCFKDCTPqY;E ] SUR Õ r J CFEEY J CQRTSzreS ] GHZHGdLÜ[ ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � x
¥.� j!SzL7CÔZHGHV�GHLGHKDn0r�C J h�P J V�SUKuRpC Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � ¥
¥ � Þ CTL7C J PUnUCFKDCTPqY;E J SzL7C0ZbGHV�GdLGHK;n2RTSzruS ] GbZHGdL\[ ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
¥/� I CTC J E�GHV2YuZHSzL7P J S J R�BuGdL7CFRpLY J C ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
�qy à [oE7L7CFV�LB J PqYDnqBDruY;L ÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
�;¤ s PqK;K;CFRpLGd|,GHL\[ Ó0ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �.�
�Mx Þ GdL�LGHVfCt|oE Ó SURTRpCFEE æF�}å ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
�M¥ Þ GdL�LGHVfCt|oE Ó ZHGbK Õ NDCFZHS�[LP¡¤�Q Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ � �
�/� Þ GdL�LGHVfCt|oE Ó ZHGbK Õ NDCFZHS�[gP x.Q Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ �/�
�M{ I C J h�P J V�SUK;RpC Ò GdLB ] SUR Õ n J PqYuK;N�L J S�WR ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyUy
� � à RTSUZHGbKDn Ò GdLB�K,Y;V ] C J PUhir J PoRpCFEE7P J E ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤TyD¤
��� à GHVÔY;ZHSzLGHPqK·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 EGdéTC ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤ �
{o¤ ?4r;r J P�ÖoGHVWSzLGdPqK·|,E Ó ZdPqEE	P�m<G J CFRpL � CFSUE�Y J CFVfCFKgLhQ ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤��
{Ux ?4r;r J P�ÖoGHVWSzLGdPqK·|,E Ó ZdPqEE	P�X;P J V2YuZHSHQ ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤U¤ �
{U¥ ?4r;r J P�ÖoGHVWSzLGdPqK·|,E Ó KgYuV ] C J PUhi,;P Ò E ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fxzy
{+� @�B J PqYDnqBDruYDL�Szr;r J PFÖDGHV�SzLGdPqKgP¡¤�Q ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fxo¤
{U{ @�B J PqYDnqBDruYDL�Szr;r J PFÖDGHV�SzLGdPqKgP x.Q ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fxo¤

ÖDGHG



{ � 8<YDCFY;CtP,RTRTYDreSUK;Rp[.VMreSUR Õ CTL¡× ] SUE7CFN ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤FxUx
{.� 8<YDCFY;CtP,RTRTYDreSUK;Rp[.VMh�P J VÔY;ZHS�× ] SUECFN ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤FxU¥
{ � I SUR Õ CTLtE7CFk,YDCFK;RpC ÓtÓQÓQÓtÓQÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx+�
{/� 8<YDCFY;CtP,RTRTYDreSUK;Rp[ Ò GdLB�V�G�ÖoCFN�EGHVÔY;ZHSzLGHPqK;E ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx+�
� y I	J CFN;GHRpLGdPqK·C JJ P J |,E Ó KDCTL Ò P JÕ RpPqKDc;nqY J SzLGdPqK ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤FxU{
� ¤ I	J CFN;GHRpLGdPqK·C JJ P J |,E Ó L J S�WRQVWG�Ö ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤Fx �
� x ?4r;r J P�ÖoGHVWSzLGdPqK·|,E Ó L J SUK;E7h�C J EGHéTC 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�VfCFSUEY J CFVfCFKgL ÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥o¤
� � ?4r;r J P�ÖoGHVWSzLGdPqK·PqK ç ? Ú E ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥+�
�/� s Szr;LY J GHKDn�LBDCQL J SUK;EGdCFK;RpC ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥U{
� � @ J S�WRtnUCFKDC J SzLGdPqKORpPqKgL7CpÖ,L Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F¥/�
��y 74LGHZHGdéFSzLGdPqK�Szrur J PFÖDGHV�SzLGHPqK Ó0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{o¤
�,¤ ç PqE�E J SzL7C0Szrur J PFÖDGHV�SzLGHPqK ÓQÓ0ÓtÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{Ux
�zx s m<X*PUh>LBDCQV�SznqK;GHLY;NDCtPUh J CFZHSzLGd|UCQC J�J P J P ] SUR Õ ] PqKDCQL7PUr�PqZdPUnU[kQ ÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{+�
�z¥ j�CFZbSzLGd|UCQC JJ P J |,E Ó LS J nUCTL4ZdPqSUN ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{U{
�f� lÈ|,E Ó lFm'P {fZdPqEE7[·ZHGHK Õ E � ��yfLS J nUCTL�ZHGHK Õ EhQ Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{U{
�z{ lÈ|,E Ó lFm'P¡¤���ZdPqEE[�ZHGHK Õ E � ��yfLS J nUCTL4ZHGHK Õ EhQ Ó0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{ �
� � a VfruSURpL�PUh>LBDCQK,Y;V ] C J PUh>LS J nUCTL�ZHGHK Õ E ÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{.�
�/� a VfruSURpL�PUh>LBDCQK,Y;V ] C J PUh%ZdPqE�E7[�ZHGbK Õ E ÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{ �
� � a VfruSURpL�PUh%SF|UC J SznUCÔBDPUr©RpPqYuKML#PU�fZdPqEE7[·ZHGHK Õ EhQ ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{ �
��� a VfruSURpL�PUh%SF|UC J SznUCÔBDPUr©RpPqYuKML#P¡¤���ZdPqEE7[·ZHGHK Õ EhQ ÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤F{/�
� y ç PqE�E J SzL7C0Szrur J PFÖDGHV�SzLGHPqKgP�ERTSzL7L7C J reZdPULhQ ÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ � y
� ¤ s m<X*PUh>ruSUR Õ CTL�kgY;CFY;GHKDnfNDCFZHS�[ ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓQÓtÓ0ÓQÓQÓtÓQÓ ¤ � ¤

ÖoGHGbG



.	Y�É É "nZeo

I C J h�P J V�SUK;RpC�CT|zSUZHY;SzLGHPqKâRpPqKMLGHK,YDCFEfL7PÏreZHSF[ÊSUKâGHVfr�P J LSUKgL J PqZdC�GHK*KDCTL Ò P JÕÊJ CFE7CFS J R8B Ó
@ Ò PÎL\[,r-CFEÔPUh J CFE7CFS J R8BâCpØ-P J LE J CFZHSzL7CFNÊL7PÙKDCTL Ò P JÕ r-C J hlP J VWSUK;RpC�CT|zSUZHY;SzLGHPqKÊS J C�reS J LGHRTY;ZHS J Zd[
KDPUL7C Ò P J LBg[e~�P¡¤�Q�Y;EGbKDn�E7[oE7L7CFV�SzLGbR�r-C J hlP J VWSUK;RpC2CT|zSUZHY;SzLGHPqKÍL7P©YuK;NDC J E7LSUKuNÍE7r�CFRTGdceR0r J P ] ZdCFV�E
SUK;NOL7P�NDCFEGHnqK ] CTL7L7C J E7PqZbYDLGdPqK;E � SUKuNpP x.Q�N;CFEGdnqK;GHK;nfCqWRTGdCFKgL!r�C J h�P J V�SUK;RpCtCT|zSUZHY;SzLGdPqKÍVfCTLBDPoNo×
PqZdPUnqGdCFE Ó

@�BuGHEiLBDCFEGHE%SUN;N J CFEE7CFE%E7CT|UC J SUZDr�C J hlP J V�SUK;RpCÐCT|�SUZbY;SzLGdPqKfR�BuSUZHZdCFKDnUCFE � CFK;RpPqVfruSUEE�GHKDn ] PULBfRTSzL¡×
CTnUP J GdCFE3PUh�CpØ�P J L�ZbGHE7L7CFNWS ] P}|UC �,J CFZHSzL7CFNWL7PÔS2ECTCFV�GHKDnqZd[Ôh�SUV�GHZHGHS J L7PUruGHR � @ s I × ] SUE7CFNWE7C J |,GHRpCFE Ó X;P J
V�SUKg[�[UCFS J E4LB J PqYDnqBDPqY;L�LBDC a KgL7C J KDCTL!CT|UPqZbYDLGdPqK � CFKuNo×µL7Pz×µCFK;N»RpPqKDnUCFE7LGdPqK»RpPqKML J PqZ � SUKuNO@ s I GHK
ruS J LGbRTY;ZHS JF� BuSUE J CFV�SUGbKDCFNÏLBDC�r J CT|zSUGHZHGHKDn�VfCFR8B;SUK;GHE�VüLB J PqYDnqB Ò B;GHR8BÙKDCTL Ò P JÕ YuESznUCWGHE J CTnqYo×
ZHSzL7CFNáSUV�PqKDnÙCFK;NâY;EC 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 ELSUK;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 × ] SUECFN�E7C J |oGHRpCFE ÓÍà Y;R�B6kgYDCFELGdPqK;E
S J C�CFE7r�CFRTGHSUZHZd[ÏGHV�r-P J LSUKML2L7PÎSUNuN J CFEE Ò BDCFKÊKDC Ò KDCTL Ò P JÕ EC J |,GbRpCFEÔSUKuN�L7CFR8B;KDPqZdPUnqGdCFE�CFV�C J nUC Ó
@�B;GbE�LBDCFEGbE�GbE4VfPULGH|�SzL7CFN ] [ ] Y;GbZHN;GHKDnfB;GHnqBo×µr�C J hlP J V�SUK;RpC2@ s I × ] SUECFNÍKDCTL Ò P J�Õ E7C J |oGHRpCFE<GHKÍLBDC
RpPqKgL7CpÖ,LÔPUhÐP�|UC J ZHS�[ J PqYDLGbKDn©SUK;NÙr�CTC J ×µL7Pz×µr�CTC J E7[,EL7CFV�E Ó�å B;GbZdC Ò P J�Õ GHK;n©L7P Ò S J N;EÔE7PqZHYDLGHPqK;E<L7P
RpPqK;R J CTL7C·KDCTL Ò P JÕ E7C J |oGHRpCWNDCFEGHnqK�SUK;N�CqWRTGdCFKgL2KDCTL Ò P JÕ r-C J hlP J VWSUK;RpC�CT|zSUZHY;SzLGdPqK6VfCTLBDPoNDPqZdPz×
nqGdCFE � LB;GHE>LBDCFE�GHE	NDCFVfPqKuE7L J SzL7CFE��Y;E7L3BDP Ò VÔY;R8B�LBDC!N;CTLSUGHZdCFN Õ KDP Ò ZdCFNDnUC�PUh�@ s I SUK;NfPUh�KDCTL Ò P JÕ
L J S�WR0RpPqY;ZHN�BDCFZdr©GbK�SUR�B;GdCT|oGHKDnfLB;CFE7C0E7PqZHY;LGdPqK;E Ó

å GdLB J CFE7r�CFRpLtL7P�LBDC�c J E7L<L\[,r-CfPUh J CFE7CFS J R8BÙCpØ�P J LQZHGHEL7CFN»S ] P}|UC � LB;GHE�LBDCFE�GHEtSUN;N J CFE�E7CFE<L Ò P
GHEE�YDCFE J CFZHSzL7CFN�L7PWLBDC0NDCFEGHnqK·PUh>@ s I × ] SUECFN�KDCTL Ò P JÕ E7C J |oGHRpCFET~

r ? �7�<sz� �F��� �z�á�¡�����z� �g�����7�z�D���T�T�Í�at ? ���M�7�z�q�z� ue�D�Uv @�B J PqYDnqBDruY;L4GHE ] [Oh�S J LBDCfVfPqE7LQGHVfr�P J ×
LSUKgL·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;GbRpLGHKDnÙLBDCÎ@ s I LB J PqY;nqBDruYDL
SzL7LSUGbK;S ] ZdC�PqK�N;G�Ø�C J CFKMLtreSzLB;E0GHE<h J CFk,YDCFKgLZd[Ír J SURpLGHRpCFNÏh�P J E7C J |UC J P JQJ PqY;L7CWE7CFZdCFRpLGdPqKuEQGHK
r�CTC J ×µL7Pz×µr�CTC J E7[,EL7CFV�E	SUK;N�P}|UC J ZHSF[ � VÔY;ZdLGHBDPqV�CFN J PqYDLGHK;n<K;CTL Ò P JÕ E Ó	æ SUECFN�PqK�S<LBDP J PqYDnqB
V�CFSUEY J CFVfCFKgL0E7LYuND[ �=Ò C�CT|�SUZbY;SzL7C�LBDCWSURTRTY J SURp[ÎPUh�L Ò PÍRTSzL7CTnUP J GdCFE2PUhÐ@ s I LB J PqY;nqBDruYDL
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r J CFN;GHRpLGdPqKÎL7CFR8B;K;GHk,YDCFE Ófå CWLBDCFKÙSUK;SUZd[,éTCfLBDC�h�SURpL7P J E0LB;SzL0S�Ø�CFRpL0LBDC�SURTRTY J SURp[»PUhÐCFSUR8B
SUKuN©EYDnUnUCFE7L!LBDC0N;G J CFRpLGdPqK;EÐh�P J GHVfr J P�|UCFVfCFKgL Ó

r t%�U�g�g�p����� �z�Ê�8�z�u���7�z���z�>s(wW�p���p���g���d���8�Ô���è���;�D�\�p������uD���T�hx¡�µ��xyuD���T�f�-�T�{z��z�h|��qv Ú CFGdnqB ] P J GHKDn
K;P,NDCFE!GHK�LBDC v K,YDL7CFZHZHSÔr�CTC J ×µL7Pz×µr�CTC J P}|UC J ZHS�[·K;CTL Ò P JÕ RpPqK;KDCFRpL!L7PfCFSUR8BOPULB;C J Y;EGHK;n�@ s I
LYuK;KDCFZHE Ó s PqK;nUCFE7LGdPqK�RpPqYuZHNÙLS Õ C·ruZHSURpC�SzL2LBDC�P�|UC J ZbSF[�ZHS�[UC J SUK;N�RTSUY;EC�VfCFEE�SznUC�ZdPqE�E7CFE
Ò BDCFK LBDCÏLB J PqYDnqBDruYDL�PUh�Sá@ s I LY;K;K;CFZtRTSUK;KDPUL Õ CTCTrìYDr Ò GdLB�LBDC J SzL7CÙPUhfS JJ Gd|oGHKDn
V�CFEESznUCFE Ó3å CtCT|�SUZHYuSzL7CtLBDCtRpPqKDnUCFE7LGdPqK©RpPqKgL J PqZ�VfCFR8B;SUK;GHE�V�E�SUK;N·VfCFEESznUCQZHPqEE ] CFB;SF|oGdP J
GbK�LBDC�CpÖoGbE7LGHKDn v KgY;L7CFZHZHS©P}|UC J ZHS�[6KDCTL Ò P JÕ E Ó @�BDC�R�B;SUZHZHCFKDnUCFEÔhlP J RpPqKDnUCFE7LGdPqK*RpPqKgL J PqZÐGHK
E�Y;R�B2S!VfCFEE�SznUCp×µP J GdCFKgL7CFNÔK;CTL Ò P JÕ S J C3SUKuSUZd[géTCFN � SUEiS J C	LBDC�NDCFEGdnqKQL J SUNDCTPzØ�EwPUh;SUZdL7C J K;SzLGd|UC
V�CFR�B;SUK;GbEV�E Ó

r ? �q��|q�T�{x¾�d�q}z�T�;�8�~w��o���U��� �z�Î�¡�Xu;���p�dx¡�µ��x�u;���p�����}�p�\��wÔ��v a K�P J NDC J L7P�E7LY;ND[fE7[oE7L7CFV�E�EY;R8BWSUE�LBDC
S ] P}|UC Ò GdLBÏNDCTLSUGbZHE�PUh3LBDC�YuK;NDC J Zd[oGHKDn�KDCTL Ò P JÕ-�wÒ C�NDCFEGdnqKÎSUK;N�NDCT|UCFZdPUrÙS�ERTSUZHS ] ZdC�SUK;N
CpÖoL7CFK;EG ] ZdCWr�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV EGbV2Y;ZbSzL7P J LB;SzLfGHE J Y;K6PqK*SÎK;SzLGd|UC�KDCTL Ò P JÕ EGHVÔY;ZHSzL7P J
Ò GdLB uD�q��|q�T�{x¾�d�q}z�p��sM�F�µ�z��� � Ó @�BDC�EGHVÔY;ZHSzL7P J B;SUEÐSUK�GHKgL7C J h�SURpC<LB;SzL�GbE3GHKgL7CFK;NDCFN�L7PfV�S�ÖDGHV�GdéTC
GHLEwr�P J LS ] GbZHGdL\[<L7P<N;G�Ø�C J CFKgLwruSUR Õ CTL¡×\ZdCT|UCFZDKDCTL Ò P JÕ E�GHV2YuZHSzL7P J E � V�S Õ GHKDn!GHLwr�PqEEG ] ZdC%L7PtYDLGHZHGdéTC
CpÖDGHE7LGbKDn<ruS J SUZHZdCFZbGdéFSzLGdPqK2L7CFR�B;K;GbkgYDCFE>h�P J ERTSUZHS ] GHZHGdLÜ[ ÓÑa L%RTSUK ] C3CpÖoL7CFK;NDCFNfL7PQELY;ND[0N;GdØ-C J CFKgL
SUEr-CFRpLE!PUhiS�r-CTC J ×µL7Pz×µr-CTC J E7[oE7L7CFV Ó

@�B;C�E7CFRpPqK;NfruS J L	PUheLB;C�LBDCFEGHE �qJ CTr J CFECFKMLGHK;n�LB;C!E7CFRpPqK;NfLÜ[gr�C�PUh�CpØ�P J L	PqYDLZbGHKDCFN�S ] P�|UC � r J Pz×
r�PqE7CFE�L Ò P�L7CFR�B;K;GbkgYDCFE!L7PWGHVfr J P�|UC0K;CTL Ò P JÕ EGHVÔY;ZHSzLGdPqK;E ] [�CpÖ,ruZHPqGdLGHKDn�LBDC0N;CTLSUGHZdCFN Õ KDP Ò ZdCFNDnUC
PUh%@ s I ~

r C uD���<sQ�fu��-�F�{z��z�h|4����w��o���q�����z�;�F�T�Q�<�due�d�z�����l�,���at ? �p�\��.sU�+xÜ���µ�q�\�jue���sU�����µ�H�p��� �����.v I�J P,RpCFE�EGHKDn
PUh0ruSUR Õ CTL�CT|UCFKgLE�GHE ] [áh�S J LBDCÎVfPqE7L�LGHVfCÍRpPqKuEY;V�GHK;n6SUE7r�CFRpL�PUh0ZHS J nUCÎERTSUZdCÎKDCTL Ò P JÕ
E�GHV2YuZHSzLGdPqK;E ÓÍå C�NDCT|UCFZdPUrâSOL7CFR8B;K;GHk,YDC�LB;SzL�ESF|UCFEfPqKÊLBDC�r J PoRpCFEEGbKDn©PUh!reSUR Õ CTLfCT|UCFKgLE
h�P J @ s I ,;P Ò E2Y;E�GHKDn©LBDC Ò CFZHZ	CFE7LS ] ZHGHEBDCFN J CFEY;ZHLE0EBDP Ò GHKDnOLB;SzL2LB;C�S�|UC J SznUC ] CFB;SF|oGdP J
PUh3S�@ s I ,uP Ò GHE!r J CFN;GHRpLS ] ZHCQnqGd|UCFKÎS�EL7CFSUND[M×\ELSzL7CfruSzLBÍRpPqKuN;GdLGdPqK Ó!å CÔCpÖoruZdPqGHL!LB;GHE!L7P
r J CFN;GHRpL%LBDC4SF|UC J SznUC ] CFB;SF|oGdP J PUh�S2@ s I ,uP Ò P}|UC J S0h�Y;LY J C�r�C J GdPoN�PUh�LGHVfC Ò B;C J C�E7L7CFSUND[g×
ELSzL7C0RpPqK;N;GdLGHPqK;EÐBDPqZHN � LBgYuE�SUZHZdP Ò GHKDnÔhlP J S J CFNuY;RpLGdPqK�P�P J CFZHGHVWGHK;SzLGdPqK>Q%PUhÑLB;C�r J P,RpCFE�EGHKDn
J CFkgY;G J CFN�hlP J ruSUR Õ CTL3CT|UCFKMLE Ó �tY J L7CFR�B;KuGHkgY;C�RTSUK�GHKgL7CTn J SzL7C Ò CFZHZ Ò GdLB�CpÖDGHE7LGbKDn<ruSUR Õ CTL¡×\ZdCT|UCFZ
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E�GHV2YuZHSzLGdPqK;E Óia KfL7C J V�E3PUh�LBDC4Szr;r J PFÖDGHV�SzLGdPqKWL7P0ruSUR Õ CTL¡×\ZdCT|UCFZ�EGHVÔY;ZHSzLGdPqKuE � GdL�GbE	SUZHE7PÔVfP J C
h�SUGdLBDh�Y;Z�GHK©ECT|UC J SUZ J CFE7r�CFRpLE�LBuSUK©r J CT|oGdPqY;E�PUr;LGbV�GdéFSzLGdPqK�L7CFR8B;K;GHk,YDCFE Ó

r �at ? z��z�h|}�d�F�.s��,�p�-�T�¡�q�����z�»�o�>sM�T�t� ���6|f�����.s·���z�D�p���¡�U�l�u���qv j�CFSUZHGbE7LGHR�ZdPqSUN�ZdCT|UCFZ � RpPqKDnUCFE7LGHPqK
ZHP,RTSUZHGHL\[�SUKuN�ZdPqSUN�N;Gd|UC J E�GdL\[WS J C J Cq,;CFRpLGdPqK;EÐPUh J CFSUZ�KDCTL Ò P J�Õ RpPqK;NuGdLGdPqK;E Ó>a K·P J NDC J L7P�B;S�|UC
E�Y;R�B»ZdPqSUN»RpPqK;N;GdLGdPqKuE�GHKOS�ZHS J nUCÔERTSUZdC�KDCTL Ò P JÕ E�GHV2YuZHSzLGdPqK©E7CTLY;r �uÒ CÔK;CTCFNÍSUK»Szr;r J PqSUR8B
L7P�nUCFKDC J SzLGHK;n�SUK»Szr;r J PUr J GHSzL7CtL J S�WR2V�SzL J G�Ö ÓÐå C2NDCT|UCFZdPUrÎSUKOSUZHnUP J GdLB;V`LBuSzL4nUCFKDC J SzL7CFE
L J S�WR�h�P J S2E7r�CFRTGdcuR�KDCTL Ò P JÕ RpPqK;c;nqY J SzLGdPqKWEY;R�BWLB;SzL J CFSUZHGHE7LGHR�SUKuNWY;E7C J ×\NDCFEGdnqK;SzL7CFNWZdPqSUN
RpPqKuN;GdLGdPqK;E!S J C2P ] LSUGHKDCFN©PqKÍRpC J LSUGHK»ZHGHK Õ E Ó ?ÐL4LBDCÔESUVfC2LGHVfC � LB;C2SUZdnUP J GHLB;VÇV�GbK;GHV�GdéTCFE
LB;C0EGHVÔY;ZHSzLGdPqK·VfCFV�P J [ J CFkgYuG J CFVfCFKgL Ó
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@�BDC0CT|UPqZHYDLGdPqKOPUh>K;CTL Ò P JÕ L7CFR�B;K;PqZdPUnqGdCFE�RpPqK;E7LSUKgLZd[©GHK;E7reG J CFE�KDC Ò Szr;ruZHGHRTSzLGHPqK;E �DÒ B;GbR�B©GHK©LY J K �
R�BuSUKDnUC<LBDC4KDCTL Ò P J�Õ L J S�WR�R�BuS J SURpL7C J GHE7LGbRTE�E�GdnqK;GdcuRTSUKgLZd[ Ó XDP J GHK;ELSUK;RpC � LB;C�NDPqVWGHK;SUK;RpC�PUh å C ]
L J S�WRÐPqK�LBDC a KgL7C J KDCTL	GHK�LB;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�WRQGHK J CFRpCFKML4[UCFS J E#¡�¤F¥zy�¢�£ Ó

�3VfC J nqGHKDnÏSzr;reZHGHRTSzLGdPqK;E2L7CFK;N*L7PÙB;S�|UCOB;GdnqB*NDCFVWSUK;N;EÔhlP J K;CTL Ò P JÕ6J CFE7PqY J RpCFEfSUK;N*CFV�ruZdP�[
E7PUruBuGHE7LGHRTSzL7CFNÊSUK;N*N;Gd|UC J E�Gdc;CFNÙr J PUL7P,RpPqZbE �%Ò B;GHR8B*E7L J CFEE�KDCTL Ò P JÕ6J CFE7PqY J RpC�V�SUKuSznUCFVfCFKML Ó �<KDC
RpPqK;E7LSUKuRp[�P}|UC J LBDCtCT|UPqZbYDLGdPqK�GHEÐLB;SzL�CFKuNo×µL7Pz×µCFK;N©RpPqKDnUCFELGdPqK©RpPqKgL J PqZ � SUK;N�@ s I GHK�ruS J LGbRTY;ZHS JF�
J CFV�SUGbK6LB;C�r J CT|�SUGbZHGHKDn»VfCFR�B;SUKuGHEV�EÔLB J PqY;nqB Ò B;GHR8BÊK;CTL Ò P JÕ YuESznUC©GHE J CTnqY;ZHSzL7CFNâSUV�PqKDnÏCFK;N
Y;E7C J E�SUK;NèK;CTL Ò P JÕ r�C J hlP J V�SUK;RpCOGHEWRpPqKML J PqZbZdCFN Ó ?4E�EY;R8B � @ s I SUKuNáCFK;No×µL7Pz×µCFKuNèRpPqKDnUCFE7LGHPqK
RpPqKgL J PqZ Õ CTCTr GbK6,uYDCFK;RTGbKDnOLBDC©N;CFEGdnqKâSUK;NâCT|zSUZHY;SzLGHPqK*PUh�Szr;reZHGHRTSzLGdPqK;E�¡¤� � ¢ � E7[oE7L7CFV�E�¡ �qy/¢4SUK;N
E7PqVfC©K;CTL Ò P JÕ VfCFR�B;SUKuGHEV�E¥¡ � ¤�¢ Ó �<K*LB;C�PULBDC J B;SUK;N � CFVfC J nqGHK;nÏL7CFR�B;KDPqZHPUnqGdCFE�SUK;N a KgL7C J KDCTL
Szr;ruZbGHRTSzLGdPqK;E3r J CFE7CFKgL�KDC Ò R�BuSUZHZdCFKDnUCFEÐh�P J RpPqKDnUCFE7LGdPqK�RpPqKgL J PqZ Ó�a K J CFE7r�PqK;EC4L7PfLBDPqECQR�B;SUZHZHCFKDnUCFE �
r J PUr�PqESUZbE�L7PÙVfP,NuGdhl[Ê@ s I ¡ x/� � �,¤ � �/�+¢!P J L7P6SUN��7YuE7L�LBDC©Y;ESznUC©PUh<@ s I SzL�LBDCOSzr;reZHGHRTSzLGdPqK
ZHS�[UC J ¡ � y � ¤TyH� � ¤��/�/¢ � SUE Ò CFZbZqSUE=KDC Ò RpPqK;nUCFE7LGdPqK0RpPqKgL J PqZgER�BDCFV�CFEA¡�¤��H��¢ � B;SF|UC�Szr;r�CFS J CFNth J CFk,YDCFKMLZH[
GHK�N;GdØ-C J CFKgL�RpPqKgL7CpÖ,LE Ó

@�BuGHE�LBDCFEGHEWGHEfRpPqK;RpC J KDCFN Ò GdLBâSÙECTCFV�GHKDnqZd[6h�SUVWGHZHGHS J L7PUruGbR � @ s I × ] SUE7CFNâEC J |,GbRpCFE � GHK*LBDC
CFVfC J nqGbKDnORpPqKgL7CpÖ,LÔPUh�P�|UC J ZbSF[�SUK;N I x I KDCTL Ò P JÕ E Ó �<Y J hlPoRTY;E0GbEtPqKÙLBDC�@ s I × J CFZHSzL7CFNÙr�C J h�P J ×
V�SUK;RpCÔCT|zSUZHY;SzLGdPqK»GHEEY;CFE!GHKÍLB;GHE4RpPqKML7CpÖoL Ó ?4E�NDCFVfPqKuE7L J SzL7CFN ] [©VÔY;R8BÍr J CT|,GHPqY;E Ò P JÕ-� r�C J h�P J ×
V�SUK;RpC�CT|�SUZbY;SzLGdPqK�RpPqKgLGHK,YDCFE2L7POruZHS�[ÙSUK�GHV�r-P J LSUKML J PqZdCWGHKÙV�PqE7L2S J CFSUEÔPUh�KDCTL Ò P J�ÕÏJ CFE7CFS J R8B Ó
j�CFRpCFKgLZd[ � X>ZdP}[,NÊSUK;KDPqY;KuRpCFN6SÍKDC ÒÈa j>@�X n J PqY;r6LB;SzLÔGHEÔR�B;S J L7C J CFN�L7P»r J PqVfPUL7C�LBDC J CFE7CFS J R8B
CpØ�P J LE<GHK�LBDC2CT|�SUZHYuSzLGdPqKOPUh%L J SUK;E7r�P J L�r J PUL7P,RpPqZHE�SUK;NÍ@ s I GHK©ruS J LGHRTY;ZHS J ¡�¤ �D� ¤��f¢ Ó @!B;GHE�GHE![UCTL
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SUKDPULBDC J CpÖoSUVfreZdCtLB;SzL�r�C J h�P J V�SUK;RpCtCT|zSUZHY;SzLGHPqK J CFV�SUGHKuE�SUK©GHVfr�P J LSUKgL�GHEEYDC � CT|UCFKOhlP J S�L7PUruGHR
SUEQh�SUV�GHZbGHS J SUE0@ s IiÓ @!B;GHE<LBDCFEGbE Ò GHZHZ ] C�SUKDPULBDC J L7CFE7LGHVfPqKg[ÎPUh�BDP Ò r�C J h�P J V�SUKuRpCfCT|�SUZHYuSzLGdPqK
RTSUKOB;CFZdr Ò GdLB·LBDCQSzruruZHGHRTSzLGdPqK�SUKuN�r J PUL7PoRpPqZ=NDCFEGHnqK Ó

å GdLB J CFE7r�CFRpL	L7PQr�C J h�P J V�SUK;RpC�CT|zSUZHY;SzLGHPqK � L Ò P2L\[,r-CFE�PUh�CpØ-P J L�S J C�ruS J LGHRTY;ZHS J ZH[2KDPUL7C Ò P J LBg[ Ó
X>G J E7L � r�C J h�P J V�SUK;RpCÎCT|zSUZHY;SzLGdPqK B;SUE ] CTCFK SUK GHV�r-P J LSUKML·L7P,PqZtL7PáY;K;NDC J E7LSUK;NÀLBDCÏK;SzLY J CÏPUh
E7r�CFRTGdcuR�r J P ] ZdCFV�E�SUK;N*L7PÙNDCFEGHnqK6LB;C©E7PqZHYDLGdPqKuE2L7PÏLB;CFV Óâà CFRpPqK;N � VÔY;R8B J CFE7CFS J R8BáB;SUE ] CTCFK
GHKg|UCFE7L7CFNáGHKâGbVfr J P}|,GHK;nÍr�C J h�P J V�SUK;RpC�CT|zSUZHY;SzLGHPqK ÓáÚ CTL Ò P J�Õ r�C J h�P J V�SUKuRpC�CT|�SUZHYuSzLGdPqKâGHEfPUh�L7CFK
S·N;SUY;KgLGHKDn�LSUE Õ-� nqGd|UCFKÏSUZHZÑLBDC�GHN;GHPqE7[,KuR J SUEGdCFE!PUh3KDCTL Ò P JÕ r J PUL7PoRpPqZHE � SUKuNÍCFEr-CFRTGbSUZHZd[�h�P J ZHS J nUC
ERTSUZdC�KDCTL Ò P JÕ E0LBuSzL2GHKg|UPqZd|UC�VWGHZHZHGdPqKuE4PUh�KDPoNDCFE Ó @�BuGHE<LBDCFEGHE0LSUR Õ ZdCFEÔr J P ] ZHCFV�EQGHK ] PULBÏLB;CFE7C
h J PqKMLE � SUK;N Ò CQP J nqSUK;GdéTC0LBDCQLBDCFEGbE�SURTRpP J N;GHKDnfL7P�LB;GHE�RTSzL7CTnUP J GHéFSzLGdPqK Ó
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@�BDCÔc J EL�reS J L4PUh3LBDC�LBDCFEGHEtGbE�RpPqKuRpC J KDCFN Ò GdLBÍLBDCfY;E7C�PUh3r-C J hlP J VWSUK;RpC2CT|zSUZHY;SzLGHPqKÏGHKÍYuK;NDC J ×
E7LSUK;NuGHKDnÙLBDC»NDCFEGdnqKèGHEEYDCFE J CFZHSzL7CFN L7P6E7r�CFRTGdceR©Szr;ruZHGbRTSzLGdPqK;E�GHKáLBDCÍRpPqKgL7CpÖ,L·PUhtP}|UC J ZHSF[ KDCTL¡×
Ò P JÕ E$¡ x �o� �/� � ¤Fxo¤ � ¤F¥ � ¢ Ó ��E7r�CFRTGHSUZbZd[ Ò GdLBfLBDC J CFRpCFKML�CFK;NDP J E7CFVfCFKgL	h J PqV#LBDC ` G J LY;SUZ Ú CTL Ò P JÕ E
r J PUr�PqESUZÇ¡�¤Tyq{�¢ � P}|UC J ZHSF[ÔKDCTL Ò P JÕ E%B;SF|UC�SzL7L J SURpL7CFNWV2Y;R8B�SzL7L7CFKMLGdPqKfSUKuN2S J CÐRpPqK;EGbNDC J CFNÔS!r J PqV�GHE¡×
GHKDnQRpPqV�ruYDLGHKDntreS J SUN;GdnqV L7P0P�|UC J RpPqVfCtV�SUKg[fR J Y;RTGHSUZor�C J h�P J V�SUKuRpC�r J P ] ZdCFVWE%PUh�LBDC!RTY JJ CFKML a Ko×
L7C J KDCTLF¡�¤Fxo¤ ¢ � SUK;N�L7PtV�S�ÖoGbV�GdéTCÐSUK;NÔCpÖ,L7CFK;NfGHLEiYuESznUC)¡ x �o� ¤F¥ � ¢ Ó>I CTC J ×µL7Pz×µr-CTC J E7[oE7L7CFV�Eù¡�¤Fx � �/� � ¥+¢
S J C�SQL\[,r�C�PUh=Szr;ruZbGHRTSzLGdPqKfLB;SzL3PUhlL7CFK�CFV ] PoN;GdCFE	LBDC!Y;E7C4PUh�P�|UC J ZHS�[WKDCTL Ò P JÕ E3L7P2NDCFZHGH|UC J P J E�B;S J C
GHKDh�P J V�SzLGHPqKOSUK;N J CFE7PqY J RpCFE<GHKÍS�N;CFRpCFKML J SUZbGdéTCFNÍVWSUK;KDC J SUVfPqKDn·SWZHS J nUC�K,Y;V ] C J PUh	Y;E7C J E Ó �<KDC
PUh>LBDC2V�PqE7L!N;GHELGHK;RpLGd|UCQR8B;S J SURpL7C J GHELGHRTE�PUh%P}|UC J ZHSF[©K;CTL Ò P JÕ E�GHE�LBuSzL4RpPqZHZHS ] P J SzLGbKDn�KDPoNDCFE�h�P J V
SUKÙSzr;reZHGHRTSzLGdPqKÏZHS�[UC J KDCTL Ò P JÕ PqKÙL7PUrÙPUhÐLBDC�K;SzLGd|UC a KgL7C J KDCTL Ó�I SUR Õ CTLEÔP J VfCFE�ESznUCFE2S J CfLBDCFK
J PqYDL7CFN�SUK;N�hlP JÒ S J NDCFNWPqK�LBDC4P�|UC J ZbSF[ � L\[,ruGHRTSUZbZd[ ] SUE7CFNWPqK�RpC J LSUGHK�Y;E7C J ×µr�C J RpCFGH|UCFN�r�C J h�P J V�SUK;RpC
R J GdL7C J GHS�P J Szr;ruZbGHRTSzLGdPqK�ZHS�[UC J VfCFEE�SznUC0E7CFV�SUKgLGHRTE Ó

@�BuGHE�LBDCFEGHE·ZdP,P Õ E�GbKML7PâL Ò PèGbEEYDCFE·GHK�NDCFEGHnqK;GHKDn*@ s I × ] SUE7CFN�E7C J |oGHRpCFE©GHKÀLBDCFECÙE7[,EL7CFV�E �
K;SUVfCFZH[ � P}|UC J ZHS�[ J PqY;L7CtP J r�CTC J E7CFZHCFRpLGdPqK � SUK;N�P�|UC J ZbSF[·RpPqKDnUCFE7LGdPqK©RpPqKgL J PqZ � SUE�N;CFER J G ] CFN ] CFZdP ÒQÓ

x



r @ÑP ] CFKDCTc;L�VfPqEL�h J PqVßLB;CtP�|UC J ZHS�[�S J R�B;GHL7CFRpLY J C � Szr;reZHGHRTSzLGdPqK;EÐKDCTCFN©L7P�RpPqK;E7L J Y;RpL!LBDCtPUrD×
LGbV�SUZ�P�|UC J ZHSF[áKDCTL Ò P J�Õ E � SUK;NáL7P�V�S Õ CÍGbKML7CFZHZbGdnUCFKML J PqY;LGHKDnÙNDCFRTGHE�GdPqK;E Ó XDP J @ s I × ] SUE7CFN
EC J |,GbRpCFE � LBDCFE7CÔNDCFV�SUK;NOV2Y;R8B Õ KDP Ò ZdCFNDnUCQPUh>LBDCÔRpPqVfruZdCpÖ ] CFB;SF|oGdP J PUh	@ s I GHK�N;GdØ-C J CFKgL
reSzLB;EQSUK;NÏY;KuNDC J N;G�Ø�C J CFKgLQY;ESznUCFE3¡ xU{ � � �,� ¤FxU{ � ¤Fx.�+¢ Ó X;P J CpÖDSUVfruZdC �=Ò BDCFKÏS�KDPoNDC�GHKÏS
LB J PqYDnqBDruY;L4E7CFK;E�GdLGd|UC2SzruruZHGHRTSzLGdPqKÍE7CFZdCFRpLE<KDCFGdnqB ] P J GHKDnWP�|UC J ZHS�[ÍKDPoNDCFE � PqKDC Õ CT[OR J GHL7C J GdPqK
GbEQLBDC�@ s I LB J PqYDnqBDruY;L ] CTL Ò CTCFK6SÍRTSUK;N;GHN;SzL7C�SUK;NÙLBDC�KDPoNDCWGdLE7CFZHh$¡ �M¥ � ¤Fx.�+¢ Ó·å C·SUZHE7P
K;CTCFN�L7P ] C<S Ò S J CQLB;SzL�P}|UC J ZHSF[�SUK;N·r�CTC J ×µL7Pz×µr�CTC J E[,E7L7CFVWE�SUZHE7PfPzØ�C J Y;K;GHk,YDC Ò S�[,E�L7PWGHV�×
r J P�|UCtCFK;ND×µL7Pz×µCFK;N�r�C J h�P J V�SUK;RpC'¡ � ¤ � � �o� ¤F¥Ux � ¤F¥ � ¢�PUhi@ s I × ] SUE7CFN�E7C J |oGHRpCFE Ó X;P J CpÖoSUV�ruZdC �
RpPqKuRTSzL7CFK;SzL7CFN�@ s I LY;KuKDCFZHEwBuSF|UC ] CTCFK0Y;E7CFN2L7PtGHVfr J P�|UC3VÔY;ZdLGbRTSUE7Lwr�C J h�P J V�SUK;RpC$¡¤� �o� ¤F¥ � ¢ Ó

r X;P JÒ S J N;GHKDnÊSUK;N J PqY;LGHKDn�SzL�LBDCÍSzr;reZHGHRTSzLGdPqKáZbSF[UC J CFKDnUCFK;NDC J EWKDC Ò RpPqKDnUCFE7LGdPqKÀRpPqKML J PqZ
r J P ] ZdCFV�E Ó XDP J CpÖoSUV�ruZdC � RpPqKDnUCFE7LGdPqKÊRTSUKÙPoRTRTY J SzL0LBDC�P}|UC J ZHS�[�ZHSF[UC J�� CFGHLBDC JQÒ GdLBuGHKÏSUK
P}|UC J ZHS�[âP J SUVfPqKDnÙRpPqVfr�CTLGHK;nÏP�|UC J ZHS�[,E Óâa KgL J S�×µP�|UC J ZHSF[áRpPqKDnUCFELGdPqKèSUK;NâV�CFEESznUCOZdPqE�E7CFE
BuSF|UC ] CTCFK»P ] E7C J |UCFN � C Ó n Ód� GHK»LBDC v K,YDL7CFZHZHS·Szr;reZHGHRTSzLGdPqKI¡ ¥+¢ Ó @ÑP�NDCFSUZ Ò GdLB»P}|UC J ZHSF[ÎZHS�[UC J
RpPqK;nUCFE7LGdPqKWE�Y;R�B�SUE%LB;GHE � PqKDC!B;SUE%L7P2RpPqK;EGHNDC J KDPUL%PqK;Zd[ÔLBDC�PUr�C J SzLGdPqK�PUh-@ s I GHK�LB;GbE%KDC Ò
CFKg|oG J PqK;VfCFKgL � C Ó n Ód� hlP JÒ S J N;GbKDn�PqK©ruSzLB;E Ò GdLB�RpPqK;RTSzL7CFK;SzL7CFNÎ@ s I LY;K;K;CFZHE � ] YDL�SUZHEP�LBDC
SzruruZHGHRTSzLGdPqK�ZbSF[UC J r�C J h�P J V�SUKuRpCQR J GdL7C J GHS�SUK;N©LBDC0E7CFV�SUKgLGHRTE�PUh%Szr;reZHGHRTSzLGdPqK·VfCFEE�SznUCFE Ó

@�BuGHE<LBDCFEGHE0SUN;N J CFEECFEtLBDC�h�PqZHZdP Ò GHKDn�E7r�CFRTGdcuRfR8B;SUZHZdCFK;nUCFE J CFZHSzL7CFN�L7P©LBDC�L Ò P»GHEEYDCFEtS ] P}|UC Ó
å B;GHZdCOV�PULGd|�SzL7CFNÀL7P*LSUR Õ ZdCÎLBDCFE7C»L Ò PâGHEEY;CFE � E7PqVfC»PUhQLBDCÎVfCTLBDPoNDPqZdPUnqGdCFE Ò CÎY;E7CÎSUK;N LBDC
RpPqK;RTZHYuEGdPqK;E Ò C0N J S Ò S J CQSzr;reZHGHRTS ] ZdC<L7PWS ] J PqSUNDC J�J SUK;nUCQPUh%E7LY;N;GdCFE Ó

!)è+ë�õ>õ~ð/é}õ~í>ï�íNì�ø�çkè+öNë»òAè+çNï�ó ì¨ëWè�ò�ð#!`ò�ú�è+í>ò�ö>ú�ûjò�é I C J h�P J V�SUKuRpCtr J CFN;GHRpLGHPqK�PUhiKDCTL Ò P JÕ
ruSzLB;EiGHEÑSUK0CFEECFKMLGHSUZgLSUE Õ GbKQP�|UC J ZHSF[0SUKuN I x I K;CTL Ò P JÕ Eù¡ x �o� �M¥+¢ � SUE>GdLwGHEiGHK v J GHN0RpPqV�ruYDLGHKDn;¡ {o¤�¢
SUK;N s m Ú E$¡¤�/�+¢ Ó @ÑPÔKuSUVfC	�Y;E7L�S0h�C Ò PUh�LBDCFG J Szr;ruZHGHRTSzLGHPqK;E � EYuR�B�r J CFN;GbRpLGdPqK;E	S J C<Y;E7CFN�GHK J PqYDL7C
E7CFZdCFRpLGHPqKèER8BDCFVfCFE�hlP J P�|UC J ZbSF[èSUK;N V2YuZdLGHBDPqVfCFNâK;CTL Ò P JÕ E�¡ xzy � xo¤ � xU{ � �+�/¢ � ND[oK;SUV�GHR©EC J |UC J
E7CFZdCFRpLGHPqKe¡�¤Ty.� � ¤F¥+� � ¤F{o¤q¢ � SUK;N�r�CTC J ×µL7Pz×µr�CTC J ruS J SUZHZdCFZ�NDP Ò K;ZdPqSUNuE	¡ �/�/¢ Ó

? J nqY;S ] ZH[ � LBDC0V�PqE7L4GHV�r-P J LSUKML�r�C J h�P J V�SUKuRpC0VfCTL J GHRQPUh	S�ruSzLBÍGHE�LBDCÔSF|UC J SznUC�LB J PqY;nqBDruYDL
PUh�@ s I L J SUK;EhlC J E Ó @�BDC J CFSUE7PqK6GbEQLB;SzL�VfPqE7LÔN;SzLS�×µL J SUK;E7h�C J Szr;ruZHGbRTSzLGdPqK;E � SUK;N�S ] PqYDL;�zyHTÌPUh
LBDC a KgL7C J KDCTL<L J S��R � YuE7C2LB;CÔ@ s I r J PUL7P,RpPqZ Ó4å BDCFKÎGdL<RpPqVfCFE<L7P�r�C J h�P J V�SUKuRpC2r J CFN;GHRpLGdPqK � LBDC
h�P,RTY;E�GHEfLÜ[gruGbRTSUZHZd[ÊPqK ] Y;Z Õ @ s I L J SUK;E7h�C J E � ZHSUE7LGbKDnÙVfP J CÍLB;SUKáSÙh�C Ò ECFRpPqK;N;E Ó à BDP J LW@ s I

¥



,;P Ò E<S J C2PUh�L7CFKÏZHGHVWGdL7CFN ] [OEZdP Ò ×\E7LS J L � SUK;NÍLBDCFG J r�C J h�P J V�SUK;RpC�GHE�V2Y;R8BÎVfP J C�E7CFK;EGdLGH|UC0L7P·LBDC
J SUK;N;PqV�KDCFEEiGHK2LBDC ] SUR Õ n J PqY;K;NÔL J S��R$¡ {Ux�¢ Ó @�BuGHEwLB;CFEGHE>ZdP,P Õ EiSzL>LBDCÐr J P ] ZdCFVAPUh;r J CFN;GHRpLGHKDn4LBDC
LB J PqY;nqBDruYDLÐPUh>S ] Y;Z Õ @ s I L J SUKuE7hlC J GHK�S�ruS J LGHRTYuZHS J KDCTL Ò P JÕ ruSzLB � u-�8� �z� L7P�SURpLY;SUZHZH[�E7LS J LGHKDn
LBDC¥,uP ÒQÓ XDP J VWSUKM[âSzr;ruZbGHRTSzLGdPqK;E � EY;R8BáSUEWE7C J |UC J E7CFZHCFRpLGdPqKáSUK;NèP�|UC J ZHS�[ J PqYDL7COECFZdCFRpLGdPqK � S
LB J PqY;nqBDruYDLÔr J CFN;GbRpLGdPqK*GHEfKDCTCFNDCFN ] CTh�P J C·LBDC�,;P Ò E7LS J LE Ó @�BDC J CFSUEPqKâGHE�LB;SzL J C J PqY;LGHKDnÏSUK
CFE7LS ] ZbGHEBDCFN�@ s I RpPqK;KDCFRpLGHPqK�L7P�S�NuG�Ø-C J CFKML�KDCTL Ò P J�Õ reSzLB©P J E7C J |UC J RTSUKORTSUYuE7CQr J P ] ZdCFV�E�EY;R8B
SUEWVWGdn J SzLGdPqKáN;CFZHSF[oE � ruSUR Õ CTL J CTP J N;C J GHKDn ��J Cp×\GHK;GHLGHSUZHGdéFSzLGdPqKÊPUh<LBDCORpPqK;nUCFE7LGdPqK Ò GHK;NDP ÒQÓèÚ PUL7C
LB;SzL<@ s I LB J PqYDnqB;ruYDL�r J CFNuGHRpLGdPqK©GHE4N;G�Ø�C J CFKgL!LB;SUKÍ@ s I LB J PqYDnqB;ruYDL ���p����w��U��� �z� Ó @�BDCÔZHSzL7L7C J
GHEwr-C J hlP J V�CFN Ò B;GbZdC	LBDCA,;P Ò �l�3���$ue�7��U����8� Ò GdLB2LBDC3P ] �¡CFRpLGH|UC�L7P�CFE7LGHVWSzL7C3LBDCÐ@ s I LB J PqY;nqBDruYDL
P J LBDC<@ s I ×\X J GdCFK;N;ZH[ J SzL7C<PUh=LB;C-,;P ÒQÓ ?�KWCpÖDSUVfruZdC4PUhwSÔ@ s I LB J PqYDnqB;ruYDL�CFELGHV�SzLGdPqK�ER�B;CFVfC
GHE�@ s I ×\X J GHCFK;N;Zd[Wj4SzL7C s PqKgL J PqZ�P�@!Xij s Q)¡ ���f¢ Ó

a K s B;Szr;L7C J ¥WPUh	LB;GbE�LBDCFEGbE �uÒ CÔRTZbSUEEGdh�[·CpÖoGHELGHKDnW@ s I LB J PqYDnqBDruY;L�r J CFN;GbRpLGdPqK�L7CFR�BuK;GHk,YDCFE
GHKgL7P�L Ò P�RTSzL7CTnUP J GdCFET~Fü �z�dw��,�d��xUý����T�<s P�X æ Q�SUK;N&þ �b�p�µ�z�8��xUý����T�<s P Þ�æ Q Ó X æ r J CFNuGHRpLGdPqK J CFZHGHCFE�PqK
SUK;SUZd[,LGHR�VfP,N;CFZHE�¡ x �D� ¥ �o� {+� ��� { ��� � � ¤TyUy/¢�LB;SzLÔCpÖor J CFEEÔLBDC·@ s I LB J PqY;nqBDruYDL0SUE�SÍh�YuK;RpLGdPqK
PUh%LBDC0R8B;S J SURpL7C J GbE7LGHRTE � EY;R8BOSUE!ZHPqEE J SzL7CÔSUK;NOj>@�@ � PUh%LBDC2YuK;NDC J Zd[oGHKDn�KDCTL Ò P JÕ reSzLB Ó m4CFEruGdL7C
LBDC0SURTRTY J SURp[·PUhÑLBDC2VfP,N;CFZHEÐLBDCFV�E7CFZH|UCFE � LB;GHE Ò P JÕ EBDP Ò E�LB;SzL!X æ ER8BDCFVfCFE4RTSUKOZdCFSUN�L7P�ZHS J nUC
ue���sz� �F��� �z� C JJ P J E�SUK;NWLBDC4VWS}�¡P J RTSUY;E7CFE�S J C J CT|UCFSUZdCFN Ó%Þ4æ Szr;r J PqSUR8BDCFE3r J CFN;GHRpL%LB;C!LB J PqY;nqBDruYDL
PUhÐ@ s I ,uP Ò Eth J PqVüS�LGbVfC�E7C J GdCFE<PUhÐr J CT|,GdPqYuE�@ s I LB J PqYDnqBDruYDLtVfCFSUE�Y J CFVfCFKgLEtPqKÏLBDC�ESUVfC
ruSzLB Ó	Þ�æ r J CFN;GHRpLGdPqKuE�S J CtNDCFVfPqKuE7L J SzL7CFN�L7P ] C�kgYuGdL7C�SzL7L J SURpLGd|UCQGHK�LB;C<ECFK;E7C�LB;SzL3CT|UCFK�E�GHVfruZdC
Þ�æ r J CFN;GHRpL7P J E � EY;R8BÙSUE � P�|oGHKDnO?4|UC J SznUC�SUKuN Þ PqZdL¡× å GHKgL7C J E � Y;EGHKDn�S�B;GbE7L7P J [OPUh�ZHGbV�GdL7CFNÎSUK;N
E7r�P J SUN;GbRWE7CTL�PUh!r J GdP J ESUVfruZdCFE � RTSUK ] C�h�SUG J Zd[ÙSURTRTY J SzL7C ÓÙå GHLBÊE�GHVfruZdC�kgY;CFY;GHKDn»VfP,N;CFZHE � GdL�GHE
EBDP Ò K LB;SzL�LB;CÍr�C J h�P J V�SUK;RpCOPUh Þ4æ r J CFN;GbRpL7P J EWGHE�B;GdnqBuZd[ÊN;CTr-CFKuNDCFKML�PqKèLB;C»ZdPqSUNÀSUK;N LBDC
NDCTn J CTC0PUh>ELSzLGHE7LGHRTSUZ=VÔY;ZdLGHruZdCpÖDGHKDn0PqKOSfruS J LGHRTYuZHS J ruSzLBe¡ �/�o�Ç� ��¢ Ó

ð#íÇï�ö>ë�óqé�õ�íÇïÊð#íÇïÇé�èfíÇñ�çNï�õÙú9ë�ó ó�çköNë�ø�íNó�ó<õ{ï6ù�ï�ò�é�ëbñ{ñ~ç�ô&ëHédÿ;íNè���ó a KÔr�CTC J ×µL7Pz×µr�CTC J P�|UC J ×
ZHS�[OKDCTL Ò P JÕ E � r�CTC J E4SURpLtSUE J PqYDL7C J E!LB;SzL�h�P JÒ S J NÍVfCFE�ESznUCFE<PqK ��}z�T�8�d�z�·� ���6|}� ��Ò B;GHR8BOS J C�PUh�L7CFK
L J SUK;Er-P J L�RpPqK;KDCFRpLGdPqK;E#P�P J LY;K;K;CFZHEhQ ] CTL Ò CTCFK©r�CTC J E Ó j!CFSUZHGdéFGHKDn�LB;SzL I x I E7[,EL7CFV�r�C J h�P J V�SUK;RpC
GHE2B;GdnqB;Zd[»NDCTr�CFK;NDCFKgLtPqK�LB;C J PqYDLGbKDn�CqWRTGdCFK;Rp[ÏPUhÐLBDC�Y;K;NDC J Zd[,GbKDn�P}|UC J ZHS�[�KDCTL Ò P JÕ-� r J CT|oGdPqY;E
J CFE7CFS J R�BOBuSUE�hlPoRTY;E7CFN©PqK ] Y;GHZbN;GHKDn ] CTL7L7C J RpPqK;KDCFRpL7CFN©P}|UC J ZHS�[©KDCTL Ò P JÕ E#¡¯�+�/¢ Ó

�



��|UC J ZHSF[�RpPqKDnUCFE7LGHPqK �;Ò B;GbR�B�V�S�[�PoRTRTY J N;Y J GHKDnÔLBDCQh�P JÒ S J N;GHKDn�r J P,RpCFEEÐPqK©r-CTC J E � RTSUKOB;S�|UC
SUKèSUN;|UC J E7CÍGbVfruSURpLfPqKáLB;COr�C J h�P J V�SUK;RpC�PUhtSUKáP}|UC J ZHS�[èKDCTL Ò P JÕ-ÓÀÞ P Ò CT|UC JF� ZbGdL7LZdC©GHE Õ KDP Ò K
S ] PqYDL0GdLE2GHVfruSURpLÔSUK;NÙLB;CWRTY JJ CFKgL0r J SURpLGHRpCWPUh�P}|UC J ZHS�[�RpPqKDnUCFE7LGdPqKÊRpPqKgL J PqZ Ó�a K s B;SzruL7C J �OPUh
LB;GHE0LBDCFEGHE �ÑÒ C�GHKg|UCFE7LGdnqSzL7C·SUK;N6R�B;S J SURpL7C J GdéTC·LBDC�VfCFE�ESznUC�ZHPqEE ] CFB;S�|,GdP J SUK;NÙLB;C�RpPqKDnUCFE7LGHPqK
RpPqKgL J PqZ;GHVfreZdCFVfCFKgLSzLGdPqK;E%GHKfS<ruS J LGHRTY;ZHS J r�CTC J ×µL7Pz×µr�CTC J P�|UC J ZHSF[�KDCTL Ò P J�Õe� LBDC ���;�D�\�p����� KDCTL Ò P JÕ-Ó
�<Y J3Ò P J�Õ ELS J LE Ò GdLB�SUK�SUK;SUZd[oEGHE%PUh=NuG�Ø-C J CFKML v KgYDL7CFZbZHS0E7C J |UCFKMLRP J CTh�C JJ GHKDntL7P�S v KgYDL7CFZbZHStr�CTC J Q
GHVfreZdCFVfCFKgLSzLGdPqK;E Ó @�BuGHE J CT|UCFSUZHE�LBDCOBDCTL7C J PUnUCFKDCFGdL\[áSUV�PqKDnÙLBDCFG J RpPqKDnUCFE7LGdPqK RpPqKML J PqZ�VfCFR8B;S�×
K;GHE�V�E Ó	å C�KDCpÖoL!Y;K;NDC J LS Õ C0SWVfCFSUE�Y J CFVfCFKgL4E7LYuND[�L7P�R�B;S J SURpL7C J GdéTCÔLBDC0VfCFEE�SznUC2ZdPqEE ] CFB;SF|oGdP J
PqKÎL\[,ruGHRTSUZ v KgYDL7CFZbZHS�r-CTC J EtSUK;NÏBDP Ò GHL J CFZHSzL7CFEtL7P�LBDC�RpPqKDnUCFELGdPqKÙRpPqKgL J PqZ	VfCFR8B;SUK;GHEVWEtGHVfruZdCp×
VfCFKgL7CFN ] [ÍLBDC�E7C J |UCFKgLE ÓÔI SUR Õ CTL¡×\ZdCT|UCFZ�EGHVÔY;ZHSzLGdPqK;E�S J CfLBDCFKÏYuE7CFN»L7P©Y;K;NDC J ELSUK;NOLB;C�GbVfruSURpL
N;G�Ø�C J CFKgL�h�SURpL7P J E4B;S�|UC0PqKOLBDCQCpØ�CFRpLGd|UCFKDCFEE4PUh>LBDC0RTY JJ CFKML v K,YDL7CFZHZbS�RpPqKDnUCFE7LGdPqKÍRpPqKML J PqZwVfCFR8Bo×
SUK;GHE�V�E Ó>å C0SUZHE7PfEB;P Ò LB;SzL�LBDCQV�CFEESznUCp×µP J GdCFKgL7CFN©h�P JÒ S J N;GHK;n � r J GdP J GdLGHéTCFNWVfCFEE�SznUCQL\[,r�CFE�SUK;N
LBDCÔBDCTL7C J PUnUCFKDCTPqY;E�RpPqKDnUCFE7LGHPqKÍRpPqKgL J PqZiVfCFR�B;SUKuGHEV�E!r J CFE7CFKgL!Y;K;GbkgYDCQR8B;SUZHZdCFK;nUCFE�h�P J RpPqKDnUCFE7LGHPqK
RpPqKgL J PqZwGHK v KgYDL7CFZbZHS�×\ZHG Õ CtKDCTL Ò P JÕ E#¡ � ¥/¢ Ó

!�çkð��>ëHé 2hñ�ëgý>ëbñ	û�õ{î�òjñ�çké}õ~í>ï÷íNì�ù�ï�ò�éfëWñ{ñ~ç·ô�ë�éhÿ;íNè���ó ?�E%r�CTC J ×µL7Pz×µr�CTC J L J S�WR�E7LS J LE	L7PQRTZHSUGHV
SUK�GHK;R J CFSUEGHKDnqZd[�ZbS J nUC J r J PUr�P J LGdPqK�PUhÑLB;C�L7PULSUZ a KgL7C J KDCTLÐL J S�WR � GHL�GHEÐR J YuRTGHSUZ-LB;SzL�KDC Ò r�CTC J ×µL7Pz×
r�CTC J�J CFE7CFS J R�BOGbK;RTZHY;NDCFEÐRpPqK;E�GHNDC J SzLGdPqKuEÐhlP J LB;C0GHKgL7C J SURpLGdPqK Ò GHLB·LBDC0Y;K;N;C J Zd[oGHKDn2K;CTL Ò P JÕeÓ

Þ P Ò CT|UC JF� V2YuR�BÏPUhÐLBDCfCT|zSUZHY;SzLGdPqKÙPUh�r�CTC J ×µL7Pz×µr�CTC J r J PUr�PqESUZHEtB;SUEQYuE7CFNÙEGHV�ruZHGdc;CFNÍVfPoNDCFZHE
LB;SzLÔh�SUGbZ	L7PÎGHK;RTZHY;N;C�SÍNDCTLSUGbZdCFN�VfPoNDCFZ�PUh�LBDC�YuK;NDC J Zd[oGHKDn©K;CTL Ò P JÕeÓ ?4EÔE7LSzL7CFN*GHK6E7PqVfC�ruY ] ×
ZHGHRTSzLGHPqK;E�¡ {U{�¢ � LBDC�h�SUGHZHY J C�L7PÎGHK;RTZHY;N;CWSÍN;CTLSUGHZdCFN6ruSUR Õ CTL¡×\ZdCT|UCFZ!KDCTL Ò P JÕ V�P,NDCFZ3RTSUK ] C·ZHS J nUCFZH[
SzL7L J G ] YDL7CFNÔL7PtLBDC�RpPqVfruZdCpÖDGdLÜ[0PUhuCpÖor�C J GHVfCFKgLGHKDn Ò GdLB�S<ERTSUZHS ] ZdCÐr-CTC J ×µL7Pz×µr-CTC J E7[,EL7CFV EGHVÔY;ZHSzL7P J
] Y;GbZdL	PqK·L7PUr�PUhÑS�ERTSUZbS ] ZdC<KDCTL Ò P JÕ E�GHV2YuZHSzL7P JÐÒ GdLB�ruSUR Õ CTL¡×\ZdCT|UCFZÑNDCTLSUGHZHE Ó @ÑPfSUN;N J CFE�E3LB;C<GbEEYDC �
GHK s B;Szr;L7C J {fPUh%LB;GHE�LBDCFEGHE �eÒ CÔNDCFEGdnqKÍSUK;NON;CT|UCFZdPUr»SWh J SUVfC Ò P J�Õ hlP J SUKOCpÖoL7CFK;EG ] ZdC0SUK;NÍERTSUZ�×
S ] ZdCÔr�CTC J ×µL7Pz×µr�CTC J EGHVÔY;ZHSzLGdPqKOCFKM|oG J PqKuVfCFKML�LB;SzLQRTSUK ] C ] Y;GHZdL4PqKÍL7PUrÏPUh�CpÖoGHELGHKDn�ruSUR Õ CTL¡×\ZdCT|UCFZ
KDCTL Ò P JÕ E�GHV2YuZHSzL7P J E Ó @�BDCWE�GHV2YuZHSzLGdPqKÏCFKg|,G J PqK;VfCFKgL0GHEtr�P J LS ] ZdC�L7PÍNuG�Ø-C J CFKML0K;CTL Ò P JÕ EGHVÔY;ZHS�×
L7P J E �eÒ B;GHR8B�CFK;S ] ZHCFE!Y;E�L7P�EGHVÔY;ZHSzL7C0S J CFSUZHGHELGHRtZHS J nUC0E�RTSUZdC0r�CTC J ×µL7Pz×µr�CTC J E7[,EL7CFVÇY;EGbKDnfCpÖoGbE7LGHKDn
ruS J SUZbZdCFZHGdéFSzLGdPqK�L7CFR�B;KuGHkgY;CFE�¡ � �H¢ Ó»å C�GHV�ruZdCFVfCFKgL2SUK*GHK;ELSUKMLGHSzLGHPqK�PUh�LBuGHE0h J SUVfC Ò P JÕ h�P J LBDC
v K,YDL7CFZHZHS6KDCTL Ò P JÕ-� ���;�D�\�T�l�d� C �~w ¡ {�¢ Ó @�BuGHE�L7P,PqZ4GbE�Y;ECFNèL7P*E7LY;ND[âLB;C v K,YDL7CFZHZbS�RpPqKDnUCFE7LGHPqK

{



RpPqKgL J PqZwNDCFE�R J G ] CFN·S ] P}|UC Ó


kæy*�æ�* !-çNè�éWï�ï�ê>î���ðMõ~ëWïÇé�øAçkè+öNë�û�ð.çNñ~ëÙû=õ{î�ò�ñ~ç6é�õ�íÇï í>ì4ò�ð#!��oïq!�ô�ë�éhÿ;íNè���ó
@�BDC�ECFRpPqK;NÏruS J LtPUhÐLBDCfLB;CFEGHEtSUN;N J CFEE7CFEtLBDC�R�B;SUZHZHCFKDnUCFEQGHKÏZHS J nUCp×\ERTSUZdCWKDCTL Ò P J�Õ E�GHV2YuZHSzLGdPqK;E Ó
Ú CTL Ò P JÕ�J CFE7CFS J R�B�E7LY;N;GdCFE�RpPqK;RpC J K;GHK;nQRpPqKDnUCFE7LGdPqK�RpPqKML J PqZeSUK;NWNDCTLSUGHZdCFNWr J PUL7PoRpPqZuNDCFEGHnqK � CpÖoCFV�×
ruZHGHc;CFN ] [tLB;C Ò P JÕ GHKtLB;C3c J E7L=ruS J LÑPUhDLBDC�LB;CFEGHE � |UC J [QPUh�L7CFK2YuE7C�ruSUR Õ CTL¡×\ZdCT|UCFZoCpÖor-C J GHVfCFKgLSzLGdPqK;E
GHKg|UPqZd|oGHKDn·EGHVÔY;ZHSzLGdPqKÍP J VfCFSUEY J CFVfCFKML Ó j�CFECFS J R�B6GHK»LBDC�P�|UC J ZHS�[ÏSUK;N»r-CTC J ×µL7Pz×µr-CTC J KDCTL Ò P JÕ E �
GHKWruS J LGHRTY;ZbS JF�qJ CFGHK;hlP J RpCFE3S2K;CTCFNWh�P J CpÖor�C J GHVfCFKgLSzLGdPqK�VfCTLBDPoNDPqZdPUnqGdCFE3LB;SzL3S J C �T���z�d�H�p�H� � �T�z�������8�o�
L7P J CFSUZ a KgL7C J KDCTLÔCFKM|oG J PqK;V�CFKMLÔSUK;N�LB;C�NDCTLSUGbZdCFN�L J S�WR ] CFB;S�|,GHP JF� SUKuN6RTSUK ] CWCFSUEGbZd[ �µ�z�l�d�z���s
] [»Y;EC J E Ó @�BDC�L Ò P©ruGdCFRpCFE<PUh Ò P JÕ GbKÍLBuGHE<ruS J LQSUN;N J CFEE<LBDCfERTSUZHS ] GHZHGdLÜ[ÍSUK;N J CFSUZbGHEV J CFk,Y;G J Cp×
VfCFKgLE �>J CFE7r�CFRpLGd|UCFZd[ � PUh�KDCTL Ò P J�Õ EGHVÔY;ZHSzLGdPqK Ó�å B;GHZdCWLBDCWc J E7LQruGdCFRpC�PUh Ò P J�Õ GHE ] SUECFN�PqK6LBDC
r J CFNuGHRpLS ] GHZHGHL\[âPUh2@ s I E7L7CFSUND[g×\E7LSzL7C ] CFB;S�|,GHP JF� LBDCÏE7CFRpPqKuN YDLGHZHGdéTCFE�LBDC Õ KDP Ò ZdCFNDnUCÎPUhÔ@ s I
] SUK;N Ò GHNDLB6EB;S J GHK;n � SUK;N*LBDC J CFZHSzLGdPqK ] CTL Ò CTCFKá@ s I LB J PqYDnqBDreYDL2SUK;NâZbGHK Õ ZdPqSUN*RpPqK;N;GHLGdPqK;E Ó
?�ZdLBDPqYDnqB·VfPULGd|zSzL7CFN ] [WLBDC<P�|UC J ZHSF[·KDCTL Ò P JÕ RpPqKML7CpÖoLE � LB;C�L7CFR8B;K;GHk,YDCFEÐSUK;N·E7PqZHY;LGdPqK;E Ò CtPzØ�C J
S J CQnUCFK;C J SUZHZd[�Szr;ruZHGHRTS ] ZdC<L7PWVfPqE7L�CpØ�P J LE!LB;SzL�GHKg|UPqZd|UC0ZHS J nUCp×\E�RTSUZdC0KDCTL Ò P JÕ EGbV2Y;ZbSzLGdPqK;E Ó

î���ûjñ~í-õyé�õ~ï�ögé+ú�ë�!)è+ë�õ>õ~ð/é�çkø>õ{ñ�õ�é�� íNì�òfð�!ÝûÇéfë�çkõ	�L2TûLé�ç6é�ë©ÿ;ëbú�çgýwõ~íNè�é�íáûLûXëWëWõ���û�ô�ë�éq2
ÿ;íNè��Ìû=õ{î�ò�ñ~ç6é}õ~íÇï�ó a K'N;GbER J CTL7Cp×µCT|UCFKgLÍKDCTL Ò P JÕ E�GHV2YuZHSzLGdPqK;E � SáEGHnqK;GdcuRTSUKgL·r-P J LGdPqK PUh J Cp×
E7PqY J RpCFEÑSUK;NÔRpPqVfruY;LSzLGdPqK2S J C3NDCFN;GbRTSzL7CFN0L7P�LBDC3R J CFSzLGdPqK�SUK;NQr J P,RpCFEE�GHKDn�PUhDruSUR Õ CTL>L J SUK;EV�GbEEGdPqK
CT|UCFKgLE Ó XDP J ZHS J nUCp×\ERTSUZdCfKDCTL Ò P JÕ EGHVÔY;ZHSzLGdPqK;E Ò GdLB»S�ZHS J nUCfKgYuV ] C J PUh�B;GdnqBo×\Er-CTCFN»N;SzLS�,;P Ò E �
LBDCQr J P,RpCFE�EGHKDnfPUh%ruSUR Õ CTL4CT|UCFKgLE<GHE�LBDC2VfPqE7L!LGbVfC0RpPqK;EYuV�GHKDn�SUE7r�CFRpL�PUh%LB;C0EGHVÔY;ZHSzLGdPqK Ó ?4E�S
J CFEYuZdL�SUKg[»L7CFR�B;K;GbkgYDC�LB;SzL Ò PqY;ZHNÎES�|UC�PqKÏLBDC�r J P,RpCFEE�GHKDn�PUh3ruSUR Õ CTLQCT|UCFKgLE0RTSUK J CFE�Y;ZdL<GHKÎEGdnz×
K;GdceRTSUKML�E7r�CTCFN;Y;r�PUhiLB;CQEGHVÔY;ZHSzLGdPqK � G Ó C Ód�;J CFN;Y;RpLGHPqK·PUhiLB;CQLGHVfC J CFk,Y;G J CFN·L7P J Y;K©SWEGHVÔY;ZHSzLGdPqK Ó
a KWLB;GbE�LBDCFE�GHE Ò CtNDCT|UCFZdPUr�S2L7CFR�B;K;GbkgYDC�LB;SzL�ES�|UCFEÐPqK�LB;C4r J P,RpCFEE�GHKDn0PUhÑruSUR Õ CTL�CT|UCFKgLEÐh�P J @ s I
,;P Ò E Ó0Ú CTCFN;ZdCFEE<L7P�ES�[ � @ s I L J S�WR J CTr J CFE7CFKgLEtS·ZHS J nUC�r�P J LGdPqK»PUh�LB;C a KgL7C J KDCTL<L J S�WRÔL7PoN;SF[
SUK;N � LBDC J CThlP J C � ZHS J nUCp×\ERTSUZdC·KDCTL Ò P JÕ EGbV2Y;ZbSzLGdPqK;EQLÜ[greGHRTSUZHZd[ÏGHKg|UPqZd|UCWLB;C�EGHVÔY;ZHSzLGHPqKÙPUh�S»ZHS J nUC
K,Y;V ] C J PUh%@ s I ruSUR Õ CTL-,;P Ò E Ó

@�B;C0VfCTLBDPoNDPqZdPUnU[ Ò C2NDCT|UCFZdPUr»GHK s B;Szr;L7C J-� CpÖ,ruZHPqGdLE�LBDC2r J CFN;GHRpLS ] GHZHGdLÜ[WPUh%@ s I ] CFB;SF|oGdP J
Y;K;N;C J S»E7L7CFSUND[6ruSzLB*RpPqK;N;GdLGdPqKÊE7PÏSUEÔL7P J CFN;Y;RpC�P�P J CFZHGHV�GbK;SzL7CfQ<LBDC·r J P,RpCFEE�GHKDn J CFkgY;G J CFNÙh�P J
ruSUR Õ CTLOCT|UCFKgLE Ó @�B;GHE·VfCTLB;P,N'GbKML7CTn J SzL7CFE Ò CFZbZ Ò GdLBÀCpÖoGbE7LGHKDn*ruSUR Õ CTL¡×\ZdCT|UCFZ2E�GHV2YuZHSzLGdPqK;E � SUK;N

�



r J CFEC J |UCFEwLB;C�E7LSzLGbE7LGHRTSUZ ] CFBuSF|oGdP J PUhDCT|UC J [QCFKMLGHL\[0GHK0LBDCÐE7[,EL7CFVìEP4SUEiL7P�VWSUGHKMLSUGbKQLBDCÐSURTRTY J SURp[
PUhQLBDC»KDCTL Ò P JÕ EGHVÔY;ZHSzLGdPqKáSUE·S Ò BDPqZdC Ó @ Ò PÊSzr;r J PqSUR8BDCFE�L7P*CFE7LGHV�SzLGHK;n6@ s I LB J PqY;nqBDruYDL
S J C�RpPqVfreS J CFNÎhlP J LB;CFG J SURTRTY J SURp[ÎSUK;NÎCqWRTGdCFK;Rp[ ÓÔÚ PUL7C � BDP Ò CT|UC JF� LBuSzLtLBDCFE7C�S J C�LB J PqY;nqBDruYDL
���p����w��U��� �z�D� ] SUE7CFN*PqK*P ] E7C J |zSzLGdPqK sz�o�8���g� LB;C·EL7CFSUND[M×\ELSzL7C � SUEfRpPqV�ruS J CFNâL7PÏLBDC ue���sU���������z�
LB;SzL Ò CÔnUP·GHKML7P�n J CFSzLtZdCFKDnULB»GHK s B;Szr;L7C J ¥ Ó!å C�SUZHE7P·RpPqVfruS J CÔPqY J L7CFR8B;K;GHk,YDCFE Ò GdLBOr J CT|oGdPqY;E
Szr;r J PqSUR�BDCFE � EYuR�B'SUE�,eY;GHNo×U,;P Ò EGHVÔY;ZHSzLGdPqK:¡ xUx ��� � � �o¤ � �Ux � ¤U¤ �o� ¤�� � ¢ � L7P GHVfr J P}|,GbKDnÊ@ s I
EGHVÔY;ZHSzLGHPqK�r�C J h�P J V�SUKuRpC3¡ � {+¢ Ó

ó�û�é�õ~îpçNñ%ð#í>ï�
jöÇò�è+ç6é}õ~íÇïpí>ì3ò�ð#!#ò�è+ç��pðWõ{ï6ô�ë�éhÿ;íNè��Êû=õ~î�òjñ~ç6é}õ~í>ï�ó)òjï�õjë�è�øÐõ{ï��Ïø�íNçkõ
ð#íÇï�óqéfèfçuõ{ïÇé�ó @wPÏnqSUGbKâVfCFSUK;GHKDnUh�Y;Z�GHK;EGHnqBMLEÔh J PqV KDCTL Ò P JÕ EGHVÔY;ZHSzLGHPqK;E � GdLfGHE�GHVfr�P J LSUKgL�L7P
B;S�|UC J CFSUZHGbE7LGHR�SUK;NÏRpPqKgL J PqZHZdCFNÙK;CTL Ò P JÕ RpPqK;N;GdLGHPqK;E'¡¤�f�.¢ � GbKÎL7C J V�EtPUhÐZHGHK Õ YDLGHZHGHéFSzLGdPqK � kgY;CFY;GHKDn
NDCFZHS�[�SUKuN�ZHPqEE J SzL7C Ó @�B;C<S ] GHZHGdLÜ[�L7P�CpÖoruZHGHRTGdLZH[�RpPqKML J PqZwZHGHK Õ RpPqK;NuGdLGdPqK;EÐGHE�Y;ECTh�Y;Zeh�P J E7LY;ND[oGHKDn�S
EY ] �¡CFRpL=Y;KuNDC J S�E7r�CFRpL J Y;V'PUh,RpPqKgL J PqZHZdCFNQruSzLB0RpPqK;NuGdLGdPqK;E Ó X;P J CpÖDSUVfruZdC � GdL=GHE=N;CFVfPqK;E7L J SzL7CFNQLB;SzL
ZHGHK Õ YDLGHZHGdéFSzLGHPqK�BuSUE�SfEGdnqK;GdceRTSUKML�GHVfreSURpL�PqK©LBDC<r-C J hlP J VWSUK;RpC<PUhi?�8 � ER8BDCFVfCFE	¡ � ¤�¢ Ó �%ÖoruZHGHRTGdL
RpPqKgL J PqZ>PUh�ZHGHK Õ RpPqK;N;GdLGdPqKuE!SUZHE7P·CFK;S ] ZdCFE!LB;C�E�GHV2YuZHSzLGdPqK©PUh�GHVfr�P J LSUKgL4KDCTL Ò P J�Õ R�BuS J SURpL7C J GHE7LGbRTE
EY;R8BÍSUE�N;Gd|UC J EGdL\[ � ZdPoRTSUZHGdL\[©SUKuNORpP JJ CFZbSzLGdPqKOPUh%reSzLBÍRpPqK;NuGdLGdPqK;E �uÒ B;GHR8BORTSUK»S�Ø-CFRpLtSzr;ruZbGHRTSzLGdPqK;E
EY;R8B�SUE�P}|UC J ZHSF[ J PqYDLGHKDn(¡ xU{+¢ � s PqKML7CFKgL�m<GHE7L J G ] YDLGdPqK Ú CTL Ò P JÕ E)¡¤�/�+¢-SUK;N J CFZHGHS ] ZdC�V2YuZdLGHRTSUE7L$¡ �H�+¢ Ó

v GH|UCFKÏLB;SzLtP�|UC J �zyHTÝPUh�LB;C a KgL7C J KDCTLQZdPqSUNÏGbE�RTS J�J GdCFN ] [Í@ s Ii� VfPqELQKDCTL Ò P JÕ EGHVÔY;ZHSzLGdPqK
E7LY;NuGdCFE%Y;E7C!@ s I ,;P Ò E%L7P2nUCFKDC J SzL7C!LB;C ] SUR Õ n J PqY;KuN�L J S�WR Ó ? ] SUEGbR � ] YDL	YuK J CFE7PqZd|UCFN � kgY;CFE7LGdPqK
BDP Ò CT|UC J GbET~!BDP Ò RTSUKÎPqK;CÔNDCFRTGbNDCÔB;P Ò V�SUKg[O@ s I ,uP Ò E�L7P�EGHVÔY;ZHSzL7CÔh J PqVÛPqK;CÔKDCTL Ò P J�Õ KDPoNDC
L7P�SUKDPULBDC J�Íà GbV2Y;ZbSzLGHKDn0L7P,PfV�SUKg[3,;P Ò EÐPqK�SfZHGHK Õ RTSUK�RTSUYuE7CQSUK·Y;K J CFSUZHGbE7LGHRTSUZHZd[fB;GHnqB�ZHPqEE J SzL7C
PqK�LB;SzL�ZbGHK Õ-�gÒ BuGHZdC<EGHVÔY;ZHSzLGHKDnÔL7P,P�hlC Ò ,;P Ò E�RTSUK J CFEY;ZHL�GHK�YuK;NDCFEG J S ] Zd[�ZHGdnqBgL�ZdPqSUN�RpPqK;N;GHLGdPqK;E Ó
à GHVWGHZHS J Zd[ � L7PÊEGbV2Y;ZbSzL7C J CFSUZHGHE7LGbR©KDCTL Ò P JÕ RpPqK;NuGdLGdPqK;E � PqKDC»B;SUE�L7P*RTS J CTh�Y;ZHZd[*RpPqKML J PqZ!LBDCÍZdPqSUN
N;GHEL J G ] YDLGHPqKOPqK�|�S J GHPqY;EtKDCTL Ò P JÕ ZHGbK Õ E'P�C Ó n Ód� CFNDnUC�|,E Ó RpP J CWZHGHK Õ EhQ � SUE Ò CFZHZ%SUEQLBDC�BDPUr�RpPqY;KgL
P�ruSzLBfZdCFK;nULB>Q�PUheLBDC�EGHVÔY;ZHSzL7CFNÔ@ s I ,;P Ò E Ó>I	J CT|oGdPqY;E>EGbV2Y;ZbSzLGdPqK0E7LYuN;GdCFE>B;SF|UC�N;CFSUZdL Ò GdLB0LB;CFE7C
GHEE�YDCFE�GHK©SfL J GHSUZ�×\SUK;No×µC J�J P J V�SUK;KDC J�� CpÖ,r�C J GbVfCFKMLGbKDn Ò GdLB�E7CT|UC J SUZwL J S�WR2RpPqKDc;nqY J SzLGHPqK;E�Y;KgLGHZ�S
J CFSUZHGbE7LGHR0NuGHE7L J G ] YDLGdPqK·PUh3ZbGHK Õ ZdPqSUN»SUK;NÎZdPqEE J SzL7CfGHE4SUR8B;GdCT|UCFN Óta K s B;Szr;L7C J ��PUh	LB;GHE4LBDCFEGHE �eÒ C
r J CFECFKML�S�VfCTLBDPoNDPqZdPUnU[�LB;SzL�NDCTL7C J V�GHK;CFE3LB;C<K,Y;V ] C J PUhi@ s I ,;P Ò EÐLB;SzL�EBDPqY;ZbN ] C<EGHVÔY;ZHSzL7CFN
] CTL Ò CTCFK©CFSUR8BOruSUG J PUhiK;P,NDCFE!GHK�SWKDCTL Ò P J�Õe� ] SUE7CFN©PqK�LB;C0KDCTL Ò P JÕ L7PUr�PqZdPUnU[ � SWE7r�CFRTGdcuRTSzLGdPqK�PUh
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þ!õ~ö>ò�è+ëp
Nê @�BDCFEGHE�� J nqSUK;GdéFSzLGdPqK s B;S J L

LBDCÔYDLGHZHGdéFSzLGHPqK©SUK;NOZHPqEE J SzL7CÔh�P J RpC J LSUGbKÍZHGbK Õ E � SUK;NOSUK»SF|UC J SznUCfK,Y;V ] C J PUh	BDPUruE!hlP J LBDC2@ s I
,;P Ò E Ó �<Y J VfCTLBDPoNDPqZdPUnU[ÍGHE ] SUECFNOPqK»S�ZbGHKDCFS J r J PUn J SUVÇh�P J VÔY;ZHSzLGdPqKÍLB;SzL �-Ò B;GHZHCQVfCTCTLGHKDn�LBDC
YDLGHZbGdéFSzLGdPqK�SUK;NÍZdPqEE J SzL7C2E7r�CFRTGdcuRTSzLGHPqK;E � V�GbK;GHV�GdéTCFEÐLB;C2K,Y;V ] C J PUh J CFk,Y;G J CFN©@ s I ,;P Ò E Ó @�B;GHE
PUr;LGHVWGdéFSzLGdPqK·R J GdL7C J GHPqK�VWGHK;GHV�GHéTCFE�LBDCQV�CFVfP J [ J CFkgY;G J CFVfCFKgL3PUhiLBDCtEGHVÔY;ZHSzLGdPqK �gÒ BuGHR�B·GHEÐPUh�L7CFK
S Õ CT[6ZHGHVWGdLGHKDn�h�SURpL7P J GHK�ZbS J nUC�KDCTL Ò P JÕ EGbV2Y;ZbSzLGdPqK;E0GbKM|UPqZd|oGHKDn»@ s I ,;P Ò E Ó �<Y J CT|�SUZHYuSzLGdPqK;E
EBDP Ò LB;SzL!LBDCQr J PUr�PqE7CFN�V�CTLBDP,N;PqZdPUnU[�RTSUKORTZdPqE7CFZH[�Szr;r J PFÖDGHV�SzL7CQLB;C0E7r�CFRTGdc;CFN�ZHGbK Õ RpPqK;N;GHLGdPqK;E
GHK·L7C J VWE�PUh%YDLGHZHGHéFSzLGdPqK·SUK;N©ZdPqEE J SzL7C Ó3å C2SUZHE7PWSUK;SUZH[géTCQLB;C0ZHS J nUCFE7L4Szr;r J P�ÖoGHVWSzLGdPqK·C JJ P J E4SUK;N
J CT|UCFSUZwLBDCFG J RTSUY;E7CFE Ó

�)��� �&�'�X�j�f�Þ���k�$���ô���ù�$ã��H�-�

@�BDC J CFE7LwPUhDLB;C�LBDCFEGbE=GHE=P J nqSUK;GdéTCFNÔSUE=h�PqZHZdP Ò E Ó s BuSzr;L7C J x!N;GHERTY;E�E7CFE�CpÖDGHE7LGHKDn Ò P JÕtJ CFZHSzL7CFNQL7P�LBDC
L7PUruGHRTE3GHKfLB;GbE	r J PUr�PqESUZ Ó s BuSzr;L7C J ¥0N;GHERTY;E�E7CFE>LBDC!CT|zSUZHY;SzLGHPqKWSUK;N�SUK;SUZd[oEGHE%PUh=@ s I LB J PqY;nqBDruYDL
r J CFNuGHRpLGdPqKáVfCTLB;P,N;E Ó s B;Szr;L7C J �*GHKg|UCFE7LGdnqSzL7CFE�LBDCÍRpPqK;nUCFE7LGdPqK�RpPqKML J PqZ4SUK;N VfCFEESznUCÎZdPqEEWPqK
���;�D�\�p���d� KDCTL Ò P JÕ E Ó s B;Szr;L7C J {ÊNDCFER J G ] CFEWLBDC»ruSUR Õ CTL¡×\ZdCT|UCFZ2EGHVÔY;ZHSzLGdPqKèh J SUVfC Ò P J�Õ PUhQr�CTC J ×
L7Pz×µr�CTC J KDCTL Ò P JÕ E�SUK;N*LB;C©E7r�CFRTGdcuR�GHK;E7LSUK;RpC·PUh v KgY;L7CFZHZHSÎKDCTL Ò P JÕ EGHVÔY;ZHSzL7P J P v K,YDL7CFZHZbS à GHVôQ Ó
s B;SzruL7C J�� r J CFE7CFKgLEÐLBDCQVfCTLBDPoNDPqZdPUnU[�L7P�E7r�CTCFN�YDr�@ s I EGHVÔY;ZHSzLGdPqK Ó s BuSzr;L7C J �ÔN;GHERTYuEE7CFE�LBDC
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SUZdnUP J GHLB;V�L7P·nUCFKDC J SzL7C�L J S��R0Y;K;N;C J ZHGHK Õ ZHPqSUNÍRpPqK;EL J SUGHKgLE Ó�a K s BuSzr;L7C J$�,��Ò C2EYuV�V�S J GdéTC2LBDC
J CFE7CFS J R�BORpPqKgL J G ] YDLGdPqK;E�SUK;NON;GHERTY;E�E3LB;CQh�Y;LY J CtN;G J CFRpLGHPqK;E�EYDnUnUCFE7L7CFN ] [�LB;GHE�LBDCFEGHE Ó

X>GdnqY J CÊ¤»P J nqSUK;GHéTCFE·LBDCÏN;G�Ø�C J CFKML�ruGdCFRpCFE·PUh2LBDCFEGHE Ò P JÕ ] SUECFN PqK�LB;CFG J VfPULGd|zSzLGdPqK;E�P J
nUPqSUZHE � ] PULBÎGHKÍLBDC�S J CFS·PUh	r�C J h�P J V�SUK;RpCÔCT|�SUZbY;SzLGdPqK � SUK;NÎGHKÍLBDCfS J CFS�PUh	P�|UC J ZHSF[ÎSUK;N»r�CTC J ×µL7Pz×
r�CTC J K;CTL Ò P JÕ E Ó XDP J GHKuE7LSUK;RpC � s B;Szr;L7C J ¥WSUNuN J CFEE7CFE�S�r J P ] ZdCFV J CFZHSzL7CFNÍL7P·LBDC J PqY;L7CÔE7CFZHCFRpLGdPqK
h�P J @ s I L J SUK;E7h�C J EiGHK2P�|UC J ZHS�[ÔK;CTL Ò P JÕ E � SUK;NÔGdLiSUZbE7PtNDCFVfPqK;E7L J SzL7CFEiB;P Ò r�C J h�P J V�SUK;RpC3CT|�SUZHYuSzLGdPqK
GHE�Y;ECFN�L7PWY;K;N;C J E7LSUK;N�SUK;N·L7P�SUEEGHE7L�LB;C0NDCFEGdnqK·PUh%E7r�CFRTGdceR�E[,E7L7CFVWE Ó
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@�B;GbE�R�B;Szr;L7C J r J P}|,GbNDCFE�SUK©P}|UC J |oGdC Ò PUh>LBDC J CFZHSzL7CFN Ò P JÕ PqK©LB;CQL7PUruGHRTE!PUh>@ s I VfPoNDCFZHGbKDn�SUK;N
LB J PqY;nqBDruYDL�r J CFN;GbRpLGdPqK � r�CTC J ×µL7Pz×µr�CTC J E[,E7L7CFVWE�SUK;N�P�|UC J ZHS�[�K;CTL Ò P JÕ E � EGHVÔY;ZHSzLGdPqK�r�C J h�P J V�SUK;RpC
PUr;LGHVWGdéFSzLGdPqK � L J S��RtVfP,N;CFZHGHKDnfSUK;N�nUCFK;C J SzLGdPqK Ó

Ù;�+� ����� � �aå)�A�Ð�+�'� �-�¥å �&�	���-Û	�F���ôÛ�ã��"����å-�H��ã/�.�-�

@�BDC ] SUE�GHRtY;K;NDC J E7LSUK;N;GHK;nqE�PUh>@ s I ] CFB;S�|,GHP J SUK;N�VfPoNDCFZHE�PUh%@ s I LB J PqYDnqBDruYDLÐS J CQSUVfPqK;n�LBDC
VfPqE7L4GHVfr�P J LSUKgL ] SUE7CFE�PUhiLB;GHEÐLBDCFE�GHE Ò P JÕeÓ
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?�@ s I ,;P Ò RTSUK ] C�R8B;S J SURpL7C J GHéTCFN�SUEQSUK ���;�������z�>�����/zË�p�µ�z��� reB;SUE7Cfh�PqZHZdP Ò CFN ] [ÍS ���\���.sz��xÜ���µ�U�\�
ruB;SUEC�¡ ¥ �o� ¤TyUy�¢ Ó @�BDC�EL7CFSUND[M×\ELSzL7CWPUhÐS©@ s I ,uP Ò RpPqVfr J GHE7CFE<PUhÐS©E7C J GHCFE<PUh ���~wW��z�D� r�C J GdPoN;E �
CFSUR�B»PUh Ò B;GHR�B � GHK©LY J K � RpPqKuEGHE7LE!PUh�S ������z'���µ�z�p� reB;SUE7C2SUKuNÍVÔY;ZdLGdreZdC ���8�0ue�H�3sz�fue� � ���U�\� r�C J GdPoN;E Ó
@�BDC�L J SUK;EGdLGdPqKuE	SUVfPqKDnQLB;CFE7C4N;GdØ-C J CFKgL%ruB;SUECFE	S J C ] SUE7CFNfPqKWRpC J LSUGHKWRpPqKDnUCFELGdPqKWS�|UPqGHN;SUK;RpC<SUK;N
RpPqKDnUCFE7LGHPqKÔRpPqKgL J PqZoSUZdnUP J GHLB;V�E � PUh Ò B;GbR�BQLB;C�VfPqELÑGHVfr�P J LSUKgLÑGbKDruYDLwGbE=PUh�L7CFK2LB;C�ZdPqE�E7CFEÑN;CTL7CFRpL7CFN
N;Y J GHKDn�LBDCÔL J SUK;EhlC JFÓ�a KOPULBDC J<Ò P J N;E � @ s I ] CFB;S�|,GdP J GHE4h�SUG J Zd[·r J CFN;GbRpLS ] ZdC0nqGH|UCFK»EL7CFSUND[M×\ELSzL7C
ruSzLB»RpPqK;N;GdLGHPqK;E � E�Y;R�B»SUE<S�E7LSzLGHPqK;S J [OS�|UC J SznUC�ZdPqEE J SzL7C Ó @�B;GHE4GHE!LB;C Õ CT[OR8B;S J SURpL7C J GbE7LGHR2LB;SzL
Ò CQLS Õ C2SUND|zSUKgLSznUC0PUh>L7PWE7r�CTCFN�YDrOK;CTL Ò P JÕ EGHVÔY;ZHSzLGdPqK;ERP�E7CTC s B;Szr;L7C J-� Q Ó

v GH|UCFK0LBDC Ò CFZbZ�×\NDCTcuKDCFN ] CFB;SF|oGdP J PUh;@ s Ii� K,Y;VfC J PqY;EÑSUK;SUZd[,LGHRTSUZ,VfP,N;CFZHE=B;S�|UC ] CTCFK0r J PUr�PqE7CFN
L7PQCpÖor J CFEE�LBDC�SF|UC J SznUC<@ s I LB J PqY;nqBDruYDL	GHKfEL7CFSUND[M×\ELSzL7C�SUE3Sth�YuK;RpLGdPqK�PUh�LBDC!Y;KuNDC J Zd[oGHKDn4ruSzLB
R�BuS J SURpL7C J GHE7LGbRTE�P J LBDCQNDCTLSUGbZHEÐPUhiRpPqV�r-CTLGbKDn;,;P Ò E#¡ x �o� ¥ �o� {+� �N� { �N� � � ¤TyUy.¢ Ó @�BDCT[�N;G�Ø�C J GHK·LBDC
L\[,r�C·PUh4V�SzLBDCFVWSzLGHRTSUZ�VfPoNDCFZÐGHKM|UPqZH|UCFN � C Ó n Ód� r J P ] S ] GHZbGdL\[ÙVfPoNDCFZHE � kgYDCFY;CFGHKDnÎVfP,N;CFZHE � RpPqKML J PqZ
LBDCTP J GHCFE � nqSUVfCtLBDCTP J GdCFE � PUruLGHV�GdéFSzLGdPqK�r J P ] ZdCFV�E � SUK;N�,uY;GHN�VfPoNDCFZHE Ó @�BDCT[�SUZHE7P�N;G�Ø�C J GHKWL7C J V�E
PUhwRpPqVfreZdCpÖoGHL\[�SUK;N·SURTRTY J SURp[ � V�P,NDCFZbGHKDn0SUEE�Y;Vfr;LGdPqKuE � SUK;N·@ s I ,uS�|UP JFÓ @�BDC<VfPoNDCFZ ] [ I SUN;Bg[UC
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CTLQSUZ Ó ¡�¤TyUy/¢ ��Õ KDP Ò KÏSUE<LBDCô?�ü �"! VfPoNDCFZ � GHE�PqKDCfPUh3LBDCfVfPqE7Ltr�PUruY;ZHS J ] CFRTSUY;E7CfGdLtGHE�PUh3RTZHPqE7Cp×
h�P J VÈSUKuNWLBDC4ruS J SUVfCTL7C J E J CFkgY;G J CFN�S J C J CFZHSzLGd|UCFZH[fCFSUE7[�L7PÔP ] LSUGHK Ó @�B;SzL�VfPoNDCFZuCpÖor J CFE�E7CFE3@ s I
LB J PqY;nqBDruYDL$# SUE�S�h�Y;K;RpLGdPqK�PUhiLBDCQZdPqEEÐCT|UCFKgL�r J P ] S ] GHZHGdLÜ[ ^ SUK;N�j!PqY;K;No×\@ J Gdr·@�GHVfC�P�j>@�@-Q3PUh
LBDC),uP Ò ] � SUE Ò CFZbZ�SUE!E7PqVfC0r J PUr�C J LGdCFE�PUh>LBDCR,;P Ò GdLE7CFZHhÜ~#&%�V�GbK '( )

]�* +-,/.021 ]"3 V�GHK�P¡¤54 * 0 ,/.6 Q ^ P¡¤ 1 ¥Ux ^ + Q 487 ]:9; P¡¤�Q

a KgP¡¤�Q � 7 GHE�LBDCQ@ s I VWS�ÖoGHVÔY;V`RpPqKDnUCFELGdPqK Ò GHKuNDP Ò EGHéTC � ) GHE�LBDCQ@ s I N;SzLS�ECTnqVfCFKML4EGdéTC �
]"< GHE�LBDC<@ s IÊJ CTL J SUKuEV�GHEE�GdPqKfLGHVfCTPqY;L3r�C J GdPoNWSUKuN>=!GHE3LBDC�K,Y;V ] C J PUhÑK;C Ò E7CTnqV�CFKMLE J CFZHCFSUE7CFN
r�C J KDC Ò ? s ã Ó�����������?� �;�7�z�D�8�µ�p�e��ý<�p�,��}�� �z�

@ s I L J SUK;EGdCFKgL ] CFB;SF|oGdP J L\[,ruGHRTSUZHZH[ J CTh�C J E�L7PÙGdLEfRpPqKg|UC J nUCFK;RpCOr J PUr�C J LGdCFE�SUK;N J CFE7r�PqK;E�Gd|UCFKDCFEE
L7P·R�B;SUKDnUCFE<GHKÍKDCTL Ò P JÕ RpPqK;N;GdLGdPqKuE	¡�¤����+¢ Ó ? KgY;V ] C J PUh�V�P,NDCFZbE!B;S�|UC ] CTCFKÍr J PUr�PqE7CFN©L7P·E7LY;N;[
LBDPqE7C!r J PUr�C J LGdCFEF¡¤�zx � �.�f¢ Ó>å BDCFKWGdL	GHE	GHV�r-P J LSUKML>L7P Õ KDP Ò LBDC�h�Y;ZHZoND[oK;SUV�GHRTE>PUh�KDCTL Ò P J�Õ L J S�WR �
C Ó n Ód�oÒ BDCFK�NDCFEGdnqK;GbKDntKDC ÒèJ PqY;L7C J k,YDCFY;GHK;nQER�BDCFV�CFE�P J @ s I ×µh J GHCFK;N;Zd[QL J SUK;E7r�P J L	r J PUL7P,RpPqZHE � EY;R8B
VfPoNDCFZHEÔRTSUK ] C�Y;E7CFN6L7PÏRpPqVfruZdCFVfCFKgLÔLBDC�EL7CFSUND[M×\ELSzL7CO@ s I VfPoNDCFZHE ÓÍå B;CFKÊN;CT|UCFZdPUruGHKDnÍLBDC
LB J PqY;nqBDruYDL�r J CFN;GbRpLGdPqKo× ] SUE7CFNÀEGHVÔY;ZHSzLGHPqK VfCTLB;P,N�GHK s B;SzruL7C J��,��Ò CÙZdCT|UC J SznUCÏr J GHP J�J CFE�Y;ZdLE
S ] PqYDL	@ s I L J SUK;EGHCFKML ] CFB;S�|,GdP J L7P2GHE7PqZHSzL7C�GdLE�GHVfruSURpL%PqKfLB;C�CFE7LGHV�SzL7C!PUh-LB;C�E7L7CFSUND[g×\E7LSzL7C�@ s I
LB J PqY;nqBDruYDL Ó
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@�BDC�LB J PqYDnqB;ruYDL0r J CFN;GHRpLGdPqK Ò C·N;GHE�RTY;EE0B;C J C�SUK;NÊY;E7C·GHK s B;Szr;L7C J ¥©PUh!LB;GHE2LBDCFEGHE �>J CTh�C J E2L7P
CFE7LGHVWSzLGHKDn·LBDCfLB J PqY;nqBDruYDL�PUh�S�@ s I ,;P Ò ue�����z� L7P©SURpLY;SUZbZd[»ELS J LGHKDn·LBDC',;P ÒQÓfÚ PULGbRpCfLB;SzL
LB;GHEÔGHEÔSÎN;G�Ø�C J CFKML�KDPULGdPqK6LB;SUKÊLB J PqY;nqBDruYDL �������~w��U��� �z� Ó @�B;C�ZHSzL7L7C J GHEÔr�C J h�P J VfCFN Ò B;GHZdC�LBDC
,;P Ò �l�2���(ue�7��q�7�p��� �wÒ B;GHR8BÍGHE�VÔY;R�B»CFSUEGdC J L7P�SURTRpPqVfruZbGHEBOSUKuN»GbE!LBDC Õ CT[©L7CFR8B;K;GHk,YDC Ò CfY;E7CÔGHK
s B;SzruL7C J-�,Ó

7�K;ZHG Õ COLBDCOr J CFN;GHRpLGdPqKâPUhtj>@�@ÃSUK;NèZHPqEE J SzL7C ��Ò B;GHR�B RTSUK ] C ] SUE7CFNáPqKÀN;G J CFRpL�SUK;NèZdP Ò ×
P�|UC J BDCFSUNèVfCFSUE�Y J CFVfCFKgLE � r J CFN;GHRpLGbKDn»@ s I LB J PqY;nqBDruYDLfGHEfEGHnqK;GdcuRTSUKgLZd[�B;S J NDC JFÓ XiG J E7L � @ s I
LB J PqY;nqBDruYDL�NDCTr�CFK;N;E2PqKâSÎZHS J nUC©K,Y;V ] C J PUh4h�SURpL7P J E � GHK;RTZHYuN;GHKDn©LB;C�L J SUK;E7h�C J EGdéTC � V�S�ÖDGHVÔY;V
E7CFK;N;C Jd�}J CFRpCFGd|UC J�Ò GHK;N;P Ò E � |�S J GHPqY;E%ruSzLB�R�B;S J SURpL7C J GHE7LGHRTERP�j>@�@ � ZHPqEE J SzL7C � S�|�SUGHZbS ] ZdC ] SUKuN Ò GHNDLB �

¤U¤



LBDCWKuSzLY J CWPUh�R J PqE�EQL J S�WR �>J CTP J NDC J GHKDn �ÑJ PqYDL7C Jd� E Ò GdLR�B ] YoØ�C J GHKDn � SUK;NÙPULBDC J EhQ<SUK;N�LBDC�CpÖDSURpL
GHVfreZdCFVfCFKgLSzLGdPqK�PUhi@ s I SzL�LBDCtCFK;ND×\BDPqE7LE Ó3à CFRpPqKuN � N;G J CFRpL�VfCFSUE�Y J CFVfCFKgL�PUhi@ s I LB J PqY;nqBDruYDL
Y;EGbKDn�ZHS J nUCA@¡r J P ] GHK;n�BfL J SUK;E7h�C J E4RTSUK ] C0B;GHnqB;Zd[�GbKML J YuEGd|UC ] CFRTSUY;E7C0LBDC2ZHSzL7L7C J RTSUK»ESzLY J SzL7CÔLBDC
Y;K;N;C J Zd[oGHKDn<ruSzLB;E3hlP J EGdnqK;GHcuRTSUKML�LGHVfC!r�C J GHP,N;E Ówå B;SzL�GbE J CFSUZHZH[�N;CFEG J CFN�GbE ���d��z�x7��}z�T���o���.sÎ�at ?
���M�7�z�q�z�qu-�o��ue���sU���������z�á�\���p�M�u�DCF�;�����,�q�<�T�����o�T�W��}��U�{s��$u-�¡�H�T�l�,�Î���¡�z�;�l�F�p�8���z���µ��g�F���o�p�FE<�z�W�7�GCT�o�l����
�z�;� ����� ��w����\��s���w��z�o�u���¡�ùue�¡���p���g�����7�IHè� Ó
þ�í>è+î�òjñ~çb2<øjçkó ëWõOò#ú�è+í>ò�ö>ú�ûjò�é�!)è+ë�õ>õ~ð/é}õ~í>ï j!CFRpCFKMLZH[ � ECT|UC J SUZMZdP Ò ×µP�|UC J BDCFSUN2@ s I LB J PqYDnqBo×
ruYDLtr J CFN;GHRpLGdPqK�ER�BDCFV�CFE2B;S�|UC ] CTCFKÏr J PUr-PqECFNÙGHKÏLBDC�ZHGdL7C J SzLY J C&¡ x �o� {.� � ¤F¥U¥ � ¤F¥/� � ¤��Mx+¢ Ó �<KDC
RTSzL7CTnUP J [ PUhQLBDCFE7C»ER�BDCFV�CFE ��Ò B;GbR�BèGbE�RTSUZHZHCFNèXDP J VÔY;ZHS�× ] SUE7CFN:P�X æ Q�r J CFN;GbRpLGdPqK �ÐJ CFZd[*PqKÀSUK;S�×
Zd[,LGHRTSUZ�LB J PqYDnqBDruY;L�VfP,N;CFZHEWSUE�NDCFER J G ] CFNèGHKáLBDCÍr J CT|oGdPqY;E�E�Y ] E7CFRpLGdPqK Ó @!B J PqYDnqBDreYDL�VfPoNDCFZHE
Ò C J C4GHKuGdLGHSUZHZd[0r J PUr�PqE7CFN�L7P ���p����w��U�\� @ s I ×µCFk,Y;Gd|zSUZdCFKML%LB J PqYDnqBDruY;L�GHK�@ s I ×\X J GHCFK;N;Zd[Ôj!SzL7C s PqKo×
L J PqZ�¡ ���+¢ � nqGd|UCFK�CFE7LGbV�SzL7CFE�PUh>LBDC J CFZHCT|�SUKgL�ruSzLB©R8B;S J SURpL7C J GbE7LGHRTE#¡ ¥ �D� ¤TyUy�¢ÑVfCFSUE�Y J CFN©N;Y J GHKDnÔLBDC
,;P ÒQÓ ?4KDPULB;C J VfPULGd|zSzLGdPqK*hlP J E7PqVfC�PUh�LBDCFE7C©VfPoNDCFZHE�B;SUE ] CTCFK*L7P ue���sU����� KDCTL Ò P JÕ R�B;S J SUR�×
L7C J GHELGHRTE�¡ ��� ��� � � ¤TyUy�¢ Ó X æ r J CFNuGHRpLGdPqK;EÔSzr;ruZd[�L7P»LB J PqYDnqBDruY;LÔVfPoNDCFZHEÔLBDC·ruSzLBâR8B;S J SURpL7C J GbE¡×
LGHRTE�VfCFSUEY J CFNèr J GdP J L7P6LBDC¥,;P Ò L7P6r J CFN;GHRpLfLB;CÍ@ s I ,;P Ò LB J PqYDnqB;ruYDL Ó X;P J GHKuE7LSUK;RpC � LBDC
LB J PqY;nqBDruYDL¡×µPUr;LGbV�GdéFGHKDn J PqYDLGbKDntRpPqVfr�PqKDCFKML�PUh�jF� Ú h�PqZHZdP Ò E%LBDC�X æ Szr;r J PqSUR�B�¡ x � ¢ � r J CFN;GHRpLGHKDn
@ s I LB J PqYDnqBDreYDL ] SUE7CFN�PqK©LBDCJ@7Ek,Y;S J Cp× J P,PULKB�h�P J VÔY;ZHS¥¡ � �+¢wSUK;N©LBDC0j>@�@ � ZdPqE�E J SzL7C0VfCFSUE�Y J Cp×
VfCFKgLE�P ] LSUGbKDCFN ue�����z� L7PWLBDC),;P ÒQÓ

å B;GHZdCfLB J PqYDnqBDruY;L0VfPoNDCFZHEQS J C�Y;E7CFNÏh�P J r J CFN;GHRpLGHPqK Ò BDCFK�SOruSzLB�GbE0ZdPqEE[ � GdL2GHEQKDPULÔRTZdCFS J
Ò B;SzL Ò PqY;ZHN ] CÎS�nUP,PoNÀV�P,NDCFZ!hlP J r J CFN;GHRpLGdPqK Ò BDCFK LBDCÍreSzLB GHE�ZdPqEE�ZdCFEE Ó �<KDCÎRTY;E7L7PqV�S J [
Szr;r J PqSUR�B L7PÊNDCFSUZ Ò GdLB ZdPqEEZdCFE�E�ruSzLB;E�GHE�L7PÊr J CFNuGHRpL�LBDC»@ s I LB J PqYDnqBDreYDLWSUE�LBDC ��}z�z�����H�T�d�
��U�>s�z%�ÖsU��� PUh4LBDC�ruSzLB*r J GdP J L7PÏLBDC©@ s I ,;P ÒQ��Ò BDCFKÊLBDC�,;P Ò GbEfZHGHV�GdL7CFN ] [6GdLEfV�S�ÖDGHVÔY;V
Ò GHKuNDP Ò EGHéTC�¡ �/�o� ��y � ¤TyH�f¢ Ó s C J LSUGHKÎP}|UC J ZHSF[ J PqYDLGHKDn�ER8BDCFVfCFE0BuSF|UCWr J PUr�PqE7CFNÏY;EGHK;n·S�|�SUGbZHS ] ZdC
] SUK;N Ò GHNDLBÎh�P J @ s I LB J PqYDnqBDruY;LQr J CFN;GbRpLGdPqKÙGHK6ZdPqEEZdCFE�EQruSzLB;E(¡ x � ¢ Ó ?4|zSUGHZHS ] ZdC ] SUK;N Ò GbNDLBÏGHE
LBDC·KDPqKo×\YDLGbZHGdéTCFNÏruS J L0PUh�LBDC�LGdnqBgLÔZbGHK Õ   EQRTSzruSURTGdLÜ[ � SUK;N6GdLÔRTSUK ] C�VfCFSUE�Y J CFNÊKDPqKo×\GHKgL J Y;EGH|UCFZd[
¡¤��y�¢ Ó
?�ZdLBDPqYDnqBOX æ r J CFN;GHRpLGdPqKuE�S J C0Y;E7CFN©h J CFk,YDCFKgLZd[ � LBDC J C0B;SUE ] CTCFK©ZHGHL7LZdCtCFVfruG J GHRTSUZ-CT|�SUZHYuSzLGdPqK

PUh%LBDCFG J SURTRTY J SURp[ � P J SWR J GdLGHRTSUZiSUK;SUZd[oEGHE�PUh	LB;C0h�SURpL7P J E<LB;SzL4S�Ø�CFRpL<LBDCFG J SURTRTY J SURp[ Ó s B;Szr;L7C J ¥
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PUh%LB;GHE!LBDCFEGHE�GHE!LBDC2c J E7L�L7P·Y;E7CÔE7[,EL7CFV�SzLGHRÔVfCFSUEY J CFV�CFKML�SUK;NÍSUKuSUZd[gLGbRTSUZwE7LY;NuGdCFE�L7P�CT|�SUZbY;SzL7C
LBDC J CFSUZ�× Ò P J ZHN»SURTRTY J SURp[»PUh3X æ r J CFN;GbRpLGdPqK;E � SUK;N»L7P J CT|UCFSUZ>LBDCfV�S}�7P J RTSUY;E7CFE<PUh3C JJ P J hlP J X æ
r J CFNuGHRpLGdPqK;ET~�P¡¤�QtN;G�Ø�C J CFK;RpCFE ] CTL Ò CTCFK�LBDC�S©r J GdP J G%VfCFSUEY J CFVfCFKgLE0PUh�j>@�@#SUKuN�ZdPqEE J SzL7C � P x.Q
N;G�Ø�C J CFK;RpC ] CTL Ò CTCFK2LBDC�S�|�SUGbZHS ] ZdC ] SUK;N Ò GHN;LB�SUKuNQLBDC�@ s I LB J PqYDnqBDruY;L�LB;SzLwGHEÑSzL7LSUGHK;S ] ZdC�¡�¤TyH�f¢ Ó

@�B;CÍr J P ] ZdCFV PUh0Y;EGbKDn6LB J PqYDnqBDruY;LWh�P J V2YuZHSUE�hlP J r J CFNuGHRpLGdPqKÀB;SUE ] CTCFKÀK;PUL7CFN ] CTh�P J C ] [
v P}[qSUZwCTL!SUZ Ó ¡ {.�f¢ Ó @!BDCT[�E�BDP Ò LB;SzL�LBDCQCFKuNo×µL7Pz×µCFK;N©reSUR Õ CTL<ZdPqEE J SzL7C ^ PqKOSfreSzLB©RTSUK ] C0k,Y;GdL7C
N;G�Ø�C J CFKgL3h J PqVßLBDCL@7RpPqKDnUCFELGdPqK�CT|UCFKgL�r J P ] S ] GHZHGdLÜ[8B ^NM J CFk,Y;G J CFN ] [WLBDC I SUN;Bg[UCQVfPoNDCFZ�P¡¤�Q � SUK;N
LBDCT[ÙB;S�|UC�r J PUr�PqE7CFNÙS Ò S�[ÏL7P»NDC J Gd|UC ^ M h J PqV ^ Ó·Ú PULGHRpC�LBDPqYDnqB � LBDCFG JQÒ P J�Õ NDPgCFEÔKDPULÔE7PqZd|UC
LBDC�VfP J CfnUCFKDC J SUZ	r J P ] ZdCFVÃPUh�CFE7LGHV�SzLGHK;n�LBDCfruSzLBÙR8B;S J SURpL7C J GHELGHRTE0N;Y J GHKDn�S�,;P Ò h J PqVÝLB;PqE7C
P ] E7C J |UCFN�r J GdP J L7PWLBDC),;P ÒQÓ

%Íõ~óqéfíNè��L2<ø�çkó�ë�õ ò#ú�è+í>ò�ö>ú�ûjò�é¥!)è+ë�õ>õ~ð/é}õ~í>ï ?�KDPULBDC J RTSzL7CTnUP J [»PUh�Szr;r J PqSUR8BDCFEtL7P�LB J PqYDnqBo×
ruYDL3r J CFN;GbRpLGdPqK �MÒ B;GHR�B�GHE�RTSUZHZdCFN�B;GHE7L7P J [g× ] SUE7C;P Þ4æ Q�r J CFNuGHRpLGdPqK;E � Y;E7C�E7LSUK;N;S J N�LGHVfC�E7C J GdCFE3h�P J Cp×
RTSUE7LGHK;n�L7CFR8B;K;GHk,YDCFE4L7P�r J CFN;GHRpL!@ s I LB J PqYDnqBDruY;L ] SUE7CFNÍPqKÍS�B;GHEL7P J [·PUh	LB J PqYDnqB;ruYDL!VfCFSUE�Y J Cp×
VfCFKgLEWh J PqV r J CT|oGdPqY;Ef@ s I L J SUK;EhlC J EWPqKáLBDCÍESUVfCOreSzLB Ó @�BDCFE7COSzrur J PqSUR�B;CFE�S J COr J GHV�S J GHZd[
] SUE7CFN6PqKÊLBDC·E7LSzLGdPqK;S J GHL\[�SUK;N6r J CFNuGHRpLS ] GHZHGHL\[»PUh!KDCTL Ò P JÕ L J S�WR�SUKuN�ruSzLB*RpPqK;NuGdLGdPqK;E�¡�¤Ty � ¢ Ó
Þ�æ r J CFN;GHRpLGdPqKÊGHE�Szr;ruZbGHRTS ] ZdC�PqK;Zd[ Ò B;CFKÊZbS J nUC�@ s I L J SUK;EhlC J EfS J C�r�C J h�P J VfCFN J CTr�CFSzL7CFN;ZH[ÙPqK
LBDC·ESUVfC�ruSzLB Ó �%Öor-CFNuGdCFKMLZH[ � LB;GbE0GHE2LBDC�RTSUEC Ò GdLB�E7PqV�C�Szr;reZHGHRTSzLGdPqK;E0PUh!@ s I LB J PqY;nqBDruYDL
r J CFNuGHRpLGdPqKg¡ x �o� �/� � ¤��qy�¢ Ó

Þ�æ @ s I LB J PqYDnqBDruYDL�r J CFNuGHRpLGdPqKÎB;SUE ] CTCFKÎr J CT|oGdPqY;EZH[OE7LY;N;GHCFN � VfPqE7LZd[»GHK»LBDC�RpPqKML7CpÖoL0PUh
v J GbNÀRpPqV�ruYDLGHKDn ¡�¤F¥U¥ � ¤F¥/� � ¤��qy � ¤��Mx/¢ Ó �<K;C»PUr�C J SzLGHPqK;SUZ<E7[,EL7CFV�GHE�LBDC Ú CTL Ò P J�Õ å CFSzLBDC J
à C J |oGHRpC�P Ú!å'à Q2r J P��¡CFRpL¥¡�¤��M¥+¢ ÓÙa K Ú!å'à-� LB J PqY;nqBDruYDLÔr J CFN;GbRpLGdPqK�GHE ] SUECFN*PqKÊE�V�SUZHZ$P � �qã æ Q
@ s I L J SUK;E7h�C J r J P ] CFE Ò GHLBÏS©ZHGHV�GHL7CFN»EP,R Õ CTL ] YoØ�C J EGdéTC�P ¥Uxzã æ Q Ó�` SzéFB Õ Y;N;SUG%CTL2SUZ Ó Y;E7C ] YuZ Õ
@ s I L J SUK;E7h�C J E�P¡¤ �Oæ ×�¤ v æ Q�SUKuN SÊZbS J nUCÏE7P,R Õ CTL ] YoØ�C J P¡¤ �Oæ Q � r�C J h�P J VfCFNÀE7r�P J SUN;GbRTSUZHZd["P¡¤
V�GHK,YDL7Cp×�¤<BDPqY J Q�¡�¤F¥/�+¢ Ó @!BDCT[�EB;P Ò LB;SzLÐ|�S J GdPqY;EÐZHGHKDCFS J r J CFNuGHRpL7P J E$P�GHK;RTZHY;NuGHKDn0?�j a7� ?AVfPoNDCFZHEhQ
r�C J h�P J VÇEGbV�GHZHS J ZH[ � SUK;NÍLB;SzL<LBDCÔS�|UC J SznUCfr J CFNuGHRpLGdPqK©C J�J P J PqKÍL Ò P·ruSzLBuE J SUK;nUCFE4h J PqV ¤TyHTÇL7P
xU{.T Ó ¢�B;SUK;n4CTL	SUZ Ó CpÖDSUV�GHKDCÐ@ s I LB J PqYDnqBDruYDLir J CFNuGHRpLS ] GHZHGHL\[ ] SUE7CFNÔPqKfS<ZHS J nUC�E7CTL>PUhureSzLB;E%SUK;N
L J SUK;EhlC J E'¡�¤F{U{+¢ Ó @!BDCFG J @ s I LB J PqYDnqB;ruYDL4V�CFSUEY J CFVfCFKgLEtY;E7C·¤ �Íæ L J SUK;E7h�C J E!r�C J h�P J VfCFNÍCT|UC J [
V�GHK,YDL7C �ÐÒ GdLB xzyUyUã æ E7PoR Õ CTL ] YDØ-C J E Ó @!BDCFG J V�SUGbK J CFEY;ZHLEWS J CÍLB;SzLÍ¤�Q Ò GdLBáECT|UC J SUZ4E�GHVfruZdC
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ZHGHK;CFS J r J CFN;GHRpL7P J E � S ] PqYDL3�U{.T PUh�LB;C©r J CFN;GbRpLGdPqKÊC JJ P J E�S J C ] CFZdP Ò �qyHT � SUKuNèx.QÔr J CFNuGHRpLGdPqK;E
Y;EGbKDn�S�|UC J [»ZdPqKDn·B;GHE7L7P J [eP�C Ó n Ód�i� P}|,GHK;n·?4|UC J SznUC Ò GHLB6¤Fx � ESUV�ruZdCFEhQ�r�C J hlP J V J SzLB;C J r�P,P J Zd[ Ó
?5E7LYuND[ ] [�8<GHSzP�CTLtSUZ Ó B;SUE<EBDP Ò KOLB;SzL<LBDC�r J CFN;GHRpLS ] GHZbGdL\[·PUh�KDCTL Ò P J�Õ L J S�WR�GHE�B;GdnqBuZd[·ruSzLB
NDCTr�CFK;NDCFKgL�¡�¤Ty � ¢ Ó#� SzLB;CFV�SzLGHRTSUZtVfPoNDCFZHE÷P�EY;R8BÀSUE �»�ÍI�I Q�B;S�|UC ] CTCFKÀr J CT|,GdPqYuEZd[âY;E7CFN L7P
SUK;SUZd[,éTCQLBDCtr J CFN;GHRpLS ] GbZHGdL\[WPUh>SznUn J CTnqSzL7CÔKDCTL Ò P J�Õ L J S�WR3¡�¤FxU¥�¢ � B;P Ò CT|UC JF� LBDCT[�S J C2KDPUL�N;G J CFRpLZH[
Szr;ruZbGHRTS ] ZdC�L7P�LBDCQr J CFN;GHRpLS ] GbZHGdL\[WPUhi@ s I LB J PqY;nqBDruYDL Ó

��|UCFK©LBDPqYDnqB©LBDCQr J CT|oGdPqY;E Ò P JÕ PqK Þ�æ r J CFN;GHRpLGHPqK�GHE�EY ] ELSUKMLGHSUZ � GdL�ZdCTh�L�LB J CTC0GHV�r-P J LSUKML
PUr�CFK�GHEEYDCFEÑLB;SzL Ò C�SzL7L7CFVfruL%L7P<SUNuN J CFEE Ò GdLBÔLB;GHEÑLBDCFEGbE Ó X>G J EL � GdLiNuGHN0KDPUL%N;GbE7LGHKDnqY;GbEB ] CTL Ò CTCFK
RpPqKDnUCFE7LGHPqKo×\ZHGHV�GHL7CFN�SUK;N Ò GHK;NDP Ò ×\ZHGHV�GHL7CFN;,;P Ò E�OgLÜ[gruGbRTSUZHZd[ � LBDC�ZHSzL7L7C J B;SF|UC<S0EVWSUZHZ;E7PoR Õ CTL ] YoØ�C J
SzL�LBDC J CFRpCFGd|UC J P J E7CFK;NDC J RpPqV�ruS J CFN�L7P�LB;CQruSzLB�  E ] SUK;N Ò GHN;LBo×\NDCFZHS�[�r J PoN;Y;RpL � SUK;NOE7PfLBDCT[�NDP
KDPULtGHVfr�PqE7C�S·BDCFSF|,[ÎZdPqSUN»PqKÎLBDCfKDCTL Ò P JÕ-Ó�à CFRpPqK;N � LBDC�r J CT|oGdPqY;E Ò P JÕ N;GHN»KDPUL<CpÖoSUVWGHKDC�LBDC
CpØ�CFRpL�PUh!LBDC�@ s I L J SUK;E7h�C J h J CFk,YDCFK;Rp[6PqK*LBDC Þ4æ r J CFNuGHRpLGdPqK*SURTRTY J SURp[POÐLB;GHEÔh J CFkgYDCFKuRp[6GHE�S
R J Y;RTGbSUZ�ruS J SUVfCTL7C J h�P J!Þ�æ r J CFN;GbRpLGdPqK Ó @�B;G J N � r J CT|,GdPqYuE Ò P JÕ B;SUE�K;PUL�GHKM|UCFELGdnqSzL7CFN©LBDCQYuK;NDC J ×
Zd[oGHKDn�ruSzLB6R�B;S J SURpL7C J GHE7LGHRTE0LB;SzL2N;CTL7C J V�GHKDCWLBDC�r J CFNuGHRpLS ] GHZHGHL\[OPUh�@ s I LB J PqYDnqBDruYDL Ó�a KuE7L7CFSUN �
LBDC�Y;KuNDC J Zd[oGHKDn!K;CTL Ò P JÕ ruSzLBfB;SUE ] CTCFK�|oGdC Ò CFNfSUE�SL@ ] ZHSUR Õ ] PFÖ�B � SUK;NfEPQGdL Ò SUE	K;PUL%r-PqE�EG ] ZdC3L7P
J CFZHSzL7C�GHLE%R�B;S J SURpL7C J GHE7LGHRTE�P�E�Y;R�B�SUE�ZdPqSUNfSUK;NfNDCTn J CTC�PUh�E7LSzLGHELGHRTSUZ;VÔY;ZdLGdruZHCpÖoGHK;n�Q�L7PtLBDC J CFE�Y;ZdLGHKDn
@ s I LB J PqYDnqBDreYDL�r J CFN;GbRpLS ] GHZHGdLÜ[ Ó

Ù;�qÙ � ���X�RQ6ã��SQT� ����� Ú�ß-�iãW��ÜÝ� �-�¥å �����X���<�-ßVU �Aã�� ���XWa�
*Læy*�æ{
 ófý>ëWè�ýwõ~ë�ÿ

?�K0P}|UC J ZHSF[2KDCTL Ò P JÕ RpPqK;E�GHE7LE=PUh;RpPqZbZHS ] P J SzLGHKDn!K;P,NDCFEwLB;SzLihlP J VìSUK0SzruruZHGHRTSzLGdPqK2ZHSF[UC J h�P JÒ S J N;GHKDn
KDCTL Ò P JÕ-� SUK;NÙreSUR Õ CTLEÔP J V�CFEESznUCFEÔS J C J PqY;L7CFN�GHKÏLB;CWP�|UC J ZHSF[�K;CTL Ò P JÕ SURTRpP J N;GHK;nOL7PÍRpC J LSUGHK
Y;E7C J ×µr-C J RpCFGd|UCFNèr�C J h�P J V�SUKuRpC»R J GHL7C J GHS6P J SzruruZHGHRTSzLGdPqKÀZHS�[UC J VfCFEESznUCÏE7CFV�SUKgLGHRTE Ó @!BDC»YuE7CÍPUh
P�|UC J ZHSF[WNuSzL7CFE ] SUR Õ L7P �Íæ PqK;C�¡ � � ¢ �gÒ BDC J C!SQn J PqYDrWPUh�KDPoNDCFE%h�P J VÈSthlP J�Ò S J NuGHKDnQKDCTL Ò P JÕ L7P2LBDC
ruY J r-PqECtPUh%n J SUN;Y;SUZÑNDCTruZdP}[,VfCFKgL!PUh a KgL7C J KDCTL�V2Y;ZHLGHRTSUE7L Ó j�CFRpCFKgLZd[ � LBDC J CÔGHE!S�EY J nUC2PUh	GHKgL7C J CFE7L
GHK P�|UC J ZbSF[ KDCTL Ò P JÕ J CFE7CFS J R8B �4Ò BDC J CÎKgY;V�C J PqY;E�r J PUr�PqESUZHE�CpÖDGHE7L�LB;SzL©Y;E7C»P�|UC J ZbSF[�KDCTL Ò P JÕ E
h�P J Szr;reZHGHRTSzLGdPqK©ZbSF[UC J V2YuZdLGHRTSUE7L;¡�¤Fxo¤�¢ � s PqKML7CFKgLtm�GbE7L J G ] Y;LGdPqKg¡¤�/�f¢ � r-CTC J ×µL7Pz×µr-CTC J EB;S J GHKDn&¡ ¥ � ��¢ �
8<Y;SUZbGdL\[�PUh à C J |,GbRpC3¡�¤F¥Ux+¢ � PUr;LGHVWGdéTCFN J PqYDLGHK;n�¡ x �o� ¤F¥ � ¢ � SUV�PqKDn�PULBDC J E Ó

@�B;C4r�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV J CTr J CFE7CFKMLE�PqKDC J CFZbSzLGd|UCFZd[�CFS J ZH[WSzr;ruZHGbRTSzLGdPqKWPUhÑP�|UC J ZbSF[·KDCTL Ò P JÕ E �

¤��



SUK;NÍGdL!GHE ] CFGbKDnf|,GHC Ò CFN»SUE4S�KDP�|UCFZiSzr;r J PqSUR�BÍhlP J r-CTPUreZdCQL7P·EB;S J C J CFE7PqY J RpCFE�EY;R8BOSUE4cuZdCFE#¡ ¥ � �/¢
SUK;N�RpPqV�ruYDLGHKDnQRp[oRTZdCFE�¡�¤Fx�¢ � P J L7P0EYDrur-P J L>RpPqZbZHS ] P J SzLGd|UC�LSUE Õ E � SUVfPqKDn2S0ZHS J nUC!K,Y;V ] C J PUh�YuE7C J E
N;GHEL J G ] YDL7CFN6SUR J PqEEfLB;C a KgL7C J KDCTL Ó @!BDC�n J P Ò GHK;n»r�PUruYuZHS J GdLÜ[ÏPUh!r�CTC J ×µL7Pz×µr�CTC J Szr;ruZHGbRTSzLGdPqK;EÔB;SUE
GHK;EruG J CFNÏK,Y;VfC J PqYuE J CFECFS J R�B*SURpLGd|oGdLGdCFE � V�SUKg[ÙPUh Ò BuGHR�BÊGHKg|UPqZd|UC�VfPoNDCFZHGbKDnp¡ {U{ � �z{ � ¤F{.��¢ � SUK;N
S J R8B;GdL7CFRpLY J C0P J r J PUL7PoRpPqZwNDCFE�GdnqK;EÐL7PWGHV�r J P�|UCtLB;CFG J ERTSUZHS ] GHZHGdLÜ[WSUK;N�r�C J h�P J V�SUK;RpC3¡ � x � �;¤d¢ Ó

*Læy*�æ�* �ôëWó íÇò�è+ð.ëÙú9çNï�çköNëbîeëbïÇéWõ{ï�ófý>ëWè�ñ�ç��
j�CFEPqY J RpCWV�SUKuSznUCFVfCFKML2GHE Õ CT[ÎL7P©LBDC�ERTSUZbS ] GHZHGdLÜ[OPUhÐSUKM[ÏE7[oE7L7CFV Ó @!BDCfn J P Ò GHKDn�r�PUruY;ZHS J GdL\[©PUh
r�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�E�SUK;NâP}|UC J ZHSF[ KDCTL Ò P JÕ EWV�S Õ CFE�P�|UC J ZbSF[èKDCTL Ò P J�ÕÊJ CFE7PqY J RpCOVWSUK;SznUCFVfCFKgL
R J Y;RTGbSUZ�L7PWV�SUGHKgLSUGHK�LBDCQB;CFSUZdLB�PUhiLBDC a KML7C J K;CTL Ó

Ú Y;VfC J PqYuE0NDCFVfPqKuE7L J SzLGdPqK;EÔB;S�|UC ] CTCFKÙr�C J h�P J VfCFNÙLB;SzLÔE�YDnUnUCFE7LÔLB;SzL0LBDC�r�C J hlP J V�SUK;RpCWPUh
r�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�EfGHEÔB;GdnqB;ZH[ÙNDCTr�CFK;NDCFKgL0PqK*LBDC�Y;K;N;C J Zd[oGHKDn©KDCTL Ò P JÕ R�BuS J SURpL7C J GHE7LGbRTE¥¡�¤U¤F{ �
¤U¤ �o� ¤FxU{/¢ Ó �<K�LB;CÏPULBDC J B;SUK;N � GdL�B;SUE�SUZbE7P ] CTCFK EBDP Ò K�LB;SzL�r�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�E©B;S�|UC
EGdnqKuGdcuRTSUKgL�GHV�ruSURpL�PqKÀLBDC J CFEL�PUh0LBDCÏKDCTL Ò P JÕ ¡�¤Fx.�f¢ Ó XDP J CpÖDSUVfruZdC � GdL·GHE�S J nqYDCFN GHK ¡�¤U¤ � ¢
LB;SzLQLB;C v K,YDL7CFZHZHS�KDCTL Ò P J�Õ E Ò GHZHZ>KDPUL2ERTSUZdC�CT|UCFKgLY;SUZHZd[ ] CFRTSUY;E7C�LB;CWKDCTL Ò P JÕ RTSUK;KDPULÔEYDr;r�P J L
LBDCWZbS J nUC ] SUK;N Ò GHNDLB»LBDCT[ÏNDCFV�SUKuN Ó�a K ¡�¤U¤F{+¢ � GdLQGHEQNDCFV�PqK;E7L J SzL7CFN�LB;SzLQLBDC v KgYDL7CFZbZHS�|oG J LY;SUZ
KDCTL Ò P JÕ L7PUr-PqZHPUnU[ÙNDPgCFE2KDPUL2VWSzLR�BÊLBDCWreBM[oEGHRTSUZ3KDCTL Ò P JÕ L7PUr�PqZdPUnU[ � LB,Y;EQruY;L7LGHKDnOSUN;NuGdLGdPqK;SUZ
E7L J CFE�EÐPqK·LBDCtGHKDh J SUE7L J Y;RpLY J C ÓiÞ P Ò CT|UC JF� VÔY;R8B·PUhwLBDC<CT|zSUZHY;SzLGdPqK·PUhÑr-CTC J ×µL7Pz×µr-CTC J r J PUr�PqESUZHE�Y;E7C
EGHV�ruZHGdc;CFN�VfPoNDCFZHEÐLB;SzL!h�SUGHZ�L7P�GHK;RTZHY;N;C�S�N;CTLSUGHZdCFN�VfPoNDCFZ�PUh>LBDCQY;K;N;C J Zd[oGHKDn�KDCTL Ò P JÕ-Ó

s PqV�ruS J CFN�L7PÔLB;C Ò P JÕ PqK�r�CTC J ×µL7Pz×µr�CTC J E7[,EL7CFV�E �oJ CFE7CFS J R8B·GHKWP}|UC J ZHS�[�KDCTL Ò P JÕ E�B;SUEÐEBDP Ò K
S�V2Y;R8B�E7L J PqKDnUC J RpPqK;KDCFRpLGHPqK2L7P�LBDCÐY;K;NDC J Zd[,GbKDn�KDCTL Ò P JÕ-Ó%� PqE7L>PUh;LBDC�CpÖDGHE7LGHKDn Ò P JÕ PqK2P}|UC J ZHS�[ �
BDP Ò CT|UC JF� VfPoNDCFZHE�PqK;Zd[�LBDC�KDCTL Ò P JÕ L7PUr�PqZdPUnU[WSUK;N�E7LSzLGHR4ZHGHK Õ r J PUr�C J LGdCFE-P�EY;R�B�SUE�RTSzruSURTGdL\[�SUK;N
NDCFZHS�[6Q�¡�¤F¥+�/¢ Ó	Ú CTL Ò P JÕ�J CFE7PqY J RpC4ND[oK;SUV�GbRTE	B;SF|UC ] CTCFKWSUN;N J CFEE7CFN Ò GdLB�EGHV�ruZHGdc;CFN2L J S�WR4VfPoNDCFZHE
SzL ] CFE7L � C Ó n Ód� ] [·SUEEY;VWGHKDnfGHKDcuKuGdL7CFEGHV�SUZeL J S�WR0SUK;N©SUK�PUr�CFKo×\ZdP,PUr�L J S�WR0VfP,N;CFZX¡�¤��M{�¢ Ó

@�B;C J C!S J C!RpPqK;nUCFE7LGdPqK�RpPqKML J PqZ J CFZHSzL7CFNWr J P ] ZdCFVWE%S J GHEGHK;n<GbKfLBDC!RpPqKgL7CpÖ,L�PUh�P�|UC J ZbSF[�LB;SzL3NDCThl[
SUK;SUZd[oEGHE ] SUE7CFN�PqK�E�Y;R�B�E�GHVfruZHGHc;CFN2V�P,NDCFZbE Ó%à PqVfC�CpÖDGHE7LGHKDn Ò P JÕ E	GHKg|UCFE7LGdnqSzL7CFNWLBDC!Y;E7C!PUh�@ s I ×
LY;K;K;CFZ ] SUECFN·P�|UC J ZHS�[�K;CTL Ò P JÕ E�L7P�GbVfr J P}|UC<YuE7C J ×µr�C J RpCFGd|UCFN�r�C J h�P J V�SUK;RpC Ó jF� � ?ËY;E7CFE�ZHPgPqE7CFZH[
RpPqYDruZHCFNÊRpPqKuRTSzL7CFK;SzL7CFNè@ s I LY;K;KDCFZHEÔL7P J CFNuY;RpC�LB;C©ZdCFKDnULBÊPUh4RpPqKDnUCFELGdPqKáRpPqKgL J PqZ�ZdP,PUruEfSUK;N
GHVfr J P�|UC�LBDCWr�C J h�P J V�SUK;RpC�PUh J CFZHGHS ] ZdCWVÔY;ZdLGHRTSUE7L�¡¤� � ¢ Ó ��|UC J 8�P à YuE7CFE0P}|UC J ZHS�[�KDCTL Ò P JÕ E ] Y;GHZdL
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PqK»L7PUrÏPUh�@ s I LYuK;KDCFZHE!L7P�r J P�|oGHNDC'8�P à E7C J |oGHRpCFE�L7P·P�|UC J ZHS�[»YuE7C J E Ò B;GHZdC2LS Õ GbKDn�GbKML7P·SURTRpPqY;KgL
LBDCÍnqZdP ] SUZ�KDCTL Ò P JÕâJ CFE7PqY J RpC»YuESznUC�¡�¤F¥Ux/¢ ÓËÞ S J�J GHE7PqKèCTL�SUZ Ó r J PUr�PqE7COS J PqYDL7C J ×\ZdCT|UCFZ4P�|UC J ZbSF[
h J SUVfC Ò P JÕ L7P�NDCTruZdP}[(8�P à r J P�|oGHEGHPqK;GHKDn�GHK·LBDC a KgL7C J KDCTL#¡ � ¤�¢ Ó

�<K;CORpPqKDnUCFE7LGdPqKD× J CFZHSzL7CFN r J P ] ZdCFV LBuSzL�GHE�k,Y;GdL7CÍN;G�Ø�C J CFKMLfh J PqV LBDCOS ] P�|UC»GHEfLBDC ��}z�T�8�d�z�
�d�z�M�p���8�z�g�g�p����� �z� �iÒ B;GHR8BÏB;SUE J CFRpCFGH|UCFNÙZHGdL7LZdCfSzL7L7CFKgLGdPqK Ó �<|UC J ZHSF[ÏRpPqKDnUCFELGdPqKÙPoRTRTY J E Ò BDCFKÎLBDC
LB J PqY;nqBDruYDL�PUhDSUKQP}|UC J ZHS�[0ZHGHK Õ RTSUK;KDPUL Õ CTCTr2YDr Ò GdLBtLBDC J SzL7C	PUhDL J S�WR	LB;SzLÑGHE=hlP JÒ S J NDCFN0PqKML7P�GdL Ó
?�VfPqKDn0LB;C�RTSUY;ECFE�PUh�P}|UC J ZHSF[�RpPqKDnUCFE7LGdPqK�GHE3LBDC4B;CTL7C J PUnUCFKDCFGdLÜ[WGHK�r�CTC J GbKDn0KDPoNDC J CFEPqY J RpCFE$¡�¤FxU{�¢
SUK;NfLB;C�GHK;EY6�RTGdCFKML%RpPqK;E�GHNDC J SzLGdPqKuE>hlP J LB;C�BDCTL7C J PUnUCFKDCFGdLÜ[�GHK�P�|UC J ZHSF[�RpPqK;EL J Y;RpLGdPqK�¡�¤F¥+�.¢ Ó ��|UC J ×
ZHS�[ÍRpPqKDnUCFE7LGHPqKÙRTSUK J CFEYuZdL�GbK»V�CFEESznUC�ZdPqEECFEtSUK;NÎSUND|UC J E7CFZd[ÎGHVfreSURpL�Szr;reZHGHRTSzLGdPqKÎZHS�[UC J E7[oE7L7CFV
r�C J h�P J V�SUK;RpC Ó c	CTL � ZHGdL7LZHC!GHE Õ KDP Ò K�S ] PqYDL3LBDC4GbVfruSURpL3SUKuN�BDP Ò�Ò CFZHZeGdL3GbE�B;SUK;NuZdCFNWRTY J�J CFKMLZH[ Óia K
LBDC Ò P J�Õ NDPoRTY;VfCFKgL7CFN�GbK s B;SzruL7C J PUhwLB;GHE	LB;CFEGHE �,Ò C<GHK;GHLGHSzL7C4SÔE7LY;ND[fPUhwLBDC<P�|UC J ZHS�[�ZHS�[UC J RpPqKo×
nUCFE7LGdPqKÎRpPqKgL J PqZir J P ] ZHCFVÇGHKOLBDC v KgYDL7CFZbZHS�r�CTC J ×µL7Pz×µr�CTC J KDCTL Ò P JÕ-Ó s B;S Ò SzLBDCÔCTL�SUZ Ó B;S�|UCfEGHK;RpC
r J PUr�PqE7CFNÍSWRpPqKDnUCFELGdPqKÎRpPqKML J PqZiVfCFR8B;SUK;GHEVÃSUE4ruS J L!PUh	SUKÍCpØ�P J L4L7P�GHVfr J P�|UC0LB;C2ERTSUZHS ] GHZHGdLÜ[�PUh
v K,YDL7CFZHZHS�×\ZbG Õ CQE7[oE7L7CFV�E	¡ �Mx+¢ Ó

*Læy*�æJ ú9í�õ�ëbñ�õ~ï�ö�çNï�õÀî�ý6çNñ{ò�ç6é�õ�íÇï í>ì�!�ë�ëWè�2�é�í62<!�ë�ëWèOûP��óqéfëWîpó

� SUKM[èSUKuSUZd[gLGbR©VfPoNDCFZHE�PUhtr�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�E�S J C»N;C J Gd|UCFNáh J PqV LBDCÍRTZHSUE�EGHRORTZbGdCFKML � EC J |UC J
VfPoNDCFZi¡¯�U{ � �z{ � {U{+¢ �oÒ GdLB�CpÖ,L7CFKuEGdPqK;EÐGHK Ò B;GHR8BWLB;C<S�|�SUGbZHS ] ZdC�r�CTC J E ] CFRpPqV�C<S�RpPqVfr�PqEGHL7C�E7C J |UC JFÓ
@�BDCFEC·V�P,NDCFZbEÔS J C�|UC J [ÊY;ECTh�Y;Z�GHK*SUK;SUZd[,éFGHKDnÎLBDC�GHV�ruSURpL�PUh4Szr;ruZbGHRTSzLGdPqK*ZHSF[UC J r J PUL7PoRpPqZHEfSUK;N
Y;E7C J ] CFBuSF|oGdP JFÓ%æ [�GHnqKDP J GHKDntLB;C ] SUEGHR�K;CTL Ò P JÕ E7C J |oGHRpC!RpPqVfr�PqKDCFKgL � BDP Ò CT|UC JF� LBDCT[�h�SUZHZuEBDP J L	PUh
J CT|UCFSUZHGbKDnfLBDCQGHVfreSURpL�PUhiLB;CQGHKML7C J SURpLGdPqK ] CTL Ò CTCFK I x I E7[oE7L7CFV�E!SUK;N�LBDCQKDCTL Ò P J�ÕeÓ3a K s B;Szr;L7C J
{0PUh=LB;GHE3LBDCFEGHE �gÒ C�NuGHERTY;EE3SÔruSUR Õ CTL¡×\ZdCT|UCFZ=r-CTC J ×µL7Pz×µr-CTC J EGbV2Y;ZbSzL7P J h J SUVfC Ò P JÕ LB;SzLÐGHE�GHKgL7CFK;NDCFN
L7P�cuZbZeLBuGHE�nqSzr Ó

@�B;C�RpPqVfreZdCpÖoGHL\[�PUhwSÔruSUR Õ CTL¡×\ZdCT|UCFZwK;CTL Ò P JÕ VfPoNDCFZ-V�SF[ ] C4SF|UPqGbNDCFN ] [�Y;EGHKDnÔNDCTLSUGHZdCFN�,;P Ò ×
ZdCT|UCFZ�VfPoNDCFZHEÐGHK Ò BuGHR�B�LBDCQS�|UC J SznUC2@ s I LB J PqYDnqB;ruYDL ] CFBuSF|oGdP J RTSUK ] C�P ] LSUGHKDCFN Ó>å CQP ] EC J |UC �
BDP Ò CT|UC JF� LB;SzLiGHLÑGHEiN;GWRTYuZdL=L7P<GHK;RpP J r�P J SzL7C�S�RpPqV�ruZdCpÖ),;P Ò ×\ZdCT|UCFZoVfPoNDCFZMGHKgL7P�LBDC�SUKuSUZd[gLGbR�VfPoNDCFZ
PUh�S<r-CTC J ×µL7Pz×µr-CTC J E7[oE7L7CFV5GHKÔLBDC�c J E7L>ruZHSURpC Ó	� P J C�GHVfr�P J LSUKgLZd[ � LBDC�CFKuNo×µL7Pz×µCFK;N',;P Ò ×\ZdCT|UCFZ;@ s I
LB J PqY;nqBDruYDL!GbE4KDPUL�SUZ Ò SF[oE�NuG J CFRpLZd[ J CFZHSzL7CFN»L7P�LBDCÔLB J PqYDnqBDreYDL�PUh	VfPqE7L�r�CTC J ×µL7Pz×µr�CTC J E7[,EL7CFV�E Ó
a K©PULBDC J<Ò P J N;E � ] CTL7L7C J @ s I LB J PqYDnqBDruYDL!PqKÍGHKuN;Gd|oGHN;Y;SUZ-RpPqK;KDCFRpLGdPqKuE ] CTL Ò CTCFKÍr�CTC J E4N;PgCFE�KDPUL

¤ �



SUZ Ò SF[oE!GHV�ruZd[ ] CTL7L7C J r�CTC J ×µL7Pz×µr�CTC J E[,E7L7CFVÇLB J PqYDnqB;ruYDL Ó

Ù;��� Ú3�fÜÝÛ��<�$ã��H�-�Y� �X�b���-��ÜÞ�-�����Þ�Z�(ã��+Ü ���ù�$ã��H�-�

@ÑPÔGHV�r J P�|UC�LBDC�r�C J hlP J V�SUK;RpC!PUhÑKDCTL Ò P JÕ EGbV2Y;ZbSzLGdPqK;E � S2K,Y;V ] C J PUh J CFE7CFS J R�BDC J E�BuSF|UC J CTr�P J L7CFN
nUP,P,N J CFEYuZdLE ] [0YuEGHKDn�LBDC\[ �o�Ös [ ��z�wf��sM�p� � h�P J @ s I ,;P Ò EGHVÔY;ZHSzLGdPqK(¡ xUx �.� � � �o¤ � �Ux � ¤U¤ �o� ¤�� � ¢ Ó
@�BDCFEC»L7CFR8B;K;GHk,YDCFE�Szr;r J PFÖDGHV�SzL7CÏKDCTL Ò P JÕ ,;P Ò E�SUE�,uY;GbN;E�SUKuNÀN;CFER J G ] C»LBDC÷,;P Ò E�SUKuN�LBDCFG J
GHKgL7C J SURpLGdPqK*Y;EGbKDn�,;P Ò CFkgY;SzLGHPqK;E Ó ?`hlC Ò R8B;S J SURpL7C J GHELGHRTEfN;GHE7LGbKDnqY;GHEBÎLB;CFE7C·L7CFR�B;K;GbkgYDCFE2h J PqV
PqY J E � NDP,RTYuVfCFKML7CFNOGHK s B;Szr;L7C J�� ~

r @!BDCT[�S J CtLÜ[greGHRTSUZHZd[�KDPUL�NDC J Gd|UCFN·h J PqVßCT|UCFKgL¡× ] SUE7CFNOE�GHV2YuZHSzLGdPqK·VfPoNDCFZHERP�SUE�PqY J L7CFR8B;K;GHk,YDC
GbEhQÔSUK;NâSUEWE�Y;R�B ] CFRpPqVfCOBuS J N*L7P�GHKgL7CTn J SzL7C Ò GHLB*CpÖoGHELGHKDnÎCT|UCFKML¡× ] SUE7CFN E�GHV2YuZHSzLGdPqK*SzrD×
r J PqSUR�BDCFE Ó

r X;P J S(,uY;GbNÍVfPoNDCFZiL7P©Szr;r J PFÖDGHV�SzL7CfLBDC J CFSUZ%@ s I LB J PqY;nqBDruYDL<RTZdPqE7CFZd[ � S�NDCTLSUGHZdCFNÎR�BuS J ×
SURpL7C J GdéFSzLGdPqK*PUh!LB;C�LGHV�C ] CTL Ò CTCFKâRpPqKDnUCFE7LGHPqK6CT|UCFKgLE�GHEÔKDCFRpCFEE�S J [�¡ xUx+¢ ÓÏÞ P Ò CT|UC JF� ZdPqEE
R8B;S J SURpL7C J GHéFSzLGdPqK6GbEtS©N;SUY;KgLGHKDn�LSUE Õ ] [»GHLE7CFZdh � nqGd|UCFKÏLBDCWCpÖ,L J CFV�CWBDCTL7C J PUnUCFKDCFGHL\[ÏPUhÐLBDC
a KgL7C J KDCTL � SUKuNèLBDC J CThlP J CÏVfPqELô,uYuGHNèVfPoNDCFZHE�ESUR J GdceRpC»SURTRTY J SURp[ ] [èV�S Õ GHKDn6E�GHVfruZdCÍSUE¡×
E�Y;Vfr;LGdPqKuE0S ] PqYDL�ZdPqEE2ruSzL7L7C J K;E Ó �	|UCFK Ò GHLB6S»NDCTLSUGHZdCFNÊZdPqEEÔVfPoNDCFZ � ,uY;GbN�VfPoNDCFZHE2V�SF[
P}|UC J CFE7LGHVWSzL7C�LBDC J CFSUZ�LB J PqYDnqBDruYDL2PqK*RpC J LSUGHK6ruSzLB;E�N;YDC�L7PÍLBDC·EY ] ×\ZHGHKDCFS J GHL\[ÎGHK6@ s I
L J SUK;EV�GHE�EGdPqK J SzL7C0VfPoNDCFZHGbKDn¥¡ xUx+¢ Ó

r ?n,uY;GHN»VfPoNDCFZiPUhlL7CFK J CFEY;ZdLE<GHK J CFN;YuRpCFN»SURTRTY J SURp[»SUZbE7P ] CFRTSUYuE7CfGdLtSUEEY;VfCFEtS�|UC J SznUC ] Cp×
BuSF|oGdP J P�|UC J RpC J LSUGHK�LGHVfC�BDP J GHéTPqK(P�EL7CTr�EGdéTCfQ � SUK;N�NDP,CFE>KDPUL	RTSzr;LY J CÐSUKg[ ] CFB;S�|,GHP JiJ CFZHSzL7CFN
L7P�E7CFRpPqK;N©P J NDC J R�BuS J SURpL7C J GHE7LGbRTE�¡ xUx �N� �/¢ Ó

r m<G�Ø�C J CFKgLa,uY;GHN�V�P,NDCFZbE3B;S�|UC<L7P ] C�NDCT|UCFZdPUr�CFN�hlP J N;G�Ø�C J CFKgL�LÜ[gr�CFE�PUh=L J S�WR'P�C Ó n Ód� |zS J GHSUKgLE
PUh2@ s I QWSUK;N � P J k,YDCFY;GHKDnÊN;GHERTGHruZHGHKDC Ó @�BuGHEWGHE�KDPUL·S6RpPqKuRpC J KÀL7PÊPqY J L7CFR8B;K;GHk,YDCÎEGHK;RpC
Ò C�YDLGHZbGdéTC0LBDC�r J CFN;GHRpLS ] ZdCÔE7L7CFSUND[g×\E7LSzL7CW@ s I ] CFBuSF|oGdP JF��Ò B;GHR8BÍGbE�GbK;NDCTr�CFK;NDCFKgL!PUh	LB;CFE7C
h�SURpL7P J E Ó

m�CFSUN J CFR Õ PqKuGHKDnÍGbE0S J CFZHSzL7CFN�L7CFR8B;K;GHk,YDC�L7PÍE7r�CTCFN�Y;r�CT|UCFKgL¡× ] SUE7CFN*EGHVÔY;ZHSzLGdPqK Ó�å GdLB�LB;GHE
L7CFR�BuK;GHk,YDC � LBDC�E7LSzL7CWPUh�S�EGbV2Y;ZbSzL7CFNÍCFKgLGdLÜ[»GHE<CFELGHV�SzL7CFNÙSzL0EPqVfCfh�Y;LY J CÔLGHVfC ] SUE7CFNÎPqKÙruSUE7L
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B;GHEL7P J [�SUK;N·E7PqVfC Õ KDP Ò ZHCFNDnUC4PUhÑLBDCtRTY JJ CFKgLÐE7LSzL7C Ó @�B;GbE3B;SUE ] CTCFK·VfPqE7LZd[�Y;E7CFN�GHKWLB;C<RpPqKgL7CpÖoL
PUh!m<GHE7L J G ] YDL7CFN a KgL7C J SURpLGd|UC à GHVÔY;ZHSzLGdPqK�P�m aà QôP�E7CTC�hlP J CpÖDSUVfruZdC÷¡ ¥U{ � ¥o¤d¢~Q Ó»a K s BuSzr;L7C J;�,�>Ò C
CpÖoruZdP J C J CFZHSzL7CFNâGHN;CFSUEÔGbK6LB;C·Er-CFRTGHcuRWRpPqKgL7CpÖ,LWPUh4KDCTL Ò P JÕ EGHVÔY;ZHSzLGHPqK6SUK;NÊLBDC�EGbV2Y;ZbSzLGdPqK�PUh
@ s I ,;P Ò E Óiå BDC J CFSUE3NDCFSUN J CFR Õ PqK;GHKDn2GHE%Y;E7CFNfL7P J CFN;Y;RpC�LBDC�P}|UC J BDCFSUN�PUh-ELSzL7C4YDr�N;SzLGHK;n�SUR J PqE�E
N;GHEL J G ] YDL7CFNÏE[,E7L7CFVWE � PqY J nUPqSUZÐGHE0L7P J CFN;Y;RpC�LBDCWruSUR Õ CTL�CT|UCFKMLE�PUh�GHKuN;Gd|oGHN;Y;SUZ>@ s I ,;P Ò E ÓOa K
NDCFSUN J CFR Õ PqK;GHKDn � LBDC<SURpLY;SUZ�E7LSzL7C<PUh=CFSUR8B�CFKMLGHL\[WGHE�P Ò KDCFN ] [WPqKDC4reS J LGHRTGdruSzLGbKDn0E7[oE7L7CFV �oÒ B;GbR�B
RTSUK·SUZ Ò SF[oE�RpP J�J CFRpLÐr J CFN;GHRpLGHPqK;E Ò GHLBWZHS J nUC�C JJ P J E Ó�à GHK;RpC4PqY J L7CFR8B;K;GHk,YDC<NDP,CFE3KDPULÐV�SUGHKgLSUGHK�LBDC
SURpLY;SUZÑE7LSzL7CQPUh%@ s I ,uP Ò E � GdL J CFk,Y;G J CFE�VfP J CQSURTRTY J SzL7C0r J CFN;GHRpLGdPqK�V�CTLBDP,NuE Ó

?�KDPULBDC J L7CFR8B;K;GHk,YDC�LB;SzLQB;SUE ] CTCFK»r J PUr�PqE7CFN»L7P©E7r�CTCFNÎYDrÏZHS J nUCp×\ERTSUZHC�KDCTL Ò P JÕ EGHVÔY;ZHSzLGdPqK
GHE<LBDC^] u�����w��l����� � ? �z�7�z�l�H�p� C ��w��o�d�U�����U� PUhÐ@ s I ,;P Ò E�¡�¤�� � ¢ Ó @�BuGHE�L7CFR�B;K;GbkgYDCfN;GH|,GHN;CFE�SUKuNÏN;GHE¡×
L J G ] YDL7CFE�LB;C�EGbV2Y;ZbSzLGdPqK Ò P JÕ ZHPqSUN�L7PfN;GdØ-C J CFKgL�r J P,RpCFE�E7P J E � SUK;N�Y;E7CFE�PUr;LGHV�GbE7LGHR�Szr;r J PqSUR�BDCFE�h�P J
LBDCfE7[oK;R�B J PqK;GdéFSzLGdPqKÎSUVfPqK;n�LBDCFV Ó �<r;LGHV�GHELGHR I S J SUZHZdCFZ à GbV2Y;ZbSzLGdPqKÍN;PgCFEtKDPULtES�|UC�PqKÎruSUR Õ CTL
CT|UCFKgL�r J PoRpCFEEGHK;n � GHKuE7L7CFSUN � GdL�ERTSUZdCFE�Y;r·E�GHV2YuZHSzLGdPqK ] [�YDLGHZHGdéFGbKDn J CFNuY;K;N;SUKgL3reBM[oEGHRTSUZ J CFE7PqY J RpCFE Ó
I C J h�P J V�SUK;RpC�GHVfr J P�|UCFVfCFKgL4GHE�ZHGHVWGdL7CFN ] [�LBDC2S�|�SUGHZbS ] GHZHGdLÜ[·PUh%ruBM[oEGHRTSUZ J CFE7PqY J RpCFE4SUK;NÍLBDCÔKDCTCFN
h�P J GHKgL7C J ×µr J PoRpCFEEtE7[oK;R�B J PqK;GdéFSzLGdPqK�¡�¤�� � ¢ ÓÔa KgL7C J ×µr J PoRpCFEEQE7[oK;R8B J PqK;GdéFSzLGHPqKÎr J CT|UCFKgLEtLBDCfh�Y;ZHZ>YDLG�×
ZHGdéFSzLGHPqK�PUh>RpPqVfruY;LGHKDn J CFE7PqY J RpCFE � SUK;N�LBDCQE7r�CTCFN;YDr·PUh���r;LGHV�GbE7LGHR I S J SUZbZdCFZ à GHVÔY;ZHSzLGdPqK�GHEÐPUh�L7CFK
RpPqK;E7L J SUGHKDCFN ] [·LBDCQr J PUreSznqSzLGdPqK©NDCFZHS�[�GHK�LBDC0E�GHV2YuZHSzL7CFN�KDCTL Ò P JÕ L7PUr�PqZdPUnU[ Ó @�B;GHE�Szrur J PqSUR�BÍGHE
P J LBDPUnUPqKuSUZ=L7P���ruLGHV�GHE7LGbR I S J SUZHZHCFZ à GHVÔY;ZHSzLGdPqK Ó

s PqVWVfC J RTGHSUZ%EGbV2Y;ZbSzL7P J L7PgPqZHE J CFZd[»PqKÙVfP J C�RpPqK;EPqZHGHN;SzL7CFNÙSzrur J PqSUR�B;CFEtL7POGHVfr J P�|oGHKDn�E7r�CTCFN
SUK;N�ERTSUZHS ] GHZbGdL\[ Ó @�BDCFEC4GHK;RTZbY;NDCÐL7CFR�B;KuGHkgY;CFE3EYuR�BWSUEÐEVWSUZHZ;RpP J C<EGHVÔY;ZHSzLGdPqK�CFKDnqGHKDC � R J GdLGHRTSUZuruSzLB
RpPoNDCQPUr;LGHVWGdéFSzLGdPqKg¡�¤ � ¢ Ó

j!CFSUZ�×µLGHVfCQKDCTL Ò P J�Õ E�GHV2YuZHSzLGdPqK·GHEÐLBDCQBDPqZH[Wn J SUGHZ�PUh>ZHS J nUCQE�RTSUZdCQKDCTL Ò P JÕ EGHVÔY;ZHSzLGHPqK;EÐSUK;N�GdL
B;SUE�SzL7L J SURpL7CFNOVÔY;R�B©SzL7L7CFKgLGdPqKÍGHK J CFRpCFKgL�[UCFS J E#¡ � ¥ � ¤F{�¢ Ó @�BDCtR�BuSUZHZdCFKDnUCFE�h�P J�J CFSUZd×µLGHVfCtKDCTL Ò P JÕ
EGHVÔY;ZHSzLGHPqKÍS J C Ò CFZHZ�×\NDPoRTY;VfCFKgL7CFN ] [Íj!GHZdCT[OCTL<SUZ Ó ¡�¤U¤Fx � {U¥�¢ Ó @wP�SUR8B;GdCT|UC J CFSUZ�×µLGbVfCfEGHVÔY;ZHSzLGdPqK �
E7PqVfCtZdCT|UCFZ�PUhwcuNDCFZHGdLÜ[WGHE3PUhlL7CFKOESUR J GdcuRpCFN Ó X;P J CpÖoSUV�ruZdC � v Y�CTL�SUZ Ó r J PUr�PqE7C<SUK�Szr;r J PqSUR8B·L7PfY;E7C
E7[oE7L7CFV�GHNDCFKgLGdcuRTSzLGdPqK�¡¯� � ¢-L7CFR8B;K;GHk,YDCFE3L7PÔE�GHV2YuZHSzL7C!SÔZHS J nUC4K;CTL Ò P JÕ PqK·EZdP Ò C J E7r�CTCFN�r J P,RpCFEEP J E
Ò GdLB�ZHP Ò C J cuNDCFZbGdL\[÷¡ {/�+¢ Ó

å BDC J CFSUE<LBDCÔL7CFR�BuK;GHk,YDC Ò C�NDCFER J G ] CÔGHK s BuSzr;L7C J)� RTSUKÎr�PUL7CFKgLGHSUZHZd[�NDCFZHGH|UC J4J CFSUZd×µLGHVfC�EGHV�×
Y;ZHSzLGHPqK;EfCT|UCFK hlP J |UC J [áZHS J nUCÍKDCTL Ò P JÕ E � LB;GHE�L7CFR�B;K;GbkgYDC Ò SUE�KDPUL�N;CFEGdnqKDCFN Ò GdLBâLBDCÍnUPqSUZ!PUh
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J CFSUZ�×µLGbVfCtEGHVÔY;ZHSzLGdPqK�SUK;N·RTY JJ CFKgLZd[WN;PgCFEÐKDPULÐnqY;S J SUKgL7CTCQLB;SzL Ó ?4E Ò CtRTS J CTh�YuZHZd[�NDPoRTY;VfCFKgL � LBDC
E7r�CTCFN;YDr©SzL7LSUGbK;S ] ZdC ] [�PqY J L7CFR�B;KuGHkgY;CQGHE�NDCTr�CFK;NDCFKgL�PqK�LBDCQL J S�WRtruSzL7L7C J K Ó
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æ SUR Õ n J PqY;K;N·L J S�WR4GbE3S Õ CT[�RpPqVfr�PqKDCFKgL�PUhwKDCTL Ò P JÕ EGHVÔY;ZHSzLGdPqK;E � SUE�GdL3E�B;Szr�CFE�LBDC<KDCTL Ò P JÕ CFKo×
|oG J PqK;VfCFKgL!Y;KuNDC J�Ò B;GbR�BOK;CTL Ò P JÕ VfCFR8B;SUK;GHEVWE�P J r J PUL7PoRpPqZHE!S J CÔCT|zSUZHY;SzL7CFN Ó ?�E4E�Y;R�B � KDCTL Ò P JÕ
L J S�WRtV�P,NDCFZbGHKDn�SUK;N·nUCFKDC J SzLGdPqKOB;SF|UC0SzL7L J SURpL7CFNOVÔY;R�B©SzL7L7CFKgLGdPqK©GbK·LBDCtZHGdL7C J SzLY J C'¡�¤�� � ¥zy �N� y �
� � � ¤Fx/� � ¤F{zy/¢ ÓÔ� Y;R8B J CFE7CFS J R�BÏB;SUE ] CTCFKÎGHKg|UCFE7L7CFNÏGHKÎY;K;NDC J E7LSUK;N;GHK;n�LBDC ] SUEGHRÔR�BuS J SURpL7C J GHE7LGbRTE
PUhÐKDCTL Ò P JÕ L J S�WR � EY;R�B�SUEtLBDC�L J S��RfRpPqVfr�PqEGdLGdPqKÏSUK;NÎLB;C�L J S�WR�r J P,RpCFEE0SUEQS�LGHVfCfE7C J GdCFE Ó
I C J B;SzruE<LB;C�V�PqE7LtKDPULS ] ZdC�cuK;NuGHKDn�SzL7LSUGbKDCFNÏGHE<LB;SzLtKDCTL Ò P JÕ L J S�WR�L7CFKuNÍL7P©BuSF|UCWZdPqK;nz× J SUKDnUC
NDCTr�CFK;NDCFKuRpC�P ç j!m)QQSUK;N�E7CFZHhb×\EGbV�GHZHS J GHL\[p¡�¤Tyq¥ � ¤F{ � ¢ Ó @�BDCFE7CWr J PUr�C J LGdCFEQBuSF|UC�GbVfr�P J LSUKML2GHVfruZHGd×
RTSzLGdPqK;E4h�P J KDCTL Ò P JÕOJ CFE7CFS J R8B�¡ { �o� ¤TyD¤�¢ Ó XDP J CpÖoSUV�ruZdC � LB;CT[©S�Ø-CFRpL�LBDC2N;CFEGdnqK�PUh J PqY;L7C J k,YDCFYDC
V�SUK;SznUCFV�CFKML�ER8BDCFVfCFE)¡ � ¤ ¢hO,PqK·LB;C�PULB;C J B;SUK;N � LBDCT[�RTSUK ] C�CpÖ,reZdPqGdL7CFN�hlP J r J CFN;GHRpLGdPqK÷¡ � x+¢=SUK;N
RpPqKDnUCFE7LGHPqKORpPqKgL J PqZA¡ xU¥ � ¤F¥.��¢ Ó

@�B;C J C�S J C�L J SUNuGdLGdPqK;SUZHZH[©L Ò PÍRTSzL7CTnUP J GHCFE0PUhÐL J S�WR�nUCFKDC J SzLGdPqK�~ �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 SzLGdPqK � nUCFKDC J SzL7CFEiLBDC�ruSUR Õ CTL
S JJ GH|�SUZ;ECFkgYDCFKuRpC!PqKWS2ZHGHK Õ ¡ �/� ¢ Ó3à GHKuRpC!GdL�NDP,CFE�K;PUL�EGHVÔY;ZHSzL7C�LB;C!CFK;No×µr�PqGHKgLE%PUh�L J S�WR � GdL�RTSUKuKDPUL
RTSzr;LY J CWLBDC�,uP Ò SUK;N�RpPqKDnUCFELGdPqK6RpPqKgL J PqZ3r J P}|,GHN;CFN ] [Ï@ s IÑ�ÑÒ B;GHR8BÙRTS JJ GHCFEQP�|UC J �zyHTÌPUh�LBDC
a KML7C J K;CTL%L J S�WR Ó ?4E%GHL>GbEiGbK;R J CFSUEGHK;nqZd[QSURTRpCTr;L7CFN�LBuSzL	GdL%GHE>GHVfr�P J LSUKgLÑL7Ptr J CFE7C J |UC�LBDC�RpPqKDnUCFE7LGHPqK
J CFE7r�PqK;E�Gd|UCFKDCFEE3PUhÑKDCTL Ò P J�Õ L J S��R;¡ {zy � �f�.¢ � RTZdPqE7CFNo×\ZdP,PUr·L J S�WR�nUCFKDC J SzLGHPqKg¡�¤�� � ¥zy � ¥.� � ¤F{zy�¢=B;SUE
] CFRpPqVfCfLBDC�r J CT|zSUGHZHGbKDn�Szr;r J PqSUR�BÙGbK J CFRpCFKMLt[UCFS J E Ó @�BuGHE�L J S�WRÔnUCFKDC J SzLGdPqK�VfCTLBDPoNÏEGHVÔY;ZHSzL7CFE
LBDC©E7PqY J RpC�SUK;NâNDCFE7LGHKuSzLGdPqKÊPUh!CFSUR�B ,;P Ò0� SUK;N*KDPULGHRpCFS ] Zd[ � LBDC�,uP Ò SUK;NâRpPqKDnUCFELGdPqKâRpPqKML J PqZ
PUhÐ@ s IiÓ �%ÖDGHE7LGHK;n�L J S�WRfnUCFKDC J SzLGHPqKÙVfCTLBDPoN;EtB;S�|UCWL\[,ruGHRTSUZbZd[ ] CTCFKÎh�P,RTY;E�GHKDn·PqKÏLBDC�SURTRTY J SzL7C
VfPoNDCFZHGHK;n�CFGdLBDC J PUhoLBDC3ruSUR Õ CTL%S JJ Gd|�SUZqr J PoRpCFEE=P J PUhDLBDC�L J S��R�E7PqY J RpC ] CFB;SF|oGdP JF� E7P4SUEwL7P�RTSzruLY J C
KDCTL Ò P JÕ L J S��RQR�B;S J SURpL7C J GHE7LGHRTE4EY;R8B©SUE!ZdPqK;n J SUKDnUCQNDCTr�CFK;NDCFKuRpCQSUK;N©E7CFZdhl×\EGHVWGHZHS J GdLÜ[�¡ { � ¢ Ó

Ú PqKDC�PUh;LBDCFVìEY6WRTGdCFKgLZd[tSUN;N J CFEE7CFEÑc J E7L¡×µP J N;C J ZHGHK Õ R8B;S J SURpL7C J GbE7LGHRTE>EY;R8B2SUEiSF|UC J SznUC�Y;LGHZHGdéFS�×
LGdPqKÍSUK;NOZdPqE�E J SzL7C �-Ò B;GHR8BOS J CÔkgYuGdL7C J CFZdCT|zSUKgL!L7P�K;CTL Ò P JÕ EGHVÔY;ZHSzLGHPqK;E Ó @!BDC2KDCTCFNOL7PWCpÖoruZHGHRTGHLZd[
RpPqKgL J PqZ4ZbGHK Õ RpPqK;N;GdLGdPqKuE�B;SUE ] CTCFKèPqK;Zd[*P,RTRTSUE�GdPqK;SUZHZd[*SUR Õ KDP Ò ZdCFNDnUCFN ] [Êr J CT|,GHPqY;E Ò P JÕ-Ó X;P J
CpÖDSUVfruZdC � GHK©P J N;C J L7P·RpPqKML J PqZwLBDCÔYDLGHZHGHéFSzLGdPqK�PUh�S�EGHVÔY;ZHSzL7CFNOZbGHK Õ-� GdL!B;SUE ] CTCFKÍE�YDnUnUCFE7L7CFNÍLB;SzL
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PqKDC�RTSUK�LY;K;CWLBDC�L J S�WRWGHL7C J SzLGd|UCFZd[ÙY;KgLGHZ%LB;C�NDCFEG J CFNÙYDLGHZbGdéFSzLGdPqKÙGHE J CFSUR�B;CFN�¡�¤F{zy.¢ ÓÍà Y;R�B6SUK
Szr;r J PqSUR�BÊGHEtCpÖor-CFKuEGd|UC ] CFRTSUY;E7CWPqKDC�B;SUE0L7P J YuKÏLBDCWEGbV2Y;ZbSzLGdPqKÙVÔY;ZdLGdruZHCÔLGbVfCFEQL7P»R�BDCFR Õ LBDC
YDLGHZbGdéFSzLGdPqK Ó>a K�SUN;N;GdLGdPqK � LB;GbE�Szr;r J PqSUR8B Ò P J�Õ E�PqKuZd[�h�P J EGHVfreZdC4L7PUr�PqZdPUnqGHCFE Ó%a L�GbE�KDPUL�RTZdCFS J BDP Ò
GdL Ò GbZHZ Ò P JÕÎÒ B;CFKÏLBDC�,;P Ò EtPqK6V2Y;ZHLGdruZdC�ZHGHK Õ E<GHKgL7C J SURpL Ò GHLBÎCFSUR�B6PULBDC J SUK;NÙCT|UC J [ÙZHGHK Õ B;SUE
SÍLS J nUCTL�ZHGHK Õ RpPqK;N;GHLGdPqK�L7P ] C�E�SzLGHE7c;CFN Ó ?4EÔL7PÎkgY;CFY;GHKDn»NDCFZHSF[6SUK;N6ZHPqEE J SzL7C � E7PqVfC·KDCTL Ò P JÕ
EGHVÔY;ZHSzLGHPqKÊSUKuN*CFV2Y;ZbSzLGdPqK*L7PgPqZbE�r J P�|oGHNDC�SÏE7L7PoR Õ PUh<E7L7P,R8B;SUE7LGHROVfP,N;CFZHEÔhlP J Y;EC J E�L7PÙRpPqKML J PqZ
LBDCFE7C�L Ò P�ruS J SUVfCTL7C J E'¡ ¥+� � ¥/�+¢ Ó2à GHKuRpC2ZdPqEECFE�SUKuN»k,YDCFY;GbKDn�NDCFZbSF[oE4nUCFK;C J SzL7CFN ] [OLBDCFE7CfVfPoNDCFZHE
NDP�KDPUL J CFEY;ZdL�h J PqV�Sf@ s IâÒ P JÕ ZdPqSUN � BDP Ò CT|UC J�� LB;GHE�Szr;r J PqSUR�B©N;CThlCFSzLE�LB;CtnUPqSUZ=PUh>RTZdPqE7CFNo×\ZdP,PUr
EGHVÔY;ZHSzLGHPqK Ó

a K s B;Szr;L7C J � �MÒ C�r J PUr�PqE7C�SUK�SUZdnUP J GHLB;V L7P0RpPqKDc;nqY J C�L J S�WRÐh�P J StE7r�CFRTGdcuRÐKDCTL Ò P J�Õ RpPqK;c;nqYo×
J SzLGdPqKfGbK0P J N;C J L7PtP ] LSUGHK�Y;E7C J ×\Er-CFRTGHc;CFN2ZbGHK Õ ZdPqSUN�RpPqK;N;GHLGdPqK;E Óiå BuGHZdC ç j!mÀSUK;NfZdPqSUN�RpPqK;N;GHLGdPqK;E
S J C4L Ò PÔGHV�r-P J LSUKML�R8B;S J SURpL7C J GbE7LGHRTE3PUh=KDCTL Ò P JÕ L J S�WR!LB;SzL Ò C4K;CTCFNWL7PÔRpPqK;EGHNDC J GHKfPqY J KDCTL Ò P JÕ
r�C J h�P J V�SUK;RpCÔE7LY;N;GdCFE Ó @�BDC J CÔS J CÔPULBDC J h�SURpL7P J E<LB;SzL Ò C ] CFZHGdCT|UC Ò S JJ SUKML<VfP J C�SzL7L7CFKMLGHPqK Ótå C
GHNDCFKgLGdh�[WLBDPqECQh�SURpL7P J E!GHK s BuSzr;L7C J-� SUE�NuG J CFRpLGdPqK;EÐh�P J h�YDLY J C Ò P JÕ-Ó
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a KWLB;GbE�R�BuSzr;L7C JF�oÒ C4hlPoRTY;E3PqKWLB;C�NDCFE�GdnqK � CFV�ruG J GHRTSUZ;CT|�SUZHYuSzLGdPqK � SUK;N�SUKuSUZd[,E�GHE%PUhw@ s I LB J PqYDnqBo×
ruYDL�r J CFN;GHRpL7P J EÐh�P J S ] J PqSUN©RTZHSUEE�PUhiSzr;reZHGHRTSzLGdPqK;E Ó @!BDCQRpPqV�VfPqK J CFkgYuG J CFVfCFKgLÐPUh>E�Y;R�B©SzruruZHGHRTS�×
LGdPqK;E4GHE�LB;SzL4LBDCT[ J CFZd[·PqKÍSUKOSURTRTY J SzL7CÔLB J PqY;nqBDruYDL�r J CFN;GHRpLGdPqK�r J GdP J L7P�LBDC2E7LS J L!PUh>LBDC2@ s I
L J SUK;EhlC JFÓ>å C�c J E7L%nqGd|UC!V�P J C!NDCTLSUGHZHCFN�GHKgL J P,NuY;RpLGdPqK;EiPUh�LBDC�L Ò PÔRTSzL7CTnUP J GdCFE3PUh�@ s I LB J PqY;nqBDruYDL
r J CFNuGHRpLGdPqKÏL7CFR8B;K;GHk,YDCFET~�XDP J VÔY;ZHS�× æ SUE7CFN*SUK;N Þ GHEL7P J [M× æ SUE7CFN Ó�å GdLBuGHKÏCFSUR�B*RTZHSUE�E �ÑÒ C�N;CT|UCFZdPUr
J CTr J CFE7CFKMLSzLGH|UC»r J CFN;GHRpLGdPqKÀSUZdnUP J GHLB;V�E ��Ò BuGHR�B Ò CÎLBDCFKÀCT|zSUZHY;SzL7CÎCFVfruG J GHRTSUZHZd[ÊP�|UC J LB;CÎjF� Ú
L7CFE7L ] CFN ¡ x � ¢ ÓÍÚ PUL7C·LB;SzLÔPqY J P ] �¡CFRpLGd|UC�GHE2KDPULÔL7P»RpPqVfreS J C�X æ SUK;N Þ4æ r J CFN;GHRpL7P J E Ó©a K�h�SURpL �
LBDCfL Ò P»ER�BDCFV�CFEQS J CWRpPqVfreZdCFVfCFKgLS J [ � SUEtLB;CT[ J CFkgY;G J CÔNuG�Ø-C J CFKMLtLÜ[gr�CFEtPUhÐVfCFSUEY J CFVfCFKMLE2SUK;N
r J CT|oGdPqY;E�GHKDh�P J V�SzLGHPqKÍS ] PqYDL<LBDCfY;K;N;C J Zd[oGHKDn�ruSzLB ÓQa KuE7L7CFSUN � PqY J P ] �7CFRpLGd|UC�GHE�L7P·CpÖoSUVWGHKDC�LBDC
Õ CT[âGHEEY;CFEfGHKÊCFSUR�Bár J CFN;GHRpLGdPqKâE�R�BDCFVfC � CT|zSUZHY;SzL7C©LBDCFG J SURTRTY J SURp[âY;K;NDC J NuG�Ø-C J CFKMLfRpPqK;N;GHLGdPqK;E �
CpÖoruZHSUGHK�LBDC�V�S}�7P J RTSUY;E7CFE3PUh�r J CFN;GbRpLGdPqK�C JJ P J E � SUK;NWr J P�|oGHNDC�GbK;EGdnqBgL J CTnqS J N;GbKDntLBDC�h�SURpL7P J E3LB;SzL
S�Ø�CFRpL!LBDCQr J CFN;GHRpLS ] GbZHGdL\[fPUh%ZHS J nUCtL J SUK;E7h�C J @ s I LB J PqYDnqB;ruYDL�GHK�SfnqGd|UCFK©ruSzLB Ó

?�E>NDCFER J G ] CFNQGbK s BuSzr;L7C J ¤ � X æ r J CFN;GHRpLGHPqK J CFZHGHCFE=PqK�V�SzLBDCFV�SzLGbRTSUZ,V�P,NDCFZbE=LB;SzL>CpÖor J CFEEÑLBDC
@ s I LB J PqYDnqBDruYDL4SUE�S�h�Y;K;RpLGdPqKÍPUh%LBDC�R�B;S J SURpL7C J GHE7LGHRTE<PUh	LB;C2Y;K;N;C J Zd[oGHKDn�KDCTL Ò P JÕ ruSzLBIP�C Ó n Ód�
j>@�@ � ZdPqEE J SzL7CfQ Óia KQLBuGHEwR8B;Szr;L7C JF�zÒ C�r J CTh�C J L7P<Y;E7C�LBDC I Xi@!ã VfPoNDCFZUPUh�¡�¤TyUy.¢ � ] CFRTSUYuE7C�GdLiGHE ] PULB
EGHV�ruZdC�SUK;N�kgYuGdL7C4SURTRTY J SzL7C Ó @�BDC4V�SUGHK�SUND|�SUKgLSznUC<PUhwX æ r J CFN;GHRpLGdPqK�GHE	LB;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;GdLGdPqK � X æ r J CFN;GHRpLGdPqK»RTSUK ] C2r�C J h�P J VfCFN Ò GdLB
J CFZHSzLGH|UCFZd[�ZHGdnqBgL Ò CFGdnqBgL � KDPqKD×\GHKML J Y;EGd|UC!K;CTL Ò P JÕ VfCFSUEY J CFVfCFKgLE3PUh�reS J SUVfCTL7C J EÐEY;R8B�SUEÐj>@�@ÀSUK;N
ZdPqEE J SzL7C Ó 74KDh�P J LY;KuSzL7CFZd[ � BDP Ò CT|UC J�� PqY J VfCFSUEY J CFVfCFKgLEÑEB;P Ò LBuSzLwX æ ER�B;CFVfCFEwRTSUKÔZdCFSUNtL7P�ZHS J nUC
r J CFNuGHRpLGdPqK2C JJ P J E Ó @�BDCÐV�SUGHK J CFSUE7PqKfGbEÑLBuSzLiLB J PqYDnqBDruY;LÑVfPoNDCFZHE J CFk,Y;G J C Õ K;P Ò ZdCFN;nUC�PUhuLBDCÐruSzLB
R�BuS J SURpL7C J GHE7LGbRTE sU�,�����g� LBDCÔ@ s I ,uP ÒQ�-Ò BDC J CFSUE�X æ r J CFN;GHRpLGdPqK;E4VfCFSUEY J C0LBDCÔRpP JJ CFE7r�PqK;N;GbKDnWS
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r J GHP J G>R�B;S J SURpL7C J GHE7LGHRTE ��� �p�z�� LBDC�,;P Ò E7LS J LE ÓWa hÐLBDC�,;P Ò GdLE7CFZHh3RTSUY;E7CFEÔEGdnqKuGdcuRTSUKgL<R8B;SUKDnUCFEÔGHK
LBDPqE7C�R8B;S J SURpL7C J GHELGHRTE � LBDC J CFEYuZdLGHKDn©r J CFN;GHRpLGdPqK�C JJ P J E�RTSUK ] C�YuK;SURTRpCTr;LS ] Zd[6ZHS J nUC Ó ?4K;PULBDC J
J CFSUE7PqK·GHE�LB;SzL�LBDC4NDCFZbSF[oE�P J ZdPqEECFE�LB;SzLÐS0@ s I ,;P Ò CpÖ,r�C J GHCFK;RpCFE3S J C4KDPULÐKDCFRpCFEES J GHZd[�LBDC<ESUVfC
SUEÔLBDPqE7C�P ] E7C J |UCFN ] [ÙSOr�C J GHP,N;GbR�r J P ] GHK;nOE7L J CFSUV � E�Y;R�BÊSUE ue�l�,� ¡ {.�f¢ Ó �tKÙLBDC�r�PqEGdLGd|UC�EGHNDC �
Ò CQNDP�P ] E7C J |UC<LB;SzL�LBDC<r J CFN;GHRpLGdPqK�C JJ P J E�S J CQV2Y;R8B�ZdP Ò C JF� SUK;N�r J P ] S ] Zd[WSURTRpCTruLS ] ZdCth�P J VfPqE7L
Szr;ruZbGHRTSzLGdPqK;E � Gdh�LBDC4@ s I L J SUKuE7hlC J GHE�ZbGHV�GdL7CFN ] [fLBDC J CFRpCFGd|UC J   EÐSUND|UC J LGHECFN Ò GHKuNDP Ò L7PÔLBDC4r-PqGbKML
LB;SzL�LB;CQL J SUK;E7h�C J NDP,CFE�KDPUL!E�SzLY J SzL7C0GdLE�ruSzLB Ó

�<KÎLB;C�PULBDC J B;SUKuN �wÞ�æ Szrur J PqSUR�B;CFE0Y;E7C�ELSUK;N;S J NÎLGHV�C�E7C J GdCFEth�P J CFRTSUE7LGbKDn�L7CFR�B;KuGHkgY;CFEtL7P
r J CFNuGHRpLf@ s I LB J PqYDnqBDruYDL ] SUECFNâPqKáSÏB;GHEL7P J [�PUh<LB J PqY;nqBDruYDL�VfCFSUEY J CFVfCFKMLEWh J PqV r J CT|oGdPqY;E
@ s I L J SUKuE7hlC J E�PqK�LBDC<ESUVfC�ruSzLB Ó �<Y J VfCFSUEY J CFVfCFKMLE�P}|UC J LBDC�jF� Ú L7CFE7L ] CFN�EB;P Ò LB;SzL�CT|UCFK
EGHV�ruZdC�ZHGHKDCFS JtÞ�æ r J CFN;GHRpL7P J E � EY;R8BÙSUE � P�|oGHKDnO?4|UC J SznUCWSUK;N�KDPqKo×\E7CFSUE7PqKuSUZ Þ PqZHL¡× å GHKgL7C J E � S J C
k,Y;GdL7C!SURTRTY J SzL7C Ó X;Y J LB;C J VfP J C � GHKWSzn J CTCFVfCFKML Ò GdLBWr J CT|oGdPqY;E Ò P JÕ PqK Þ4æ r J CFN;GHRpLGHPqK�¡�¤F¥/� � ¤F{U{+¢ �
Ò C�h�PqY;K;N�KDP�V�S}�7P J NuG�Ø-C J CFK;RpCFEÐSUVfPqKDnfS0h�C Ò RTSUK;N;GHNuSzL7C Þ�æ r J CFN;GHRpL7P J E Óiå CQN;P2cuKuN � BDP Ò CT|UC J��
LB;SzL�L Ò PWE�GHVfruZdC�BDCFY J GbE7LGHRTEÐRTSUK�KDPULGHRpCFS ] ZH[�GHVfr J P�|UCtLBDCtSURTRTY J SURp[�PUh Þ4æ r J CFN;GHRpL7P J E Ó @!BDC<c J E7L
GHEfL7P*NDCTL7CFRpL�SUK;NèGdnqK;P J C©PqYDLZHGHC J E � SUK;NáLBDCÍE7CFRpPqK;NÀGHEfL7P6N;CTL7CFRpL�ZdCT|UCFZ4EB;Gdh�LE�SUK;N J CFE7LS J L�LBDC
Þ�æ r J CFN;GHRpL7P J E ÓÏå C�KDCpÖoLfEBDP ÒQ� r�C J B;SzruEÔEY J r J GHEGbKDnqZd[ � LBuSzLÔCT|UCFK Ò GdLB*S»E�BDP J L�B;GHE7L7P J [�PUh4S
h�C Ò r J CT|oGdPqY;E4L J SUK;E7h�C J E�r�C J hlP J VfCFNÎE7r�P J SUN;GHRTSUZHZH[·GbKÍGHKgL7C J |zSUZHE<YDrÎL7PO¥zy�×U�qy©V�GHK,YDL7CFE � r J CFN;GHRpLGdPqK
C JJ P J E3S J CtE7LGbZHZ;h�SUG J Zd[fZdP ÒQÓ �<K�LBDC<KDCTnqSzLGd|UCtEGHNDC � PqY J VfCFSUEY J CFVfCFKgLE�E�BDP Ò LB;SzL Þ�æ r J CFNuGHRpL7P J E
S J CWBuGdnqB;Zd[©reSzLBo×\NDCTr�CFK;NDCFKgL �wÒ BuGHR�B ] CTnqEth�P J SUK;E Ò C J EQL7P©LBDC�h�PqZHZdP Ò GHKDn·L Ò PÍk,YDCFE7LGHPqK;E Ófå B;SzL
V�S Õ CFEt@ s I LB J PqYDnqBDruY;L4VÔY;R�BÏVfP J C2r J CFN;GHRpLS ] ZdC2PqKÎE7PqVfCÔruSzLB;E�LB;SUK»PqK»PULBDC J E � SUK;N Ò B;GbR�B
S J C©LB;C�h�Y;KuN;SUVfCFKgLSUZÐh�SURpL7P J EWLB;SzLWS�Ø�CFRpLWLBDC�LB J PqYDnqBDruY;LÔr J CFN;GHRpLS ] GbZHGdL\[�PqKáSÏruSzLB  7�EGHKDn
EGHV�ruZdC2k,YDCFYDCFGbKDn�VfP,N;CFZHE ��Ò Cfh�PoRTY;E�PqKÏL Ò P�h�SURpL7P J EtLB;SzL Ò C ] CFZbGdCT|UCfS J C�LBDC�VfPqE7LQGHV�r-P J LSUKMLT~
LBDC0ZHPqSUN©PqK©LB;CQruSzLB � SUK;N�LBDCÔNDCTn J CTCQPUh	E7LSzLGbE7LGHRTSUZwVÔY;ZdLGHruZdCpÖDGHKDn Ó�à r�CFRTGdcuRTSUZHZH[ �DÒ C0E�BDP Ò LB;SzL
LBDCÎr J CFNuGHRpLGdPqKáC J�J P J GHK;R J CFSUE7CFE Ò GHLBèLBDCÏZdPqSUNÀPqKÀLBDC ] PUL7LZdCFKDCFR Õ ZHGHK Õ-� SUK;N�NDCFR J CFSUECFE Ò GdLB
LBDCÔKgY;V ] C J PUh�RpPqV�r-CTLGbKDn3,;P Ò E�Y;K;NDC J RpPqKuE7LSUKMLtZdPqSUN Ó s PqK;E7CFk,YDCFKgLZd[ � reSzLB;E!LBuSzL�S J C�BDCFS�|,GHZH[
ZdPqSUNDCFN Ò GdLB2�Y;E7L�Sfh�C Ò ] Gdn;,;P Ò E�S J C0CpÖ,r�CFRpL7CFN©L7P ] CQV�PqE7L!N;G�RTY;ZdL�L7P�r J CFN;GbRpL Ó

@�B;C<EL J Y;RpLY J C�PUhwLB;C<R8B;Szr;L7C J GbE�SUEÐh�PqZHZdP Ò E Ó%a K à CFRpLGdPqK©x �DÒ C<N;CT|UCFZdPUr©S J CTr J CFE7CFKgLSzLGd|UCQX æ
r J CFNuGHRpL7P J SUK;N�B;GdnqB;ZHGHnqBML%E7PqVfC�GHVfr�P J LSUKgL	GHEEY;CFE	GHKfLB;SzL3L\[,r�C�PUh�r J CFN;GbRpLGdPqK Ó>à CFRpLGdPqK�¥Qr J CFE7CFKgLE
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VfCFSUEY J CFVfCFKgL J CFEYuZdLE�h�P J LBDCÔSURTRTY J SURp[�PUh	X æ r J CFNuGHRpLGdPqK Ó�à CFRpLGdPqK¥��GHKgL J P,NuY;RpCFE�E7CT|UC J SUZÑCpÖDGHE7L¡×
GHKDn Þ�æ r J CFN;GbRpL7P J E � SUK;N�NDCFER J G ] CFE�L Ò PÍE�GHVfruZdCÔL7CFR�BuK;GHk,YDCFEtLB;SzL0RTSUK6GHVfr J P�|UC�EY;R8BÏr J CFNuGHRpL7P J E
EGdnqKuGdcuRTSUKgLZd[ ÓÊà CFRpLGdPqKá{Ír J CFE7CFKMLEfV�CFSUEY J CFVfCFKgL J CFEYuZdLEÔhlP J LBDC�SURTRTY J SURp[6PUh Þ4æ r J CFN;GHRpLGdPqK Ó
à CFRpLGdPqK � h�P,RTY;ECFE!PqKÎL Ò P�V�S}�7P J h�SURpL7P J E<LBuSzL<S�Ø�CFRpLtLBDCÔLB J PqYDnqB;ruYDL!r J CFN;GHRpLS ] GbZHGdL\[-~ÐLBDC�ZdPqSUN
PUh>LBDCQKDCTL Ò P JÕ ruSzLB � SUK;N·LBDC0N;CTn J CTCQPUh%E7LSzLGHE7LGbRTSUZ=V2YuZdLGdruZdCpÖDGHKDn ÓÑå C2RpPqK;RTZbY;NDCQGHK à CFRpLGHPqK&� Ó�#�qÙ j¥�-��ÜÝÛ��<�SQNá����X��åk������å-�.�Aã��H�-�

@�BDC�RpCFKML J SUZ3RpPqVfr�PqKDCFKgL0PUh�SUKÊX æ r J CFN;GHRpL7P J GbE0S»V�SzLBDCFV�SzLGHRTSUZ3h�P J V2YuZHS�LB;SzLÔCpÖ,r J CFEE7CFE2LBDC
SF|UC J SznUC<@ s I LB J PqYDnqBDruYDL	SUE�Sth�Y;K;RpLGdPqK�PUh�LBDC!Y;K;N;C J Zd[oGHKDn�ruSzLBWR8B;S J SURpL7C J GHELGHRTE Ó	I	J P ] S ] Zd[ÔLBDC
VfPqE7L Ò CFZHZd× Õ KDP Ò K�EY;R8B©VfPoNDCFZ�GHE�LB;CJ@7EkgYuS J Cp× J P,PULKB�h�P J V2YuZHSÔPUhù¡ � ��¢µ~

lô¡ #�¢l% )
]m* +-,/.0 P x.Q

Ò BDC J C�lô¡ #�¢4GbE�LBDC �<�duD���F�\�<s'�at ? ���g�¡�z�q�U�que�D� P�SUE�PUr;r�PqE7CFNèL7PZ# Ò B;GbR�BáNDCFK;PUL7CFEWLBDC �q�F���;�z�
�z�(wW������o�7�<s����M�7�z�q�z� ue�D� SUK;N _# Ò B;GHR8B6NDCFK;PUL7CFEfLBDC ue���sz� �F�\�<s����M�7�z�q�z� ue�D� Q ÓÊa KÊLBDC�r J CT|oGdPqY;E
h�P J V2YuZHS � ) GHE>LBDCF,uP Ò   E � S�ÖDGHVÔY;V à CTnqVfCFKgL à GHéTC � =�GHE%LBDC4KgY;V ] C J PUh�@ s I E7CTnqV�CFKMLE3r�C J KDC Ò
? s ã �}Ò B;GHZHC ] SUK;N ^ S J C3LBDC3j>@�@6SUK;N0ZdPqE�E J SzL7C �zJ CFE7r�CFRpLGd|UCFZH[ � SUEÑCpÖ,r�C J GHCFK;RpCFN ] [<LBDC3@ s I ,;P ÒQÓ
@�BDC�VWSUGHKÏV�SzLBDCFV�SzLGbRTSUZ	E7[oV ] PqZHE Ò C�Y;E7C�S J C�EY;V�V�S J GdéTCFNÎGHKÏ@ÑS ] ZdC©¤ Ó @�B;GHEtV�P,NDCFZ%GbE<h�SUG J Zd[
SURTRTY J SzL7C<h�P J ] Y;Z Õ @ s I L J SUK;E7h�C J E�GHK Ò B;GHR�BWruSUR Õ CTL�ZHPqEE7CFE�S J C J CFRpP}|UC J CFN Ò GdLB�X;SUE7L¡×\j!CTL J SUK;EVWGdL Ó
?�K;SUZd[,LGHRTSUZ J CFEYuZdLE�EY;R8BOSUE�P x.Q�B;S�|UC ] CTCFK�|UC J [©YuE7CTh�YuZ�GHK©Y;K;N;C J E7LSUK;N;GbKDn�LBDC J CFZHSzLGHPqK ] CTL Ò CTCFK
@ s I LB J PqYDnqBDreYDL�SUK;N�RpC J LSUGHK Õ CT[·ruSzLB©R�BuS J SURpL7C J GHE7LGbRTE � EY;R8B©SUE!ZHPqEE J SzL7C2SUKuN�ji@!@ Ó

?�KDPULBDC J VfPULGd|zSzLGdPqKÙh�P J LB;C J CFE7CFS J R�B6LB;SzL2ZdCFN�L7POLBDCFEC�@ s I VfPoNDCFZHE Ò SUE2LBDCWS ] GHZbGdL\[»L7P
ue���sz� �F� LBDCfLB J PqY;nqBDruYDL�PUh�SO@ s I ,;P Ò nqGd|UCFKÏCFELGHV�SzL7CFEtPUh�LBDC J CFZdCT|zSUKgLQruSzLBÏR�BuS J SURpL7C J GHE7LGbRTE
¡ ¥ �o� {.� � ¤TyUy�¢ Ófa KÙLB;GHEtE7CFRpLGdPqK �wÒ Cfc J E7Ltr J CFE7CFKMLQS�V�P J CWRpPqVfruZHCTL7C�@ s I LB J PqYDnqBDruY;L4h�P J VÔY;ZHS �
SUE Ò CFZHZ3SUE�LB;C�RpP JJ CFE7r�PqK;N;GHKDn»X æ r J CFN;GHRpL7P JFÓ ?4ZHLBDPqYDnqB*E7CT|UC J SUZ�EGbV�GHZHS J V�P,NDCFZbE0CpÖDGHE7LfGHK6LBDC
ZHGdL7C J SzLY J C�P�ECTC�¡�¤Fx � ¢>SUKuNOLBDC J CTh�C J CFK;RpCFE�LBDC J CFGHK>Q �-Ò C�CFVfruBuSUEGdéTC0LBuSzL�PqY J4J CFVWS JÕ E J CTnqS J N;GHKDn
LBDCQSURTRTY J SURp[·SUKuN©ZHGHV�GHLSzLGdPqK;E3PUhiX æ r J CFNuGHRpLGdPqK·S J CQKDPUL!Er-CFRTGHcuR!L7PWLBDCtruS J LGHRTYuZHS J hlP J VÔY;ZHS Ò C
Y;E7C Ó
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ò�çkøiñ~ëe
kêÔ� SUGHK à [,V ] PqZHE
] j>@�@ CpÖor�C J GdCFK;RpCFN ] [�LS J nUCTL�,;P Ò
_] j>@�@'V�CFSUEY J CFN Ò GdLB·r�C J GdPoN;GHR�r J P ] GHKDn�r J GdP J L7P�LS J nUCTL-,;P Ò
\] j>@�@'V�CFSUEY J CFN Ò GdLB·r�C J GdPoN;GHR�r J P ] GHKDnfN;Y J GHKDnÔLS J nUCTL�,uP Ò
^ ZdPqE�E J SzL7CQCpÖor�C J GdCFK;RpCFN ] [�LS J nUCTL�,;P Ò
_^ ZdPqE�E J SzL7C0VfCFSUE�Y J CFN Ò GdLB©r-C J GdP,NuGHR�r J P ] GHKDn�r J GHP J L7P�LS J nUCTL�,uP Ò
\^ ZdPqE�E J SzL7C0VfCFSUE�Y J CFN Ò GdLB©r-C J GdP,NuGHR�r J P ] GHKDnfN;Y J GHKDnÔLS J nUCTL�,;P Ò
^NM RpPqKDnUCFELGdPqK©CT|UCFKgL!r J P ] S ] GHZHGHL\[�CpÖor�C J GdCFK;RpCFN ] [�LS J nUCTL�,;P Ò# SURpLY;SUZwLB J PqYDnqB;ruYDLÐPUhÑLS J nUCTL�,;P Ò
_# r J CFN;GHRpL7CFN·LB J PqY;nqBDruYDLÐPUh>LS J nUCTL�,uP Ò
\# CpÖor�CFRpL7CFN©LB J PqY;nqBDruYDLÐPUhiLS J nUCTL�,;P Ò ] SUECFN�PqK[\] SUK;N \^
_n S�|�SUGHZbS ] ZdC ] SUK;N Ò GHNDLB�VfCFSUEY J CFN�r J GdP J L7PWLS J nUCTL�,;P Ò7 V�S�ÖDGHVÔY;V Ò GHKuNDP Ò PUhiLS J nUCTL�,uP Ò

J�æy*�æ{
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@�BDC©@ s I LB J PqY;nqBDruYDL�h�P J V2YuZHSÎLB;SzL Ò COY;E7C©GHE�LBDC I X>@�ã J CFEY;ZdL�PUh'¡�¤TyUy/¢ ��Ò B;GHR8BâGHVfr J P}|UCFE
PqK»LBDCfEk,Y;S J Cp× J P,PUL<hlP J VÔY;ZHSWCFE7r�CFRTGHSUZHZd[©GbKOLBDC�r J CFE7CFK;RpCÔPUh J CTL J SUKuEV�GHEE�GdPqK©LGHV�CTPqYDLE<SUK;N � P J S
ZHGHVWGdL7CFN·V�S�ÖoGbV2Y;V Ò GHK;NDP Ò ~

lô¡ #�¢l% V�GHK
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Ò BDC J C ]"3 GHE4LBDCf@ s IÀJ CTL J SUK;EV�GHE�EGdPqK©LGbVfCTPqYDL<r�C J GdPoN � SUK;N 7 GHE!LB;C�VWS�ÖoGHVÔY;V Ò GHK;N;P Ò EGdéTC
P�ZHGHVWGdL7CFN ] [�LBDC<E7PoR Õ CTL ] YoØ�C J EGdéTC<SzL�LB;C�E7CFKuNDC J P JÐJ CFRpCFGH|UC J Q Ó	å C<CFVfruB;SUE�GdéTC4LBuSzL ^ SUK;N ] � GHK
LBDC�r J CT|,GHPqY;E%CFk,Y;SzLGdPqK � S J C!LBDC4SF|UC J SznUCtZdPqEE J SzL7C4SUKuN�j>@�@áLB;SzL3LBDC �µ�z� �g�F� [ �/z P�G Ó C Ód� LBDC4@ s I
,;P ÒìÒ BDPqE7CÔLB J PqYDnqBDreYDL Ò CÔL J [�L7P�r J CFN;GHRpLhQ�CpÖ,r�C J GdCFKuRpCFE Ó�Ú PULGHRpC�LB;SzL�LBDC�ZdPqEE J SzL7C ^ VWSF[ ] C
éTC J P � GbK Ò B;GHR8B©RTSUE7CQLBDC	,;P Ò GbE �����8�8�H���8� SUKuN¥lô¡ #�¢ÑGbEÐnqGd|UCFK ] [�LB;CtL7C J V 7fo ] Ó

à Y;r;r�PqE7COKDP Ò LBuSzL Ò C Ò SUKgL·L7P*SzruruZd["P ¥.QWL7P*@ s I LB J PqYDnqBDreYDLWr J CFN;GHRpLGdPqK Ó @�BDC»V�SUGHK
r J P ] ZdCFVßGHE�LB;SzL Ò CQN;P�K;PUL Õ KDP ÒQ�oÒ BDCFK·r J CFN;GHRpLGHKDn � LBDCtZdPqEE J SzL7CQSUK;N�j>@�@�LB;SzL�LBDC$,;P Ò'Ò GHZHZ
CpÖor-C J GdCFK;RpCfN;Y J GbKDn�GdLEtZbGdhlCTLGbVfC Ó @�BDC�P ] |,GHPqY;EtSzr;r J PqSUR8B �=Ò BuGHR�BÎB;SUE ] CTCFKÎr J CT|oGdPqY;E�Zd[�hlPqZbZdP Ò CFN
GHKÏr J SURpLGHRpC�P�C Ó n Ód� GbKÏP�|UC J ZbSF[ J PqYDLGbKDnp¡ x+�/¢~Q � GHEtL7P»VfCFSUEY J C�LBDC�ZHPqEE J SzL7C�SUK;N�j>@�@ ��� �p�z�� LBDC
L J SUK;EhlC J�Ò GdLBèS6YDLGHZHGHL\[*EY;R�B SUE u-�l�g� � SUK;NèLBDCFKèSzr;reZd[*LBDPqE7COCFELGHV�SzL7CFE�PUh ^ SUK;N ] GHK9P ¥.Q Ó
à YDrur-PqEC2LB;SzL _^ SUK;N _] S J CfLB;CWZdPqEE J SzL7C�SUK;NÏj>@�@ CFE7LGHVWSzL7CFE ] SUE7CFNÎPqK�VfCFSUEY J CFV�CFKMLE0r J GdP J
L7PWLB;C),;P Ò0Ó @�BDCFK � Gdh _^Lp�^ SUK;N�_] p ] � LB;CQr J CFN;GbRpLGdPqK�SURTRTY J SURp[ Ò GbZHZ ] CtPqK;Zd[·ZHGHV�GdL7CFN ] [·LBDC
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SURTRTY J SURp[6PUh�LBDCFE7C�Szr;r J PFÖDGHV�SzLGdPqKuE2SUK;N6LBDC�SURTRTY J SURp[6PUh�LBDC�V�SzLBDCFVWSzLGHRTSUZÐVfP,N;CFZ�LB;SzL Ò SUE
Y;E7CFNÙL7PONDC J Gd|UC�P ¥.Q Ó�å C�RTSUK�CpÖ,r�CFRpLQLB;SzL _^Zp ^ SUK;N _] p ] Ò BDCFKÙLBDC�@ s I ,;P Ò GbVfr�PqE7CFEQS
V�GHK;P J ZdPqSUN6PqKÙLBDC�ruSzLB�  E ] PUL7LZHCFKDCFR Õ-� SUK;N�E7P»GdL0NDP,CFE0K;PUL2S�Ø�CFRpLÔEGHnqK;GdcuRTSUKgLZd[»LBDC�j>@�@�SUK;N
ZdPqEE J SzL7CQPUhiLBDCQruSzLB Ó

?âZHGbV�GdLSzLGdPqKtPUhDLB;C�r J CT|oGdPqY;EwSzr;r J PqSUR8B2GHEwLB;SzL>GdLwNDP,CFEÑK;PULÑSzr;ruZH[4L7P ���z���8�H���8��uD�U���q� � G Ó C Ód�zÒ BDCFK
_^ %<y Ó>a KfLB;SzL�RTSUEC � 7fo _] RTSUK ] C�L7PULSUZHZH[ÔY;K J CFZHSzL7CFNfL7PQLB;C J CFSUZHGdéTCFNfLB J PqYDnqBDruY;L � CFE7r�CFRTGHSUZHZd[ÔGdh 7
GHEÐVÔY;R�B�ZHS J nUC J LB;SUK�LBDC ] SUK;N Ò GbNDLBo×\NDCFZHS�[fr J PoN;Y;RpL�PUhwLBDCtY;KuNDC J Zd[oGHKDnQreSzLB Ó �<KDC<Szr;r J PqSUR8B·L7P
NDCFSUZ Ò GdLB�ZdPqEE�ZdCFEE3ruSzLB;EÐGHE3L7PÔr J CFN;GHRpL�LBDC<@ s I LB J PqY;nqBDruYDL ] SUE7CFN�PqK�LBDC ��}��z���d�H�p�H�#���z�>s�z%�ÖsU���
_n�PUh4LBDC·ruSzLB*r J GHP J L7PÏLBDC�@ s I ,;P ÒQ��Ò BDCFK _nrq 7fo _] Ó @�BDC·SF|zSUGHZHS ] ZdC ] SUKuN Ò GHNDLB6GHEÔLBDC
KDPqKo×\Y;LGHZHGdéTCFN�reS J L4PUh�LBDC ] PUL7LZdCFK;CFR Õ ZHGbK Õ   E4RTSzruSURTGdLÜ[ � SUK;NÎGdL4RTSUK ] C2VfCFSUE�Y J CFN»KDPqKo×\GHKgL J Y;EGH|UCFZd[
Ò GdLBÎCFKuNo×µL7Pz×µCFK;NÙr J P ] GHKDn·L7CFR8B;K;GHk,YDCFE3¡ �/�o� ��y � ¤U¤Ty � ¤F¥o¤�¢ Ó ?4ZHLBDPqYDnqBÎLBDCWS�|�SUGbZHS ] ZdC ] SUKuN Ò GHNDLB
SUK;N»@ s I LB J PqY;nqBDruYDL!S J CÔKDPUL�CpÖor-CFRpL7CFN»L7P ] C0CpÖDSURpLZd[©CFk,Y;SUZ � _n5RTSUK ] CÔY;E7CFN»SUE�S�c J EL¡×µP J NDC J
Szr;r J PFÖDGHV�SzLGdPqK�PUhe# Ò B;CFK�LBDC),;P Ò GHE!KDPUL!ZHGHVWGdL7CFN ] [�GdLE�VWS�ÖoGHVÔY;V Ò GHK;NDP Ò EGdéTC 7 ¡ �/� ¢ Ó �<K
LBDCQPULB;C J B;SUK;N � Gdh 7fo _] q _n � LBDC),;P Ò RTSUK;KDPUL4P ] LSUGHK©SUZbZ�LBDC0S�|�SUGHZbS ] ZdC ] SUK;N Ò GHNDLB·N;YDCtL7P�GdLE
ZHGHVWGdL7CFNÍVWS�ÖoGHVÔY;V Ò GbK;NDP Ò0� EP 7fo _] GHEtS�V�P J C J CFSUE7PqK;S ] ZHCfr J CFN;GHRpL7P J O Ò C J CTh�C J L7P©EYuR�B÷,;P Ò E
SUE z%���>sq�/z�xÜ� ��w����\��s Ó

@ÑP�EY;V�VWS J GdéTC � LBDCQX æ r J CFN;GHRpL7P J LBuSzL Ò CQRpPqK;E�GHNDC J GHK�LBDC J CFEL�PUhiLB;GHE�R8B;Szr;L7C J GbE3nqGH|UCFK ] [
LBDCQh�PqZHZdP Ò GHKDnÔCFk,Y;SzLGdPqK�~

_#&% stttu tttv
V�GHKAw xyz	{ |D}�~���� yz����e����� £-� { � }F~���� y. � £ � 0 + y. | � 4�� yz�� Gdh _^�� y
V�GHK��N� yz 4F_n�� Gdh _^ %<y P~��Q

Ò BDC J C _#5GHE�LBDC0r J CFN;GHRpL7CFN©LB J PqYDnqBDreYDL �DÒ B;GHZHC _] � _^ � SUK;N _n � S J CQLBDC0V�CFSUEY J CFNÍji@!@ � ZdPqEE J SzL7C �
SUK;NÙS�|�SUGbZHS ] ZdC ] SUK;N Ò GHNDLB»r J GHP J L7POLBDCW@ s I ,;P ÒQÓfå C�CFE7LGHV�SzL7CWLBDC J CTL J SUK;E�V�GHEEGHPqKÍLGbVfCTPqYDL
r�C J GdPoN·SUE

_]l3 %�VWS�Ö�P¡¤TE7CFR�4�x à j>@�@-Q P {.Q

Ò BDC J C à ji@!@ìGbEtE7CTL<L7P©LBDCfVfCFSUEY J CFNÏji@!@ _] r J GdP J L7P�LBDCfLS J nUCTL),uP ÒQÓÔÚ PUL7C�LB;C�N;G�Ø�C J CFK;RpCFE
] CTL Ò CTCFK P ¥.Q!SUKuN�P~��Q8~4LBDCÔZbSzL7L7C J�J CFZHGdCFE�PqK»LBDCÔCFE7LGHVWSzL7CFE _] � _^ � _]"3 �-J SzLBDC J LB;SUKÍPqK»LBDC�SURpLY;SUZ
|zSUZHYDCFE ] � ^ � ] 3 � SUK;NèGHLWSUZHE7PÊB;SUEWS6RpPqVfr�PqKDCFKML�LB;SzL�N;CTr-CFKuN;EfPqK LBDCÍS�|�SUGHZbS ] ZdC ] SUKuN Ò GHNDLB
CFE7LGHVWSzL7C _n Ó
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a KÊLBDC�h�PqZHZdP Ò GHKDn �>Ò C·CpÖ,ruZbSUGHK�LB J CTC�GHVfr�P J LSUKgL2ZHGHVWGdLSzLGdPqK;E0PUh!LBDC·S ] P�|UC�r J CFNuGHRpL7P J YuEGHKDn
] SUEGbRtGHK;EGdnqBgL�SUK;N©EGbVfruZdC �D� � EGHVÔY;ZHSzLGdPqK·ERpCFKuS J GdPqE Ó
J�æy*�æ�* î���ë�ð.é3íNì�éfú�ë�ë���é�èfçgñ~í>çkõ�õiò�ë�é�íeéfú�ë¥é�çkè+öNë�é��iíWÿ
æ SUEGHR©k,YDCFYDCFGbKDnÏLBDCTP J [*L7CFZHZHE�Y;EfLB;SzL�SUKèGHK;R J CFSUE7COGHKâLB;COYDLGHZHGHéFSzLGdPqK*PUhtSÙkgY;CFYDCpP Ò GdLBèKDPqKo×
r�C J GdPoN;GHR�S J�J Gd|zSUZHEhQ%GbK;R J CFSUE7CFE�LBDCtSF|UC J SznUC0kgY;CFYDCFGHKDn�NDCFZHS�[ Ó�à GHV�GbZHS J Zd[ � GHK·S�k,YDCFYDC Ò GdLB�SÔZbGHV�GdL7CFN
] YoØ�C JF� SUK'GHK;R J CFSUECÎGbK�LBDCÙYDLGHZHGHéFSzLGdPqK RTSUKËRTSUY;E7CÙSâB;GdnqB;C J ZdPqEE·r J P ] S ] GHZHGdLÜ[ Ó @�BDCÏGHKuR J CFSUE7C
GHKÏLB;C�k,YDCFYDCFGHKDn©N;CFZHSF[oE0SUK;N � P J LBDC�ZdPqEEQr J P ] S ] GHZbGdL\[ÍL7CFK;N;EQL7P ] C�VfP J C�E�GdnqK;GdcuRTSUKgL Ò BDCFK�LBDC
YDLGHZbGdéFSzLGdPqK ] CFRpPqVfCFEiEGdnqKuGdcuRTSUKgLZd[tB;GdnqBDC JF� P J>Ò BDCFK0LBDC�Y;LGHZHGdéFSzLGdPqK Ò SUE>SUZ J CFSUND[QB;GdnqB0CT|UCFK ] CTh�P J C
LBDC0SUNuN;GdLGdPqK;SUZ�ZdPqSUN Ó

@�B;CFE7C ] SUEGHRÍh�SURpLE�RTSUK RTSUY;ECÎVWS}�¡P J C JJ P J E�GbKÀX æ r J CFN;GbRpLGdPqK Ó @�BDC J CFSUE7PqK�GHE�LB;SzL·LBDC
j>@�@ _] VfCFSUEY J CFNÙr J GdP J L7POLB;CWLS J nUCTL�,;P Ò�Ò GHZbZ%KDPUL J Cq,uCFRpL0LBDC�kgYDCFY;CFGHKDn©NDCFZHS�[ÙN;Y J GbKDn·LB;SzL
L J SUK;EhlC JFÓ�à P � _] RTSUK ] C�ZHP Ò C J LB;SUKÎLBDC�j>@�@ ] LBuSzLtLBDCfLS J nUCTL),;P Ò CpÖor-C J GdCFK;RpCFE Ó�à GHV�GbZHS J Zd[
h�P J LB;C»ZdPqE�E J SzL7C � GdL·RTSUK ] CÍLB;SzL _^ q ^ Ó @�BDCÎKDCTL J CFEY;ZHLWPUhQCFGdLB;C J CpØ�CFRpL©GHE�LB;SzL�LB;C»X æ
r J CFNuGHRpL7P J RTSUK»P�|UC J CFE7LGHV�SzL7C�LBDCÔ@ s I LB J PqYDnqBDreYDL � CFE7r�CFRTGHSUZbZd[ Ò BDCFK©LBDC2LS J nUCTL$,;P Ò GHK;R J CFSUE7CFE
LBDC0Y;LGHZHGdéFSzLGdPqK·PUh>LBDC ] PUL7LZHCFKDCFR Õ EGHnqK;GdcuRTSUKgLZd[WP J4Ò BDCFK�LB;C0ZHSzL7L7C J GHE�SUZ J CFSUN;[�|UC J [�B;GHnqB Ó3Ú PUL7C
LB;SzLtLBDCfCpÖor�C J GHVfCFKgLSUZi|�SUZbGHN;SzLGdPqK»PUh�LBDC I X>@�ã J CFEYuZdL ��J CTr�P J L7CFNÏGHK ¡�¤TyUy�¢ �=Ò SUE ] SUECFNÎPqKÏLBDC@¡r�PqE7LB,Y;VfPqY;EKB6CFE7LGHVWSzLGdPqKÀPUh ^ SUK;N ] � G Ó C Ód� h J PqV �µ�ªubsz�bw-u ruSUR Õ CTL�L J SURpCFE�RpPqZHZdCFRpL7CFN SzL·LBDC
E7CFK;N;C Jd�}J CFRpCFGd|UC J<Ò B;GbZdCQLBDCÔLS J nUCTL$,;P Ò Ò SUE<GHKOr J PUn J CFEE Ó ��h�RpPqY J E7C2LB;CÔESUV�CÔSzr;r J PqSUR�BÎGHE�KDPUL
r�PqEEG ] ZdC�GbK·LBDCQr J CFNuGHRpLGdPqK·RpPqKML7CpÖoL Ó

ò�çkøiñ�ë�*Lê P�?RQ a K;R J CFSUECFN©j>@�@nP æ Q a K;R J CFSUE7CFN ç PqEE!j4SzL7C Ó� ���	�����������-� �L�¡ $¢�£�¤ � ¥ �¦£�§K� ¤ � yz��¦�e¤ � ¨z>�©�e¤ � yª ª
£ + < + <-< £¬«� ® + 0  ¯ £ 0  0 °  ++ ± < + <-< + < ¯£ + < ¯£ £ <  « £ <  «�©² �� ���	�����������-� �L�¡ $¢�£�¤ � ¥ �¦£�§K� ¤ � y. �¡³ � ¨. �¡³ � yª ª
£ £ < ± < < ¯£h¯ <  ¯K« °  + ¯� «+ £ <-< 0 <-< <  + <  +-+ «� + «�¯£�¡´ �

å C�Y;E7C�EGHVfreZdC�µ�¶�x©EGHVÔY;ZHSzLGHPqK;EtL7PÏNDCFVfPqK;EL J SzL7C�B;P Ò EY;R8B�r J CFN;GHRpLGdPqK�C JJ P J EÔRpPqY;ZHN�LS Õ C
ruZHSURpC Ó @�BDC�EGHVÔY;ZHSzLGdPqKuE=Y;E7CÐS!EGbVfruZdC�NuY;V ]u] CFZbZzL7PUr-PqZHPUnU[ Ò GdLB0LBDC ] PUL7LZdCFK;CFR Õ ZHGbK Õ P�RTSzreSURTGdL\[¸· �
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] YoØ�C J E7reSURpC�¹�Q>GHK�LBDC�RpCFKML7C J�� SUK;NWLBDC!@ s I ,;P Ò E-P ] PULB�LB;C!R J PqEE�L J S�WR!SUKuN�LBDC�LS J nUCTLA,;P Ò Q
L J S�|UC J EGHKDn�LBuSzLQZHGHK Õ-Ó @iS ] ZdC�x}×hP�?$Q<nqGd|UCFEQSUKÎCpÖDSUVfruZdCfPUh3LBDC�N;GHER J CTruSUK;Rp[ ] CTL Ò CTCFKÏLBDCfreSzLB�  E
j>@�@ _] r J GdP J L7P!LBDC3LS J nUCTL�,uP Ò SUK;NQLBDC3ji@!@ \] N;Y J GHK;n�LB;C�LS J nUCTLj,;P Ò0Ó @�B;C	LS J nUCTLj,;P Ò SUE Ò CFZHZ
SUE>S4E�GHKDnqZdC�R J PqEEiL J S�WR�@ s I ,;P Ò S J C Ò GHKuNDP Ò ×\ZbGHV�GdL7CFN�P 7 %t¥zyUã æ QwE7P�LB;SzLÑLB;C ] PUL7LZdCFKDCFR Õ NDP,CFE
KDPUL4CpÖ,r�C J GdCFKuRpC0SUKM[·ruSUR Õ CTLtZdPqEE7CFE�P ^ %<yHQ Ó�Ú PUL7C2LB;SzL4LBDC0RTSzruSURTGHL\[A·#GHK à GbV2Y;ZbSzLGdPqKo×�¤tGHE4ZdP Ò C J
LB;SUK�GHK à GHVÔY;ZHSzLGdPqKo×Üx � RTSUY;EGHK;n2SÔB;GdnqBDC J YDLGHZHGdéFSzLGHPqK�GHK�LBDC4h�P J VfC J�Ó	à r-CFRTGHcuRTSUZHZd[ � LB;C�YDLGbZHGdéFSzLGdPqK
GHK à GHVÔY;ZHSzLGdPqKD×�¤�GHK;R J CFSUECFE3h J PqV �zx.TÈL7P�� �,Ó {.T�SzhlL7C J LB;C4LS J nUCTLù,uP Ò E7LS J LEºODLB;C�RpP JJ CFE7r�PqK;N;GHKDn
YDLGHZbGdéFSzLGdPqKáGHKuR J CFSUE7COGHK à GHVÔY;ZHSzLGdPqKD×ÜxÎGHE�h J PqV x+��T L7P�� � T Ó ?4E�S J CFEY;ZdL � \] GbEWEGdnqKuGdcuRTSUKgLZd[
N;G�Ø�C J CFKgL4LBuSUK _] GHK à GHVÔY;ZHSzLGHPqKo×�¤ � RTSUY;E�GHKDn·S�EY ] E7LSUKgLGHSUZwr J CFN;GHRpLGdPqKÍC JJ P J�Ó @!BDC0r J CFN;GHRpLGdPqK»GHE
|UC J [0SURTRTY J SzL7C � PqKÔLBDC�PULBDC J B;SUK;N � GHK à GHV2YuZHSzLGdPqKo×Üx ] CFRTSUYuE7C�LBDCÐYDLGHZbGdéFSzLGdPqK J CFV�SUGHKDCFN J CFZHSzLGd|UCFZH[
ZdP Ò CT|UCFKOSzh�L7C J LBDC0LS J nUCTL�,;P Ò E7LS J L7CFN Ó

à GbV�GHZHS J ZH[ � @ÑS ] ZdC3x}×hP æ QwCpÖ,CFVfreZHGdc;CFE�LB;C�N;GbER J CTruSUK;Rp[ ] CTL Ò CTCFKÔLBDC3ZdPqE�E J SzL7C�N;Y J GbKDn�LBDC�LS J nUCTL
,;P Ò \^ SUK;NÎLB;CWZdPqEE J SzL7C�r J GdP J L7POLBDC�LS J nUCTL#,;P Ò _^ Ó @�BDC�R J PqE�EtL J S�WR�GbEtS©EGHKDnqZHC�@ s I ,;P Ò
GHK à GHVÔY;ZHSzLGHPqKo×�¤ � SUKuN»¤F{�@ s I ,;P Ò E�GbK à GHV2YuZHSzLGdPqKo×Üx Ó%Ú PqKDC<PUhwLBDC$,;P Ò E � GHK;RTZbY;N;GHKDntLB;C�LS J nUCTL
,;P ÒQ� S J C Ò GHK;N;P Ò ×\ZHGbV�GdL7CFN Ó�Þ C J C �wÒ CfE7CTCfS�ZHS J nUCfZdPqE�E J SzL7C�GbK;R J CFSUE7CfGHK à GHVÔY;ZHSzLGdPqKD×�¤0Szh�L7C J LBDC
LS J nUCTL�,;P Ò E7LS J LE Ó @�BDC4ZHPqEE J SzL7C�GHK;R J CFSUEC4GHE3V2Y;R8B�E�V�SUZHZdC J GbK à GHVÔY;ZHSzLGHPqKo×Üx ] CFRTSUY;E7C!LB;C ] YoØ�C J
EGdéTC»¹�GbE�EGdnqK;GHcuRTSUKMLZH[�ZHS J nUC J GHK·LB;SzL�RTSUE7C Ó ?�E!S J CFEY;ZHL � LBDCQr J CFNuGHRpLGdPqK·C JJ P J GHE�EY ] E7LSUKgLGHSUZ�GHK
à GHVÔY;ZHSzLGHPqKo×�¤ ] YDL�V�GHKDP J GbK à GHVÔY;ZHSzLGdPqKo×Üx Ó

J�æy*�æJ î$èfè+íNè+ó3õiò�ë&é�í�é+ú�ëÎòfð�! ó çNîpûjñ�õ{ï�öpøXëbú�çgýwõ~íNè

�	|UCFK Ò B;CFKOLBDCÔLS J nUCTL$,;P Ò N;PgCFE�KDPUL<S�Ø-CFRpLtEGdnqKuGdcuRTSUKgLZd[·LBDC2reSzLB�  E<ji@!@ASUK;N»ZdPqEE J SzL7C � GdL�GHE
E7LGHZbZiBuS J NÎL7P�CFE7LGHV�SzL7CWLBDC�j>@�@5SUK;NÏZdPqE�E J SzL7C�LB;SzLQLB;C�@ s I LS J nUCTL	,;P Ò CpÖor�C J GdCFK;RpCFE Ó @ s I
J CFN;YuRpCFE4GdLE4ruSUR Õ CTL�L J SUK;EV�GHE�EGdPqK J SzL7C Ò B;CFKOGdL4CpÖ,r�C J GdCFKuRpCFE4ZdPqE�E7CFE �-Ò B;GHR8BOVfCFSUK;E4LB;SzL<GdL!L7CFKuN;E
L7P^@7ESUVfreZdC�BÔLBDCQj>@�@ SUK;N�ruSUR Õ CTL�ZdPqEE�r J PoRpCFEE7CFE�ZHCFEEÐh J CFkgYDCFKgLZd[ Ò BDCFK·LBDC<ruSzLB�GHEÐRpPqKDnUCFE7L7CFN Ó
@�B;GbEiGbEiS<|UC J [2N;G�Ø�C J CFKgL%ESUVfruZHGbKDn ] CFB;S�|,GHP J LBuSUK�LB;SzL%PUh-S<YDLGbZHGdL\[2EY;R�BfSUE	ruGHKDn �zÒ B;GbR�BÔL\[,ruGHRTSUZHZH[
E7CFK;NuEÐr-C J GdP,NuGHR!r J P ] GHKDn�ruSUR Õ CTLE Ó ?�ZHE7P � @ s I L7CFK;NuE�L7PWE7CFK;N ] Y J E7LEÐPUh%N;SzLSfreSUR Õ CTLE Ò BDCFK�E7CFZdhl×
RTZdPoR Õ GHKDnÊh�SUGbZHE�P�C Ó n Ód� N;YDC»L7Pâ? s ã RpPqVfr J CFE�EGdPqK>Q ��Ò B;GHR�BÀSUZHE7PâZdCFSUNuEWL7PâS*N;G�Ø�C J CFKgL�ESUV�ruZHGHKDn
] CFB;SF|oGdP J LB;SUKOr�C J GdPoN;GHR�r J P ] GHKDn Ó

@ÑP�V�S Õ C©LBuGHKDnqE�VfP J C©RpPqVfruZdCpÖ � S�V�SzLBDCFV�SzLGHRTSUZ4VfPoNDCFZÐhlP J LBDCO@ s I LB J PqYDnqBDreYDLfV�SF[

x.�



] C ] SUECFNOPqKÎRpC J LSUGHK»SUEEYuVfr;LGdPqK;E!LB;SzLtS�Ø-CFRpL<LBDC�GHKgL7C J r J CTLSzLGHPqKOPUh%ruS J SUVfCTL7C J E<EY;R8B»SUE ] P J

^ Ó XDP J GbK;E7LSUK;RpC � LBDC I X>@�ãüVfPoNDCFZÐSUEEYuVfCFEfLB;SzL ] GHEfRpPqKuE7LSUKML � SUK;N*LBuSzL Ò BDCFKâSÎruSUR Õ CTL
GHE�N J PUr;r�CFNáSUZHZ�LB;C J CFV�SUGHKuGHKDnÏruSUR Õ CTLE�GbKâLB;SzL�@ª,eGdnqBMLKB6S J COSUZHEP6N J PUrur-CFN"P J CThlC JJ CFNáL7P6SUE�S@7RpPqKDnUCFE7LGHPqKÙCT|UCFKgLKBHQ Ó ?�EQS J CFEY;ZHL � LBDCfruS J SUVfCTL7C J ^ GHK P ¥.Q<EB;PqY;ZHNÎKDPUL ] C�LBDCWY;K;RpPqKuN;GdLGdPqK;SUZ
ZdPqEE!r J P ] S ] GHZHGdLÜ[�SUVfPqKDn·SUZHZwruSUR Õ CTLE�PUh%LBDC2LS J nUCTL-,uP ÒQ� ] YDL�LB;C2RpPqKDnUCFE7LGHPqKOCT|UCFKgL<r J P ] S ] GbZHGdL\[ Ó
@�BDCQNuGHER J CTruSUKuRp[ ] CTL Ò CTCFK©LBDCFECQL Ò PWruS J SUVfCTL7C J E Ò SUE�PqKDC0PUhÑLBDC2V�SUGHK·h�P,RTY;E�r-PqGbKMLE�GHKg¡ {.�+¢ Ó

@iS ] ZdCf¥WE�BDP Ò E�LB J CTC�NuG�Ø-C J CFKML�@7ZdPqEE J SzL7CFEKB � SUZHZiP ] LSUGbKDCFNOh J PqVÃLBDC�ESUVfCfEGHVÔY;ZHSzLGHPqKOSUE<GHK
@iS ] ZdC�x}×hP æ Q Óqa K�LBuGHE>@ÑS ] ZHC � \^ GHE>S<ruGHKDnz× ] SUE7CFNÔCFE7LGHV�SzL7C�PUheLBDC�ZdPqEE J SzL7C�V�CFSUEY J CFN Ò GHLB2r�C J GHP,N;GbR
r J P ] GHKDnQruSUR Õ CTLE)P~�qy ] [,L7CFE�CT|UC J [Í¤TyUyUV�EdQ	N;Y J GHKDnQLB;C4LS J nUCTLa,;P ÒQ� ^ GHE3LBDC'P�Y;K;RpPqK;NuGdLGdPqK;SUZ�Q%ZdPqEE
J SzL7CÔLB;SzL�LBDC0LS J nUCTL$,;P Ò CpÖor�C J GdCFK;RpCFN � SUK;N ^ M GHE�LB;CÔRpPqKDnUCFELGdPqKOCT|UCFKgL<r J P ] S ] GHZHGdLÜ[�CFE7LGbV�SzL7CFN
h J PqVÛS�NDCTLSUGHZdCFNÍSUK;SUZd[oEGHE!PUh%LBDC¼µ�¶�xfruSUR Õ CTL<L J SURpC Ó4Ú PULGHRpCÔLBDC2E7L J G Õ GbKDnWN;G�Ø�C J CFK;RpC � VfP J C2LB;SUK
SUK»P J NDC J PUh�V�SznqK;GHLY;NDC � ] CTL Ò CTCFK \^ SUK;N»LBDCÔPULBDC J L Ò P�VfCTL J GHRTE Ó<I GbKDnWCFE7LGbV�SzL7CFEtS�ZbS J nUC J ZdPqEE
J SzL7C � N;YDC0L7P�GdLE�KDPqKo×\SUNuSzr;LGd|UC2E�SUVfruZHGHK;n ] CFB;SF|oGdP J LBuSzL Ò CÔV�CFKMLGdPqK;CFN©CFS J ZHGHC JFÓ @�BDC2N;G�Ø�C J CFK;RpC
] CTL Ò CTCFK ^ SUKuN ^ M GbE2SUZHEPÍKDPULGHRpCFS ] ZdC � SUZdLBDPqYDnqBÊKDPUL�V�S}�7P JFÓ 7�KDh�P J LY;K;SzL7CFZd[ � GHL2GHEÔKDPUL Õ KDP Ò K
BDP Ò L7P*VfCFSUEY J C ^ M P J ^ ue�����U� L7P*LBDCÎE7LS J L�PUhQLBDC»LS J nUCTL(,;P ÒQÓ XDP J LB;GHE J CFSUE7PqK � CpÖoGbE7LGHKDn
X æ r J CFN;GHRpLGdPqKÍER�B;CFVfCFEtY;E7C2ruGHKDnz× ] SUECFNÍZdPqE�E J SzL7C2CFE7LGbV�SzL7CFE ��Ò B;GbR�B»S J CÔSUZbE7P�VÔY;R8BÏEGHVfruZHC J L7P
P ] LSUGHK Ó

ò�çkøiñ�ë÷J�ê m<G�Ø�C J CFKgL ç PqE�E�j!SzL7CÔ��E7LGHVWSzL7CFE�N;Y J GbKDnÔSW@ s I X>ZdP ÒQÓ� ���\�����������-� ¨. . .�½£ <  < ¯ <  <-< ¯K« <  <-< + 6+ <  < 0 <  <-< +-+ <  <-< £ ±
J�æy*�æº5 î$èfè+íNè+ó õiò�ë é�í�é+ú�ë õ>õ¾�Aë�è+ëWï�ð.ë øXë�édÿ�ëWëWïÝçgý6çuõ{ñ�çNøjñ~ë ø�ç>ï�õ�ÿ�õ~õ�é+ú ç>ï�õ ò�ð#!

éfú�èfíÇò�öÇú�ûiò�é

?�E%r J CT|oGdPqY;EZH[0VfCFKgLGdPqKDCFN �qÒ BDCFK _^ %<yQSUKuN _n¿q 7Ào _] �gÒ C!r J CFN;GHRpL>LBDC�LB J PqYDnqBDruY;LiPUh�LBDC�LS J nUCTL
,;P Ò ] SUE7CFNèPqKáLBDCOruSzLB�  EWS�|�SUGbZHS ] ZdC ] SUKuN Ò GHNDLB _nÃr J GHP J L7P�LB;SzL3,;P ÒQÓ @�BDCFEC©L Ò P6VfCTL J GHRTE �
BDP Ò CT|UC JF� RTSUK ] CtEGdnqK;GHcuRTSUKMLZH[�N;G�Ø�C J CFKgL�GHK�RpC J LSUGHKORTSUE7CFE#¡¤��y.¢ Ó

X>G J EL ��Ò BDCTLBDC J S6@ s I ,;P Ò RTSUK�ESzLY J SzL7CÍLB;CÍSF|zSUGHZHS ] ZdC ] SUKuN Ò GHNDLB*PUhQS6ruSzLBÀNDCTr�CFK;N;E
PqKÊLBDC ] YoØ�C J EruSURpCL¹ÌSzL�LBDC ] PUL7LZHCFKDCFR Õ-ÓÏa h�¹ÌGHE�KDPUL�EY6WRTGdCFKgLZd[ÙZHS J nUC � ruSUR Õ CTL�ZHPqEE7CFE�RTSUK

x �



RTSUY;E7CÏEGHnqK;GdcuRTSUKgL�Y;KuNDC J YDLGHZbGdéFSzLGdPqKáSUK;N LBDC J CFEYuZdLGHKDn�@ s I LB J PqYDnqB;ruYDL�RTSUK ] CÎZdP Ò C J LB;SUK
_n Ó»à CFRpPqK;N � GdhÐLBDC·RpPqVfr�CTLGHKDnÍR J PqEEÔL J S�WR�SzL2LBDC ] PUL7LZdCFKDCFR Õ GHE0V�SUN;C�PUh�CFZHSUELGHR�,;P Ò E(P�C Ó n Ód�
r�C J EGHEL7CFKML·@ s I ,;P Ò EhQ � LBDCÎLS J nUCTL�,;P Ò RTSUK RTSzruLY J CÏVfP J CÎLB;SUK _n � ] [ J CFRpCFGH|,GHK;nÊE7PqV�C»PUh
LBDC ] SUKuN Ò GHNDLB�r J CT|oGdPqY;EZH[ÏP,RTRTYDreGdCFN ] [ÊR J PqEE�L J S��R(,;P Ò E Ó @�B;C·SURpLYuSUZ�N;G�Ø�C J CFK;RpC ] CTL Ò CTCFK
SF|zSUGHZHS ] ZdC ] SUK;N Ò GHNDLBÊSUK;Nâ@ s I LB J PqYDnqBDreYDLfGHKÊLB;SzLWRTSUE7C»NDCTr�CFK;N;EÔPqKâLBDC©K,Y;V ] C J SUKuNâLBDC
j>@�@�E�PUhiLBDC0RpPqV�r-CTLGbKDn�@ s I ,uP Ò E Ó

s PqKuE7CFkgY;CFKMLZd[ � LB;C�S�|�SUGHZbS ] ZdC ] SUK;N Ò GbNDLBn_nâr J GdP J L7P<LBDC�LS J nUCTL�,;P Ò RTSUKfRTSUY;E7C�CFGdLBDC J P�|UC J CFE7×
LGHV�SzLGHPqK2P J Y;K;NDC J CFELGHV�SzLGdPqK2PUhuLBDCa,;P Ò   E%LB J PqYDnqBDruYDL � NDCTr�CFK;NuGHKDn!PqK�LB;CÐSUV�PqY;KML>PUh ] YoØ�C J GHKDn
SUK;NÍLBDC�BzCFZHSUE7LGHRTGdLÜ[8B�PUh	LBDC�R J PqEE�L J S��R2GHKOLBDCÔruSzLB Ó v Gd|UCFK»LB;SzL�GHL4GHE�B;S J NÍL7P�GbKDhlC J KDCTL Ò P JÕ
] YoØ�C J GHK;nQSUK;N�R J PqEE�L J S�WR!CFZbSUE7LGHRTGdLÜ[�GHK�r J SURpLGHRpC � GHL3GHE3Y;K;RTZdCFS J3Ò BDCTLBDC J3Ò C<RTSUK�N;CFEGdnqKWS ] CTL7L7C J
X æ r J CFN;GbRpL7P J LB;SUK _nìGHK·LBDC0RTSUECQPUh%ZdPqEEZdCFE�EÐruSzLB;E Ó�#��� jZÁ �ô����å-�H�Aã��.��� �)���XÛ;���	��ß

@�BDCfr J CT|,GHPqY;EtE7CFRpLGdPqK6S J nqYDCFNÏLB;SzL2X æ r J CFN;GHRpLGdPqKÏRTSUK ] C�GHK;SURTRTY J SzL7C�Y;K;NDC J RpC J LSUGbKÙKDCTL Ò P JÕ
RpPqK;N;GHLGdPqK;E Ó�a KÍLB;GHE!ECFRpLGdPqK ��Ò C�EBDP Ò V�CFSUEY J CFVfCFKgL J CFEY;ZdLE!h J PqVÛE7CT|UC J SUZ a KgL7C J KDCTL�ruSzLB;E4LB;SzL
k,Y;SUKMLGHhl[2LBDC�GHK;SURTRTY J SURp[2PUh�X æ r J CFN;GHRpLGdPqK � SUK;N�h�Y J LBDC J SUK;SUZd[,éTC�LBDCFE7C�r J CFN;GHRpLGdPqKÔC JJ P J E Ó XiG J E7L �
Ò C!NDCFER J G ] C�LB;C!VfCFSUEY J CFVfCFKML3VfCTLBDPoNDPqZdPUnU[fSUK;N�LB;C!N;SzLSUE7CTL Ò C�Y;E7C�LB J PqYDnqBDPqYDL%LB;GbE	R�B;SzruL7C JFÓ

J�æ�J�æ{
 ófý>ëWè�ýwõ~ë�ÿ íNì�îeëWçkó�ò�èfëbîpëWïÇé�îpëHéfú�í�õjí>ñ~íNöN�
�<Y J VfCFSUEY J CFVfCFKMLE Ò C J C<RpPqZHZdCFRpL7CFN�PqK�¥U{ a KML7C J K;CTL3ruSzLBuE�LB;SzLÐGHKgL7C J RpPqK;KDCFRpLÐKDPoNDCFE3PUh�LBDC�jF� Ú
L7CFE7L ] CFN�¡ x � ¢Ö£ Ó @�B;C�jù� Ú KDPoNDCFE%LBuSzL Ò C4Y;E7CFNfS J C!ZHP,RTSzL7CFN�VfPqE7LZd[�GHK'7 à Y;K;Gd|UC J EGdLGdCFE � ] Y;L%LBDC J C
S J C0SUZbE7PfL Ò P�KDPoNDCFE�GHK��3Y J PUr�CtSUK;N�PqKDC2GHK�ãtP J CFS Ó �tYDL�PUhÑLB;C2¥U{�ruSzLB;E � c;|UC0S J CQL J SUK;ESzLZHSUKgLGHR
ruSzLB;E � PqKDC ] CTL Ò CTCFK»ãtP J CFS�SUK;N Ú C Ò c	P JÕ × Ú c � SUK;NOLBDC J CFEL Ò GdLB;GbK�LB;C	7 à�Óe� PqEL!ruSzLB;E4RTSUK
NDCFZHGH|UC J SzL!ZdCFSUE7L0¤Ty � ] ruE � ] YDL�E7CT|UCFKOPUhiLB;CtruSzLB;E�B;SUNOS�m àoç P J @�×�¤ ] PUL7LZdCFKDCFR Õ-Ó

å C�RpPqZHZdCFRpL7CFNWECT|UCFK�VfCFSUE�Y J CFVfCFKgL¼@¡L J SURpCFEKB2PqKfCFSUR8BWruSzLB �MÒ GdLBWStL7PULSUZ;PUh=x+�M{0L J SURpCFE�SUR J PqE�E
SUZHZ-ruSzLB;E Ó ��SUR�B©L J SURpCQRpPqK;EGHELEÐPUh3¤F{zy ] SUR Õ ×µL7Pz× ] SUR Õ VfCFSUEY J CFVfCFKgL�@¡CTr-PoR�BuEKB Ó ?�K·CTr-PoR�B�ELS J LE
Ò GdLB0SUKQSF|zSUGHZHS ] ZHC ] SUK;N Ò GHNDLB<VfCFSUEY J CFVfCFKMLÑY;EGHKDn�reSzLB;ZdPqSUN � hlPqZHZHP Ò CFN ] [�S � y�×\E7CFR3V�CFSUEY J CFVfCFKgL
PUh _^ SUK;N _] Y;EGbKDnOS»BDPqVfCFE7ruYuKÙruGHK;nOYDLGHZHGHL\[ÎLB;SzL0nUCFK;C J SzL7CFEfS��;¤�× ] [,L7C�r J P ] GHKDnOruSUR Õ CTL�CT|UC J [

¦DÂ�©�ÕfÅU©ÐÃ½©ÐÅlÃ�Ä\ÅôÍ¤Î+Ò{ÏU©ØÓFÆaÄhÃTÇkÉ Ó<Î+©ÐÏ¬È�ÓhÌTÉ Ì/©IÊØÓhÑfÒÖ©�ÏhË+©�É0Ó<ÏÖÏU©ÐÅ>Í¤Ò>Ä<Ã½ÏU©ªÎaÏUÄqÄÌËf©ØÓ-Í�Í¤É¯ÊAÉ0ÄdÓ�Æ�©-Æ�ÃºÄ<Å�ÓFÊ�ÊªÑfÅ¨Ó�ÏU©�Îf©ÐÏ~ÆÇÄhÅUÈÎ ©ØÓ<ÒÖÑfÅU© Î ©ªÎqÏØ×
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¤TyUyUV�E � h�PqZHZdP Ò CFN ] [QS�{zy�×\E7CFRÐ@ s I L J SUK;E7h�C J P�LS J nUCTL�,;P Ò Q=nUCFKDC J SzL7CFN ] [ a¡I C J h�¡ � �+¢LP�ECTC�X>GdnqY J C3x.Q Ó
j>@�@ÃSUK;N ZHPqEE J SzL7CÍCFE7LGbV�SzL7CFE·S J CÍSUZHEPÊVfCFSUE�Y J CFNÀN;Y J GHK;nÏLBDCÍ@ s I L J SUK;E7h�C JFÓ ? {zy�×\E7CFRpPqKuN
L J SUK;EhlC J PqK»LBDCFE7CÔruSzLB;E�GHE4ZHPqKDnWCFKDPqY;nqBÍL7P�CFK;EY J C0LB;SzL�LBDC�,;P Ò E7r�CFK;NuE!S�KDCTnqZHGdnqG ] ZdCth J SURpLGdPqK
PUhwGdLEÐZHGHhlCTLGHV�C!GHK�LBDCtGHK;GdLGHSUZuEZdP Ò ×\E7LS J L Ó ? L7PULSUZ�PUhi¥ � �z{zyf@ s I L J SUK;EhlC J E$P�GHK�LBDCtESUVfC<KgYuV ] C J
PUh�CTr�P,R8B;EhQ Ò C J C4r�C J hlP J VfCFN Ó @�BDC4NuY J SzLGdPqKfPUh�CFSUR8B�CTr-PoR�B÷P�SUK;N�SUZHE7P2LBDC!LGHV�C!GHKgL7C J |�SUZ ] CTL Ò CTCFK
EY;RTRpCFE�EGd|UCÍ@ s I L J SUK;E7h�C J EhQ Ò SUE�S ] PqY;L�x}×Ü¥�VWGHKgY;L7CFE �ÐÒ B;GHZdC�LB;CÍN;Y J SzLGdPqKáPUhtCFSUR8B L J SURpC Ò SUE
S ] PqYDL � BDPqY J E Ó @�BDCQVfCFSUE�Y J CFVfCFKgLE Ò C J C0RpPqZHZHCFRpL7CFNON;Y J GHKDn�S Ò CTC Õ GHK � SF[©xzyUy�� Ó

Available Bandwidth

60 seconds20~60seconds

RTT/Loss and TCP Throughput

50 seconds

RTT/Loss

ÏNÐ©ÑÓÒÕÔ×Ö>ØlÙ ?ËV�CFSUEY J CFVfCFKgL�CTr�PoR�B Ó ¤F{zy�E�Y;R�B·CTr�PoR�B;E Ò C J C J CFRpP J NDCFN�N;Y J GbKDn2CFSUR8B©L J SURpC �uÒ GdLB��
L J SURpCFE4RpPqZHZdCFRpL7CFN©r�C J ruSzLB Ó

a¡I C J h�SUZbZdP Ò E0Y;EtL7PON;G J CFRpLZd[ÍRpPqKgL J PqZ�LBDC�V�S�ÖDGHV2YuVÌ@ s I Ò GHK;NDP Ò EGdéTC 7 ] [ÎZHGHVWGdLGHKDn�LBDC
J CFRpCFGd|UC J E7PoR Õ CTL ] YoØ-C J EGdéTC Ó 74K;ZHCFEE%PULBDC JÒ GHE7C�KDPUL7CFN �gÒ C�YuE7CFN 7 %�¤ �Íæ4�MÒ B;GHR8BfGHE	ZHS J nUC�CFK;PqYDnqB
L7P2E�SzLY J SzL7C4SUZbZDLBDC�ruSzLBuE Ò C!CpÖor-C J GHVfCFKgL7CFN Ò GdLB�SUKuN�RTSUY;E7C�RpPqKDnUCFE7LGdPqK Ó @ÑPQCpÖDSUV�GHKDC!LBDC�CpØ�CFRpL
PUh 7 �uÒ C2SUZHEPWr�C J h�P J VfCFN�LBDC�ESUVfCÔVfCFSUEY J CFVfCFKMLE Ò GdLB 7 %txzyUã æ��uÒ BuGHR�B � SUE Ò GbZHZ ] C2EBDP Ò K
ZHSzL7C JF� ZHGHV�GdLE�LBDCtL J SUK;E7h�C J L7P�PqK;Zd[·S�h J SURpLGdPqK©PUhiLBDC0S�|�SUGbZHS ] ZdC ] SUK;N Ò GHNDLB�PqK©VfPqEL�ruSzLB;E Ó

�3SUR�BÊCTr�P,R8BÙr J P}|,GbNDCFEQLBDC�hlPqZbZdP Ò GbKDnOVfCFSUEY J CFVfCFKgLET~�LBDCWr J Cp×µL J SUK;E7h�C J CFE7LGbV�SzL7CFE _^ � _] � _n �
LBDCOSURpLYuSUZ!@ s I LB J PqYDnqBDreYDL¸# � SUK;NáLBDC©CFE7LGHVWSzL7CFE�PUh<LBDC©ZdPqEE J SzL7C \^ SUK;Nèji@!@ \] sz�o���l�,�
LBDCfL J SUKuE7hlC J�Ó @!BDCfc J E7L<LB J CTCfCFE7LGHV�SzL7CFEQS J CWY;E7CFNÏGHK P~��Q<L7P�r J CFN;GHRpL<LBDC�@ s I LB J PqY;nqBDruYDL _# �
Ò B;GbR�BÎGHE�LBDCFKÏRpPqVfruS J CFN Ò GdLB»LBDCfSURpLY;SUZ%LB J PqYDnqBDruY;L�# Ó2å CWRpPqZHZdCFRpL7CFN \^ SUKuN \] GbKÍP J NDC J L7P
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L J SUK;EhlC J E � r�C J h�P J VfCFN·Szr;r J PFÖDGHV�SzL7CFZd[WCT|UC J [·¥�VWGHKgY;L7CFE Ó>å CtCpÖ,r�CFRpL�LBDCtr J CFN;GHRpLGdPqK�SURTRTY J SURp[�L7P
NDCTr�CFK;NÎPqK�LB;GHEJ@7@ s I L J SUKuE7hlC J r-C J GdP,NNB Ó ?�LGHVfCWE7C J GdCFE Ò GdLB�SOZHS J nUC J r-C J GdP,NÏEruSUK;EQS Ò GHNDC J
B;GHEL7P J [�BDP J GdéTPqK � SUK;N©EP J PqYDL7C0R8B;SUKDnUCFE�P J V�S}�7P J ZdPqSUN�|zS J GHSzLGdPqKuE ] CFRpPqVfCQVfP J C0ZbG Õ CFZd[ Ó

@ÑPÍE7CTC�BDP Ò LBDC�VfCFSUEY J CFV�CFKML2r-C J GdP,NÏS�Ø�CFRpLEÔLBDCWr J CFN;GHRpLGdPqKÙC JJ P JF�iÒ C�NDP Ò Ko×\ESUVfruZHC�LBDC
P J GdnqGbK;SUZ;L J SURpCFE�SzL�N;GdØ-C J CFKgL�h J CFk,YDCFK;RTGdCFE Óiå C<LBDCFK·Szr;reZd[�LBDC Þ!å × çià �'r J CFNuGHRpL7P J L7P�LBDC<NDP Ò Ko×
ESUVfreZdCFNÀL J SURpCFE � r J PoN;Y;RTGHKDnÊj �Îà j!��PUh0r J CFNuGHRpLGdPqK;E�hlP J L J SUK;E7h�C J r�C J GHP,N;E�PUh �,� x+� � SUK;N��M{
V�GHK,YDL7CFE Ó X>GdnqY J C2¤ � EBDP Ò E	LBDC J CFEY;ZdLE Ó ?�E Ò C Ò PqY;ZHNfCpÖor�CFRpL � ���o�Aue�7�<sz� �F��� �z�Í�q�8�T�o�¡�M�T��sM�µ�q�¡�HsM���
����z3�����e�T�����F�����D�'wW��z�8�o�7�qwW�p�u�ju;�p����� s Ó XDP J LY;KuSzL7CFZd[ � LBDPqYDnqB � LBDCÔr J CFN;GbRpLGdPqK©C JJ P J E J CFV�SUGHK
J CFSUE7PqKuS ] ZdC�CT|UCFK Ò GdLB�LBDC<ZHS J nUCFE7L�VfCFSUEY J CFVfCFKgL�r�C J GHP,N Ó	à r�CFRTGdcuRTSUZbZd[ �MÒ GHLBWLBDC$�M{}×\V�GbK�r�C J GHP,N �
� {.T PUh4LBDC·L J SURpCFE�B;S�|UC©SUKâj �Îà j!� ] CFZdP Ò y Ó � Ó ?ÐLfLBDC¥�zy�×µLBâr�C J RpCFKgLGHZdC�PUh4LB;C�L J SURpCFEfLBDC
j �Îà j4� GHE4ZHCFEE!LBuSUK»y Ó � Ò GHLBOLBDC�¥}×\V�GbKOr�C J GdPoN � SUK;NÍZHCFEE�LB;SUK*¤ Ó y Ò GdLBOLB;C#�M{}×\V�GbKÍr�C J GHP,N Ó
@�B;GbE!GHE<SUK»CFK;RpPqY J SznqGbKDn J CFEY;ZdL � SUE<GdL�GbVfruZHGdCFE!LB;SzL	þ ý ue���sz� �F��� �z�Ê�b�Ð�T�z�l��� �O�q���F�,�7�U�\����}U�p�Ù� �2���
��p� � �p���z�;� �O�z�Ï�¨uo�z�7�.sz� �	ue���}�� �z�,���at ? ���¡�U�D�l�F�p�8�GE��q}z�p�����T�qz wÔ���;�D�\���FE��U�6���o�0�U�~}z�p��uD�U���q� Ó �<h
RpPqY J EC Ò CQCFV�ruB;SUEGdéTCtPqKuRpC0VfP J CQLBuSzL�LB;GHE�RpPqK;RTZbY;EGdPqK�GHE ] SUE7CFN�PqK;Zd[�PqK©PqY J NuSzLSUE7CTL � SUK;NOGdL�GHE
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r�PqEEG ] ZdC4LBuSzL�PULBDC J!a KgL7C J KDCTL�ruSzLB;E ] CFBuSF|UC0N;GdØ-C J CFKgLZd[ Ó
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@�B;GbEtE7CFRpLGdPqK�BuSUEQCT|zSUZHY;SzL7CFNÙLB;CWSURTRTY J SURp[ÏPUh Þ�æ r J CFN;GHRpLGHPqK Ò GdLB J CFEr-CFRpL0L7PÍE7CT|UC J SUZ�h�SURpL7P J E �
E7PqVfC0PUh Ò BuGHR�B�B;S�|UC2KDPUL ] CTCFK·CpÖDSUV�GHK;CFN ] CThlP J C Ó3à r-CFRTGHcuRTSUZHZd[ �oÒ CQB;SF|UCÔEBDP Ò K�LB;SzLT~

¤ Ó ��|UCFKWStZHGbV�GdL7CFN�B;GHE7L7P J [0PUh�E7r�P J SUN;GHR�r J CT|oGdPqY;E>@ s I L J SUK;E7h�C J E	GbE>PUhlL7CFK�E�Y6WRTGdCFKgL%L7P0SUR�BuGdCT|UC
S�h�SUG J Zd[WnUP,P,N©r J CFN;GHRpLGHPqK�SURTRTY J SURp[ Ó

x Ó�à GHVfruZdC�BDCFY J GbE7LGHRTE=L7PtNDCTL7CFRpL%PqY;LZHGdC J E>SUK;N�ZdCT|UCFZoEB;GHhlLEiRTSUKfEGdnqK;GHcuRTSUKMLZH[ J CFN;Y;RpC�LBDC�KgYuV ] C J
PUh%ZHS J nUCtr J CFN;GHRpLGHPqK·C JJ P J E Ó

¥ Ó�a h Þ4æ r J CFN;GHRpLGdPqK·GHEÐh�CFSUEG ] ZHC � G Ó C Ód� GdhwLB;C J CQGHE�SfB;GbE7L7P J [WPUh>r J CT|,GdPqYuE�@ s I L J SUK;EhlC J E!GHK·LBDC
E�SUVfCQruSzLB � LB;CFK Þ4æ r J CFN;GHRpLGdPqK�GbE�VfP J C0SURTRTY J SzL7C0LB;SUK©X æ r J CFN;GHRpLGdPqK Ó

� Ó m<G�Ø�C J CFKgLfruSzLB;EfRTSUK*CpÖDB;G ] GHLÔN;GbE7LGHK;RpLÔruSzL7L7C J K;E�PUh4r J CFN;GbRpLGdPqK*SURTRTY J SURp[ Ó s PqK;E7CFk,YDCFKgLZd[ �
CT|UCFK Ò GdLBWLB;C<E�SUVfC<r J CFN;GHRpLGHPqKWSUZdnUP J GHLB;VßSUK;N·SF|zSUGHZHS ] ZdC�B;GHE7L7P J [ � LB;C J CFE�Y;ZdLGHKDnÔSURTRTY J SURp[
RTSUK ] CQEGdnqK;GdceRTSUKMLZd[�N;G�Ø�C J CFKML�h J PqV`reSzLB�L7P�ruSzLB Ó

{ Ó @!BDC0r J CFN;GHRpLS ] GHZbGdL\[�PUh	SUK Þ�æ r J CFNuGHRpL7P J GHE4B;GdnqBDC J!Ò BDCFK©LB;C0L J SUK;EhlC J GHE Ò GbK;NDP Ò ×\ZHGHV�GdL7CFN Ó
s PqK;E7CFk,YDCFKMLZH[ � GdhDr J CFN;GbRpLS ] GHZHGdLÜ[�GbEÑVfP J C�GHV�r-P J LSUKMLÑLB;SUKÔLB J PqYDnqBDreYDLÑV�S�ÖDGHV�GHéFSzLGdPqK � LBDCFK
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LB;C<@ s I ,;P Ò EB;PqY;ZHNWBuSF|UCQSÔZHGHV�GdL7CFN�SUND|UC J LGbE7CFN Ò GHK;NDP Ò EYuR�B�LB;SzL�GdLÐNDPgCFEÐKDPUL�ESzLY J SzL7C
LB;C0Y;K;NDC J Zd[,GbKDn0ruSzLB Ó�#��ñ ��� � ������å-�.�Aã��	á��/�Ð�/ã�ß[���)�Aã������

@�BDC4CFVfruG J GHRTSUZ J CFE�Y;ZdLE�GHK�LBDC�r J CT|oGdPqY;E�E7CFRpLGdPqK J SUGbE7C!LBDC�h�PqZHZdP Ò GHKDn2k,YDCFE7LGHPqK�~ z>�,�U��w��+|q���W�at ?
���M�7�z�q�z�qu-�o�#w��;�p�6�H���8�	u-�7�<sz�����µ�H�p�H�Í���á�p�/w��©�-�F�{z��z�<|�uo�q���q�O���,�z�À�l���U���o�T��� � a KÊLB;GHEfECFRpLGdPqK �
Ò C�h�PoRTY;E0PqKÊLB;GbE2k,YDCFE7LGdPqK*SUK;NÊGHNDCFKgLGdh�[ÏL Ò PÏV�S}�¡P J h�SURpL7P J E�LB;SzLfS�Ø�CFRpLfLBDC�SURTRTY J SURp[�PUh Þ�æ
r J CFNuGHRpLGdPqKÎGHKÏS·ruSzLB�~QZHPqSUNÏSUK;NÎLBDCWNDCTn J CTCfPUh�VÔY;ZdLGdreZdCpÖoGbKDn Ó�à r�CFRTGdceRTSUZHZd[ ��Ò C J CFZd[OPqKÙE�GHVfruZdC
k,YDCFYDCFGHKDnÎVfPoNDCFZHE2LB;SzL�r J P}|,GHN;C�S»h J SUVfC Ò P JÕ h�P JfJ CFSUE7PqK;GbKDn»S ] PqYDLÔLBDC J CFZHSzLGHPqK;EB;Gdr ] CTL Ò CTCFK
@ s I LB J PqYDnqBDreYDL�r J CFN;GbRpLS ] GHZHGdLÜ[�SUK;N�LBDC0r J CT|oGdPqY;EÐL Ò P�h�SURpL7P J E Ó

X>G J EL �ÑÒ C�h�P,RTY;E0PqKÙLBDC�RpPqK;KDCFRpLGdPqK ] CTL Ò CTCFK�LBDC J CFZHSzLGd|UCWr J CFN;GHRpLGHPqKÏC JJ P J SUK;NÏLBDC s PgCThl×
cuRTGdCFKgL�PUh ` S J GHSzLGHPqK P s P ` Q!PUh�S�nqGH|UCFKÍLGbVfCfE7C J GdCFE Ó s PqKuEGHNDC J S·E7CFRpPqK;No×µP J N;C J ELSzLGdPqK;S J [ÍLGHVfC
E7C J GHCFEih Ò GHLB�VfCFSUKóòõô � |�S J GbSUK;RpC÷ö +ô � SUK;N�RpP�|zS J GHSUKuRpC÷øùô;P � Q Ó ?�RTRpP J N;GHK;nfL7P�LBDC$c�Y;ZdCp× å SUZ Õ C J
h�P J CFRTSUE7LGHKDnÎVfPoNDCFZ-¡�¤Ty � ¢ � SUK6SUYDL7P J CTn J CFEEGd|UC�PqKDCp×\E7L7CTr*r J CFN;GHRpL7P J ] SUE7CFN�PqK6LBDC�µèVfPqE7L J CFRpCFKgL
ESUVfreZdCFEÐPUh�hËB;SUE�LBDCthlPqZbZdP Ò GbKDn�r J CFN;GHRpLGHPqK·C JJ P J |zS J GHSUK;RpCU~
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E7L J YuRpLY J CtLBDCFK�LB;C J CFZHSzLGd|UCtr J CFN;GHRpLGdPqK·C J�J P J GHE�Szr;r J PFÖDGHV�SzL7CFZd[�CFk,Y;SUZ�L7P�LBDCtLGbVfCQE7C J GdCFE s P `2�
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?�ZHE7P J CFRTSUZHZÑLBDC2P ] E7C J |zSzLGdPqK»h J PqVÝX>GdnqY J C�¤F¥,~!LB;C�j �»à j!� Ò GdLBÍLBDC Þ!å × çià �#r J CFN;GHRpL7P J SUK;N
LBDC s P ` PUh�LBDC�RpP JJ CFE7r�PqK;NuGHKDn�LGHVfC�E7C J GdCFEÔS J C·Szr;r J P�ÖoGbV�SzL7CFZd[ÏCFk,Y;SUZ Ó s PqKuE7CFkgY;CFKMLZd[ � GHK�LBDC
h�PqZHZdP Ò GHKDn Ò C2S J CÔGHKML7C J CFE7L7CFNÍGbK�LBDC0CpØ�CFRpLE�PUh	ZdPqSUNOSUKuNONDCTn J CTC2PUh	V2YuZdLGdruZdCpÖDGHKDn�PqKOLBDC s P ` PUh
LBDC0@ s I LB J PqYDnqBDruY;L�LGHVfC0E7C J GdCFE �;J SzLB;C J LB;SUKOCpÖoSUV�GbK;GHKDn�N;G J CFRpLZd[�LBDCQCpØ�CFRpL4PUh>LBDCFE7C2h�SURpL7P J E
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s PqK;E�GHNDC J S»ZHGHK Õ PUh�RTSzruSURTGdLÜ[À· � VfPoNDCFZHGbKDn�LBDC ] PUL7LZdCFK;CFR Õ PUh�SÍruSzLB Ó�å C�KDCpÖoL0CpÖDSUV�GHKDC�LBDC
CpØ�CFRpL�PUh�LBuSzL�ZHGbK Õ   E3ZdPqSUN�RpPqK;N;GdLGdPqKuE	LB J PqY;nqB�L Ò PfN;G�Ø�C J CFKgL3VfPoNDCFZHET~ic J EL � SUK a KuNDCTr�CFK;NDCFKgL�SUK;N
a NDCFKMLGbRTSUZHZd[6m<GHEL J G ] YDL7CFN"P a�a m)QÔr J P,RpCFEE�hlP J LB;COSznUn J CTnqSzL7C»L J S�WROSzL�S ] YoØ�C J ZdCFEEfEC J |UC JF� SUK;N
E7CFRpPqK;N � S I PqGHEE7PqK�r J P,RpCFE�E�PUh aa m E7CFE�EGdPqK�S JJ GH|�SUZHE�SzL4S I	J PoRpCFEE7P J<à B;S J GHK;n�EC J |UC JFÓ
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à YDrur-PqEC�LB;SzLÔLBDC �U�8����}}�l�,� L J S�WR J SzL7C�SzLÔSÍnqGd|UCFKÊLGHVfC�ERTSUZdC ] RTSUK ] C�V�P,NDCFZHCFN�SUE�SUK a�a m
r J PoRpCFEE�� Ófå GdLBDPqYDLQZdPqE�EtPUhÐnUCFKDC J SUZHGdLÜ[ � ] %f¤�LGHVfC�Y;K;GHL Ó�ç CTL�� ] CfLBDC �H���F�p�d}z�<s L J S�WR J SzL7C
SzL0LB;C�PqYDL7ruYDL0PUh�LB;CWZHGHK Õ SzL0LBDC�ESUVfC�LGbVfCWERTSUZdC Ó XDP J S ] YoØ�C J ZdCFE�EQZHGHK Õ-� LBDCWP ] E7C J |UCFN J SzL7C
r J PoRpCFEE�GbEÐnqGd|UCFK ] [
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SUK;NâE7PÏLB;C�r J P ] S ] GbZHGdL\[6N;GHE7L J G ] YDLGdPqK�h�Y;KuRpLGdPqK*PUh��ÇRTSUK ] C·P ] LSUGHKDCFN*h J PqV LBuSzLfPUh�� Ó @�BDC
SF|zSUGHZHS ] ZdC ] SUK;N Ò GHNDLB�GHE�nqGd|UCFK ] [>nS%�·óÚ�� � SUK;N©GdLE s P ` GbE

s P ` PDn$QÌ% ÿ ` S J ¡��F¢· Úglô¡��F¢
a h Ò CÎSUEEY;VfCOLB;SzL�LB;CÍ@ s I LB J PqYDnqB;ruYDLWGHE � SUE�SÙc J E7L¡×µP J NDC J Szr;r J P�ÖoGbV�SzLGdPqK � CFk,Y;SUZ�L7PÊLBDC
SF|zSUGHZHS ] ZdC ] SUK;N Ò GHNDLB � LBDCFK�LBDCtr J CT|,GHPqY;EÐCpÖ,r J CFEEGdPqK�SUZbE7PfnqGd|UCFE�LB;C0@ s I LB J PqYDnqBDruY;L s P `2Ó

å C�Y;ECFN � SzLBDCFV�SzLGHRTS·L7P©N;C J Gd|UC s P ` PDnRQ!hlP J L Ò P�PzØ�C J CFNÏZdPqSUN»r J PoRpCFEE7CFE���~4S v SUY;E�EGHSUK
r J PoRpCFEE2SUK;N6S I PqGHEE7PqK�r J PoRpCFEE Ó @�BDC J CFEY;ZHLGHKDn s P ` PDn$Q � SUE Ò CFZHZ	SUE2LBDC�ELNo×\NDCT|oGHSzLGdPqKÙPUhÝn �
S J CfEBDP Ò KÎGHK»XiGHnqY J CFE�¤���SUK;N*¤ �,�=J CFE7r�CFRpLGd|UCFZH[ � SUEtS�h�Y;K;RpLGdPqKÍPUh�LB;C�ZbGHK Õ YDLGHZbGdéFSzLGdPqK���%'Ph· ÚnRQ o · Ó @�BDC Õ CT[»P ] E7C J |�SzLGdPqK�GHE<LB;SzL ���o��t%��� �7�����o����}��z���d�H�p�H����z�Çs�z%�{sq�����l�-�T�����F����z%�����Ï���D�
� �l�6|·�D���l� ���F�U��� �z� Ó�a h	LBDC�@ s I LB J PqYDnqBDruY;L4h�PqZHZdP Ò E�LBDCf|�S J GHSzLGdPqK;E�PUh�LB;C�SF|zSUGHZHS ] ZdC ] SUKuN Ò GHNDLB �
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þ!õ~ö>ò�èfë�
6KÇê v SUY;EE�GHSUK�r J PoRpCFEE Ó

LBDCFK ] SUE7CFN6PqK PÖ�.Q Ò C·EBDPqY;ZbNÙCpÖor-CFRpL �Í�M�d�z�D�p�·�7�T���q����}U�#ue���sz� �F��� �z�'�p���¡�U���o�>sg�p���o���}}� �T���d�F�.s
���U�>sz�������z�;� Ó
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þ!õ~ö>ò�è+ëp
W=�ê0I PqGHEEPqK�r J PoRpCFEE Ó

?�E<SUK»GbKML7C J CFELGHKDn�E�GHNDCp×\KDPUL7C � KDPUL7C�LB;SzL�LBDC�E7LSUK;N;S J NÎNDCT|oGHSzLGdPqK J CFSUR8BDCFEtS�VWS�ÖoGHVÔY;VÃSUE��
GHK;R J CFSUE7CFE � SUK;NÙLB;CFK6GdLÔN J PUruE Ó @!BDC J CFSUEPqK�h�P J LBuSzLÔN J PUr6GHE0LB;SzL � GHKÙBDCFS�|g[g×\ZdPqSUN*RpPqK;N;GHLGdPqK;E �
LBDC�ZHGHK Õ GHEÔSUZHVfPqE7LÔSUZ Ò S�[,E�YDLGbZHGdéTCFNÙSUK;N6E7POLB;C J C�GbE0ZHGdL7LZHC �H���T�z� �o�\� |zS J GHSzLGHPqK�GHK�LBDC�S�|�SUGbZHS ] ZdC
] SUK;N Ò GHNDLB Ó @�B;GHEÐr�PqGHKgL!B;SUE ] CTCFKOE7LY;NuGdCFN©GHKÍVfP J C0NDCTruLB ] [©@�GHSUK�CTL�SUZ Ó GHKp¡�¤F¥U{+¢ Ó�a K J CFZHSzLGd|UC

�H�



L7C J V�E � BDP Ò CT|UC J�� LB;C2|zS J GHS ] GbZHGdL\[�PUhRn GHKuR J CFSUE7CFE�VfPqKDPUL7PqK;GHRTSUZbZd[ Ò GdLB�� � SUE4EB;P Ò K ] [�LB;C s P `
RTY J |UC Ó

�T��� �����?� ? �¡���8���8�p�z� C �,�U�8���g�(w�� sM�T��z%����� ? �z�l���T�z�»�T�p���8� �z�Ù�z���8�~}��U� �

@�BDCÎr J CT|,GdPqYuE�V�P,NDCFZtN;PgCFE�KDPUL©RTSzruLY J C Ò B;SzL�B;Szrur-CFKuE�SzLÍSâRpPqKDnUCFE7L7CFNËZbGHK Õ-� GHK Ò B;GHR8B�LBDC
SF|zSUGHZHS ] ZdC ] SUK;N Ò GHN;LB6GHEÔéTC J P ÓÊa K6LBuGHEÔruS J Szn J SzruB �	Ò C©V�P,NDCFZ�LBDC·L J S��R�SUEfSÏE7L J CFSUV PUh a�a m
E7CFEE�GdPqK;E!S J�J Gd|oGHKDnfSzL4S�ZHGHK Õ-� ] SUE7CFNÍPqKOS I PqGbEE7PqK©r J P,RpCFE�E Ò GdLBÍSF|UC J SznUC J SzL7C! Ó @�B;C0VfCFSUK»EGdéTC
PUhÐLBDC�ECFEEGdPqK;E0GHE�" Ó @�BDC�KDP J V�SUZHGdéTCFNÏPzØ�C J CFNÊZdPqSUN�GbE��÷% P# $"�Q o · Ó X;Y J LBDC J VfP J C �wÒ C�VfPoNDCFZ
LBDC<ZHGHK Õ SUE�S I�J P,RpCFE�E7P J!à B;S J GHK;nQE7C J |UC JF� VfCFSUK;GbKDnQLB;SzLÐGdh�LBDC J C<S J C�%üE7CFEEGdPqKuE�GHKWLBDC�ZbGHK Õ LBDCFK
LBDCFG J GbK;E7LSUKgLSUKDCTPqY;E�E7C J |,GHRpC J SzL7CQGHE'&kP�%÷Q-%�· o % Ó�à GHKuRpC�LB;CQSF|zSUGHZHS ] ZdC ] SUKuN Ò GHNDLB�GHEÐéTC J P Ò BDCFK
LBDCWZbGHK Õ GHE0KDPUL0GHN;ZHC � LB;GHEtS©V�P J CWSzr;r J PUr J GHSzL7C�VfPoNDCFZ>h�P J S©RpPqK;nUCFE7L7CFN6ZbGHK Õ ¡ {Ux�¢ Ó ?�KÙS JJ Gd|oGHKDn
E7CFEE�GdPqK � V�P,NDCFZbGHKDn<LBDC�LS J nUCTL�,;P ÒQ�gÒ GHZHZ,P ] LSUGHKWLBDC4ESUV�C�LB J PqYDnqB;ruYDL(&kP�%÷Q	SUE�SUKg[fPULBDC J SURpLGd|UC
,;P ÒQÓ2à P � GHK»LB;GHE�VfPoNDCFZ �-Ò CfS J CfKDPULtGHKgL7C J CFE7L7CFNÎGHKÍLBDC s P ` PUh�LBDCfSF|zSUGHZHS ] ZdC ] SUK;N Ò GHNDLB � ] YDL
GHK·LBDC s P ` PUh>LBDCtr�C J ×U,uP Ò LB J PqYDnqBDruYDL'&kP�%�Q Ó
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WO�ê0I�J P,RpCFE�E7P J<à BuS J GHKDn�VfPoNDCFZ Ó

@�B;C�r J P ] S ] GHZHGdLÜ[ÍN;GHEL J G ] YDLGHPqKÍh�P J LBDCWK,Y;V ] C J PUhÐSURpLGH|UCô,;P Ò E�% GbKÏLBDC�S ] P}|UC I�J P,RpCFE�E7P J
à B;S J GHKDnfVfPoNDCFZ�GHEÐnqGd|UCFK ] [

) P�%�QÌ%*�,+	P¡¤ÝÚ-�6Q
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å C2SznqSUGbK©Y;E7C � SzLBDCFV�SzLGHRTSWL7PWNDC J GH|UCtLBDC s P ` PUh>LBDCtLS J nUCTL�,uP Ò   E!LB J PqYDnqBDreYDL'&6P�%�Q8~

s P ` ¡ &kP�%÷Q¨¢l% P¡¤ Ú-�bQ¾ZdPUnÇP¡¤ÝÚ-�bQ + 1 �/.10-P x842�6Q
P3��Úâ¤�Q¾ZdPUn>P¡¤ Ú-�bQ +

Ò BDC J C�0�P�µe424LQ�% �65k
é
£87:9k<; Ó X>GdnqY J C·¤ �WE�BDP Ò E�LBDCfE7LSUKuN;S J N»NDCT|,GbSzLGdPqKÍSUKuN s P ` PUh=&kP�%÷Q!SUEtS

h�Y;K;RpLGdPqKfPUh�LB;C�PzØ-C J CFN�ZdPqSUN>� Ó @�BDC4V�SUGHK�P ] E7C J |zSzLGdPqKWGHE	LBDC4ESUV�C4SUE�GbKfLBDC a�a m�L J S��R!VfPoNDCFZ ~
���o�÷t%���Ë�¡�W� [ ��zo	 �����M�7�z�q�z� ue�D�<�l�e�F�7�����T�p�3z%�����Ï���D�·�{���p���s»�d�F�.s � E!�~w-ue� �z���g�Ï���,�q�-z3���8�,�z�o�ºs
����uD��������g���U�o�p�Q��p�d�U���~}z�Fue���sU���������z�*�p���¡�z�2�o�>sM�p�Q�o���}}� �T�0�d�F�.s��8�z�>sz�������U�D� Ó

J�æ�M�æ�* î���ë�ð.é3íNì4í�ë�ö>èfëWë&í>ì4ú òjñyé�õ�ûiñ~ëH�wõ{ï�ö

@�BDC4RpPqKM|UCFKgLGdPqK;SUZ Ò GHE�NDPqV5GHE%LBuSzL3KDCTL Ò P JÕ L J S�WR!GbE¼@7EVfP,PULBDC J B2GHK�ZHGbK Õ E Ò GdLB�S2B;GdnqBDC J N;CTn J CTC
PUhÐV2Y;ZHLGdruZdCpÖDGHKDn � G Ó C Ód�=Ò GdLBÏS©ZHS J nUC J KgY;V ] C J PUh�E�GHV2YuZdLSUKDCTPqY;EZH[OSURpLGd|UC�,;P Ò E Ó 7�EGHKDn�S©E�GHVfruZdC
k,YDCFY;GHKDn�VfPoNDCFZ �-Ò CfSUGHVÃL7P ] CTL7L7C J Y;K;NDC J ELSUK;N©LB;GbE�GbK;EGdnqBgL � SUKuNÍLB;CÔRpPqK;NuGdLGdPqK;E�Y;K;NDC J�Ò B;GbR�B
GdL�GHEÐ|zSUZHGHN Ó

s PqKuEGHNDC J SznqSUGHKâSÍV�P,NDCFZ3PUh I PqGHEEPqKÊECFEEGdPqK*S JJ GH|�SUZHE ÓOa K;E7L7CFSUNÊPUh�LBDC I	J P,RpCFEEP J�à B;S J GHKDn
VfPoNDCFZFP Ò B;GbR�BÙZdCFS�|UCFE2K;POSF|zSUGHZHS ] ZHC ] SUK;N Ò GbNDLB>Q � EYDr;r�PqE7C�LB;SzLÔE7CFEEGHPqK;EtS J C J SzL7C�ZHGHV�GHL7CFN � SUK;N
h�P J EGHV�ruZHGHRTGdLÜ[ � LBDC J SzL7C0h�P J CFSUR�BÎE7CFE�EGdPqK©GHE4RpPqK;E7LSUKgL�SUKuN�CFkgYuSUZ=L7P?& Ó @�BDC2KgY;V ] C J PUh	E7CFEE�GdPqK;E
% PqK*LB;C·ZbGHK Õ h�PqZHZdP Ò EÔS I PqGHE�E7PqKâN;GHE7L J G ] YDLGdPqK Ò GdLB*VfCFSUKâSUK;N*|zS J GHSUK;RpC�l�¡ %¥¢�% ` S J ¡ %�¢�%
P# $"�Q o &¥¡ {Ux+¢ Ó
@�B;C2YDLGHZbGdéTCFN©ZHGHK Õ RTSzreSURTGdL\[OSzLtSUKg[�r�PqGHKML�GHK©LGbVfC2GHE@��%�%A& �-Ò GdLBOV�CFSUK&l�¡ �	¢R%B&�l�¡ %¥¢Ì%

 $" %C� · � SUK;N·|zS J GHSUK;RpC ` S J ¡ �	¢\%D& + ` S J ¡ %¥¢ Ó�à P � LBDC s P ` PUhiLBDC0SF|zSUGHZHS ] ZdC ] SUK;N Ò GbNDLB·GHE

s P ` ¡ n�¢l% s P ` ¡�·ÛÚE�	¢l% ¤
ÿ lô¡ %�¢

��··�P¡¤ÝÚ-�6Q P¡¤U¤�Q

à YDrur-PqECtLB;SzL Ò C Õ CTCTrÎLBDCÔYDLGHZHGHéFSzLGdPqKF��RpPqK;E7LSUKgL � ] YDL!NDCFR J CFSUE7C2LB;C2E7CFEE�GdPqKÍEC J |,GbRpC J SzL7C�&WE7P
LB;SzL�LBDC�SF|UC J SznUCOKgYuV ] C J PUh!E7CFEEGHPqK;E;lô¡ %�¢�GbK;R J CFSUE7CFE Ó �3kgY;SzLGHPqK P¡¤U¤�QÔE�BDP Ò EÔLB;SzL�LBDC s P `
PUhRn5N;CFR J CFSUE7CFE Ò GdLBÍLBDC�EkgYuS J C J P,PUL�PUh�lô¡ %�¢ Ó @�B;GHE4RpPqKDc J V�E!LB;SzL z3�Ô�8�,�z�o�ºs»����uD����!�·�d��z3�p�
��p�d�U����}U�	ue���sz� �F��� �z� �p���¡�z���������D���;�bw3���p�·�¡���8��w-uD�T�����g� [ ��z>�·�z�á���o��� �l�k|O�l�-�T�����F���GE#�T�o�<�z�;� �
z>�o�T�Î���D�2�o����� �G���U�����U�Ï�7�qwf�U�l�D�����z�D�p�µ�z�u� Ó
J�æ�M�æJ û�òjî�îeçkè��
@�B;GbE�E7CFRpLGdPqK©Y;ECFN©E7PqVfCQEGbVfruZdCtk,YDCFYDCFGHKDnfVfPoNDCFZHEÐL7P�RpPqKDc J V`LB;CthlPqZHZHP Ò GHK;n�GbK;EGdnqBgLET~

{o¤



r LB;C J CFZHSzLGd|UCtr J CFN;GHRpLGdPqK·C J�J P J GHK;R J CFSUE7CFE Ò GdLB·LB;C s P ` PUhiLB;CQY;K;NDC J ZH[,GHK;n2LGHV�CQE7C J GdCFE �

r LB;C s P ` PUhÑLBDC2SF|zSUGHZHS ] ZdC ] SUKuN Ò GHNDLB�r J P,RpCFEE�GbK�S�KDPqKo×\RpPqKDnUCFEL7CFNOZHGHK Õe� P J LBDC s P ` PUh%S
,uP Ò   E!LB J PqYDnqBDreYDL�GHK�S�RpPqKDnUCFE7L7CFNÍZHGHK Õ-� GHK;R J CFSUECFE Ò GdLB·LBDC0PzØ-C J CFNOZdPqSUN�PqK�LB;SzL4ZHGHK Õ-�

r LB;C s P ` PUhÑLBDCQS�|�SUGbZHS ] ZdC ] SUKuN Ò GHNDLB�r J PoRpCFEE�N;CFR J CFSUE7CFE Ò GHLB·LBDCQKgYuV ] C J PUh>RpPqVfr�CTLGHKDn
,uP Ò E!PqK�LBDCQZHGHK Õe� GdhÑLBDC0YDLGHZbGdéFSzLGdPqK J CFV�SUGHKuE�RpPqK;E7LSUKgL Ó

� ] |oGdPqY;EZd[ � PqY J VfPoNDCFZHE�S J C ] SUE7CFN©PqKÍkgYuGdL7C J CFE7L J GbRpLGd|UC0SUEEYuVfr;LGdPqK;E�SUKuN�LBDCT[�NDPWKDPUL4RpPqKo×
EGHN;C J LBDC�V�SUKM[�GbN;GdPqE7[oK;R J SUEGHCFE>PUh=@ s IiÓMa K�ruS J LGHRTY;ZHS JF� LBDC!r J CT|,GHPqY;E	SUK;SUZd[oEGHE3SUEEY;V�CFN�LB;SzL�LBDC
@ s I LB J PqY;nqBDruYDL	h�PqZHZdP Ò E3LBDC!|zS J GHS ] GbZHGdL\[ÔPUh�LBDC<SF|zSUGHZHS ] ZHC ] SUK;N Ò GHNDLB�SzL3LBDC ] PUL7LZdCFK;CFR Õ ZHGbK Õ PUh
GdLE�ruSzLB Ó @�B;GbE	SUEEY;V�r;LGdPqK�GHE�P ] |oGdPqY;E�Zd[fKDPUL�L J Y;C4GHK�EBDP J L	LGbVfC4ERTSUZHCFE�P�ZdCFE�E�LB;SUK�SQh�C Ò ji@!@�EhQ �
SUK;NÎE7P·LBDC�r J CT|oGdPqY;E�GHK;E�GdnqBMLE�V�S�[ÍKDPUL ] C2L J YDC2h�P J EBDP J L�@ s I ,;P Ò E Ótå C�KDPUL7C�LB;SzL Ò CfB;S�|UC
SUZHE7P�|�SUZbGHN;SzL7CFNÍLBDC0r J CT|,GdPqYuE!RpPqK;RTZHYuEGdPqK;E4GHK©LBDCÔRTSUE7C�PUh	ZdPqKDn�@ s I L J SUK;E7h�C J E Ò GdLBOE�GHV2YuZHSzLGdPqK;E
PUh ] PULB�@ s I SUKuN�KDPqKo×\@ s I R J PqEE�L J S�WR Ó�#�IH Ú3Û�ÜÝÜÞ�-��ß

@�B;GbE3R8B;Szr;L7C J GHKg|UCFE7LGdnqSzL7CFN·L Ò P�RTZHSUEECFE3PUhÑLB J PqYDnqB;ruYDL�r J CFN;GHRpL7P J E3h�P J ZbS J nUC�@ s I L J SUK;E7h�C J E Ó X æ
r J CFNuGHRpLGdPqK·GHEÐSUK©SzL7L J SURpLGd|UC0PUr;LGdPqK � nqGd|UCFK·LBuSzL!GdL�NDP,CFE�KDPUL J CFk,Y;G J C<GHKgL J Y;EGd|UC<VfCFSUEY J CFVfCFKgLE�P J
SUKg[ÎBuGHE7L7P J [ÍPUh3r J GdP J @ s I L J SUK;E7h�C J E Ófå CWN;CFVfPqK;E7L J SzL7CFN6BDP Ò CT|UC J LBuSzL0GdLQRTSUK ] CfGHK;SURTRTY J SzL7C �
CFE7r�CFRTGHSUZHZH[ Ò BDCFK»LBDCfL J SUKuE7hlC J SzL7L7CFVfruLEQL7P©ESzLY J SzL7CfLBDCfruSzLB � SUK;N Ò CfCpÖoruZHSUGHKDCFNÍLBDC J CFSUEPqK;E
h�P J LBDCFE7C2C JJ P J E Ó�Þ�æ r J CFNuGHRpLGdPqK � PqKOLBDC0PULBDC J B;SUK;N � GHE!k,Y;GdL7C0SURTRTY J SzL7C ] YDL�GdL!GHE!hlCFSUE�G ] ZdCtPqK;ZH[
Ò BDCFKWLBDC J C�GHE�SÔB;GHE7L7P J [ÔPUh�r J CT|,GHPqY;E�@ s I L J SUKuE7hlC J E�GHKWLBDC4ESUV�C4ruSzLB Ó ?�ZdLBDPqY;nqBWLBDC�SURTRTY J SURp[
PUh Þ�æ r J CFN;GHRpLGdPqK©N;PgCFE�KDPUL<NDCTr�CFK;NOE7P�V2YuR�B»PqKOLB;CÔSURpLY;SUZÑr J CFNuGHRpL7P JF� GdL4NDP,CFE�NDCTr�CFK;N�PqK»LBDC
L J SUK;EhlC J   E�V�S�ÖDGHV2YuV RpPqKDnUCFE7LGdPqK Ò GHK;N;P Ò EGdéTCÍSUK;NâPqKáLB;COY;K;NDC J Zd[,GbKDnÍreSzLB Ó å CÍCpÖ,reZHSUGHKDCFN
LBDCQreSzLB©NDCTr�CFK;NDCFK;Rp[ ] SUE7CFN�PqKOL Ò PWh�SURpL7P J ET~	LB;C0ZdPqSUN©SUK;N©LBDC0NDCTn J CTC0PUh>VÔY;ZdLGHruZdCpÖDGHKDn0PqKOLBDC
] PUL7LZdCFKDCFR Õ ZbGHK Õ PUh>LBDCtruSzLB Ó

a Káh�YDLY J C Ò P J�Õe� GdL Ò PqYuZHN ] COGHKgL7C J CFE7LGbKDnÙL7PÊCpÖoSUV�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 ?�KDPULBDC J N;G J CFRpLGdPqK Ò PqY;ZHN ] C©L7PÊNDCT|UCFZdPUr @ s I
LB J PqY;nqBDruYDL�VfPoNDCFZHEÔLB;SzL�S J C©E7r�CFRTGdceRTSUZHZd[�NDCFE�GdnqKDCFNÊhlP J r J CFN;GHRpLGdPqK � SUK;N*LB;SzLfLS Õ COSUE�GbKDruYDLE
|zS J GdPqY;EWCFE7LGHV�SzL7CFE�PUhQLBDCÍruSzLB�ZdPqSUN � ] YDØ-C J GbKDn � SUK;NèR J PqE�E�L J S�WRÍKuSzLY J C Ó'a KèL7C J V�EWPUh Þ�æ

{Ux



r J CFNuGHRpLGdPqK � VfP J C0RpPqVfruZdCpÖ�r J CFN;GHRpL7P J E�P�EY;R�BÍSUE4?�j a7� ?ìV�P,NDCFZbEhQÐRTSUK ] C0SUZbE7P�CT|zSUZHY;SzL7CFN � CT|UCFK
LBDPqYDnqBOPqY J VfCFSUE�Y J CFVfCFKgLE4GbK;N;GHRTSzL7CtLB;SzL!LBDC0r J CFN;GHRpLGdPqK·C JJ P J GHE�SUZ J CFSUND[�kgY;GHL7C0ZdP Ò0� r J P ] S ] Zd[
h�P J SUKM[·r J SURpLGHRTSUZ�ruY J r-PqECFE � GHK�VfPqE7L�ruSzLBuE Ó

{U¥
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v K,YDL7CFZHZHS J CTr J CFE7CFKgLE0SÍRTSzL7CTnUP J [ÙPUhÐr�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�E0LB;SzL2Y;ECW@ s I LY;K;KDCFZHEtSUKuNÙERpPUr�CFN
] J PqSUNuRTSUE7L J PqY;LGHKDn �wÒ GdLBÙKDP©CFKuNo×µL7Pz×µCFK;N�SzruruZHGHRTSzLGdPqK�ZHSF[UC JÔJ CFZHGHS ] GHZHGdLÜ[©P J ,;P Ò RpPqKgL J PqZ{£ Ó ��SUR8B
E7C J |UCFKgL0V�SUGbKMLSUGHKuEQS©@ s I LY;K;KDCFZ + Ò GdLBÙCFSUR�B�K;CFGdnqB ] P J GbKDn·r-CTC J�Ófå BDCFK�S©E7C J |UCFKgL J CFRpCFGd|UCFEÔS
VfCFEE�SznUC � GdL�V�S�[©KDCTCFN�L7P�hlP JÒ S J N©GHL � CFGdLBDC J L7P�SfruS J LGHRTYuZHS J KDCFGdnqB ] P J P�Y;K;GHRTSUEL J PqYDLGHKDn�Q � P J L7P
SUZHZ%LB;C�KDCFGdnqB ] P J EtCpÖDRpCTr;L0LB;CWPqKDC�h J PqV Ò B;GHR8BÙLBDCWV�CFEESznUC·GHE J CFRpCFGd|UCFN P ] J PqSUNuRTSUE7L J PqY;LGHKDn�Q Ó
Ú PULGHRpCÐLB;SzL>PqK;Zd[QRpPqKgL J PqZoVfCFEESznUCFE%S J CÐGHKg|UPqZd|UCFN�GHK2LBDC v KgYDL7CFZbZHS�h�P JÒ S J N;GHKDn Ó X>GHZdCÐNDP Ò KuZdPqSUN;GHKDn
Y;E7CFE!S�N;G J CFRpL�@ s I RpPqK;KDCFRpLGHPqK ] CTL Ò CTCFK©LBDCtceZdC J CFk,YDCFE7L7C J SUK;N©LBDCtcuZdCtr J P�|oGHNDC JFÓ

s PqK;nUCFE7LGdPqK PoRTRTY J E©GbK v KgYDL7CFZbZHS Ò BDCFK Sâ@ s I LY;K;K;CFZ�GbE ] ZdPoR Õ CFN h�P J E7CFK;NuGHKDn � SUKuN LBDC
E7[oVfr;L7PqV`GHEÐLB;CQZdPqEE�PUh v KgYDL7CFZbZHS�VfCFEESznUCFE Ó @�BDC<CpÖDGHE7L7CFK;RpCtPUh>RpPqKDnUCFE7LGdPqKOSUK;N�VfCFEESznUCQZHPqEE�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 JÕ BuSUE�LS Õ CFK©VfCFSUEY J CFE
SznqSUGHK;EL0GdLô¡ ¥ � � �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 RpPqKDnUCFE7LGdPqKÏSUKuNÍGHV�r J P�|UC2LBDC�E7[,EL7CFVÛr�C J h�P J V�SUKuRpC2Y;K;N;C J RpPqKDnUCFE7LGHPqK Ó
m<YDCQL7P�LBDC0ZHSUR Õ PUh>S�RpPqV�VfPqKÍY;K;NDC J ELSUK;N;GHKDn�PUh>LBDC0KuSzLY J CQPUh v K,YDL7CFZHZHSWRpPqKDnUCFE7LGdPqKÍSUK;NOBDP Ò
GdL<EBDPqY;ZbN ] C ] CFEL�B;SUKuN;ZdCFN � LBDC¥P�SzLtZdCFSUE7LhQ4NDPUéTCFK;E<PUh v KgY;L7CFZHZHS�E7C J |UCFKgLQGHVfruZdCFV�CFKMLSzLGdPqKuE!CFSUR8B
NDCFEGHnqK;E3GHLE3P Ò K�RpPqKDnUCFE7LGHPqK�RpPqKML J PqZ�E�R�BDCFVfCFE � B;PUruGHKDnÔL7P ] C<RpPqVfruSzLG ] ZdC Ò GdLB�PULBDC J E7C J |UCFKgLE�E7P
SUE�L7P�SUR�B;GdCT|UC2SfnqZdP ] SUZ�r�C J h�P J V�SUKuRpCQGHVfr J P}|UCFVfCFKgL Ó

a K�LB;GHE�R�B;Szr;L7C J��DÒ CtY;K;N;C J LS Õ CtSÔE[,E7L7CFVWSzLGHR<E7LY;ND[�PUhÑLBDCtRpPqKDnUCFE7LGdPqK�RpPqKgL J PqZ�SUK;N·VfCFE�ESznUC
ZdPqEEÐPqK v KgY;L7CFZHZHS�KDCTL Ò P JÕ E Ó �tY JÐÒ P JÕ SUGHV�EÐL7PWr J P�|oGHNDCtS ] CTL7L7C J Y;KuNDC J E7LSUK;NuGHKDn0PUh>RpPqKDnUCFE7LGHPqK

¦ �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 JÕ E4SUK;N©GdL�RpPqKuEGHE7LE�PUhiLBDCQh�PqZHZdP Ò GHKDnÔruS J LEF~

¤ Ó ?�KQGHKg|UCFE7LGdnqSzLGHPqKtPUhoLBDC	RpPqKDnUCFE7LGdPqK2RpPqKML J PqZMVfCFR8B;SUK;GHEVWE�Y;E7CFN ] [�ECT|UC J SUZqr�PUruY;ZbS J v KgYDL7CFZbZHS
EC J |UCFKML�GHVfruZHCFVfCFKMLSzLGHPqK;E Ó

x Ó ? VfCFSUE�Y J CFVfCFKgL¡× ] SUE7CFNÍR�B;S J SURpL7C J GdéFSzLGdPqK©PUh%VfCFE�ESznUC0ZdPqEECFE�PqK�7�ZdL J Szr�CTC J E 0 Ó
¥ Ó ?�KOSUKuSUZd[,E�GHE � ] SUECFN©PqK»ZHS J nUC2E�RTSUZdC0ruSUR Õ CTL¡×\ZdCT|UCFZ>EGHVÔY;ZHSzLGdPqKuE	¡ � �/¢ � PUh%LB;C0r�C J h�P J V�SUK;RpCQPUh
RpC J LSUGHK v K,YDL7CFZHZbSÔRpPqK;nUCFE7LGdPqKORpPqKgL J PqZÑVfCFR�B;SUKuGHEV�E Ó

@�B;C�c J E7LÔL Ò PÙruS J LE�PUh4PqY JfÒ P J�Õ�J CT|UCFSUZ�E�Y ] E7LSUKgLGHSUZ�|�S J GHSzLGdPqK;E�SUVfPqKDnÙEC J |UCFKMLEWGHKÊLBDCFG J
RpPqKDnUCFE7LGHPqKÊRpPqKgL J PqZ�VfCFR�BuSUK;GHEV�E2SUK;N�V�CFEESznUC�ZdPqEE ] CFBuSF|oGdP JFÓ·a L�GHE2SUZHE7PÍE�BDP Ò K�LB;SzL2V�PqE7L2PUh
LBDC v KgYDL7CFZbZHS�RpPqKDnUCFE7LGHPqKÍRpPqKgL J PqZiVfCFR�B;SUKuGHEV�E�S J C2NDC J GH|UCFN�h J PqV�LBDPqE7C2NDCFEGdnqKDCFN©hlP J PUr-C J SzLGdPqK
PqK�KDCTL Ò P JÕ�J PqY;L7C J E Ó @�BDC4ZHSUE7L�ruS J L�PUh�PqY J3Ò P JÕ GHE�L7PÔY;KuNDC J E7LSUK;N�BDP Ò LBDCFE7C �e�U���~}z�0���z�,�g���p�����U�
���U�u���¡�U� V�CFR�B;SUK;GbEV�EÔr�C J hlP J V:GHK6LBDC v K,YDL7CFZHZHS»CFKg|,G J PqK;VfCFKgL ÓÏå BuGHZdC�RpPqK;nUCFE7LGdPqKáRpPqKgL J PqZ�GHE�S
Ò CFZHZ�× J CFE7CFS J R�BDCFNèL7PUruGHR©GHKèKDCTL Ò P JÕ GHKDn � LBDCOE7r�CFRTGdceR·P�|UC J ZHS�[áCFKg|,G J PqK;VfCFKgL�CpÖ,CFV�ruZHGdc;CFN ] [*LBDC
v K,YDL7CFZHZHSÍE7[oE7L7CFV:GbE2N;GbE7LGHKDnqY;GbEBDCFN ] [ 
UT LBDC�ZbSUR Õ PUh�S»E7L J PqKDnÎKDPULGdPqK6PUh�@ª,;P Ò B � SUK;N *VT LBDC
EGdnqKuGdcuRTSUKgL�BDCTL7C J PUnUCFKDCFGdL\[ÏGHKÍLBDC�RpPqKDnUCFELGdPqKÏRpPqKML J PqZ	VfCFR�BuSUK;GHEV�E<GHV�ruZdCFVfCFKgL7CFNÍSUKuNÎLBDCfKDCTCFN
h�P J LBDCFV`L7P�RpPgCpÖDGHE7L Ó

@�B;C J CFE7L4PUh	LBDCÔR�B;Szr;L7C J GHE4P J nqSUK;GHéTCFNÍSUE4hlPqZbZdP Ò E Ó�a K à CFRpLGdPqKÎx �-Ò C�NDCFER J G ] C2SUK;NORpPqVfreS J C
LBDCÔRpPqKDnUCFE7LGdPqK»RpPqKML J PqZiV�CFR�B;SUK;GbEV�E!SUN;PUr;L7CFNOGHKÍN;G�Ø�C J CFKgL v K,YDL7CFZHZHS�EC J |UCFKML<GHVfreZdCFVfCFKgLSzLGdPqK;E Ó
à CFRpLGdPqK©¥ÔNDCFV�PqK;E7L J SzL7CFE�LB;C<V�CFSUEY J CFVfCFKgL J CFEYuZdLE�PUhÑVfCFEE�SznUCQN J PUr;ruGbKDn ] CFB;S�|,GdP J PqK�N;GdØ-C J CFKgL
7�ZdL J Szr�CTC J GHV�ruZdCFVfCFKgLSzLGdPqK;E Ó�a K à CFRpLGdPqK&� �eÒ C2r J CFE7CFKgL!PqY J EGHVÔY;ZHSzLGdPqKD× ] SUE7CFNOGbKM|UCFE7LGHnqSzLGdPqKOPUh
LBDC�r�C J hlP J V�SUK;RpCWPUh�ECT|UC J SUZÐRpPqKDnUCFE7LGdPqK*RpPqKgL J PqZÐVfCFR�B;SUKuGHEV�EÔGHKÙLB;C v K,YDL7CFZHZbSOKDCTL Ò P JÕ-Ó @�BDC
R�BuSzr;L7C J GHE�RpPqKuRTZHY;NDCFN©GbK à CFRpLGdPqKO{ Ó_��qÙ ���-���$�X��ã��H�-� ���-�(ã/���$�&�+� g �ôÛ�ã��A���<�ñU �Aã�� ���XWa�

s PqKDnUCFELGdPqKâRpPqKML J PqZ�GHK v KgYDL7CFZbZHSÎKDCTL Ò P JÕ E�L J GdCFEÔL7P J CFN;Y;RpC·P}|UC J ZHSF[*ZHS�[UC J RpPqKDnUCFE7LGdPqK � SUK;NÊL7P
GHVfr J P�|UC!E[,E7L7CFV#r�C J hlP J V�SUK;RpC Ò BDCFKWRpPqKDnUCFE7LGdPqK�NDPgCFE�LS Õ C!ruZbSURpC Ó ?�ZdLBDPqY;nqB�RpPqKDnUCFE7LGdPqK�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 � VfPqEL�E7C J |UCFKgL�GHVfreZdCFVfCFKgLSzLGdPqK;E>B;SF|UC�GHK;RpP J r�P J SzL7CFNfRpC J LSUGHK�VfCFR8Bo×
SUK;GHE�V�E Ówa KfLB;GbEiECFRpLGdPqK �MÒ C Ò GHZbZMCpÖDSUV�GHKDC�BDP Ò RpPqKDnUCFE7LGHPqK�GHE%B;SUK;NuZdCFN�GHK�LBDC�h�PqZHZdP Ò GHKDn<E7C J |UCFKgLET~
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 PULGHRpC
LB;SzL I BDCpÖ·GbVfruZdCFVfCFKgLEÐGdLE�RpPqKDnUCFE7LGHPqK©RpPqKML J PqZ ] SUE7CFN·PqK©LBDC'C f't þ�Þ � ü t ¡�¤FxUx � ¥�¢=r J PUr�PqESUZ ] [
ç GbVfC å G J C � SUK;N � YDL7CFZbZHS�YuE7CFE<LBDCfE7PqY J RpCfRpPoNDC ] SUE7C�h J PqV v KgYuRTZdCFY;E Ó @�B;C J CThlP J C � CFSUR�BÏruSUG J PUh
E7C J |UCFKgLE!BuSF|UC2E�GHV�GHZHS J RpPqKDnUCFELGdPqKORpPqKgL J PqZ=GHV�ruZdCFVfCFKgLSzLGdPqK;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<EY;V�V�S J GdéTC ] CFZdP Ò LBDC v K,YDL7CFZHZbSQPUr�C J SzLGdPqK;E�hlP J LBDC!reY J r�PqE7C�PUh=N;GHE�RTY;EEGdPqKuE%GHKfLB;GHE3R�B;SzruL7C JFÓ
m�CTLSUGHZHE�PUh>LBDC v KgYDL7CFZbZHS�r J PUL7PoRpPqZwRTSUK ] Cth�PqY;K;N�GHK·LB;C0E7r�CFRTGdcuRTSzLGdPqKg¡ ¥�¢ Ó

v K,YDL7CFZHZbS»EC J |UCFKMLE�h�P J V SUK*P}|UC J ZHSF[ÊLB;SzLfh�P JÒ S J N;EÔLBDC v K,YDL7CFZHZHS»r J PUL7PoRpPqZ�VfCFEE�SznUCFE Ó @ÑP
V�SUGHKgLSUGHKÊLBDC�P}|UC J ZHSF[*SUEfr�CTC J E!�7PqGHKâSUK;N*ZdCFSF|UCOLBDC�E7[,EL7CFV ND[oK;SUV�GHRTSUZHZH[ � ? ���g� VfCFEESznUCFE�S J C
nUCFKDC J SzL7CFN ] [�E7C J |UCFKMLE�L7PÏN;GHE�RpP�|UC J KDC Ò r�CTC J E Ó v K,YDL7CFZHZHS»Y;E7CFEÔERpPUr�CFNo× ] J PqSUNuRTSUE7L¥P�RpPqKML J PqZbZdCFN
] [*@!@ ç Q2h�P J�I GHKDnqE Ó ?Ãr�CTC J LB;SzL J CFRpCFGd|UCFE�S I GHK;n J CFE7r�PqK;N;E ] [âE7CFK;N;GHK;nÎSI? �z�,� ��Ò B;GHR8BáGHE
Y;K;GbRTSUE7L J PqY;L7CFN ] SUR Õ L7PÔLBDC I GHKDn0P J GdnqGHK;SzL7P J |,GbStLBDC<ESUVfC�ruSzLB Ó @wP�E7CFS J R8B�hlP J S0ceZdC � SÔE7C J |UCFKgL
nUCFKDC J SzL7CFEÐS\[ �u�p��� �,Ò B;GbR�B�GHE3SUZHE7P ] J PqSUN;RTSUE7L J PqYDL7CFN Ó ?ËE7C J |UCFKgL3LB;SzL J CFRpCFGd|UCFEÐS'8<YDC J [fSUK;N�B;SUE
V�SzLR8B;GHKDn�cuZdCFE J CFEr-PqKuN;E Ò GHLB][ �u�T�8� þ ��� VfCFEESznUCFE �DÒ B;GHR8B�S J C<YuK;GHRTSUE7L J PqYDL7CFN ] SUR ÕeÓ @!BDC J CtS J C
PULBDC J L\[,r-CFE�PUh>V�CFEESznUCFE Ò B;GHR�B�Szrur-CFS J ZdCFEEÐh J CFkgY;CFKMLZd[·SUK;N©S J C0Y;K;GHRTSUEL�h�P JÒ S J NDCFN Ó

5�æy*�æ�* ð#í>ï�öNëWóqé}õ~íÇï'ð�í>ïÇé�è+í>ñ�ú9ë�ð�ú�ç>ïÑõ~ó�îpó

æ CThlP J C Ò C4GHKgL J PoN;Y;RpC�LB;C v K,YDL7CFZHZHS0RpPqKDnUCFE7LGdPqK�RpPqKML J PqZeVfCFR8B;SUK;GHE�V�E �MÒ C<EB;SUZHZDc J E7L�NDCFE�R J G ] C�LBDC
NDCTh�SUY;ZdL v K,YDL7CFZHZHS�h�P JÒ S J N;GHK;nÔr J P,RpCFE�E Ó%å C2Y;EC<X>GdnqY J C0xzyfL7P�h�SURTGHZHGdLSzL7CtLB;C0NDCFER J GHr;LGdPqK;E�PUhiLB;GHE
r J PoRpCFEE�SUK;NÍLBDC2h�PqZHZdP Ò GHKDn�RpPqKDnUCFE7LGdPqKÎRpPqKgL J PqZiPUr-C J SzLGdPqK;E Ó ?#E7C J |UCFKgL�V�SUGbKMLSUGHKuE4S�KgYuV ] C J PUh
@ s I LY;K;KDCFZbE � CFSUR�B�PUh Ò B;GHR8BfB;SUE	GdLE%P Ò KWEP,R Õ CTL J CFRpCFGH|UC ] YoØ�C J SUK;N�ECFK;N ] YoØ�C JFÓia K�LBDC!NDCTh�SUY;ZdL
h�P JÒ S J N;GHKDnfr J P,RpCFEE �uÒ BDCFKOSWE7C J |UCFKgL J CFRpCFGd|UCFE�SWVfCFEE�SznUCº¯0LB;SzL<KDCTCFN;E!L7P ] CQh�P JÒ S J NDCFN � GdL Ò GHZHZ
L J [6L7PÏCFK;kgY;CFYDC�GdL�L7PÏLBDC ] SUR Õ PUh4LB;C·EP,R Õ CTLWE7CFK;N ] YDØ-C J PUh!CT|UC J [6PqYDL7nUPqGbKDnÏLY;K;KDCFZ�h�P J LBDC
VfCFEE�SznUC ± Óta h3S�EP,R Õ CTL0E7CFK;N ] YoØ�C J B;Szr;r�CFK;E4L7P ] C ] ZdPoR Õ CFN � LB;C�V�CFEESznUC Ò GHZbZ ] CÔN J PUr;r�CFN©h�P J
�ªË�É¯ÏhË+ÄdÑfÔ�Ë�� �lÇ�Í¤ÒùÓ	ÌqÊ ÏU© |yÒ{ÏÖÅU©ØÓ Î ÏÖÅ¨Ó<Î+ÒÖÕ/Ä<ÅÖÏùÕfÅUÄ<ÏUÄºÊªÄdÉ�Ó<Î5Æ�ÆfÄq©ªÒ�Î+ÄhÏ�ÕfÅU©ªÒÖ©´ÅhÍ�© Î ©ÐÒÖÒUÓhÔd©-Ì/ÄdÑfÎ5Æ+Ó�ÅUÍ¤©ªÒIÉ Î ÄdÒ{ÏÊªÑ�ÅÖÅU©ªÎqÏ�Í Î Õ+É¤© Î ©ªÎqÏ¨Ó<ÏUÍ¤ÄhÎ+ÒÇÑfÒÖ©jÏhË+©\Ç$Oi§ ~FS/Ó<ÔAÏUÄAÍ0Î�ÆfÍ�ÊØÓ�ÏU©jÏhË+©�É Ó<Ò{Ï�ÒÖ©ªÔ Î ©ÐÎ ÏLÄhÃb©ªÓFÊ¬Ë$ÓhÕfÕ+É¤Í�ÊØÓ<ÏUÍ¤ÄhÎ Î ©ªÒÖÒUÓ<Ôd©�É�ÆaË+Í�Ê¬Ë� �lÇ¥Í0ÒjÒÖÑ+Õ+Õ/ÄhÒÖ©-ÆRÏUÄ�ÒÖ©ÐÎ5Æ_^GÆf©ªÉ¤Í�Í�©ÐÅjÆ�Í¤ÏhËfÄdÑ�Ï�Ì+Ñ:N.©ÐÅUÍ¤Î+Ôf× �lË+©ÐÅU©ÐÃ½ÄhÅU©�É�ÏhË+©`XjÎ ÑfÏU©ªÉ¤É0Ó-Ó<Õ+ÕfÉ0Í�ÊØÓ�ÏUÍ¤ÄdÎ+ÒXÓGÊÐÏUÑ�Ó<É¤É¤ÊRÅU©�Êª©ªÍ�Í�©ªÒ

a ³�b#b�c2dq³�bhÉ/Í¤Î+Ò{ÏU©ªÓ�Æ�Ä<Ãb®:c<e¨À�³´¬GbU×� �lËf©ÐÅU©�Í¤Ò�ÄhÎ+É¯Ê�ÄdÎf©�ÄdÑfÏUÔhÄdÍ¤Î+ÔaÏUÑfÎ+Îf©ªÉ.Í¤ÃbÍ¤Ï�Í¤Ò�Ó�Ñ+ÎfÍ�ÊØÓhÒ{Ï�ÅUÄdÑ�ÏU©-Æ Î ©ÐÒÖÒUÓhÔd©h×
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forwarding

Servent

Per−socket

TCP tunnel

Application Buffer

socket send buffer

TCP tunnel

socket receive buffer

þ!õ~öÇò�è+ë�*N��ê v KgYDL7CFZbZHS�E7C J |UCFKgL!h�P JÒ S J N;GHKDn

LB;SzL%PqYDL7reYDLÑLYuK;KDCFZ Ó @�B;GHEiGHE Ò B;SzL%GHEiL J SUN;GHLGdPqK;SUZHZd[QRTSUZbZdCFN sz�¡�duÍ�µ�z�l�NCF�u�p�o�l�,� � SUK;NÔLBDC�RpPqKDnUCFE7LGHPqK
RpPqKgL J PqZ	VfCFR8B;SUK;GHEVWE�N;CFER J G ] CFNÎGHK»LBDC J CFE7LtPUh�LB;GHE<E7CFRpLGdPqKÏS J C�Szr;ruZHGdCFN»CFGdLB;C J SUNuN;GdLGdPqK;SUZbZd[�P J
SUE�S2VfPoN;GdceRTSzLGdPqKfL7PÔLB;GHE	r J P,RpCFE�E Ó	Ú PULGbRpC4LB;SzL3LBDC�r-C J ×\E7P,R Õ CTL�SzruruZHGHRTSzLGdPqKWZHSF[UC J PqYDL7ruY;L ] YoØ�C J
EBDP Ò KÙGHKÎLB;Cfc;nqY J C�GHE0KDPULtruS J LQPUh�LBDCWN;CTh�SUY;ZHL�h�P JÒ S J N;GHK;n�r J P,RpCFE�E Ó�a LQGHE � BDP Ò CT|UC J�� Y;ECFN ] [
E7PqVfC2RpPqKDnUCFE7LGdPqKÍRpPqKML J PqZÑVfCFR�BuSUK;GHEV�E�N;CTruZdP�[UCFNOGHK v K,YDL7CFZHZHS � SUE Ò GHZHZ ] CQNDCFER J G ] CFN·ZHSzL7C J�Ó

?�ZdLBDPqYDnqB·LB;CFG J GHVfruZHCFVfCFKMLSzLGHPqK;E�RpPqY;ZHN�N;GdØ-C J EY ] E7LSUKMLGbSUZHZd[�h J PqV`PqKDC v KgYDL7CFZbZHS�E7C J |UCFKgL�L7P
SUKDPULBDC J�� RpPqKDnUCFE7LGHPqK�RpPqKgL J PqZuSzrur J PqSUR�B;CFE�LB;SzL3S J C4RpPqV�V�PqK;Zd[�SUNDPUr;L7CFN ] [ v K,YDL7CFZHZHSQRTSUK ] C�RTSzL¡×
CTnUP J GdéTCFN�SUE�PqKDC!PUh�LB;C!h�PqZHZdP Ò GHKDnD~ ue�8� �z�������'wW�p���p���g��CF�u�p�o�l�,� � �7�U�\�t� �~w��������g� � �at ? ���q��|<ue��������o�7� �
P J �q������}U��CT�u�p�u�)w��z�e�F�,��wW�p�u� Ó

!)èzõ~íNèzõyé��áú9ë�ó ó�çköNëgf3ò�ëbòÑõ{ï�ö I�J GdP J GHL\[WVfCFE�ESznUCQkgY;CFY;GHKDn�¡�¤F{Ux+¢wGHEÐSfVfCFR8B;SUK;GHEV�LB;SzL�r J GdP J G�×
LGdéTCFE�VfCFEESznUCFE3h�P J E7CFKuN;GHKDn � SUKuNWGdL�GbE%PUhlL7CFK�Y;E7CFNWPqK�K;CTL Ò P JÕfJ PqYDL7C J E�hlP J 8�P à P J m<G�Ø�C J CFKgLGHSzL7CFN
à C J |oGHRpC;¡ ¥Ux+¢�E�YDr;r�P J L Ó �<K�RpPqK;nUCFE7LGdPqK � ZdP Ò C J r J GHP J GdL\[fVfCFE�ESznUCFEÐS J C�V�P J C�ZbG Õ CFZd[�L7P ] C�N J PUr;r�CFN Ó

I�J GdP J GdLÜ[ákgY;CFY;GHKDnÊGHE�YuE7CFN�GHK v KgYDL7CFZbZHS�L7PâGHV�r J P�|UC»LBDC»P�|UC J SUZbZ v KgY;L7CFZHZHS�E[,E7L7CFV�r�C J h�P J ×
V�SUK;RpC Ó @ÑP2GbVfruZdCFVfCFKgL%LB;GHE�ER�BDCFV�C � SUK�Szr;ruZHGHRTSzLGHPqK�ZHSF[UC J PqYDL7ruY;L ] YoØ�C J P J CTh�C JJ CFNWL7P2SUE	PqY;L7ruYDL
] YoØ�C Jd� k,YDCFYDC�GHKÎLB;C J CFE7LtPUhÐLBDCWR8B;Szr;L7C J Q �iÒ B;GbR�BÏV�S�[ ] C�N;GH|,GHN;CFN»SUKuNÙSUZHZdPoRTSzL7CFNÏL7PON;GdØ-C J CFKgL
r J GHP J GdL\[·ZdCT|UCFZHE � GHE�R J CFSzL7CFN»h�P J CFSUR8BOLY;KuKDCFZ � SUE4EBDP Ò KOGHK©X>GdnqY J C2xzy ÓÐå B;CFKOSWV�CFEESznUC2GbE�L7P ] C
h�P JÒ S J NDCFNÎL7POS�LY;KuKDCFZ � GdLtGHE<c J E7LtCFKML7C J CFNÙGHKgL7P�LBDCfPqYDL7ruYDL ] YoØ-C J P�P J N J PUr;r�CFN>Q ] SUE7CFNÙPqKÙGdLE
J CFZHSzLGH|UC4r J GdP J GdLÜ[ Ó>� CFEESznUCFE�S J C4r J GdP J GdLGdéTCFN ] SUE7CFN�PqK�EPqVfC v KgYDL7CFZbZHS0E7r�CFRTGdceR�E7CFV�SUKgLGHRTE �oÒ B;GbR�B
S J CQPUh�L7CFKORpPqKuEGHNDC J CFN�GbK·LBDCthlPqZbZdP Ò GbKDn�P J NDC J ~
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r � CFEESznUC·@3[gr�C Ó m<G�Ø�C J CFKgLQL\[,r�CFEtPUh v KgY;L7CFZHZHS�VfCFEE�SznUCFE2B;S�|UC�N;GdØ-C J CFKgLQRpPqKgL J G ] YDLGHPqK;E<L7P
E[,E7L7CFVÇr�C J hlP J V�SUK;RpC Ó 8tYDC J [ Þ GdLÐLB J PqYDnqBDruYDL�GbE�Y;EY;SUZHZH[�RpPqK;EGbNDC J CFN�LBDC2VfPqE7L!GHV�r-P J LSUKML
r�C J h�P J V�SUKuRpC�VfCTL J GHR Ó @�BDC�ZdPqE�E%PUh�S	8<YDC J [ Þ GHL>NuG J CFRpLZd[ÔRpPqKML J G ] YDL7CFE%L7PQLB J PqYDnqBDruY;L>N;CTn J S�×
NuSzLGdPqK Ó ? ZdPqE7LF8<YDC J [�RpPqV�r J PqV�GHECFE�LBDC<R�BuSUK;RpC<PUh�nUCTL7LGHKDn38<YDC J [ Þ GdLE	h J PqVÈLBDC4n J PqYDr�PUh
r�CTC J E�LB;SzL�S J C J CFSUR8B;S ] ZdC ] [WLBDC	8<Y;C J [ Ó%I GHKDn�SUK;N I PqKDnfVfCFEESznUCFE!RpPqKML J G ] YDL7C<GHK;N;G J CFRpLZd[
L7PfE7[oE7L7CFVßLB J PqYDnqBDruYDL ] [�CFELS ] ZHGHEBuGHKDn0RpPqK;K;CFRpLGdPqK;E�P J GHVfr J P�|oGHKDn0KDCTL Ò P J�Õ RpPqK;KDCFRpLGH|,GdLÜ[ Ó
@!BDPqE7CQPULBDC J L\[,r�CFE�PUh%VfCFEESznUCFE4LB;SzL!Szr;r�CFS J VÔY;R8BOZdCFEE�h J CFk,YDCFKgLZd[·S J CQPUh�L7CFKORpPqK;EGbNDC J CFN
PUh>LBDCQBuGdnqBDCFE7L�r J GdP J GdLÜ[ Ó

r Þ PUruE�SUK;N6@�@ ç	Ó ? v K,YDL7CFZHZHSÍVfCFEESznUC�B;SUEÔSOE7C J |UCFKMLfGHVfreZdCFVfCFKgLSzLGdPqK�NDCTr�CFK;N;CFKML0@!@ ç
SUKuN�SÔBDPUr�RpPqYuKMLRP Þ PUreEhQ%PUhÑy Ò BDCFK�GdL�GbE3GHKuGdLGHSUZHGdéTCFN Ó @�@ ç GHE3NDCFR J CFSUE7CFN ] [fPqKDC4SUK;N Þ PUruE
GbEÔGbK;R J CFSUE7CFN ] [�PqKDC ] [�CFSUR8BáE7C J |UCFKgLfLB;SzLfh�P JÒ S J N;EÔLBDC�VfCFEESznUC ÓÊå B;CFKâGdLÔRpPqV�CFEfL7P
r J GdP J GdLÜ[ �eÞ PUruE�GHE!RpPqK;E�GHNDC J CFNÍS�VfCFSUE�Y J C0PUh%LB;C2K,Y;V ] C J PUh%r-PUL7CFKgLGHSUZ J CFRpCFGd|UC J E4[UCTL<L7P ] C
J CFSUR�BDCFN � LBDCfr�PUL7CFKgLGHSUZ%|zSUZHYDCfPUh�LBDCWVfCFEE�SznUC�L7P©LBDC J CFRpCFGd|UC JF� P J LBDCWKDCTL Ò P JÕÎJ CFEPqY J RpC
SUZ J CFSUND[OY;ECFNOL7P�NDCFZHGH|UC J LBDCfVfCFE�ESznUC � NDCTr�CFK;N;GHK;n�PqK»LBDCÔV�CFEESznUC�L\[,r�C Ó2à PqVfC�E7C J |UCFKgLE
RpPqKuEGHNDC J @�@ ç	� GHK�SUN;N;GHLGdPqK�L7P Þ PUreE � hlP J4I PqK;nWSUK;N�8<YDC J [ Þ GdL�VfCFEESznUCFE Ó XDP J4I PqKDnqE4SUK;N
8tYDC J [ Þ GdLE � @�@ ç GbE�S�VfCFSUEY J CQPUh>LBDCQr J P�ÖoGbV�GdL\[�L7PWLBDC0CFK;N J CFRpCFGd|UC J�� LBDC J CTh�P J C � EVWSUZHZdC J
@!@ ç E�S J Cth�S�|UP J CFN Ó

r ?4nUC ÓáÚ C Ò C J V�CFEESznUCFE�S J C�h�SF|UP J CFNáP�|UC J PqZHNDC J PqKDCFE ] [*E7PqVfC�r J GHP J GdL\[6kgYDCFY;CFE�L7PÙBDCFZdr
VWGHK;GHV�GHéTC�NDCFZbSF[g¡�¤FxUx+¢ Ó

��ç6é�ëOøÐõ{î6õ�é}õ{ï�ö�çNï�õ ò�ð#!`ÿ;çkð���ûjè+ë�ó ófò�è+ë @wPWr J CT|UCFKgL�LBDCtPqK;E7CTL�PUh>RpPqKDnUCFE7LGdPqK �;J CFRpCFGd|oGHKDn
SUK;N � P J E7CFK;NuGHKDn J SzL7CÔZHGHV�GdLE!RTSUK ] CQCFKDh�P J RpCFN � CFGdLBDC J PqKÍSWr-C J @ s I RpPqK;KDCFRpLGdPqK ] SUEGHE � P J PqK»S
r�C J E7C J |UCFKgL ] SUE�GHE Ó

a K;RpPqV�GHK;n J SzL7C3ZbGHV�GdLGHK;n�GHK v K,YDL7CFZHZHS�GbE�PUhlL7CFK2CFKDh�P J RpCFN ] [tEY;Er-CFKuN;GHKDn�LBDC J CFSUNQPUr�C J SzLGdPqK;EwPqK
SQ@ s I E7PoR Õ CTL Ò BDCFKWN;SzLS J CFRpCFGH|UCFNWN;Y J GHKDntStLGHVfC4EZdPUL	CpÖDRpCTCFN;E�SQr J CFN;CTcuKDCFN�P J YuE7C J RpPqKDcunqY J CFN
ZHGHVWGdL Ó @�B;GbE�L7CFR�B;KuGHkgY;C ��Ò BDCFK0Y;ECFN0SUZdPqKDC � VfC J CFZd[QEZdP Ò EwNDP Ò K2LBDC3E7CFKuNDC J SUK;NÔEB;GHhlLEwLBDC3VfCFE�ESznUC
N J PUruruGHKDn�L7P�LBDC0E7CFK;N;C JFÓ @�BDC J CTh�P J C � GHL!GHE�PUh�L7CFKÍRpPqV�ruZdCFVfCFKgL7CFN ] [�SUKDPULBDC J L7CFR�B;KuGHkgY;C2N;Y ]u] CFN
LBDC �,�duu�hx [ �/z RpPqKgL J PqZQPqK LB;CÙE7CFK;NDC JFÓ�å BDCFK'SâE7C J |UCFKgLOGHE J SzL7C�ZHGHV�GHLGHKDn�LB;C J CFRpCFGd|oGHKDn*PqK
S�EP,R Õ CTL � GdLWECFK;N;EWS6RpPqKML J PqZ4VfCFE�ESznUCÍL7PÊLBDC»E7CFK;NDC J L7P6GHK;EL J Y;RpLWGdLWL7PÊE7L7PUr�E7CFK;NuGHKDnp8<YDC J [
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VfCFEE�SznUCFE�CpÖDRpCTCFN;GHKDnWSWRpC J LSUGHK©BDPUrÍRpPqY;KML4ZHGHV�GdL �,Ò B;GbR�B�GHE�PUh�L7CFKOy Ó
?�KDPULBDC J L7CFR8B;K;GHk,YDCtLB;SzL!LB J PUL7LZdCFE�LB;CQE7CFK;NDC J GHE�@ s I ] SUR Õ r J CFEEY J C3¡�¤Ty��H¢ Ó ?4ZHLBDPqYDnqB ] PULB

S J C!GbVfruZdCFVfCFKgL7CFN ] [ÔEL7PUr;ruGHKDntLB;C!RpPqK;EY;V�r;LGdPqK�PUh�GHK;RpPqV�GbKDntN;SzLS � LB;C!RpPqK;N;GdLGHPqKfLB;SzL	L J GHnUnUC J E
LBDC3LB J PUL7LZdCÐGHK0@ s I ] SUR Õ r J CFEEY J C3GHEwLBDC ] ZdPoR Õ GHKDn�PqK2LBDC�PqYDL7ruYDLiE7P,R Õ CTL>PqK Ò BuGHR�B0LBDC3GHKuRpPqV�GHKDn
N;SzLS�GHEÐEYDrur-PqECFN�L7P ] C�E7CFKgL Ó XDP J ] J PqSUN;RTSUE7L J PqYDL7CFN·VfCFE�ESznUCFE � @ s I ] SUR Õ r J CFEEY J C4LS Õ CFE�ruZHSURpC
Ò BDCFKÏS�RpC J LSUGHKÏh J SURpLGdPqKÏPUh�PqYDL7ruYDLtE7PoR Õ CTLEÔS J C ] ZHP,R Õ CFN Ó�å GdLBÙLBDC�@ s I SUN;|UC J LGHE7CFN J CFRpCFGH|UC J
Ò GHKuNDP Ò ,uP Ò RpPqKML J PqZ�ER8BDCFVfC � @ s I ] SUR Õ r J CFEEY J CÍR J CFSzL7CFE·S�R�BuSUGHKáCT|UCFKgL Ò B;GHR�BèruY;EB;CFEfLBDC
N;SzLS ] SUR Õ L7P©LBDCWEC J |UCFKMLE0LB;SzL0B;S�|UC ] YDØ-C J E<L7PÍSURTRpPqV�VfPoN;SzL7CWLBDCFV Ó�å B;CFKÏLBDC�RpPqKDnUCFE7LGHPqK
GHEÐL J SUKuEGdCFKgL � @ s I ] SUR Õ r J CFEEY J CQSF|UPqGHN;E!VfCFEESznUC0ZHPqEE7CFE�SUK;N�E�ZdP Ò GbKDnfNDP Ò K�VWSUKM[·E7PqY J RpCFE � SUK;N
RTSUKOSUR8B;GdCT|UC0SWB;GdnqBDC J E7[oE7L7CFVÇLB J PqYDnqBDreYDL Ó

@�B;C J C!S J C<SUZHE7P v KgY;L7CFZHZHSQGHV�ruZdCFVfCFKgLSzLGdPqK;E%LBuSzL ] SUZbSUK;RpC�LBDC ] SUK;N Ò GbNDLBfY;ESznUC<SUVfPqKDnÔRpPqKo×
RTY JJ CFKML=LYuK;KDCFZHE=SUKuN � P J ] CTL Ò CTCFK Þ @�@ I L J S��R�P�hlP J NDP Ò K;ZdPqSUN;GbKDn � YDruZdPqSUNuGHKDn�QuSUK;NQLBDC v KgY;L7CFZHZHS
r J PUL7PoRpPqZ�L J S��R Ó3ç GbVfC å G J CtGHE�SUK�CpÖDSUVfruZdCQPUh>E7PUruBuGHE7LGHRTSzL7CFN©E�R�BDCFN;YuZHGHKDnÔPUh ] SUK;N Ò GHN;LB�YuESznUC Ó

ñ�ð/é}õlý>ë]f3ò�ëWò�ëÙú9çNï�çköNëbîeëbïÇé ?�RpLGd|UC38<YDCFYDC � SUK;SznUCFVfCFKgL�P�?�8 � Q#¡ � ¤q¢iGHE4S�ER8BDCFVfC2LB;SzL
r J PqSURpLGH|UCFZd[�RpPqKML J PqZHE�LBDC4k,YDCFYDC�P,RTRTY;ruSUK;Rp[fL7PÔr J CT|UCFKgL3LBDC4P,RTRTY JJ CFK;RpCFE�PUh=RpPqKDnUCFE7LGHPqK Ó%a K v L Õ ×
v K,YDL7CFZHZHS �,Ò BDCFK�LBDC4r J GdP J GHLGdéTCFN�PqYDL7reYDL3k,YDCFYDC�SUEE7PoRTGHSzL7CFN Ò GdLB�S2E7PoR Õ CTL�BuSUE3SUK�PoRTRTYDruSUK;Rp[ ] Cp×
[UPqK;N�S4r J CFNDCTcuK;CFN0B;GdnqB Ò SzL7C J V�S JÕ-� LBDC�EP,R Õ CTLiCFKgL7C J E%S�RpPqKDnUCFE7LGdPqK�RpPqKgL J PqZoVfPoNDC � GHK Ò BuGHR�B2LBDC
E7C J |UCFKgL Ò GHZHZDSF|UPqGbN�E7CFKuN;GHKDntSUKg[�VfCFEESznUC4PqK�LBDC�E7P,R Õ CTL Ó @ÑP0r J CT|UCFKgL	LBDC4CpÖ,reZdPqEGdPqKfPUh�8<Y;C J [ Þ GdL
VfCFEE�SznUCFE�,;P Ò GHKDn�PqKgL7PWLBDC2RpPqK;KDCFRpLGdPqK � 8<YDC J [�VfCFEESznUCFE4h J PqV�S�RpPqKDnUCFE7LGHPqKo×\RpPqKML J PqZHZdCFNOEP,R Õ CTL
Ò GHZbZ ] C3N J PUrur-CFN0SUK;N0LB;C�RpP JJ CFE7r�PqK;N;GHKDn�r�CTC JiÒ GHZHZ ] C3KDPULGdc;CFN2L7P�EL7PUr�ECFK;N;GHKDn�k,YDC J GHCFE Ó ?âEP,R Õ CTL
ZdCFS�|UCFE	LBDC!RpPqK;nUCFE7LGdPqKWRpPqKgL J PqZ;V�P,NDC Ò BDCFKfLBDC�k,YDCFYDC�PoRTRTYDruSUK;Rp[�N J PUreE ] CFZdP Ò Str J CFNDCTcuKDCFN�ZdP Ò
Ò SzL7C J V�S JÕ-Ó

5�æy*�æJ ú9ë�ó ó�çköNëÏò���ûXë�ûLû�ë�ðMõ 
iðOøÐõ{î6õ�é
a L�B;SUE ] CTCFK·P ] E7C J |UCFN©LB;SzL�LBDCQERTSUZbS ] GHZHGdLÜ[WPUh v K,YDL7CFZHZHSfGHE�BuSUK;N;GHRTSzr;r�CFN ] [�LBDCtP}|UC J S ] Y;K;NuSUK;RpC
PUh%VfCFEESznUCFE-,;P Ò GHKDnfLB J PqYDnqB�LBDC v KgY;L7CFZHZHSfKDCTL Ò P JÕ GbK;RTZHY;N;GbKDn I GHKDnqE�SUK;N�8<YDC J GdCFE Ó	a L�GHE�PUh�L7CFK
LBDC�RTSUE7C<LB;SzLa8<Y;C J GdCFE�S J C�E7CFKgL�L7P�SÔZHS J nUC4K,Y;V ] C J PUh=BDPqE7LE�GHK�SUK�SzL7L7CFVfruL�L7PÔE7CFRTY J C<S0BuGdL	h J PqV
Sth�C Ò PUh�LBDCFV�¡�¤F¥/¢ Ó	à PqVfC!E7C J |UCFKgLE�GbVfr�PqE7C�ZHGHV�GdLEiPqK I GHKDnqE%SUKuNô8<YDC J GHCFE Ò BDCFKfLBDCT[�CpÖor�C J GdCFK;RpC
P J SUKgLGHRTGdreSzL7CWRpPqKDnUCFE7LGdPqK Ó XDP J CpÖoSUVfreZdC � v L Õ × v K,YDL7CFZHZHSÍE7C J |UCFKgLE0Y;EC I GHKDn�LB J PUL7LZdC�L7POSURTRpCTruL

{/�



P�SUK;N�h�P JÒ S J N>Q�SzL!V�PqE7L�PqKDC I GHKDn�CT|UC J [·LB J CTC2E7CFRpPqK;N;E�h J PqV�S�ruS J LGHRTY;ZbS J v KgY;L7CFZHZHSÔr�CTC JFÓ
å BDCFK*LBDC J C�S J C�SUZ J CFSUND[�SÎZHS J nUC�K,Y;V ] C J PUh I PqKDn � 8<Y;C J [ Þ GdLfVfCFEE�SznUCFE J CFE7r�PqK;N;GbKDn©L7PÙS

ruS J LGbRTY;ZHS J�I GHK;n � 8<YDC J [WV�CFEESznUC � VfP J C I PqKDnqE � 8<YDC J [ Þ GHLE�S J CtPUh�L7CFK�RpPqK;EGHNDC J CFN·L7P�B;SF|UC0ZHCFEE7C J
|zSUZHYDCFE Ó � PqEL v K,YDL7CFZHZbSÙE7C J |UCFKgLE�GbVfr�PqE7C©RpC J LSUGHKÀZHGHV�GHLE�PqKáLBDC»KgY;V ] C J PUh I PqKDn � 8<YDC J [ Þ GdL
VfCFEE�SznUCFE J CTLY J KDCFN � h�P JÒ S J NDCFNÎh�P J LBDCWE�SUVfC I GbKDn � 8<YDC J [ Þ GdL Ófa KÙLBDCWRTSUE7C�PUhF8tYDC J [ Þ GdL � LB;GHE
Szr;r J PqSUR�B*RpPqY;ZHNÊGHVfr J P�|UCWLB;C�S�|UC J SznUCOEY;RTRpCFE�E J SzLGdPOPUh�8tYDC J GdCFE(P�r�C J RpCFKMLSznUC·PUh�8tYDC J GdCFE0LB;SzL
J CFRpCFGd|UC2SzL!ZdCFSUE7L�PqK;C�8<YDC J [ Þ GdLhQ � N;YDC<L7P�LBDC2ZdPqKDnz×µLSUGHZ=NuGHE7L J G ] YDLGdPqK�PUh>cuZHC�r�PUruYuZHS J GdLGdCFE$¡�¤Fx+�.¢ Ó

5�æy*�æº5 ð#í>îpûjçkè�õ~ó íÇï í>ì!í©õ ��ëWèfëbïÇé�ù�ï�ò�é�ëbñ{ñ~çÊûLëWè�ýÇëWïÇéfó

@iS ] ZdC���RpPqVfreS J CFEiLBDC v KgY;L7CFZHZHS!EC J |UCFKML%GHV�ruZdCFVfCFKgLSzLGdPqK;E Ò GdLB J CTnqS J NÔL7P<LBDC�VWS}�¡P J RpPqKDnUCFE7LGHPqK
RpPqKgL J PqZ-hlCFSzLY J CFEK«!LB;CT[WSUNDPUr;L Ó%å B;GHZdC4LBDC�LS ] ZdC<NDPgCFE�KDPULÐEBDP Ò LB;C�NDCTLSUGbZdCFN�NuG�Ø-C J CFK;RpCFE3SUV�PqKDn
LBDC!GbVfruZdCFVfCFKgLSzLGdPqK;E>PUh�CFSUR8B�h�CFSzLY J C � GHL�GHE%EY6�RTGdCFKML%L7P2NDCFVfPqK;E7L J SzL7C!LBDC�BDCTL7C J PUnUCFKDCFGdL\[�SUV�PqKDn
E7C J |UCFKgLE Ó

ò�çkøiñ~ë&5�ê2à C J |UCFKgL!X>ZdP Ò s PqKML J PqZ=XDCFSzLY J CFE
XDCFSzLY J CFE ç GHV�C å G J C ��I BDCpÖ � YDL7CFZbZHS � v K,Y;RTZdCFY;E v L Õ × v K,YDL7CFZHZHS 8<L7CFZHZHS
I	J GdP J GdLÜ[ � CFEESznUC;8tYDCFYDC c	CFE c	CFE c	CFE Ú P
@ s I æ SUR Õ r J CFEEY J C Ú P � c	CFEih Ú P Ú P Ú P
j!SzL7C ç GHV�GHL c	CFE Ú P,hjh c	CFE Ú P
?�8 � Ú P Ú P c	CFE Ú P
hq~ I BDCpÖ�GHVfruZdCFV�CFKMLE�@ s I ] SUR Õ r J CFEEY J C � ] YDL ç GHVfC å G J CQN;PgCFE�K;PUL Ó
hjhq~3@!BDCtZHSzL7CFE7L!E7PqY J RpC0RpPoNDCQPUh � YDL7CFZbZHSfB;SUE�GHKuRpP J r�P J SzL7CFN�GHK;RpPqV�GbKDn J SzL7C0ZHGHVWGdLGHKDn �
] YDL�GdL�GbE�KDPUL�h�Y;ZHZd[�h�Y;K;RpLGHPqK;GHKDn Ó

I�J GdP J GdLÜ[»k,YDCFY;GbKDn©ER�B;CFVfCFE2GbK v K,YDL7CFZHZHS�EC J |UCFKMLE�N;GdØ-C J GbKÏLBDCFG J r J GdP J GHLGdéFSzLGdPqKÎr�PqZHGHRTGdCFE � SUE
Ò CFZHZ�SUE�GHVfruZHCFVfCFKMLSzLGHPqK;E Ó @ÑS ] ZHCt{�ZbGHE7LE�E7PqVfCtPUhwLB;CQN;GHE7LGHK;nqY;GHEB;GbKDntR�B;S J SURpL7C J GHE7LGHRTE�SUV�PqKDnfLBDC
E7C J |UCFKgLE�® Ó%å CÔB;GdnqB;ZbGdnqBML ] CFZdP Ò E7PqVfC0N;GdØ-C J CFKuRpCFE�EBDP Ò K©GHK·LBDCQLS ] ZdCU~

r å B;GHZHC0VfPqE7L<E7C J |UCFKgLE�nqGd|UC2r J GdP J GdLÜ[�L7P I PqKDn·VfCFEESznUCFE�P�|UC J 8tYDC J [�VfCFEESznUCFE ��ç GHVfC å G J C
N;PgCFE�LB;CQPUr;r�PqEGdL7C Ó

r a K v L Õ × v K,YDL7CFZHZHS � ZHP Ò BDPUruE>S J C�h�SF|UP J CFNfhlP J	I GHKDn<SUK;N38<YDC J [ �UÒ B;GHZdC�B;GdnqB�BDPUruE>S J C�h�SF|UP J CFN

k § Í¤Î�Êª©�ÏhË+© Î ©ªÒÖÒUÓ<Ôd©�Ï~Ê�Õ/©�ÒÖÕ/©IÊªÍ�5Ê�É¤Í Î Í¯ÏUÒ>Ñ+ÒÖ©-ÆaÌqÊ ÆfÍ�N.©ÐÅU©ªÎqÏ>ÒÖ©ÐÅhÍ�©ªÎqÏUÒPË+Ó-Í�© Î ÓhÎqÊ$Æ�©ÐÏ¨ÓhÍ¤É¤©-ÆÝÆfÍ�N.©ÐÅU©ÐÎ�Êª©ªÒIÉqÏhËf©ÐÊ�Ó<ÅU©
Î+Ä<Ï�Í0Î�ÆfÍ�Í Í ÆfÑ�Ó<É¤É¤Ê�É¤Í¤Ò{ÏU©-Æ-Ã½ÄhÅ	ÊªÄ Î Õ+Ó<ÅUÍ¤ÒÖÄdÎH×l×Å�ÄhÏUÍ�Êª©iÏhË+Ó<ÏRm�ÏU©ªÉ¤É0Ó Ë�Ó<Ò�Ì/©Ð©ªÎ�©M��ÊªÉ¤Ñ�Æf©-ÆFÃ½ÅUÄ Î ÏhËf©jÏ¨ÓhÌfÉ0©�ÒÖÍ¤Î�Êª©�Í¯Ï\Æ�Äq©ªÒ�Î+Ä<Ï	Ë+Ó-Í�©iÕfÅUÍ¤Ä<ÅUÍ¤Ï�Ê�nqÑf©ªÑ+Í¤Î+Ô�×

� y



h�P J�I PqKDnfSUK;N¥8<YDC J [ Þ GHL Ó @�@ ç GHE3RpPqV�ruS J CFN�hlP J 8<Y;C J [ Þ GdL�VfCFEESznUCFEÐLB;SzL�B;S�|UC<LBDCtESUVfC
@!@ ç	Ó

a K ç GHV�C å G J C � 8<Y;C J [ Þ GdLE�S J C�r J GdP J GdLGdéTCFN ] SUE7CFN»PqKÍLB;C�K,Y;V ] C J PUh J CTruZHGdCFE�SUZ J CFSUND[ÍE7CTCFK
h�P J LB;CORpP JJ CFE7r�PqK;NuGHKDng8<YDC J [ Ó X;P J PULBDC J VfCFEESznUCFE � B;PUrèRpPqY;KgL�GHEfY;ECFNâL7P6NDCTL7C J V�GHKDC
LB;C J CFZbSzLGd|UC·r J GdP J GHL\[ÎPUh!VfCFEE�SznUCFE�PUh�LBDC�ESUVfC�L\[,r�C �%Ò GdLB6LBDC�E�SUVfC·r-PqZbGHRp[ÏSUE2LBuSzLÔPUh
v L Õ × v K,YDL7CFZHZbS Ó @�@ ç GHE�KDPUL!Y;ECFN·hlP J r J GdP J GHLGdéFSzLGdPqK Ó

� YDL7CFZHZbSfNDPgCFE!KDPUL�r J GHP J GdLGdéTC<VfCFEESznUCFE ] SUE7CFN©PqK Þ PUreE�P J @�@ ç	Ó

r v L Õ × v K,YDL7CFZHZbS�SUK;N � YDL7CFZHZHSfYuE7CQSfh�P J V`PUhir J CTCFVfr;LGH|UCQER�BDCFNuY;ZHGHKDn Ò B;C J CtB;GdnqBDC J r J GdP J GdLÜ[
V�CFEESznUCFEiS J C�SUZ Ò SF[oEwER8BDCFN;Y;ZHCFN ] CTh�P J C	ZdP Ò C J r J GdP J GdL\[�VfCFEESznUCFE Ó>ç GbVfC å G J C%Y;E7CFE Ò CFGdnqBgL7CFN
J PqY;K;No× J P ] GHK©ER8BDCFN;Y;ZHGbKDn�L7P�r J CT|UCFKgL�LB;C2E7LS J |zSzLGdPqK»PUh�ZdP Ò C J r J GdP J GdLÜ[·V�CFEESznUC�L\[,r�CFE Ó4a K
CFSUR8BÍE�R�BDCFN;YuZHGHKDnfr�C J GdPoN � LGHVfCQE�ZdPULE�PUh%N;G�Ø�C J CFKgL!ZdCFKDnULBuE�S J C2SUZbZdP,RTSzL7CFNOL7PWN;G�Ø�C J CFKgL�L\[,r�CFE
PUh%VfCFE�ESznUC Ó

ò�çkøiñ~ë÷4�ê0I	J GHP J GdL\[�8<YDCFYDCFGbKDn � CFR8B;SUK;GHEVWE

s B;S J SURpL7C J GHE7LGHRTE ç GHV�C å G J C ��I BDCpÖ � YDL7CFZbZHS � v K,Y;RTZdCFY;E v L Õ × v K,YDL7CFZHZHS
I PqKDn�h�SF|UP J CFNOP�|UC J 8<YDC J [ Ú P c	CFE c	CFE
I	J GdP J GdLGdéTCFN ] [�@!@ ç SUK;N � P J!Þ PUreE c	CFE Ú P c	CFE
Ú C Ò C J VfCFEESznUCFE!h�S�|UP J CFN c	CFE c	CFE Ú P
8<YDC J [ Þ GdLEÐr J GHP J GdLGdéTCFN ] [�r�PUruY;ZbS J GdL\[ c	CFE Ú P Ú P
�<YDL7reYDL ] YoØ�C J ER�BDCFNuY;ZHGHKDn å CFGdnqBgL7CFNOj!j�h Þ GdnqB;CFE7L<hjh Þ GdnqBDCFE7L<hjh
hq~ å CFGHnqBML7CFN»j�PqY;KuNo×\j�P ] GbK
hjhq~ Þ GdnqBDCFE7L!r J GdP J GHL\[�c J E7L

_���� ���-���$�X��ã��H�-� ���-�(ã/���$�JÁ[���'�-�a�.���

a KÙLB;GHE2E7CFRpLGdPqK �>Ò C�r J CFE7CFKgL0PqY J VfCFSUEY J CFVfCFKMLÔSUK;NÊSUK;SUZd[oEGHEtPUh�LB;C�VfCFEE�SznUC�N J PUr;ruGHKDneP�ZHPqEEhQ
] CFB;SF|oGdP J PUhoECT|UC J SUZgEC J |UCFKML>GHVfreZdCFVfCFKgLSzLGdPqK;E Ó �tY J CpÖor-C J GHVfCFKgLEwS J C�GbKML7CFK;N;CFNQL7P4E�BDP ÒQ� h�P J CFSUR8B
E7C J |UCFKgL�GHVfruZHCFVfCFKMLSzLGHPqK � LBDC�VfCFEESznUCtN J PUr J SzL7CtSUK;N�ruSzL7L7C J K � SUK;N Ò B;SzL Õ GbK;NfPUhwVfCFE�ESznUCFE�S J C
VfP J CÍZHG Õ CFZd[6L7P ] C©N J PUr;r�CFN Ó*å CÍSUZbE7P J CFZHSzL7C©LB;CFE7C©ruBDCFK;PqVfCFK;SÎL7P�LB;CFG J RpPqKDnUCFE7LGdPqK RpPqKML J PqZ
E7L J SzL7CTnqGHCFE!NDCFER J G ] CFN�GHK à CFRpLGdPqK�� Ó x Ó

� ¤



ú9ë�çNó�ò�è+ëbîeëbïÇéÍú9ëHé+ú�í�õjí>ñ~íNöN� à GbK;RpC�LBDCfL J SUK;EGHLGdPqKÎL7P©LBDCWK;C Ò 74ZHL J Szr�CTC J × ç CFSzhÐS J R�BuGdL7CFR�×
LY J C�EBuGdhlLEÔVfPqE7LfPUh4LBDC·hlP J�Ò S J NuGHKDn»LSUE Õ L7Pg7�ZdL J Szr�CTC J E � PqY J VfCFSUEY J CFV�CFKML�GHEÔr�C J h�P J VfCFN6PqK
7�ZdL J Szr�CTC J EtPUhÐLB J CTC�E7C J |UCFKgL2GHVfreZdCFVfCFKgLSzLGdPqK;ET~ ç GHVfC å G J C � v L Õ × v K,YDL7CFZHZbS©SUK;N � YDL7CFZHZHS 6 Ó�å C
GHK;EL J Y;VfCFKgLÐLBDCQE7PqY J RpCQRpPoNDCtPUhiCFSUR�BÍE7C J |UCFKgL�L7PWZdPUnfLBDCQV�CFEESznUCFE!N J PUr;r�CFN Ó XDP J CFSUR8BOVfCFE�ESznUC
N J PUrur-CFN �UÒ C�ZdPUn0LBDC!hlPqZHZHP Ò GHK;nQGHKDh�P J V�SzLGdPqK Ò BDCFKDCT|UC J S�|�SUGbZHS ] ZdCU~iLGHVfC � L\[,r-C4PUh�VfCFEESznUC �DÞ PUruE �
@�@ ç�� r�CTC J SUN;N J CFEE�SUK;Nâ|UCFKuNDP J GHK;hlP J VWSzLGdPqK Óâå CÎSUZHE7P Õ CTCTrÀL J SUR Õ PUh<LBDC©L7PULSUZ�K,Y;V ] C J PUh
VfCFEE�SznUCFE J CFRpCFGH|UCFNON;Y J GHKDnfS�VfCFSUEY J CFVfCFKgL Ó 7�K;ZdCFEE�PULBDC JÒ GHECQE7r�CFRTGdc;CFN � LBDC J CFEY;ZdLE�r J CFE7CFKgL7CFN
GHK·LB;GbE�E7CFRpLGdPqKOS J CQP ] LSUGHKDCFN�GbK·LBDCQCpÖor-C J GHVfCFKgLÐN;CFER J G ] CFN ] CFZdP Ò0Ó

å C J Y;K0LBDC�LB J CTC�7�ZdL J Szr�CTC J EwPqKÔLB J CTC3VWSUR�B;GHK;CFEwLB;SzL>B;S�|UCÐE�GHV�GHZHS J�� Gdh;KDPULiCpÖoSURpLZH[QLBDC3E�SUVfC �
RpPqK;KDCFRpLGH|,GdLÜ[ÏL7PÍLB;C a KML7C J K;CTL0h J PqV LB;C�ESUVfC·NDCTruS J LVfCFKMLÔSzL v CTP J nqGHSÍ@ÑCFR�B ÓOå C·Y;E7C�E�GHV�GHZHS J
RpPqKDc;nqY J SzLGdPqK;E3hlP J SUZHZeLBDC�LB J CTC � E7PfSUE�L7P�r J P�|oGHNDC�S�EGHV�GHZbS J CpÖ,r�PqEY J C!L7P�LBDC v K,YDL7CFZHZHS2KDCTL Ò P JÕ
L J S�WR Ó @�BDC-7�ZdL J Szr�CTC J EÐS J CtSUZHZ-RpPqKDc;nqY J CFNWL7PfB;S�|UCR�z× � RpPqK;KDCFRpLGdPqK;EÐL7P�PULBDC J 7�ZdL J Szr�CTC J EÐSUK;N·S
V�S�ÖDGHVÔY;VÇPUh4¤F{�ZHCFSzh�KDPoNDCFE Ó �<Y J VfPqK;GdL7P J GbKDn�EB;P Ò E�LB;SzL<LBDCT[OBuSF|UC�xzy�×ÜxU¥·RpPqK;KDCFRpLGdPqKuEtVfPqE7L
PUh�LBDC�LGbVfC Ó�å C·NDPOK;PUL2E7CTLÔRTY;E7L7PqV�GdéTCFN ] SUK;N Ò GHNDLBÎZHGHV�GHLE<CT|UCFK6GdhÐLBDCT[ÎCpÖDGHE7L0SUEÔSUKÙPUruLGdPqK Ó
@�BDC<CpÖor�C J GHVfCFKgL Ò SUE!E7LS J L7CFN©S J PqYuK;N©¥ I3� � à @�PqK©X J GHNuSF[ �u� SF[O¥zyfSUK;N©ZbSUE7L7CFN©x+�WBDPqY J E Ó%å C
E7LS J L7CFNOL7PWZdPUn�Szh�L7C J LBDC2E7C J |UCFKgLE!B;SUN J CFZHSzLGd|UCFZd[·E7LS ] ZdCQGbK;GdLGHSUZ-RpPqK;KDCFRpLGdPqKuE Ó

?�ZdLBDPqYDnqB Ò C2RTSUK;KDPUL�|UC J Gdh�[©Gdh>LBDC�N;SzLS�RpPqZHZdCFRpL7CFN»GHK©LB;GbE Ò SF[ J CTr J CFE7CFKgL!LBDC�SF|UC J SznUC�VfCFE¡×
ESznUC�N J PUr;ruGHKDn ] CFBuSF|oGdP JF��Ò C ] CFZHGdCT|UC�GdL<GHE�h�SUG J L7P©ES�[OLB;SzL<LBDCT[»S J C�L\[,ruGHRTSUZ>PUh�VWSUKM[»E7C J |UCFKgLE
PqK·LBDCQKDCTL Ò P J�ÕeÓ @!B;GHEÐGHE ] SUE7CFN·PqK·LBDCtP ] E7C J |zSzLGdPqK·LB;SzL�V�SUKg[�YuE7C J EÐNDPfKDPUL ] PULBDC J L7P�R�BuSUKDnUC
LBDC!N;CTh�SUY;ZHL	E7CTL7LGHKDnqE � SUK;NfLB;C!RpPqKDc;nqY J SzLGdPqK Ò C!R�B;PgPqE7C4hlP J LBDC!E7C J |UCFKMLE�GHE%|UC J [fRTZdPqEC!L7P0LB;C!NDCp×
h�SUY;ZdL	RpPqKDc;nqY J SzLGdPqK;E J CFRpPqV�VfCFK;N;CFN ] [�NuG�Ø-C J CFKML�GbVfruZdCFVfCFKgLSzLGdPqK;E>h�P J PqY J 7�ZdL J Szr�CTC J Eq  a KgL7C J KDCTL
RpPqK;KDCFRpLGH|,GdLÜ[ Ó

5�æ�J�æ{
 ú9ë�ó ó�çköNëÎí�è+íNû�!-ç6é�é�ë�è�ï�ó

@�BDC J CFEY;ZHLE�r J CFECFKML7CFNÎGHKOLB;GHE�EY ] E7CFRpLGHPqKOEBDP Ò LBDC0CT|UPqZHY;LGdPqK»PUh	VfCFEESznUCfN J PUr J SzL7C�P�KgYuV ] C J
PUh%N J PUruEÐr�C J E7CFRpPqKuN>Q �;Ò B;GbR�B Ò C0RTSUZHZ=VfCFE�ESznUC0N J PUrOruSzL7L7C J K � PUh>LBDCtLB J CTC0E7C J |UCFKgLE Ó� m�ÏU©ÐÉ0É0Ó�Æ�Äq©ªÒ�Î+ÄhÏ�ÒÖÑfÕ+Õ/Ä<ÅÖÏ	O�É¯ÏÖÅ¨ÓhÕ/©ª©ÐÅØ×

� x



0

100

200

300

400

500

600

700

800

15 17 19 21 23 1 3 5 7 9 11 13
0

1000

2000

3000

4000

5000

6000

dr
op

s/
se

c

dr
op

s/
30

m
in

Time(sec)

Drop vs. Time of Day

msgs/sec
msgs/30min

þ!õ~ö>ò�èfë�*�
Nê m J PUr©ruSzL7L7C J KeP v L Õ × v KgY;L7CFZHZHSHQ

ò�ú�ë¥*65k2hú�íÇò�è�1�õ~ë�ÿ X>GdnqY J CFEÐxo¤ � xUx0SUKuN�xU¥2NDCFVfPqK;EL J SzL7C4LB;C�VfCFE�ESznUC�N J PUr�reSzL7L7C J K;E3PUh=LBDC
LB J CTC�74ZHL J Szr�CTC J E0P}|UC J S»x+�z×\BDPqY J LGHV�CWr�C J GdPoN Ó�Ú PULGbRpC�LB;SzLÔLBDC�SF|UC J SznUC J SzL7C·GHE2E7PÍN;GdØ-C J CFKgL
LB;SzL Ò C0B;S�|UCQL7P�YuE7CQN;G�Ø�C J CFKgLAc�×\S�ÖoCFE�P�ZdCTh�L�SUK;N J GdnqBMLhQ J SUKDnUCFE�h�P J LBDCQLB J CTCQE7C J |UCFKgLE Ó

?�EEY;VWGHKDnWLBuSzL<V�PqE7L4PUh3LBDCÔL J S�WR�E7CTCFK ] [ÍPqY J E7C J |UCFKgLEtP J GdnqGHKuSzL7CFNOh J PqV 7 Ó à�Ó Y;EC J E � LBDC
c;nqY J C!h�P J v L Õ × v K,YDL7CFZHZHS2E7CTCFV�E�L7PÔCpÖoB;G ] GdL	S2LGHVfCp×µPUhl×\N;SF[�reSzL7L7C J KWLBuSzL�GHE�RTZdPqE7CFEL�L7PÔLBDC4reSzL7L7C J K
PUh!Y;EC J SURpLGd|oGdLÜ[6N;Y J GHKDn©SÎN;SF[�¡�¤Fx.�+¢ �%Ò GdLB�r�CFS Õ E�S J PqY;KuN6ZHSzL7C·Szh�L7C J KDP,PqKÊSUKuN�CT|UCFK;GbKDn Ó @�B;GHE
GHEtCpÖoruZHSUGbKDCFN ] [»LB;CWh�SURpL0LB;SzLÔVfPqE7L0PUh�LB;CWVfCFEESznUCFE�N J PUr;r�CFN ] [ v L Õ × v K,YDL7CFZHZHSOS J C(8<Y;C J GdCFE
P�E7CTC�X>GdnqY J C2x � Q ��Ò BuGHR�BÍS J C2Y;EC J ×\GHK;GdLGbSzL7CFN Ó ?�ZdLBDPqY;nqB©LB;GHE4GHE!SUZbE7PWL J Y;C0h�P J�� YDL7CFZHZHS � LBDC2ZdPqE�E7CFE
PqKÎS � YDL7CFZbZHSô7�ZdL J Szr�CTC J RTSUK ] CÔEGHnqK;GdcuRTSUKgLZd[©S�Ø�CFRpL7CFN ] [ÍLBDC ] SUK;N Ò GHN;LBOk,Y;SUZHGdLÜ[�PUh3GdLE�r�CTC J E
N;Y J GHKDn�S�LGHVfCtr�C J GHP,N � EGbK;RpCQGdL�NDP,CFE�KDPUL!N J PUr ] SUN�r�CTC J E!SUE�r J PqSURpLGH|UCFZd[�SUE ç GbVfC å G J C<P J v L Õ ×
v K,YDL7CFZHZHS � K;CFGdLBDC J NDP,CFEÔGHL2CFKDh�P J RpC·GHK;RpPqV�GbKDn J SzL7C©ZbGHV�GdLGHK;n � SUE Ò C Ò GHZHZ	CpÖoruZHSUGbK�EBDP J LZd[ Ó @�BDC
ZHS J nUC J K,Y;V ] C J PUhÐN J PUreE�S J PqY;K;NÏV�GHNuK;GdnqBgL4SUK;NÎCFS J ZH[ÍVfP J KuGHKDn·GHK»LBDC ç GHV�C å G J C2c;nqY J CfRpPqY;ZHN
] C0RTSUY;E7CFN ] [©S�ZHS J nUC2K,Y;V ] C J PUh	N;GHERpPqK;K;CFRpLGdPqK;E J CFE�Y;ZdLGHKDnfh J PqVÃY;E7C J E!nUPqGHKDn�PjoWGHKDC Ó s BuSUKDnUCFE
PUh�r�CTC J RpPqK;K;CFRpLGdPqK;E J CFEY;ZdL2GHK�SÍZHS J nUC�K,Y;V ] C J PUh I GbKDnqE0SUK;N I PqKDnqE � RTSUY;EGbKDnOVfP J C�N J PUruE ] [
ç GbVfC å G J C Ó XiGHnqY J Ctx+��RpPqV�ruS J CFEÐLBDC s m<X>E�PUhÑVfCFEE�SznUCQN J PUr J SzL7C<hlP J LBDC<LB J CTCtE7C J |UCFKMLE Ó @�B;GHE
c;nqY J C � SUE Ò CFZHZ;SUE�LBDC�r J CT|oGdPqY;E>LB J CTC�c;nqY J CFE � EBDP Ò E%LB;SzL Ò GdLBfLBDC�E�SUVfC4NDCTn J CTC�PUh�RpPqK;KDCFRpLGd|oGdL\[
L7P0LB;C J CFE7L3PUh-LB;C v K,YDL7CFZHZHStK;CTL Ò P JÕe�;� YDL7CFZHZHStN J PUruE	VÔY;R�B�VfP J C4VfCFEESznUCFE3LB;SUK�LB;C!PULBDC J L Ò P Ó
?�N;N;GdLGdPqKuSUZuGHKDh�P J V�SzLGHPqK Ò CtnqSzLBDC J h J PqV�LBDCtZdPUnqE�EYDnUnUCFE7LEÐLBuSzL�LB;C<NuG�Ø-C J CFK;RpC�VWSF[ ] C<V�SUGHKuZd[
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þ!õ~ö>ò�è+ë÷*k5�ê s m<X*PUh%N J PUreE � E7CFR

SzL7L J G ] YDL7CFN©L7P�LBDCÔh�SURpL�LB;SzL � YDL7CFZbZHSWGHE!LBDC0PqKuZd[�PqKDC0LBuSzL�NDP,CFE�KDPUL4GHV�r-PqEC0SUKÍGbK;RpPqV�GHKDn J SzL7C
ZHGHVWGdLT~

r � YDL7CFZHZbS2SUZHEP J CFRpCFGH|UCFE�VfP J CtVfCFEESznUCFE � SUZHLBDPqYDnqB·GdLEÐSF|UC J SznUC sz�¡�duÎ�7�U��� � � G Ó C Ód� LBDC<KgYuV ] C J
PUh2VfCFEESznUCFE·N J PUrur-CFNá|UC J EY;E�LBDCÍK,Y;V ] C J PUhQVfCFEE�SznUCFE J CFRpCFGd|UCFN � GHE�E7LGHZHZ!V2Y;R8B BuGdnqBDC J
LBuSUKâLBDC©PULBDC J L Ò P Ó @�BDC©S�|UC J SznUCÎN J PUr J SzLGdPqEWS J C��/T � y Ó ��T SUK;Nèy Ó {.T h�P J�� Y;L7CFZHZHS �
v L Õ × v K,YDL7CFZHZbS�SUK;N ç GHVfC å G J C �oJ CFE7r�CFRpLGd|UCFZd[ Ó

r @!BDC�7�ZdL J Szr�CTC J EiRpPqK;KDCFRpL7CFNÔL7P<LBDC � Y;L7CFZHZHS�7�ZdL J Szr�CTC J S J C�VfP J CÐBDCTL7C J PUnUCFKDCTPqYuE>LB;SUK0LB;PqE7C
RpPqKuKDCFRpL7CFN*L7PÎLBDC�PULB;C J L Ò P�7�ZdL J Szr�CTC J E � SUK;N6LBDC J C·S J C�ZdCFEE2PUh�LBDCFV Ò C Õ KDP Ò P ] SUE7CFN
PqKèLBDC©|UCFK;N;P J GHKDh�P J V�SzLGdPqKÇQ2LB;SzLWB;S�|UCÍGHVfreZdCFVfCFKgL7CFN J SzL7CÍZHGbV�GdLGHKDn Ó*å C ] CFZHGHCT|UC�LB;SzL
LBuGHE!GHE4SUKÍS J LGdh�SURpL�PUh%LBDC�N;G�Ø�C J CFKgL ] PgPULE7L J Szr;ruGHKDn�E7L J SzL7CTnqGdCFE�LBDCT[©Y;EC2SUK;NOLBDC2N;GdØ-C J CFKgL
r�PUruYuZHS J GdLGdCFE�PUhiLBDCFE7C0EC J |UCFKMLE�¡¤� � ¢ Ó

ò�ú�ëÙî���ûjçNï�õ�ëWõ 1©õ~ëHÿ X>GdnqY J CFEtxU{ � x � SUKuN»x.��S J C�LBDCÔCpÖ,reSUK;NDCFN»|,GHC Ò E!PUh�ruS J L�PUh	LBDC�x+�z×
BDPqY J L J SURpCFE ] CTL Ò CTCFK·¥ I3� SUK;N�{ I3��Ó @�BDC�N J PUr�ruSzL7L7C J KuE�EBDP Ò K ] [�LBDCFE7C�cunqY J CFE�BuGdnqB;ZHGdnqBgL>LBDC
h�PqZHZdP Ò GHKDn�h�SURpLEF~

r v L Õ × v K,YDL7CFZHZbS�E7C J |UCFKgL0B;SUEtN;GHELGHK;RpL<RpPqKDnUCFE7LGdPqKo×\RpPqKgL J PqZHZHCFNÏr�C J GdPoN;E4SUKuNÏKDPqKo×\RpPqKDnUCFE7LGHPqKo×
RpPqKgL J PqZHZHCFN�r�C J GdPoN;E � N;YDCtL7PWGdLE!?4RpLGd|UC;8<YDCFYDC � SUK;SznUCFVfCFKgL�E�R�BDCFVfC Ó
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r a K � YDL7CFZbZHS � LB;C�K,Y;V ] C J PUh;VfCFEESznUCFE%N J PUr;r�CFNtr�C J E7CFRpPqKuN2E7CTCFVWEÑL7P<B;S�|UC�S�E7L7CTr�N;G�Ø�C J CFK;RpC
PUh�S ] PqYDL2xU{ON J PUruE Ó�� Y;L7CFZHZHS©R8BDCFR Õ E0LB;CWZdCFKDnULB�PUhÐSUK�r J GdP J GdL\[»VfCFEESznUC�kgYDCFY;C�PqK;Zd[»PqK
CT|UC J [ÍE7PoR Õ CTLQPqY;L7ruYDL�CT|UCFKML � SUKuN»GHL Ò GbZHZ=RTYDL<LBDCfk,YDCFYDC�ZdCFKDnULB»L7P©xU{�GHh�GdL<GHE4ZHPqKDnUC J LB;SUK
{zy Ó @�BDC J CTh�P J C � SzL!ZHCFSUE7L4xU{fVfCFE�ESznUCFE4S J CQN J PUr;r�CFN·L7PUnUCTLBDC J SzL4S�LGHVfC Ó

r � CFEESznUC·N J PUr J SzL7C�GHK ç GHVfC å G J C�GHEQ|UC J [ÏZdP Ò VfPqE7LQPUh�LBDCWLGHVfC �wÒ GdLBÙE7PqVfCWP,RTRTSUEGHPqK;SUZ
r�CFS Õ E Ó m J PUruE!S J CQCT|UCFK;Zd[·E7r J CFSUN�P�|UC J LGHVfC Ó

5�æ�J�æ�* í©õ~óqé�èzõ�øiò�é}õ~í>ï

a KOLB;GbE!EY ] E7CFRpLGdPqK �-Ò C Ò GHZbZ=EBDP Ò LBDC�N;GHEL J G ] YDLGHPqK·PUh	LBDC2V�CFEESznUCFEtN J PUrur-CFN ] [ONuG�Ø-C J CFKML�E7C J ×
|UCFKgLE2GHKÙL7C J V�EQPUh�V�CFEESznUCWLÜ[gr�C � BDPUruE2SUK;N�@�@ ç	Ó @�BDC J CFEY;ZdLEQCpÖ,r�PqE7CWK;PULGHRpCFS ] ZdC�N;G�Ø�C J CFK;RpCFE
SUVfPqKDnWLBDCtLB J CTC0EC J |UCFKMLE � RpP JJ CFEr-PqKuN;GHKDnÔL7P�LBDC0NuG�Ø-C J CFK;RpCFE�GHK·LBDCFG J r J GdP J GHLGdéFSzLGdPqK�r�PqZHGHRTGdCFE Ó

X>GdnqY J C�x � EBDP Ò E0LB;C�VfCFE�ESznUC�LÜ[gr�C·N;GHE7L J G ] YDLGdPqKÎPUh!LBDC�VfCFE�ESznUCFEfN J PUr;r�CFN Ó @!BDC J CFE�Y;ZdLE
B;S�|UC�SUZ J CFSUND[ ] CTCFK�RTGdL7CFN ] [ÎLBDC�r J CT|oGdPqY;E2EY ] E7CFRpLGHPqK;E � ] YDLQLBDC�RTSUY;E7CFEÔV�SF[6VfC J GdL0SOh�Y J LBDC J
CpÖoruZHSUK;SzLGdPqK Ó�a K»LBDC ç GHVfC å G J CÔr J GHP J GdL\[©k,YDCFYDCFE � LB;C2h�PqY J ZdP Ò CFE7L<r J GHP J GdL\[©V�CFEESznUCfL\[,r�CFE<S J CU~
I GbKDn �uI PqKDn � 8<YDC J [�SUK;N÷8<YDC J [ Þ GHL � GHK�P J N;C J h J PqV�LBDCÔZdP Ò CFE7L�L7PWLBDCÔB;GdnqBDCFEL Ó�a K � YDL7CFZHZHS�SUK;N
v L Õ × v K,YDL7CFZHZHS � LB;CT[�S J C I GHKDn � 8<YDC J [ �oI PqKDn�SUK;N�8<YDC J [ Þ GdL Ó @�BDC J CTh�P J C � VfPqE7L�PUhiLBDCQN J PUruE�S J C
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þ!õ~ö>ò�èfë�*k=�ê @3[gr�CtN;GHE7L J G ] YDLGdPqK�PUh%N J PUruE

8<YDC J [WVfCFEESznUCFE�GbK � YDL7CFZHZHSÔSUK;N v L Õ × v K,YDL7CFZHZHS ° �oÒ BDC J CFSUE I PqKDn�SUKuN I GHKDn�VfCFEESznUCFE�NDPqVWGHK;SzL7C
LBDPqE7C2N J PUr;r�CFN ] [ ç GbVfC å G J C Ó

@iS ] ZdC � EBDP Ò E�LBDCÍBDPUr RpPqY;KgL�NuGHE7L J G ] YDLGdPqK6PUhtLBDCON J PUreE Ó�à GbK;RpC©VfPqE7L�PUhtLBDCOVfCFEE�SznUCFE
N J PUrur-CFN ] [ ç GHV�C å G J C�S J C I PqKDnqE � hlP J3Ò B;GHR8BfB;GdnqB�B;PUruE	S J C4r J CTh�C JJ CFN � SUZbVfPqE7L�SUZHZ;LBDC!VfCFEE�SznUCFE
N J PUrur-CFN B;SF|UCÏSÊBDPUr�RpPqY;KML ] CFZdP Ò ¥ �!Ò GdLBèSÊV�S}�7P J GdL\[èPUhQLBDCFV�B;SF|oGHKDnÊS6B;PUrÀRpPqY;KgL�PUhW¤ Ó
s PqKgL J S J [<L7P ç GHVfC å G J C � v L Õ × v K,YDL7CFZHZHS!VfPqE7LZd[tN J PUreE�8<YDC J GdCFE � hlP JÑÒ B;GHR8BtZdP Ò BDPUruE=S J C�r J CTh�C JJ CFN Ó
@�BDC J CThlP J C � VfPqE7L2N J PUruEQBuSF|UC·S©BDPUr6RpPqYuKML2PUh � SUK;NÙLB;C J CFE7L0V�PqE7LZd[ÏB;SF|UC·S©BDPUrÊRpPqY;KgL0PUh�{ Ó
� YDL7CFZHZHSÔNDP,CFE3KDPULÐr J GdP J GdLGdéTC ] SUE7CFN�PqK Þ PUruE � LBDC J CThlP J C � GdLÐB;SUEÐSÔVfP J C�CT|UCFK�N;GHE7L J G ] YDLGdPqKfSUR J PqE�E
N;G�Ø�C J CFKgL�BDPUr'RpPqY;KgLE Ó @�BDCÏEZHGdnqBgL�Y;K ] SUZHSUK;RpCÏSUVfPqKDnáNuG�Ø-C J CFKML�BDPUr'RpPqY;KgL�|zSUZHYDCFE�RpPqY;ZHN ] C
SzL7L J G ] YDL7CFN�L7P2LBDC!BDPUr�RpPqY;KML�N;GHE7L J G ] YDLGdPqK2PUh=VfCFEE�SznUCFE J CFRpCFGH|UCFN � SUE�PqY J ZHPUnqE J CT|UCFSUZ Ó X;P J SUZbZDLBDC
E7C J |UCFKgLE � B;S J N;ZH[�SUKg[©N J PUruE#P�P J VfCFE�ESznUCFE!L7P ] CQh�P JÒ S J NDCFN>QÐB;S�|UCÔS�BDPUrÍRpPqYuKML4PUhA�ÔP J BuGdnqBDC JF�
r J CFE�Y;V�S ] Zd[ ] CFRTSUYuE7CtLBDC v K,YDL7CFZHZbSfNDCTh�SUYuZdL�V�S�ÖoGbV2Y;VÇ@�@ ç GHE�� Ó

@iS ] ZdCô�·E�BDP Ò E0LBDCW@�@ ç N;GHE7L J G ] YDLGdPqKÍPUhÐLBDCWN J PUruE Ó ?�EEY;V�GbKDn�S�cDÖoCFNÙGHK;GdLGbSUZi@!@ ç PUhF� �
LBDC�N;GHE7L J G ] YDLGdPqK;E<h�P Jf� YDL7CFZbZHSOSUK;N v L Õ × v KgY;L7CFZHZHS»N J PUruE2RpP JJ CFE7r�PqK;N Ò CFZHZ�L7PÍLB;CFG J B;PUr6RpPqY;KgL
N;GHEL J G ] YDLGHPqK;E'P ��� �qp �,�du����z�o�u��r��l�u����� �z�<��� ��Q ÓÑç GHVfC å G J C � B;P Ò CT|UC JF� NDP,CFE0KDPULÔB;SF|UC�LB;SzL
RpP JJ CFEr-PqKuNDCFK;RpC Ó%a K ç GHVfC å G J C � LBDCt@�@ ç hlP J S I PqKDn�GHEÐGHK;GdLGHSUZbGdéTCFNWL7P ] C<LBDCQBDPUr©RpPqYuKML�PUhiLBDC

s �lËf©ÐÅU©XÓ<ÅU© Î Ñ�Ê¬Ë�É¤©ªÒÖÒ	ÇkÍ0ÎfÔdÒ�ÏhË�Ó<Î�mjÑ+©´ÅUÍ0©ÐÒ�Ó<Î5Æ�ÇbÄdÎ+ÔhÒ�Í0Î-ÏhË+©=XjÎ ÑfÏU©ÐÉ0É0Ó�Îf©ÐÏ~ÆÇÄhÅUÈ/×
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òAçNøjñ~ë&M�ê0Þ PUruE�m<GHE7L J G ] YDLGdPqK�PUh%m J PUruE	PUT�Q
Þ PUruE ç GHVfC å G J C � YDL7CFZHZbS v L Õ × v K,YDL7CFZHZbS
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RpP JJ CFEr-PqKuN;GHKDn I GHK;nÔGHKuR J CFVfCFKgL7CFN ] [Î¤ Ó s PqK;E�GHNDC J GHK;nQLB;SzL!VfPqEL�PUhwLBDC I PqKDnqE�N J PUr;r�CFN·B;SUE�SUK
GHK;GHLGHSUZ;@�@ ç»Ò GHLB;GHK�LB;C J SUK;nUC<¥}×Ü{ � LBDC<@�@ ç N;GbE7L J G ] Y;LGdPqK�PUh ç GHVfC å G J C!RpP JJ CFE7r�PqK;N;E Ò CFZHZeL7PfGdLE
BDPUrORpPqYuKML!NuGHE7L J G ] YDLGdPqK�L7P,P Ó

5�æ�J�æJ ï îeûjçkð/é�í>ì4ñ�ð.ð.ëWó ó�ÿ�ç>ï�õ�ÿ�õ~õ�é+ú çNï�õ�!-ëWë�èOð#íÇï�ï�ë�ð.é}õlýwõyé��
@�BDC�VfCFEESznUCQZHPqEE�PqK·SUK(7�ZdL J Szr�CTC J GbE3SUZHEPÔS�Ø�CFRpL7CFN ] [�GdLE3SURTRpCFE�E ] SUK;N Ò GHNDLB�SUK;N�RpPqK;KDCFRpLGH|,GdLÜ[ Ó
XDP J CpÖDSUVfruZdC � S�RTS ] ZdC<VfPoNDCFVßE7C J |UCFKgLÐGbE3VfP J C�ZHG Õ CFZd[fL7P�CpÖ,r�C J GdCFKuRpC4RpPqKDnUCFE7LGHPqK·LB;SUK·SÔRTSUV�ruY;E
KDCTL Ò P JÕ E7C J |UCFKgL Ò B;CFKOGdL�L J GdCFE�L7P�hlP J�Ò S J NÍS�V�CFEESznUCÔL7P�S�RpC J LSUGHK»KgY;V ] C J PUh%r�CTC J E � SUK;NOGdL�GHE
SUZHE7P�VfP J C0ZHG Õ CFZd[WL7P�CpÖ,r�C J GdCFKuRpCQRpPqKDnUCFE7LGdPqKÍGdhiGHL!GHE�RpPqK;KDCFRpL7CFNÍL7P�V�P J CQr�CTC J E Ó	å C2r�C J hlP J V`L Ò P
SUN;N;GHLGdPqK;SUZ	CpÖor�C J GHVfCFKgLE2PqK ç GHVfC å G J Cô7�ZdL J Szr�CTC J EÔSUK;NÊRpPqVfruS J C�LBDC J CFEY;ZHLE0L7P»LBDC�r J CT|oGdPqY;E
VfCFSUEY J CFVfCFKgL�PqK ç GHVfC å G J C)7�ZdL J Szr�CTC JFÓ �<K;CtPUhiLB;CFVÇGHE�r�C J h�P J VfCFN·PqKÍSUK�7�ZdL J Szr�CTC J LB;SzL4B;SUE
S�RTS ] ZdCtVfPoNDCFV`RpPqK;KDCFRpLGHPqK·L7PÔLB;C a KgL7C J KDCTL � SUK;N·LBDC<PULBDC J PqK;CQGHE�r-C J hlP J V�CFNWPqK�SUK�7�ZdL J Szr�CTC J
LB;SzL<GHE�PqKÍLBDC�ESUVfC v CTP J nqGHS�@ÑCFR�BÎRTSUVfruY;E�SUE ] CTh�P J C � ] YDL�Y;E7CFE!S�N;G�Ø�C J CFKgL!r�CTC J RpPqK;KDCFRpLGd|oGdL\[
E7CTL7LGHK;n(P�S�V�S�ÖDGHVÔY;V�PUhÑ¥Ux�74ZdL J Szr-CTC J RpPqK;K;CFRpLGdPqK;EÐSUK;N�¥zy�ZdCFSzhwRpPqK;KDCFRpLGHPqK;EhQ Ó X>GdnqY J Ctx/�ÔEBDP Ò E
LB;SzL3LBDC4VfCFE�ESznUC�N J PUr J SzL7C<GHK;R J CFSUE7CFE�N J SUV�SzLGHRTSUZHZd[ Ò GdLBWLBDC4K,Y;V ] C J PUh=KDCFGdnqB ] P J GHKDntr�CTC J E � P J
Ò GdLB�SWZdP Ò C J SURTRpCFEE ] SUK;N Ò GHNDLB�P�KDPULGHRpCQLBuSzL�LBDC$c�×\S�ÖoGHE4Y;E7CFE�SfZHPUnWERTSUZdCfQ Ó_��K_ t���å)�X���iã����¥å-�+��� ã+�'� ���-���R����ã��H�-� ���-��ã����$� � �����'�-���f�jÜÝ�n�+�g ��Û�ã��A���<� U �Aã�� �-�XWù�

@�BDC�RpPqKDnUCFE7LGdPqK*RpPqKgL J PqZÐVfCFR�BuSUK;GHEV�EÔY;E7CFN6GHK6LBDC�RTY J�J CFKML v K,YDL7CFZHZHSOKDCTL Ò P JÕ S J C�VfPqELZd[ÙNDCp×
J Gd|UCFN©h J PqV�CpÖoGHELGHKDnfr J PUr�PqESUZbE�NDCFEGdnqKDCFN·L7P�PUr�C J SzL7CQPqKOKuSzLGd|UC0KDCTL Ò P JÕ·J PqY;L7C J E Ó3Þ P Ò CT|UC JF� LBDC
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v K,YDL7CFZHZHSOKDCTL Ò P JÕ GHE2SO|UC J [ÙN;G�Ø�C J CFKML0CFKM|oG J PqK;V�CFKML2h J PqV LBDC a KgL7C J KDCTLÔSUK;NÙPULBDC J L J SUNuGdLGdPqK;SUZ
KDCTL Ò P JÕ E � GbK·LBDC0E7CFK;ECtLB;SzLT~

r LB;C J C2GHE!KDPWE7L J PqK;n�KDPULGdPqK©PUh�@ª,;P Ò B�GHK v K,YDL7CFZHZbS Ó @�B;CQRpPqKDnUCFE7LGdPqK»RpPqKML J PqZwh�Y;K;RpLGdPqKuE�S J C
CFK;hlP J RpCFN�CFGdLBDC J PqK�S�r�C J ×\VfCFE�ESznUC ] SUE�GHEtSUE Ò GdLBÎr J GdP J GdL\[ÎkgY;CFY;GHKDn � P J PqK�S�r�C J LYuK;KDCFZ
] SUEGHEWSUE Ò GdLB J SzL7CÎZHGHV�GdLGbKDn ��Ò B;C J CFSUEWLB;CÍK;SzLGd|UC»RpPqKDnUCFE7LGdPqK�RpPqKgL J PqZ�VfCFR�B;SUKuGHEV�E�S J C
YuEY;SUZHZd[WCpÖ,C J RTGbE7CFN Ò GHLB�RpC J LSUGHK©KDPULGHPqK;E�PUhS@ª,;P Ò B Ó

r B;CTL7C J PUnUCFKDCTPqY;E�RpPqKDnUCFE7LGdPqK�RpPqKgL J PqZuVfCFR8B;SUK;GHE�V�E%CpÖDGHE7L�GHK v KgYDL7CFZbZHSQSUK;N Ò C!RTSUK;K;PUL�RpPqKML J PqZ
LB;CFG J P J nqSUKuGdéFSzLGdPqKÊGHKÏLBDC�RpPqK;KDCFRpL7CFNÊP�|UC J ZbSF[ ÓOÚ SzLGd|UC·RpPqKDnUCFE7LGdPqKÊRpPqKML J PqZ�V�CFR�B;SUK;GbEV�E �
B;P Ò CT|UC JF� Y;E�Y;SUZHZd[ÏSUEEYuVfC�LBuSzLÔLB;C�ESUV�C�P J RpPqVfreSzLG ] ZdC·VfCFR�BuSUK;GHEV�EÔS J C�NDCTruZHP�[UCFNÊPqK
PULB;C J!J PqYDL7C J E Ó

v GH|UCFKOLBDCFECÔY;KuGHkgY;CQR�B;S J SURpL7C J GHE7LGHRTE � LBDC2r-C J hlP J VWSUK;RpC0PUh%LBDC v K,YDL7CFZHZHS�RpPqKDnUCFE7LGdPqK»RpPqKML J PqZ
VfCFR8B;SUK;GHEVWEÑS J C�[UCTL>L7P ] C�E7LY;N;GdCFN Ó @�BDC�VfCFSUEY J CFVfCFKML J CFEYuZdLEwPUheVfCFEESznUC�ZdPqEECFEwPqK;7�ZdL J Szr�CTC J E �
SUEfr J CFE7CFKML7CFNâGbK6LB;C�r J CT|oGdPqY;E�E7CFRpLGdPqK � S J C�KDPUL�EY6�RTGdCFKML�h�P J LB;SzLfruY J r-PqEC Ó ?ÛE[,E7L7CFVf× Ò GHNDC
VfCFSUEY J CFVfCFKgL3E7LY;N;[ÔGHE�KDPUL�SQh�CFSUEG ] ZdC�E7PqZHYDLGHPqK�hlP J E7CT|UC J SUZ J CFSUE7PqK;ET~ �©â LBDC�ERTSUZdC�PUh�LBDC v KgY;L7CFZHZHS
KDCTL Ò P JÕ V�S Õ CFEfGdL�S»r J PqB;G ] GdLGd|UC�LSUE Õ O �l�©â GdL�GHE�GHVfr�PqEEG ] ZdCfL7PÏB;SF|UC�S J CFSUZ v K,YDL7CFZHZHS»KDCTL Ò P JÕ
LB;SzLÐRpPqK;EGHELE3E7PqZHCFZd[�PUhwE7C J |UCFKgLEÐY;EGHKDn2S0ESUVfC<RpPqKDnUCFE7LGHPqK�RpPqKgL J PqZ�VfCFR8B;SUK;GHEVJO ���l�©â GdL3GbE�B;S J NWL7P
NDCFRpPqYDreZdC�LBDC�E7[oE7L7CFVür�C J h�P J V�SUK;RpCfGHVfreSURpLtPUh�N;GdØ-C J CFKgLtSUE7r�CFRpLE � C Ó n Ód� RpPqKDnUCFE7LGdPqK�RpPqKML J PqZ3SUK;N
] PgPULEL J Szr;ruGHK;n � PUh>S�E7C J |UCFKML�GHVfruZdCFV�CFKMLSzLGdPqK Ó

a KOLBuGHE!E7CFRpLGHPqK �eÒ C2YuE7C0ruSUR Õ CTL¡×\ZdCT|UCFZ	EGbV2Y;ZbSzLGdPqK;E�SUE4LBDC�V�SUGHK©L7P,PqZÑL7P�E7LYuND[·LBDC0h�PqZHZdP Ò GHKDn
RpPqKDnUCFE7LGHPqKORpPqKgL J PqZÑE�R�BDCFVfCFE4GHK;N;GH|,GHNuY;SUZHZd[-~ �©â r J GdP J GdLÜ[�k,YDCFY;GHK;n � �l�©â J SzL7CÔZHGHV�GHLGHKDn�SUK;N ���l�©â @ s I
] SUR Õ r J CFEEY J C Ó @�BDC J CQGHE�PqKDC0RTSUE7C Ò BDC J C Ò C0Y;E7CtCpÖor�C J GHVfCFKgLE Ò GHLB J CFSUZ v K,YDL7CFZHZHSWGHVfruZdCFV�CFKMLS�×
LGdPqK;E Ó �<Y J hlPoRTY;E<GHKÍLB;GHE<E7CFRpLGdPqKÏGbE4L7P�Y;KuNDC J E7LSUK;N=~ � â Ò BDCTLBDC J SUK;NÎBDP Ò LBDC�r-C J hlP J VWSUK;RpC2PUh
CFSUR�B·GHE�S�Ø�CFRpL7CFN ] [fLBDC v K,YDL7CFZHZHS0P�|UC J ZHS�[�R8B;S J SURpL7C J GHELGHRTEÐSUK;N Ò P JÕ ZdPqSUN � SUK;N � �l�©â LBDC�GbVfruSURpL�PUh
BDCTL7C J PUnUCFK;CFGdL\[�PqK�LB;CQr�C J hlP J V�SUK;RpC<PUh>CFSUR�B Ó

@�B;CQV�SUGHK·cuK;NuGHKDnqE�h J PqV`LB;GHEÐruS J L�PUhÑPqY J�Ò P J�Õ RTSUK ] CQE�Y;V�V�S J GHéTCFN�SUE�hlPqZbZdP Ò EF~

r u-�8� �z��������CT�u�T�,���g� RpPqY;ZbN�GHVfr J P�|UC�E7[oE7L7CFV r�C J h�P J V�SUK;RpC�EY ] E7LSUKgLGHSUZHZd[ � ] Y;LiLB;C�NDCFEGdnqK�PUh�SUK
PUruLGHV�SUZ	r J GdP J GdLÜ[Ír�PqZHGbRp[ÎGbEtruS J LGHRTYuZHS J Zd[ÎR�B;SUZbZdCFKDnqGHKDn ] CFRTSUYuE7C�PUh�LBDC·ND[oK;SUV�GHR Ò P JÕ ZdPqSUN
RpPqV�r-PqE�GdLGdPqK�SUK;N©VÔY;ZdLGHruZdC<N;GHVfCFK;E�GdPqK;E�PUhÑr�C J h�P J V�SUKuRpC J CFkgYuG J CFVfCFKgLEºO
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r �at ? ���q��|<ue�7�p�����,�� RTSUK ] C�|UC J [ÔCpØ-CFRpLGH|UC!GHK J CFN;Y;RTGHK;n�RpPqKDnUCFELGdPqK Ò B;GbZdC3GHV�r J P�|oGHKDn�E7[oE7L7CFV
LB J PqYDnqBDruY;L � ] YDL�GdLE�r�C J h�P J V�SUK;RpCQGbE�E7CFK;EGdLGH|UCtL7P�LBDCtL J S�WR0ZdPqSUN"O

r �7�U�\�f� �~w��������g� J CFN;Y;RpCFE!RpPqKDnUCFE7LGdPqK»SzL4LB;C0RpPqE7L!PUh	E�ZdP Ò GbKDn�NDP Ò KOE7PqY J RpCFE�L7P·S�NDCTn J CTC2LB;SzL
GHL�V�SF[�KDPUL!VWSUGHKMLSUGbK·LBDC0ESUVfCtLB J PqYDnqBDruY;LÐSUE Ò GdLBDPqY;LÐGHLºO

r B;CTL7C J PUnUCFKDCFGdLÜ[ÙGHEQS©RpPqK;RpC J KÏhlP J SUZHVfPqE7LQSUZbZ%LBDC�VfCFR8B;SUK;GHEVWE � EGbK;RpC�GdLtr J CFRTZbY;NDCFE<LBDCfh�Y;ZHZ
J CFSUZHGdéFSzLGdPqK�PUh>LBDCFG J SUND|�SUKgLSznUCFE Ó

û=õ~î�òjñ~ç6é}õ~í>ï�ófý>ëWè�ýwõ~ë�ÿ å C ] YuGHZHN6LBDC·LB J CTC©RpPqKDnUCFE7LGHPqKáRpPqKML J PqZ�VfCFR�BuSUK;GHEV�EfGbKML7PÙSUK �D� ×
] SUE7CFN2ruSUR Õ CTL¡×\ZdCT|UCFZ v KgY;L7CFZHZHS!E�GHV2YuZHSzL7P JwÒ C3B;SUN2GHKQPqY J r J CT|oGdPqY;E Ò P J�Õ ¡ � �/¢gL7P�SUK;SUZd[,éTC3LBDC�E7[oE7L7CFV
r�C J h�P J V�SUK;RpC Ó ��SUR8B�VfCFR�BuSUK;GHEVßRTSUK ] C�GHKuN;Gd|oGHN;Y;SUZHZH[tCFK;S ] ZdCFN�P J N;GHES ] ZdCFNWGHK�SUK�CpÖ,r�C J GHV�CFKMLÐE7P
LB;SzL�GdL!RTSUK ] C2E7LY;N;GdCFNOGHKOGHEPqZHSzLGdPqK Ó �<Y J CpÖor�C J GHVfCFKgLSUZwECTLYDruE!S J C ] SUE7CFNOPqK©CpÖDGHE7LGHK;nWVfPoNDCFZHE Ó
7�K;ZdCFEEÐPULBDC J�Ò GHE7CQE7r�CFRTGdcuCFN � LBDCQh�PqZHZdP Ò GHKDn�VfP,N;CFZHE�SUK;N·ruS J SUVfCTL7C J E!S J C0Y;E7CFN Ó

å CWYuE7C�SÙ¤TyUy�×\KDPoNDC�L J SUKuEGdL¡×\E7LY ] K;CTL Ò P JÕ L7PUr-PqZHPUnU[ÍnUCFKDC J SzL7CFN Ò GdLB v @Ð× a @ � ¡ ¥ � ¢�SUE0LBDC
] SUR Õ ] PqKDC ÓÎå C�SzL7LSUR�BáS J SUK;N;PqV:K,Y;V ] C J P ] CTL Ò CTCFK ¤TyÍSUKuN*xzyHQ0PUh!ZHCFSzh!KDPoNDCFE0L7PÎCFSUR8BâE7LY ]
KDPoNDC�L7P©nUCTL2S�K;CTL Ò P JÕ PUh�¤ � �MxOKDP,N;CFE Ó ?#L7PULSUZ�PUh � ¤ � r-CTC J EtS J CWSzL7LSUR�B;CFN�L7POEPqVfCfPUh3LB;PqE7C
ZdCFSzh	KDPoNDCFE Ó @�B;C0SURTRpCFEE ] SUK;N Ò GHNDLB·PUh	S�r�CTC JF�uÒ B;GHR8BOGHE J CTr J CFE7CFKgL7CFN ] [�LBDC ] SUK;N Ò GbNDLB·PUh%LBDC
ZHGHK Õ ] CTL Ò CTCFK�LBDCQZdCFSzh>KDPoNDC<L7P Ò B;GHR8B�GdL�GHE�SzL7LSUR�BDCFN»SUK;N·LBDCQELY ] KDPoNDCtGdL�GHE�ZHGHK Õ CFN�L7P � h�PqZHZdP Ò E
S�N;GbE7L J G ] Y;LGdPqK ] SUECFN�PqK©LBDCQELSzLGHE7LGHRTE!r J CFE7CFKgL7CFN©GHKg¡�¤FxU{/¢ Ó

@�B;C�r-CTC J ] CFBuSF|oGdP J SUZDVfPoNDCFZDGHE ] SUE7CFNfPqKfruSzr�C J ¡ {U{+¢ Ò GdLB�LBDC�reS J SUVfCTL7C J E	E�BDP Ò KWGHKf@ÑS ] ZdC �,Ó
I CTC J E�E Ò GdLR8B ] CTL Ò CTCFK�LBDC!PqK;ZbGHKDC�E7LSzL7C<SUK;N�LBDC!PjoWGbKDC!E7LSzL7C Ó	å B;GHZHC�PqK;ZHGHKDC � LBDCT[�RpPqY;ZHN ] C�GHN;ZdC
Ò BDCFK�LBDCT[�NDPfKDPUL�E7CFS J R8B·hlP J ceZdCFE Ó s PqZHY;VWK;E»@7S�|gnWPjoWGHKDC�B�SUK;N @7S�|gn�GHNuZdC�B2N;CFKDPUL7CtLBDCtSF|UC J SznUC
ZdCFKDnULBuE�h�P J SÏr�CTC J L7PÊE7LSF[èPjoWGHKDC©SUK;N E7LSF[ GHN;ZdC �3J CFE7r�CFRpLGd|UCFZd[ Ó @�BDCÍRpPqZHY;V�K @¡r J P ] Ó nUPqGHKDn
PjoWGHK;C�BWGHE4LBDC0r J P ] S ] GHZbGdL\[�hlP J S�r-CTC J L7P�nUP�PjoWGbKDC2Szh�L7C J SWEY;RTRpCFE�E7h�YuZwk,YDC J [ � SUK;N @¡h J CTCFZdPqSUN;C J B
GHK;NuGHRTSzL7CFE Ò BDCTLBDC J SWr�CTC J Y;E7CFE4LBDCÔE[,E7L7CFV Ò GHLBDPqYDL4E�B;S J GHKDn�SUKM[ÍPUh�GdLE4P Ò K J CFE7PqY J RpCFE Ó @!BDC J C
S J CQL Ò P�RTZHSUEE7CFE!PUhÑr�CTC J E � @¡h J CTCFZdPqSUN;C J B�SUK;Nï@7K;PqKo×µh J CTCFZdPqSUNDC J B Ó

å C�Y;E7CQL Ò P�N;G�Ø�C J CFKgL!VfPoNDCFZHE�PUh%cuZHCtr-PUreY;ZHS J GdLÜ[�N;GbE7L J G ] Y;LGdPqK Ó%å BDCFKOSUKÍSF|UC J SznUCfB;GdL!r J P ] ×
S ] GHZbGdL\[ P�LBDC·r J P ] S ] GHZHGHL\[ÎLB;SzLfSOr�CTC J�J CFRpCFGd|oGHKDnÎSg8<YDC J [ J CFkgYDCFEL Ò GbZHZ J CTLY J K6Sg8<Y;C J [ Þ GdLhQ0GHE
E7r�CFRTGdc;CFNÊh�P J SUKâCpÖor�C J GHVfCFKgL ��Ò COY;E7C©SÏYuK;Gdh�P J V cuZdC�r�PUruY;ZHS J GdL\[�NuGHE7L J G ] YDLGdPqK Ó �<LBDC JÒ GHEC � S
I S J CTL7P�N;GbE7L J G ] Y;LGdPqK�¡ {U{+¢!GbEÔSUE�EY;VfCFN �3Ò GdLBÊLBDC�ruS J SUVfCTL7C J pAE7CTLfL7P�x ÓâÚ PULGHRpC�LBuSzLfLBDC©B;GdL
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r J P ] S ] GHZHGdLÜ[�PUh3S�8tYDC J [©GHE�SUEEY;V�CFNOL7P ] C2r J PUr-P J LGdPqK;SUZ�L7P�GdLE4r�PUruY;ZHS J GHL\[�SUE<GHKE¡ {U{+¢ Ó�å CfY;E7C
¤TyUy�r�PUruYuZHS J cuZdCFE�GHK·LBDC2E7[,EL7CFV Ó

5�æ5�æ{
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@�BDC�r J GdP J GdL\[ÎPUh!SÎVfCFEE�SznUC�GHKÊS»kgYDCFYuGHKDnOE7[oE7L7CFV GHEÔNDCFRTGHNDCFN ] SUE7CFN6PqK*GdLE J CFZHSzLGd|UC Ò CFGHnqBML�GHK
LBDCÔRTY JJ CFKgL!k,YDCFYDC ÓÐå B;CFKOY;E7CFN©hlP J K;SzLGd|UC0K;CTL Ò P JÕ RpPqKDnUCFE7LGHPqKÍRpPqKgL J PqZ � S�r J GHP J GdL\[�r�PqZHGHRp[·RTSUK
PUh�L7CFK ] Cfr J CFNDCTcuK;CFN»SUV�PqKDnORpPqVfr�CTLGHKDn(,;P Ò E ] SUECFNÏPqKÙRpC J LSUGHKÙh�SUG J KDCFEE<R J GdL7C J GbS � SUK;NÏRTSUK ] C
CFKDh�P J RpCFN©E7L J GHRpLZd[ ] [·VfPqK;GdL7P J GHKDn�LBDCQZdPoRTSUZ J CFE7PqY J RpC0Y;ESznUC ] [�CFSUR�B�,;P ÒQÓ

Þ P Ò CT|UC JF� LBDC J C2GHE�KDP�EL J PqKDn·KDPULGdPqKÍPUh¼@ª,;P Ò B�GHK v K,YDL7CFZHZHS�SUK;NOLB;C2r J GdP J GdLÜ[�PUh3S�VfCFE�ESznUC
GHE2NDCTr�CFK;NDCFKgLtPqK�GdLE2E7CFV�SUKgLGHRTE Ó ?�r J GdP J GdL\[»r�PqZHGHRp[ÎGHEQNDCTcuK;CFN ] SUE7CFN�PqK�SOr-C J RpCTr;LGdPqKÏPUh�BDP Ò
N;G�Ø�C J CFKgL�V�CFEESznUCFE�RpPqKgL J G ] YDL7C4L7P�LBDC<P�|UC J SUZHZ�E7[oE7L7CFV�r�C J h�P J V�SUK;RpC Ó @�B;GbE�r�C J RpCTr;LGHPqK � BDP Ò CT|UC J��
GHEtPUh�L7CFK�RpPqV�ruZHGHRTSzL7CFN ] [ÎLBDC�h�SURpLQLB;SzL2LBDC J CFZHSzLGH|UC Ò CFGdnqBgL0PUhÐSOV�CFEESznUCWV�S�[Ï|�S J [ Ò GHLBÏLBDC
Ò P JÕ ZHPqSUNÏRpPqVfr�PqEGdLGdPqK � SUK;NÎLBuSzL Ò BDCFKÎV2YuZdLGdruZdC2r�C J hlP J V�SUK;RpCfVfCTL J GHRTEtS J CÔL7P ] CfRpPqK;EGbNDC J CFN �
LBDC J CFZHSzLGH|UC Ò CFGdnqBgL<PUh�S·VfCFEESznUC�V�S�[ ] C�RpPqK6,uGHRpLGHK;n�h�P J N;G�Ø�C J CFKMLtVfCTL J GHRTE Ó @�BDC�N;G�RTY;ZdL\[�PUh
B;S�|,GHK;nÔS�NDCTcuKuGdLGd|UC!r J GdP J GdLÜ[fr�PqZHGHRp[�GHE�CT|oGHNDCFKgL3h J PqV�LBDCtBDCTL7C J PUnUCFKDCTPqYuEÐr-PqZbGHRTGdCFE�SUVfPqKDnfE7C J |UCFKgL
GHVfreZdCFVfCFKgLSzLGdPqK;E Ó

@�B;C3CpÖor�C J GHVfCFKgLEÑGbK0LB;GbEÑEY ] E7CFRpLGdPqKÔS J CÐL7PtNDCFVfPqK;E7L J SzL7C�LB;C3h�PqZHZdP Ò GHKDnD~ 
ZT r J GdP J GHL\[tkgY;CFY;GHKDn
RTSUKOGbVfr J P}|UCQr�C J hlP J V�SUK;RpCQEY ] E7LSUKMLGbSUZHZd[ Ò BDCFK©S�EGbKDnqZdC<r�C J hlP J V�SUK;RpC0VfCTL J GHRtGHE�RpPqK;E�GHNDC J CFN"O *�T
Ò BDCFK6V2YuZdLGdruZdCfr�C J h�P J V�SUKuRpC�VfCTL J GbRTE0S J C·RpPqK;EGHN;C J CFN�SUK;N6LBDC�E7[,EL7CFV Ò P JÕ ZdPqSUN6RpPqV�r-PqE�GdLGdPqK
|zS J GdCFE�ND[oK;SUV�GbRTSUZHZd[ � SÏE7LSzLGbR�r J GdP J GdL\[6r-PqZbGHRp[�V�S�[*K;PUL�SUZ Ò S�[,EWr�C J hlP J V LBDC ] CFE7LºO J�T ECTL7LGHKDn
S©r J PUr�C J ] YoØ�C J E�GdéTCWPqK v K,YDL7CFZHZHS©EC J |UCFKML�B;SUEÔkgYuGdL7C�N;GdØ-C J CFKgL0RpPqK;E�GHNDC J SzLGdPqKuEQh J PqV LB;PqE7CWh�P J
KDCTL Ò P JÕWJ PqYDL7C J EºO 5�T BDCTL7C J PUnUCFKDCTPqY;EÐr J GHP J GdL\[�r�PqZHGHRp[fRTSUK�r�PUL7CFKMLGbSUZHZd[fBgY J L3E7[oE7L7CFVÈr�C J hlP J V�SUK;RpC Ó
!�ë�è+ì¨í>è+îpçNï�ð.ëeÿ�õyé+ú'ñ û�õ{ï�ö>ñ~ëe!�ë�è+ì¨í>è+îpçNï�ð.ë*ú ë�é�èzõ~ð å CWY;EC�8tYDC J [ Þ GdL�LB J PqY;nqBDruYDL<SUE
LBDC�E7PqZdC�r�C J h�P J V�SUK;RpCÐVfCTL J GHR�GHKÔLB;GHEÑCpÖor-C J GHVfCFKgL � SUK;N�EBDP Ò LB;SzL>r�C J h�P J V�SUK;RpCÐGHVfr J P�|UCFVfCFKgL ] [
r J GHP J GdL\[2kgYDCFYuGHKDn<GHK;R J CFSUE7CFE Ò GdLB�LBDC�E7[oE7L7CFV5ERTSUZdC Ó v K,YDL7CFZHZbS�V�CFEESznUCFE�S J C�r J GdP J GHLGdéTCFN ] SUE7CFN�PqK

�z¥



0

20

40

60

80

100

120

140

100 200 300 400 500 600 700 800

hi
ts

/s
ec

(e
la

ps
ed

 ti
m

e)

# of Peers

Priority Queue Performance

Priority Queue
Drop Tail

þ!õ~ö>ò�è+ë&JN��ê2I C J h�P J V�SUK;RpC0PUhÑr J GdP J GdLÜ[�k,YDCFY;GHKDn

LBDCFG J L\[,r�CFE4SUKuNÍBDPUreE Ó4� CFEESznUC�L\[,r�CFE�S J C2r J GdP J GdLGdéTCFNOSUET~ I GHK;n �eI PqKDn � 8<YDC J [©SUKuN÷8<Y;C J [ Þ GdL �
h J PqV LBDC�ZdP Ò CFEL	L7PQLBDC�B;GHnqBDCFE7L Ó>Þ GdnqBfB;PUruE	S J C�h�SF|UP J CFNWP�|UC J ZdP Ò B;PUruE%h�P J 8<YDC J [ Þ GdL%SUK;N I PqKDn �
SUK;NÍLBDC�PUr;r�PqEGdL7C2hlP J 8<YDC J [©SUK;N I GHKDn Ó ��SUR8BÏ@ s I LY;K;KDCFZiB;SUE<SUK»PqYDL7ruYDL�kgY;CFYDC2PUh3EGdéTC·¤TyUy �
EB;S J CFN ] [�SUZHZ;LBDC�VfCFEESznUC�L\[,r�CFE Ó	I CTC J E=�¡PqGHKWLBDC v KgYDL7CFZbZHS0E7[oE7L7CFVÈhlPqZbZdP Ò GbKDnQS2E[,KgLBDCTLGHR!L J SURpC Ó
å C2V�CFSUEY J CtLBDCtr�C J GHP,N;GbR4E7[oE7L7CFVÇLB J PqYDnqBDreYDL�SUE�VfP J C0EC J |UCFKMLE%�¡PqGbK·LBDC0E7[oE7L7CFV Ó

X>GdnqY J CW¥zy©EBDP Ò EQLB;SzL Ò GdLBÏSUKÙGHKuR J CFSUEGHKDn�K,Y;V ] C J PUh�SURpLGd|UC�r�CTC J E � LBDCWr-C J hlP J VWSUK;RpC�GHV�×
r J P}|UCFVfCFKgL3P}|UC J N J PUrWLSUGHZekgY;CFY;GHKDn0GbE�VfP J C4|,GbEG ] ZdC ÓÑa L�SUZHE7P0E�BDP Ò E3LB;SzL Ò BDCFK�N J PUrWLSUGHZekgY;CFY;GHKDn
GHE%Y;ECFN�GHKÔLB;GHE	Er-CFRTGHcuRÐE7[,EL7CFV � LBDC!E�RTSUZdC�PUheLB;C!E7[oE7L7CFV5B;SUE	S0KDCTnqSzLGd|UC!GHV�ruSURpL%PqKfLBDC�LB J PqYDnqBo×
ruYDL � CT|oGHNDCFKgL�h J PqV`LBDC0N;P Ò K Ò S J N�L J CFK;N·PUh>LB J PqY;nqBDruYDL�Szh�L7C J LBDCQE7[oE7L7CFVÛEGdéTCtCpÖDRpCTCFN;E0¤ � y Ó

ûLé�ç6é}õ~ð !-íÇñ�õ�ð���ý�ó.æÌí>��ï�çNîÊõ~ðÀ÷ í>è���ñ~í>çkõüð#íÇîeû�íNó�õ�é}õ~í>ï å BDCFKèVÔY;ZdLGHruZdC�r�C J h�P J V�SUK;RpC
VfCTL J GbRTE�B;SF|UCQL7P ] CtRpPqK;E�GHNDC J CFN � S�ELSzLGHR<r J GdP J GdL\[�r�PqZHGbRp[WV�SF[�KDPUL�SUZ Ò S�[,E�r�C J h�P J VßLBDC ] CFE7LÐh�P J
N;G�Ø�C J CFKgL�L J S�WRQRpPqV�r-PqE�GdLGdPqK;E Ó

XDP J CpÖoSUVfreZdC � RpPqK;EGHN;C J SfE[,E7L7CFV Ò BDC J C	8<YDC J [ Þ GdL3LB J PqYDnqBDruY;L�SUK;N�S�|UC J SznUC J CFE7r�PqK;E7C�LGHVfC
P�LBDCtLGHV�CQGdLÐLS Õ CFE�LBDCtc J E7L�8<YDC J [ Þ GHL�L7P�S J�J Gd|UCQSzh�L7C J S38<YDC J [�GHE�E7CFKgLhQ�S J C ] PULB�RpPqK;EGbNDC J CFN·GHK
S�YDLGbZHGdL\[Wh�Y;KuRpLGdPqK©SUE�h�PqZHZdP Ò ET~

�2� &j�Y�Z� � ^ � �
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Priority Policy vs. Dynamic Traffic Composition
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þ!õ~ö>ò�èfë÷J�
Nê0I C J hlP J V�SUK;RpC Ò GHLB�YDLGHZHGdLÜ[Wh�Y;K;RpLGdPqK

@�BDCÍYDLGHZHGdLÜ[�h�Y;K;RpLGdPqKèSUN;N;E�SÙN;[,K;SUVWGHR Ò CFGHnqBML÷P �w� ��}U�p�7�F�g�Í�g�����;uD�T�ACF�;�T�8� QÔL7P6LBDC�8<Y;C J [ Þ GdL
LB J PqY;nqBDruYDL Ò B;GHR8B©CFEE7CFKgLGHSUZHZH[©N;GHERpPqY;KgLE4LBDC�|�SUZHY;C0PUh�S¥8<YDC J [ Þ GdL Ò B;CFKOLBDCfS�|UC J SznUC�KgYuV ] C J
PUh�B;GdLEir�C J k,YDC J [ÔGHK;R J CFSUECFE Ó>å GdLB�LB;C�r�PqZHGbRp[QLB;SzL%h�SF|UP J EA8tYDC J [ Þ GdL>P}|UC J 8<YDC J [ � SUE%LBDC�SF|UC J SznUC
K,Y;V ] C J PUh%B;GdLEÐh�P J S�k,YDC J [·GHK;R J CFSUE7CFE � LBDC J CFEr-PqKuE7CtLGHVfCQV�S�[�GHK;R J CFSUE7CQSUE4S J CFEY;ZHL�PUh�8<Y;C J GdCFE
] CFGHKDnfk,YDCFYDCFN�ZdPqKDnUC J N;YDC<L7PWSfZHS J nUC J KgY;V ] C J PUhiBuGdnqBDC J r J GHP J GdL\[(8<YDC J [ Þ GHLÐV�CFEESznUCFE � SUKuN�LBDC
|zSUZHYDC�PUh�S�8tYDC J [ Þ GdLtNDCFR J CFSUE7CFEQSUEQS J CFE�Y;ZdL<PUh�LBDC�GbK;R J CFSUE7CFNÏB;GHLE<r-C J k,YDC J [ Ó �	|UCFKgLY;SUZHZH[ � LBDC
GHK;R J CFSUE7CFN�LB J PqYDnqBDruY;L2V�S�[ ] CWPzØ�E7CTL ] [�LBDC�GbK;R J CFSUE7CFNÊSF|UC J SznUCÍB;GdLE2r-C J k,YDC J [ÙSUK;NÊSF|UC J SznUC
J CFE7r�PqK;EC�LGbVfC Ó

a K�LBDCQCpÖor�C J GHVfCFKgL�EBDP Ò K©GHK©X>GdnqY J C0¥o¤ �uÒ C0GHK;R J CFSUE7CtLBDC0S�|UC J SznUCÔBuGdL�r J P ] S ] GHZHGdLÜ[�h J PqV�y Ó x
L7P�y Ó0� SzL�LGHVfC � % ¤F{zy�¶ ú1�tSUK;N Ò CQRpPqVfruS J C<LBDCQY;LGHZHGdLGdCFE3PUhwL Ò PWr J GdP J GHL\[fr�PqZHGHRTGdCFE � PqKDCth�SF|UP J GHKDn
8<YDC J [ Þ GdLQSUK;N6SUKDPULBDC J h�S�|UP J GHKDn�8<YDC J [ Ó·å C·RTSUK6E7CTC�LB;SzL2Szh�L7C J LBDC�S�|UC J SznUC�B;GdLtr J P ] S ] GHZHGdLÜ[
�Y;VfruEÐYDr·L7P�y Ó0�,� LB;C�r�PqZHGbRp[�LB;SzL�h�SF|UP J E$8<YDC J [�n J SUN;Y;SUZHZd[WPqYDL7r�C J hlP J V�E�LBDCtr�PqZHGHRp[�LB;SzL�h�SF|UP J E
8<YDC J [ Þ GdL Ó

ÿ'òa�Aë�è6û=õ{�Hë à CTL7LGHKDn©S�r J PUr�C JtJ PqYDL7C J ] YDØ-C J E�GdéTC�B;SUE0SUZ Ò S�[,E ] CTCFK�SUKÙGHKgL J GdnqY;GHK;n�r J P ] ZdCFV Ó
v Y;GbNDCFZHGHKDCFE>h�P J KDCTL Ò P JÕ�J PqY;L7C J E�S J C�nUCFKDC J SUZbZd[ ] SUE7CFN�PqK�E7PqVfC�,;P Ò × J CFZHSzL7CFN�E7[oE7L7CFVÈR8B;S J SURpL7C J GbE¡×
LGHRTE Ó X;P J CpÖoSUVfreZdC � PqKDC<r J GHK;RTGHruZdC�GHE3L7PfY;E7C<SÔE�GdéTC4LBuSzLÐGbE�SzL�ZdCFSUEL�L Ò GHRpC<LBDC<ZdPqKDnUCFE7LÐCFK;ND×µL7Pz×µCFK;N
@ s I ,;P Ò J PqYuK;No×µL J Gdr�LGHVfCtVÔY;ZdLGdreZHGdCFN ] [WLB;C ] PUL7LZHCFKDCFR Õ ZHGHK Õ ] SUK;N Ò GHN;LB�¡�¤��;¤�¢ Ó ?4KDPULB;C J�J Y;ZdC
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Buffer Size (# of pkts)

Buffer Size vs. Performance

Pareto Distribution
Uniform Distribution

þ!õ~ö>ò�è+ë�JÇ*Lê0I C J h�P J V�SUK;RpC0|,E Ó ] YoØ�C J EGdéTC

GHE�L7PWr J CFE7C J |UC2SzL!ZdCFSUE7L0¤0EZdPUL�GHK·LBDC2kgYDCFY;CthlP J CFSUR�B»@ s I ,;P Ò ¡¯�U¥+¢ Ó s ZdCFS J Zd[ � LB;CFE7CQL7CFR�BuK;GHk,YDCFE
RTSUK;KDPUL ] CQSzruruZHGdCFN�L7P�LBDC v KgY;L7CFZHZHS�KDCTL Ò P JÕ-Ó

v K,YDL7CFZHZbStKDCTL Ò P JÕ B;SUE�GHLE%P Ò KWR�B;S J SURpL7C J GHE7LGHRTE�LB;SzL�GHK6,eYDCFK;RpCÐLBDC!E7CTL7LGbKDntPUh�Str J PUr�C J ] YoØ�C J
EGdéTC Ó s PqKgL J SUE7LGbKDnQL7P0LB;C4B;GdnqBD×\E7r�CTCFNfZHGHK Õ E%SUEE7PoRTGHSzL7CFN Ò GdLBfLÜ[gruGbRTSUZ a KML7C J K;CTL J PqYDL7C J E � LBDC ] SUK;No×
Ò GHN;LB�PUh%SUK�P}|UC J ZHS�[©ZHGHK Õ P�@ s I LY;KuKDCFZ�Q3GHEÐLBDCQLB J PqYDnqBDruY;L�PUhiLBDCQLYuK;KDCFZ �oÒ B;GbR�B�GHEÐPUh�L7CFK©|UC J [
ZdP Ò RpPqVfruS J CFN�L7PQLBDC4RTSzruSURTGdL\[fPUh�reBM[oEGHRTSUZDZHGbK Õ E Ó @�BDC J CThlP J C � kgY;CFY;GHKDntNDCFZHS�[ Ò GHZHZ ] C�VÔY;R�B�VfP J C
r J PqK;PqY;K;RpCFN � CFE7r�CFRTGHSUZHZd[<h�P J LB;C�ZdP Ò C J r J GdP J GdLÜ[<V�CFEESznUCFE �qÒ B;GHR�B2EYDnUnUCFE7LEiLB;SzL>S J CFZHSzLGd|UCFZd[QE�V�SUZHZ
] YoØ�C J EGHéTCWGHEtVfP J C�Szr;r J PUr J GHSzL7C Ó�a KÙSUN;N;GHLGdPqK � LBDC�NDCTn J CTC�PUh�VÔY;ZdLGdruZHCpÖoGHK;n�GHE0V2Y;R8B�ZdP Ò C J PqK
LBDC�P�|UC J ZbSF[ � SUK;N·GHKuRpPqV�GHKDnQL J S�WR�PqK�GbK;N;Gd|oGHN;Y;SUZ,P}|UC J ZHSF[·ZHGHK Õ E3GHE3SUZ J CFSUND[WEV�PgPULBDCFN�PqYDL ] [�LBDC
@ s I RpPqKDnUCFE7LGdPqK Ò GHK;NDP Ò SUK;N J CFRpCFGd|UC J4Ò GHK;N;P ÒQÓ @�BDC J CThlP J C � SWEV�SUZHZ ] YDØ-C J V�S�[ ] C<CFKDPqY;nqB�L7P
SURTRpPqV�VfPoN;SzL7C ] Y J E7LGHKDCFE�E Ó>� PqE7L�PUh=LB;C v KgYDL7CFZbZHS2EC J |UCFKMLE!Y;E7C<EV�SUZHZ ] YoØ�C J E�GdéTCFE J SUKDnqGHK;n0h J PqV
xU{�L7P©¤TyUy�V�CFEESznUCFE Ó �<Y J CpÖ,r�C J GbVfCFKMLE�E�YDnUnUCFE7L�LB;SzL�GHLÐGbE�S J CFSUE7PqK;S ] ZHCQR�BDPqGHRpC0L7P�B;SF|UC0SfE�V�SUZHZ
] YoØ�C J EGdéTC Ó

å C©r�C J h�P J V CpÖor�C J GHVfCFKgLEfY;K;NDC J SÎ|zS J GdCFN ] YoØ�C J EGdéTC Ò GdLB*L Ò P6N;G�Ø�C J CFKMLfceZdC·r-PUreY;ZHS J GdLÜ[
N;GHEL J G ] YDLGHPqK;ET~!PqK;C�LB;SzL0Y;ECFEQLBDC I S J CTL7PÎN;GHE7L J G ] YDLGdPqK»SUK;NÙSUK;PULBDC J LB;SzLÔY;E7CFEQS©YuK;Gdh�P J VÝN;GHE¡×
L J G ] YDLGdPqK Ò GdLBÎSUKÏSF|UC J SznUC�B;GdL J SzL7CfPUh3y Ó x Ó X>GdnqY J C�¥Ux·EB;P Ò E<LB;SzLtLB;C�B;GdnqBDCFE7L�LB J PqY;nqBDruYDL<GHE
P ] LSUGHK;CFN Ò BDCFKÎLBDC ] YoØ�C J EGdéTCFEtS J CW{zy©SUK;NÙ¥zy·h�P J LBDCfL Ò POE7CTL7LGHK;nqE �=J CFE7r�CFRpLGd|UCFZH[ Ó 8<Y;C J [ Þ GdL
LB J PqY;nqBDruYDL�RTSUK ] CQEGdnqK;GdceRTSUKMLZd[·S�Ø�CFRpL7CFN ] [·LBDC2N;CFZHGd|UC J [ J SzL7C0PUh�8<Y;C J GdCFE Ó ?4E!LBDC ] YoØ-C J EGdéTC

� �



GHK;R J CFSUE7CFE � 8<Y;C J GdCFE<S J C ] YoØ�C J CFNÏZdPqK;nUC JF��Ò B;GHZHC2LBDC�K,Y;V ] C J PUhF8<YDC J GdCFE<NDCFZHGd|UC J CFNÏVWSF[ÎKDPULQGHKo×
R J CFSUE7C©SÏZHPUL�PU8tYDC J [ Þ GdLEÔPoRTRTYDr,[6VfPqE7LfPUh4LBDC ] YoØ�C J EhQ Ó6a KÊLBDC�RTSUE7C�PUh I S J CTL7PÙN;GHE7L J G ] YDLGdPqK �
Ò BDCFKOLBDC ] YoØ-C J EGdéTCÔGHK;R J CFSUE7CFE!L7P·xzyUy � LBDCÔGHVfruSURpL!PUh	ZdPqKDnUC J NDCFZHSF[�CT|UCFKgLY;SUZHZH[·N;PqV�GHK;SzL7CFE4LBDC
CpØ�CFRpL4PUh	GHKuR J CFSUE7CFN©NDCFZbGd|UC J GdCFE�PUhA8tYDC J GdCFE � SUK;N�LBDCÔE7[,EL7CFVÇLB J PqYDnqBDruYDL�GbE J CFN;Y;RpCFNOL7PW|oG J LY;SUZbZd[
LBDC0E�SUVfCQSUE�LB;SzL!PUhiN J PUr©LSUGHZ�k,YDCFY;GHKDn Ó

%�ë�é�ëWèfí>öNëbï�ëoõ�éF� s PqK;EGHN;C J L Ò P2KDCFGdnqB ] P J GHKDn<E7C J |UCFKgLE	LB;SzL	B;S�|UC!N;G�Ø�C J CFKgL%r J GdP J GdL\[Qr�PqZHGbRTGdCFE Ówa L
GHE�RpPqK;RpCFGd|zS ] ZdC4LB;SzLÐLB;GHE�BDCTL7C J PUnUCFKDCFGdLÜ[�V�S�[WRTSUY;E7C�r J P ] ZdCFV�E�Gdh�LBDC�ECFRpPqK;N·E7C J |UCFKgLÐN J PUruE	LB;PqE7C
VfCFEE�SznUCFE2LBuSzLÔS J C�h�S�|UP J CFN ] [ÏLB;CWc J EL J PqYDL7C J�� SUK;N6LBDC�VfCFEESznUCFE�GdL2h�S�|UP J E�S J C�N J PUr;r�CFN ] [
LBDC<c J EL J PqYDL7C J SUK;N J S J CFZd[�CT|UCFK J CFSUR8B©GdL Ó @�BDCtE7[oE7L7CFV`V�S�[�CFK;N�Y;r Ò GdLBDPqYDLÐSUKM[�r�C J h�P J V�SUK;RpC
GHVfr J P�|UCFVfCFKgLQGHKgL7CFK;NDCFN ] [ÍCFGHLBDC J PUh�LBDCfL Ò P©r�PqZHGHRTGdCFE Ó 7�K;ZHG Õ C�LBDCfPULB;C J CpÖ,r�C J GbVfCFKMLEtGbKÎLB;GHE
E7CFRpLGdPqK � LBDCfh�PqZHZdP Ò GHKDn�CpÖ,r�C J GHV�CFKMLEtS J Cfr�C J h�P J VfCFN»PqK J CFSUZ v KgYDL7CFZbZHS�E7C J |UCFKgLE Ó�å CWGHKgL7CFK;N»L7P
EBDP Ò LB;SzL>LBDC�GHVfruSURpLiPUheB;CTL7C J PUnUCFKDCTPqY;E%r J GdP J GdLÜ[tr�PqZHGHRp[QGHEi|oGHEG ] ZHC�GHK2LBDC J CFSUZ v K,YDL7CFZHZHS�KDCTL Ò P JÕ-Ó

å C�r�C J h�P J V'L Ò PtCpÖor�C J GHVfCFKgLEiGHK2S�RpPqKgL J PqZHZdCFNÔCFKg|,G J PqK;VfCFKgL Ò GHLB0LBDCÐE7CTLYDrfEB;P Ò K�GHK2XiGHnqY J C
¥U¥ Ó 7�ZdL J Szr�CTC J EP0!¤�SUK;N�·AS J C J Y;KWPqKWLBDC�ESUVfC<RTSUVfruY;E�KDCTL Ò P JÕ SUK;N�RpPqKuKDCFRpL7CFN�L7P2CFSUR8B·PULBDC J
|oGHStX;SUE7L��	LBDC J K;CTL Ó 04¤ J Y;K;E ç GHVfC å G J C�SUK;N�GbE	RpPqK;KDCFRpL7CFNWL7PQLBDC�CpÖoL7C J K;SUZ v KgYDL7CFZbZHStKDCTL Ò P JÕ-Ó ·
J Y;KuE v L Õ × v K,YDL7CFZHZHSÔSUK;N ç GHVfC å G J C �gJ CFE7r�CFRpLGd|UCFZd[ � GHKWLBDC4L Ò P�CpÖor�C J GHVfCFKgLE Ó ?4K;PULBDC J�ç GHVfC å G J C
7�ZdL J Szr�CTC J 03x!GHE=RpPqK;K;CFRpL7CFN �z�u� � L7PS· Ó @!BDC�@ s I RpPqK;KDCFRpLGdPqK ] CTL Ò CTCFK�·èSUK;N�0�x�B;SUEwS J CFZHSzLGd|UCFZH[
ZdP Ò LB J PqYDnqBDruYDL �zÒ BuGHR�B Ò C�P ] LSUGHK Ò GdLBÔS4RTS ] ZdC3VfPoNDCFVìRpPqK;KDCFRpLGdPqK�SUK;NÔE7PqVfCÐRpPqK;E7LSUKgL ] GdL J SzL7C
7�m I R J PqEE!L J S�WR Ó X;P J CFSUR8B©CpÖor-C J GHVfCFKgL � V2Y;ZHLGdruZdC<L7CFE7LE4S J CQr�C J h�P J VfCFN Ò BDCFKA· GHE�RpPqK;K;CFRpL7CFN
L7POS�N;GdØ-C J CFKgLQK,Y;V ] C J PUh ç GHV�C å G J C;7�ZdL J Szr�CTC J E0ZHG Õ C!0!¤ Ófa KÏCFSUR�B�L7CFE7L �iÒ C Õ CTCTr6L J SUR Õ PUhÐLBDC
K,Y;V ] C J EÐPUhX8<YDC J [�VfCFE�ESznUCFE J CFRpCFGH|UCFN ] [L·5SUK;N ] [?0�x �;J CFE7r�CFRpLGd|UCFZd[ Ó

@iS ] ZdC)��RpPqVfruS J CFEÐLBDC#8<YDC J [�VfCFEESznUCFE J CFRpCFGd|UCFN ] [�03xÔGHK�LBDC<L Ò P�CpÖor�C J GHVfCFKgLE � EBDP Ò K·GHK
LBDCtE7CFRpPqK;N�SUKuN�LBuG J N�RpPqZHY;V�K;E J CFE7r�CFRpLGd|UCFZH[ � SUE�S2r�C J RpCFKgLSznUCtPUhwLB;PqE7C J CFRpCFGd|UCFN ] [�·Ah J PqVßLBDC
v K,YDL7CFZHZHS2KDCTL Ò P JÕ LB J PqYDnqB?0!¤ Ó%å CtRTSUK·E7CTC�LB;SzL3LB;C v L Õ × v K,YDL7CFZHZHS�E7C J |UCFKMLÐN J PUruEù8<YDC J [�VfCFE¡×
ESznUCFEÐLB;SzL Ò PqY;ZHN�B;SF|UC ] CTCFK�hlP JÒ S J NDCFN�L7P�LBDC<E7LY ] ç GHVfC å G J C;P�03x.Q3E7C J |UCFKgL ] [WLBDC ç GHVfC å G J C· � SUK;N©LBuSzL4LBDCÔN;G�Ø�C J CFK;RpC0GbE!VfP J C2r J PqKDPqYuK;RpCFN Ò BDCFKOLBDC2RpPqK;nUCFE7LGdPqK»PqKA·ÈGHE4BDCFSF|oGdC J P�V�P J C
7�ZdL J Szr�CTC J RpPqK;KDCFRpLGdPqK;EdQ Ó�Ú PULGbRpC�LBuSzL ç GHVfC å G J C�NDP,CFE�KDPULÐhlP JÒ S J N·SUZHZ�8<YDC J [�VfCFEESznUCFE�CFGHLBDC JF�
] YDLX8<YDC J GdCFE>S J C�N J PUr;r�CFNÔVfPqE7LZd[Qh�P J%J CFSUE7PqKuE>PULBDC J LB;SUK�RpPqKDnUCFE7LGdPqKWRpPqKML J PqZ � EY;R8BÔSUE%m<YDreZHGHRTSzL7C

�/�



Gnutella Net

LimeWire 1
(L1) (L2)

Gtk−Gnutella LimeWire 2

LimeWire
(C) (exp 2)

(C) (exp 1)

OR

lossy link

þ!õ~ö>ò�è+ë�J>J�ê0Þ CTL7C J PUnUCFKDCFGdLÜ[©L7CFE7L!ECTLYDr

ò�çkøiñ�ë�O�ê0Þ CTL7C J PUnUCFKDCTPqYuE I�J GdP J GdLÜ[ I PqZHGbRp[
s PqK;KDCFRpLGd|oGdLÜ[�PUh s J CFRpCFGd|UCFN ] [�03x6P¡¤�Q J CFRpCFGd|UCFN ] [�03x6P x.Q

x � � T �/� T
¥ xo¤�T �/�/T
� �/T � ��T

P J�a KM|zSUZHGHN�8tYDC J GdCFE Ó
@�B;CtCpÖ,r�C J GHV�CFKMLEÐS ] P�|UC0E�BDP Ò LB;Ctr-PUL7CFKgLGHSUZ�r J P ] ZdCFV Ò BDCFK·L Ò P�EY ] E7CTLEÐPUh ç GbVfC å G J CtE7C J ×

|UCFKgLE�S J CQRpPqK;KDCFRpL7CFNOLB J PqYDnqB�S v L Õ × v K,YDL7CFZHZHS'7�ZdL J Szr�CTC JFÓ 8tYDC J [�V�CFEESznUCFE �;Ò B;GHR�B·S J CQRpPqKuEGHNo×
C J CFNfB;GHnqB�r J GdP J GHL\[QGHK ç GHVfC å G J CÐV�SF[ ] CÐN J PUr;r�CFN ] [ÔLBDC v L Õ × v KgYDL7CFZbZHSR74ZHL J Szr�CTC JFÓiÞ P Ò CT|UC JF� GdL
EBDPqYuZHN ] C<KDPUL7CFN·LB;SzL v L Õ × v K,YDL7CFZHZHS�NDP,CFE�KDPUL�KDCFRpCFEE�S J GHZd[fr�C J h�P J V Ò P J E7C<LB;SUK ç GHV�C å G J C	�Y;E7L
] CFRTSUY;E7C�GdL�N J PUruE�V�P J CR8tYDC J GdCFE Ó v L Õ × v K,YDL7CFZHZHS2h�S�|UP J E I PqKDn�P�|UC J 8<YDC J [�GbK�LBDC�r J GdP J GdL\[fk,YDCFYDC �
] YDLtGdLtRpPqKgL J PqZHEtLB;Cf|UPqZHY;VfC�PUh I PqK;n�L J S�WR�LB J PqY;nqB I GHKDn·LB J PUL7LZdC Ófç GHVfC å G J C � PqKÏLB;CfPULBDC J
B;SUK;N � h�SF|UP J E	8tYDC J [©P}|UC JQI PqK;n � ] YDL<GdL�BuSUE�S�VfP J CfE7L J GHKDnUCFKgL J SzL7CfZHGbV�GdL�PqK»LBDCÔnUCFKDC J SzLGdPqKÎPUh
8<YDC J GdCFE Ó

5�æ5�æ�* òfð�!�ÿ;çkð���ûjè+ë�ó ófò�è+ë
@ s I ] SUR Õ r J CFEEY J C ��Ò BDCFK0GHVfruZdCFV�CFKML7CFNtPqK ] SUR Õ ] PqKDC�SUK;NQCFNDnUC J PqYDL7C J EwPqK0LB;C a KgL7C J KDCTL � ruYuEBDCFE
LBDC ] SUR Õ ] PqKDCfRpPqKDnUCFE7LGHPqK ] SUR Õ L7P·LBDCfZHGdnqBgL7C J ZHPqSUNDCFNÎCFNDnUCFE Ó @!BDC J CFN;Y;RpLGdPqK P�P J CFZHGHVWGHK;SzLGdPqK>Q
PUh�VfCFEESznUC�ZHPqEE7CFE�SF|UPqGbN;E©EZdP Ò GHKDnâNDP Ò K @ s I E7PqY J RpCFE©SUKuN�LBDC J CTh�P J CÙGHVfr J P�|UCFE�CFK;ND×µL7Pz×µCFK;N
LB J PqY;nqBDruYDL Ó @�BDCÔr�C J h�P J V�SUK;RpC�GHVfr J P�|UCFVfCFKgLtGHE<RpPqKMLGHK;nUCFKMLtPqK»LBDC�L J SUK;E�GdCFK;RpCÔPUh3RpPqKDnUCFE7LGHPqK �
EGHKuRpC�PULBDC JÒ GbE7C!LBDC�kgY;CFYDC!PqK�LBDC!CFN;nUC J PqYDL7C J�Ò GHZbZ ] Y;GHZbNfYDr�SUK;NWCT|UCFKMLYuSUZHZd[fLBDC�E7PqY J RpC Ò GHZHZ ] C
EZdP Ò CFNÏN;P Ò K ÓÔÚ PULGbRpCfLB;SzLQ@ s I ] SUR Õ r J CFEEY J CÔGHEtGbVfruZdCFVfCFKgL7CFNÍPqKÏS·r-C J ×U,;P Ò ] SUEGbE4PqKÎLB;PqE7C
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Backpressure Performance

relative losses(original setting)
relative throughput(original setting)

relative losses (persistent users)
relative throughput(persistent users)

þ!õ~öÇò�è+ë�JN5�ê @!B J PqYDnqBDreYDL Ò GdLB�@ s I ] SUR Õ r J CFEE�Y J C

J PqYDL7C J E Ó
�<KÎS·@ s I ] SUR Õ r J CFEEY J C2CFKuS ] ZdCFN v KgY;L7CFZHZHS�E7C J |UCFKgL �=Ò BDCFK»S·RpC J LSUGHKÎh J SURpLGdPqK»PUh�LBDCfKDCpÖoL

BDPUr·LY;K;K;CFZ¨P�EhQ	hlP J SUK�GHKuRpPqV�GHKDnÔVfCFEESznUCQS J C ] ZdP,R Õ CFN � LBDCtE7C J |UCFKgL�E7L7PUruE�RpPqK;E�Y;V�GHKDn�N;SzLSÔh J PqV
LBDC0GbK;RpPqV�GHKDn�@ s I E7PoR Õ CTL ÓÐå BDCFK©LBuGHE�h�Y;K;RpLGdPqK;SUZbGdL\[·GHE�GHV�ruZdCFVfCFKgL7CFN ] [�SUZHZ=LBDC0E7C J |UCFKgLE � LBDC
RpPqKDnUCFE7LGHPqK Ò GHZbZ ] C<ruY;E�BDCFN ] SUR Õ L7P�LB;PqE7C0E7C J |UCFKgLE�LBuSzL!B;SF|UCÔSF|zSUGHZHS ] ZHC ] YoØ�C J E Ó

Þ P Ò CT|UC JF� GdL�GHE�ZdCFEEfRTZHCFS J BDP Ò @ s I ] SUR Õ r J CFEEY J C·S�Ø�CFRpLE�LB;C v KgY;L7CFZHZHS»LB J PqYDnqB;ruYDLfSUK;N
SF|UC J SznUC J CFEr-PqKuE7C�LGHVfC Óáa K*LBDC v KgYDL7CFZbZHSÏKDCTL Ò P JÕ-� LBDCOR�BuSUGHKâPUht@ s I ] SUR Õ r J CFEE�Y J C�CT|UCFKgLE
] Y;GbZHN;E�YDr�SÊL J CTCÎPUh0E7C J |UCFKgLE�LB;SzL�S J CÎEZdP Ò CFN N;P Ò K � E7PqVfCÎPUh Ò B;GbR�BÀV�SF[ÀKDPUL�K;CTCFN�L7P ] C
] CFRTSUY;E7C»LBDCT[èNDP*KDPUL�hlP J�Ò S J NÀL J S��ROLB;SzL Ò GbZHZ�ruSUEE�LB J PqYDnqBèLB;C»RpPqKDnUCFEL7CFN'E7C J |UCFKgL Ó @�BDC
ZHS J nUC J LBDCQSF|UC J SznUC�ZdPqSUN©GbK�LB;C0E7[oE7L7CFV � LBDC0ZbS J nUC J LBDCtL J CTC Ò GHZHZ ] C � SUK;N·LBDC0VfP J CQZHG Õ CFZd[�LBDC J C
S J C»E7C J |UCFKgLE ] CFGHK;n�Y;K;KDCFRpCFE�ES J GHZd[ÊEZdP Ò CFNÀNDP Ò K Ó a K LB;GHEWE7CFRpLGdPqK ��Ò C Ò GHZHZ�ZdP,P Õ SzL�N;GdØ-C J CFKgL
SUE7r�CFRpLEÐPUhwLB;C�r�C J h�P J V�SUKuRpC4PUhi@ s I ] SUR Õ r J CFEEY J C � SUE Ò CFZHZ�SUEÐLBDC<r�C J hlP J V�SUK;RpCtGHVfruZbGHRTSzLGdPqK�PUh
B;S�|,GHK;n�BDCTL7C J PUnUCFKDCTPqY;E�@ s I ] SUR Õ r J CFEE�Y J CQRTSzruS ] GbZHGdLGdCFEÐSUVfPqKDn�E7C J |UCFKgLE Ó

ð#íÇï�ö>ë�óqé�õ�íÇï���ë�õiò�ð.é}õ~í>ïgç>ï�õ�ò�ú�èfíÇò�öÇú�ûiò�étï îpû�è+í,ý>ëbîeëbïÇé X>GdnqY J C�¥+�QEB;P Ò E>LBDC J CFZHSzLGd|UC
r�C J h�P J V�SUK;RpCÔPUh�@ s I ] SUR Õ r J CFEEY J CÔSUEtRpPqV�ruS J CFN»L7P�N J PUrÎLSUGHZikgYDCFYuGHKDn Ò BDCFK»LBDC2L J S�WR�ZdPqSUN
|zS J GdCFE Ò GdLBÙLBDC�SF|UC J SznUC�B;GHLQr J P ] S ] GHZHGdLÜ[ Ó�a KÙLBDCFECWCpÖor-C J GHVfCFKgLE �wÒ C�YuE7CWS©LB J CFEBDPqZHNÙPUh!{zyHT
L7PÊL J GdnUnUC J ] SUR Õ r J CFEE�Y J C � G Ó C Ód��Ò B;CFKèVfP J CÍLB;SUK�{zyHT PUhtLB;CÍPqYDL7reYDL�LY;K;K;CFZHE�L7P6hlP JÒ S J NÀSUK
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þ!õ~ö>ò�èfë÷J>4�ê j�CFE7r�PqK;ECtLGHVfC Ò GdLB�@ s I ] SUR Õ r J CFEEY J C

GHK;RpPqVWGHKDnÍV�CFEESznUC�PqKgL7PÙS J C ] ZdPoR Õ CFN � LB;C·GbK;RpPqV�GHKDnÎE7PoR Õ CTL Ò GbZHZ ] C ] ZdPoR Õ CFN*h�P JfJ CFSUN;GHKDn ÓÏa K
LBDCQc J E7LÐCpÖ,r�C J GbVfCFKML �DÒ C0Y;ECtLBDCQr�CTC J ] CFB;SF|oGdP J VfPoNDCFZ�NDCFE�R J G ] CFN�P J GdnqGHK;SUZbZd[ Ó>å C2RTSUK©E7CTC0LB;SzL
SUZdLBDPqY;nqB6LB;C�r�C J h�P J V�SUK;RpC·GHVfr J P�|UCFVfCFKgL ] CFRpPqVfCFEfEV�SUZHZHC J2Ò B;CFK�LBDC�E7[oE7L7CFV ZdPqSUN*GHK;R J CFSUE7CFE
Ò GdLBÎLB;CWSF|UC J SznUC·B;GdLtr J P ] S ] GHZbGdL\[ � GdLQGbEQRpPqK;EGHEL7CFKMLZd[ÎEY ] E7LSUKMLGbSUZ Ò GdLBÎLB;GbEQE7CTLYDr Ó�ç PqEE7CFE2S J C
J CFN;YuRpCFN�L7P � TÔ×´�.T�SUE�RpPqVfruS J CFN·L7PfLBDCtN J PUr�LSUGbZ-k,YDCFY;GbKDnÔE[,E7L7CFV � SUKuN�8tYDC J [ Þ GdL�LB J PqY;nqBDruYDL
GHE�GHV�r J P�|UCFN ] [ � yHT2×�¤F¥zyHT Ó

a K�LB;C�E7CFRpPqK;N6CpÖor-C J GHVfCFKgL �ÑÒ C�R8B;SUKDnUC�LBDCWr�CTC J ] CFB;SF|oGdP J V�P,NDCFZ3EY;R8B�LB;SzL ] PULB�RTZHSUE�E7CFE
PUhQr�CTC J E�S J CÍr�C J E�GHE7L7CFKgL � G Ó C Ód� LBDCT[èN;P6KDPUL�nUP6Pjo�GHKDC Ó'å GdLB LB;GHE�R�B;SUKDnUC � LBDCÍE�Y;RTRpCFEE�PUh0S
r J CT|oGdPqY;E·k,YDC J [�GHE�VfP J CÙZbG Õ CFZd[áL7PèGbKML J PoN;Y;RpCÎSáKDC Ò k,YDC J [ Ó @�B;C»h�CTCFN ] SUR Õ r J PoRpCFEE·n J CFSzLZd[
GHK;R J CFSUE7CFE2E[,E7L7CFV ZdPqSUNÊSUK;N6LBDCWr J P ] S ] GHZHGHL\[»PUh�E7PqY J RpCFE ] CFGHKDnOEZHP Ò CFN6NDP Ò KÊY;K;KDCFRpCFEE�S J GHZd[ ] [
@ s I ] SUR Õ r J CFE�EY J C Ó ?4ZdLB;PqYDnqB�@ s I ] SUR Õ r J CFEEY J C�ELGHZHZ J CFN;YuRpCFE0VfCFEE�SznUC�ZdPqEECFEQL7PÍxzyHT2×U�qyHT
GHK·LBDC2E7CFRpPqK;N�CpÖor�C J GHVfCFKgL � GdL�NDP,CFE�KDPUL!GbVfr J P}|UCtLB J PqYDnqBDreYDL�EGdnqK;GdceRTSUKMLZd[ Ó ?�E�LBDC2SF|UC J SznUC�B;GdL
r J P ] S ] GHZHGdLÜ[WGHK;R J CFSUE7CFE�L7P � yHT � GdL�GHE�SURpLY;SUZbZd[�PqY;L7r-C J hlP J V�CFN ] [·N J PUr�LSUGHZwkgYDCFYuGHKDn Ó

@ÑP!EY;VWV�S J GdéTC%LBDC�L Ò P!CpÖor-C J GHVfCFKgLE ��Ò C�B;GdnqBuZHGdnqBgLeLB;SzLi@ s I ] SUR Õ r J CFEEY J C�GHE�h�SUG J Zd[4CpØ-CFRpLGH|UC
GHK J CFN;YuRTGHKDnÍRpPqK;nUCFE7LGdPqKáSUK;N*GHV�r J P�|oGHKDnÍLB J PqYDnqB;ruYDL�Y;K;NDC J ZHGdnqBgL�ZdPqSUN ÓÙa LfV�SF[*KDPULfGHVfr J P�|UC
LB J PqY;nqBDruYDLtY;K;N;C J B;CFSF|,[ÎZHPqSUNÙSUK;NÏGdLQGHEtECFK;EGdLGd|UC�L7P©LB;C�r�PqEGdLGd|UC�h�CTCFN ] SUR Õ GHKÎY;EC J ] CFB;SF|oGdP J
PqK�LBDC2EY;RTRpCFEE�PUh>LBDC0r J CT|oGdPqY;EÐkgY;C J GdCFE Ó

� y



��ë�ó û�í>ï�ó ë�ò2õ{îpë XDP J VfPqE7L�K;SzLGd|UC�KDCTL Ò P JÕ RpPqKDnUCFE7LGHPqK�RpPqKgL J PqZ-VfCFR�B;SUKuGHEV�E � LB J PqYDnqBDreYDL	SzL
LBDC�,;P Ò ZHCT|UCFZiGbE4VÔY;R�BÎVfP J CÔS�h�P,RTY;E�LB;SUK»LBDCÔruSUR Õ CTLQZHSzL7CFK;Rp[ Óta K v KgYDL7CFZbZHS � B;P Ò CT|UC JF� 8<YDC J [
J CFE7r�PqK;ECfLGHVfCWGHE0SUK�GHVfr�P J LSUKgLtr�C J h�P J V�SUK;RpC�VfCTL J GHR�SUK;NÙGHL0RTSUK ] C�S�Ø�CFRpL7CFN ] [ÎLBDCWVfCFE�ESznUC
ZHSzL7CFK;Rp[ Ó �<KDC�PUh,LB;C�GHVfruZbGHRTSzLGdPqK;E-PUhDY;EGHK;nÐ@ s I ] SUR Õ r J CFEEY J C	GHE�LB;SzL=LB;C�VfCFEESznUCFE � GHh,NDCFZbGd|UC J CFN �
V�S�[6B;S�|UC ] CTCFK ] YoØ�C J CFNÊZdPqKDnUC J GHK�LB;C�P}|UC J ZHSF[*KDCTL Ò P JÕ-Ó �<Y J CpÖ,r�C J GbVfCFKMLE � B;P Ò CT|UC JF� EBDP Ò
LB;SzLfLBDC�ZdPqK;nUC J VfCFEESznUC©NDCFZbSF[6N;PgCFEfKDPUL�K;CFRpCFEES J GHZH[ÙL J SUK;EZbSzL7C�L7PÙSÏZHPqKDnUC J 8<YDC J [ J CFE7r�PqK;E7C
LGHVfC Ó X>GdnqY J C�¥U{ÍRpPqVfruS J CFE2LBDC s m<X>E0PUh-8<Y;C J [ J CFE7r�PqK;E7C�LGbVfC�GHK6E7PqVfC�PUh�LBDCWCpÖor�C J GHVfCFKgLE
P Ò GdLB»LBDCfP J GdnqGHK;SUZÑr�CTC J ] CFB;S�|,GHP J E7CTL7LGHKDnqEhQ Ò C�NDCFER J G ] CFN»S ] P�|UC ÓÔa KÎLB;CÔCpÖor�C J GHVfCFKgL Ò GdLBÎSUK
SF|UC J SznUC�BuGdL J SzL7C0PUh%y Ó x � LBDC J CÔGHE�B;S J NuZd[�SUKg[©N;G�Ø�C J CFK;RpC ] CTL Ò CTCFK»@ s I ] SUR Õ r J CFEE�Y J CQSUK;NÍN J PUr
LSUGHZ�k,YDCFY;GHKDn Ó ?ÐL�SfB;GHL J SzL7CtPUh>y Ó0�,� @ s I ] SUR Õ r J CFEE�Y J C<SURpLY;SUZHZd[�B;SUE�SfEZHGdnqBgLZd[�EB;P J L7C J SF|UC J SznUC
8<YDC J [ J CFEr-PqKuE7C�LGHVfCfLB;SUK6N J PUrÏLSUGHZ	k,YDCFY;GbKDn Ó ?4ZdLB;PqYDnqBÏLBDCWS�|UC J SznUC·VfCFEESznUC�ZHSzL7CFK;Rp[ÎV�SF[
B;S�|UC�GHKuR J CFSUE7CFN ] [�@ s I ] SUR Õ r J CFEEY J C � GdLE�KDCTnqSzLGd|UC�CpØ-CFRpLÐPqK�8<YDC J [ J CFEr-PqKuE7C�LGHVfC�GHE	PzØ�E7CTL ] [
LBDC�h�SURpLtLB;SzL<LBDC J CFN;Y;RpLGdPqK»PUh�ZdPqEE7CFEtGHKuR J CFSUE7CFE�LBDC�R�BuSUK;RpC�PUh�E7CFRTY J GHKDn�S�B;GdL�LB;SzLtGHE<RTZdPqE7C�L7P
LBDC�8tYDC J [WP J GdnqGHK;SzL7P JFÓ

%�ë�é�ëWèfí>öNëbï�ëoõ�éF� a h�S·E7C J |UCFKML Ò GHLBDPqYDL4@ s I ] SUR Õ r J CFE�EY J C�RTSzruS ] GHZbGdL\[OGbE!CFK;RpPqYuKML7C J CFN ] CTh�P J C
LBDC4L J S�WR�GHE	ruYuEBDCFN ] SUR Õ L7P Ò BDC J C4LBDC J C4S J C�S�|�SUGHZbS ] ZdC ] YDØ-C J E � LBDC<RpPqKDnUCFE7LGdPqK Ò GHZbZ ] C!EB;Gdh�L7CFN
L7PÎLB;GHE2E7C J |UCFKgL�SUKuNÊK;POr�C J h�P J V�SUK;RpC·GHVfr J P�|UCFVfCFKgL Ò GHZHZ ] C�SUR8B;GdCT|zS ] ZdC Ó @�BDC�r J P ] S ] GHZHGdLÜ[Íh�P J
LB;GHE�L7P�B;Szr;r�CFK Ò GbZHZ�GHK;R J CFSUEC Ò BDCFK�LBDC J C2S J C0V�P J C0E7C J |UCFKgLE�GHK�LBDC0E[,E7L7CFVÇLB;SzL4S J C2KDPUL!@ s I
] SUR Õ r J CFEEY J CQRTSzreS ] ZdC � P J!Ò BDCFK·LBDC0E7[oE7L7CFV�ZHPqSUN©GHE�BDCFS�|,GHC JFÓ

X>GdnqY J C»¥ � E�BDP Ò E�LBDC�8<YDC J [ Þ GHL�LB J PqYDnqB;ruYDL�P�EBDP Ò KÀSUEWLBDCÍr J PUn J CFE�EWPUhtLBDC»KgYuV ] C J PUh
8<YDC J [ Þ GdLEhQ Ò GdLB·N;G�Ø�C J CFKgL�V�G�ÖoLY J CFE�PUhÑ@ s I ] SUR Õ r J CFE�EY J C�CFK;S ] ZdCFN�r�CTC J E�SUK;N�NuGHES ] ZdCFNWr�CTC J E Ó
@�BDCÐGHVfr J P�|UCFVfCFKgL%GHE J CFN;Y;RpCFN Ò BDCFKf{zyHTAPUh;LB;CÐEC J |UCFKMLE%N;P<K;PULiEY;r;r�P J LÑ@ s I ] SUR Õ r J CFEE�Y J C � L7P
S ] PqYDL%B;SUZdh;PUheLBDC�GHVfr J P�|UCFVfCFKgL Ò BDCFK�SUZHZ,LBDC�E7C J |UCFKgLE	EYDrur-P J LÑ@ s I ] SUR Õ r J CFEEY J C ÓÑå BDCFK�PqK;ZH[
xU{.TAE7C J |UCFKgLE%S J CÐRTSzruS ] ZdC�PUhu@ s I ] SUR Õ r J CFEEY J C � LBDC J C�GHEiB;S J NuZd[tSUKM[QLB J PqYDnqBDruY;LÑGHVfr J P�|UCFVfCFKgL
|UC J EYuE�LBDC0N J PUr�LSUGHZ=ER8BDCFVfC Ó

5�æ5�æJ �ôçké�ëÍøÐõ{î6õ�é}õ{ï�ö

j!SzL7C�ZHGHV�GHLGHKDn�GbEQS©ER8BDCFVfC�LB;SzL2L J GdCFEtL7PÍSF|UPqGHN6VfCFEESznUC�ZdPqEE7CFE ] [ÏZHGHV�GHLGHKDnWLB;CWGHKDruY;L<SUKuN � P J
PqYDL7nUPqGHK;n J SzL7C � SUK;N·GdL�GbE�|UC J [�RpPqV�VfPqK;ZH[WGHVfruZHCFVfCFKML7CFN ] [ v K,YDL7CFZHZHSÔE7C J |UCFKgLE Ó ?�EÐLBDC�r J CT|oGdPqY;E
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þ!õ~ö>ò�èfë÷JNM�ê0Þ CTL7C J PUnUCFKDCTPqY;E ] SUR Õ r J CFEEY J CQRTSzreS ] GHZHGdLÜ[

L Ò PÍE�R�BDCFVfCFE �ÑJ SzL7C�ZHGHV�GdLGbKDn�GbEtPUhlL7CFK6Y;E7CFNÎPqK6KDCTL Ò P JÕÎJ PqYDL7C J E Ò GdLBÏE7PqV�CWKDPULGdPqKÏPUha,;P ÒQÓWa K
v K,YDL7CFZHZHS ��Ò BDCFK0S�r J CFN;CTcuKDCFNQGHKuRpPqV�GHKDn J SzL7C�ZHGHV�GHL�GbE J CFSUR8BDCFN � S�E7C J |UCFKgL Ò GHZHZUE7L7PUr J CFSUN;GHK;n�h J PqVËS
E7PoR Õ CTL	P uD�T�hx7���U�;�-��������U�Í� ��w���� Q�P J SUKg[WGHKuRpPqV�GHKDn0EP,R Õ CTL	P uD�p�dx\�F�p�d}z�T�u�%� ��w���� Q Ó	a K�LB;GHE�EY ] E7CFRpLGdPqK �
Ò C Ò GHZHZeZdPgP Õ SzL�LBDC<r�C J hlP J V�SUK;RpC<PUhÑGHKuRpPqV�GHKDn J SzL7CQZHGHVWGdLGHKDn � GHK�L7C J V�EÐPUhÑRpPqK;nUCFE7LGdPqK J CFNuY;RpLGdPqK
SUK;N J CFZHSzLGd|UC�LB J PqYDnqBDreYDL Ó�æ PULBÊr�C J ×\E7C J |UCFKgL J SzL7C�ZHGHVWGdLGHKDn�SUK;N�r-C J ×\RpPqK;KDCFRpLGdPqK J SzL7C�ZbGHV�GdLGHK;n
S J CQCpÖor�C J GHVfCFKgL7CFN Ò GdLB Ó

�<K*LB;C�ä4×\S�ÖDGHEfPUh4X>GdnqY J C©¥.� � 4-R J CThlC J E�L7PÏr-C J ×\RpPqK;KDCFRpLGdPqK J SzL7C©ZbGHV�GdLGHK;n Ò GdLB*SÏZHGbV�GdL0PUh
4�P�V�CFEESznUCFEQr�C J E7CFRpPqKuN>Q � SUK;N�4-E J CTh�C J EtL7P�r�C J ×\E7C J |UCFKML J SzL7C�ZHGHV�GdLGbKDn Ò GHLBÏS�ZHGHV�GdL�PUh`4 Ó = o ^
J CTh�C J E·L7Pè@ s I ] SUR Õ r J CFEE�Y J C Ó ?4ZHZ�LBDCÙK,Y;V ] C J E·EBDP Ò K S J C J CFZHSzLGd|UCÏL7PâLB;PqE7CÏPUhÔN J PUr LSUGHZ
k,YDCFY;GHKDn Óìå CÏRTSUK E7CTCÎLB;SzL J SzL7CÏZHGHV�GdLGbKDn�NDP,CFE·KDPUL�SUR8B;GdCT|UCÙEGHnqK;GdcuRTSUKgL�ZdPqE�E J CFNuY;RpLGdPqK�SUK;N
LB J PqY;nqBDruYDL·GHVfr J P�|UCFVfCFKgL©SzL�LBDCÏESUVfCÏLGHV�C � SUE�GHE�SUR8B;GdCT|UCFN ] [ @ s I ] SUR Õ r J CFE�EY J C Ó @�BDC
B;GdnqB;CFE7L0LB J PqYDnqBDruYDLÔGHEÔSUR�B;GdCT|UCFN Ò BDCFK6SÎ{zyUyÎV�E7nqE � ECFR�r�C J ×\RpPqKuKDCFRpLGdPqK*ZHGHV�GHL0GHEÔY;E7CFN � ] YDLÔGdL
RpPqVfCFE Ò GdLB6SUZHVfPqE7LQLB;C�ESUVfC�ZdCT|UCFZ3PUhÐV�CFEESznUC·ZdPqEE7CFEÔSUE0N J PUr�LSUGHZ3kgYDCFYuGHKDn Ó�� CFEE�SznUC�ZdPqE�E7CFE
RTSUK ] C J CFN;Y;RpCFN�EY ] E7LSUKgLGHSUZHZd[fPqK;ZH[ Ò BDCFK·LBDCtE7PqY J RpCFE�S J CQEZdP Ò CFN�N;P Ò K ] [�S J SzL7CQZbGHV�GdL3LB;SzL�GHE
VÔY;R�B�ZdP Ò C J LB;SUK�LBDC4@ s I LY;KuKDCFZ;LB J PqYDnqBDruYDL � EY;R8BWSUE�LBDC2¤TyÔV�E7nqE � E7CFR!r�C J ×\RpPqKuKDCFRpLGdPqK�ZHGHV�GdL
GHK6XiGHnqY J C�¥.� Ó»a K�r J SURpLGHRpC � LBDC�N;CTh�SUY;ZHL J SzL7C·ZHGHV�GHL0E7CTL ] [ÙN;GdØ-C J CFKgL2EC J |UCFKML�GHVfreZdCFVfCFKgLSzLGdPqK;E
S J C�SUZHZ%|UC J [ÙZdP ÒQÓ XDP J CpÖDSUVfruZHC � v L Õ × v K,YDL7CFZHZHS J CFRpPqV�VfCFKuN;EW¤Tã ] ruEth�P J CFSUR�B*GHKgL7C J ×¨7�ZdL J Szr�CTC J
RpPqK;KDCFRpLGHPqK �;Ò B;GbR�B�GHE�S ] PqYDL!xzy�×Ü¥zy v K,YDL7CFZHZHSfVfCFE�ESznUCFE Ó
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þ!õ~öÇò�è+ë�J�K>ê j4SzL7C0ZHGHVWGdLGHKDnÔr�C J hlP J V�SUK;RpC

%�ë�é�ëWèfí>öNëbï�ëoõ�éF� æ SUECFNÎPqKÍLB;C�S ] P}|UC�N;GHERTY;E�EGdPqK;E �eÒ C Õ KDP Ò LB;SzL J SzL7CfZHGbV�GdLGHKDn�GHE<Y;E7CFNÍr J G�×
V�S J GbZd[èSUE©SUK'Szrur J PqSUR�B'L7P J CFN;Y;RTGHK;n*RpPqK;nUCFE7LGdPqK Ó s ZdCFS J Zd[ � SâZbS J nUC J ZdPqEE J CFN;Y;RpLGdPqK�RTSUK ] C
SUR�BuGdCT|UCFN Ò BDCFK»S�ZbS J nUC J r-P J LGdPqKOPUh�r-CTC J E4GHV�ruZdCFVfCFKgL J SzL7C�ZHGHVWGdLGHKDn � SUEtN;CFVfPqK;E7L J SzL7CFN ] [OX>Gdnz×
Y J Cf¥ �,ÓQÚ PqKDCTLBDCFZdCFEE � X>GdnqY J CÔ¥ � SUZHE7P�EB;P Ò E�LB;SzL Ò BDCFKÍLBDC J CfS J C � yHTÛr�CTC J E<EYDr;r�P J LGHK;n J SzL7C
ZHGHVWGdLGHKDn � GHK;R J CFSUEGbKDn�LB;CÔr�C J RpCFKgLSznUC�PUh J SzL7Cp×\ZHGHV�GHL7CFNÍr�CTC J E<NDP,CFEtKDPUL<h�Y J LBDC J CFK;B;SUKuRpCÔLB;C�ZdPqEE
J CFN;YuRpLGdPqKÏEGdnqK;GHcuRTSUKMLZH[ Ó 7�K;ZHG Õ C�@ s I ] SUR Õ r J CFEEY J C � hlP JQÒ B;GHR�BÏS·r�CTC J ZbSUR Õ GHKDn�LBDC�RTSzruS ] GHZHGdLÜ[
RTSUK J CFN;Y;RpCÔLBDC ] CFKDCTc;LE ] J PqYDnqBgL ] [OVWSUKM[O@ s I ] SUR Õ r J CFE�EY J CÔRTSzruS ] ZdCÔr�CTC J E ��Ò GdLB J SzL7C�ZHGHV�×
GdLGHK;n � S�r�CTC J LB;SzL�B;SUE�LB;C0RTSzruS ] GHZbGdL\[·RTSUKÍBuSF|UC2ZbGHV�GdLGHK;n2CpØ�CFRpL4PqKOr�CTC J E�LB;SzL�NDPWKDPUL4B;SF|UCÔLBDC
RTSzruS ] GbZHGdL\[ Ó @!BDC J CTh�P J C �eÒ C2N;P�KDPUL�KDCTCFNÊ¤TyUyHT�r�CTC J E4EYDr;r�P J LGbKDn J SzL7C�ZHGHV�GdLGbKDn�L7P�SUR8B;GdCT|UCÔLB;SzL
CpØ�CFRpL ÓQa KÍCFSUR�BÎPUh3LBDCFE7CÔCpÖ,r�C J GbVfCFKMLE � S·N;G�Ø�C J CFKgL!r�C J RpCFKgLSznUCfPUh	r�CTC J E�CFKDh�P J RpCÔSÎ¤Ty·V�E7nqE � E7CFR
r�C J ×\RpPqK;KDCFRpLGHPqK J SzL7C�ZHGHV�GHL Ó @�BDC�K,Y;V ] C J EiE�BDP Ò KfS J C J CFZHSzLGd|UC�L7PtLBDPqEC�PUheLBDC�N J PUr�LSUGHZDkgY;CFY;GHKDn Ó_��}� Ú3Û�ÜÝÜÞ�-��ß

a K*LB;GHEfR�BuSzr;L7C JF��Ò C�CpÖDSUV�GHKDC�LB;C©RpPqKDnUCFE7LGdPqKáRpPqKgL J PqZ4VfCFR�B;SUKuGHEV�EfSUK;NâV�CFEESznUCOZdPqE�EfGHK*LBDC
RTY JJ CFKML v K,YDL7CFZHZHS�K;CTL Ò P JÕeÓ �<Y J GHKM|UCFELGdnqSzLGdPqK J CT|UCFSUZHEQLBDC�BDCTL7C J PUnUCFKDCTPqYuE0RpPqKDnUCFE7LGHPqKÙRpPqKML J PqZ
E7L J SzL7CTnqGHCFE�CpÖDGHE7LGbKDn�SUVfPqKDnÊN;G�Ø�C J CFKgL�E7C J |UCFKgL·GHVfruZdCFV�CFKMLSzLGdPqKuE Ó @!B J PqYDnqB VfCFSUEY J CFV�CFKML ��Ò C
EBDP Ò LBDC�NuG�Ø-C J CFKML�74ZdL J Szr-CTC J VfCFEE�SznUC·ZHPqEE ] CFB;S�|,GHP J2J CFE�Y;ZdLGHKDnOh J PqV LB;GbE0BDCTL7C J PUnUCFK;CFGdL\[ Ó @ÑP
Y;K;N;C J E7LSUK;N�LBDCWnqZdP ] SUZ�r�C J h�P J V�SUK;RpC�PUh!GHK;NuGd|,GbN;Y;SUZ>RpPqKDnUCFE7LGdPqK*RpPqKgL J PqZÐVfCFR�BuSUK;GHEV�E � V�PqE7L2PUh
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Heterogeneous Rate Limiting Capability

Relative Losses

þ!õ~ö>ò�è+ë�J>=�ê0Þ CTL7C J PUnUCFKDCTPqY;E J SzL7CÔZHGHV�GdLGbKDn2RTSzruS ] GHZHGdLÜ[

Ò B;GbR�B©S J CÔNDC J Gd|UCFNOh J PqV�LBDPqE7CÔNDCFEGdnqK;CFN©h�P J K;SzLGd|UCÔKDCTL Ò P JÕ©J PqYDL7C J E �eÒ C2r-C J hlP J V�ruSUR Õ CTL¡×\ZdCT|UCFZ
EGHVÔY;ZHSzLGHPqK;EQPUh4LBDC v KgY;L7CFZHZHS»KDCTL Ò P JÕ-ÓÏå C©EBDP Ò LB;SzL�LBDC�Y;E�SznUC·SUKuN6r�C J h�P J V�SUKuRpC�PUh�LB;CFE7C
VfCFR8B;SUK;GHEVWE�S J C©E7L J PqK;nqZd[ÊS�Ø�CFRpL7CFN ] [*LBDC©R8B;S J SURpL7C J GHELGHRTE�PUh<LBDC v K,YDL7CFZHZbSÏKDCTL Ò P JÕ-� SUV�PqKDn
Ò B;GbR�B·S J C<LBDCtZHSUR Õ PUhÑS�E7L J PqK;n�K;PULGdPqK�PUh�@ª,;P Ò B � SUK;N�LBDCtBDCTL7C J PUnUCFK;CFGdL\[�PUhÑRpPqKDnUCFELGdPqK�RpPqKML J PqZ
VfCFR8B;SUK;GHEVWE ÓÑa K�reS J LGHRTY;ZHS J��UÒ C�EBDP Ò LB;SzLT~�¤�QiLBDC!N;CFEGdnqKfPUh�SUK�PUruLGHV�SUZDr J GdP J GdLÜ[2r�PqZHGHRp[2hlP J LBDC
r J GHP J GdL\[ÍkgYDCFYuGHKDn�E�R�BDCFVfC�GbEtR�B;SUZHZHCFKDnUCFN ] [»V2Y;ZHLGdruZdCÔN;GHVfCFK;E�GdPqK;E4PUh�r�C J h�P J V�SUK;RpC J CFk,Y;G J CFV�CFKML
SUK;N�LBDC�ND[oK;SUV�GbR Ò P JÕ ZdPqSUN6RpPqVfr�PqEGdLGdPqK"O	x.QtLBDCWr�C J h�P J V�SUK;RpCWPUh�@ s I ] SUR Õ r J CFEEY J CWGHE2E7CFKo×
EGdLGH|UC2L7P�LBDC�L J S��RÔZHPqSUN"Ow¥.Q J SzL7C�ZHGHV�GHLGHKDn J CFNuY;RpCFE<RpPqKDnUCFE7LGdPqKÎCpØ�CFRpLGd|UCFZd[»PqK;Zd[OSzL<LBDCfRpPqE7LtPUh
LB J PqY;nqBDruYDL�NDCTn J SUNuSzLGdPqK"Ok��Q�hlP J CFSUR8BOPUh>LBDC2S ] P}|UC2ER8BDCFVfCFE � BDCTL7C J PUnUCFKDCFGdLÜ[�r J CFRTZHYuNDCFEÐLBDCQh�Y;ZHZ
J CFSUZHGHéFSzLGdPqK�PUh-GHLE%h�YuZHZgSUN;|�SUKgLSznUC Ó @�BDC�ELY;ND[2GbK2LBuGHE Ò P J�Õ ] J GHKDnqE>Y;E%RTZdPqE7C J L7PQPqY J Y;ZdLGbV�SzL7CÐnUPqSUZ
PUh�Y;KuNDC J E7LSUK;NuGHKDn�P�|UC J ZbSF[ÍRpPqK;nUCFE7LGdPqKÎGHK©nUCFK;C J SUZ>SUK;NÍN;CFEGdnqK;GHK;n ] CTL7L7C J<J CFEPqY J RpC2VWSUK;SznUCFVfCFKgL
ER8BDCFVfCFE�h�P J P}|UC J ZHSF[oE Ó
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a K2LBuGHE>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;LGdPqK;EÐPUh>LB;GHE Ò P JÕ S J CU~

r LB;CÐN;CT|UCFZdPUruVfCFKgL%PUheS�h J SUVfC Ò P JÕ PUh-SUK�CpÖ,L7CFKuEG ] ZdC3r�CTC J ×µL7Pz×µr�CTC J EGHVÔY;ZHSzL7P J LB;SzL Ò GHZbZMSUZHZdP Ò
S4RpPqVfruZdCTL7C�CT|�SUZHYuSzLGdPqKQPUhor�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�EwLB;SzLÑGbK;RTZHY;NDCiLBDC�NDCTLSUGHZHE�PUhoLBDC3Y;K;NDC J ZH[,GHK;n
K;CTL Ò P JÕe� SUK;N

r LB;CWNDCFVfPqK;EL J SzLGdPqKÎPUh�LBDCWGHVfr�P J LSUKuRpCÔPUhÐGHK;RpP J r-P J SzLGHKDn�S�KDCTL Ò P JÕ VfPoNDCFZ%SUK;NÏLB;C�Y;E7C
PUh>ruSUR Õ CTL¡×\ZdCT|UCFZ>EGHVÔY;ZHSzLGdPqKuE�GHK·r�CTC J ×µL7Pz×µr�CTC J!J CFE7CFS J R�B � LB J PqYDnqB�LB;C0Y;E7CQPUh v K,YDL7CFZHZbSfEGHV�×
YuZHSzLGdPqK�NDCT|UCFZdPUr�CFN©SURTRpP J N;GHKDnfL7P�PqY J h J SUVfC Ò P J�Õ

@ÑP©SUN;N J CFE�E<LBDC�KDCTCFN;E<PUhÐS Ò GHNDC J SUKDnUCfPUhÐE7LY;NuGdCFE � PqY J h J SUVfC Ò P JÕ E�GHV2YuZHSzL7P J B;SUE<LBDCfh�PqZ�×
ZdP Ò GHKDnfR�BuS J SURpL7C J GHE7LGbRTET~

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�CFRpLE � C Ó n Ód� GHK;GdLGbSUZHGdéFSzLGdPqK¥P�SÔr J PoRpCp×
NuY J C�PUhlL7CFK6RTSUZHZdCFN ] P,PULE7L J Szr;ruGbKDn�Q4SUK;NÙV�SUGHKgL7CFK;SUK;RpCfPUh�r�CTC J GHKDn J CFZbSzLGdPqK;EB;GHruE � r J PUL7PoRpPqZ
V�CFEESznUC J PqYDLGHKDn � SUK;N�YuE7C J ] CFB;S�|,GdP J�Ó @�B;CWEGHVÔY;ZHSzL7P J E�BDPqY;ZHNÙRTSzruLY J C�SUZbZ%LBDC�RpPqVWVfPqK
SUEr-CFRpLE �-Ò B;GHZdCQSURTRpPqV�V�P,N;SzLGbKDn�SWZHS J nUC�NDCTn J CTCÔPUh�N;GH|UC J EGdLÜ[·GbKOCFSUR8B»SUEr-CFRpL Ó @ÑP�SUN;N J CFEE
LBuGHE J CFk,Y;G J CFV�CFKML � S�B;GHnqBo×\ZdCT|UCFZ�R�BuS J SURpL7C J GdéFSzLGdPqKÍPUhir-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�LBDC4K;CTCFN;E�PUh=LBDCFG J EGHVÔY;ZHSzLGdPqK;E � Y;E7C J E�V�S�[Wr J CTh�C J
PqK;CÔKDCTL Ò P J�Õ EGHVÔY;ZHSzL7P J P�|UC J SUKDPULBDC JFÓ XDP J Y;E7C J E4LB;SzL4S J CÔKDPUL�GHKgL7C J CFE7L7CFN»GHK©LBDCÔruSUR Õ CTL¡×
ZHCT|UCFZgNDCTLSUGbZHE=PUh;S�EGHVÔY;ZHSzLGdPqK � LBDC�EGHVÔY;ZHSzL7P J E�BDPqY;ZHNQSUZbE7P ] C3S ] ZdC	L7P J Y;K Ò GdLBDPqYDLwS4KDCTL Ò P JÕ
E�GHV2YuZHSzL7P JFÓ @wPÔSURTRpPqVfruZHGbEBfLB;GHE �qÒ C�NDCTcuKDC4S0RpPqV�VfPqK�E7PoR Õ CTL¡×\ZHG Õ C�? I	a ] CTL Ò CTCFK�LBDC�r�CTC J ×
L7Pz×µr�CTC J EGHVÔY;ZHSzL7P J SUK;NÎLBDC�ZdP Ò C J ZHS�[UC J KDCTL Ò P JÕ EGHVÔY;ZHSzL7P J�Ó �tY J EGHVÔY;ZHSzL7P J RTSUK J Y;KÎPqK
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L7PUrÍPUhiK;CTL Ò P JÕ EGHVÔY;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[,EL7CFV RTSUKâRpPqK;EGHE7LÔPUh!LB;PqY;ESUK;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 ] ZdCQEGbV2Y;ZbSzL7P J�Ò BDCFK�reSUR Õ CTL¡×\ZdCT|UCFZ>NDCTLSUGHZbE�S J CQruY J EYDCFN Ó	I ZHSzL7h�P J V�×
GbK;NDCTr�CFK;NDCFK;RpCÔV�S Õ CFEtGdL�r�PqEEG ] ZHCQhlP J PqY J EGbV2Y;ZbSzL7P J L7P�YDLGbZHGdéTC0CpÖDGHE7LGbKDnWL7CFR8B;K;GHk,YDCFE � EY;R8B
SUE ubsz�D� SUK;N�B ����u���F�µ�z� J PqYDLGbKDn¥¡�¤U¤F¥�¢ � L7PWE�RTSUZdC0KDCTL Ò P JÕ EGbV2Y;ZbSzLGdPqK;E Ó

r �3SUE7[�L7P�CpÖ,L7CFK;N»SUK;NÍY;E7C Ó!� PqE7L�YuE7C J E�PUh%LB;C2EGHVÔY;ZHSzL7P J CFGdLBDC J KDCTCFNOL7P�CpÖ,r�C J GbVfCFKML Ò GdLB
SUK»CpÖDGHE7LGHK;nWr�CTC J ×µL7Pz×µr�CTC J E7[,EL7CFV � C Ó n Ód� hlP J r�C J h�P J V�SUK;RpC�SUK;SUZd[oEGHE4SUK;N Ò P JÕ ZdPqSUN»R�B;S J SUR�×
L7C J GdéFSzLGdPqK ¡¤�z{+¢ � P J LB;CT[ÍS J CfGHKgL7C J CFE7L7CFNÏGHK J CFN;CFEGdnqK;GHK;n � SUN;N;GHKDn�S·hlC Ò RpPqVfr�PqKDCFKgLEtGHKÎSUK
CpÖDGHE7LGbKDnfr�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV Ó @wPWS�|UPqGHNONuYDruZHGHRTSzL7C<CpØ�P J LE ] [·Y;E7C J E!SUK;N�L7PWV�S Õ CÔGdL�CFSUE7[
L7PÍCpÖ,L7CFKuN � LBDC�E�GHV2YuZHSzL7P J GHEtNDCFE�GdnqKDCFNÏL7P ] C�VfPoN;Y;ZbS J SUKuNÙRpPqVfr�PqES ] ZdC ÓWa LQGHE0SUZHE7P�CFSUE7[
h�P J Y;EC J E�L7PWE7CTL4YDr©SUK;N©NDCFE�R J G ] C<LBDCFG J EGHVÔY;ZHSzLGHPqK;E Ó

å CWN;CFVfPqK;E7L J SzL7CfLB;C�Szr;ruZHGHRTSzLGHPqKÍPUh�LBDCfh J SUVfC Ò P JÕ ] [ ] Y;GHZHNuGHKDnWS v K,YDL7CFZHZbS�E[,E7L7CFV EGHV�×
Y;ZHSzL7P J ] SUE7CFNÎPqKÏPqY J h J SUVfC Ò P JÕ-Ó 7�EGHK;n�LBDC v KgYDL7CFZbZHS·EGHVÔY;ZHSzL7P JF��Ò C�EBDP Ò LB;SzLQr�CTC J ×µL7Pz×µr�CTC J
E7[oE7L7CFVÃr�C J hlP J V�SUK;RpC0RTSUK ] C2S�Ø�CFRpL7CFN ] [ÍKDCTL Ò P JÕ R8B;S J SURpL7C J GHELGHRTE�L7P�S�ZHS J nUCÔCpÖ,L7CFKgL � SUK;NÍLB;SzL
PqK;Zd[ ruSUR Õ CTL¡×\ZHCT|UCFZ2NDCTLSUGbZHE�RTSUK J CT|UCFSUZ0E7PqVfC�SUE7r�CFRpLE�PUhÔLBDC�GbVfruSURpL ÓÇà CT|UC J SUZQYuESznUCFE©PUhÔLBDC
v K,YDL7CFZHZHSÏE�GHV2YuZHSzL7P J S J C©L7P ] C©N;CFER J G ] CFN*L7P�GHZbZHY;E7L J SzL7C�BDP Ò CpÖoL7CFK;EG ] GHZHGdLÜ[�SUK;NèRpPqV�r-PqE�S ] GHZHGdLÜ[
h�SURTGHZHGdLSzL7CQGdLE!Y;E7Cth�P J N;G�Ø�C J CFKgL J CFE7CFS J R8B©ruY J r-PqECFE Ó

@�B;C J CFE7L�PUhwLB;C�R8B;Szr;L7C J GHE3P J nqSUK;GdéTCFN·SUE�hlPqZbZdP Ò E Ó	à CFRpLGdPqK�x0NDCFE�R J G ] CFE	LBDC<EGHVÔY;ZHSzL7P J h J SUVfCp×
Ò P JÕ GbKÔN;CTLSUGHZHE Ó	à CFRpLGdPqK�¥<GHKgL J PoN;Y;RpCFE%S v K,YDL7CFZHZbS�E[,E7L7CFV#EGHVÔY;ZHSzL7P J ] Y;GHZHL ] SUECFN�PqK�LBDC�EGHVÔY;ZHS�×
L7P J h J SUV�C Ò P JÕ-Ó	à CFRpLGdPqK)��NDCFVfPqK;EL J SzL7CFEwBDP Ò LB;C v K,YDL7CFZHZHS�E[,E7L7CFVAr�C J h�P J V�SUK;RpC�GbE=GHVfruSURpL7CFN ] [
KDCTL Ò P JÕ R�B;S J SURpL7C J GHE7LGHRTE�LB J PqY;nqB�E7PqV�C4EGHV�ruZdC�CpÖor�C J GHVfCFKgLE Ó	à CFRpLGdPqK·{0NDCFE�R J G ] CFE�BDP Ò Ò C<ERTSUZdC
YDrÙr�CTC J ×µL7Pz×µr�CTC J EGHVÔY;ZHSzLGdPqK;EtYuEGHKDn·CpÖDGHE7LGHKDn�reS J SUZHZdCFZHGHéFSzLGdPqKÎL7CFR�B;KuGHkgY;CFE Ó·à CFRpLGHPqK � RpPqK;RTZbY;NDCFE
LBDC0R8B;Szr;L7C JFÓ

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

a K�LB;GHE�E7CFRpLGdPqK �,Ò C�NDCFER J G ] C�LB;C�P�|UC J SUZbZeS J R8B;GdL7CFRpLY J C!PUh�LBDC4r-CTC J ×µL7Pz×µr-CTC J h J SUVfC Ò P J�Õ EGHVÔY;ZHSzL7P J
SUK;NÙGHLE0GHVfreZdCFVfCFKgLSzLGdPqK Ó�å C�E7LS J L Ò GHLBÙS�nUCFKDC J SUZ3NDCFER J GHr;LGdPqKÎPUhÐr�CTC J ×µL7Pz×µr�CTC J E7[oE7L7CFV�E2SUK;N
LBDCFK�CpÖoruZHSUGbK·LBDCQEGHVÔY;ZHSzL7P J GbK�NDCTLSUGHZHE Ó
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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 EGbV2Y;ZbSzL7P J S J R�B;GHL7CFRpLY J C
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? �8�p�dx¾�µ�/x ? ���p� C �}�p�\��wÔ� S J CWNDCFRpCFKgL J SUZHGHéTCFN�Szr;ruZbGHRTSzLGdPqK;E Ò GHLB Ò B;GHR8BÏr�CTPUruZdC�EB;S J C J CFE7PqY J RpCFE0P J
RpPqZHZHS ] P J SzL7C�PqK6RpC J LSUGHK�LSUE Õ E Ó @�BDC�r�CTC J EÔGHKÏPqK;C�E7[oE7L7CFV Y;EY;SUZbZd[»BuSF|UC�LBDC�ESUV�C ] SUE�GHR�h�Y;K;R�×
LGdPqK;SUZbGdLGdCFE � ] YDL�RTSUK ] CtN;GHEEGbV�GHZHS J GbK�RpC J LSUGHK�R�B;S J SURpL7C J GHE7LGHRTE!SUK;N�V�SF[ ] CFB;SF|UCt|UC J [�N;GdØ-C J CFKgLZd[ Ó
@�BDC ] SUEGHR<h�Y;K;RpLGdPqK;SUZbGdLGdCFE�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©ECFS J R�BOhlP J�J CFE7PqY J RpCFE

r YuE7C2S�RpC J LSUGHK»r�CTC J ×µL7Pz×µr�CTC J r J PUL7P,RpPqZiL7P·GHVfruZHCFVfCFKML!LBDC J CFE7PqY J RpCÔEB;S J GHK;nD~�CFELS ] ZHGHEBÍSUK;N
VWSUGHKMLSUGbKÊRpPqKuKDCFRpLGdPqK;E Ò GHLB6r�CTC J E � SURTRpCTr;L�Y;E7C J GHK;ruYDL�SUK;N*GHK;GdLGHSzL7C�r J PUL7PoRpPqZ�VfCFEE�SznUCFE �
r J P,RpCFE�E�SUK;N J PqY;L7CQr J PUL7PoRpPqZ=VfCFEE�SznUCFE

a K�PqY J EGHVÔY;ZHSzL7P JF� SÔr-CTC J ×µL7Pz×µr-CTC J E[,E7L7CFV`RpPqKuEGHE7LE�PUhÑSÔn J PqY;r�PUhwr-CTC J KDPoNDCFE � CFSUR8B·PUh Ò B;GbR�B
B;SUE�LBDC·LB J CTCp×\ZHSF[UC J S J R�B;GdL7CFRpLY J C©EBDP Ò K*GHK*XiGHnqY J C©¥/� Ó ?ÐLfLBDC ] PUL7L7PqV ZHS�[UC J GHEÔLBDC�ruSUR Õ CTL¡×
ZdCT|UCFZtKDCTL Ò P J�Õ EGHVÔY;ZHSzL7P J·Ò BuGHR�BÀr J P}|,GbNDCFE�ruSUR Õ CTL©L J SUK;E7h�C J Y;rÀL7P*LBDCÎL J SUKuE7r�P J L�ZHSF[UC JFÓ @�BDC
V�GHNuN;ZdCÍZbSF[UC J GHE�LBDCÎr�CTC J ×µL7Pz×µr�CTC J SznUCFKgLpP I CTC J ?4nUCFKMLhQ Ò B;GHR8BÀN;CFSUZHE Ò GdLB�SâE7r�CFRTGdcuRÍr�CTC J ×µL7Pz×
r�CTC J r J PUL7P,RpPqZ Ó ?4V�PqKDn»GHLE J CFE7r�PqK;E�G ] GHZHGHLGdCFE4S J C�LBDC�L J SUK;E�V�GHEEGHPqK �=J CFRpCTr;LGHPqK � r J PoRpCFEEGHK;nOSUK;N
h�P JÒ S J N;GHKDnfPUh>r J PUL7PoRpPqZwV�CFEESznUCFE � SUE Ò CFZHZ=SUE4LBDC0V�SUGbKML7CFK;SUKuRpCQPUh%L J SUK;E7r�P J L�RpPqKuKDCFRpLGdPqK;E Ò GdLB
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r�CTC J E Ó @�BDC�r-CTC J ×µL7Pz×µr-CTC J Szr;reZHGHRTSzLGdPqK0CFKMLGdLÜ[ôP I CTC J ?4r;rÇQÑSzLÑLB;C3L7PUr�PUh;LBDCÐS J R8B;GdL7CFRpLY J CÐr�C J h�P J V�E
Szr;ruZbGHRTSzLGdPqK J CFZbSzL7CFNÀSURpLGHPqK;E�E�Y;R�BÀSUE J CFE7PqY J RpC»EB;S J GHK;n � k,YDC J [âr J P,RpCFE�EGHKDn�SUKuNár�CTC J�J CFZHSzLGdPqK
V�SUGHKgL7CFK;SUK;RpC Ó @!B;GHE�ECTruS J SzLGdPqK�PUh=h�Y;K;RpLGdPqKuSUZHGdLGdCFE ] CTL Ò CTCFK I CTC J ?4nUCFKML�SUK;N I CTC J ?4r;r�S J C ] SUE7CFN
PqK�L Ò P�RpPqK;EGHNDC J SzLGdPqK;ET~

r @!BDC J C2GbE!PUh�L7CFKÎSWV�SUKg[M×µL7Pz×µPqK;C�V�Szr;ruGHK;n ] CTL Ò CTCFKÍLB;C2Szr;ruZbGHRTSzLGdPqKOSUKuNOLBDCÔr�CTC J ×µL7Pz×µr�CTC J
r J PUL7P,RpPqZiP J |oGHRpCÔ|UC J ES Ó XDP J CpÖDSUVfruZdC ��ç GHVfC å G J C � v KgYuRTZdCFY;E�SUK;N æ CFS Jpà B;S J CfSUZHZiY;E7CÔLBDC
v KgYDL7CFZbZHSfr J PUL7PoRpPqZwSUKuN©LBDCT[�RTSUK ] C ] Y;GHZdLÐPqK©L7PUr»PUh>LBDC2E�SUVfC v K,YDL7CFZHZHS�r J PUL7PoRpPqZwSznUCFKgL Ó
a KÊE7PqVfC·PULBDC 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;ruZbGHRTSzLGdPqK·PqK�L7PUrÍPUhÑLBDCFV Ó

r I CTPUruZHC<RpPqKuN;Y;RpLGHKDn J CFE7CFS J R8B�PqK�LB;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 CFEL Ó�I	J PUL7PoRpPqZ=ZHS�[UC J!J CFECFS J R�B©VWSF[·hlPoRTY;EÐPqK�LB;CQE7[,EL7CFV�  E�RpPqV�VÔY;K;GHRTSzLGHPqK ] CFB;SF|oGdP JFÓ
?4r;ruZbGHRTSzLGdPqK�ZHS�[UC J�J CFE7CFS J R8BOV�S�[ ] CQV�P J CQRpPqK;RpC J KDCFN Ò GdLB�GHE�EYDCFE�EY;R8B©SUE�Y;EC J ] CFB;SF|oGdP JFÓ
a L!GHE�N;CFEG J S ] ZHC<GHhwLBDCT[�RTSUK©GHKuNDCTr�CFK;NDCFKgLZd[WRpPqK;EGbNDC J LBDC0RpPqVfr�PqKDCFKgLE�PUh%GHKgL7C J CFE7L Ó

å C�GHV�ruZdCFVfCFKgL!LBDC�h J SUVfC Ò P JÕ E�GHV2YuZHSzL7P J SUEtS�ECTL�PUh s 1�1 ] SUE7CfRTZHSUE�E7CFE Ó @�B;C J CFEL�PUh3LBDC
E7CFRpLGdPqKÍNDCFER J G ] CFE�CFSUR8BOPUhiLBDCFE7C0RpPqV�r-PqK;CFKMLE Ó

4Læy*�æ�* !-ëWëWè�ñ�ûjû

I CTC J ?4r;rÔGbE=LBDC�N;G J CFRpLiGHKML7C J h�SURpC�L7P!r�CTC J ×µL7Pz×µr�CTC J Szr;ruZHGbRTSzLGdPqKQY;E7C J E Ówa LÑCFV ] P,NuGdCFE�LBDC ] CFB;SF|oGdP J PUh
S2r-CTC J ×µL7Pz×µr-CTC J Szr;ruZbGHRTSzLGdPqK Ó>I CTC J ?!rur�GHE�LBDC J CTh�P J C<S0RpPqVfr�PqKDCFKgL Ò BDC J C!N;GH|UC J EGdLÜ[�GHE�VfPqEL3ZHG Õ CFZH[
L7P�LS Õ CtruZHSURpC Ó	Þ P Ò CT|UC JF�;Ò C�S J C<S ] ZdC4L7PfGHN;CFKMLGdh�[�LBDCtSURpLGd|oGdLGdCFE�RpPqV�VfPqK·L7PfVfPqE7LÐSzr;ruZHGbRTSzLGdPqK;E �
Ò B;GbR�B�RTSUK ] CQRTSzL7CTnUP J GHéTCFNÍSUE�h�PqZHZdP Ò E Ó

r 7�E7C J GHKgL7C J h�SURpC Ó 74EC J GHKgL7C J h�SURpC2GHKuRTZHY;NDCFE�? I	a E4LB;SzL4S J C�RTSUZHZdCFN ] [©SzruruZHGHRTSzLGdPqKOY;E7C J E�SUK;N
VWSF[�L J GdnUnUC J RpC J LSUGHK·r J PUL7P,RpPqZ�VfCFEE�SznUCFE�SUK;N � P J R8B;SUKDnUCFEÐL7PfLBDC<r�CTC J E7LSzL7C Ó X;Y;KuRpLGdPqK;EÐGHK
LBuGHE�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 � LB;C0VfPqE7L!GbVfr�P J LSUKMLÐPqKDC ] CFGbKDn CT�u�p�����M���-á?â Ó

r � SUGHKgL7CFK;SUK;RpC2PUh%r-CTC J!J CFZHSzLGdPqK;E�B;Gdr Ó�I CTC J E�GHK�S�E7[,EL7CFVÇRpPqK;KDCFRpL4L7PWCFSUR8BÍPULB;C J GHK©RpC J LSUGHK
Ò SF[oE Ó @ Ò P·PUr�C J SzLGdPqKuE�RpPqVWVfPqK;Zd[»GHKM|UPqZH|UCFN»S J CU~ � â&���F�U�������7�hu ~ Ò B;GHR8BÍZdCFS J K;E�PUh � E7CFZHCFRpLE
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SUKuN�RpPqK;K;CFRpLE3L7P�SÔKgY;V ] C J PUh�r�CTC J E3SUE�S2r�CTC J GHKuGdLGHSUZHZd[��¡PqGbK;E	LBDC�E7[oE7L7CFV � SUK;N � â�w��z���u�\��x
�-�z�e�8� ~ Ò B;GHR8BÔSUNuSzr;LE%L7PtLBDC�E7[oE7L7CFV5R8B;SUKDnUCFE ] [2r-PqE�EG ] 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;CFRpLGd|,GHL\[ Ó

ñ�ð/é}õlýwõ�éF�>ð�í>ïÇé�è+í>ñ{ñ~ë�è �<K;CtPUhiLB;C0VfPqE7L!GbVfr�P J LSUKML�GHK;ruYDLEÐL7PWSfr�CTC J ×µL7Pz×µr�CTC J E[,E7L7CFVÛEGHVÔY;ZHS�×
LGdPqKÊGHEQLB;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[oKMLBDCTLGbR�L J SURpC Ó ?4K;PULBDC J
r�PqEEG ] GHZHGdLÜ[QGHE%L7P0Y;EC�LBDC J CFEYuZdLE>P ] LSUGHKDCFN ] [�E7PqVfC�r�CTC J R8B;S J SURpL7C J GHéFSzLGdPqK�ELY;N;GdCFE%SUK;NWSUEE7PoRTGHSzL7C
S�RpC J LSUGHKÏV�P,NDCFZ Ò GdLB»LBDCfr�CTC J ] CFB;S�|,GHP JFÓ ?�RpLGd|oGdL\[ s PqKgL J PqZHZdC J GHEtSUKÎCFKgLGdLÜ[»SUEEP,RTGHSzL7CFN Ò GdLBÏS
I CTC J ?4r;rOLB;SzL!nUCFKDC J SzL7CFE<Y;E7C J SURpLGHPqK;E!ND[oK;SUV�GbRTSUZHZd[ ] SUECFN©PqKOS ] CFBuSF|oGdP J SUZ=VfPoNDCFZ Ó @�BDC J CTh�P J C �
LBDC©GHKgL7C J h�SURpC ] CTL Ò CTCFKá?4RpLGH|,GdLÜ[ s PqKML J PqZbZdC J SUK;N I CTC J ?4r;ráGHE�LBDC©ESUV�C©SUEfLBDC¥7�E7C Jd��I CTC J ?4r;r
GHKgL7C J h�SURpC Ó @�B;GHE�K;SzLY J SUZ�RpP JJ CFE7r�PqK;NDCFKuRpC�h�SURTGHZHGHLSzL7CFE�LBDC©NDCT|UCFZdPUruV�CFKML�PUh<N;G�Ø�C J CFKgLfRTZHSUEE7CFEfPUh
?�RpLGd|,GHL\[ s PqKML J PqZHZdC JFÓ

å COGbVfruZdCFVfCFKgL�LBDC©VfPoNDCFZÐr J PUr�PqE7CFNâGbK ¡ {U{/¢ Ò GdLB*L Ò P�RTZbSUEE7CFET~ I CTC J�à [oE�SUK;N s ZHSUEE à r�CFR Ó
I CTC J�à [oE�VfP,N;CFZHE�E7[,EL7CFV�× Ò GHNDC�ruS J SUVfCTL7C J EfEY;R�B*SUE�LBDC·K,Y;V ] C J SUK;N6r�PUruY;ZHS J GHL\[ÙN;GHEL J G ] YDLGHPqK
PUh�r�PUruYuZHS J cuZdCFE � SUK;NÎLBDCfK,Y;V ] C J PUhÐN;G�Ø�C J CFKgL<RTZbSUEE7CFE<PUh�r�CTC J E Ó s ZHSUE�E à r�CFR2GbE4LB;C�VfP,N;CFZÑPUhÐS
E7r�CFRTGdcuR�RTZHSUEE>PUh�Y;E7C J E � EY;R�BfSUE	PqK � PzØ�r J P ] S ] GHZbGdL\[ � LBDC�SF|UC J SznUC4ZdCFKDnULB�PUh-GHN;ZdC�r�C J GdPoN2SUKuN�PjoWGHKDC
r�C J GdPoN Ó ?4K©?�RpLGd|oGdL\[ s PqKgL J PqZHZdC J GbE�R J CFSzL7CFN Ò GHLB·L Ò P�ruS J SUVfCTL7C J ET~�S I CTC J�à [oE�SUK;N�S s ZHSUEE à r�CFR Ó
?�RpLGd|,GHL\[ s PqKML J PqZHZdC J GHE0GHV�ruZdCFVfCFKgL7CFN ] SUE�GHRTSUZHZd[ÏSUE�SOLGbVfC J PUh Ò B;GHR8BÙLBDC�CpÖ,reG J SzLGdPqK�L J GdnUnUC J E�S
R�BuSUKDnUC0PUhir�CTC J E7LSzL7C2SUKuN�ER�BDCFNuY;ZdCFE�LBDCQK;CpÖ,L�CT|UCFKgL!PUh>E7LSzL7CÔR�B;SUKDnUC Ó

4Læy*�æJ !-ëWëWè�ñ�öNëbïÇé

I CTC J ?4nUCFKML�r�C J h�P J V�Etr J PUL7P,RpPqZ3NDCTr�CFK;NDCFKgL0VfCFEESznUC�L J SUK;E�V�GHEEGHPqKÏSUK;NÙr J P,RpCFEE�GHKDn Ó @�BDCW? I	a E
] CTL Ò CTCFK I CTC J ?!nUCFKgLOSUK;N I CTC J ?4r;r'Y;EY;SUZbZd[âRpP JJ CFE7r�PqK;N L7P*LBDCÏVfCFEESznUCÏLÜ[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 ] [WLBDCtKDCTL Ò P JÕ EGHVÔY;ZHSzL7P J
GHE2c J E7L2ruS J E7CFN ] [�SÍV�CFEESznUC·ruS J E7C J�Ó»æ SUE7CFNÊPqKÊLBDC·NDCTLSUGHZHE2PUh�LBDC·VfCFEESznUC � LBDC I CTC J ?4nUCFKgL
CFGdLBDC J N J PUruE�GdL � N;CFZHGd|UC J E�GdL�L7PÏLBDC I CTC J ?4r;r � SUK;N � P J h�P JÒ S J N;EfGdL�L7P�SUN��SURpCFKMLfr�CTC J P�EdQ � Szh�L7C J
E7PqVfC0r J PUL7PoRpPqZ�×\NDCTr�CFK;NDCFKgL�R�B;SUKDnUCFE4L7P�LBDC2VfCFEESznUC � GHhiKDCFRpCFE�ES 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�VfCFEE�SznUCQhlP J�Ò S J NuGHKDn Ó m<Y J GHKDn�LBDC<h�P JÒ S J N;GHKDn�r J P,RpCFEE � GHLÐRTSUK©CFSUEGHZd[�B;Szr;r�CFK�LB;SzL�LBDC
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ò�çkøiñ~ëp
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;KDCFRpLGHPqK�P�EhQ%GbE ] ZdPoR Õ CFN Ó>I CTC J ?4nUCFKgLÐRTSUK�GHKg|UP Õ C�RpC J LSUGHK�h�P JÒ S J N;GHKDn2RpPqKML J PqZ-RpPqVfr�Pz×
KDCFKgLtL7P�r�C J hlP J VÇr�CTC J ×µL7Pz×µr�CTC J ZHS�[UC J ,;P Ò RpPqKML J PqZ	P J RpPqKDnUCFE7LGdPqKÙRpPqKgL J PqZ%h�Y;K;RpLGHPqK;E � GHK;E7L7CFSUNÎPUh
EGHV�ruZd[0N;GbERTS J N;GHK;n4LBDC4VfCFEESznUC Ó ?Àh�P JÒ S J N;GHKDntRpPqKgL J PqZuVfCFR8B;SUK;GHE�V5RTSUK ] CÐr J PUL7PoRpPqZuNDCTr�CFK;N;CFKML
P J GHKuNDCTr�CFK;NDCFKgLÐSUKuN�GdL�GHE�CFE7r�CFRTGHSUZbZd[ J CFZdCT|zSUKgL�L7PWE7[oE7L7CFV�E�LBuSzL!Y;E7C ] J PqSUN;RTSUE7L¡×\E7LÜ[,ZdC J PqYDLGHK;n Ó

4Læy*�æº5 ûLí�ð��Në�é�ñ�õjçkû�é�ç6é}õ~í>ïèøAç��>ëWè
I S J L�PUhiLBDCth J Y;E7L J SzLGHPqK�GHK�Y;EGHK;nÔCpÖDGHE7LGbKDnfKDCTL Ò P JÕ EGHVÔY;ZHSzL7P J EÐh�P J r�CTC J ×µL7Pz×µr�CTC J!J CFECFS J R�BÍGHEÐLBDC
S Ò!ÕgÒ S J N;KDCFE�EWPUhtL J SUKuE7hlC J�J GHKDn J CFSUZ�Szr;ruZbGHRTSzLGdPqKèZbSF[UC J N;SzLS Ó @�B;C©L J SUK;E7r�P J L�ZHSF[UC J VfCFEE�SznqGHKDn
E7C J |oGHRpCFEtr J P�|oGHNDCFN ] [»N;GdØ-C J CFKgLQKDCTL Ò P JÕ EGHVÔY;ZHSzL7P J E<PUhlL7CFK6B;SF|UCWNuG�Ø-C J CFKMLt? I	a E Ó @wPOVWS Õ C�LBDC
r�CTC J ×µL7Pz×µr�CTC J E�GHV2YuZHSzL7P J r�P J LS ] ZdC �eÒ CÔR�BDP,PqE7C2L7P�Y;EC0SWE7PoR Õ CTL¡× ] SUE7CFNÎGHKML7C J h�SURpC ] CTL Ò CTCFK I CTC J ?!×
nUCFKgL!SUK;N·LBDCtKDCTL Ò P JÕ EGbV2Y;ZbSzL7P JFÓ @�BDCtE7PoR Õ CTL4GbKML7C J h�SURpCtr J P}|,GbNDCFEÐLBDCtKDCFRpCFEES J [�E7[oE7L7CFV�EP,R Õ CTL
PUr�C J SzLGdPqK;EF~ �p���>s�EW� �l���\�p�ÕE����z�u�-�����EW�T�T�>s�EW��� } SUK;N uo�z��� Ó m<YDC»L7PâLBDCÏE7CFkgY;CFKMLGHSUZ�K;SzLY J C»PUh
N;GHE�R J CTL7Cp×µCT|UCFKMLÐKDCTL Ò P JÕ EGHVÔY;ZHSzLGdPqK;E �qÒ C�RTSUK;KDPUL�B;SF|UC ] ZdPoR Õ GHKDn0EP,R Õ CTL�PUr�C J SzLGHPqK;E Ó ?4ZbZ;R�B;SUK;nUCFE
PUh=LBDC�E7PoR Õ CTL�E7LSzLY;EÐEBDPqYuZHN ] C4RpPqKg|UCT[UCFN·L7P�LBDC4YDrur-C J ZHSF[UC J LB J PqY;nqB�YDr�RTSUZHZbE Ó 74r�RTSUZHZHE�N;CTcuKDCFN
GHK·PqY J E7[,EL7CFV�S J C0ZHGbE7L7CFN�GHK�@iS ] ZdC�¤Ty Ó

@ÑP©Y;E7C�KDCTL Ò P J�Õ EGbV2Y;ZbSzL7P J E�LB;SzL0NDP�KDPULtr J P�|oGHNDC�LBDCfE7LSUK;N;S J NÏE7P,R Õ CTL2GHKgL7C J h�SURpC �=Ò C�KDCTCFN
L7P ] Y;GHZHNÎS©E7PoR Õ CTL�SUN;Szr;LSzLGHPqK6ZHS�[UC J LB;SzL Ò�J SzruE0GdLEtL J SUK;Er-P J L0ZHSF[UC J E7C J |oGHRpCFE Ò GdLBÏLBDCWEP,R Õ CTL
GHKgL7C J h�SURpC Ó X;P J CpÖDSUVfruZdC � h�P J �D� � ��Ò COKDCTCFNáL7P6c J E7L ] Y;GHZHN*S6KDC Ò EY ] RTZHSUE�EfPUhtX;Y;ZHZH@!Rpru?!nUCFKgL
LB;SzLtRTSUKÎZHGHE7L7CFKOPqKÎS�Er-CFRTGHcuRQr�P J L�SUK;NÍSURTRpCTruLQSUK»GbK;RpPqV�GHKDn�RpPqK;KDCFRpLGdPqK J CFk,YDCFE7L ] [ÍE7ruS Ò K;GHKDn
S�KDC Ò @ s I RpPqKuKDCFRpLGdPqK Ó @�BDC�KDC Ò EY ] RTZHSUE�E4SUZHEP J CFVfCFN;GdCFE�LBDCfh�SURpLtLB;SzLtX;Y;ZHZb@�Rpru?4nUCFKMLtNDP,CFE
KDPUL�L J SUK;E7h�C J LBDC0SURpLY;SUZÑ@ s I ruS�[,ZHPqSUNOSUR J PqEE4KDPoNDCFE Ó

?�KDPULBDC J GHEEYDC J CFZbSzL7CFNQL7P�LBDC�r-P J LS ] GHZHGdLÜ[!SUVfPqKDn4KDCTL Ò P JÕ EGHVÔY;ZHSzL7P J E�GHE�LBDC�NuG�Ø-C J CFKML=SUN;N J CFEE
h�P J V�SzLE·Y;E7CFN Ó @�BDC»E7P,R Õ CTL�SUN;Szr;LSzLGdPqK�ZHS�[UC J E�BDPqY;ZHNèr-C J hlP J V LBDC»L J SUK;EZHSzLGHPqK ] CTL Ò CTCFK�LBDC

�zy



SUN;N J CFEE�h�P J V�SzLÐY;E7CFN ] [fLBDCtKDCTL Ò P JÕ E�GHV2YuZHSzL7P J SUKuN�LBuSzL�Y;ECFN ] [fLBDC<r�CTC J ×µL7Pz×µr�CTC J EGHVÔY;ZHSzL7P JFÓ

ô�íNéáï ïÇé�ëWèfëWóqé�ëWõÛõ{ï !-çkð��Në�éq2hñ~ëgý>ëbñ�í�ë�é�çuõ{ñ~ó_ª @ÑP*EYDr;r�P J L�Y;E7C J E�LB;SzL�S J CÎKDPUL�GHKML7C J CFE7L7CFN
GHK�ruSUR Õ CTL¡×\ZdCT|UCFZ�N;CTLSUGHZHE �iÒ C�GHVfruZHCFVfCFKML2S Ú Y;ZHZ à PoR Õ CTLÔGHKgL7C J h�SURpC ÓÍÚ Y;ZbZ à PoR Õ CTL2RpPqK;hlP J VWE0L7P»LBDC
à PoR Õ CTL�GHKML7C J h�SURpC0GbK·PqY J E7[oE7L7CFV � ] YDL ] [,ruSUEECFE�LBDC0RpPqK;K;CFRpLGdPqK;E�L7PWLBDC0KDCTL Ò P JÕ EGbV2Y;ZbSzL7P J SUK;N
B;SUE	StK,Y;ZHZ,PUr�C J SzLGdPqKfGbKfVfPqE7L%PUh-LBDC J PqYDLGbKDCFE Ówå BDCFK�S Ú Y;ZHZ à P,R Õ CTL	RpPqK;KDCFRpLE�L7P0SUKDPULBDC J EP,R Õ CTL �
GdL�VfC J CFZH[ J CFRpP J N;EÐLB;Ctr-PqGbKML7C J L7PfLB;SzL�E7PoR Õ CTL4SUE�GdLEÐr�CTC JFÓ%å B;CFK�N;SzLSfGHEÐE7CFKgL�h J PqV�LBDCQEP,R Õ CTL �
LBDC �fuo�8�z��� ���q}8á/â r J PoRpCFN;Y J C�PUh>GdLE�r�CTC J�Ò GHZHZ ] C<RTSUZbZdCFN©N;G J CFRpLZd[ Ó
4Læy*�æ�4 í�ë�ó�ð.è�õ~ø>õ{ï�ö�éfú�ëÏû=õ{î�ò�ñ~ç6é}õ~íÇï

�<KDC%PUh,LBDC�N;CFEG J S ] ZHCÑh�CFSzLY J CFEwPUhoS�E�GHV2YuZHSzL7P J GHE�LBDC%CFSUEC�PUhoNDCFER J GdruLGdPqKtSUK;NtE7CTLYDr0PUhoE�GHV2YuZHSzLGdPqK;E Ó
?ÌRpPqV�V�PqK�r-CTC J ×µL7Pz×µr-CTC J EGbV2Y;ZbSzLGdPqKèERpCFKuS J GdP*GHKM|UPqZH|UCFE�S�n J PqY;rÀPUh0r-CTC J E � CFSUR�B J Y;K;K;GbKDnÏPqK
S»ruBg[,EGbRTSUZ�K;P,NDC � nUPqGHKDnÎPqK;ZHGHK;C�SUK;NÊPjoWGHK;C�ND[oK;SUV�GbRTSUZHZd[ÙSUK;NÊr J P ] S ] Zd[�E7CFKuN;GHKDn»E7PqVfC�E7CFS J R8B
k,YDC J GdCFE Ò B;CFK©GdL�GHEÐPqK;ZbGHKDC Ó

?�EEY;V�CQLB;SzL Ò C2BuSF|UC�S�ruBg[,E�GHRTSUZ=KDCTL Ò P JÕ SUZ J CFSUND[©E7CTL�YDr � L7P�SzL7LSUR�BÎS�r�CTC J L7P�S�ruBg[oEGHRTSUZ
KDPoNDC �DÒ CQPqK;Zd[·KDCTCFN�L7PWR J CFSzL7C2S I CTC J ?4r;r Ò GHLB�LBDCQKDPoNDCQSUN;N J CFEE�SUE�LBDC0ruS J SUVfCTL7C JFÓ ?4E!VfCFKo×
LGdPqKDCFN·r J CT|,GHPqY;EZd[ � L7PWRpPqKgL J PqZ�LBDC ] CFBuSF|oGdP J PUhiS�r-CTC J�� CFGHLBDC J S�L J SURpC2P J SUK©?�RpLGd|,GHL\[ s PqKML J PqZHZdC J
RTSUK ] C2Y;E7CFN Ó�å GdLBOSWL J SURpCÔcuZdC � CT|UCFKgLE J CFZHSzL7CFNÍL7P�r�CTC J ] CFBuSF|oGdP J S J C2r J Cp×\ER8BDCFN;Y;ZHCFN ] SUE7CFNOPqK
GdL Ó%å GdLB·SUK·?4RpLGd|oGdLÜ[ s PqKgL J PqZHZHC JF� GHL�GHE�PqK;ZH[�KDCFRpCFEES J [�L7PfGHK;GdLGHSUZbGdéTC�LBDCt?�RpLGd|,GHL\[ s PqKML J PqZHZdC J�Ò GdLB
S I CTC Jpà [,E�SUK;N*S s ZHSUEE à r�CFR Ó @�BDC�hlPqZbZdP Ò GbKDnOLS ] ZHC�GHEÔSUKÊCpÖoRpC J r;L2h J PqV S»ESUVfruZdC �D� � E�R J Gdr;L �
SUZdPqKDn Ò GdLB©S�Er-CFRTGHcuRTSzLGdPqK�PUh>LBDCÔE7[,EL7CFV�ruS J SUV�CTL7C J E#P I CTC J�à [oEhQ�SUK;N©LBDC0L Ò P�RTZHSUEECFE�PUh%r�CTC J E
P s ZHSUE�E à r�CFR � EB;P Ò KÍGHKO@iS ] ZdC�¤U¤�Q Ó4a KO@iS ] ZdC�¤U¤ � @¡r J P ] Ó nUPqGHK;nWPjoWGHK;C�BWGHE!LBDC2r J P ] S ] GHZbGdL\[�hlP J S
r�CTC J L7P©nUPÍPjoWGHKDC�Szh�L7C J S©E�Y;RTRpCFEE7h�Y;Z%k,YDC J [ � SUKuNó@¡h J CTCFZdPqSUNDC J BÍGHK;N;GHRTSzL7CFE Ò BDCTLBDC J S�r�CTC J YuE7CFE
LBDC0E[,E7L7CFV Ò GdLBDPqYDL�EBuS J GHKDnfSUKg[�PUh%GdLEÐP Ò K Ó
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ñ�úZõ�ö@ö2òiñ�ò'FUÿ<òiüZñ�ñ�úUò��$õ�ö2ñ2þLõ��¡ýUñ�õG÷ ð ÷jù(ñ�úUò ôjÿiÿ<ò1öLöR�¡ô ð �	#�õQ�Zñ�ú�÷jþ@ñ�úUò�ó�õ ð C��Uò1ó�ô%�F÷ ð ñ�úUò��$ôjÿ1C���÷ ð ò
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÷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
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� ��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 �ZõQÙõQ�$ýZôjó/#P÷jþ1C,ö2ñ�ô_ñ�õG÷ õ ö�� ¡ �
�Zõ�,õQ�Zõ õ	� ñ�úUò/ñ2÷jüV÷Ió�÷ � ��ûÛ÷��Uò1ó�õ õ ñ�úZõ�ö�#'ô�� � #Pò � ôjõ õ ôÛó�õ õ ò1ô_þ õ õ ÿ<þ�ò1ôjö�ò�õ õ ñ�úUò�÷�jòiþLôjó�ó�öLõ�Giò�÷jù ñ�úUò
ñ2÷jü�÷IóG÷ � � � �$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����
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Ì V Ä\Ã�Áo¼�¶���Î ,ÿ ý �_þ õ	� #"þ�ú�ú õ ýZû��µûiþ<ÿjù	üZþ�ÿÙÿ'û�ü1ü1ÿjþ�ü
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� �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
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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 � � � �

�nm N
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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_�$üDú ý úDû ����� j���ÿ�j�«Sþ õ{| �µû�� ý �Sþ�ÿ�g"ÿ��Pú��	û � � � © ÿ ��u�� �Mþ�j��
� û ý j��Mþ�û���ûh�_x ý i�i�g1ÿ�i�g�þ ý úDû���xÕü1û�úDú1þ õ{| g�û���û�� ý�õ úIüDú ý úDûw� ý g�þ ý ����û�ü;ÿ��Jú��MûNÿ�ú��	û�gvû õ mÊÿ��<ú��	û � � �
j'ÿ õMõ û�j'ú1þQÿ õ ��� �	û õ ú��Mû]�Tl	û�l	û�ü�g1û�ü�l�kÏû�ÿ�iµû�g ý ú1þ�ÿ õ ü u g�û�ü1þ�m�l ý �]i ý j�«�û�ú1ü��g1ÿ�²�û õ þ õ ú��	û]�_lMû�l	û�ü
m�l{g:þ õ{| ú��	û�� ý üDú�úHg ý�õ ü1þ�ú1þ�ÿ õ�ý g1û�m	û��Qþy��û�g1û�m�úDÿ{ú��	û�þyg�m	û�üDú1þ õ-ý ú1þ�ÿ õ ü ý ��ú��	ÿ�l | � � þ����4�µû:mMþ_ü�j ý g�m	û�m ý ü
ÿ��-üDÿ��Qû�úDû,m ý ú ý �µû�j ý lMüDû[ú��Mû�g1û�j'û�þy�Sþ õ{| � � � ü ç üDú ý úDû�ü
� ý ��û,�/û�û õ l{i4m ý úDû�m��
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�iû,� ý ��ûPm	û�ü�jVg�þy�µû�m�ú��	û���g ý kÏû � ÿ�g�«dúDÿdüHiµû�û�m³l{i � � � © ÿ � ü1þ�k:l�� ý ú1þ�ÿ õh� þ�ú�� � � � ú��{g1ÿ�l | �{i�l	ú
i�g1û�m-þ�j'ú1þ�ÿ õ � � �Mþ_ü;üDû�j'ú1þ�ÿ õ þQüPm	û�mMþ�j ý úDû�mÙúDÿ£m	û�ü�jVg�þy�-þ õ�| ú � ÿ�úDû�j�� õ þ$�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_�$üDú ý úDû�i ý ú���j'ÿ õ mMþ�ú1þ�ÿ õeu þe�~û�� uAý i ý ú�� � þ�ú��ÕüDú ý ú1þ�ÿ õMý g�x g ý�õ mMÿ�k �Qÿaü1üDû�ü���� õ i ý g1ú1þ�j�l�� ý g u ú��	û
��û õ{| ú��{ÿ���ú��	û;ü���ÿ � üDú ý g1úGi�� ý üDû ý�õ m{ú��	û`��û õ{| ú���i õ l�kP�µû�g¨ÿ�� � R � ü � þ�ú��Mþ õ�ý � ":u	ý ü � û���� ý ü<ú��	û
ý kÏÿ�l õ úJÿ��vm ý ú ý úHg ý�õ üH�×û�g�û�m³m�l{g�þ õ{|vý � " j ý�õYý ���e�/û[üDú ý ú1þ_üDú1þ�j ý ���yxm	û�úDû�g�kNþ õ û�m��
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Ð ý g | û�g�ü�i/û�û�m�l{iæj ý�õ �µû�ÿ��-ú ý þ õ û�mæ�_x l-ü1þ õ{| ü��	ÿ�g1úDû�g�úHg ý�õ ü1þQû õ ú
iµû�g�þ�ÿ�mMü�� "�õ ú��	ûvÿ�ú��	û�g`� ý�õ m uµý
úHg ý�õ ü�þ�û õ ú
iµû�g�þ�ÿ�m�ü��	ÿ�l���mæ�µû:��ÿ õ�| û õ ÿ�l | �ÕúDÿj ý i-ú�l{g1ûIú��	ûÏüDúDû ý m{x_�$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>¥ sb �:�

��´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 sFsb�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
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ý ú ý i�i�g1ÿ��	þ�k ý úDû��yx�ú��	û;ü ý k@û�g ý úDû ý üRÈ ��� �
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�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 � � �
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¸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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Approximation

Direct measurement prediction
Packet-based

��%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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Approximation(Formula Prediction)

Approximation
95% Confidence Interval

��%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
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Packet Based

��%1�3�*�,��� � � f l	û�lMû[ÿTj�j�l{i ý�õ jVx X i ý j�«�û�ú0��� ý üDû�m

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^�$üDú ý úDûniµû�g�þQÿTmÊþ õ UWþ | l{g�û !JV � � �	û ý ��û�g ý�| û ��leËµû�g�ÿ�j�j�l{i ý�õ j�þQû�ülÿ*��û�g@ú��	û
� �	ÿ��Qû;ü1þ�k:l�� ý ú1þ�ÿ õ{ý g1û ¥ [S� sFsNý�õ m ´F� �dG �Tu g1û�üHiµû�j'ú1þy��û��yx u{� þ�ú�� ý mMþ Ëµû�g1û õ j'û[ÿ��FG	� !$# �

6"718$7�9�7	9 Þ � _ � ¤T§Iø � ª�N�¦���O�� � ��¦a` � ¤ ` ø �H¦m`Z�Bª��8¦a`�� ¤ ���v�

¢
���,� � /q� �r�A�*��2 � ��R]� ��� �M R l	ûvúDÿ�ú��	ûvü1ú ý ú1þQüDú1þ�j ý � õMý ú�l{g1û�ÿ��*ÿ�l{g ý i�i�g1ÿ ý j���þ õ m	û�úDû�g�kNþ õ þ õ{|
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
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Approximation on LANs

95% Confidence Interval
Average Prediction Error

�Hb��������?É�c3� ��±�±I²a´��0³�º�¹�®a³'´$¬l´$¬ � �kæC¶

¸�´$¬�¬0°>¸�®a³�´$¬�õdQ�° ¸�´$¬�¶·®·²mµ�¸�®E¹ � �Äæ ®·´"±�´ ¿ ´"Ë"Ê;öC¯0°\²a°�®a¯�° ¿ ³�¬!#¶x¯�¹Nô"°n¼0° ¿ ¹>Ê�¶�´"» a º�¶�´"² ? º�¶E¹"¬�¼
÷I¹"¬�¼�ö�³�¼0®a¯)ô�¹ ¿ µ0°>¶i²m¹"¬0Ë$³	¬0Ën»�²m´$º a [$BZ÷I±I¶x®·´ ¥ ["[$B5÷�±I¶ Î ¹"¬�¼Z¶a³�ºSµ ¿ ¹�®·°P¹�¬µ�º}÷�°\²x´"»��NS � 4�´,ö�¶
µ�¶a³	¬0Ës®a¯�° ¼I³'²a°>¸�®�ºn°>¹"¶aµ0²a°>º�°>¬�®P±�²m°>¼�³�¸�®a³'´$¬�õ O ³'Ë$µ�²a°�=�eW¶m¯0´Nö�¶�®a¯�°�¹>ô"°\²m¹�Ë"°�4I´NöÏ±�²a°>¼I³�¸�®a³'´$¬q°\²·ø
²a´"²m¶L»1´"²x¹S¬µ�º}÷�°\²L´"»&�HS � ®a¯0²a´$µ�Ë$¯0±Iµ0®Lô�¹ ¿ µ0°>¶ Î ¹ ¿ ´$¬0Ë ö�³'®a¯s®a¯0°gf !$# ¸�´$¬R+I¼0°>¬I¸�°�³	¬�®·°\²aô�¹ ¿ ¶\õªæC´"®
´$¬ ¿ ÊZ¹�²m°}®a¯0°S°\²a²a´"²¾¶Cô"°\²mÊ5¶aº�¹ ¿�¿ Î ÷Iµ0®E®a¯0°\²a° ³�¶E¬0´)®·²a°>¬�¼w´"»Á³�¬�¸�²a°>¹"¶m³�¬0Ë�°\²a²m´"²�¹"¶E®a¯0°S®a¯0²a´$µ�Ë$¯0±Iµ0®
³�¬�¸�²m°>¹"¶·°>¶\õ

O ¿ µ�³	¼�4�´Nö ºn´�¼0° ¿ ¶ ¹ ¿ öL¹NÊ¶S¹"¶a¶aµ�º�°s¹"¬c¹>ô"°\²m¹�Ë"°l÷�°>¯�¹>ô�³'´"²Ch.ºn°>¹"¬�ø�ô�¹ ¿ µ0°_i�´,ô"°\²�¸�°\²a®a¹"³�¬v®a³�ºn°
¯0´"²m³jZ\´$¬�¸\¹ ¿�¿ °>¼k�|ý üml �on,p ü õq� ¿�¿ ®a¯0°w¶·°>¸�´$¬I¼�´"²m¼0°\²)¶·®a¹�®a³�¶·®a³	¸\¶W¹�²a°5³�Ë$¬0´"²a°>¼�»1´"²W®a¯�°>³'²W³�ºn±3¹"¸�®�´$¬
¶·®a¹�®a³'´$¬I¹�²aÊq¬�°\®ÃöL´"²$#w÷�°>¯�¹Nô³�´"²>õr�¬.U;V�G�W Î ®a¯�° ¹"µ�®a¯0´"²m¶ ¸\³'®·°�¹;¶m³'®aµ�¹�®a³'´$¬qö�¯0°\²m°S®a¯�°>³'²P4Iµ�³�¼qºn´�¼0° ¿
³�¶i¬0´"®x¹"¸\¸\µ0²m¹�®·°P÷�°>¸\¹"µ�¶a°E´"»*³'®a¶L»1¹"³ ¿ µ0²a°�®·´�¸\¹�±I®aµ0²a°�®a¯0°�¸�´"²a²a° ¿ ¹�®a³'´$¬l÷�°\® ö]°\°>¬��HS �ds ¶Lö�³�¬�¼�´NöÇ¶a³,Z\°
¹"¬�¼Â®a¯�°Z±�°\²m¸�°>³'ô"°>¼ ¿ ´$¶m¶�¹�²a²m³'ô�¹ ¿ õ O ³'Ë$µ�²a°5=@Vt¶a¯�´Nö�¶�¹"¬�´"®a¯0°\²W°��0¹"ºn± ¿ °5ö�¯0°\²a°;®a¯0°wºn°>¹"¬�ø�ô�¹ ¿ µ0°
4Iµ�³	¼wºn´�¼0° ¿ ¸\¹"¬t¼I³'ô"°\²aË"°n»1²a´$ºÅ®a¯0°n±I¹"¸'#"°\®ø ¿ °\ô"° ¿ ¶m³�º}µ ¿ ¹�®a³'´$¬�õ`��¯�³�¶�³�¶P¹;¸\¹"¶·°�´"»L÷I¹"¼ ¿ ´$¬�Ë�ø�®·°\²mº
».¹"³'²m¬0°>¶a¶�¹"ºn´$¬�ËZ¸�´$ºn±�°\®a³�¬0Ë;4�´,ö�¶\õt�Y¬?®a¯0°n°���±�°\²m³�ºn°>¬r® Î öL°�¯�¹>ô"°W¹;¼Iµ�º�÷I÷�° ¿	¿ ®·´"±�´ ¿ ´"Ë"Êqö�³'®a¯�¹
÷�´"®·® ¿ °>¬0°>¸'# ¿ ³�¬R#)³�¬;®a¯0°�¸�°>¬r®·°\²P¹"¬�¼ ! [s¯0´$ºn´"Ë"°>¬0°\´$µ�¶ ¿ ³�¬!#¶i´$¬5°>¹"¸m¯?¶a³�¼0°"õ6��¯0°\²a°}³�¶�¹P�NS � 4�´,ö
»1²a´$ºÄ°>¹"¸m¯c¬0´�¼0°�´$¬�®a¯�° ¿ °\»1®�¶a³�¼0°n®·´w¹5¬0´�¼0°n´$¬t®a¯�°�²m³'Ë$¯r® ¶a³�¼0°"õu� ¿�¿ ®a¯0°�4�´,ö�¶ ¯�¹Nô"°W®a¯0°)¶a¹"ºn°
®·²m¹"¬�¶a»�°\² ¿ °>¬0Ë"®a¯l¹"¬�¼)¹�²a°�¶·®a¹�²a®·°>¼l¶a³�ºSµ ¿ ®a¹"¬0°\´$µI¶ ¿ Ê"õ���´ ¹>ô"´$³	¼)¶aÊ¬�¸¾¯0²a´$¬�³jZ>¹�®a³'´$¬vU8e[w[W Î öL°�¹"¼�¼l¶·´$ºn°
¶aº�¹ ¿	¿ ®·²m¹"¬�¶·»1°\²m¶P®·´w®a¯0°�÷�´"®·® ¿ °>¬0°>¸'#3õ���¯�°x+�Ë$µ0²a°W¶m¯0´Nö�¶�®a¯�¹�® ®a¯0°s4�´NöC¶�¼�³ Ë�°\² ¹"¶Sº}µ�¸¾¯v¹"¶tV�[ #
³�¬�®a¯0°y+I¬�³�¶a¯t®a³�ºn° Y ®a¯0²a´$µ�Ë$¯0±Iµ0® Î ö�¯�³	¸m¯c³�¶�¸ ¿ ´$¶a° ¿ Êv¹�±�±�²m´��0³�º�¹�®·°>¼�÷rÊt®a¯�°)¼�³�²a°>¸�®Sº�°>¹"¶aµ0²a°>ºn°>¬r®

a w�G



5000

5500

6000

6500

7000

7500

8000

8500

9000

9500

10000

0 5 10 15 20 25 30 35 40 45 50

Fi
ni

sh
 T

im
e(

se
c)

Flow #

Long-term Fairness

Direct Measurement Prediction 
Packet-level Simulation

�*b1�3�*�,�?ÉI�A� Si¹�±�®aµ�²m³�¬0Ë ®a¯0°P®·²m¹"¬I¶a³'°>¬�¸�°

±�²a°>¼I³�¸�®a³'´$¬;÷Iµ�®xö]´$µ ¿ ¼5¬0´"®�¯I¹>ô"°S÷�°\°>¬5²a°\ô"°>¹ ¿ °>¼wö�³'®a¯;43µ�³�¼;ºn´�¼0° ¿ ¶\õ � ³�¬I¸�°P4Iµ�³�¼;ºn´�¼0° ¿ ¶�²a° ¿ Êl´$¬
¹�Ë"Ë"²a°\Ë$¹�®a³'´$¬v´"»]4I´Nö�¶P¹"¬�¼�³�Ë$¬0´"²a°n¹"¸�®a³'´$¬�¶ ¶a±�°>¸\³j+I¸�®·´w³�¬�¼�³'ô�³�¼�µI¹ ¿ 4�´NöC¶ Î ¹ ¿�¿ ®a¯0° 4�´,ö�¶Pö�³ ¿	¿ ¯�¹Nô"°
®a¯0°�¶m¹"ºn°P®a¯0²a´$µ0Ë$¯�±Iµ0®�U;V�G Î f a W�õ

Q�°l¯�¹>ô"°)öi¹"¬�®·°>¼c®·´w¯I¹>ô"°;¹5ºn´"²m°s¸�´$ºn±�²m°>¯0°>¬�¶a³'ô"°s¸�´$ºn±I¹�²m³�¶a´$¬t÷�°\®ÃöL°\°>¬c®a¯0°W4IµI³�¼�ºn´�¼0° ¿ ¶
¹"¬�¼w´$µ0²E®·°>¸m¯�¬�³{zrµ0°Sµ�¶a³�¬�Ë�®a¯0°S®·´r´ ¿ ¼0°>¶a¸�²m³�÷�°>¼w³�¬BU;f a W Î ¯0´,ö]°\ô"°\² Î ö]° ¹�²a° ¬0´"®E¹�÷ ¿ °�®·´)´"÷�®a¹"³�¬w®a¯0°
®·´´ ¿ ¹�®�®a¯�³�¶�ºn´$ºn°>¬r®�®·´�±�°\²a»1´"²mº ¸�´$ºn±I¹�²m¹�®a³�ô"° °��±�°\²m³	ºn°>¬�®a¶>õ

D"|�} ¦W§tG~G ¾ÄÅ��

��¯�³	¶)¸¾¯�¹�±�®·°\²Z±I²a´"±�´$¶·°>¶)®·´�¶·±�°\°>¼ªµ0±Ç®a¯0°t¶a³�ºSµ ¿ ¹�®a³'´$¬À´"»r�NS � 4�´,ö�¶l÷rÊÀ±�²a°>¼�³	¸�®a³�¬0Ëk¹"¬�¼ª¹�Ë�ø
Ë"²a°\Ë$¹�®a³�¬�ËÂ±I¹"¸$#"°\®;°\ô"°>¬r®a¶Z÷I¹"¶a°>¼À´$¬Ç®a¯�°q±I²a°>¼�³�¸�®a¹�÷I³ ¿ ³'®ÃÊk´"»S¶·®·°>¹"¼0ÊrøÃ¶·®a¹�®·°��HS � ÷�°>¯�¹Nô³�´"²>õ�Q�°
¼0°>¶a³�Ë$¬�¹t±I²a°>¼�³�¸�®a³'´$¬0ø�÷I¹"¶·°>¼�¶a³	º}µ ¿ ¹�®a³'´$¬Â»1²m¹"ºn°\öL´"²$#Â®·´�µ�¶a°5®a¯0°w±�²a°>¼�³�¸�®·°>¼�4�´NöC¶W¹"¬�¼{¼0°>¶a¸�²m³�÷�°
®ÃöL´?®·°>¸m¯�¬I³jzrµ�°>¶ ®·´q±�²a°>¼�³�¸�®}®a¯0°s¹Nô"°\²m¹�Ë"°;®a¯0²a´$µ�Ë$¯0±Iµ0® ´"»�¹q¶·®·°>¹"¼0ÊrøÃ¶·®a¹�®·°��HS � 4�´,ö Î ®a¯0°s¼I³'²a°>¸�®
ºn°>¹"¶aµ�²a°>ºn°>¬r®ø�÷I¹"¶·°>¼{±�²a°>¼�³	¸�®a³'´$¬�¹"¬�¼À®a¯0°-�NS � ®a¯�²a´$µ0Ë$¯0±Iµ�®�»�´"²¾º}µ ¿ ¹�ø�÷I¹"¶·°>¼À±�²a°>¼�³�¸�®a³�´$¬�õ�^�µ0²
²a°>¶aµ ¿ ®a¶i¶a¯0´Nö ®a¯�¹�®x®a¯0°P±�²a°>¼I³�¸�®a³'´$¬�ø�÷I¹"¶a°>¼s¶a³	º}µ ¿ ¹�®a³'´$¬l¹"¸m¯�³'°\ô"°>¶C¶a³'Ë$¬�³j+I¸\¹"¬�®i¶·±�°\°>¼�µ0±l´,ô"°\²�±I¹"¸'#"°\®ø
÷I¹"¶·°>¼�¶m³�º}µ ¿ ¹�®a³'´$¬?¹"¬�¼?®a¯0°�¶·±�°\°>¼�µ�±?³	¬�¸�²a°>¹"¶·°>¶P¼0²¾¹"º�¹�®a³�¸\¹ ¿�¿ Ê5ö�³'®a¯?®a¯0°n¶a³,Z\°n´"»i¹l®·²m¹"¬�¶a»�°\²>õ%��µ0°
®·´n®a¯0° ¹"¶a¶mµ�ºn±�®a³'´$¬)º�¹"¼0° ¹�÷�´$µ0®x³�¬r®·°\²·ø ¿ ´$¶m¶i®a³�ºn°>¶ Î ®a¯0°P»1´"²mºSµ ¿ ¹}±�²a°>¼�³�¸�®a³�´$¬)³	¶L¬�´"®xô"°\²aÊs¹"¸\¸\µ0²¾¹�®·°
µ�¬�¼�°\²~¸�´$º�± ¿ °�� ±I¹�®a¯n¸�´$¬�¼�³'®a³�´$¬�¶\õ*jE¬�¼0°\²�¶m³�ºn± ¿ °��S¸�´$¬�¼�³'®a³'´$¬I¶ Î ¯0´NöL°\ô"°\² Î »�´"²mºSµ ¿ ¹�ø�÷3¹"¶·°>¼n¹"¸m¯�³�°\ô"°>¶

a w !



Ë"´´¼�¹�±�±�²a´���³�ºW¹�®a³'´$¬?ö�³'®a¯t¹5¶a¯0´"²a®·°\²�º�°>¹"¶aµ0²a°>ºn°>¬r® ±�°\²m³'´�¼?®a¯�¹"¬�²m°�zrµ�³�²a°>¼?´"»i®a¯0°W¼�³'²m°>¸�® ºn°>¹�ø
¶aµ0²m°>ºn°>¬�®�±�²m°>¼�³�¸�®a³'´$¬ Î ¶a³	¬�¸�°S¼I³'²a°>¸�®Pºn°>¹"¶aµ0²m°>ºn°>¬�® ³	¶Eº�´"²a°�¶·°>¬�¶a³�®a³'ô"°}®·´;®a¯�°n®·²m¹"¬�¶a³'°>¬r®�÷�°>¯�¹>ô�³'´"²
´"»g�HS � ¸�´$¬0Ë"°>¶·®a³�´$¬{¸�´$¬r®·²a´ ¿ õ�Si´$ºn±I¹�²a°>¼�®·´�4IµI³�¼�ºn´�¼0° ¿ ¶a³	º}µ ¿ ¹�®a³'´$¬�¶ Î ´$µ0²)±�²a°>¼�³�¸�®a³�´$¬�ø�÷I¹"¶·°>¼
¶a³�ºSµ ¿ ¹�®a³�´$¬Â³�¶n°>¹"¶a³'°\²W®·´v÷�°Z³�¬r®·°\Ë"²m¹�®·°>¼�ö�³�®a¯Â±I¹"¸$#"°\®ø ¿ °\ô"° ¿ ¶a³	º}µ ¿ ¹�®a³'´$¬ Î ¹"¬I¼�³�¶�ºn´"²m°ZË"°>¬0°\²m¹ ¿�¿ Ê
¹�±�± ¿ ³�¸\¹�÷ ¿ °"õyQ{¯�°\²a°>¹"¶�®a¯�°s¹�Ë"Ë"²a°\Ë$¹�®a³'´$¬k´"»x°\ô"°>¬r®a¶ ³�¬v¹-�HS � 4�´Nö ¶a³�ºSµ ¿ ¹�®a³�´$¬t³�¶ ÷3¹"¶·°>¼t´$¬�®a¯0°
±�²a°>¼I³�¸�®a¹�÷I³ ¿ ³�®ÃÊt´"»"�HS � ¶a®·°>¹"¼0Ê�øÃ¶a®a¹�®·° Î ®a¯0°5³�¼0°>¹q´"»P¹�Ë"Ë"²a°\Ë$¹�®a³�¬�Ëv±I¹"¸'#"°\®W°\ô"°>¬r®a¶�´"»P¹?4�´Nö ö�³'®a¯
±�²a°>¼I³�¸�®a¹�÷ ¿ °�÷�°>¯�¹>ô�³'´"²�³�¶�¹�±�± ¿ ³�¸\¹�÷ ¿ °C®·´W®a¯0°�¶a³�ºSµ ¿ ¹�®a³�´$¬s´"»~´"®a¯0°\²�±�²a°>¼�³�¸�®a¹�÷ ¿ °�4�´Nö�¶>õ

a w"=



�q���������T� �����

�������R� ��� �����������������]������� ��� ���q� ������������� �R�

���T��� �����  `�R� �¡�\�	�������¢ £����¤¡�B� �¥�R��� �¦�q�§¤

�����¢ r�������R���� 

EN|¨ ©&ª�«[¬®6LN¯P°±«[²MHª

³ °\®ÃöL´"²$#n¸�´$¬�¼�³'®a³'´$¬I¶F¹�²m°�¸�´$ºn± ¿ °��S»1µ�¬I¸�®a³'´$¬�¶F´"»3÷�´"®a¯S®a¯0°x´[´�°\²a°>¼n®·²m¹[µs¸x¹"¬�¼ ®a¯0°i±I¯rÊ¶a³	¸\¹ ¿ ¸�´$¬!+�Ë�ø
µ0²m¹�®a³�´$¬ ´"»0®a¯0°L¬0°\®ÃöL´"²$# Î ¬I¹"ºn° ¿ Ê�®a¯0°Á®·´"±�´ ¿ ´"Ë"Ê Î ¿ ³�¬R#C¸\¹�±3¹"¸\³'®a³'°>¶F¹"¬�¼ ²a´$µ�®·°\²*÷IµR´�°\²F¶a³,Z\°>¶\õ/Q{¯0°\²m°>¹"¶
ºn´�¼0° ¿ ¶*»�´"²~÷�´"®a¯}®·²m¹[µW¸i¹"¬�¼S®·´"±�´ ¿ ´"Ë"Ê °��0³�¶·®¶U;w[· Î w@¸W�¹"¬I¼S¹�²m°iµI¶·°>¼�»1´"²K¶a³�ºSµ ¿ ¹�®a³'´$¬ Î ®a¯0°\ÊSº�¹>Ê ¿ °>¹"¼
®·´ µ�¬0²a°>¹ ¿ ³	¶·®a³�¸ ¿ ³�¬!#S¸�´$¬�¼I³'®a³'´$¬�¶]³'»�®a¯0°�´[´�°\²a°>¼ ¿ ´$¹"¼)³�¶Á¬0´"®]®a¹"³ ¿ ´"²a°>¼s®·´S®a¯0°C¬0°\® ö]´"²'#W¸�´$¬R+�Ë$µ0²¾¹�®a³'´$¬ Î
¹"¶S¬0´"®·°>¼t÷Êt¶·´$ºn°s±�²a°\ô�³'´$µ�¶PöL´"²$#¹U a�º ·@W�õ�»C¬�»�´"²a®aµI¬�¹�®·° ¿ Ê Î ¹"¶�öL°s¼�³	¶a¸\µ�¶a¶P³�¬¼Si¯�¹�±�®·°\²¾¶ a ¹"¬�¼ ? Î
°��0³�¶·®a³�¬0Ël®·²m¹[µs¸ Ë"°>¬0°\²m¹�®a³'´$¬tº�°\®a¯0´¼I¶E¹�²m°�³�¬?Ë"°>¬0°\²m¹ ¿ ³�¶a´ ¿ ¹�®·°>¼?»�²m´$ºÅ®a¯0°�¬0°\®ÃöL´"²$#�¸�´$¬R+�Ë$µ�²m¹�®a³'´$¬
¹"¬�¼ ¿ ¹"¸$#;¸�´$¬�¶a³�¼�°\²m¹�®a³'´$¬�¶i»1´"²�®a¯0° ¿ ³�¬R#W¸�´$¬�¼I³'®a³'´$¬�¶i®a¯�¹�®�ö�³ ¿�¿ °>¬�¶aµ0°"õ

�¬{®a¯�³�¶sö]´"²$# Î öL°�¹�²a°�¸�´$¬�¸�°\²m¬0°>¼{ö�³'®a¯ÀË"°>¬0°\²m¹�®a³	¬0Ë�®·²¾¹[µW¸q»�´"²;¬0°\® ö]´"²$#{¶a³�ºSµ ¿ ¹�®a³'´$¬I¶W¶aµ�¸¾¯
®a¯�¹�® ®a¯0°)²a°>¶aµ ¿ ®a³�¬0Ëw¸�´$¬I¼�³'®a³'´$¬�¶�´$¬k¸�°\²a®a¹"³�¬ ¿ ³�¬!#¶ Î ö�¯�³	¸m¯�ö]°l¸\¹ ¿�¿ ý¾½ þ 
rü ýg¿Àn ÿRÁ � Î ¹�²a°l¹"¶n¶·±�°>¸\³,+�°>¼
÷ÊW®a¯0°P¶a³�ºSµ ¿ ¹�®a³�´$¬)µI¶·°\²m¶\õ�Q�° ±�²m´"±�´$¶a°E¹nºn°\®a¯�´¼0´ ¿ ´"Ë"ÊW»1´"²x®a¯0°�´"±�®a³�º�¹ ¿ ¸�´$¬R+�Ë$µ�²m¹�®a³'´$¬l´"»�®·²¾¹[µW¸
µ�¬�¼�°\²�®a¯0°}¶a±�°>¸\³j+�°>¼ ¿ ³�¬!# ¿ ´$¹"¼w¸�´$¬�¶·®·²m¹"³	¬�®a¶\õd��¯0°�¹ ¿ Ë"´"²m³�®a¯�º ®a¹[#"°>¶�¹"¶E³�¬0±Iµ0®�¹s¼0°\®a¹"³ ¿ °>¼w¬0°\®ÃöL´"²$#
¸�´$¬R+�Ë$µ�²m¹�®a³'´$¬W¹"¬I¼�®a¯0°�®a¹�²mË"°\® ¿ ³�¬R#}¸�´$¬I¼�³'®a³'´$¬�¶>õ/�Y®�®a¯0°>¬)¸�´$¬R+�Ë$µ0²m°>¶�®a¯0°�®·²¾¹[µW¸�³�¬r®·°>¬�¶a³�®ÃÊ ÷�°\®ÃöL°\°>¬
°>¹"¸m¯w±I¹"³'²x´"»~¶·´$µ0²¾¸�°�¹"¬�¼Z¼0°>¶a®a³�¬�¹�®a³'´$¬;¬0´�¼0°>¶ Î ¶mµ�¸m¯;®a¯I¹�®�¹ ¿�¿ ®a¹�²aË"°\® ¿ ³�¬R#W¸�´$¬I¼�³'®a³'´$¬�¶x¹�²m°�¹"¸m¯�³�°\ô"°>¼
¹�®�®a¯0°}¶a¹"ºn°P®a³�ºn°"õ

��¯�°}®·²m¹[µs¸�Ë"°>¬0°\²¾¹�®a³'´$¬�ºn°\®a¯0´�¼0´ ¿ ´"Ë"ÊZöL° ±�²a´"±�´$¶·°S³�¬5®a¯I³�¶�öL´"²$#5³	¶C»1´"²P¸ ¿ ´$¶·°>¼�ø ¿ ´r´"±?¬0°\®ÃöL´"²$#
¶a³�ºSµ ¿ ¹�®a³�´$¬�¶\õ%�Y¬t±I¹�²a®a³�¸\µ ¿ ¹�² Î ³'®�µ�¶a°>¶ ¹Zº�³Â��®aµ0²a° ´"»i±�°\²m¶a³�¶a®·°>¬�®Ã�HS ��Ä ´NöC¶ ¹"¬�¼B^ ³ Y ^ O�O »N� �
Ä ´,ö�¶ Î ö�¯�³�¸¾¯ ³�¶�®a¯0°Á®·²m¹[µs¸Áºn´�¼0° ¿ ºW¹"¬�Ê ¬0°\® ö]´"²'#�¶·®aµ�¼�³�°>¶Aµ�¶·°"U ? e Î a�º wW�õ���¯0°±»H� �¦Ä ´,ö�¶AË"°>¬0°\²¾¹�®·°
¹;¶aº�¹ ¿	¿ »1²m¹"¸�®a³'´$¬?´"»L®a¯0° ®·²m¹[µW¸¥h1® Êr±3³�¸\¹ ¿�¿ Ê ¿ °>¶a¶�®a¯�¹"¬ a ·MÅ�iP¹"¬�¼?®a¯0°\Êw¹�²m°�³�¬�®·°>¬I¼0°>¼q®·´5¶a³�ºSµ ¿ ¹�®·°
¹�±�± ¿ ³�¸\¹�®a³'´$¬�¶S¶aµ�¸¾¯c¹"¶%� ³ÃÆ ¹"¬�¼k¶·®·²a°>¹"º�³�¬�Ëq¹"µ�¼I³'´ Y ô³	¼0°\´0õ�^�µ0²SË"´$¹ ¿ ³�¶�®a¯�°>¬�®·´t¸�´$¬!+�Ë$µ0²a°)®a¯0°
¬µ�º�÷�°\²�´"»¹�HS �ÇÄ ´,ö�¶�÷�°\®ÃöL°\°>¬s°>¹"¸m¯s±I¹"³'²�´"»�¬0´�¼0°>¶ Î ¶aµ�¸m¯�®a¯�¹�®Á®a¯0°Cµ�¶·°\²·øÃ¶·±�°>¸\³,+I°>¼n¸�´$¬�¼�³'®a³'´$¬I¶K´$¬

a w�e



¹ ¿�¿ ®a¹�²aË"°\® ¿ ³�¬R#�¶x¹�²a° ¹�®·®a¹"³�¬�°>¼�õÈQ�°}º�´¼0° ¿ ®a¯�° ®·²m¹[µW¸PË"°>¬�°\²m¹�®a³'´$¬Z±I²a´"÷ ¿ °>º ¹"¶�¹ ¿ ³�¬0°>¹�²x±�²m´"Ë"²m¹"º Î
ö�¯0°\²m°w°>¹"¸¾¯Çô�¹�²m³	¹�÷ ¿ °5²m°\±�²a°>¶·°>¬r®a¶)®a¯0°q¬µ�º}÷�°\²s´"»`�NS �¡Ä ´Nö�¶)»1²a´$º ¹v±3¹�²a®a³�¸\µ ¿ ¹�²l¶·´$µ0²¾¸�°w®·´Â¹
±I¹�²a®a³	¸\µ ¿ ¹�²�¼0°>¶a®a³�¬�¹�®a³'´$¬ Î ö�³'®a¯5¸�´$¬I¶·®·²m¹"³�¬r®a¶�´$¬5®a¯0°�®a¹�²mË"°\® ¿ ³�¬R#s¸�´$¬I¼�³'®a³'´$¬�¶>õ6QÇ¯�³ ¿ °P´"÷�®a¹"³�¬�³�¬�Ë�®a¯0°
®a¹�²aË"°\® ¿ ³	¬R#Z¸�´$¬�¼�³'®a³�´$¬�¶ Î ®a¯0°n¹ ¿ Ë"´"²m³'®a¯Iº Ë"°>¬0°\²¾¹�®·°>¶ ®·²m¹[µW¸ ³�¬q¶aµ�¸¾¯�¹)öL¹NÊw®a¯�¹�®�®a¯0°n¹Nô"°\²m¹�Ë"° Ä ´,ö
¯0´"±n¸�´$µ�¬r®�³�¶~¹"¶K¶·±�°>¸\³,+�°>¼ Î ¹"¬�¼ ®a¯�°iº�°>ºn´"²aÊ�²m°�zrµ�³�²a°>ºn°>¬r®*´"»3®a¯0°x¶a³�ºSµ ¿ ¹�®a³'´$¬ Î ¼0°\®·°\²¾º�³�¬0°>¼Sºn´$¶·® ¿ Ê
÷Ên®a¯0°E¬µ�º}÷�°\²Á´"»)�HS �TÄ ´,ö�¶"h1ö�³'®a¯W¹}Ë$³'ô"°>¬l¬0°\® ö]´"²$#W®·´"±�´ ¿ ´"Ë"ÊRi Î ³�¶]º�³�¬�³�ºW³,Z\°>¼�õ�^Pµ0²]¹ ¿ Ë"´"²¾³'®a¯�º
°���± ¿ ´$³'®a¶�®ÃöL´s÷I¹"¶m³�¸ ».¹"¸�®a¶É(`h a i�®a¯0°�®a¯0²m´$µ0Ë$¯0±Iµ0®�´"»�¹P�HS ��Ä ´,ö ÷�°\® ö]°\°>¬q¹"¬�Ê5®ÃöL´)¬0´�¼0°>¶C¸\¹"¬w÷�°
¼0°\²m³�ô"°>¼n÷I¹"¶·°>¼n´$¬W®a¯0° ¿ ´$¹"¼s¹"¬�¼ ¿ ´$¶m¶K²m¹�®·°�´"»�®a¯0° ¿ ³�¬R#�¶~´$¬W³'®a¶�±I¹�®a¯ Î ³	¬n¹"¼�¼�³'®a³'´$¬ ®·´}®a¯0°�º�¹�0³�ºSµ�º
¸�´$¬0Ë"°>¶·®a³�´$¬wöC³�¬�¼0´,ö ´"»K®a¯0°%�HS ��Ä ´NöÏ³'®a¶a° ¿ »dU a ·@·@W¾ÊÈh ? ix®a¯�° ¿ ´$¹"¼w´$¬q¹ ¿ ³	¬R# Î ³�¬Z®aµ0²¾¬ Î ³�¶�®a¯0° ¶aµ�º
´"»~®a¯0°P®a¯0²a´$µ�Ë$¯0±Iµ0®i´"»K¹ ¿�¿ Ä ´,ö�¶x®·²m¹Nô"°\²m¶a³�¬0Ës³'®\õ

��¯�°�±�²a´"÷ ¿ °>º ¶·®a¹�®·°>¼ ¹�÷�´Nô"°]³	¶A²a° ¿ ¹�®·°>¼�®·´C®a¯�°�®·²m¹[µW¸]º�¹�®·²m³Â�P°>¶·®a³�ºW¹�®a³'´$¬�¹ ¿ Ë"´"²¾³'®a¯�º ³	¬ ¬0°\®ÃöL´"²$#
²a°>¶·°>¹�²¾¸m¯�U;f[· Î a�º ¸[W�õÈ��¯0°�¸¾¯�¹ ¿�¿ °>¬0Ë"° Î ´"÷ÌË·°>¸�®a³'ô"°>¶i¹"¬�¼W¸�´$¬r®·°���®i¹�²m°C¬0´$¬0°\®a¯�° ¿ °>¶a¶]ô"°\²aÊ�¼�³Â´�°\²a°>¬r®\õ O ´"²
³�¬�¶a®a¹"¬�¸�° Î »1´"²n®a¯0°Z®·²¾¹[µW¸Zº�¹�®·²m³,��°>¶·®a³�ºW¹�®a³'´$¬Â±�²a´"÷ ¿ °>º Î ®a¯0°Z¸¾¯�¹ ¿�¿ °>¬�Ë"°5³�¶n³�¬Â¼0°É+3¬�³�¬0Ëq®a¯0°;÷�°>¶·®
´"±�®a³�ºW³,Z>¹�®a³'´$¬{´"÷ÌË·°>¸�®a³'ô"°�»�´"²;®a¯�° ¿ ³�¬0°>¹�²)±�²a´"Ë"²m¹"º;õ§�Y¬{´$µ0²Z¸�´$¬r®·°��® Î ®a¯0°�¸¾¯�¹ ¿�¿ °>¬0Ë"°?²a°>¶m³�¼0°>¶l³�¬
²a° ¿ ¹�®a³	¬0ËP®a¯0°C¸�´$¬I¼�³'®a³'´$¬�¶~´"»A¹ ¿ ³�¬R#}®·´�®a¯0°�¬µ�º}÷�°\²m¶K´"»¹�HS �BÄ ´NöC¶�®·²m¹Nô"°\²m¶a³�¬0Ë}³'®�÷�°\®ÃöL°\°>¬W¼�³,´�°\²a°>¬r®
±I¹"³'²¾¶i´"»~¶a´$µ0²m¸�° ¹"¬�¼Z¼�°>¶·®a³�¬�¹�®a³'´$¬Aõ

�E¶}¼�°>¶a¸�²m³'÷�°>¼t¹�÷�´Nô"° Î ´$µ0²Sº�°\®a¯0´¼�´ ¿ ´"Ë"Êt¸\¹"¬v÷�°)¸�´$¬�¸�°>³'ô"°>¼k¹"¶}³	¬0»�°\²m²m³�¬0Ë¥�HS ��Ä ´,ö ¸�´$¬!+�Ë�ø
µ0²m¹�®a³�´$¬�¶�÷3¹"¶·°>¼k´$¬c®a¯0°;¶·±�°>¸\³,+�°>¼ ¿ ³�¬R#�¸�´$¬�¼�³�®a³'´$¬�¶\õ¦�¬�®a¯I¹�®S²m°>¶·±�°>¸�® Î ³'® ³�¶}¹ ¿ ¶·´?²a° ¿ ¹�®·°>¼c®·´�®a¯0°
öL´"²$#5²a°\±�´"²a®·°>¼?³�¬vÍ*�"Î � U;V[·[W�õ`��¯I¹�®EöL´"²$#Z²m°>¸�´Nô"°\²m¶�±I¹�®a¯?¹"¬�¼ Ä ´Nö ³�¬�»�´"²mºW¹�®a³'´$¬5»1²a´$º ±I¹"¸'#"°\®
®·²m¹"¸�°>¶P¹"¬�¼q´"÷�®a¹"³	¬�¶�¹s».µ ¿�¿ ®·²m¹[µW¸S±�²a´@+ ¿ °}³�¬I¸ ¿ µ�¼�³�¬�Ën®a¯0° ®·²m¹[µW¸ º�³Â� ÎXÄ ´NöÏ¶a³,Z\°n¼�³�¶a®·²m³'÷Iµ0®a³�´$¬Z¹"¬�¼
¹�²a²m³�ô�¹ ¿ ²m¹�®·° Î öC¯�³�¸m¯;¸\¹"¬Z®a¯0°>¬;÷�°Pµ�¶·°>¼;®·´n±�´"±Iµ ¿ ¹�®·°�¹n¬�°\®ÃöL´"²$#;¶a³�ºSµ ¿ ¹�®a³'´$¬�õ�S ¿ °>¹�² ¿ Ê Î ®a¯0°PË"´$¹ ¿ ´"»
Í*�"Î � ³�¶�¬0´"®P®·´Z¸�´$¬R+IË$µ0²a° ®·²m¹[µW¸ ®·´5ºW¹�®a¸m¯tµ�¶a°\²·øÃ¶·±�°>¸\³,+�°>¼ ¿ ³�¬R#w¸�´$¬�¼�³'®a³'´$¬I¶ Î »1¹�² ¿ °>¶m¶�®·´Z¼0´Z¶·´
»1´"²�¹�¬0°\® ö]´"²$#l´"» ¿ ³�¬!#¶\õ

��¯�° ¸�´$¬�®·²m³�÷Iµ0®a³'´$¬�¶i´"»F®a¯�³�¶�ö]´"²$#l¸\¹"¬Z÷�°P¶aµ�ºWº�¹�²m³,Z\°>¼;¹"¶�»�´ ¿�¿ ´Nö�¶É(

Ï Q�° ¼�°\ô"° ¿ ´"±;¹Sº�´¼0° ¿ ®·´n¸�´$¬R+�Ë$µ0²m°C®·²m¹[µs¸C»1´"²x¸ ¿ ´$¶·°>¼�ø ¿ ´r´"±;¬0°\® ö]´"²$#)¶a³�ºSµ ¿ ¹�®a³'´$¬I¶Á¶aµ�¸¾¯)®a¯�¹�®
¶a±�°>¸\³j+I¸ ¿ ³�¬R#s¸�´$¬�¼�³'®a³'´$¬I¶x¹�²a°�¹�®·®a¹"³�¬0°>¼Z´$¬5¸�°\²a®a¹"³�¬ ¿ ³�¬R#�¶\õ��Y¬5¼0´$³�¬0Ë ®a¯�¹�® Î ö]°�¹ ¿ ¶·´�º�¹"³�¬r®a¹"³�¬
¹"¬�¹Nô"°\²m¹�Ë"°W¯0´"±t¸�´$µI¬�®P³�¬q®a¯0° Ë"°>¬0°\²m¹�®·°>¼?®·²¾¹[µW¸ Î ¹"¬�¼?º�³�¬I³�º�³,Z\° ®a¯�° ¬µ�º}÷�°\²E´"»]²a°�zµ�³'²a°>¼
�NS �	Ä ´,ö�¶�¶·´s¹"¶x®·´�²a°>¼�µI¸�°P®a¯0°�ºn°>ºn´"²mÊs²a°�zµ�³'²m°>ºn°>¬�®x´"»F®a¯0°�¶m³�º}µ ¿ ¹�®a³'´$¬�õ

a w@V



Ï Q�°;°\ô�¹ ¿ µ�¹�®·°l¹"¬�¼k¹"¬�¹ ¿ ÊÐZ\°l®a¯0°l¹"¸\¸\µ0²m¹"¸�Êv´"»C®a¯0°l¹ ¿ Ë"´"²m³'®a¯�º�¹"¬�¼c±�²a´,ô³	¼0°s³�¬I¶a³'Ë$¯r®�´$¬c®a¯0°
¸\¹"µI¶·°>¶�´"»~®a¯0° º�¹_Ë·´"²�°\²m²a´"²m¶\õ

��¯�°�²a°>¶·®�´"»�®a¯0°C¸m¯�¹�±�®·°\²L³�¶K´"²aË$¹"¬I³,Z\°>¼W¹"¶Á»�´ ¿�¿ ´Nö�¶\õ��¬ Æ °>¸�®a³'´$¬ ? Î öL°�¶·±�°>¸\³'»1Ê}®a¯�°�®·²m¹[µW¸xË"°>¬�°\²·ø
¹�®a³'´$¬5±�²a´"÷ ¿ °>º ö]°�¹"¼I¼0²a°>¶a¶C³�¬;®a¯�³�¶�¸m¯�¹�±�®·°\²Nõ Æ °>¸�®a³�´$¬-wn±I²a°>¶·°>¬r®a¶�¹ ¿ ³�¬0°>¹�²x±�²a´"Ë"²¾¹"º »1´"²mº}µ ¿ ¹�®a³'´$¬
´"»A®a¯0°E±�²a´"÷ ¿ °>º;õ Æ °>¸�®a³'´$¬yÑS°\ô�¹ ¿ µI¹�®·°>¶i®a¯0°E¹"¸\¸\µ�²m¹"¸�ÊW´"»A®a¯�°C±�²m´"±�´$¶a°>¼W®·²m¹[µs¸CË"°>¬�°\²m¹�®a³'´$¬l¶a¸m¯�°>ºn°"õ
Q�°}¼I³�¶a¸\µ�¶a¶L».µ0®aµ0²a°PöL´"²$#l¹"¬�¼Z¸�´$¬�¸ ¿ µ�¼0°P®a¯0° ¸¾¯�¹�±�®·°\²C³	¬ Æ °>¸�®a³'´$¬ º õ

EN|ÉÒ Ók¬)`Ô�Õ'ÖÈG ×u«�ØÃ«�ÖÈGÙÖÈª�«

�¬s®a¯I³�¶i¶·°>¸�®a³'´$¬ Î öL°P¼0°>¶a¸�²m³'÷�°�³�¬l¼0°\®a¹"³ ¿ ®a¯0°�®·²m¹[µW¸EË"°>¬0°\²¾¹�®a³'´$¬;±�²a´"÷ ¿ °>ºU®a¯I¹�®xö]°P¸�´$¬�¶a³	¼0°\²x³�¬)®a¯�³�¶
öL´"²$#3õ

Traffic Profile
Simulation 

Performance

Traffic Matrix

Traffic Generation 
Algorithm

(linear program)

User Input

Model Input

Specifications
Network 

Configuration
Target Link 

Objectives

Ú*b�ÛXÜ/Ý_Þ?Éàß)á ��²¾¹[µW¸PË"°>¬0°\²m¹�®a³�´$¬Z¸�´$¬�®·°���®

cXâ{ã¹â�ä åxæXÞÐÝ�æ®b�Þ�çéèàê*ë_ì®Því6Ý_�RîT��ïCÞÐð/Þ�Ý�Rë_b�è�ðqñrè�ð�ë�ÞMò¹ë

�/óÃôõó@ö'÷Pø@ùjù,úrû!üÉ+àýRü�þ$ÿRü¶þ ö'ø[µ ��� ü�ý!üÉö'ø[þ��,ó�ý��!ö'ó	�àù,ü�÷�
	�6üdýRüÉü�û%þ ó�!ö'ü � ��� ü�ù,ú��$þ$ø[þ ü��,þ�� � ó�ý�þ ü��Ðþ����,þ$ÿ
ø@ùjù�þ$ÿRüÃö'ü�ù,ü��ø@ý�þ � ó�÷���ó�ýRü�ý�þ������*ÿRü � ó�ýMþ ü��Ìþ��6ü�!ö$ó	��ó�� ü�{ýuþ$ÿ������±ó@ö'#�����ó��Rþ$ù��jýRü�û��jý O � � �!ö$ü`¸@f��
��þgþ$ÿRüuÿRü�ø[ö$þgó@ô6þ$ÿ���� � ó�ý�þ ü��Ðþ����Ãø�þ ö�ø[µ ��� ü�ýRüÉö'ø[þ��jó�ýÇø@ù � ó@ö��,þ$ÿà÷ þ$ÿ!ø[þ�6ü����jù{ù®ü�ùjø ��ó@ö'ø[þ üPó�ý!�jý
Æ ü � þ��,ó�ýve"� w���Q�ürû���� þ��jý � �����$ÿ�þ#�±óuþAú���ü$�¶ó@ô%�jý&���Rþ��6þ ó�þ$ÿ����¶ø@ù � ó@ö��,þ$ÿà÷�(

h a i('/� ü þ n ÿ[l�� ý��"ø[ö$ü��àø[ö'ø@÷�üÉþ üÉö��Ãþ$ÿ!ø[þ � ó�ý � üÉö'ý�þ$ÿRü����j÷)�!ùjø[þ��jó�ý(��� üÉögø@ý!û*
+�jý � ü�ý!üÉö'ø@ù,
)þ$ÿRüÉú
ø[ö$ü��jý!û!ü���ü�ýàûRü�ýMþ`ó@ôdþ$ÿRüCþ ö'ø[µ �-� ü�ýRüÉö'ø[þ��,ó�ý.�àö$ó � ü$������^"ýRüyó@ôdþ$ÿRü���� üÉö��jý&���!þ������tþ$ÿRüCýRüÉþ/�6ó@ö$#
� ó�ýR+ � �!ö'ø[þ��,ó�ý*
�ø@ý!ûvø@ýRó@þ$ÿRüÉö0�jý&���!þ1���Høyù����$þdó@ôÈþ$ø[ö � üÉþÃù��jý!#��1�{ý\þ$ÿRütýRüÉþ/�6ó@ö$#2���,þ$ÿ3����ü � �j+!ü�û\ù��{ýR#

a w@f



� ó�ý!û��jþ��,ó�ý����t�dÿRüÉú-ø[ö'ü���ó@þ$ÿ¦ö'ü�z"���jö$ü�û(��ü � ø	��� ü��±ü�ø	�j÷ þ ó¥÷Pø[þ � ÿÇþ$ÿ!ü � ü�ýRüÉö'ø[þ ü�û�þ ö'ø[µ � þ ó¥þ$ÿRü
ýRüÉþ#�±ó@ö$# � ó�ýR+ � �Rö'ø[þ��,ó�ý4�$óPø	�¶þ ó�ó	�!þ$ø	�{ý�þ$ÿRü��5��ü � �,+àü�ûyù��jýR# � ó�ýàû��,þ��,ó�ý���ó�ý¥þ$ÿRüÃþ$ø[ö � üÉþHù��jýR#6���

h ? i87 ú$9�ü ¿!n ÿ@lX� ý��&ø[ö$ü:�àø[ö�ø@÷xüÉþ üÉö��%�6üdø@û!û%þ ó�jý Ä �Rü�ý � ü � üÉö$þ$ø	�jýxø	�5��ü � þ���ó@ô�þ$ÿRü¶þ ö'ø[µ ��� ü�ý!üÉö'ø<;
þ��,ó�ý=�!ö$ó � ü$����� O �jö�� þ�
@ø*þ ö�ø[µ � �àö$ó@+àù,ü����>�jý�þ ö$óÌû�� � ü�ûgþ ó"ø@û!û)� ó�÷xü±ö$ü�ø@ù����$÷?�jýgþ$ÿ!ü � ü�ýRüÉö�ø[þ ü�ûrþ ö�ø[µ � 

ø@ý!û4�jþ � ó��!ùjûCö$ü Ä ü � þ � ÿ!ø[ö'ø � þ üÉö@��� þ�� � �A��� � ÿ\ø	�dþ$ÿRüg÷��,�Ðþ��Rö'üNó@ô�û��,´�üÉö$ü�ý�þ¶þAú���ü$�¶ó@ô�þ ö'ø[µ � � Æ ü � ó�ý!û*

�6üB�5��ü � �,ô�ú-ø4�Xø[ö$þ�� � �!ùjø[ögø	����ü � þ`ó@ô±þ$ÿRü-���j÷)�!ùjø[þ��,ó�ýC��üÉö$ô�ó@ö'÷�ø@ý � üxþ ó\ó	�!þ��j÷��,ZÉü	�C^"ýRü�ô�ü�ø[þ��Rö$ü�ó@ô
ó��RöNþ ö'ø[µ �)� ü�ýRüÉö'ø[þ��jó�ý(� � ÿRü�÷xü����Hþ óCó	�!þ��j÷��jZÉü`þ$ÿRü � ü�ýRüÉö'ø[þ ü�û¦þ ö'ø[µ � þ ó���ü�ýRüÉ+!þHþ$ÿRü����j÷)�!ùjø[þ��,ó�ý
��üÉö$ô�ó@ö'÷�ø@ý � ü	� O ó@ö��jý��$þ$ø@ý � ü	
%�,ô¶÷xü�÷xó@ö$ú � ó�� þ����gþ$ÿ!üuù��j÷B�,þ��jý � ô�ø � þ ó@ötþ óvö��!ý�ø2���{÷=�!ù{ø[þ��,ó�ý*
+�6ü
� ø@ýÇ÷��{ý��j÷��,ZÉütþ$ÿRü�ý��!÷=��üÉöÃó@ô6ó	�ÌË ü � þ�� � ö$ü�ø[þ ü�û�ôõó@ögþ$ÿ!ü����j÷)�!ùjø[þ��,ó�ý¹ÊD�,ôE���{÷=�!ù{ø[þ��,ó�ýC�5��üÉü�ûF���"þ$ÿRü
�!ö��{÷�ø[ö$ú � ó�ý � üÉö'ý*
��6ü � ø@ý\÷B�jý��j÷��jZÉüNþ$ÿ!üÃþ ó@þ$ø@ù>�àø � #@üÉþNÿ!ó	� � ó��!ý�þ�
àÿRü�ý � ügþ$ÿ!ü`ý"�à÷���üÉödó@ô�ü��@ü�ý�þ��
��üÉö0���j÷)�!ùjø[þ ü�ûC�!ý��,þHó@ô�þ��j÷�ü@Ê)ôõó@ö0�Xø[ö'ø@ùjù,ü�ù&ø@ý!û¦û���� þ ö@�G���Rþ ü�û2���j÷)�!ùjø[þ��,ó�ý*
�þ$ÿRüxó	�ÌË ü � þ��G�@ü � ó��!ù{û2��ü
þ óP÷��{ý��j÷��,ZÉüNþ$ÿRü � ö'ó����H;I�àø[ö$þ��jþ��,ó�ýCþ ö'ø[µ � ó@ö*þ ó�ó	�!þ��j÷�ø@ù{ù,úB�àø@ù{ø@ý � üÃþ$ÿRü`ù,ó�ø@û\ø � ö$ó����1�Xø[ö$þ��,þ��,ó�ý��$�

S6ó�ù{ù,ü � þ��G�@ü�ù,ú	
Ðþ$ÿRü"÷xóÐû!ü�ùJ�jý����Rþ��Èø@ý!ûuþ$ÿRüNþ ö'ø[µ �K� ü�ýRüÉö'ø[þ��jó�ýyø@ù � ó@ö��,þ$ÿ!÷ � ó�÷��!ö����$ü*þ$ÿRüL� � ÿ!ü�÷xü
�6ü3��� ü�þ ó � ü�ý!üÉö'ø[þ ü\þ ö'ø[µ � ���dÿRü¥÷�ó�� þ�û���� þ��{ý � þ��G�@üCô�ø � üÉþuó@ô"þ$ÿ������ � ÿRü�÷xü3����þ$ÿ!ø[þB�,þxþ$ø[#@ü$�yø	�
�jý&�J�Rþ��*þ$ÿ!ü���� üÉö�5��ü � �,+!ü�ûvýRüÉþ#�±ó@ö$# � ó�ýR+ � �Rö'ø[þ��,ó�ý¦ø@ý!û¦þ$ø[ö � üÉþrù��jýR# � ó�ýàû��,þ��,ó�ý��$�`�dÿRü%ó��Rþ5���!þNó@ô
þ$ÿRüxþ ö'ø[µ ��� ü�ýRüÉö'ø[þ��,ó�ýBø@ù � ó@ö��,þ$ÿà÷M�5��ü � �,+!ü$�ÃÿRóN�§÷�ø@ý�úv�HS �kÄ óN���Ãþ ó � ó�ýR+ � �Rö$ü���üÉþ/�6üÉü�ýÇü�ø � ÿ
�àø	�,ö¶ó@ô�ýRóÌûRü$�:�jýCþ$ÿ!ü`ýRüÉþ/�6ó@ö$#�� óPø	�dþ ó�ó	�!þ$ø	�jý�þ$ÿ!ü���� üÉö1�5��ü � �,+àü�û�ù��jýR# � ó�ýàû��,þ��,ó�ý��$�
cXâ{ã¹âjã í6Ý_�RîT��ïCÞÐð/Þ�Ý�Rë_b�è�ð ñrè�ð�ë�Þ�ò¹ë�OQPÈÞÐ�MbSR����Rë_b�èXð
�dÿRü����ü � �j+ � þ ö'ø[µ �0� ü�ýRüÉö�ø[þ��,ó�ý � ó�ý�þ ü��ÐþA�±ü=��� ü�jýCþ$ÿ������±ó@ö$# � ø@ý���ügûRü$� � ö��G��ü�ûCø	�dô�ó�ùjù,óT�A�É(

Ï.U ðDP�Ü)ë�äàáWV\Þ�ë�ç%èàÝ<X���è�ð+R�ÛXÜ/Ý_�!ë_b�èXð �§�dÿRü-ôõó�ùjùjóT���jý � �àø[ö'ø@÷�üÉþ üÉö��Có@ôrøTýRüÉþ/�6ó@ö$#qø[ö$ü
�àö$óT�6�jûRü�û�ø	�A�jý&���Rþ���(
h�øMig�®ó	��ó�ù,ó � ú�ø@ý!û�ö$ó��Rþ��jý � �P�dÿRüPý!üÉþ/�6ó@ö$# � ó�ý������ þ��`ó@ô�Y ý!óÐûRü$�`ø@ý!û!Z ù��jýR#6��� ³ üÉþ/�6ó@ö$#
ö'ó��Rþ��jý � ����ô[�!ùjùjúB�5��ü � �,+!ü�û��Ðúuþ$ÿ!ügôõó�ù{ù,óT���{ý � ô\�!ý � þ��,ó�ý¹(

]K^`_ h,a!iEb
cdde ddf
a �,ô&ù��jýR#ga����:�jýCþ$ÿRü��àø[þ$ÿ�ô�ö$ó�÷�ýRóÌûRü0hÈþ ó=i h aj h�k/i j Y%k aj a j Z�i
· ó@þ$ÿRüÉö������ ü

h\��iÈ�NüÉþ$ø	�jù,ü�û � ó�ýR+ � �Rö'ø[þ��,ó�ýuó@ô)þ$ÿRüNù��jýR#6���ml�ø � ÿCù��{ýR#�n�o�h aj a j Z¦i����6ûRü$� � ö��G��ü�ûB��ú�ø º ;
þ����àù,üxhIpQoq
&r�o"
�stoq
&uLoq
�v*o[i@
Ìö$ü��àö$ü$� ü�ý�þ��jý � � ó��Rö � üÃýRóÌûRü	
RûRü$� þ��jýàø[þ��,ó�ýCýRóÐû!ü	
Ðù��{ý&w � ø �àø � �,þmú	


a Ñ�·



ö'ó��Rþ üÉö����Ì´�üÉö)���jZÉü¦h[�jýx�àø � w@üÉþ���itø@ý!ûx�!ö$ó	�àø � ø[þ��,ó�ý¼ûRü�ù{ø�ú	
�ö$ü$�5��ü � þ��G�@ü�ùjú	� ³ ó@þ�� � üCþ$ÿ!ø[þ%þ$ÿRü
ù��jý&w6�6ø[ö'ü 9 n\y5z�{$|�n,} ~X½[¿��

Ï.U ðDP�Ü)ëvã¹á\ít�!Ý_ÛXÞMë(��b�ðDX��$PÈÞ��MbSR��q�Rë_b�èXðD� ���dÿ����K�{ý&���RþL�5��ü � �G�!ü$�"ø�ù����$þNó@ô�Z=��h[Z=� j Z�i
þ$ø[ö � üÉþtù��{ý&w��$���dÿRü�þ$ø[ö � üÉþtù��jý&w � ó�ý!û��,þ��jó�ý��L�±ü � ó�ý����jû!üÉö��jý � ù��àûRürþ$ÿ!ü-�Rþ��jù��,Z�ø[þ��,ó�ý*
�½ �	z�y ½$�"z
ùjó����Ãö'ø[þ üyø@ý!û���½$�@n\���6� z"�!ü$���jý � ûRü�ù{ø�ú	�PQ�üyýRó@þ üPþ$ÿàø[þ`÷�ø<�&�j÷=�à÷ z"�!ü$���jý � ûRü�ùjø�ú¦ó�ý�ø
ù��jý&w����ûRüÉþ üÉö�÷��jýRü�ûrþ ógøÃùjø[ö � ü¶ûRü � ö$üÉü:�Ðú`þ$ÿ!ü � ó@ö'ö$ü$�5��ó�ý!û��jý � ���Ì´�üÉö%���,ZÉü:u U Ñ º WI�%�dÿRüÉö$üÉô�ó@ö$ü	

�jô&þ$ÿ!ü���� üÉöK�5��ü � �G�!ü$�¶øP÷Pø<�6�j÷)�!÷�z��Rü$���{ý � ûRü�ùjø�ú	
àó��RöK� � ÿRü�÷�ü����jù{ù¹ø@ûË5��� þ¶þ$ÿRü��J�Ì´�üÉöA���,ZÉü
ø ��� ó@ö�û��jý � ù,ú	�8�*ÿRüNû!ü�ùjø�úy÷xóÐû!ü�ù&h a ¸�it�jý Æ ü � þ��jó�ý�e"� w)�A�jùjù��'ÿRóT� ÿRóN� þ$ÿRü$� ü"þ/�6óxü�ýMþ��jþ��,ü$�¶ø[ö$ü
ö'ü�ùjø[þ ü�û*� O ó@öNþ$ÿRüÃþ ö'ø[µ �0� ü�ýRüÉö'ø[þ��,ó�ý2� � ÿ!ü�÷xü��6ü��jý�þ ö$óÌû�� � üL��ü�ù,óT�
&�6ü`ø	�����!÷xüÃþ$ÿ!ø[þdü$�jþ$ÿRüÉö
þ$ÿ������ þ ü��¦ÿ!ø	�Nø@ù,ö$ü�ø@ûRú���üÉü�ý � ó�ý!û�� � þ ü�û-ó@öHþ$ÿ!ü=��� üÉöNûRóÐü$�HýRó@þK�5��ü � �,ô�úCø@ý�ú¥z��Rü$���jý � ûRü�ùjø�ú
ö'ü�z"���jö$ü�÷xü�ý�þ�
!ø@ý!û��6ügôõó � ���¶ó�ý¥þ$ÿRügø$�@üÉö'ø � ü%ù,ó����dö'ø[þ ü`ø@ý!û4�!þ��jù��,Z�ø[þ��,ó�ý+�
� ý�ø@û!û��jþ��,ó�ýyþ ó�þ$ÿRü º ;¾þ��&�àùjüK�àö$ó	��üÉö$þ��,ü$���5��ü � �G�!ü�ûyô�ó@ödü��@üÉö$úCù��jý&w�
�ü�ø � ÿ¥þ$ø[ö � üÉþHù��jý&wPÿàø	�¶þ/�6ó
ø@ûàû��,þ��,ó�ý!ø@ù � ÿ!ø[ö'ø � þ üÉö@��� þ�� � ����þ$ø[ö � üÉþ��!þ��jù��,Z�ø[þ��,ó�ý�� h[�{ý�U ·6k a W�iuø@ý!û�þ$ø[ö � üÉþ�ù,ó�����ö�ø[þ üB��h[�jý
U ·6k a W�i@�HQ�ütø	�����!÷xügþ$ÿàø[þA��� a �!ö$ü$� � ö��G��ü$�m�3bk·6
�ø@ý!û¥þ$ÿàø[þ8�!��·B�!ö$ü$� � ö@�G��ü$���-b a 
Q�,�;ü	�G

ùjó���� úCù��jý&w6�¶ø[ö$ügô[�!ùjù,úg�Rþ��jù��jZÉü�ûyø@ýàû3�!ý!û!üÉö��Rþ��jù��jZÉü�ûuù��{ý&w���ø[ö$ütù,ó����$ùjü$�����8�dÿRü$�$ü`ø[ö$ü`ù,ü � �jþ��j÷�ø[þ ü
ø	�����!÷��!þ��jó�ý����HÿRü�ý\þ$ÿ!ürö$ó��!þ üÉöK�J�Ì´�üÉö@�Hø[ö$ü����!µ � �,ü�ý�þ$ù,ú � ó�ý&� � �Rö$ü�û.U���e�
�Ñ º W����0�dÿRüÉö$ü%ø[ö$ü
ý!óC����ü � ��� � ù��jý&w � ó�ý!û��,þ��,ó�ý��rôõó@öPþ$ÿRüCö$ü$� þ%ó@ôHþ$ÿ!üCù��jý&w6��
%�*ÿ�� � ÿ��±ü � ø@ùjù�ýRó�ý&;¾þ$ø[ö � üÉþPù��jý�w���

�J�Rþ��6üx÷�ø w@ü)�jþNø@ý(�j÷��àù�� � �,þ1�5��ü � �G� � ø[þ��jó�ý\þ$ÿ!ø[þNþ$ÿRü%ù,ó�ø@û-ó�ý-ü�ø � ÿ¦ó@ôÈþ$ÿRü�÷����Nù,óT�6üÉö"þ$ÿ!ø@ý
�jþ�� � ø �àø � �jþAú	�L�dÿ������!ö$ü��@ü�ý�þ��HýRó�ý&;¾þ$ø[ö � üÉþÃù��jý&w6�¶ô�ö$ó�÷ ù��j÷��,þ��jý � þ$ÿ!ürþ ö'ø[µ � �àø	�����jý � þ$ÿ!ö$ó�� � ÿ
þ$ø[ö � üÉþHù��jý�w����

Ï.U ðDP�Ü)ëC�¹áÇí6ÝN�Rî��xP&Ýè�R%�õÞ ���dÿRü�þ ö'ø[µ � �!ö$ó	�àùjü � ÿ!ø[ö'ø � þ üÉö@�,ZÉü$�tþ$ÿRü�þ ö'ø[µ � ôõö$ó�÷éþ$ÿRü�ô�ó�ù�;
ùjóT���jý � ø	�5��ü � þ����
h�øMi��/ö'ø[µ � ÷��G�����dÿRügþ ö�ø[µ � ó�ývø@ýMú�ù��jý�w � ó�ý������ þ��¶ó@ôÈøuý"�!÷=��üÉödó@ôm��üÉö������ þ ü�ý�þ��HS:  Ä óN���
ø@ýàû� &ø[ö'üÉþ ó�^ ³ Y ^ O�O »N�L ¡� þ ö$ü�ø@÷B���¡»N�L �þ ö'ø[µ � ø ��� ó��!ýMþ��¥ôõó@ö¥ø��$÷Pø@ùjùNôõö'ø � þ��jó�ý£¢
h�þmú"�J� � ø@ùjù,ú\ùjü$���"þ$ÿ!ø@ý a ·MÅ�iHó@ô�þ$ÿ!üxþ ó@þ$ø@ù�ù,ó�ø@û¦ó�ý¦ü��@üÉö$ú-ù��jý&w�
�ø@ý!ûF�jþK���{÷=�!ù{ø[þ ü$�Hþ$ÿ!ütþ ö�ø[µ �
ó@ô�ø ���Xù�� � ø[þ��,ó�ý��:��� � ÿ¥ø	�H� ³"Æ ø@ýàû¥ø	�!û��,ó Y �6�jûRüÉó��$þ ö$ü�ø@÷��jý � � � ý�ø@û!û��,þ��,ó�ý*
Ìþ$ÿRü�àö$ü$� ü�ý � ügó@ô

¤I¥3¦H§©¨:¨:§@ª:«I¬<`®m¯`°*±I§t¦H§@ªN² ³@¬N«I®%´�«I§©¬N±I®#«+µ<¬N¶�®#«+´�±+`®5´�°[±>±S·+¯`¦H®8´@°+¸´�«I³@®8´@°*±I¹<®Dµ ´@ª<ºT·+¯¸ºT±I¹KºN®H¸´H»�¼N«I§$ºT¬<¦½±*§�¾±I¹<®D¿ §5·+°>·+¯�±I¹�±I¹<®%¸´�«I³@®H°[±�À�Á*Á�Â

a Ñ a



»N�L �þ ö�ø[µ � ü�ù��j÷B�jý!ø[þ ü$�"þ$ÿRüB�$úÐý � ÿRö$ó�ý��jZ�ø[þ��,ó�ý�ø@÷xó�ý � ��üÉö������ þ ü�ý�þL�NS�  Ä óN����
������!ø@ùjùjú\ø@ý
ø[ö'þ��,ô�ø � þ�ó@ôQ�HS� F���j÷=�àùjø[þ��,ó�ý��¶U8e_Ñ@WI�%�dÿ����®þ ö'ø[µ � ÷����tû!ó�ü$��ýRó@þ�ö$üÉþ$ø	�{ý%þ ö'ø[µ �:� ÿàø[ö'ø � þ üÉö���� þ�� � �
��� � ÿ�ø	��ùjó�ý � ö'ø@ý � üdûRü���ü�ý!û!ü�ý � ü	� � þÈûRóÐü$��
MÿRóN�±ü��@üÉö$
�ö$ü��!ö$ü$�$ü�ýMþ�þ$ÿRüd÷�ó�� þ � ó�÷�÷xó�ý��àö'ø � þ�� � ü
�{ýtý!üÉþ/�6ó@ö�w����j÷)�!ùjø[þ��,ó�ý���U���e�
 a�º wWI
q��ü � ø	��� ü1�,þ%���%���Rµ � �,ü�ýMþ&þ ó � ø �!þ��!ö$ü�þ$ÿRüdz"�!ü$�Rü¶ûRúÐýàø@÷�� � �
ó�ý2�$ÿRó@ö$þ üÉö*þ��j÷xü� � ø@ù,ü$�*ø@ý!û�þ$ÿRü � ó�ý � ü$� þ��,ó�ý¥ö'ü$�5��ó�ý����G�@ü�ýRü$���±ó@ô%�HS: .þ ö'ø[µ � �
h\��i��HS�  Ä óT� � ÿ!ø[ö'ø � þ üÉö���� þ�� � ���tÃ Ä óT��ô�ö$ó�÷�ý!óÐûRü0h±þ ó=i-��� � ÿàø[ö'ø � þ üÉö��,ZÉü�û2��úyþ$ÿRü=�N;¾þ����àù,ü
h[Ä ^�_ k@Å ^`_ i@
Q�*ÿRüÉö'ü)Ä ^`_ ���Hþ$ÿRü)�àø[þ$ÿ¦ÿRó	� � ó��!ýMþÃûRüÉþ üÉö�÷��jýRü�û2��ú\ö$ó��Rþ��jý �3Æ ]K^�_ h,a!i�Ç��=Å ^`_ ���
þ$ÿ!üy÷�ø<�&�j÷)�!÷È�NS�  � ó�ý � ü$� þ��,ó�ý����jýàûRóT� � ó�ý&� � �Rö$ü�ûBó�ýTø3��üÉö=�$ó��Rö � ü Y ûRü$� þ��{ý!ø[þ��,ó�ýx�àø	�,ö
�Xø	�������tQ�ÿ!ü�ý¦þ$ÿRü��àø[þ$ÿ�ô�ö$ó�÷Éhdþ óBi3���Ãù,ó����$ùjü$����
DÅ ^`_ ô�ó�ùjù,óN���Ãø � �G�@ü�ý�û����$þ ö��G���Rþ��jó�ý¹ÊQ�*ÿRü�ý
þ$ÿ!üK�Xø[þ$ÿg���±ù,ó���� ú	
�Å ^`_ ���6ù{ø[ö � üHü�ý!ó�� � ÿyôõó@ö�þ$ÿRü Ä óT� þ ó���ü � ó�ý � ü$� þ��,ó�ý6;Aù��{÷��,þ ü�ûuó�ýg�jþ��8�dÿ����
ù{ø[þ þ üÉötø	�����!÷��!þ��,ó�ý�ø ��ó��Rþ`þ$ÿRü � ó�ý&� � �Rö'ø[þ��,ó�ýÇý!üÉü�û��`÷xó@ö'ü�ü����Xùjø@ý!ø[þ��,ó�ý��$
>�*ÿ�� � ÿF�6üPûRüÉô�üÉö
þ ó-þ$ÿRü�ü�ý!û�ó@ô Æ ü � þ��,ó�ýTe"� w�� w�� O �jýàø@ùjù,ú	
+�6üPø	�����à÷xü�þ$ÿ!ø[þ)�HS� �ûàø[þ$ø3� ü � ÷xü�ý�þ��tø@ý!û�»N�L 
�Xø � w@üÉþ��Hó@ô�ø@ù{ù Ä óT���Hÿ!ø$�@ü`þ$ÿRü��$ø@÷xü���,ZÉü)pt�
h � i=�/ö'ø[µ � ��üÉþ/�6üÉü�ýTø@ý�ú!�àø	�jö`ó@ô*ýRóÌûRü$�=���rø@ù{ù,óT�6ü�û*
8���&�RË2ü � þrþ ó-þ$ÿRü � ó�ý�� þ ö�ø	�jýMþtþ$ÿ!ø[þtþ$ÿRü
øT�@üÉö'ø � ü%ÿRó	� � ó��!ý�þ*ø@÷xó�ý � ø@ùjù*�HS�  Ä óT�������:Ä�Ê5�

Ï.U ðDP�Ü)ë�Ë)áÌO¹b[Í�Ü��\�Rë_b�èXðÎP�Þ�ÝêAèXÝ<Íx�àðD��Þ è�Ï*Ð�Þ��@ë_bõæ�Þ � � ý	þ$ÿ������6ó@ö�w�
:�±üv÷��jý��j÷B�,ZÉü�þ$ÿRü
���j÷=�àùjø[þ��,ó�ý�÷xü�÷�ó@ö$ú%ö$ü�z"���,ö$ü�÷xü�ý�þ����*ÿ����8����÷xó@þ��G�[ø[þ ü�ûB�Ðú%þ$ÿRüdô�ø � þ�þ$ÿ!ø[þ±þ$ÿRüHùjø[ö � ü*÷xü�÷xó@ö$ú
ö'ü�z"���jö$ü�÷xü�ý�þtó@ô"ýRüÉþ#�±ó@ö�w.���j÷)�!ùjø[þ��jó�ý��tó@ôõþ ü�ý��àö$üÉü�÷��!þ��%þ$ÿRü�ü��Ìü � �Rþ��,ó�ý¼ó@ôNü��@ü�ý]÷�ü�û����!÷�;
� � ø@ù,ü`ýRüÉþ#�±ó@ö�w����{÷=�!ù{ø[þ��,ó�ý����

Ï åPÜ®ëTP�Ü)ë�á��Çë_ÝN�Rî��2Íx�Rë�Ý[bõò ÆTÑ ÇNÒ�Ó6Ò��HÿRüÉö$ü Ñ ^`_ ö$ü��àö$ü$� ü�ý�þ��*þ$ÿRürý"�!÷=��üÉö*ó@ô%�HS�  Ä óN���
ô�ö$ó�÷¢ýRóÌûRüh6þ ó)i&�A�dÿRü����$üÉö����jù{ùQ��ütø �àù,ügþ óyø[þ þ$ø	�jý-þ$ÿRürù��{ý&w � ó�ýàû��,þ��,ó�ý��*ÿRü Y �$ÿRü)�5��ü � �G�!ü$�
ô�ó@öNþ$ÿRü`þ$ø[ö � üÉþÃù��{ý&w��$
!ø	�Hù,ó�ý � ø	�NÿRü Y �$ÿRü � ó�ý&� � �Rö$ü$� Ñ ^�_ �HS�  Ä óN���*ô�ö$ó�÷ ýRóÐû!ü�h6þ óyýRóÌûRü
i�
!ô�ó@öHø@ùjùQ�àø	�jö���ó@ôDh6ø@ý!ûBi��

Ô Ýè�Ïm��Þ�Í O�ëT�Rë�Þ6ÍBÞÐð�ë�â Q£�,þ$ÿ ø@ùjùÃþ$ÿRü � ó�÷���ó�ý!ü�ýMþ��¥û!ü��àýRü�û ø ��óT�@ü	
gþ$ÿ!ü�þ ö'ø[µ �F� ü�ýRüÉö�ø[þ��,ó�ý
�!ö$ó	�Xù,ü�÷Õ�±ürø	�j÷ þ ó-� ó�ù��@ü � ø@ý4��ü� þ$ø[þ ü�û\ø	�dôõó�ùjùjóT�����

Ö n\� z�~�½F~�z$|[×�} y Á ×�n[|\ØFYÙ~J} 9 z©Ú@ÛAZ z 9 ��z©Ú¥½ ~ 9 Ú l z�{�n Ü�z 9 yH} �&|�n\~"� Æ ]A^`_ h,a!i�Ç	Û%½ ~ 9 ½CÚ$z�|�}HÝ
Z=�g|¾½ y,�"z$|�¿ n\~ Á Ú×�n[|\Ø�Ú l z�{Én Ütz 9 ¿ n\~ Á �6|�n�¿ n,p�½	|�n[}	~�½ ~ 9 ¿G}<Ú�Úy ½	|/z©Û%�"z�~�z�y ½	|/z%½-��½	|[y�nG�4}HÝ�Þ�ß+àxá�} ×mÚ

a Ñq�



ÆTÑ ÇNÒtÓ6ÒâÚ©��{�Ø-|\ØÐ½�|�ã©ä�|\Ø6z"¿ nS~ Á {�}	~ 9 n[|�n[} ~�Ú}	~-½[¿�¿Q|¾½	y[��z�|�¿ nS~ Á Ú"½	y5z=}qå�|¾½@nS~�z 9 Û8æ�ä�|\Ø6z`½	� z�y ½$��zLØ�} l
{�}	��~J|±½�{$yH}<Ú@Úr½[¿�¿<á:} ×mÚgnSÚÃ½ ÚAÚ l z�{�n Ütz 9 å�çÄ�Ê½Û�½ ~ 9 |\ØÐ½	|tè�ä�|\Ø6zÚ�n\�)�Ì¿,½	|�n,} ~2�Bz���}	y@ç-y5z�é��ÌnSy�z��Bz�~�|
nSÚ�tn\~!n\�%n,pNz 9�ê

ë ó@ö¶z���� � wxö$üÉôõüÉö'ü�ý � ü	
&�/ø �àùjü a Ñ%ù���� þ��E� ó�÷xü"ýRó@þ$ø[þ��,ó�ý��6þ$ÿ!ø[þt�±üK��� üL�jý�þ$ÿ!ü*ö$ü$� þ6ó@ô¹þ$ÿRü � ÿ!ø �àþ üÉö$�
íE��Ï���ÞTäqË)á �®üÉö'÷B�dø@ý!û ³ ó@þ$ø[þ��,ó�ý��

Òmì"í�î�ïDðTñIò&óHôqí�ó�õ�ñIö ÷:ì"í�î�ïDðTñIò�óHô�ø�ù�í�ú�ö ûJü ý$þ o�ÿ ì�����ñ����©ñ/ò�ø�ù�í�ú o ù�ö&ù�í�����ñ
	�����tô�òSó5ï ^ �Só _� ìqø�ù�í�ú�����	����Iù ��� �+ì�	�ò\ó�	�������\ù�ó5í�õ©ñ/ø�����óHô���ø�ù�í�ú �qü ý$ì����©ò\ó5î�����	©î���óHô��! #"%$'&�ó(��ô ò\ó5ï ^ �\ó _) ìqò\ó5î��SñIòJð�î+*NñIò+þ�ù�í�	����[ú5ñ��Sö ÿ ,�+ì�-. � )óHô��/&�ó(� 0�ü ý$ìqí@î©ï�ð$ñIò�óHô� #"%$1&�ó(��ö�ô�òSó5ï ^ �\ó _ �Sómð$ñ*ö\ó5ø 2�ñIõ�ô�ó5ò3 ì�ø�ó5ö\ö�ò4��Sñ+óHô��/���Hò��5ñ���ø�ù�í©ú � 5 ì�6�î�ñIî�ù�í��%õ�ñIø�����ó5í7��ø�ó5ö\ö8�8ø�ù�í�ú 9Dü ý$ì���ó�	7�Ió5î�í��JóHô�����ñ
	�����tô ò\ó5ï ^ �Só _: ì� ;"%$�õ�����mö\ñ��5ï%ñIí<��öSù>=/ñ ?�ìqî��Sù�ø�ù>=(��Sù�ó5ítóHô��@�4�Hò��5ñ��Jø�ù�í�ú A�ì�ô ò4�����Sù�ó5ítóHô�B;C#$D�Sò4�E��*ó5íEñ����4�tø�ù�í�ú9/FIì���2�ñIò4���5ñ
&�ó��G��ó�	7�Ió5î�í�� H½ìqö\ñ��5ï%ñIí��\ö�	$ñ/òJI#"LK-ù�í� ;"%$ M�ì� #"%$�ïN�O@ù�ï�î©ïP�Ió5í��5ñIö8�\ù�ó5í7��ù�í�õ©ó(��þ ù�í7	����[ú5ñ��Sö ÿ

QSRUT Vr¬)Ø@W °YX�Ö�ª\ÖÈ¬)ØÃ«[²�Nª[Z§Õ�\"N¬�²[«^]`_
� ý]þ$ÿ����-� ü � þ��jó�ý*
��6üvû!ü��@ü�ù,ó	� ø@ù � ó@ö��,þ$ÿ!÷B�Pþ ó�� ó�ùG�@üvþ$ÿRüvþ ö'ø[µ �(� ü�ýRüÉö'ø[þ��jó�ý �àö$ó	�àù,ü�÷ � þ$ø[þ ü�û��jý
Æ ü � þ��,ó�ýba"�¸���dc�ü4� þ$ø[ö$þ����,þ$ÿ¼øC���j÷��àù,ü-� � ü�ý!ø[ö��,ó¦þ óF�jùjù���� þ ö'ø[þ üPþ$ÿ!üg�Xø	��� � �jý���� � ÿMþró�ý.�*ÿ�� � ÿ �6ü
�����{ùjûPó��!ö*ø@ù � ó@ö��,þ$ÿà÷�
!ø@ý!û�ô�ó�ùjù,óN�����,þ$ÿ�øxô[�!ùjù�ô�ó@ö'÷=�àùjø[þ��,ó�ýCó@ô�þ$ÿRü0�!ö$ó	�Xù,ü�÷��
e â��)â�ä O
f�ð/ÛJ��Þhg7f�ðDXjiNò+��Í Pm��Þ
�dÿRütþ ö'ø[µ �)� ü�ýRüÉö�ø[þ��,ó�ý¦ø@ù � ó@ö��,þ$ÿ!÷ �6ü)�àö$ó	��ó�� ü)�{ý\þ$ÿ������6ó@ö�w3���K�àø	�$ü�û-ó�ývþ#�±ó��jý���� � ÿMþ��$�Gk�l ä`þ$ÿRü
þ$ÿRö$ó�� � ÿ&���Rþ6ó@ô/ø��nm�  Ä óT� � ø@ý���üNû!üÉö��G�@ü�ûg�àø	� ü�ûCó�ýCþ$ÿRüÃù,ó�ø@û � ó�ý!û��,þ��,ó�ý��6ó@ôD�jþ��E�Xø[þ$ÿ*
&�jýCø@û!û���;
þ��,ó�ý-þ óg�$ó�÷xü � ÿ!ø[ö'ø � þ üÉö���� þ�� � ��
*��� � ÿ¦ø	�N÷Pø<�6�j÷)�!÷ � ó�ý � ü$� þ��,ó�ý(���jýàûRóT�
Xó@ôÈþ$ÿRü Ä óT� �,þ�� ü�ùjôporqÉ·@·ts¾Ê
k�l�l ä*þ$ÿRügù,ó�ø@ûCó@ô&øxù��jý&w�
"�jýyþ��Rö�ý*
&���6þ$ÿRü���!÷¡ó@ô&þ$ÿRü"þ$ÿRö$ó�� � ÿ&�J�Rþ±ó@ô&ø@ùjù Ä óN����þ ö'ø$�@üÉö@���jý � þ$ÿRügù��{ý&wJ�
c�ü � ø@ùjùàþ$ÿ!üK� ü � ó�ýàûB�!ö'ó	��üÉö'þAú4|[y ½�u {)å'½[¿,½ ~J{@z�� � ý�þ$ÿ����E���&���$ü � þ��,ó�ý*
��±üK��� üHø)���jý � ù,ü�;Aù��jý&wrü��Ìø@÷��àù,ü
þ óPûRü�÷�ó�ý�� þ ö'ø[þ ügÿRóN� �6ü � ø@ý4��� üÃþ$ÿ!ü$� ü�jý���� � ÿMþ���þ ó�ü$�$þ$ø �àù����$ÿyþ$ÿRüÃö'ü�ùjø[þ��,ó�ý���üÉþ/�6üÉü�ý¥þ$ÿRü�!þ��jù���v�ø<;
þ��,ó�ý#wùjó����Ãö'ø[þ ü�ó@ô�ø¥ù��{ý&w\ø@ý!û�þ$ÿ!üPý"�à÷���üÉöÃó@ô��nm�  Ä óN���gþ ö�ø$�@üÉö����{ý � �,þ��B�dÿ����Nö$ü�ùjø[þ��,ó�ý�ü�ýàø �àù,ü$�
���¶þ óg� ó�ùG�@ürôõó@ödþ$ÿ!ü`þ ö'ø[µ ��� ó�ý&� � �Rö'ø[þ��jó�ý¥þ$ÿ!ø[þ1�A�jùjù�ö$ü$���àù,þ1�jý�þ$ÿRü=�5��ü � �G�!ü�û��Rþ��jù���v�ø[þ��,ó�ý#wù,ó�����ö'ø[þ ü
ó�ý�þ$ÿRüÃþ$ø[ö � üÉþHù��jý�wJ
Rø@ý!û��,þ1�$üÉö��@ü$�*ø	�dø��àø	������ô�ó@ödþ$ÿRüÃþ ö'ø[µ �0� ü�ýRüÉö'ø[þ��,ó�ý¥ôõó@ö*øPýRüÉþ/�6ó@ö�wCó@ô/þ$ø[ö � üÉþ
ù��jý�w���
Ìû���� � ����� ü�û��jý Æ ü � þ��,ó�ýxa"�zy��¸���

�dÿ!üg�$ø@÷��àù,üyþ$ø[ö � üÉþPù��jý�w!��� � ÿ!ø[ö'ø � þ üÉö��{vÉü�û���ú}|Ip�~ k�r�~ k@sKk�ugkHv�k5�Jk[���@�xÃNùjù Ä óT�A�%þ ö'ø$�@üÉö����jý �
�,þyø[ö$ü-ô�ö$ó�÷ p�~¥þ ó.r�~\ø@ýàû�ÿ!øT�@ü¦þ$ÿRü2�$ø@÷�üv÷�ø<�&�j÷)�!÷ � ó�ý � ü$� þ��,ó�ýâ���jýàûRóT�MÅW�?�dÿRü\þ ö�ø[µ �

q�Ñ�y



� ü�ýRüÉö'ø[þ��jó�ý2�àö$ó	�àù,ü�÷ �jý¥þ$ÿ���� � ó�ý�þ ü��Ðþ0���K���j÷��àù,úyþ óyó	�àþ$ø	�jý\þ$ÿ!ürý��!÷���üÉöNó@ô Ä óN���*ô�ö$ó�÷Mp�~gþ ó�r�~
þ$ÿ!ø[þ1�6ü`ýRüÉü�û¥þ ó�ö$ü�ø � ÿ\þ$ÿRügþ$ø[ö � üÉþA�Pó@ö%�D�
í�ñ Ô ítì®ÝèXÜ/ÛXìDP&Ü®ë���è
�&Þ��má�� ýRüdó@ô¹þ$ÿRüAw@üÉú��!ö$ü�÷���� ü$��ó@ô¹ó��Rö6ø@ù � ó@ö��,þ$ÿ!÷ ���Èþ$ÿàø[þ��6üHø[ö$üNø �àù,ü
þ ó-û!üÉö��G�@üB�nm: �þ$ÿRö'ó�� � ÿ&���Rþ0�Xø	� ü�û�ó�ý � üÉö$þ$ø	�jýx�àø[þ$ÿ � ó�ýàû��,þ��,ó�ý��$��cqÿRü�ýÇþ$ÿ!üB�àø[þ$ÿ�þ$ø w@ü�ýx�ÐúÇø
Ä óN� ���±ùjó����$ù,ü$���$
�þ$ÿRü"þ$ÿRö'ó�� � ÿ&���Rþp��ó@ô)þ$ÿRü Ä óN� ���6ù��j÷��,þ ü�û-�ÐúB�,þ���÷�ø<�&�j÷=�à÷ � ó�ý � ü$�$þ��,ó�ý����jý!û!óT�
Å ø	�1�jý*�

� b Å p�v k |�q�y��
�*ÿ!üÉö$ü=p.���¶þ$ÿ!ü�nm�  �$ü � ÷xü�ýMþA����vÉü`ø@ý!û �v ���¶þ$ÿRügÍm�1� ó@ô�þ$ÿRü Ä óT��
�dÿ!üÉö$üPø[ö$üyý"�!÷�üÉö$ó����gþ$ÿ!ö$ó�� � ÿ&���!þg÷xóÐû!ü�ù��Ãô�ó@ötø-ù,ó���� úC�àø[þ$ÿ�o��.�6
!�.�6
7qÉ·@·tsI�4�dÿRüu÷xóÐû!ü�ù%��ú

 �ø@û!ÿ�ú@üuüÉþtø@ù,��orqÉ·@·.st���gó�ýRüPó@ô¶þ$ÿRüu÷xó��$þ � �,þ ü�ûx��ü � ø	��� üB�,þ����gó@ô � ù,ó�� ü�û6;¾ô�ó@ö'÷ ø@ý!ûÇþ$ÿRüuö$ü������,ö$ü�û
�àø[ö'ø@÷�üÉþ üÉö��*ø[ö$üÃö'ü�ùjø[þ��G�@ü�ù,úyü�ø	� úCþ ó�ó	�!þ$ø	�jý+�8�dÿ!ø[þ*÷xóÌûRü�ù¹ûRü$� � ö��G��ü$�:�nm� .þ$ÿ!ö$ó�� � ÿ&���!þ�ø	�$�

� bq÷��jý Æ p
�v�� � H 3��� v ~ ÷��jý
|�q kU� � H 3� ���!|�q � y	�@� � �

k Å p�v Ç�k |�q�Ñ��
�*ÿRüÉö'ü�v
~=���*þ$ÿRü��nm: �ö'üÉþ ö'ø@ý��$÷��������,ó�ý-þ��j÷xüÉó��RþK��üÉö��,óÌû\ø@ý!û������Nþ$ÿRütý��!÷=��üÉöHó@ô6ýRü�� � ü � ÷xü�ý�þ��
ö$ü�ù,ü�ø	�$ü�û���üÉö*ýRü�� Ãpm����
ít�!ÝÛàÞ�ë��Cë�f[��f����!ë�f�èXð�á c�üE�àö�� þ � ó�ý����{ûRüÉö®þ$ÿRü Ä óT� � ó�ý&� � �Rö�ø[þ��,ó�ý�!ö'ó	�àù,ü�÷��*ÿ!ü�ýÃþ$ÿRü�þ$ø[ö � üÉþ&ù��{ý&w
���Ãù,ó����$ù,ü$���Ãø@ý!û�ÿàø	�gø�þ$ø[ö � üÉþ��!þ��jù���v�ø[þ��,ó�ý(� ��q � � ý¦þ$ÿ���� � ø	� ü	
/þ$ÿRüB�nm:  Ä óT�A�Ãþ$ÿ!ø[þ � ó�ý��$þ��,þ��Rþ ü
�,þ��¶ù,ó�ø@û�ø[ö'ü���jý!û!óT�:;Aù��{÷��,þ ü�û*� ³ ó@þ�� � üÃþ$ÿàø[þdþ$ÿRüÃÍm�1� ó@ô�ø Ä óT� �jýCþ$ÿ������!ý � ó�ý � ü$� þ ü�û\ù��jý&w � ø	�$ü����
���j÷��àù,ú�þ/�A� � ü%þ$ÿRü%ó�ýRü��6ø�úvù��jý&w��!ö$ó	�àø � ø[þ��jó�ý�ûRü�ùjø�ú3v��=�*ÿRüÉö$üÉô�ó@ö$ü	
¹þ$ÿRü%þ$ÿRö$ó�� � ÿ����Rþ`�§ó@ô�ü�ø � ÿ
Ä óN� � ø@ý4��ügûRüÉö����@ü�û�ø	���

��b Å p�Nv
�dÿ!ütý��!÷=��üÉöNó@ô��nm:  Ä óT����
 Ñ 
�þ$ÿ!ø[þÃø[ö$ütý!üÉü�ûRü�ûvþ óyö'ü�ø � ÿ¦þ$ÿRütþ$ø[ö � üÉþ�Rþ��jù���v�ø[þ��,ó�ý4�4�'ÿRó��!ùjû

�$ø[þ����$ôõúyþ$ÿRüÃô�ó�ùjù,óT�A�jý � þ ö'ø[µ � �Xø@ùjø@ý � ü	�
Ñ ��b Ñ Å p�Nv b s0� |�q º �

c�ü � ø@ý�þ$ÿRü�ý4� ó�ù��@ü�|�q º ��ô�ó@ö Ñ �

q�Ñ@Ñ



ít�!ÝÛàÞ�ëpg±èJ�$�p�g�Rë�ÞXá � ôRþ$ÿRü�þ$ø[ö � üÉþ�ù��{ý&wK���®ù,ó����$ú0���,þ$ÿ`øK�5��ü � �G�!ü�û`ù,ó����/ö'ø[þ ü>�D
_þ$ÿRü6þ$ÿRö$ó�� � ÿ&���Rþ)ó@ô
ø Ä óN�kþ ö'ø$�@üÉö@���jý � �,þ:����ü��6�!ö$ü$��� ü�û���ú�|�q�Ñ��@�E�*ÿRüÃÍ���� �jýyþ$ÿ���� � ø	� ü	
J�$ÿRó��!ùjû��jý � ù��!ûRüHþ$ÿRü1�"�!ü$���jý �
ûRü�ùjø�ú v
 uó�ý¼þ$ÿRü � ó�ý � ü$� þ ü�û�ù��jý&w�
%�*ÿ�� � ÿ � ø@ý���ü�ø ���!ö$óT�6�j÷Pø[þ ü�û.��ú ) :� 
E��ü � ø	��� ü � ó�ý � ü$� þ��jó�ý6;
ù��j÷B�,þ ü�û��nm�  Ä óT�A�dþ ü�ý!û\þ óB�àùjù)þ$ÿRü���Ì´�üÉödó@ô�þ$ÿRü$�jö���ó@þ þ$ù,ü�ýRü � wCù��jý&w6�Do Ñ º sI�:�dÿRü`Ím�1� �v ���dþ$ÿRü�ý
÷xóÌûRü�ù,ü�û�ø	���

�v£b �Nv � v
 �b��Nv � u�ps |�q�¸��
ÃK�`ù,ó�ý � ø	�gþ$ÿRü����R´�üÉö�������Rµ � �jü�ýMþ$ù,ú2�!ö$óN�������,ó�ýRü�û*
*�*ÿ�� � ÿF���gþ$ÿRü � ø	� ü�ô�ó@ör÷�ó�� þgö$ó��Rþ üÉö@�Ãó�ý

þ$ÿRü � ý�þ üÉö'ýRüÉþ�
Xøuù��jý&w-���jùjùQ��ügù,ó���� úCó�ý!ù,úg�*ÿRü�ý4�,þA���1�$ø[þ��Rö�ø[þ ü�û¡o���a�
XÑ º sI� � ý�ó@þ$ÿ!üÉöA�6ó@ö'û���
XøPù,ó����$ú
ù��jý�w � ø@ý4��ügø	�����à÷xü�û�þ ó���üÃô[�!ùjù,úg�Rþ��jù���vÉü�û+�m�*ÿRüÉö$üÉô�ó@ö$ü	
!þ$ÿRüÃþ ö'ø[µ � �àø@ùjø@ý � ü`ü��"�!ø[þ��jó�ý�ôõó@öNø�ù,ó����$ú
ù��jý�wB���dø	�¶ô�ó�ùjù,óN�����

Ñ � b s |�qUa.�
ë ö$ó�÷¢|�q�Ñ��@
�|�q�¸��dø@ý!û¡|�qUa.�@
Q�±ü � ø@ý2� ó�ù��@ügôõó@öNþ$ÿRü`ý��!÷=��üÉödó@ô Ä óT�A� Ñ þ óPó	�àþ$ø	�jý¥þ$ÿRürþ$ø[ö � üÉþ"ù,ó����
ö'ø[þ ü:�D�
e â��)âjã Ô Ýè�Ïm�õÞ6Í Ú®èàÝ Í�Ü��S�!ë�f�èXð
»K���jý � þ ö'ø[µ � �àø@ùjø@ý � ü6ü����!ø[þ��,ó�ý������j÷��{ùjø[ö®þ ó"þ$ÿRó�� ü��jýrþ$ÿRüt�!ö$ü��6�,ó��������&��� ü � þ��jó�ý*
N�6ü¶ýRóT�¼ô�ó@ö'÷)�!ùjø[þ ü
þ$ÿRü��!ö$ó	�Xù,ü�÷?�$þ$ø[þ ü�û��jý Æ ü � þ��,ó�ýGa"�¸�"ø	��ø"ù��jýRü�ø[ö��!ö$ó � ö'ø@÷�þ$ÿ!ø[þ � ó�ý������ þ���ó@ô!þ$ÿRü�ô�ó�ùjù,óN���jý � ü�ù,ü�÷xü�ý�þ����
í6ÝN�!îx��£)�J�S�Xð>��Þ�ñrèXðD�Éë�Ý<��f�ð�ëT�@á Ã¢þ ö'ø[µ � �àø@ùjø@ý � ü � ó�ý��$þ ö'ø	�jý�þB����ýRüÉü�û!ü�û	ô�ó@ö�ü�ø � ÿ�ù��jý&wBþ ó
ö$ü�ùjø[þ ü�þ$ÿRü�ù,ó�ø@ûtó@ô!þ$ÿRü�ù��jý�wNþ ó"þ$ÿRü�þ$ÿRö'ó�� � ÿ&���Rþ/ó@ô!þ$ÿRü Ä óT�A�/þ ö�ø$�@üÉö����{ý � �,þ����*ÿRü�þ ö'ø[µ �t� ó�ý�� þ ö'ø	�jý�þ��
ô�ó@öHû��Â´�üÉö$ü�ý�þ*ù��jý�w�� � ó�÷��àö���� ügø-� ú��$þ ü�÷�ó@ô8Z=�gü��"�àø[þ��,ó�ý��`|�ü�ø � ÿ � ó@ö$ö$ü$�5��ó�ý!û��{ý � þ óuø�þ$ø[ö � üÉþNù��{ý&wL�
ø@ý!û¤|[Z¦¥!Z=�����jýRü����!ø@ù��jþ��,ü$�'|�ü�ø � ÿ � ó@ö$ö$ü$�5��ó�ý!û��{ý � þ óuø�ýRó�ý6;¾þ$ø[ö � üÉþNù��jý&wJ���jýCþ$ÿRügô�ó�ùjù,óN���jý � ô�ó@ö'÷��
cdddddddddde ddddddddddf

§ ^�¨ _ Ñ ^`_ � ^�_ ] ^`_ |,aJ�8b�|�q�¥F¢
�#�`©Nsto �,ô�a����døxþ$ø[ö � üÉþNù��jý&wx|�q�� a���Z��
§ ^�¨ _ Ñ ^`_ � ^�_ ] ^`_ |,aJ���ª|�q�¥F¢
�!©Nsto �,ô�a����dø�ýRó�ý6;¾þ$ø[ö � üÉþ*ù��jý&wh|�q� a���Z��
Ñ ^`_U« ^{¬&_ bq·
Ñ ^`_U« ^�¬&_'® ·

|�q j h�k/i j Y��

|�q����
q�Ñ º



³ ó@þ ü�þ$ÿ!ø[þ¯� ^`_ ���¹þ$ÿRüÈþ$ÿRö'ó�� � ÿ&���Rþ¹ó@ôRø1�Sm�  Ä óN��ô�ö$ó�÷kýRóÌûRü8hXþ óEi&� � ý�!ö��{ý � �G�àù,ü	
�þ$ÿRü��ø[ö��{ø �àù,ü$�
Ñ ^�_ 
¹ö$ü��!ö$ü$�$ü�ýMþ��jý � ý��!÷=��üÉö@�Hó@ôt�nm�  Ä óN����
+�$ÿ!ó��!ùjû2��ü��jý�þ ü � üÉö����tÎ¥óÌûRü�ù��jý � þ$ÿRü��!ö'ó	�àù,ü�÷ ø	�Ãø@ý
�jý�þ ü � üÉö:�!ö$ó � ö'ø@÷4
Ìÿ!óT�6ü��@üÉö$
 � ó��!ùjûC÷�ø w@ü"þ$ÿRüL�!ö'ó	�àù,ü�÷ � ó�÷����Rþ$ø[þ��,ó�ýàø@ùjù,ú�ü��6��ü�ý����G�@üNó@ö:�jýRô�ü�ø	���G�àù,ü
þ ó�� ó�ùG�@ütôõó@öÃùjø[ö � ü�;/� � ø@ù,ütý!üÉþ/�6ó@ö�w��$�L�*ÿRüÉö$üÉô�ó@ö$ü��6ü)��� ütøyù��jý!ü�ø[ö��!ö$ó � ö�ø@÷ ø	�"ø@ý¦ø ���!ö$óT�6�{÷�ø[þ��,ó�ý*�
c�ü)��ü�ù��,ü��@ü`þ$ÿ!ø[þL�,þ����HýRó@þHó@ô��jý�þ üÉö$ü$� þHþ óy÷xó��$þK���{÷=�!ù{ø[þ��,ó�ý�ü��6��üÉö@�j÷xü�ý�þ*ûRü$��� � ý!üÉö��dþ óCø[þ þ$ø	�jývþ$ÿRü
ù��jý�w � ó�ý!û��jþ��,ó�ý��Èü��Rø � þ$ù,ú�ø	�t�5��ü � �G�!ü�û¹Ê"�jý�� þ ü�ø@û*
Ðø�[ø@ù��Rü1�A�,þ$ÿ��jýxø`ö$ü�ùjø[þ��G�@ü�ù,úxý!ø[ö'ö$óT��ö'ø@ý � üA�'ÿRó��!ùjû
��ü`ø ��� ü��!þ$ø �àùjü	��c�ü=�A�jùjù*�$ÿRóN� �{ý Æ ü � þ��,ó�ý�a"�;Ñuþ$ÿàø[þ*þ$ÿRürö$ü$���!ù,þ��{ý � üÉö$ö$ó@ö��Hø[ö$ü%ýRó@þ�� � ü�ø �àù,ü`ó�ý!ù,úCþ ó
� üÉö$þ$ø	�jý\ù��jý&w6��ø@ý!û�þ$ÿ!ø[þdþ$ÿ!üÉúCø[ö'üg÷xó�� þ$ù,úCø ��� ü��!þ$ø �àù,ü	�
O°f\Í�Ü��\�Rë�f�èXð Ô ÞÐÝ_êmèàÝ Í �àðD��ÞTå�P/ë�f[Ídf����Rë^fõè�ð�å�Ï*Ð�Þ"�@ë^f{æ�Þàá c£�,þ$ÿ-ø � �G�@ü�ý¦ýRüÉþ#�±ó@ö�w¥þ ó	��ó�ù,ó � ú	

þ$ÿRü*÷�ü�÷xó@ö$ú � ó�� þ6ó@ô�ø����j÷)�!ùjø[þ��,ó�ý������jý � þ óÐó�ù������ � ÿPø	��±@²<��o>yÑ.s�ûRü���ü�ý!û���÷xó�� þ$ù,ú%ó�ý�þ$ÿ!ü*ý"�à÷���üÉö
�nm�  Ä óN��ó	�RË2ü � þ����(�dÿRüÉö$üÉô�ó@ö$ü	
�ó��Rötó	�ÌË ü � þ��G�@üyþ óv÷��{ý��j÷���vÉü����j÷=�àùjø[þ��,ó�ýÇ÷xü�÷�ó@ö$úÇö$ü������,ö$ü�÷�ü�ýMþ
���%þ ö'ø@ý��$ùjø[þ ü�û��jý�þ ó�÷��jý��{÷���v$�jý � þ$ÿRü�þ ó@þ$ø@ùdý��!÷=��üÉöxó@ôL�nm�  Ä óT���$�¡c£�,þ$ÿ¼þ$ÿRü-ø@û!û��,þ��,ó�ýTó@ôNþ$ÿRü
ô�ó�ùjù,óT�A�jý � ó	�!þ��j÷��{v�ø[þ��,ó�ýCó	�ÌË ü � þ��G�@ü	�

³ h�±*h�´�h(µ�¶ · ^�¨ _ Ñ ^`_ k |�q����
�6ü`ýRóT��ÿ!ø$�@ütø�ù��jýRü�ø[ö�ó	�!þ��{÷���v�ø[þ��,ó�ý��àö$ó � ö'ø@÷�þ$ÿ!ø[þ � ó��!ùjûCö$ü�ý!û!üÉö*ø��!ý��{���Rü0� ó�ù��!þ��,ó�ý*�
¸ �/�¹fõë�f�èXðD���Nñrè�ð>��ë�ÝN�#f�ð�ëyèXð�ë_ì/Þ ¸ æXÞÐÝN�!ÛXÞ�Ú���èÐç»º\èJP�ñrèXÜ&ð�ë�á �dÿRütù��jýRü�ø[ö��!ö$ó � ö'ø@÷¢ûRü�;
�àýRü�û � ó\ô�ø[ö=�Ðú¼|�q����gø@ýàû½|�q����rÿ!ø	�`ý!ó4��ü�ø[ö��jý � ó�ýx��� � ÿ Ä óN� � ÿ!ø[ö'ø � þ üÉö����$þ�� � �rø	�rþ$ÿRü Ä óT� ÿRó	�
� ó��!ý�þ����/ó��!ö$ü$� üÉö��@ügøtö$ü�ø	�$ó�ý!ø �àù,ügù,ü��@ü�ù�ó@ô/ö$ü�ø@ù����'÷ �{ýuþ$ÿ!ü � ü�ýRüÉö'ø[þ ü�û�þ ö'ø[µ � ���,þ$ÿRó��Rþ � ó�÷��Xù�� � ø[þH;
�jý � þ$ÿRüL�!ö$ó	�Xù,ü�÷§ô�ó@ö'÷)�!ùjø[þ��,ó�ýyþ óÐóx÷=� � ÿ*
&�6ü"ø@ûàûyø@ý�øT�@üÉö'ø � ü Ä óT� ÿRó	� � ó��!ý�þ � ó�ý�� þ ö'ø	�jý�þ�þ óxþ$ÿRü
ü��&��� þ��jý � ù��{ýRü�ø[ö:�!ö$ó � ö'ø@÷4���dÿ��������dü����!ö'ü$��� ü�û�ø	�dô�ó�ùjù,óN�����

§ ^�¨ _ Ñ ^`_ Ä ^`_§ ^�¨ _ Ñ ^`_ b£Ä Ê k h<¾z¶.¾Gk · ^�¨ _ Ñ ^`_ |[Ä ^�_ ¥!Ä Ê �8bq· |,�[·��
ÃNù,ó�ý � ���,þ$ÿ}|�q����`ø@ýàû�|�q����@
�l��"�àø[þ��,ó�ý�|,�[·��rûRü��XýRü$�gþ$ÿRüyô�ó�ùjù,óT�A�jý � ù��{ýRü�ø[ö��!ö'ó � ö'ø@÷éô�ó@ö%þ$ÿRü

þ ö'ø[µ �� ü�ýRüÉö'ø[þ��,ó�ý2�jýCþ$ÿRü � ó�ý�þ ü��ÐþA�±ü`ù{ø�úCó��Rþ1�jý Æ ü � þ��jó�ý¿a"�¸���
³ h�±*h�´�h�µ�¶ · ^�¨ _ Ñ ^`_

q�ÑM¸



Æ ���ÌË2ü � þ¶þ ó&�cdddddddddddddde ddddddddddddddf

§ ^�¨ _ Ñ ^`_ � ^�_ ] ^`_ |,aJ�8b�|�q�¥F¢
�#�`©Nsto |�q� a���Z=��� �,ô�a����*øxþ$ø[ö � üÉþHù��jý&w
§ ^�¨ _ Ñ ^`_ � ^�_ ] ^`_ |,aJ���ª|�q�¥F¢
�!©Nsto |�q� a���ZÀ¥ Z���� �,ô�a����*ø�ýRó�ý6;¾þ$ø[ö � üÉþHù��jý&w
Ñ ^`_U« ^{¬&_ bq·
Ñ ^`_U« ^�¬&_'® ·
§ ^�¨ _ Ñ ^`_ |[Ä ^`_ ¥ Ä�Ê(�%bq·

|�q j h�k/i j Y��

|,�%qU�
e â��)âG� Ô èJP&Ü��\�Rë�f�ð/Û�ë_ì/Þ¿g7f�ð/Þ"�!Ý Ô ÝèàÛàÝ<��Í
� ýBþ$ÿ��������&��� ü � þ��jó�ý*
%�±ü�û���� � �����)� ó�÷xü��������Rü$�tö$ü�ùjø[þ ü�ûTþ ó�ó	�!þ$ø	�jý��{ý � ø ��� �Rö�ø[þ ü�ü$� þ��j÷�ø[þ ü$�xó@ôHþ$ÿRü
ö$ü������,ö$ü�û��Xø[ö'ø@÷xüÉþ üÉö���
X÷�ø	�jý!ù,ú Æ � ^`_ Ç�
!þ óB��ó	�J�!ùjø[þ ü"þ$ÿRü`ù��{ýRü�ø[ö:�!ö$ó � ö'ø@÷»|,�%qU�@�
ítì®ÝèXÜ/ÛXìDP&Ü®ëG� �Rë�Ýtf{ò Æ � ^`_ Ç á �®ó � ø@ù � �!ù{ø[þ ü`� ^`_ 
6�±üÃýRüÉü�ûyþ ó�ÿ!øT�@ü"ø ��� �!ö'ø[þ üÃü$� þ��j÷�ø[þ ü$��ó@ô/þ$ÿRü
ù,ó����/ö'ø[þ ü¶ø@ý!ûtÍm�1��ü��6��üÉö��,ü�ý � ü�û=�Ðúgø Ä óN�¼ôõö$ó�÷?h�þ ó1i&�%�dÿ����$
_ÿRóN�±ü��@üÉö$
"���/ý!ó@þ&ø	�m� þ ö'ø	� � ÿMþ ô�ó@ö���ø[ö'û
ø	���jý�þ$ÿRü!���{ý � ù,ü¦ù��jý&w � ó�ý&� � �Rö'ø[þ��,ó�ý*� �dÿRü � ó�÷��àù�� � ø[þ��,ó�ý£���Cùjø[ö � ü�ù,ú�û��Rüvþ ó.þ$ÿRüF�!ö$ü$� ü�ý � üvó@ô
� ó�ý � ü$� þ ü�ûvù��jý�w���
Ðó�ý���ó@þ$ÿ�þ$ÿRü`ôõó@ö���ø[ö'û�ø@ý!û¥þ$ÿRügö$ü��@üÉö��$ü`û��,ö$ü � þ��jó�ý����

Ï¼Á Þ:ÞD���dÿRügÍm�1�kó@ô�ø-�nm�  Ä óT�?�'ÿRó��!ùjû��jý � ù��!ûRü"þ$ÿRüD���Rü$���{ý � ûRü�ùjø�ú6��
��,ô&ø@ý�ú	
���ó@þ$ÿ4�{ý�þ$ÿRü
ô�ó@ö���ø[ö'ûyû��,ö$ü � þ��,ó�ý¿|[�jý � �Rö'ö$ü�û��Ðú�û!ø[þ$ø��Xø � w@üÉþ��+�6ø@ý!û-�jý�þ$ÿ!üHö$ü��@üÉö@� üNû��,ö$ü � þ��,ó�ý¿|[�jý � �Rö$ö'ü�û���ú
ÃpmÂ��+�@�1�dÿRü��"�!ü$� þ��,ó�ý3���dÿRóT��þ óyó	�!þ$ø	�jý\ø@ý-ø ��� �Rö'ø[þ ü%ü$� þ��j÷Pø[þ ü`ó@ô�þ$ÿRü��"�Rü$���jý � ûRü�ùjø�ú�ó�ý
ø � ó�ý � ü$� þ ü�ûvù��jý&wB�{ýCþ$ÿRü � ó�ý�þ ü��ÐþHó@ô&ø�ý!üÉþ/�6ó@ö�wCó@ô�ù��jý&w6���
cqÿ��jùjü*þ$ÿRüÄÃ2ö��!ù,ü�;¾ó@ôS;¾þ$ÿ"�à÷���Årü$� þ��j÷Pø[þ ü ) :� ���6ø � ó�óÌûuø ���!ö$ó$�&�j÷�ø[þ��jó�ýPó@ô¹þ$ÿRüÆ���Rü$���jý � ûRü�ùjø�ú
v
 Hó�ý�ø � ó�ý � ü$� þ ü�û\ù��jý&w��*ÿRü�ýCþ$ÿ!üÉö$ü0���¶ýRó%ó@ö*ù��,þ þ$ùjüK�nm: .û!ø[þ$øxþ ö'ø[µ � ó�ýCþ$ÿ!üÃö$ü��@üÉö�� ügù��{ý&wJ

�6üxô�ó��!ý!ûvþ$ÿ!ø[þKv   � ó��!ùjû(��ü%ýRó@þ�� � ü�ø �àù,úvø´�ü � þ ü�û �*ÿRü�ývþ$ÿRüÉö$ü����Ãø���� � ý��G� � ø@ý�þNø@÷�ó��!ýMþÃó@ô
�Sm� qû!ø[þ$øyþ ö'ø[µ � ó�ý-þ$ÿ!ürö$ü��@üÉö@� üxù��jý&w��Æm6ó�ý����jûRüÉöNø � ó�ý � ü$�$þ ü�û�ù��jý&w�nÇ|Ip�~<
*r�~ 
@mK
;ÈK
Q�0

�%Éqb�q 
<� �d·��@
!ø@ý!û���������ó�� ü*þ$ÿRü�!þ��jù���v�ø[þ��,ó�ý-�jý��,þ��6ö$ü��@üÉö�� ügû��,ö$ü � þ��,ó�ý����t��ÊN�Nc�üÃô�ó��!ý!ûuþ$ÿ!ø[þ
v
  � ø@ý���üg÷xóÌûRü�ù,ü�û�ø	�dô�ó�ùjù,óN�����

v� 1b |�ËJ|Ip � p�Ì�Í Ê � � |�q�¥�Ë��5p�Î+ÏIo.�/©Tuª©�Ðs |,�	���
Ë�b �ÑÉ�ÑÉ � ?<ÒH |,�.y��

q�Ñ�a



�HÿRüÉö$üCp
Ì�Í Ê ø@ý!û�p�Î<Ï/ovø[ö'ü-þ$ÿRü(����vÉü$�uó@ôgþ$ÿRü(�nm� 7w �   ÿRü�ø@ûRüÉöCø@ý!û�ó@ôÃþ$ÿRü2�nm:  ÃpmÂ���

ö'ü$�5��ü � þ��G�@ü�ù,ú	�8�dÿRü"ö$ü�ø	�$ó�ý�þ ó���� üG|,�	���t�jý��$þ ü�ø@ûCó@ô+v
 :b ) :� ���6þ$ÿ!ø[þ¶þ$ÿRüÉö'ügø[ö$üÃø���� � ý��G� � ø@ýMþ
ô�ö'ø � þ��,ó�ýBó@ô:�àø � w@üÉþ��)�{ýÇþ$ÿRüÄ�"�Rü$�!ü�ó@ô1n�þ$ÿ!ø[þrûRóvýRó@þrÿàø$�@üCø3����vÉüuó@ôAp ø@ý!ûBþ$ÿ����`ûRóvýRó@þ
� ó�ý�þ ö��G�J�Rþ üyø¿���Rü$���jý � ûRü�ùjø�úÇó@ô :� �F�dÿRó�� üyø[ö$üCþ$ÿRügÃpmÂ��`ô�ó@ö%þ$ÿRü��nm�  û!ø[þ$øvþ ö'ø[µ � �jý
þ$ÿ!üxö$ü��@üÉö�� üPû��,ö$ü � þ��,ó�ý*�GÓL�G�@ü�ýÇþ$ÿ!ø[þÃü��@üÉö$úÔ�tû!ø[þ$ø��àø � w@üÉþ��rö$ü$���àù,þ0�jý¦ó�ýRü�Ãpm���
)ø@ýàû¦þ$ÿ!ø[þ
þ$ÿ!üxö'ø[þ��,óCó@ôt�Sm� £�àø � w@üÉþ � ó��!ý�þÃó�ýFn����$�`þ$ÿ!ø[þÃó�ý!�jþ��Hö'ü��@üÉö�� ü�ù��jý�w3���"ø ���!ö$óT�6�{÷�ø[þ ü�ûC��ú?�Õ? Ò 
LË)�jý�|,�.y���ø ���!ö$ó$�&�j÷�ø[þ ü$��þ$ÿ!üÃôõö'ø � þ��jó�ýCó@ô��nm: .û!ø[þ$ø��àø � w@üÉþ��*ø@÷xó�ý � ø@ù{ùJ�Xø � w@üÉþ��Hó�ý�n1�
�*ÿRüÉö$üÉô�ó@ö$ü	
/ËJ|Ip � p�ÌUÍ Ê � � |�q'¥ÖË��5p�Î+ÏIoCø ���!ö$óT�6�j÷Pø[þ ü$�gþ$ÿRüPøT�@üÉö'ø � ü��àø � w@üÉþ����{vÉü�ó�ý n � �
� ý Æ ü � þ��,ó�ý�a"�;Ñ&�zy�
��6ü)���jùjù¹ûRü�÷�ó�ý�� þ ö'ø[þ ütþ$ÿRürø ��� �!ö'ø � ú¥ó@ôÈþ$ÿRü��"�!ü$���jý � ûRü�ù{ø�ú\÷xóÌûRü�ù+�����jý �
���j÷=�àùjø[þ��,ó�ý������dÿRü`þ üÉö'÷×Ð-�jý¤|,�	���������jý�þ ü�ý!ûRü�û\þ óuø ��� ó��!ý�þNôõó@öHþ$ÿRü`ô�ø � þHþ$ÿàø[þ*þ$ÿRü��"�Rü$�!ü����
ý!ó@þ"ø@ù��6ø�ú��Nô[�!ùjù,�nc�ü���� ü�ÐBb�·%¾z�g�jý-þ$ÿRütö$ü$� þNó@ôÈþ$ÿRü � ÿàø �!þ üÉö$
¹ø@ù,þ$ÿRó�� � ÿ¦ø@ý�ú¥ó@þ$ÿRüÉöL�[ø@ù��Rü
��üÉþ#�±üÉü�ý-·6�Øa º ø@ý!ûÔq�� üÉü�÷��¶þ ó��6ó@ö�w����j÷B�jùjø[ö'ù,ú��6ü�ùjù,�
ë ó@öxþ$ÿRüu÷xóÌûRü�ùE���,þ$ÿBø\ô�ö'ø � þ��,ó�ýx¢¼ó@ô*»nÙL  þ ö'ø[µ � 
%�±ü � ø@ý.���j÷��àùjú-ö$ü��Xùjø � ü¿|,�.y����ÐúÇþ$ÿRü
ô�ó�ùjù,óN���jý � �

Ë0b �%É
�ÑÉ � ? Ò þ ��Ú A ÿH k

ø	�����!÷��jý � þ$ÿàø[þdþ$ÿRü`»SÙL  �àø � w@üÉþA���{vÉü���dø@ù�� ó-p��
Ï¼Û }<Ú�Ú�y ½	|/z��Æc�ü%ó	��� üÉö��@ü�ûvþ$ÿ!ø[þL�nm� £���H÷=� � ÿ¦ù,ü$���K� ü�ý����jþ��G�@ü`þ ó�Ãpm�� ù,ó���� ü$�Hþ$ÿ!ø@ývþ óCû!ø[þ$ø
�Xø � w@üÉþ±ùjó���� ü$��
	�*ÿ�� � ÿ���� � ó�ý������ þ ü�ý�þ%���,þ$ÿtþ$ÿRü��àý!û��{ý � �>�Ðú�� ó�÷xü:�!ö$ü��6�,ó����D�6ó@ö�wÜo�at�tsI�m�*ÿRüÉö$ü�;
ô�ó@ö$ü	
&�6üÃó�ý!ù,ú � ó�ý����jûRüÉö¶þ$ÿRüÃù,ó�����ö'ø[þ üÃôõó@ödûàø[þ$ø��àø � w@üÉþ��*ó�ý¥ù��jý&w6�t�jýyþ$ÿRü"ôõó@ö���ø[ö'û�û��jö$ü � þ��,ó�ý*�
c�ü���� üxø@ý¦ó	�!þ��j÷����$þ�� ��� ø@ù � �àùjø[þ��,ó�ývó@ô�þ$ÿRü�ùjó����Nö'ø[þ ü��*ÿRü�ý¦÷=�àù,þ��G�àù,ü=��ó@þ þ$ù,ü�ýRü � w6�"ü��&��� þ"ó�ý
ø-�àø[þ$ÿÖorq$�@¸tsI
�ý!ø@÷xü�ù,ú	
��6ürþ$ø w@ütþ$ÿRü%ùjø[ö � ü$� þ"ù,ó����*ö'ø[þ ütø@÷�ó�ý � þ$ÿ!ü=��ó@þ þ$ù,ü�ýRü � w��Nø	�Nþ$ÿRü%ù,ó����
ö�ø[þ ügôõó@öNø Ä óT���

¸ æXÞÐÝN�àÛàÞ¼º-è�P ñrè�Ü/ð�ë Ä�Ê áÝ� ��� ø	���,ó�ý!ø@ùjù,ú	
��6üy÷�ø�ú�ýRüÉü�ûBþ óvø@û[Ë5���$þ`þ$ÿRü-�àø[ö'ø@÷xüÉþ üÉö����jý�þ$ÿRü
þ ö'ø[µ � �!ö$ó	�Xù,ü4�àø	� ü�û�ó�ý�þ$ÿRüC��� üÉö��jý&���Rþ��$� � ýRü(��� � ÿ �àø[ö'ø@÷�üÉþ üÉö����Pþ$ÿRüvþ$ø[ö � üÉþ�ø$�@üÉö�ø � ü�ÿRó	�
� ó��!ý�þKÄ�Ê½
Xôõó@öK�*ÿ�� � ÿ\ø@ý(�j÷��àö$ó	��üÉö:�ø@ù��!ü � ó��!ùjû-÷�ø w@ütþ$ÿRürù��{ýRü�ø[ö��!ö'ó � ö'ø@÷»|,�%qU�A�jýRô�ü�ø	���G�Xù,ü	� ë ó@ö
�jý��$þ$ø@ý � ü	
��,ô>Ä�Ê%���¶ù{ø[ö � üÉö¶þ$ÿ!ø@ýCþ$ÿRügù,ü�ý � þ$ÿCó@ô/þ$ÿRügùjó�ý � ü$� þ:�àø[þ$ÿ��jýyþ$ÿRügý!üÉþ/�6ó@ö�wJ
àþ$ÿRüÉö$ü����ýRó���ø�ú
Þ�ß ª�«I®H´@>à�·Q§@«I¸º�«I§©¬T±I®½«I°�á$µ<¬T¶�®½«J°,¯zâ½®D¯`°�§�¾�±I®Hª:¨:®H´@°,¬N«I®Hº:´@ª º:´�`¸§�¦H´�±I®5º1¯`ª�±I®½«I¨:°J§�¾qµ$»$±I®H°HÂÑã�®½±�á�´@`<±I¹N®>ªN®½±\·�§@«�ä°,¯`¨t¬N ´�±I¯`§©ªK±I§�§@¸°+·Q®8´�«I®8´H·*´�«I®8§�¾�´@``§�¦5´�±I®�µ<¬T¶�®½«I°*¯`ªK±I®½«I¨:°*§�¾&¼ ´�¦(ä�®#±I°HÂ

q�Ñ��



�6ü � ø@ý � ó�ý&� � �Rö$ügþ$ÿRü Ä óT���A��� � ÿ¥þ$ÿ!ø[þ*þ$ÿRügøT�@üÉö'ø � ü Ä óT��ÿRó	� � ó��!ý�þ�����Ä�ÊH��Ä�Ê � ø@ý4��ü0�!ö'ó	��üÉö�ù,ú
� ó�ý&� � �!ö$ü�û*
Rü	� � �G
��Xø	� ü�û�ó�ý�þ$ÿRürø$�@üÉö'ø � ü)�àø[þ$ÿ¥ù,ü�ý � þ$ÿ4�jýCþ$ÿRügýRüÉþ#�±ó@ö�wJ�
� �Rò@f[Í�ÜDÍ ñrè�ð®ÛXÞ"�Éë^fõè�ðæåçf�ð/�/èÐç êAèXÝ�Ú���è�ç-�\èXðèg6è��T��é Ô �Rë_ìD�@á �dÿ!üB� ü � ó�ý!ûx��� � ÿ �àø<;
ö'ø@÷xüÉþ üÉö����rþ$ÿRüC÷�ø<�&�j÷=�à÷ �nm:  � ó�ý � ü$� þ��,ó�ý����jý!û!óT��xcâ�,þ$ÿTø2���jý!ûRóN� � ó�ý&� � �Rö'ø[þ��,ó�ýBþ$ÿ!ø[þ����
�jý!û!ü���ü�ýàûRü�ýMþró@ôHþ$ÿ!ü4��� üÉö��jý&�J�Rþ�
ÈýRó@þ�ø@ùjù:� ó�ù��Rþ��,ó�ý��tþ ó�þ$ÿRü¥ù��{ýRü�ø[ö��!ö$ó � ö'ø@÷ê|,�%qU�����jùjùE�!ö$óÌû�� � ü
ù,ó����$ü$�gø	�`ûRü$���,ö$ü�û¦ó@ô¶ù,ó���� úvþ$ø[ö � üÉþtù��jý&w6��� � ý!�àø[ö$þ�� � �!ù{ø[ö$
®ø4� ó�ù��Rþ��,ó�ý�÷�ø�ú � ó�ý������ þÃü�� � ù��������@ü�ù,ú-ó@ô
���jýàûRóT�:;Aù��j÷��,þ ü�û Ä óT�A��
+�*ÿ�� � ÿ�ûRó¥ýRó@þ � ø	��� üPù,ó����$ü$�Ãú@üÉþgþ$ÿRü�ø �	� ö$ü � ø[þ üCþ$ÿRö'ó�� � ÿ&���Rþ"ûRóÐü$�Ãö$ü�ø � ÿ
þ$ÿRü � ø �àø � �,þmú\ó@ô�øuþ$ø[ö � üÉþÃù,ó���� ú¥ù��jý&w��1�®óyü�ý����Rö'ü`þ$ÿ!ø[þ"þ$ÿRütù��jý&w����K�jý¥ô�ø � þÃù,ó���� ú	
��6ütýRüÉü�û-þ ó��j÷�;
��ó�� ü"ø@û!û��,þ��,ó�ýàø@ù � ó�ý�� þ ö�ø	�jýMþ��±ó�ýyþ$ÿRüÃ÷�ø<�&�j÷=�à÷ � ó�ý � ü$� þ��jó�ý����jý!ûRóN� � ó�ý&� � �Rö'ø[þ��,ó�ý��jýPþ$ÿRüHþ ö�ø[µ �
÷xóÌûRü�ù>��� � ÿ\þ$ÿ!ø[þLÅ � � �� H 3 | Ä óT� ��� � ó�ý � ü$� þ��,ó�ý6;Aù��j÷��,þ ü�û#�1orqÉ·@·ts����A�$ø[þ����5�àü�û¥ô�ó@ö Ä óN���*ó�ývù,ó����$ú
�àø[þ$ÿ��$�8�dÿ����¶ÿ!ø	�1��üÉü�ý3�jý � ó@ö���ó@ö'ø[þ ü�û��jýCþ$ÿ!ügþ ö'ø[µ � �àö$ó	�àù,üÃûRü$� � ö@�G�!þ��,ó�ý��jý Æ ü � þ��jó�ýxa"�¸���
QSR�ë ìbíHØ"Õ<¯uØ"«[²MHª
� ý�þ$ÿ����A� ü � þ��,ó�ý*
��6ü��A�jùjù�ü��[ø@ù��!ø[þ ü`þ$ÿ!ü�!ö$ó	��ó�� ü�û�þ ö�ø[µ �� ü�ýRüÉö�ø[þ��,ó�ý\ø@ù � ó@ö@�,þ$ÿ!÷���c�ürö$üÉô�üÉö*þ óuþ$ÿRü
�!ö$óT�6�{÷��,þAúC��üÉþ/�6üÉü�ýTþ$ÿRüyú��,ü�ù{ûRü�û�ù��{ý&w � ó�ýàû��,þ��,ó�ý��Ä| � ó�ý!û��,þ��jó�ý��gþ$ÿ!ø[þtö$ü$���àù,þgô�ö$ó�÷éþ$ÿ!ü � ü�ýRüÉö�ø[þ ü�û
þ ö'ø[µ � ��ø@ý!ûuþ$ÿRü*þ$ø[ö � üÉþ�ù��jý&w � ó�ý!û��,þ��,ó�ý���ø	�6þ$ÿRüt½q{�{��6y ½�{�çNó@ô¹þ$ÿRüHþ ö'ø[µ �A� ü�ýRüÉö'ø[þ��,ó�ýCø@ù � ó@ö��jþ$ÿ!÷�ô�ó@ö
ø-�àø[ö$þ�� � �!ù{ø[ö�� üÉþNó@ô8�jý&���Rþ��$� � ô%�!ö��j÷�ø[ö'ú � ó�ý � üÉö�ý(���dþ óyü��ø@ù��àø[þ ürþ$ÿRütø ��� �Rö'ø � úvø@ý!û¥þ óyü��Ìø@÷B�jýRü
þ$ÿRügô�ø � þ ó@ö��*þ$ÿ!ø[þ � ø	��� ü=��� � ý��G� � ø@ýMþ:�jý!ø ��� �!ö'ø � �,ü$���

�dÿ!ü±ü��[ø@ù��!ø[þ��,ó�ýtó@ôXþ$ÿRü¶ø@ù � ó@ö��,þ$ÿ!÷�ô�ó@ö�ü�ø � ÿ�� üÉþ�ó@ô���� üÉö%�jý&���!þ�� � ó�ý������ þ��&ó@ôàþ$ÿRü�ô�ó�ùjù,óT�A�jý � �$þ ü������
q � � ý�� þ$ø@ý�þ��jø[þ ü¦øTù��jýRü�ø[öB�àö$ó � ö'ø@÷ �àø	� ü�û�ó�ý�þ$ÿRüC��� üÉö��jý&���!þ��Pø@ý!û�þ$ÿRü¦þ ö'ø[µ � �!ö$ó	�àùjü	
*ø	�

ûRü$� � ö@�G��ü�ûg�{ý Æ ü � þ��,ó�ý¿a"�zy��
��� Æ ó�ùG�@ütþ$ÿRürù��jýRü�ø[ö��àö$ó � ö'ø@÷¢ôõó@öNþ$ÿRütþ ö'ø[µ � ÷�ø[þ ö����Q
Q�,�;ü	�G
Xþ$ÿ!ütý��!÷=��üÉöHó@ô��nm�  Ä óN���Hþ óg��ü

� ó�ý&� � �!ö$ü�û���üÉþ/�6üÉü�ý¥ü�ø � ÿ4�àø	�,ö¶ó@ô�ýRóÌûRü$��
!ø@ýàûCö$ó��!ý!ûCþ$ÿRürý"�!÷=��üÉö���þ óB�jý�þ ü � üÉö����
y�� Æ üÉþ)���Bø@ý ~&Ú@æÔo>yÑ�s����j÷)�!ùjø[þ��,ó�ý �àø	� ü�ûBó�ýBø@ù{ùÈþ$ÿRü��jý&���!þ��ÉÊ � ó�ý&� � �Rö$üg�nm�  Ä óT�A�Ä|[�nm: 

Ídü�ý!ó&
/îQ�Ì¿õ¿IÞm{ï2�{ý ~&Ú©æ^�Hø ��� ó@ö'û��jý � þ ó�þ$ÿRütþ ö'ø[µ � ÷�ø[þ ö@���¡|�ø[ô�þ üÉöÃö$ó��!ý!û��{ý � ��Ê � ó�ý�� � �Rö$üxøg &ø[ö'üÉþ ó
� ³ w � ëmë »nÙL â� þ ö$ü�ø@÷ ó�ý�ü�ø � ÿ\þ$ø[ö � üÉþHù��{ý&wB���jþ$ÿ�ø@ý¥ø$�@üÉö'ø � ütö'ø[þ ü¢J�6s��

Ñ&�qÍ��!ý	þ$ÿRü3���j÷)�!ùjø[þ��jó�ý¹Ê�ôõó@öuü�ø � ÿ�þ$ø[ö � üÉþuù��{ý&wJ
 � ó�÷��àø[ö$ü-þ$ÿRü\øT�@üÉö'ø � ü(�!þ��jù���v�ø[þ��,ó�ý.ø@ýàû#w_ó@ö
ù,ó�����ö'ø[þ ü¥ó	��� üÉö��@ü�û��jý¼þ$ÿRü4���{÷=�!ù{ø[þ��,ó�ý¼ø � ø	�jý�� þ�þ$ÿ!ü�þ$ø[ö � üÉþB�[ø@ù��Rü$��� Æ �&����ó�� üÄðGñyø@ýàûÖð�Êgø[ö$ü	


q�Ñ��



ö$ü$�5��ü � þ��G�@ü�ùjú	
Ðþ$ÿ!üNó	�J� üÉö��@ü�û�ø@ý!ûCþ$ø[ö � üÉþ:�[ø@ù��Rü$��ó@ô&ø%ù��jý&w � ó�ý!û��,þ��,ó�ý*
��±ügû!üÉö��G�@üNþ$ÿRü�y5zÉ¿Â½	|4l\� z�z�y@y5} y
ò ô�ó@ödþ$ÿ����¶ù��jý&w � ó�ý!û��,þ��,ó�ý�ø	�dôõó�ùjùjóT�����

ó b ðGñ�¥�ð�Êð�Ê
� ý�ø@û!û��,þ��jó�ý*
"�6ü����$üNþ$ÿ!ü�y5zÉ¿Â½	|4l\� z�z�y@y5} y 9 ��z=|I}-y5} �6~ 9 l\~"�gþ ó�ø	��� ü$���¶þ$ÿRüÃüÉö'ö$ó@ö1�jý � �Rö'ö$ü�ûg�*ÿRü�ý

ö$ó��!ýàû��jý � þ$ÿ!üHþ ö'ø[µ � ÷Pø[þ ö����B� ó�ù��!þ��,ó�ýPþ ó��jý�þ ü � üÉö�����Î\ó@ö$ü0�5��ü � �G� � ø@ù{ù,ú	
"��������ó�� üdþ$ÿ!ø[þ�þ$ÿRü"ù,ó�ø@ûyó�ý
øgþ$ø[ö � üÉþ6ù��{ý&w � ø@ù � �àùjø[þ ü�û�ô�ö$ó�÷�þ$ÿ!üdó@ö�� � �jýàø@ù�� ó�ù��Rþ��jó�ý����8n�Ê5
q�*ÿ�� � ÿ��Ðú%þ$ÿRüHûRü��Xý��,þ��,ó�ý%ó@ô�þ$ÿRüNù��jýRü�ø[ö
�!ö$ó � ö�ø@÷ �$ÿ!ó��!ùjû���üdþ$ÿ!üK�$ø@÷�üNø	�±þ$ÿRüNþ$ø[ö � üÉþ¶ù,ó�ø@û*
Ìø@ý!û�þ$ÿ!ø[þ6þ$ÿRü"ù,ó�ø@û � ø@ù � �!ùjø[þ ü�ûyø[ôõþ üÉö�ö$ó��àý!û��jý �
���:n ^ 
!þ$ÿ!ü�ý�þ$ÿRügö$ü�ù{ø[þ��G�@üÃüÉö$ö$ó@ö ó ÊNû��RüÃþ ó�ö$ó��!ýàû��jý � �����

ó Ê b n ^ ¥ n8Ên�Ê
c�üÃø@ù�� ó���� üNþ$ÿRüÃø ��� ó�ù��!þ ü��[ø@ù��Rü$�6ó@ô ó ø@ý!û ó Ê*ü��Ðþ ü�ý����G�@ü�ù,ú��*ÿ!ü�ýB�6üÃø[ö$üHó�ýàù,úB�jý�þ üÉö$ü$� þ ü�û��jýuþ$ÿRü
��½$�	~�l\|[� 9 zdó@ô�ø@ý�üÉö$ö$ó@ö$�

� ý\þ$ÿ!ü`ö$ü$� þNó@ô�þ$ÿRü�� ü � þ��,ó�ý*
��6ü=�!ö@� þA�$ÿ!óT��þ$ÿRütø ��� �!ö'ø � ú3�jý2���jý � ù,ürù��jý&wCü��Rø@÷��àù,ü$��
�ø@ý!û-þ$ÿRü�ý
ü��[ø@ù��!ø[þ üNþ$ÿRüHø ��� �Rö�ø � úPô�ó@ö6ørýRüÉþ/�6ó@ö�w�ó@ô)ù��{ý&w��$�/c�ü"ø@ù�� órö$ü��@ü�ø@ù�þ$ÿRü � ø	���$ü$�±ó@ô¹þ$ÿ!üNùjø[ö � ü$� þ�üÉö$ö'ó@ö����
e âGË®â�ä O
f�ð/ÛJ��Þhg7f�ðDXjiNò+��Í Pm��Þ
ë ó@öÇþ$ÿ!ü.ü�����üÉö��j÷�ü�ýMþ��C�jý�þ$ÿ����C������� ü � þ��,ó�ý*
��6ü���� ü.ø£���jý � ùjüTù��{ý&wªôõ|�m1b�qÉ·@·�Î4���J��
�È:b"Ñ�·@·6

�Ab'y[·@÷B�+�@��ÃNùjù*�nm�  Ä óT���Hÿ!ø$�@ü`øP÷�ø<�6�{÷=�!÷ � ó�ý � ü$� þ��,ó�ý4�A�jý!ûRóN�?Å b� º �

�dÿ!ü\ö$ü$���àù,þ��B�jý ë � � �Rö$ü�a·x�$ÿ!óT�¢þ$ÿRü(�!þ��jù���v�ø[þ��,ó�ý � ó�ý�� þ ö'ø	�jý�þyüÉö$ö$ó@ö��B�*ÿRü�ý�þ$ÿRü\þ$ø[ö � üÉþ�ù��{ý&w
���gùjó����$ù,ü$���$�-�dÿRü÷ö�;Aø<�&���gö'ü��!ö$ü$� ü�ý�þ��gþ$ÿRüuþ$ø[ö � üÉþrùjó�ø@û½|IsL�L�Ãø@ý!ûÇþ$ÿRüuù,üÉô�þÆøK;Aø<�6���rö$ü��!ö'ü$� ü�ýMþ��`þ$ÿRü
ó	��� üÉö��@ü�û-ù,ó�ø@û+��È6ó@þ$ÿvö$ü�ùjø[þ����@ügüÉö$ö$ó@ö�� ó ø@ý!û ó Êgø[ö$ü=�'ÿRóT�*ý¡|[�����jý � þ$ÿRü`ö�� � ÿMþpøA;Aø<�&���+�dø@ý!û¥þ$ÿRüÉú
ø@ùj÷xó��$þ � ó�÷��Xù,üÉþ ü�ù,úÇóN�@üÉö'ùjø �+�!�dÿ������jýàû�� � ø[þ ü$�rþ$ÿ!ø[þ%þ$ÿRüuüÉö'ö$ó@ö��jý�þ$ÿ���� � ø	�$ü � ø@ý���ü��!ý��jùjø[þ üÉö�ø@ùjù,ú
ø[þ þ ö��G�J�Rþ ü�û�þ ó.ö$ó��!ý!û��{ý � �ùm�ù,ü�ø[ö'ù,ú	
Hþ$ÿRü¦üÉö$ö$ó@ö � ø	��� ü�û£�Ðú]ö'ó��!ý!û��jý � þ$ø ��üÉö��Có[´�ø	�Cþ$ÿ!üvþ$ø[ö � üÉþ
�Rþ��jù���v�ø[þ��,ó�ý��jý � ö$ü�ø	�$ü$��
����jý � üNþ$ÿ!ü`û��Â´�üÉö$ü�ý � ü���¶ý!ó@ö'÷�ø@ù���vÉü�û��Ðúyþ$ÿRügþ$ø[ö � üÉþK�Rþ��jù���v�ø[þ��jó�ý*�

Æ �{÷��jùjø[ö'ùjú	
 ë � � �Rö$üDaÑq0�$ÿ!óT���¶þ$ÿ!ügù,ó�����ö'ø[þ ügø ���àö$ó$�&�j÷�ø[þ��,ó�ý��{ýuü��6��üÉö��j÷xü�ý�þ��t�*ÿRüÉö$üÃþ$ÿ!üNþ$ø[ö � üÉþ
ù��jý�wL���®ù,ó����$ú	�/c�ü�ó	��� üÉö��@ü±þ$ÿ!ø[þ&þ$ÿRü6üÉö$ö$ó@ö&ôõó@ö�ù,ó����®ö'ø[þ ü����&÷=� � ÿtùjø[ö � üÉö�ø@ý!û)�,þ/ûRóÐü$�&ýRó@þ � ó@ö'ö$ü$�5��ó�ý!û
þ ó�ö$ó��àý!û��jý � üÉö$ö'ó@ö$
!ø@ù,þ$ÿRó�� � ÿ\ø@ùjù¹þ$ÿRüÃüÉö$ö'ó@ö��dø[ö$ü�A�,þ$ÿ��jýyþ$ÿRügö�ø@ý � ü�o ;A·6�¸��
�·6�ØaUsI�¯cqÿRü�ý¥þ$ÿRüÃþ$ø[ö � üÉþ
ù,ó����6ö'ø[þ ü0���t�@üÉö$úyù,óT��
Ðþ$ÿ!üNó	�J� üÉö��@ü�ûCù,ó����6ö'ø[þ üÃþ ü�ý!û��±þ ó���ü"ÿ�� � ÿRüÉö6þ$ÿ!ø@ýCþ$ÿRüNþ$ø[ö � üÉþ1�[ø@ù��Rü	�¹cqÿRü�ý

q º ·



 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 10  20  30  40  50  60  70  80  90  100
-0.25

-0.2

-0.15

-0.1

-0.05

 0

 0.05

 0.1

 0.15

 0.2

 0.25

O
bs

er
ve

d 
Lo

ad
 fr

om
 S

im
ul

at
io

n 
(M

bp
s)

R
el

at
iv

e 
E

rr
or

Target Load (Mbps)

Utilization Approximation

Observed Load
Relative Error E

Relative Error Due to Rounding E_r

Úpf�ÛXÜ/ÝÞ eLú á »Hþ��jù��{v�ø[þ��,ó�ý�ø ���!ö$óT�6�{÷�ø[þ��,ó�ý

þ$ÿRü � ó�ý � ü$� þ��,ó�ý.���rù,óT�
�þ$ÿRüÄ�"�!ü$�Rü-���`ó�ýBøT�@üÉö'ø � ü�ô�ø[örô�ö$ó�÷ ��ü$�{ý � ô\�àùjù,��ÃA�tø-ö$ü$���!ù,þ�
&þ$ÿRüuþ üÉö'÷
) :� óT�@üÉö$ü$�$þ��j÷�ø[þ ü$�Hþ$ÿRü`ø$�@üÉö�ø � ü����Rü$���jý � ûRü�ùjø�ú	
XÿRü�ý � ügþ$ÿRürø@ù � ó@ö��,þ$ÿ!÷Î�àý!ûRüÉö$ü$� þ��{÷�ø[þ ü$�¶þ$ÿRü��Sm� 
þ$ÿRö$ó�� � ÿ&���Rþ6ø@ý!ûyóT�@üÉö$ü$� þ��{÷�ø[þ ü$�¶þ$ÿRüÃý��!÷���üÉö6ó@ô>�nm�  Ä óT���6þ$ÿ!ø[þ¶ø[ö$ü"ýRüÉü�ûRü�ûyþ ó � ø	��� ü"ø��5��ü � �G� �
ù,ó����gö'ø[þ ü	�g�*ÿ����Ãö$ü$���!ù,þ��0�jýÇø\ÿ�� � ÿRüÉö`ùjó����Ãö'ø[þ üuþ$ÿ!ø@ý!�5��ü � �G�!ü�û+� � ý�þ$ÿRüPó@þ$ÿRüÉörÿ!ø@ýàû*
>�*ÿ!ü�ý�þ$ÿRü
þ$ø[ö � üÉþdù,ó����±ö�ø[þ ügø ���!ö$ó�ø � ÿRü$�¶·6�{q 
Rþ$ÿRü"ó	��� üÉö��@ü�û�ùjó����6ö'ø[þ üL��ü � ó�÷�ü$�¶ù,óT�6üÉö¶þ$ÿ!ø@ýyþ$ÿRü"þ$ø[ö � üÉþ:�[ø@ù��Rü	

�*ÿ�� � ÿ���� �	� ü$� þ��%þ$ÿ!ø[þ��6üy÷Pø�úBÿàø$�@ü�óT�@üÉö'ü$� þ��j÷�ø[þ ü�û.þ$ÿ!üuþ$ÿRö'ó�� � ÿ&���Rþtø@ý!û.�!ý!ûRüÉö'ü$� þ��j÷�ø[þ ü�ûBþ$ÿRü
ý��!÷���üÉö�ó@ô Ä óT���¶ýRüÉü�û!ü�ûCþ óxö$ü�ø � ÿ�þ$ÿ!üÃþ$ø[ö � üÉþ*ù,ó����6ö'ø[þ ü	�E�dÿ����6óT�@üÉö'ü$� þ��j÷�ø[þ��,ó�ý¥ó@ô®þ$ÿRö$ó�� � ÿ&���Rþ�ø[þ
ÿ�� � ÿCù,ó�����ö'ø[þ ü����:�jýàÿRüÉö$ü�ý�þ±þ ó�þ$ÿ!üÃþ$ÿRö$ó�� � ÿ&�J�Rþ6÷�óÐûRü�ùQ�6ü��� üGorqÉ·@·�sI� � ýCþ$ÿ!üÃö$ü�ø@ù � ý�þ üÉö'ýRüÉþ�
!øPù,ó����
ö'ø[þ ügü�� � üÉü�û��jý � ·6�8· º ���¶ÿ�� � ÿ!ù,úB�àý"�����!ø@ù,�

� ý4���!÷P÷�ø[ö$ú	
!þ$ÿRüÃö'ü$���!ù,þ��¶ó@ô�þ$ÿ����1���&���$ü � þ��,ó�ý��$ÿRóN�±ü�û\þ$ÿ!ø[þ*þ$ÿRü`þ ö'ø[µ �0� ü�ýRüÉö�ø[þ��,ó�ý\ø@ù � ó@ö@�,þ$ÿ!÷
ô�ó@ö�ø���jý � ù,ü¶ù��jý&w����Èø´�ü � þ ü�û-�Ðúrþ#�±ó`÷Pø_Ë2ó@ö±ô�ø � þ ó@ö��$�Â|�qU��ø ��� �Rö'ø � úxó@ô�þ$ÿRüdþ$ÿRö$ó�� � ÿ&���Rþ�ü$� þ��j÷Pø[þ��,ó�ý*

�*ÿ�� � ÿ����t��üÉþ þ üÉö¶ôõó@ödù,ó����$ù,ü$���6ù��jý&w6�±þ$ÿ!ø@ýCôõó@ö¶ù,ó���� úuù��{ý&w��$
�ø@ý!û�|,���±ö$ó��!ýàû��jý � ôõö'ø � þ��jó�ý���þ ó��jýMþ ü � üÉö@��

�*ÿ�� � ÿvø´�ü � þ��"þ$ÿRü%ø ��� �Rö'ø � úv÷xó�� þ0��� � ý��G� � ø@ý�þ$ù,ú��*ÿRü�ý-þ$ÿRütý��!÷=��üÉöHó@ô Ä óT���Nö$ü������,ö$ü�û\ó�ý¦øuù��{ý&w
| � �G�@ü�ý3��úyþ$ÿRü�� ó�ù��Rþ��,ó�ý#�E���:�$÷Pø@ùjù,�
e âGË®âjã V\Þ�ë�ç%èàÝ<X.èàêng7f�ðDX*�
l%�6��üÉö��j÷xü�ý�þ��+�jýgþ$ÿ����>���&��� ü � þ��,ó�ý`ø[ö$üE�jý�þ ü�ý!ûRü�û`þ ó*ü��Rø@÷��jýRü�þ$ÿRü±ø ��� �Rö�ø � úgó@ôRþ$ÿRü�þ ö�ø[µ �8� ü�ýRüÉö�ø[þ��,ó�ý
ø@ù � ó@ö��jþ$ÿ!÷ ôõó@ö � ó�ý&� � �Rö�ø[þ��,ó�ý������,þ$ÿ�øPýRüÉþ/�6ó@ö�wCó@ô�ù��jý&w6���

q º q



 0.001

 0.01

 0.1

 0.001  0.01  0.1
-1

-0.5

 0

 0.5

 1

O
bs

er
ve

d 
Lo

ss
 R

at
e 

fro
m

 S
im

ul
at

io
n

R
el

at
iv

e 
E

rr
or

Target Loss Rate

Loss Rate Approximation

Observed Loss Rate
Relative Error E

Relative Error Due to Rounding E_r

Úpf�Û�Ü®ÝÞ e ä!á ô®ó����¶ö'ø[þ ürø ���!ö$óT�6�j÷Pø[þ��,ó�ý

û êØü�ê æ ê ã ò ��ï&z�y+l\�Bz�~�|¾½@¿/ý�z$|[��ï
»Ný!ù,ü$����ó@þ$ÿRüÉö������ ügýRó@þ ü�û+
!þ$ÿRügþ ü$� þA�jý&���Rþ��6ô�ó@ödó��Rödü��[ø@ù��!ø[þ��jó�ý¥ø[ö$ü`ûRü$� � ö��G��ü�ûCø	�dô�ó�ùjù,óT�A���

Ï c�ütÿ!ø$�@ürü�����üÉö��{÷xü�ýMþ ü�û��A�,þ$ÿ�û��Â´�üÉö$ü�ý�þ¶þAú���ü$�Hø@ý!û4� � ø@ùjü$�¶ó@ô�ýRüÉþ/�6ó@ö�wCþ ó	��ó�ù,ó � �,ü$��
àø@ýàû�þ$ÿRü
ö'ü$���!ù,þ��m�6üdûRö'øT�	ø[ö$ü��"���,þ ü � ó�ý������ þ ü�ý�þ��¹c�ü1���jù{ùq�!ö'ü$� ü�ýMþ�ö$ü$���!ù,þ���ÿRüÉö$ü��àø	�$ü�û%ó�ýxþ/�6ógþ ó	��ó�ù,ó ;
� �jü$��� � ýRüró@ô�þ$ÿRü�÷¢ü��Ìü�÷��àù��G�àü$�Høuö$ü�ùjø[þ��G�@ü�ùjú\ùjø[ö � ü�� � ø@ù,ü÷ÓL��; � �*Î þ ö�ø@ý����,þH;/� þ�����å'½�{ Á å�} ~�z
ý!üÉþ/�6ó@ö�w¤o>y@¸^s>���jþ$ÿ3�[·@·PýRóÌûRü$�dø@ýàû\¸.�.��ù��{ý&w��$
Ìø@ýàû�þ$ÿRü`ù��{ý&w � ø �àø � �jþ��,ü$�*ø[ö$ü=�!ý��,ô�ó@ö'÷�ù,úuû����H;
þ ö@�G���Rþ ü�û.��üÉþ/�6üÉü�ýªqÉ·�Î3�����uø@ý!ûþqÉ·@·�Î3�������â�dÿRü�ó@þ$ÿRüÉöuþ ó	��ó�ù,ó � ú	
:��� ü�û��jý.÷�ó�� þ�ó@ô"þ$ÿRü
ü��6��üÉö��j÷xü�ý�þ���6üyö$ü���ó@ö$þ�
����gö$ü�ùjø[þ����@ü�ù,ú!�$÷�ø@ùjùG;/� � ø@ù,ü����jþ$ÿ º@º ýRóÐû!ü$�`ø@ý!û�q$�[·-ù��jý&w6��
>���!þ��,þ
ü��Ìü�÷��àù��G�!ü$��ø`ý!üÉþ/�6ó@ö�w����,þ$ÿ���ó@þ$ÿ(å'½�{ Á å�} ~QzÃ½ ~ 9 ½�{@{@z�Ú�ÚÈù��jý&w6��ø@ý!û���� � ü�ýRüÉö'ø[þ ü�ûyø	��ô�ó�ùjù,óN�����
|�qU� ë �,ö��$þ�
�øjÓL��; � �*Î þ ö'ø@ý����,þH;/� þ��&��þ ó	��ó�ù,ó � ú ��� � ü�ýRüÉö'ø[þ ü�û�þ ó��$üÉö��@üvø	�uþ$ÿRü(�àø � w���ó�ýRü	�
�/ö'ø@ý����,þH;¾þ ö'ø@ý����jþ`ù��jý&w6�Ãø@ùjùÈÿàø$�@üCø � ø �àø � �,þmúÇó@ô1qÉ·@·�Î3���������dÿRü � ø �àø � �,þ��,ü$�`ó@ô¶þ ö'ø@ý����jþH;/� þ��&�
ø@ýàû4� þ��&�&;/�$þ��&�¥ù��jý&w6�6ö'ø@ý � ügô�ö$ó�÷ÿqÉ·�Î3�����dþ ó��[·�Î4�����dô�ó�ùjù,óN���jý � ø��!ý��jôõó@ö'÷�û���� þ ö��G�J�Rþ��,ó�ý*�
|,����Ã�ö'ø@ý!û!ó�÷~ý��!÷=��üÉö |[�àý��,ô�ó@ö'÷�ù,úÇû���� þ ö��G���!þ ü�û �jýTþ$ÿRüCö'ø@ý � üÔo ·6
6Ñts��ró@ôHù,ü�ø[ôNýRóÌûRü$�xø[ö$ü
ø[þ þ$ø � ÿRü�û%þ ó"ü�ø � ÿ�� þ��&�tö$ó��Rþ üÉöT���/óH÷xóÌûRü�ùÐû��Â´�üÉö$ü�ý�þ)þAú���ü$�/ó@ô!ø ��� ü$����ù��jý&w6��
�þ$ÿ!ü±ù��jý�w � ø �Xø � �,þAú
��üÉþ#�±üÉü�ýÇø��$þ��&�¦ö$ó��Rþ üÉögø@ý!û¦ø�ù,ü�ø[ô6ýRóÐû!ürô�ó�ùjù,óN���ÃøCû���� � ö$üÉþ üxû���� þ ö��G���!þ��,ó�ý*
Xø@ýàû-þ$ø w@ü$�`ó�ýRü
ó@ô�þ$ÿRüÃô�ó�ùjù,óN���jý � �[ø@ù��Rü$����q � º Î3������|�y[·MÅG�@
/qÉ·�Î3�����`| º ·MÅG�@
/qÉ·@·�Î3������|,�[·MÅG�@�
|�y��3�dÿRüBù��jý&w �!ö$ó	�àø � ø[þ��,ó�ý�ûRü�ùjø�ú��\ôõó�ùjùjóT� ø �!ý��,ô�ó@ö'÷ û���� þ ö��G���!þ��,ó�ýâ��üÉþ#�±üÉü�ý�qÉ·@÷��vø@ý!û

q º �



qÉ·@·@÷B��� ÃNýTøT�@üÉö'ø � ü\ù��{ý&wÇûRü�ùjø�úFv Î ��� � ø@ù � �!ùjø[þ ü�ûTôõó@öxþ$ÿ!ü � �G�@ü�ý.ý!üÉþ/�6ó@ö�w�ó�ý � üCþ$ÿRü�ù��{ý&w
û!ü�ùjø�ú6�rø[ö'ü � ó�ý&� � �Rö$ü�û*� È�ø	� ü�ûTó�ýBþ$ÿRüPþ$ø[ö � üÉþ��[ø@ù��Rüuó@ôdø$�@üÉö'ø � ü Ä óN�¡ÿ!ó	� � ó��!ý�þ)Ä�Ê½
m�6ü
� ø@ù � �!ùjø[þ üdø"þAú���� � ø@ùÌÍm�1���jýtþ$ÿRüdý!üÉþ/�6ó@ö�wtø	� �vQÊDb�� Ä�Ê � v Î �/c�ü*þ$ÿRü�ý � ó�ý&� � �Rö'ü6þ$ÿ!ü6ö'ó��Rþ üÉö
�J�Ì´�üÉö*ôõó@ödü�ø � ÿ\ù��{ý&wuø	�¶þ$ÿ!ü�àø@ý!û&�A�jûRþ$ÿyûRü�ùjø�ú��!ö'óÐû�� � þ��8s � �vQÊ5�

Ï c�ü4�$ü�ù,ü � þxþ$ø[ö � üÉþPù��{ý&w��rö'ø@ý!û!ó�÷�ù,úF���,þ$ÿ¼ø � üÉö$þ$ø	�jý.�àö$ó	�àø ���jù��,þAú	
m�*ÿ�� � ÿ��ø[ö@�,ü$�xø � ö$ó����%ü���;
��üÉö��{÷xü�ýMþ��$�=�dÿRüxþ$ø[ö � üÉþ��Rþ��jù��{v�ø[þ��,ó�ý\ô�ó@ö`ø�ýRó�ý&;Aù,ó���� úvù��jý&w�ô�ó�ùjù,óN���Ãø��!ý��,ô�ó@ö'÷ û����$þ ö��G���Rþ��jó�ý
ö�ø@ý � �jý � ôõö'ó�÷¡·6�¸�tþ óx·6�z�����*ÿRüHþ$ø[ö � üÉþ*ù,ó����±ö'ø[þ ü$�¶ó�ýCù,ó����$úPù��jý&w6��ø[ö'üL�àý��,ô�ó@ö'÷�ù,úxû����$þ ö��G���Rþ ü�û
��üÉþ#�±üÉü�ý�·6�8·@·Lq¥ø@ý!û.·6�8·�y��jc�ü\ù��{÷��,þ`þ$ÿ!ü4� ü�ù,ü � þ��,ó�ý.ó@ôNù,ó���� úBþ$ø[ö � üÉþPù��{ý&w��tþ ó�þ$ÿRó��$ü����,þ$ÿ
� ø �Xø � �,þAú!s¡�æy º Î4������
¹þ ó�ö$ü Ä ü � þ"þ$ÿRü%ô�ø � þÃþ$ÿ!ø[þgù,ó����$ü$�Hó ��� �Rög÷xó��$þ$ù,ú\ó�ý�ù,óN�±üÉö � ø �Xø � �,þAú
ù��jý&w6���

Ï �*ÿRüP÷�ø<�&�j÷)�!÷ �nm�  � ó�ý � ü$� þ��,ó�ýx���jýàûRóT�Ì����vÉü�ô�ó�ùjù,óT�A�gø3�!ý��,ôõó@ö�÷ û���� þ ö������Rþ��,ó�ý2��üÉþ/�6üÉü�ý
q º ø@ý!û�Ñ º �àø � w@üÉþ������dÿRü�nm� ]û!ø[þ$ø�� ü � ÷xü�ý�þA����vÉü=p.���1q�Ñ@Ñ�����úÐþ ü$���{ýCó��Rö����j÷)�!ùjø[þ��jó�ý*�

Ï c�ü2��� ü�¢�b ·%¾{q 
�� b¢qt¾Øa�ø@ý!û�� b¢qCþ$ÿ!ö$ó�� � ÿRó��Rþxþ$ÿ!üyü��6��üÉö��j÷xü�ý�þ���
E�*ÿRüÉö$ü���ø@ý!û��
û!ü��àýRü¶þ$ÿRü� �ø[ö$üÉþ ótû���� þ ö@�G���Rþ��,ó�ýtó@ô�þ$ÿRü*»SÙL  � ³ w � ëmë �jý�þ üÉö��[ø@ù����!c�üA���$ü1Ä�ÊDb��Ñ¾ º �àý!ù,ü$���
ó@þ$ÿ!üÉö������ ügý!ó@þ ü�û*�

ë ó@ö�ü�ø � ÿ�� üÉþ�ó@ô��jý&���Rþ��$
N�6ü���üÉö'ôõó@ö'÷?���@ü�ü��6��üÉö@�j÷xü�ý�þ��D�A�,þ$ÿrû��Â´�üÉö'ü�ýMþ&ö'ø@ý!ûRó�÷ � üÉü�û���þ ó"û!üÉö��G�@ü
þ$ÿRügö'ü$���!ù,þ����!ö'ü$� ü�ýMþ ü�û+�

û êØü�ê æ ê æ 'm|4l�¿Øl���½	|4l,} ~
	�ï�ïJy5}$�.l\��½	|4l,} ~
c�ü��àö�� þ�ü��Ìø@÷B�jýRüÃþ$ÿRü��{÷��àø � þ¶ó@ô�û��Â´�üÉö$ü�ýMþ¶ô�ø � þ ó@ö��*ó�ý3�Rþ��jù���v�ø[þ��,ó�ýCø ���!ö$óT�6�{÷�ø[þ��,ó�ý*�
U ÍxPD����ëyèXêKV-ÞMëoç%èàÝ<X�í6è�P�èJ��èàÛ�é�á ÃA�"ýRó@þ ü�û¦ø ��óT�@ü	
*�6ü%û��jû\ý!ó@þHó	���$üÉö��@üxøuýRó@þ�� � ü�ø �àù,ütö$ü�ùjø<;
þ��,ó�ý��'ÿ��G����üÉþ/�6üÉü�ýPþ$ÿ!ü*ø ��� �Rö'ø � úxó@ô�ó��Rö6ø@ù � ó@ö��,þ$ÿ!÷§ø@ý!û�þ$ÿRüA� � ø@ù,ü*ø@ý!ûPþAú���üdó@ô¹þ$ÿRü��jý����Rþ�ýRüÉþ/�6ó@ö�w
þ ó	��ó�ù,ó � ú	�¯ÙL�RüNþ ó��5�àø � üÃù��j÷��jþ$ø[þ��,ó�ý���
"�±ü"ûRó%ýRó@þ:�$ÿRóT�qö$ü$���!ù,þ��±ôõó@ö¶÷)�!ù,þ��G�àùjü*ýRüÉþ/�6ó@ö�wuþ ó	��ó�ùjó � �,ü$���
� ý ë � � �Rö$üÄa ��
m�6üB��� üPþ$ÿRüB�àø � w"��ó�ýRüPþ ó	��ó�ùjó � új|\�A�,þ$ÿx�[·@·-ýRóÐû!ü$�gø@ý!ûB¸.�.�\ù��jý&w6�+�Nø	�rûRü$� � ö��G��ü�û
�jý¼þ$ÿRü\ü�����üÉö��j÷�ü�ýMþ$ø@ù:� üÉþ����+� ë � � �Rö$üxa �!�$ÿRóT�A��þ$ÿRüxm�Ù ë ��ó@ô"þ$ÿRü¥÷Pø � ý��,þ��!ûRü�ó@ô ó ôõó@öuþ$ÿRö$üÉü

� ó�ý&� � �!ö'ø[þ��,ó�ý��L���jþ$ÿvû��Â´�üÉö'ü�ýMþ"ý"�à÷���üÉö��Nó@ô6þ$ø[ö � üÉþ`ù��jý�w��Nø@ý!û�ù,ó����$ú\ù��jý&w6���1c�üxó	�J� üÉö��@üxþ$ÿ!ø[þÃô�ó@ö
ø ��ó��Rþp�[·MÅ ó@ô�þ$ÿRüÃþ$ø[ö � üÉþHù��jý�w���
Ìþ$ÿRüÃö'ü�ùjø[þ��G�@ügüÉö$ö'ó@ö����:�$÷�ø@ù{ù,üÉö¶þ$ÿ!ø@ý¥·6�{q�{ýCþ$ÿRü$� ügü��6��üÉö��j÷xü�ý�þ����

q º y



 0

 20

 40

 60

 80

 100

 0  0.05  0.1  0.15  0.2  0.25  0.3  0.35  0.4

C
D

F 
(%

)

Magnitude of Relative Error

Utilization Approximation (200-node, 698-link network)

207 target links, 5 lossy
350 target links, 20 lossy
480 target links, 29 lossy

Úpf�ÛXÜ/Ý_Þ e ã¹á m�Ù ë ó@ô�þ$ÿRüg÷�ø � ý��jþ��!ûRüÃó@ô&ö$ü�ùjø[þ��G�@ügüÉö'ö$ó@ö`|\�àø � w"��ó�ýRügþ ó	��ó�ù,ó � úJ�

� ýgþ$ÿRü±ö$ü$� þ)ó@ôRþ$ÿ����>������� ü � þ��,ó�ý*
N�±üt��� üÈþ$ÿ!ü��àø � w"��ó�ýRü6ø@ý!û`ø ��� ü$����ýRüÉþ#�±ó@ö�wÃþ ó	��ó�ùjó � úgûRü$� � ö��G��ü�û
ø ��óT�@ürþ ó�ü����Xù,ó@ö$üÃþ$ÿRü�j÷��àø � þ¶ó@ô�ó@þ$ÿRüÉödô�ø � þ ó@ö����
U ÍxPD����ë�èàê U ð�ë�ÞÐÛàÞÐÝ¡�yèXÜ&ð/�!f�ð/Û)á c�ü3�!ö�� þ%ü��Rø@÷��jýRü¥ÿRóN� ÷)� � ÿ	ó@ôHþ$ÿRü\üÉö$ö$ó@öB�jý.ø¦þmú"�J� � ø@ù
� üÉþ þ��jý � ���dû��RüÃþ óPö$ó��!ý!û��{ý � �

ë � � �Rö'ü$�Paty¼ø@ý!ûªa_Ñ��$ÿRóN� þ$ÿRü�ö$ü�ùjø[þ��G�@ü¦üÉö$ö'ó@ö�ôõó@ö4�Rþ��{ù���v�ø[þ��,ó�ý � ó�ý�� þ ö�ø	�jýMþ����{ý�ü��6��üÉö��j÷xü�ý�þ��
�jý"�@ó�ùG�6�jý � a·tþ$ø[ö � üÉþdù��jý&w6��
Mø@÷xó�ý � �*ÿ�� � ÿ º ø[ö$üNùjó���� ú	� ë � � �Rö$ü1atyrö$ü��@ü�ø@ù���þ$ÿ!ø[þ6þ$ÿRüÃùjø[ö � ü$�$þ±üÉö$ö'ó@ö��
÷xó�� þ$ùjúvó ��� �Rötó�ýBù��jý&w6�0���,þ$ÿÇø(�$÷�ø@ù{ù�þ$ø[ö � üÉþ%ù,ó�ø@û*
%n b sL��� � ³ �I��²��jý�þ$ÿ���� � ø	� ü	
Èø@ý!û�þ$ÿ!ø[þ
ô�ó@öHþ$ÿRütö$ü$� þNó@ô�þ$ÿRü%ù��jý&w6�dþ$ÿ!ü`ö$ü�ùjø[þ����@ürüÉö$ö'ó@ö ó ���A��ó��!ý!ûRü�û4��üÉþ#�±üÉü�ý2;#�[·MÅ¢ø@ý!û(�[·MÅ ü�� � ü��àþHô�ó@ö
ø � ó����àù,ü�ó@ô¶ó��Rþ$ù��,üÉö������dÿ����Ãþ ü�ý!ûRü�ý � ú�ó@ôdû!ü � ö$ü�ø	���jý � ö$ü�ùjø[þ��G�@üuüÉö$ö$ó@ö=���,þ$ÿ�ù{ø[ö � üÉö`þ$ø[ö � üÉþ%ù,ó�ø@û����
� ó�ý������ þ ü�ýMþm���jþ$ÿ`þ$ÿRü:�j÷��àø � þ/ó@ôXö$ó��!ý!û��jý � � ë � � �Rö'üÂa_Ñ"ô[�Rö$þ$ÿRüÉö � ó�ý&�!ö�÷��®þ$ÿ����&ó	��� üÉö��[ø[þ��,ó�ý*�!c�ü � ø@ý
� üÉüÃþ$ÿ!ø[þ¶þ$ÿ!ügû���� þ ö������Rþ��,ó�ý���ó@ô/þ$ÿ!üg÷�ø � ý��,þ��!û!üHó@ô ó ø@ý!ûCó@ô ó ÊNø[ö$ügø@ùj÷xó��$þ¶þ$ÿRü�$ø@÷xü	
��jýàû�� � ø[þ��jý �
þ$ÿ!ø[þdö'ó��!ý!û��jý � ���¶ø@ù{÷xó�� þ�� ó�ùjü�ù,úPö$ü$����ó�ý����G�àù,üNô�ó@ödþ$ÿRügüÉö$ö'ó@ö��:�jýCþ$ÿ���� � ó�ý&� � �Rö'ø[þ��jó�ý*�

ë � � �Rö'ü1a º �$ÿRóT�A�:���j÷��jù{ø[ö6ö'ü$���!ù,þ���ø	� ë � � �Rö'ü1a_Ñ&
����Rþ�ôõó@öHø � ó�ý&� � �Rö'ø[þ��jó�ý����,þ$ÿhq�ÑPù,ó����$úuù��jý�w��
ø@ý!û-þ$ÿRü��$ø@÷xü%þ ó@þ$ø@ù�ý"�!÷=��üÉöHó@ô�þ$ø[ö � üÉþgù��jý&w6��� ë � � �!ö$ü�a º �$ÿRóN���Nþ$ÿ!ø[þ�
�ó�ý¦ø$�@üÉö'ø � ü	
)þ$ÿ!ürüÉö$ö'ó@öNó@ô
þ$ÿRügø@ù � ó@ö@�,þ$ÿ!÷Õ���¶ùjø[ö � üÉö¶þ$ÿàø@ý��*ÿ!ø[þ � ø@ý���ü"ü����Xùjø	�jýRü�û-��úyö$ó��!ýàû��jý � 
Ðü$�5��ü � �jø@ùjù,úxô�ó@ödüÉö$ö'ó@ö��:�&�Cþ ó
·6�zy��:�dÿ����:�{ý!û�� � ø[þ ü$�¶þ$ÿàø[þ*þ$ÿRüÉö$ürø[ö$ü`ó@þ$ÿRüÉöHô�ø � þ ó@ö@� � ó�ý�þ ö��G���!þ��jý � þ óPþ$ÿRürüÉö$ö$ó@ö��$� � ý�þ$ÿRügô�ó�ùjù,óN���jý �
� ü��@üÉö'ø@ù!ü�����üÉö��j÷�ü�ýMþ���
 �6ü:���jùjù��jý"�@ü$� þ�� � ø[þ ü¶þ$ÿRü:�j÷��àø � þ�ó@ô�ù,ó���� ú`ù��jý�w��&ø@ý!û%þ$ÿRü:�jý�þ üÉö'ø � þ��,ó�ý���ø@÷�ó�ý �

q º Ñ



-1

-0.5

 0

 0.5

 1

 10  20  30  40  50  60  70  80  90  100

R
el

at
iv

e 
E

rr
or

Target Load (MB)

Utilization Approximation (70 target links, 5 lossy)

Úpf�ÛXÜ/Ý_Þ e �)á Ídü�ù{ø[þ��G�@üÃüÉö$ö$ó@ö1�6���Èþ$ø[ö � üÉþHù,ó�ø@û

 0

 20

 40

 60

 80

 100

 0  0.2  0.4  0.6  0.8  1

C
D

F 
(%

)

Magnitude of Relative Error

Impact of Rounding (70 target links, 5 lossy)

Relative Error Due to Rounding E_r
Relative Error E

Úpf�ÛXÜ/ÝÞ e Ë)á ó ���$� ó Ê�| º ù,ó����$úuù��jý�w���
�a·xþ$ø[ö � üÉþHù��jý�w��+�

q º@º



 0

 20

 40

 60

 80

 100

 0  0.2  0.4  0.6  0.8  1

C
D

F 
(%

)

Magnitude of Relative Error

Impact of Rounding (70 target links, 14 lossy)

Relative Error Due to Rounding E_r
Relative Error E

ÚnfõÛ�Ü®ÝÞ e�� á ó �6��� ó ÊG|�q�ÑPùjó���� úCù��jý&w6��
Ja·�þ$ø[ö � üÉþNù��jý&w6�+�

þ$ø[ö � üÉþNù��jý&w6��
���ó@þ$ÿ¥ó@ô��Hÿ�� � ÿ��6ü0��ü�ù��,ü��@ü� þ ö'ü$���¶þ$ÿRü`ø ��� �!ö'ø � úCó@ô&þ$ÿ!ö$ó�� � ÿ&���!þ6ü$�$þ��j÷�ø[þ��,ó�ý*�
� ýPþ üÉö�÷���ó@ô®þ$ÿRüHóN�@üÉö'ø@ùjù�û���� þ ö@�G���Rþ��,ó�ý+
	��ó@þ$ÿ ë � � �Rö$ü$�Âa_Ñ%ø@ý!ûÜa º �$ÿRóN�qþ$ÿ!ø[þ6ø ��ó��Rþ��[·MÅ§ó@ô)þ$ÿRü

þ$ø[ö � üÉþxù��jý�w��0�jý � �Rörø@ý�üÉö$ö$ó@ö)��ü�ùjóT��·6�¸���(�dÿRüB�'ù�� � ÿ�þ$ù,úC�±ó@ö��$üuø ���!ö'ó$�&�j÷�ø[þ��,ó�ý*
�ø	� � ó�÷��àø[ö$ü�ûBþ ó
ë � � �Rö$üÂa ��
q���/ü����Xùjø	�jýRü�û���úÃþ$ÿRü6ô�ø � þ&þ$ÿ!üÉö$ü6ø[ö'ü6ø ��� ü$����ù��jý&w6�>�jý`þ$ÿ����/þ ó	��ó�ùjó � ú���,þ$ÿ=�@üÉö$ú`ù,óN�Bþ$ø[ö � üÉþ
ù,ó�ø@û��`|�ø@ý!û¥ÿRü�ý � ü0�@üÉö'úyô�ü�� Ä óN���+�@
!ô�ó@ö1�*ÿ�� � ÿCþ$ÿRü=�j÷��àø � þ¶ó@ô�ö$ó��!ýàû��jý ��� ó��!ùjû���ü��� � ý��G� � ø@ý�þ��
U ÍxPD����ëvèXê%ë_ì®Þ V-Ü�ÍCÏÈÞ�Ý�èXê�ít�!Ý_ÛXÞMë�g�f�ð>X*�C�àð/�Çg6è��$��é�g�f�ð>X*�@á cqÿRü�ýBþ$ÿRüÉö$üCø[ö$üC÷xó@ö$ü
þ$ø[ö � üÉþ�ù��jý&w6�D�jý%þ$ÿ!ü��'ø@÷xüdýRüÉþ/�6ó@ö�w�
"�,þ%����ü��6��ü � þ ü�ûxþ$ÿ!ø[þÈ÷xó@ö'ü¶þ$ø[ö � üÉþ�ù��jý�w��D���jùjù"��ü¶ø´�ü � þ ü�ûB��útþ$ÿRü
þ ö'ø[µ � ó�ýPø0�àø[ö'þ�� � �!ùjø[ö�þ$ø[ö � üÉþ�ù��jý�wJ
�ø@ý!û���� � ü��@üÉö��$ø6��cqÿRüÉþ$ÿRüÉö�þ$ÿ����%�jý � ö$ü�ø	�$ü�ûB�jý�þ üÉö'ø � þ��,ó�ý�ø@÷�ó�ý �
þ$ø[ö � üÉþPù��jý&w6� � ø	���$ü$���jý � ö$ü�ø	� ü�ûTüÉö$ö'ó@ö������%ø��"�!ü$� þ��,ó�ýTö$ü�ù,ü��[ø@ýMþ%þ ó�þ$ÿRü�� � ø@ù{ø ���jù��,þmúÇó@ô*þ$ÿ!üyþ ö�ø[µ �
� ü�ýRüÉö'ø[þ��jó�ýuø@ù � ó@ö@�,þ$ÿ!÷��¹c�ü*ô�ó��!ý!ûPþ$ÿ!ø[þ�þ$ÿ!üHø ��� �Rö'ø � ú-���ÈýRó@þ6ýRó@þ�� � ü�ø �àù,ú�ø´�ü � þ ü�ûg��ú%þ$ÿRüNý"�à÷���üÉö
ó@ô�þ$ø[ö � üÉþ"ù��jý&w6��
6�!ö$óN���{ûRü�û¥þ$ÿ!ø[þHþ$ÿRü`ý��!÷=��üÉöHó@ô�ù,ó���� ú�ù��jý�w��¶ûRóÐü$�*ý!ó@þ��[ø[ö$ú4��� � ý���� � ø@ýMþ$ùjú	�E�dÿ����1���
ûRü�÷xó�ý�� þ ö'ø[þ ü�û-��ú ë � � �Rö'üÆa[¸�
6�*ÿ�� � ÿB�$ÿ!óT���±þ$ÿRüÆmÂÙ ë �6ó@ô¹ö$ü�ùjø[þ����@üHüÉö$ö'ó@ö��Èô�ó@ö±ô�ó��Rö � ó�ý&� � �Rö�ø[þ��,ó�ý��
þ$ÿ!ø[þxÿ!øT�@ü¥û��Â´�üÉö$ü�ýMþ%ý��!÷���üÉö��tó@ôdþ$ø[ö � üÉþPù��jý&w6��J�RþtøC���{÷��jùjø[ötý"�!÷=��üÉö%ó@ô*ù,ó���� úBù��jý&w6���hc�ü � ø@ý
� üÉügþ$ÿàø[þdþ$ÿRü�m�Ù ë �*ø[ö'ü�@üÉö$ú � ù,ó�� ügø@÷xó�ý � þ$ÿRügô�ó��Rö � ó�ý&� � �Rö'ø[þ��,ó�ý��$� ³ ó@þ�� � ürþ$ÿ!ø[þ�� þ$ø[ö'þ��jý � ô�ö$ó�÷
ë � � �Rö$üGa[¸yø@ý!ûvôõó@ö"þ$ÿRütö$ü$� þ"ó@ôÈþ$ÿ!ü��$ü � þ��,ó�ý*
Q�±ü%ö$ü���ó@ö$þNö$ü$���àù,þ��*ó�ýàù,ú¥ô�ó@ö"ù��jý&w6�1���,þ$ÿvøyö$ü�ùjø[þ��G�@ü�ùjú
ÿ�� � ÿ¥þ$ø[ö � üÉþÃù,ó�ø@ûd|H�}�@Î4�����+�@
�ó�ý4�*ÿ�� � ÿ¥þ$ÿ!ügüÉö$ö$ó@ö��Nø[ö$ütýRó@þHûRó�÷B�jý!ø[þ ü�û��Ðú�þ$ÿRü`ö'ó��!ý!û��jý � üÉö'ö$ó@ö
ó Ê<�

q º ¸



 0

 20

 40

 60

 80

 100

 0  0.05  0.1  0.15  0.2  0.25  0.3  0.35  0.4

C
D

F 
(%

)

Magnitude of Relative Error

CDF of Relative Error vs. # of Target Links

25 target links, 3 lossy
50 target links, 4 lossy
70 target links, 5 lossy
90 target links, 6 lossy

Úpf�ÛXÜ/ÝÞ e� á � ÷��àø � þdó@ô�þ$ÿRügý��!÷=��üÉö¶ó@ô&þ$ø[ö � üÉþHù��jý�w��

� ýÇþ$ÿRü�ó@þ$ÿRüÉö%ÿ!ø@ý!û*
D�jý � ö$ü�ø	���{ý � þ$ÿRüPý��!÷=��üÉöÃó@ôdùjó���� ú¦ù��jý&w6�ÃýRó@þ�� � ü�ø �àùjúvø´�ü � þ��`þ$ÿ!üPóT�@üÉö�ø@ùjù
ø ��� �Rö'ø � ú	� ë � � �!ö$üpa.aL�$ÿRóN����þ$ÿRünm�Ù ë ��ó@ô�üÉö$ö$ó@ö���ô�ó@ö�ôõó��!ö � ó�ý&� � �Rö'ø[þ��jó�ý��m���,þ$ÿ%û��Â´�üÉö$ü�ý�þ�ý"�!÷=��üÉö��
ó@ô)ù,ó����$ú%ù��jý&w6�Èø@ý!û�þ$ÿ!üA�$ø@÷xüNý"�à÷���üÉö�ó@ô¹þ$ø[ö � üÉþ�ù��jý&w6���¹m�ùjü�ø[ö'ù,ú	
Mþ$ÿ!üHø$�@üÉö�ø � üNüÉö'ö$ó@öt�{ý � ö$ü�ø	� ü$�����,þ$ÿ
þ$ÿRüxý��!÷���üÉöNó@ô�ù,ó����$ú\ù��jý&w6���Kl%�6�àùjø	�jý��{ý � þ$ÿ����K��ü�ÿ!ø$�6�,ó@öNü�ýMþ$ø	�{ù��"ø@ý-ü��6��ó����,þ��,ó�ý-ó@ôÈþ$ÿRü��j÷��àø � þHó@ô
ù,ó����$úyù��{ý&w��6ó�ý�ó@þ$ÿ!üÉöHù��jý�w���ø@ý!û��6ü`ûRüÉô�üÉö��,þ�þ óuþ$ÿRügýRü��Ìþ����&���$ü � þ��,ó�ý*�
U ÍxPD����ë¦èXê ¸ æXÞÐÝN�àÛàÞ]ÚA�õèÐç º-è�P�ñtèXÜ&ð�ë�á � ý � ö$ü�ø	���jý � þ$ÿRü�ø$�@üÉö'ø � ü Ä óT��ÿRó	� � ó��!ý�þ��*ÿ��jù,ü
÷�ø	�jý�þ$ø	�jý��{ý � ó@þ$ÿRüÉö � ó�ý&� � �Rö'ø[þ��jó�ý��:���jù{ù¹ø@ù�� ó-�{ý � ö$ü�ø	� ügþ$ÿ!ü=�jý�þ üÉö'ø � þ��,ó�ý-ø@÷xó�ý � þ$ø[ö � üÉþNù��jý&w6��
!ø@ý!û
��ó@þ ü�ýMþ��{ø@ùjù,úPþ$ÿ!ü`ø ���!ö$óT�6�{÷�ø[þ��,ó�ýCüÉö$ö$ó@öT�

ë � � �Rö'ü�at� � ó�÷��àø[ö'ü$�"þ$ÿRüxø ��� �Rö'ø � úvôõó@ö"þ$ÿRö$üÉü � ó�ý&� � �Rö'ø[þ��,ó�ý��$
Xó@ôE�*ÿ�� � ÿ\þ$ÿRü%ó�ý!ùjú¥û��Â´�üÉö$ü�ý � ü
���*þ$ÿRü)����ü � ���!ü�û¥ø$�@üÉö�ø � ü Ä óT��ÿRó	� � ó��!ýMþLÄ Ê �A�*ÿRüÉö$ürø[ö'ü�aPù,ó���� ú¥ù��{ý&w����jý¥ü�ø � ÿ-ó@ô�þ$ÿRü$� ü � ó�ý�� � ;
�Rö'ø[þ��jó�ý���
�ó��Rþ"ó@ô�øyþ ó@þ$ø@ù�ó@ô7a·Cþ$ø[ö � üÉþgù��jý�w���� ë � � �Rö$üGat�g�$ÿRóT�A�Nøg���j÷B�jùjø[ö � ó�÷��àø[ö���� ó�ývô�ó@ö"þ$ÿRö$üÉü
� ó�ý&� � �!ö'ø[þ��,ó�ý���
@ü�ø � ÿ����,þ$ÿÄq�Ñgù,ó����$ú`ù��jý&w6�)ó��!þ&ó@ô
a·"þ$ø[ö � üÉþÈù��jý�w����/c�ÿ!üÉö$ü�ø	� ë � � �Rö$ü�at�L�$ÿRóN���&þ$ÿ!ø[þ
ø$�@üÉö�ø � ü�ÿRó	� � ó��àýMþ"ûRóÐü$�Ný!ó@þNø´�ü � þ"þ$ÿRürüÉö'ö$ó@ö � ó�ý����jûRüÉö'ø �Xù,ú	
 ë � � �Rö'ü�at� � ù,ü�ø[ö'ù,ú4�$ÿ!óT���Nþ$ÿ!ø[þNþ$ÿRü
üÉö$ö$ó@ö@�K�{ý � ö$ü�ø	� ü)���,þ$ÿ-þ$ÿRü%ø$�@üÉö'ø � üPÿ!ó	� � ó��àýMþ��1È�ø	� ü�û¦ó�ývþ$ÿRüxû��Â´�üÉö$ü�ý � ü$�K��üÉþ/�6üÉü�ý¦þ$ÿRütþ/�6ó�� � ;
�Rö$ü$�$
q�,þ�����ø � ø	�jýB��� �	� ü$� þ ü�ûPþ$ÿàø[þ�þ$ÿRü*û!ü � ö$üÉü*ó@ô*�jý�þ üÉö'ø � þ��,ó�ý��±ø@÷xó�ý � ù��jý&w6�m��ü�ø[ö@�Èó�ý�þ$ÿ!ü*ø ��� �Rö'ø � ú
ó@ô�þ$ÿRüÃþ ö'ø[µ �� ü�ýRüÉö'ø[þ��,ó�ý\ó�ý!ù,úB�HÿRü�ý�þ$ÿRüÉö$ü���dø%ö$ü�ùjø[þ��G�@ü�ùjúyùjø[ö � üÃôõö'ø � þ��jó�ý¥ó@ô�ù,ó���� úCù��jý&w6���

q º a



 0

 20

 40

 60

 80

 100

 0  0.05  0.1  0.15  0.2  0.25  0.3  0.35  0.4

C
D

F 
(%

)

Magnitude of Relative Error

CDF of Relative Error vs. # of Lossy Links

70 target links, 0 lossy
70 target links, 5 lossy

70 target links, 10 lossy
70 target links, 14 lossy

Úpf�ÛXÜ/Ý_Þ e�e á � ÷��àø � þdó@ô&þ$ÿRü`ý��!÷=��üÉö¶ó@ô�ù,ó����$úyù��{ý&w��

 0

 20

 40

 60

 80

 100

 0  0.05  0.1  0.15  0.2  0.25  0.3  0.35  0.4

C
D

F 
(%

)

Magnitude of Relative Error

CDF of Relative Error vs. # of Target Links (70 target links, 7 lossy)

H_t = 1
H_t = 2.5
H_t = 4.5

Úpf�ÛXÜ/ÝÞ e�� á � ÷��àø � þdó@ô�ø$�@üÉö�ø � ütÿRó	� � ó��!ýMþ�|�a%ù,ó���� úCù��jý�w��+�

q º �



 0

 20

 40

 60

 80

 100

 0  0.05  0.1  0.15  0.2  0.25  0.3  0.35  0.4

C
D

F 
(%

)

Magnitude of Relative Error

CDF of Relative Error vs. Avg Flow Hop Count (70 target links, 14 lossy)

H_t = 1
H_t = 2.5
H_t = 4.5

ÚnfõÛ�Ü®ÝÞ e ß¹á � ÷��Xø � þdó@ô&øT�@üÉö'ø � ü%ÿRó	� � ó��!ý�þ`|�q�Ñuùjó���� úCù��jý&w6�+�

û êØü�ê æ ê è Û }<Ú�Ú Á ½	|/z�	�ï�ïJy5}$�.l\��½	|4l,} ~
»Ný!ù��Gw@üNþ$ÿRüÃø ���!ö$óT�6�{÷�ø[þ��,ó�ýyó@ôD�Rþ��{ù���v�ø[þ��,ó�ý*
"�*ÿ�� � ÿ-���±þ ó � üÉö'þ$ø	�jý�ûRü � ö$üÉüÃûRü���ü�ý!ûRü�ý�þ6ó�ýCþ$ÿRü0�jý&���Rþ�

�6ü%û��jû\ýRó@þL�àýàû¥þ$ÿRüxø$�@üÉö�ø � üPù,ó����Hö'ø[þ üxø ���!ö$óT�6�{÷�ø[þ��,ó�ý-þ óg��ü)��üÉþ þ üÉöNô�ó@ö0� ó�÷xü��jý&�J�Rþ��dþ$ÿ!ø@ývô�ó@ö
ó@þ$ÿRüÉö��$�xÃNù�� ó&
ÈüÉö$ö'ó@ö��tôõó@öxþ$ÿRü�ù,ó����rö�ø[þ ü¥ø ���!ö$óT�6�j÷Pø[þ��,ó�ý.�5�àø@ý¼ø�ùjø[ö � üÉö%ö'ø@ý � ü	� ë � � �Rö$ü �[·F���%ø
� � ø[þ þ üÉö5;I�Xù,ó@þgó@ô�þ$ÿRüxþ$ø[ö � üÉþtù,ó����"ö'ø[þ ü��6���xó	���$üÉö��@ü�ûÇù,ó����"ö�ø[þ ü�ó�ýÇû��Â´�üÉö$ü�ý�þgù��jý&w6���)�dÿRü$� üxö$ü$���!ù,þ��
�6üÉö$ü � ó�ù{ù,ü � þ ü�ûvôõö$ó�÷ þ$ÿRü�� üÉþHó@ô�ü�����üÉö��j÷�ü�ýMþ��*þ$ÿ!ø[þNø[ö'ü=�!ö'ü$� ü�ýMþ ü�û(�jý Æ ü � þ��,ó�ý�a"�;Ñ&�¸���¸��� ë ó@ög÷xó�� þ
ó@ô®þ$ÿ!üL�'ø@÷��àù,ü$��
Ðþ$ÿRü"ö'ø[þ��,ó���üÉþ/�6üÉü�ýCþ$ÿRü"ó	��� üÉö��@ü�û�ø@ý!ûyþ$ÿRü"þ$ø[ö � üÉþdù,ó����6ö'ø[þ ü$�1�������jþ$ÿ��jýuþ$ÿRü"ö'ø@ý � ü
o ·6� º 
zy�sI�

� ý!ü�÷�ø�ú¦þ$ÿ��jý�w\þ$ÿ!ø[þgþ$ÿ!ü�üÉö$ö$ó@ögô�ó@ö`ù,ó����Ãö'ø[þ üPø ���àö$ó$�&�j÷�ø[þ��,ó�ý+
®ø[þ`þ$ÿ����Ãù,ü��@ü�ù,
>�6ó��!ùjûF��� � ý��G�&;
� ø@ý�þ$ù,ú\ø´�ü � þÃþ$ÿRü)�!þ��jù���v�ø[þ��,ó�ý-ø ���!ö$óT�6�{÷�ø[þ��,ó�ý-ó@ô�øuùjó���� ú¥ù��jý�wJ�'m�ù,ü�ø[ö'ù,ú	
��,ô�þ$ÿRü%ø$�@üÉö'ø � üuù,ó����Hö'ø[þ ü
ô�ó@ö)�nm:  Ä óN���`þ$ÿàø[þ`þ ö'øT�@üÉö�� ü�ø\ù��{ý&w2���`þ/��� � üPþ$ÿRüuþ$ø[ö � üÉþ��ø@ù��!ü	
/þ$ÿRüuþ$ÿRö$ó�� � ÿ����RþÃó@ô¶ü�ø � ÿ Ä óN�
���jù{ùJ��ü`ø ���!ö$ó$�&�j÷�ø[þ ü�ùjú �� � ó@ô�þ$ÿRügü$�$þ��j÷�ø[þ ü�û*
�ø@ý!û�þ$ÿRü��'ø@÷xü����{ùjù���üÃþ ö@�Rügô�ó@ö*þ$ÿRü��!þ��jù���v�ø[þ��,ó�ýCó@ô
þ$ÿRüÃù��jý�wJ� ë ó@ö$þ��!ýàø[þ ü�ù,ú	
��6üK�Xý!ûPþ$ÿàø[þ¶þ$ÿRü�½ � z�y2½$��z`¿�}<Ú@Ú0y2½	|/z�}5Ý�Þ�ß+à!á:} ×mÚt����÷)� � ÿ � ùjó�� üÉö¶þ óxþ$ÿRü
þ$ø[ö � üÉþ)�ø@ù��Rüxþ$ÿ!ø@ý ���Ãþ$ÿRü-½ �	z�y ½$�"zC¿�}<Ú@ÚBy ½	|/z����dÿ����0���Ãü��6�àùjø	�jýRü�ûC�Ðú¦þ$ÿRüPô�ø � þ`þ$ÿàø[þ`»nÙL  Ä óN����

�*ÿ�� � ÿvø[ö$üxýRó@þÃø@û!ø �!þ��G�@ütþ ó � ó�ý � ü$� þ��,ó�ý�ø@ýàû3�àø � w@üÉþ`ù,ó����$ü$��orqÉ·��.sI
�ü�����üÉö��,ü�ý � üt÷)� � ÿ¦ÿ�� � ÿRüÉöÃù,ó����
ö'ø[þ ü$�6þ$ÿ!ø@ý��nm�  Ä óN�����%�dÿ���� � ø	��� ü$��þ$ÿ!üN÷�ø_Ë ó@ö��,þmúxó@ô)þ$ÿRü"ù,ó���� úxþ$ø[ö � üÉþdù��jý&w6��þ óxÿ!ø$�@üÃø@ýyø$�@üÉö'ø � ü
�àø � w@üÉþHù,ó����dö'ø[þ ügþ$ÿ!ø[þ����dùjø[ö � üÉödþ$ÿàø@ý�þ$ÿRüÃþ$ø[ö � üÉþA�ø@ù��!ü	�

q º �



 0

 0.02

 0.04

 0.06

 0.08

 0.1

 0  0.005  0.01  0.015  0.02  0.025  0.03

O
bs

er
ve

d 
Lo

ss
 R

at
e

Target Loss Rate

Loss Rate Approximation

Observed Loss Rate
y=0.5x

y=x
y=3x

Úpf�ÛXÜ/Ý_Þ ��ú á ô)ó����dö'ø[þ ü`ø ���!ö'ó$�&�j÷�ø[þ��,ó�ýÔ|[� � ø[þ þ üÉöK�àù,ó@þ+�

e âGË®âG� iNò+P��\��f�ð!f�ð/ÛBë_ì®Þ U Í P����@ë�èXêpg6è��$��é¼g7f�ðDX*�
Æ ü � þ��,ó�ý�a"�;Ñ&�¸���¸�g�jûRü�ý�þ��G�!ü$�dùjó���� úCþ$ø[ö � üÉþÃù��jý&w6�¶ø	�Hó�ýRür÷�ø_Ë ó@öNô�ø � þ ó@ö"þ$ÿ!ø[þ"ø´�ü � þ��Nþ$ÿRütø ��� �Rö'ø � ú¥ó@ô
þ$ÿRü4�Rþ��{ù���v�ø[þ��,ó�ýBó	�!þ��j÷��{v�ø[þ��,ó�ý*� � ý¼þ$ÿ��������&��� ü � þ��,ó�ý+
8�±ü¥ø	�{÷ þ ó!�!ý!ûRüÉö��$þ$ø@ý!ûTþ$ÿRü � ø	��� ü�ó@ôNþ$ÿ����
�j÷��Xø � þ:��úyü��Ìø@÷B�jý��jý � þ$ÿRü`ü�´�ü � þHó@ô � ó�ý � ü$�$þ��,ó�ý¥ó�ý�þ$ÿ!ü`Ím�1�kø@ý!û¥ùjó�����ö'ø[þ ü`ó@ôm�nm�  Ä óT�A���
�ÃíríPá c�ü��!ö�� þ%ûRü�÷xó�ý�� þ ö'ø[þ üCþ$ÿ!ø[þ=v� �b ) :� ø@ý!û�þ$ÿ!üC÷�óÐûRü�ùÆ|,�	���=�jý Æ ü � þ��,ó�ý¼a"�zy¦ø[ö$ü � ó�óÌû
ø ���!ö'ó$�&�j÷�ø[þ��,ó�ý��dó@ô�þ$ÿRü`���Rü$���jý � ûRü�ùjø�úCó�ý-ø � ó�ý � ü$� þ ü�û¦ù��{ý&wJ
Rô�ó@ö � ø	�$ü$�����jþ$ÿRó��Rþ*ø@ý!û3���,þ$ÿ4�Sm� 
û!ø[þ$øxþ ö�ø[µ � �jýCþ$ÿRü`ö$ü��@üÉö�� ü`û��,ö$ü � þ��,ó�ý*
Ìö$ü$����ü � þ����@ü�ù,ú	�

ë � � �Rö'ü��%q)�$ÿRóT�A�*þ$ÿRütû���� þ ö@�G���Rþ��,ó�ýyó@ô8�Xø � w@üÉþ'�"�!ü$���jý � ûRü�ù{ø�ú�ô�ó@öNøyÿ�� � ÿ!ùjú � ó�ý � ü$�$þ ü�ûvù��jý&w�n
|�m1bNÑ º Î3�����$
�È:b�[·@·6
q�6b�qU�@�mÃ�û!ø[þ$øK�àø � w@üÉþE����q�Ñ��	�0��úÐþ ü$�m���,þ$ÿtø"Ñ@Ñ ;I��úÐþ üdÿRü�ø@ûRüÉöT
�ø@ý!û%ø@ý�Ãpm��
���"Ñ@Ñ��Ðú�þ ü$�$��cqÿRü�ý¦þ$ÿRüÉö'ü����ÃýRóCþ ö'ø[µ � �{ý-þ$ÿ!üxö$ü��@üÉö�� ü�û��jö$ü � þ��,ó�ývó@ô±þ$ÿ!ü�ù��jý&w�
�þ$ÿRüxü$� þ��j÷�ø[þ ü ) :�
ú6�,ü�ùjû��Høu÷�ø<�&�j÷)�!÷¦�"�Rü$���jý � û!ü�ùjø�ú ����� � Ó � Ó � ~�~��� Ó � ~�� b º y^´P²�¶��N�0�dÿ����A�����@üÉö$ú � ù,ó�� ütþ óyþ$ÿ!üró	���$üÉö��@ü�û
ûRü�ùjø�úg�{ýCþ$ÿ����1� � ü�ýàø[ö��,ó&
��$ÿRóN�*ý¥ø	��Ã û!ø[þ$ø��àø � w@üÉþ���|\�Sw_óuö$ü��@üÉö�� ü`þ ö'ø[µ � �Å6�

c�üuþ$ÿRü�ýÇø@û!ûÇûàø[þ$ø Ä óT�A���jý¦þ$ÿRüPö$ü��@üÉö�� üPû��,ö$ü � þ��,ó�ý*
>���,þ$ÿ�ø¥ù��{ý&w2�Rþ��{ù���v�ø[þ��,ó�ý(��Ê�b¡·%¾ ¸ º � � ý
ë � � �Rö$ü��%q 
7Ã û!ø[þ$ø-��wÐþ��`|\�Sw�ö$ü��@üÉö��$ü`þ ö'ø[µ � �Åyø@ý!û½Ã5Ãpm��Ì��w�þ���|\�Sw%ö$ü��@üÉö@� ürþ ö�ø[µ � �Å-�'ÿRóT��þ$ÿ!ø[þ
þ$ÿRüÆ�"�!ü$���jý � û!ü�ùjø�úPû���� þ ö��G�J�Rþ��,ó�ý���ô�ó@ö6ûàø[þ$ø��àø � w@üÉþ��dø@ý!ûuôõó@ö�Ãpm����ø[ö$üK�@üÉö$úB���j÷��jùjø[öS|�ýRó@þ�� � üNþ$ÿ!ø[þ
þ$ÿRü4Ãpm����xø[ö$ü�ôõó@öPþ$ÿRü�û!ø[þ$ø�þ ö'ø[µ � �{ýBþ$ÿ!ü�ö$ü��@üÉö�� ü¥û��jö$ü � þ��,ó�ý#�@�¡c�ÿàø[þ������j÷���ó@ö$þ$ø@ý�þ%þ óÇýRó@þ ü	

þ$ÿRó�� � ÿ+
D���Ãþ$ÿàø[þgþ$ÿRüP÷�ø<�&�j÷)�!÷ÿ���Rü$���jý � û!ü�ùjø�úF�jý¦þ$ÿ���� � ø	� ü-���gø ���!ö$óT�6�{÷�ø[þ ü�ù,ú�y@¸^´P²�¶��N
�ø ��ó��Rþ

q�¸[·



 0

 20

 40

 60

 80

 100

 0  10  20  30  40  50

C
D

F 
(%

)

Queuing Delay (msec)

CDF of Packet Queuing Delay

data pkts (w/o reverse traffic)
data pkts (w/ reverse traffic)
ACK pkts (w/ reverse traffic)

Úpf�ÛXÜ/Ý_Þ � äàá m�Ù ë ó@ôm�àø � w@üÉþS�"�Rü$���jý � ûRü�ùjø�ú

¸.��Å ó@ô&þ$ÿRü º y^´P²^¶��g÷Pø<�6�j÷)�!÷ ���Rü$���jý � ûRü�ù{ø�ú��jýyþ$ÿRü�!ö'ü����,ó���� � ø	�$ü	�E�dÿ����:����ü��Ìø � þ$ùjúg�Hÿ!ø[þ¶þ$ÿRü
ûRü�ùjø�ú�÷xóÌûRü�ù!|,�	���8�6ó��!ùjûyÿ!ø$�@ü � ø@ù � �!ùjø[þ ü�û-���,þ$ÿ!ó��Rþ�þ$ÿRüHô�ø � þ ó@ö�Ð�
q�*ÿ�� � ÿB����ø@û!ûRü�ûuþ ó � ø �!þ��Rö$üNþ$ÿRü
ø$�@üÉö�ø � ü)�jý�� þ ü�ø@û�ó@ô�÷�ø<�6�{÷=�!÷ ���Rü$���{ý � ûRü�ùjø�ú	�
g6è��$�x�-�Rë_Þàá ë �!ö$þ$ÿRüÉögø@ý!ø@ù,ú6�����"ó@ôt�àø � w@üÉþH;Aù,ü��@ü�ù�þ ö�ø � ü$�gö$ü��@ü�ø@ù��gþ$ÿ!ø[þgþ$ÿRü�ùjø[ö � ü$� þÃüÉö$ö$ó@ö����jývó��Rö
ü��6��üÉö@�j÷xü�ý�þ��*þ$ø w@ü��àùjø � ütü�� � ù������G�@ü�ùjúyó�ý¦ù��{ý&w��dó@ô8�*ÿ�� � ÿ¥þ$ÿRügy�z�� z�y�Ú$zNû��,ö$ü � þ��jó�ý2��� � ó�ý � ü$� þ ü�û+� � ý
ø@û!û��jþ��,ó�ý*
®þ$ÿ!ü � ó�ý � ü$� þ��,ó�ý.�jýÇþ$ÿRüPö$ü��@üÉö@� üuû��jö$ü � þ��,ó�ý � ø	���$ü$�rû!ø[þ$ø2�àø � w@üÉþtù,ó���� ü$���jý�þ$ÿRü�ô�ó@ö���ø[ö'û
û��,ö'ü � þ��,ó�ýÇó@ô¶ü�ø � ÿ¼ó@ô¶þ$ÿRü$� üCù��jý&w6��
>�Hÿ�� � ÿx���`ý!ó@þ � ó�ý � ü$�$þ ü�ûx�Ðú!�,þ��róT�*ý��nm�  û!ø[þ$øvù,ó�ø@û*�2�dÿ����
� ø	��� ü$�Pø!��� � ý���� � ø@ýMþ%üÉö$ö'ó@ö��jý¼þ$ÿRü�þ$ÿRö$ó�� � ÿ&���Rþ%ü$� þ��j÷Pø[þ ü¥ó@ôNøF�Sm� §û!ø[þ$ø Ä óT��þ ö'øT�@üÉö����jý � þ$ÿRü
ô�ó@ö��6ø[ö�û¥û��,ö$ü � þ��jó�ýCó@ô/þ$ÿRürù��jý&w��

�dÿ!ü � ø	���$ütó@ô��àø � w@üÉþgù,ó���� ü$�Nó�ý(��� � ÿ¦ø@ýC�!ý � ó�ý � ü$�$þ ü�û�ù��jý&w����Hþ$ÿRü��"�!ü$���jý � ó@ôtÃpm���L�jý-þ$ÿRü
ö$ü��@üÉö��$üCû��,ö$ü � þ��,ó�ý*
m�*ÿ�� � ÿTù,ü�ø@û��rþ ó�ø2�XÿRü�ýRó�÷xü�ýRó�ýxwÌýRóT�*ýTø	��	�ß�� {�}	�pï�y5z�Ú�Ú+l,} ~��x�dÿRüCýRü � ø<;
þ��G�@üB�{÷��àø � þ"ó@ô:Ãpm�� � ó�÷��!ö'ü$�����,ó�ý¦ó�ý!�Sm� ���üÉö$ô�ó@ö'÷�ø@ý � ü�ÿ!ø	���üÉü�ý�û!ó � �!÷�ü�ýMþ ü�ûF�Ðú(�!ö$ü��6�,ó����
�6ó@ö�w¡o�at�6
¹q º Ñ�sI
¹ø@ý!ûC�,þ � ø@ýC��ü)���!÷�÷�ø[ö��{vÉü�û-ø	�Nô�ó�ùjù,óT�A���Ãpm���Nþ$ÿ!ø[þÃø[ö$ü����Rü$�Rü�ûvø[ö$ö��G�@üxø[þ"þ$ÿRü
�nm�  � ü�ý!ûRüÉödø[þK�jý�þ üÉö��ø@ù���ó@ô :�� �"!� 
&�*ÿ�� � ÿ¥ù,ü�ø@û��¶þ ó�þ$ÿRü��$ü�ý!ûRüÉödþ ö'ø@ý��$÷��,þ þ��jý � ûàø[þ$ø��àø � w@üÉþ��$
Xü�ø � ÿ
p � p�Ì�Í Ê �Ðú�þ ü$��
�ø[þdþ$ÿRó�� ü)�jý�þ üÉö��ø@ù���� Æ �{ý � ügû!ø[þ$ø��àø � w@üÉþ��"ø[ö$ü=�����!ø@ùjù,úP÷)� � ÿ\ùjø[ö � üÉöHþ$ÿ!ø@ý3ÃpmÂ���

þ$ÿ������A�jùjùJ�����jùjûg�&� ���Rü$�Rü$�1�{ýuþ$ÿ!ügôõó@ö��6ø[ö'û�û��,ö$ü � þ��,ó�ý�ø@ý!û�÷Pø�ú � ø	��� ügù,ó���� ü$��� � þ1����
RÿRóN�±ü��@üÉö$
�ýRó@þ
ü�ø	� úCþ óP÷xóÌûRü�ù�þ$ÿRürù,ó����:�!ö'ó	�àø ���jù��jþAú�þ$ÿ!ø[þ:�A�jùjù�ö$ü$���!ùjþ6ô�ö$ó�÷�þ$ÿ����:�àÿRü�ý!ó�÷xü�ýRó�ýÔo�at�^sI�

q�¸%q



e âGË®â�Ë O¹Ü�Í�Í �!Ý�é.èàê*ë_ì®ÞxiNæ6�J��ÜD�Rë�f�è�ðb�yÞ"�_ÜD�õëT�
� ý�þ$ÿ����E� ü � þ��,ó�ý*
6�6üHÿ!øT�@ü"ü��ø@ù��àø[þ ü�ûPþ$ÿRüNø ��� �Rö'ø � ú�ó@ô®þ$ÿRü��!ö'ó	��ó��$ü�û�þ ö'ø[µ ��� ü�ýRüÉö'ø[þ��,ó�ýCø@ù � ó@ö@�,þ$ÿ!÷
�jýgø[þ þ$ø	�{ý��jý � þ$ÿ!ü�þ$ø[ö � üÉþ�ù��jý&w � ó�ý!û��,þ��jó�ý����>�dÿ!üÉö$ü�ø[ö$ü±þ/�6óN÷�ø_Ë ó@ö®ô�ø � þ ó@ö��/þ$ÿ!ø[þ/ø´�ü � þ&þ$ÿRüE�Rþ��{ù���v�ø[þ��,ó�ý
ø ���!ö'ó$�&�j÷�ø[þ��,ó�ý*� ë �,ö�� þ�
�ö$ó��àý!û��jý � þ ó��jý�þ ü � üÉögý��!÷���üÉö��Hó@ô Ä óN��� � ø@ý � ø	��� ütüÉö$ö$ó@ö��$
�ü$����ü � �{ø@ùjù,ú��jý
ù��jý�w��>���,þ$ÿtøK�'÷�ø@ùjùÐý"�!÷=��üÉö/ó@ô Ä óT���$� Æ ü � ó�ý!û*
@ù,ó���� ú`þ$ø[ö � üÉþÈù��jý&w6� � ó��àùjû � ø	��� ü:Ãpm�� � ó�÷��!ö$ü$�����,ó�ý*

�*ÿ�� � ÿgü��@ü�ý�þ��!ø@ùjùjúgø´�ü � þ��&þ$ÿRü±ü$� þ��j÷�ø[þ ü6ó@ô!ù,ó����®ö'ø[þ ü±ô�ó@ö Ä óT�����jýgþ$ÿ!ü�ö$ü��@üÉö��$ü6û��jö$ü � þ��,ó�ý¹Êþ$ÿRüE�{÷��àø � þ
ó@ô¹ù,ó���� úxù��{ý&w��m����÷xó@ö$ü��àö$ó�ýRó��!ý � ü�û��HÿRü�ýxþ$ÿRüÉö$üK���È÷xó@ö'ü*ûRü���ü�ý!ûRü�ý � ü	
"�jýxþ üÉö'÷���ó@ô�þ ö'ø[µ � 
�ø@÷�ó�ý �
ù��jý�w���� � ý¥÷xó��$þdó@ô/ó��!ö*ü��6��üÉö@�j÷xü�ý�þ���
Rþ$ÿRü��Rþ��{ù���v�ø[þ��,ó�ýyüÉö$ö$ó@öK���:�$÷�ø@ù{ù,üÉödþ$ÿ!ø@ý3�[·MÅ�ôõó@öNø	�*÷�ø@ý�ú�ø	�
�[·MÅ�ó@ô®þ$ÿ!üHþ$ø[ö � üÉþdù��jý&w6��
�ø@ý!ûyö$ó��àý!û��jý � ó�ý!ù,ú�ø´�ü � þ��dù��jý&w6�8�A�,þ$ÿuø)�@üÉö$úg�$÷�ø@ùjù�ý��!÷���üÉö'|\��üÉþ/�6üÉü�ý
qgø@ý!û¿y��6ó@ô Ä óN������ô®ó����dö�ø[þ ürø ��� �Rö'ø � ú4���1�jý � ü�ýRüÉö'ø@ù/ýRó@þ*ø	� � ó�óÌû¥ø	�K�Rþ��jù��{v�ø[þ��,ó�ý�ø ��� �Rö'ø � ú	
�ø@ý!û
þ$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$ÿ!ügö'ø@ý � ü�o ·6� º 
zy�sI�
# óT�6ü��@üÉö$
1�6ü3��ü�ù��,ü��@ü�þ$ÿ!ø[þyù,ó����Pö'ø[þ ü-ø ���àö$ó$�&�j÷�ø[þ��,ó�ý����jý.þ$ÿ����xö'ø@ý � üvø[ö$ü\ø ��� ü��!þ$ø �àùjü-þ óT÷xó�� þ
þ$ø[ö � üÉþNø ���àù�� � ø[þ��jó�ý��6ó@ô&þ$ÿ!ü�!ö$ó	��ó�� ü�ûCþ ö'ø[µ �0� ü�ýRüÉö'ø[þ��,ó�ý\÷xüÉþ$ÿRóÌû*�
QSR%$ ×P¯�_ _ ØH¬'&

� ý-þ$ÿ������Xø ��üÉöT
��6üxûRü��@ü�ù,ó	��ü�û¦ø@ý!ûvü��ø@ù��!ø[þ ü�û�øyþ ö'ø[µ �)� ü�ýRüÉö'ø[þ��,ó�ý�ø@ù � ó@ö��,þ$ÿ!÷¢ô�ó@öL�Sm� ����j÷)�!ùjø<;
þ��,ó�ý���þ$ÿàø[þ�÷�ø[þ � ÿ!ü$��þ$ÿRü � ü�ýRüÉö'ø[þ ü�ûPþ ö'ø[µ � þ óÃþ$ÿ!üdýRüÉþ/�6ó@ö�w � ó�ý&� � �Rö�ø[þ��,ó�ý���� � ÿ%þ$ÿ!ø[þÈþ$ÿRü¶ö$ü$���!ù,þ��jý �
ù��jý�w � ó�ý!û��,þ��jó�ý���ø[ö$ügø	���5��ü � �G�àü�û-�Ðúyþ$ÿRü��� üÉö$�8�*ÿRüÃø@ù � ó@ö��,þ$ÿ!÷ ü�ýàø �àù,ü$�:��� üÉö@��þ ó�ó	�!þ$ø	�jýCö$ü�ø@ù���� þ�� �
ø@ý!û�ü��6�àù�� � �,þ$ù,ú � ó�ý�þ ö$ó�ùjùjü�ûÇù��jý&w � ó�ý!û��,þ��jó�ý��Ãþ$ÿRö$ó�� � ÿF�àø � w � ö$ó��!ýàûÇþ ö'ø[µ � ���j÷)�!ùjø[þ��,ó�ý*���*ÿ����0��ø	�
ø � ÿ��,ü��@ü�û �jý]ø�þ ö��jø@ù�;Aø@ýàû6;¾üÉö$ö$ó@ö�÷�ø@ýàýRüÉöB�jý.�!ö'ü����,ó������±ó@ö�w.ø@ý!û �,þ��6ø	�B��ó������G�àùjüuó�ý!ùjúBô�ó@öB�@üÉö$ú
���j÷��àù,ügýRüÉþ#�±ó@ö�w6���Sc�ÿ��jù,ürø[þ þ$ø	�{ý��jý � þ$ø[ö � üÉþÃù��jý&w � ó�ý!û��,þ��jó�ý���
àó��!öNø@ù � ó@ö@�,þ$ÿ!÷ ø@ù�� óy÷B�jý��j÷��{vÉü$�¶þ$ÿRü
���j÷)�!ùjø[þ��jó�ýx÷xü�÷xó@ö$útö$ü������,ö$ü�÷xü�ý�þÈø@ý!û � ó�ý!ôõó@ö'÷B��þ ó � üÉö$þ$ø	�jýPö$ü�ø@ù����'÷ � ó�ý����jûRüÉö�ø[þ��,ó�ý���
q��� � ÿ�ø	��þ$ÿRü
þ ö'ø[µ � ÷��G�Pø@ý!ûyþ$ÿRüÃø$�@üÉö'ø � ü Ä óT� ÿRó	� � ó��!ý�þ�� � �Rö6ü��ø@ù��!ø[þ��,ó�ý��t�$ÿRóN� þ$ÿ!ø[þ¶ù��jý&w � ó�ý!û��jþ��,ó�ý��±ö$ü�ø@ù�;
��vÉü�ûg�ÐúPþ$ÿRü � ü�ýRüÉö'ø[þ ü�û�þ ö�ø[µ � ø[ö$üL�@üÉö$ú � ù,ó��$üNþ ó%þ$ÿRü"þ$ø[ö � üÉþ � ó�ýàû��,þ��,ó�ý��$
Ðø@ý!ûyþ$ÿ!ø[þ�þ$ÿRüÃø@ù � ó@ö@�,þ$ÿ!÷
� � ø@ù,ü$�t�6ü�ùjù��A�,þ$ÿ�þ$ÿRüL����vÉüNó@ô¹þ$ÿRü"ýRüÉþ/�6ó@ö�w�þ ó	��ó�ù,ó � úuø@ý!ûPþ$ÿ!üNý��!÷=��üÉö±ó@ô)þ$ø[ö � üÉþ¶ù��jý�w���� ë ó@ö�ô[�Rþ��Rö$ü
�6ó@ö�wJ
t�6ü3�jý�þ ü�ý!û¼þ ó ��� ü\þ$ÿRü�þ ö'ø[µ ��� ü�ý!üÉö'ø[þ��,ó�ý]ø@ù � ó@ö��,þ$ÿ!÷ þ ó �$þ��!ûRú.�jý.ûRü��!þ$ÿ.ÿRóN� � ü�ý����,þ��G�@ü
û��Â´�üÉö$ü�ý�þK���j÷=�àùjø[þ��,ó�ý(� þ��!û��,ü$�Nø[ö$ü%þ ó � üÉö$þ$ø	�jý � ÿ!ø[ö'ø � þ üÉö����$þ�� � �"ó@ô�þ$ÿRü��àø � w � ö'ó��!ý!ûvþ ö'ø[µ � � � ý¦ø@û6;
û��,þ��jó�ý*
J�6ü����jù{ù)ü��6�àù,ó@ö$ütþ$ÿRüxø ���àù�� � ø[þ��,ó�ý\ó@ô±þ$ÿ����"÷xüÉþ$ÿRóÌûRó�ù,ó � ú2���,þ$ÿ¦ø@ù,þ üÉö'ýàø[þ��G�@ü%þ ö'ø[µ � ÷xóÌûRü�ù��
ó@ödó	�!þ��{÷���v�ø[þ��,ó�ý�ó	�RË2ü � þ��G�@ü$�$�

q�¸	�



(*),+.-0/*132 4657585

(:9��;(��\�� <589�� +���¤ ���6/��62=1 � 9:2��

>`R¨ ?�ÖA@�Ö®ØH¬®°�] ×P¯�_»_ ØH¬'&

�dÿ����"þ$ÿRü$�����Ãø@û!û!ö$ü$��� ü$�Ãþ#�±ó-þAú���ü$�gó@ôt��üÉö'ôõó@ö'÷Pø@ý � üxü��ø@ù��!ø[þ��,ó�ýF�!ö'ó	�àù,ü�÷��"þ$ÿ!ø[þrø[ö$ü�ö$ü�ùjø[þ ü�ûÇþ ó-ø
� üÉü�÷��{ý � ù,úÇô�ø@÷��jù��{ø[ötþ ó	�J� � 
E�nm: %;I�àø	� ü�û.� üÉö���� � ü$�xø@ýàû.ýRüÉþ/�6ó@ö�w6�����dÿRü�÷�ø_Ë ó@ö � ó�ýMþ ö@�G���Rþ��,ó�ý��ró@ô
þ$ÿ�����þ$ÿ!ü$�����dø[ö$ürûRü�÷xó�ý�� þ ö�ø[þ ü�û���úyþ$ÿRü���� ��� ü$���1� þ ó@ö@�,ü$�����à÷�÷�ø[ö���vÉü�ûg��ü�ù,óN��
Ô Þ�ÝêAèXÝ<Íx�àðD��Þ1iNæ&����Ü>�Rë^fõè�ðCB ¸ �$��fS��ë�Þ��
D�Þ"��fõÛ�ð¥èXê ¸ �/æ&�àðD��Þ��víxñ Ô B�ÏD����Þ��FO�ÞÐÝ�æ@f\��Þ�� �dÿ����
þ$ÿRü$�����t�$þ��!û��,ü$�6þ/�6óPûRü$��� � ýg�!ö$ó	�àù,ü�÷B�±÷xó@þ����ø[þ ü�û��ÐúPþ$ÿRüÃü�÷�üÉö � �jý � �jý�þ ü�ùjù�� � ü�ý�þ6ö$ó��Rþ��jý � ø@ý!ûg��üÉüÉö5;
þ ó ;I��üÉüÉöHö'ü$� ó��Rö � ü)�$ÿ!ø[ö��jý � � ú��$þ ü�÷����1�dÿRütø ���!ö$ó�ø � ÿRü$�A�±ürþ ó�ó	w�ö$ü�ùjúCÿ!ü�ø$�6�jù,úCó�ý-û!üÉþ$ø	�jù,ü�û4��üÉö$ô�ó@ö5;
÷�ø@ý � üHü��ø@ù��!ø[þ��,ó�ýB�{ýxó@ö'ûRüÉö±þ ó)�!ýàûRüÉö�� þ$ø@ý!û%þ$ÿ!üHý!ø[þ��Rö'üdó@ô¹þ$ÿRü*þ$ø[ö � üÉþE�!ö'ó	�àù,ü�÷�
�þ$ÿ!ü���üÉö$ô�ó@ö'÷�ø@ý � ü
ó@ô�ø@ù,þ üÉö'ý!ø[þ����@ü� ó�ù��Rþ��,ó�ý���þ$ÿ!ø[þdü��&��� þ�
àø@ý!ûCþ$ÿ!ü � ó�÷���ó�ýRü�ý�þ��¶þ óT��ø[ö'û�����üÉþ þ üÉöK� ó�ù��Rþ��jó�ý����

Ï �*ÿRö$ó�� � ÿ&�J�Rþ��!ö$ü�û�� � þ��,ó�ý¼ôõó@öCùjø[ö � ü2�nm� �þ ö'ø@ý�� ô�üÉö����£�dÿ�����þ$ÿRü$�������àö$ü$� ü�ý�þ��Pø �$ú�� þ ü�÷Pø[þ�� �
ü��[ø@ù��!ø[þ��jó�ý¥ó@ô�þ$ÿRü`ø ��� �Rö�ø � ú�ó@ô&þ#�±ó � ø[þ ü � ó@ö��,ü$�Nó@ô%�nm� ]þ$ÿRö$ó�� � ÿ&�J�Rþ��!ö$ü�û�� � þ��jó�ý�÷xüÉþ$ÿRóÌû����
ë ó@ö'÷=�àùjø<;I�àø	� ü�ûP| ë È���ø@ý!û # ��� þ ó@ö$ú";I�àø	� ü�û | # È���÷xüÉþ$ÿRóÌû����m�dÿRü�ü��[ø@ù��!ø[þ��,ó�ý����m�Xø	� ü�û%ó�ý |�qU�
� ø[ö'üÉô\�!ù{ù,ú-ûRü$��� � ýRü�û � ýMþ üÉö�ýRüÉþg÷xü�ø	���Rö'ü�÷xü�ýMþ�
�ø@ý!ûb|,���0���j÷��àùjü)�J�Rþ"ü����àù{ø@ý!ø[þ ó@ö$ú�ø@ý!ø@ù,úÐþ�� � ø@ù
�$þ��!û��,ü$���ùc�ÿ��{ù,ü-þ$ÿ!üvü��[ø@ù��!ø[þ��jó�ý ÷xüÉþ$ÿRóÌûRó�ù,ó � ú �jþ�� ü�ù,ô � ø@ý���üC��� ü�ûqô�ó@ö����j÷��jù{ø[ög� þ��àû��,ü$��

þ$ÿ!ü%÷�ó�� þ0�j÷���ó@ö$þ$ø@ý�þ � ó�ý�þ ö��G���Rþ��jó�ý��*ó@ô±þ$ÿ����K� þ��!ûRú	
¹ø	�L�6ü=��ü�ù��jü��@ü	
�ø[ö'ütþ$ÿ!ürü�÷��J�,ö�� � ø@ù&ø@ý!û
ø@ýàø@ù,ú�þ�� � ø@ùE�Xý!û��jý � �gþ$ÿ!ø[þ%ó[´�üÉö��jý���� � ÿMþ��rþ ó¦þ$ÿRüCûRü$��� � ýBó@ô1��üÉþ þ üÉö%þ$ÿRö$ó�� � ÿ&�J�Rþ��!ö'ü�û�� � þ��,ó�ý
÷�üÉþ$ÿRóÐû���� ë È �!ö$ü�û�� � þ��jó�ý����&ø@ýrø[þ þ ö�ø � þ��G�@ü¶ó	�!þ��,ó�ý*
 � �G�@ü�ýtþ$ÿ!ø[þm�,þ�ûRóÐü$�/ýRó@þ&ö$ü������,ö$üE�jýMþ ö@�����G�@ü
÷�ü�ø	���Rö$ü�÷xü�ý�þ��¶ó@ö*ø@ý�úCÿ���� þ ó@ö$úPó@ôD�!ö@�,ó@ö:�nm� .þ ö'ø@ý�� ôõüÉö@����c�ü`ûRü�÷xó�ý�� þ ö'ø[þ ü�û�ÿRóN�±ü��@üÉöHþ$ÿ!ø[þ
�jþ � ø@ý���ü�jý!ø ��� �Rö'ø[þ ü	
Rü$����ü � �{ø@ùjù,úB�HÿRü�ýCþ$ÿRüÃþ ö'ø@ý��$ôõüÉödø[þ þ ü�÷��àþ��dþ óB�$ø[þ��!ö'ø[þ ügþ$ÿRü0�àø[þ$ÿ+
àø@ý!û
�6ü`ü��6�àùjø	�{ýRü�ûCþ$ÿRügö$ü�ø	�$ó�ý��dô�ó@ödþ$ÿRü$� ürüÉö$ö$ó@ö��$� # È£�!ö$ü�û�� � þ��jó�ý*
Ìó�ý¥þ$ÿRügó@þ$ÿ!üÉöHÿ!ø@ý!û+
����������,þ ü
ø ��� �!ö'ø[þ ü����Rþ0�,þL���"ô�ü�ø	���G�àùjüró�ý!ùjú4�*ÿRü�ývþ$ÿRüÉö$ü����Nø�ÿ���� þ ó@ö$ú¥ó@ôE�!ö$ü��6�,ó����L�nm� kþ ö'ø@ý�� ô�üÉö��L�jý
þ$ÿ!üL�'ø@÷xüL�àø[þ$ÿ*�8ÃNù,þ$ÿRó�� � ÿyþ$ÿRüÃø ��� �Rö'ø � úyó@ô # È �!ö$ü�û�� � þ��jó�ýuûRóÐü$��ýRó@þ¶ûRü���ü�ý!ûg� óx÷=� � ÿCó�ý
þ$ÿ!üuø � þ��!ø@ù��!ö$ü�û�� � þ ó@öT
D�,þ`û!ó�ü$�rûRü���ü�ý!û�ó�ýÇþ$ÿ!üPþ ö'ø@ý��$ôõüÉö�E`�`÷�ø<�6�{÷=�!÷ � ó�ý � ü$� þ��,ó�ý ���jý!û!óT�

q�¸.y



����vÉüuø@ý!û�ó�ýÇþ$ÿRüg�!ý!ûRüÉö�ù,ú��{ý � �àø[þ$ÿ*�Üc�üuü��6�àùjø	�{ýRü�û¦þ$ÿRüB�Xø[þ$ÿBûRü���ü�ý!û!ü�ý � ú2�Xø	� ü�ûÇó�ýBþ/�6ó
ô�ø � þ ó@ö����±þ$ÿRügù,ó�ø@û¥ø@ýàû�þ$ÿRü`ûRü � ö'üÉügó@ô&÷)�!ù,þ����àù,ü��&�jý � ó�ý�þ$ÿRü0��ó@þ þ$ù,ü�ýRü � wCù��jý&wPó@ô&þ$ÿRü�Xø[þ$ÿ*�

Ï m�ó�ý � ü$� þ��,ó�ý � ó�ý�þ ö$ó�ù¶ô�ó@ö�÷xü$���$ø � ü�;¾ó@ö@�,ü�ýMþ ü�û���üÉüÉö�;¾þ ó ;I��üÉüÉöxóN�@üÉö'ùjø�ú¼ý!üÉþ/�6ó@ö�w��$�x�dÿ����rþ$ÿ!ü$�����
ü��[ø@ù��!ø[þ ü$�"þ$ÿ!ü � ó�ý � ü$�$þ��,ó�ý � ó�ýMþ ö$ó�ù�ø@ý!û¦÷xü$���$ø � üxù,ó����A��ü�ÿàø$�6�,ó@öK�{ý¥þ$ÿRü÷Ó"ý��Rþ ü�ùjùjøuýRüÉþ/�6ó@ö�w��
� þ�ø@ù�� óNü�����ó�� ü$�&þ$ÿRü�ûRü$��� � ý)�������Rü$�)ó@ô � ó�ý � ü$� þ��,ó�ý � ó�ý�þ ö$ó�ùÐôõó@ö%��� � ÿrø@ýtóN�@üÉö'ùjø�útýRüÉþ/�6ó@ö�w�� � �Rö
�{ýq�@ü$� þ�� � ø[þ��,ó�ýÇö$ü��@ü�ø@ù��gþ$ÿRüPÿ!üÉþ üÉö$ó � ü�ýRüÉó���� � ó�ý � ü$� þ��,ó�ý � ó�ýMþ ö'ó�ù�� þ ö'ø[þ ü � �jü$�`ü��&��� þ��jý � ø@÷�ó�ý �
û��Â´�üÉö'ü�ýMþ�Ó"ý"�!þ ü�ùjùjø3�$üÉö��@ü�ýMþ��j÷��Xù,ü�÷xü�ý�þ$ø[þ��,ó�ý��`ø@ýàûÇþ$ÿ!ø[þ%÷xó�� þtó@ô¶þ$ÿRü � ó�ý � ü$� þ��,ó�ý � ó�ýMþ ö'ó�ù
÷�ü � ÿ!ø@ý����$÷���ø[ö$ü�ûRüÉö����@ü�ûqôõö$ó�÷ þ$ÿRó��$ü�ó@ö�� � �jý!ø@ù{ù,ú	ûRü$��� � ý!ü�û�ô�ó@ö¥ý!ø[þ��G�@ü�ýRüÉþ#�±ó@ö�w�ö$ó��!þ üÉö��
�{ý¼þ$ÿRü � ó�ýMþ ü��ÌþPó@ôK�àø � w@üÉþPôõó@ö���ø[ö'û��{ý � ýRüÉþ/�6ó@ö�w��.�*ÿRö$ó�� � ÿ¼÷xü�ø	���!ö$ü�÷xü�ý�þ�
E�6ü4�$ÿRóN��þ$ÿRü
û��Â´�üÉö'ü�ýMþ%»Hùjþ ö'ø ��üÉüÉöt÷xü$���$ø � ü�ù,ó����=��ü�ÿàø$�6�,ó@örö'ü$���!ù,þ��jý � ôõö'ó�÷éþ$ÿ����rÿRüÉþ üÉö'ó � ü�ýRü$�,þAú	�!�/óF�!ý6;
û!üÉö�� þ$ø@ý!û¼þ$ÿRü�óN�@üÉö'ø@ùjù1��� üÉö5;I��üÉö � ü$�G�@ü�û.��üÉö$ô�ó@ö'÷�ø@ý � ü�ø@ý!û.ý!üÉþ/�6ó@ö�w � ó�ý � ü$� þ��,ó�ý	ùjü��@ü�ù����,þ$ÿ
ø@ùjþ üÉö'ý!ø[þ��G�@ü � ó�ý � ü$� þ��,ó�ý � ó�ýMþ ö$ó�ùX÷xü � ÿàø@ý����$÷��$
��±üA��üÉö$ôõó@ö�÷ �àø � w@üÉþH;Aù,ü��@ü�ùQ���{÷=�!ù{ø[þ��,ó�ý���ó@ô�þ$ÿRü
ÓÃý"�Rþ ü�ù{ùjø�ýRüÉþ/�6ó@ö�w��¼c�ü2�'ÿRóT��þ$ÿàø[þ�þ$ÿRü4���$ø � ü-ø@ý!û���üÉö$ô�ó@ö'÷�ø@ý � ü�ó@ôNþ$ÿRü$� ü\÷�ü � ÿ!ø@ý����$÷��
ø[ö'ü(� þ ö'ó�ý � ù,ú.ø´�ü � þ ü�ûâ�Ðú.þ$ÿRü � ÿ!ø[ö'ø � þ üÉö���� þ�� � �uó@ôgþ$ÿRühÓÃý"�Rþ ü�ù{ùjøÇýRüÉþ#�±ó@ö�w�
*ø@÷xó�ý � �*ÿ�� � ÿ
ø[ö'ütþ$ÿ!ü%ù{ø � w\ó@ô6ø�� þ ó�ý � ýRó@þ��,ó�ývó@ôDÃ Ä óN�pÅ6
®ø@ý!ûvþ$ÿRüxÿRüÉþ üÉö'ó � ü�ýRü$�,þAúvó@ô � ó�ý � ü$�$þ��,ó�ý � ó�ýMþ ö'ó�ù
÷�ü � ÿ!ø@ý����$÷���� � ý-�Xø[ö$þ�� � �!ùjø[öT
q�6üK�$ÿ!óT�qþ$ÿ!ø[þ��n|�qU��þ$ÿRü"ûRü$��� � ýuó@ô®ø@ýyó	�!þ��j÷Pø@ù��!ö@�,ó@ö��,þmú���ó�ù�� � ú
ô�ó@öNþ$ÿRü=�àö��,ó@ö��,þmúÄ���Rü$���{ý � � � ÿRü�÷xü���� � ÿ!ø@ùjù,ü�ý � ü�û4�Ðú\÷=�àù,þ��G�àù,ügû��j÷xü�ý����jó�ý���ó@ô8��üÉö$ô�ó@ö'÷�ø@ý � ü
ö'ü��"���jö$ü�÷xü�ý�þ�ø@ýàûCþ$ÿRügûRúÌý!ø@÷�� � �±ó@ö�wÐù,ó�ø@û � ó�÷���ó����,þ��,ó�ý¹Ê°|,�����nm: .�àø � w��!ö$ü$�����Rö$ü	
&�*ÿ�� � ÿ����
ÿàø[ö'û!ù,ú\ø@û!ó	�!þ ü�ûF�Ðú-þ$ÿRü�ý��!÷xüÉö'ó����0� üÉö��@ü�ý�þ��j÷��Xù,ü�÷xü�ý�þ$ø[þ��,ó��jý���
¹÷�� � ÿMþÃûRü�ù����@üÉögø����&��üÉö��,ó@ö
��üÉö$ô�ó@ö'÷�ø@ý � ü	
Ìø@ùjþ$ÿRó�� � ÿ��,þt��üÉö$ôõó@ö�÷�ø@ý � ü0����� ü�ý����jþ��G�@ü"þ ótþ$ÿ!üÃþ ö'ø[µ � ù,ó�ø@û¹Ê@|�y��±ö'ø[þ ügù��j÷��,þ��jý �
ö'ü�û�� � ü$� � ó�ý � ü$� þ��,ó�ýyü�´�ü � þ����@ü�ù,úxó�ý!ù,úxø[þ�þ$ÿ!ü � ó�� þ6ó@ô�þ$ÿRö$ó�� � ÿ&�J�Rþ�ûRü � ö'ø@ûàø[þ��,ó�ý¹Ê
|�Ñ���ô�ó@ö±ü�ø � ÿ
ó@ô�þ$ÿRüNø ��óT�@üA� � ÿRü�÷xü$�$
ÐÿRüÉþ üÉö'ó � ü�ýRü$�,þAú��àö$ü � ù��!ûRü$��þ$ÿ!ü*ô[�!ùjùÐö$ü�ø@ù���v�ø[þ��jó�ý�ó@ô*�,þ���ô[�!ùjùRø@û&�[ø@ý�þ$ø � ü	�
�*ÿRügö$ü$���àù,þ��¶ó@ô�þ$ÿ����:�6ó@ö�w � ø@ý3��ü=��� ü�û�þ ó � ���jûRüÃþ$ÿRütûRü$��� � ý¥ó@ô���üÉþ þ üÉö � ó�ý � ü$� þ��,ó�ý � ó�ýMþ ö'ó�ù
�{ý�÷xü$���$ø � ü�;¾ó@ö��jü�ýMþ ü�û2��üÉüÉö5;¾þ ó ;I��üÉüÉö*óT�@üÉö�ùjø�ú¥ýRüÉþ#�±ó@ö�w����

Ï  �ø � w@üÉþH;Aù,ü��@ü�ù+���j÷)�!ùjø[þ��jó�ýxó@ô*��üÉüÉö5;¾þ ó ;I��üÉüÉö��$ú�� þ ü�÷B���¯Ó"ý"�!þ ü�ùjùjø Æ �j÷4�@c�üÃûRü$��� � ýuø@ý!ûPû!ü��@ü�ù,ó	�
ø�ôõö'ø@÷�ü��±ó@ö�wCô�ó@öHø@ý�ü��Ìþ ü�ý������àù,ügø@ý!û4� � ø@ùjø �àù,ü0��üÉüÉö5;¾þ ó ;I��üÉüÉöA���j÷=�àùjø[þ��,ó�ýCü�ý"���,ö'ó�ý!÷xü�ý�þ¶þ$ÿ!ø[þ
� ø@ý3��ü0�����jù,þ�ó�ý�þ ó	�-ó@ô�ü��6���$þ��jý � �àø � w@üÉþH;Aù,ü��@ü�ù/ý!üÉþ/�6ó@ö�w4���j÷)�!ùjø[þ ó@ö��$�8�dÿRü���j÷)�!ùjø[þ��jó�ýCü�ýq�6��;
ö'ó�ý!÷xü�ý�þ����0��ó@ö$þ$ø �àùjütþ óvû��Â´�üÉö$ü�ý�þgýRüÉþ/�6ó@ö�w!���j÷)�!ùjø[þ ó@ö@��
+�*ÿ�� � ÿ¦ü�ý!ø �àùjü$����Ãþ ó(���j÷)�!ùjø[þ ü�ø

q�¸Ñ



ö'ü�ø@ù���� þ�� � ù{ø[ö � ü=� � ø@ùjü��üÉüÉö5;¾þ ó ;I��üÉüÉöK� ú6� þ ü�÷ �����jý � ü��&��� þ��{ý � �àø[ö'ø@ùjùjü�ù���v�ø[þ��,ó�ýCþ ü � ÿ!ý��{���Rü$���7c�ü
û!ü�÷xó�ý�� þ ö'ø[þ üvþ$ÿRü3��� ü\ó@ôÃþ$ÿRü(���j÷)�!ùjø[þ ó@ö�ô�ó@ö�� ó�÷xü2���j÷��àù,üCü��6��üÉö��j÷xü�ý�þ���þ$ÿ!ø[þg�$ÿRóN�¢ÿRóN�
ÓÃý"�Rþ ü�ù{ùjø-�$ú�� þ ü�÷���üÉö$ô�ó@ö'÷�ø@ý � ü � ø@ý(��ü)�j÷��àø � þ ü�û(�Ðú¥þ$ÿRü%ýRüÉþ/�6ó@ö�w � ÿ!ø[ö'ø � þ üÉö@��� þ�� � ���Sc£�,þ$ÿ
���j÷��àù,üCü��Ìþ ü�ý����,ó�ý���
�þ$ÿRü2���j÷)�!ùjø[þ ó@ö�ø@ù�� ó�ü�ýàø �àù,ü$������þ ó � þ��!ûRúTøF�àø[ö$þ�� � �!ùjø[ö���üÉüÉö5;¾þ ó ;I��üÉüÉö
ö'ü$� ü�ø[ö � ÿ �!ö$ó	�àùjü�÷ ø[þgþ$ÿRü��àø � w@üÉþrù,ü��@ü�ùGFMü��ø@ù��àø[þ��,ó�ý�ó@ô6þ$ÿRüPû��Â´�üÉö$ü�ý�þ`Ó"ý��Rþ ü�ùjùjø � ó�ý � ü$� þ��jó�ý
� ó�ý�þ ö$ó�ù�� � ÿ!ü�÷xü$�*þ$ÿàø[þHø[ö$ü � �Rö$ö$ü�ý�þ$ù,ú��jý4��� ü=�jý�þ$ÿRü�Ó"ý"�!þ ü�ùjùjø�ýRüÉþ#�±ó@ö�wJ�dÎ-ø@ýMú�ö$ü$�$ü�ø[ö � ÿRüÉö@�
ø[ö'ó��!ý!û�þ$ÿRü0�6ó@ö'ùjû�ÿàø$�@ü���üÉü�ý4�����jý � Ó"ý��Rþ ü�ùjùjø Æ �j÷¡ôõó@ödþ$ÿ!ü$�,ö:�±ó@ö�wJ�

iNîx��f�ÞÌð�ëNí�ñ ÔIH U Ô V\Þ�ë�ç%èàÝ<X(O°f\Í�Ü��\�Rë�f�èXðD�����Uf�ð/ÛJD�ÞMëT�#f\��ÞÑ�
Kvð®èÐç-��ÞÑ�/ÛXÞrèXê&í�ñ Ô �dÿ����
þ$ÿRü$������ûRü$��� � ý���ø@ý!û��{÷��àù,ü�÷xü�ý�þ���þ/�6ó`ø@ù � ó@ö@�,þ$ÿ!÷���
[þ ó�����üÉü�û����%ý!üÉþ/�6ó@ö�w����j÷)�!ùjø[þ��,ó�ý��$
[ø@ýàû%þ ó � ü�ý6;
üÉö'ø[þ üÃö$ü�ø@ù���� þ�� � �±ó@ö�wÐù,ó�ø@ûyô�ó@ödùjø[ö � ü0� � ø@ù,üÃýRüÉþ#�±ó@ö�wg���{÷=�!ù{ø[þ��,ó�ý���
Ðö$ü$�5��ü � þ��G�@ü�ù,ú	�È»Ný!ù���w@üHþ ö'ø@û��,þ��,ó�ý!ø@ù
ø ���!ö'ó�ø � ÿRü$�6þ ótþ$ÿRü$� üNþ/�6ó��������Rü$��
"�±üL�Rþ��jù���vÉüd÷=� � ÿgwÐý!óT�*ù,ü�û � ü*ó@ô>�nm: Tø@ýàû�ó@ô®ýRüÉþ#�±ó@ö�w�þ ö'ø[µ � �jý
ó��Rö*û!ü$��� � ý����

Ï l8���Xù,ó��,þ��jý � þ$ÿRü�àö$ü�û�� � þ$ø ���{ù��,þAúPó@ô�� þ ü�ø@û!úq;/� þ$ø[þ ü)�nm�  ��ü�ÿàø$�6�,ó@ö¶þ óB�5��üÉü�û4�&�¥ý!üÉþ/�6ó@ö�w����j÷�;
�àùjø[þ��,ó�ý*�æc�üC�!ö$ó	��ó�� ü\þ ó��5��üÉü�ûâ�&��þ$ÿRü(���j÷=�àùjø[þ��,ó�ý	ó@ô=�nm�  Ä óN���B�Ðú��!ö'ü�û�� � þ��jý � ø@ý!û
ø �	� ö'ü � ø[þ��jý � �àø � w@üÉþ�ü��@ü�ýMþ����àø	�$ü�û]ó�ý�þ$ÿRü(�!ö$ü�û�� � þ$ø ���jù��,þmúBó@ô=� þ ü�ø@ûRú";/� þ$ø[þ ü!�nm�  ��ü�ÿ!ø$�";
�jó@ö$�xc�ü�ûRü$��� � ýBø2�!ö$ü�û�� � þ��,ó�ý6;I�àø	�$ü�ûx���{÷=�!ù{ø[þ��,ó�ýÇô�ö'ø@÷xü��6ó@ö�wÇþ óC��� üyþ$ÿRüg�!ö$ü�û�� � þ ü�û Ä óN���
ø@ýàûuûRü$� � ö��G��üdþ/�6ó%þ ü � ÿ!ý��{�"�!ü$��þ ó)�!ö$ü�û�� � þÈþ$ÿRü"ø$�@üÉö'ø � üÃþ$ÿRö'ó�� � ÿ&���Rþ�ó@ô)ø=� þ ü�ø@û!úq;/� þ$ø[þ ü�Sm� 
Ä óT�
þ$ÿRü�û��jö$ü � þ)÷xü�ø	���Rö'ü�÷xü�ýMþH;I�Xø	� ü�û�!ö'ü�û�� � þ��,ó�ýÃø@ý!ûgþ$ÿRü��nm� ¥þ$ÿRö$ó�� � ÿ&�J�Rþ¹ôõó@ö�÷=�!ù{ø<;I�àø	� ü�û
�àö$ü�û�� � þ��,ó�ý+� � �!ö�ö$ü$���àù,þ����$ÿ!óT��þ$ÿ!ø[þ±þ$ÿ!üA�!ö'ü�û�� � þ��,ó�ý6;I�Xø	� ü�û����j÷)�!ùjø[þ��jó�ýPø � ÿ��,ü��@ü$����� � ý��G� � ø@ýMþ
����üÉü�û��&�BóN�@üÉö��àø � w@üÉþH;I�àø	� ü�û ���j÷=�àùjø[þ��,ó�ýTø@ý!ûTþ$ÿRü��5��üÉü�û��&�.�jý � ö$ü�ø	� ü$�xû!ö'ø@÷�ø[þ�� � ø@ùjùjúF���,þ$ÿ
þ$ÿ!ü-����vÉüPó@ôdø¥þ ö'ø@ý��$ôõüÉö$�ÜÙL�RüPþ ó-þ$ÿRüuø	�����!÷��!þ��jó�ýÇ÷�ø@ûRüPø ��ó��Rþ)�jý�þ üÉö5;Aù,ó����Ãþ��{÷xü$��
&þ$ÿRüPô�ó@ö5;
÷)�!ùjøB�!ö$ü�û�� � þ��,ó�ý3���NýRó@þK�@üÉö$ú\ø ��� �Rö�ø[þ ü��àý!ûRüÉö � ó�÷��àù,ü��4�àø[þ$ÿ � ó�ý!û��,þ��jó�ý����*»Ný!ûRüÉöL���j÷��Xù,ü��
� ó�ýàû��,þ��,ó�ý��$
ÐÿRóN�±ü��@üÉöT
!ôõó@ö�÷=�!ù{ø<;I�àø	� ü�ûCø � ÿ��jü��@ü$� � óÐóÐûCø ���!ö'ó$�&�j÷�ø[þ��,ó�ýg���,þ$ÿCø��$ÿRó@ö'þ üÉöd÷xü�ø<;
���Rö$ü�÷xü�ý�þ���üÉö��,óÌû�þ$ÿàø@ý ö$ü������,ö$ü�ûqó@ôtþ$ÿRüÇû��,ö'ü � þ¥÷xü�ø	���Rö$ü�÷�ü�ýMþ4�àö$ü�û�� � þ��,ó�ý+
A���jý � ü¦û��,ö$ü � þ
÷�ü�ø	���Rö$ü�÷xü�ý�þ���"÷xó@ö$ü�� ü�ý����,þ��G�@ü%þ ó�þ$ÿRü%þ ö'ø@ý����,ü�ýMþL��ü�ÿ!øT���,ó@ö"ó@ôt�nm�  � ó�ý � ü$�$þ��,ó�ý � ó�ýMþ ö'ó�ù,�
m�ó�÷��àø[ö$ü�û�þ ó Ä ���jûC÷xóÌûRü�ù+���j÷=�àùjø[þ��,ó�ý���
Ìó��RöA�!ö$ü�û�� � þ��,ó�ý6;I�àø	� ü�û����j÷=�àùjø[þ��,ó�ý����¶ü�ø	���jüÉö*þ óB��ü
�{ýMþ ü � ö'ø[þ ü�û.�A�,þ$ÿ!�àø � w@üÉþH;Aù,ü��@ü�ù1���{÷=�!ù{ø[þ��,ó�ý*
�ø@ý!û����r÷�ó@ö$ü � ü�ý!üÉö'ø@ùjù,úÇø ���Xù�� � ø �àù,ü	�Pc�ÿRüÉö'ü�ø	�
þ$ÿ!ü%ø �	� ö'ü � ø[þ��,ó�ýÇó@ô±ü��@ü�ýMþ���{ývø��nm:  Ä óT�W���{÷=�!ù{ø[þ��,ó�ý3���K�àø	�$ü�û¦ó�ý-þ$ÿ!ü)�àö$ü�û�� � þ$ø ���{ù��,þAú�ó@ô

q�¸ º



�Sm�  � þ ü�ø@ûRú";/� þ$ø[þ ü	
�þ$ÿ!ü��{ûRü�ø\ó@ôHø �	� ö$ü � ø[þ��jý � �àø � w@üÉþxü��@ü�ýMþ���ó@ô*ø Ä óT�Õ���,þ$ÿx�!ö$ü�û�� � þ$ø �àù,ü
��ü�ÿ!øT���jó@ö����¶ø ���àù�� � ø �àù,üNþ óPþ$ÿRü���j÷=�àùjø[þ��,ó�ýCó@ô&ó@þ$ÿRüÉö��!ö'ü�û�� � þ$ø �àù,ü Ä óN�����

Ï �/ö'ø[µ �1� ü�ýRüÉö'ø[þ��,ó�ý��àý!ûRüÉöÈù,ó�ø@û � ó�ý��$þ ö'ø	�jý�þ����¹c�üHûRü��@ü�ù,ó	��ü�ûxø@ý!û�ü��ø@ù��àø[þ ü�û�øÃþ ö'ø[µ ��� ü�ý!üÉö5;
ø[þ��jó�ýxø@ù � ó@ö��,þ$ÿ!÷�ô�ó@ö%�nm� F���j÷)�!ùjø[þ��jó�ý��)þ$ÿ!ø[þ�÷�ø[þ � ÿRü$��þ$ÿRü � ü�ýRüÉö�ø[þ ü�ûxþ ö'ø[µ � þ ó"þ$ÿRü¶ýRüÉþ/�6ó@ö�w
� ó�ý�� � �Rö'ø[þ��,ó�ý���� � ÿyþ$ÿ!ø[þ¶þ$ÿRüNö$ü$���!ùjþ��jý � ù��jý&w � ó�ý!û��,þ��jó�ý��±ø[ö'ü"ø	�:����ü � ���!ü�ûB�Ðú�þ$ÿRü0���$üÉö$�%�dÿRü
ø@ù � ó@ö��,þ$ÿ!÷£ü�ýàø �àù,ü$�����$üÉö��%þ ó�ó	�!þ$ø	�{ý.ö$ü�ø@ù����$þ�� � ø@ý!û.ü��6�àù�� � �,þ$ùjú � ó�ýMþ ö'ó�ùjù,ü�û	ù��{ý&w � ó�ý!û��jþ��,ó�ý��
þ$ÿ!ö$ó�� � ÿ-�àø � w � ö$ó��!ý!ûuþ ö'ø[µ � ���j÷)�!ùjø[þ��jó�ý*���*ÿ����8��ø	��ø � ÿ��jü��@ü�ûg�{ýPørþ ö��jø@ù�;Aø@ý!û&;¾üÉö$ö$ó@ö±÷Pø@ý!ýRüÉö
�{ý3�!ö'ü����,ó����1�6ó@ö�w\ø@ý!û(�,þ���ø	�K��ó������G�àùjüÃó�ý!ù,ú�ô�ó@öK�@üÉö'ú3���j÷��Xù,ügýRüÉþ/�6ó@ö�w6���Æc�ÿ��jù,ü`ø[þ þ$ø	�jý��jý �
þ$ø[ö � üÉþgù��jý&w � ó�ý!û��jþ��,ó�ý���
Xó��RöNø@ù � ó@ö��,þ$ÿ!÷¢ø@ù�� óC÷��jý��{÷���vÉü$�¶þ$ÿRü����j÷)�!ùjø[þ��jó�ý\÷xü�÷xó@ö'ú¥ö$ü������,ö$ü�;
÷�ü�ýMþNø@ý!û � ó�ýRô�ó@ö'÷��*þ ó � üÉö'þ$ø	�jý¥ö$ü�ø@ù����$÷ � ó�ý����jûRüÉö'ø[þ��,ó�ý���
���� � ÿ\ø	�Hþ$ÿRügþ ö'ø[µ � ÷����¥ø@ý!û\þ$ÿRü
øT�@üÉö'ø � ü Ä óN��ÿRó	� � ó��!ý�þ�� � �Rötü��ø@ù��àø[þ��,ó�ý����$ÿRóN�¡þ$ÿàø[þ%ù��jý&w � ó�ý!û��jþ��,ó�ý��rö$ü�ø@ù���vÉü�ûx��úBþ$ÿRü
� ü�ý!üÉö'ø[þ ü�ûCþ ö'ø[µ � ø[ö$üK�@üÉö$ú � ù,ó�� üNþ órþ$ÿ!üHþ$ø[ö � üÉþ � ó�ý!û��,þ��,ó�ý���
Ðø@ý!ûuþ$ÿ!ø[þ±þ$ÿ!üHø@ù � ó@ö��jþ$ÿ!÷ � � ø@ù,ü$�
�6ü�ùjù*�A�,þ$ÿCþ$ÿRü����vÉüÃó@ô�þ$ÿRürýRüÉþ/�6ó@ö�wCþ ó	��ó�ù,ó � ú�ø@ý!ûCþ$ÿRü`ý��!÷=��üÉö¶ó@ô&þ$ø[ö � üÉþNù��jý&w6���

>`RÉÒ Lu¯�«[¯%¬®Ö;M ²¬®Ö®°±«[²MHªN@

�dÿ�����þ$ÿRü$�����:��� �	� ü$� þ���� ü��@üÉö�ø@ù)þ ó	��� � �dôõó@ödô[�Rþ��Rö'ü0�±ó@ö�w��
ë �,ö��$þ�
¹ó�ý¦þ$ÿRüxþ$ÿRö$ó�� � ÿ����RþK�!ö$ü�û�� � þ��jó�ý\ô�ó@ö`ùjø[ö � ü��nm: qþ ö'ø@ý�� ô�üÉö���
¹ó��Rö0�Xý!û��jý � �K��� �	� ü$�$þÃþ$ÿ!ø[þ

�!ö$ü�û�� � þ��G�@üP÷xóÌûRü�ù��Ä|[�!ý!ù���w@ü�þ$ÿRüyü��6���$þ��jý � ûRü$� � ö��G�!þ��G�@üu÷xóÐû!ü�ù��+�"ó@ô1�Sm� �þ$ÿRö$ó�� � ÿ&�J�Rþ���jù{ùm��üyø@ý
�jý�þ üÉö$ü$� þ��jý � ø[ö$ü�ø¥þ ó-ü����àùjó@ö$üxôõó@ö=��üÉþ þ üÉö ë È �!ö$ü�û�� � þ��,ó�ý�����c�üyø@ù�� ó3��� �	� ü$� þ`þ$ÿ!ø[þ=��� � ÿBø¥÷xóÌûRü�ù
�$ÿRó��àùjûCø ��� ó��!ýMþHôõó@ö*þ$ÿRügù,ó�ø@û�þ$ÿ!ø[þ����jùjù���ü"ü��ÐüÉö$þ ü�û3��úyþ$ÿRügþ$ø[ö � üÉþ Ä óT��
àø@ý!û�þ$ÿRü�{÷��àø � þ¶ó@ô&þ$ÿ!ø[þ
ù,ó�ø@ûuó�ýyþ$ÿRüS���Rü$�Rü$�{ý � ûRü�ùjø�ú���ø@ý!ûyù,ó����$ü$�E�jýPþ$ÿRüK�àø[þ$ÿ*��Î\ó@ö$üK�{ýRôõó@ö�÷�ø[þ��,ó�ýPø ��ó��Rþ±þ$ÿRüL�!ý!ûRüÉö'ùjú��jý �
�àø[þ$ÿ*
"��� � ÿxø	�Èþ$ÿRü � ø �àø � �,þAú	
Ìø$�[ø	�jùjø �Xù,ü��àø@ý!û&���{ûRþ$ÿ*
<���Ì´�üÉöm����vÉü	
Mø@ý!ûxý��!÷=��üÉö�ó@ô � ó�÷���üÉþ��jý � Ä óN����

÷�ø�úCÿ!ü�ùG��ø � ÿ��,ü��6�jý � þ$ÿ���� � ó�ø@ù,� ë ó@ö # È£�àö$ü�û�� � þ��,ó�ý+
�ó�ýRü=�jýMþ üÉö'ü$� þ��jý � �!ö$ó	�Xù,ü�÷Î���¶ÿRóN�kþ ó�ü��Ìþ ü�ý!û
�,þ��%���'ø � ü	� � ý��àø[ö$þ�� � �!ùjø[ö$
[üÉµ � �,ü�ý�þÈ÷xü � ÿ!ø@ý����$÷B��þ ógø � �"���jö$ü	
q�$ÿ!ø[ö'ü�ø@ýàû%ö$ü$��� ü�þ$ÿRö$ó�� � ÿ&���Rþ�ÿ���� þ ó@ö'ú
� ø@ý2��ü)�jý"�@ü$� þ�� � ø[þ ü�û*� ë ó@ö"ü��Ìø@÷��Xù,ü	
XÿRó��$þ��A�jý\þ$ÿRü��$ø@÷xü=���&�àýRüÉþ*÷Pø�ú3�$ÿàø[ö$ü=�jý!ôõó@ö'÷Pø[þ��,ó�ý¥ó�ý-þ$ÿRü
þ$ÿRö$ó�� � ÿ&���Rþ�þ ó�w_ô�ö$ó�÷�þ$ÿRürÿRó�� þ��1�jý�ø�þ$ø[ö � üÉþA�����àýRüÉþ��

Æ ü � ó�ýàû*
)ö$ü$� ü�ø[ö � ÿ!�jý(�6ó@ö�wÌù,ó�ø@û � ü�ýRüÉö'ø[þ��jó�ý�ôõó@ögù{ø[ö � ü�� � ø@ù,ü�ýRüÉþ#�±ó@ö�w(���{÷=�!ù{ø[þ��,ó�ý��L�$ÿRó��!ù{û2��ü
w@üÉü�ýÇó�ýx�jý � ó@ö���ó@ö'ø[þ��{ý � ö'ü�ø@ù���� þ�� � þ ö�ø[µ � ÷�ø[þ ö��G�v÷xóÌûRü�ù��0�HÿRü�ýF��� � ÿÇ÷xóÌûRü�ù��L��ü � ó�÷xüPøT�ø	�jù{ø �àù,ü	�
cqÿ��jù,üt�±ó@ö�w`ó�ý��nm� C�6ó@ö�wÌù,ó�ø@û � ü�ýRüÉö'ø[þ��jó�ý��!ö$óT�6�jûRü$��ø"ô�ö'ø@÷xü��6ó@ö�w`þ ó�{ý � ó@ö���ó@ö'ø[þ ü6þ ö'ø[µ � ÷�ø[þ ö��G�

q�¸@¸



÷xóÌûRü�ù��p|\�Ðúxþ$ÿRü���� üdó@ô)ø@û!û��jþ��,ó�ý!ø@ù � ó�ý�� þ ö�ø	�jýMþ��6ø@ý!ûB�àø[ö'ø@÷xüÉþ üÉö����@
�ü$� þ$ø �Xù����$ÿ��{ý � ÷xóÐû!ü�ù���ô�ó@öE�jý�þ ö'ø<;
Ã Æ ø@ý!û4�jý�þ üÉö5;/Ã Æ þ ö'ø[µ � ÷�ø[þ ö�� � ü$�1����wÐýRóN�*ý�þ ó���ü0�@üÉö$ú�û��jµ � �!ù,þ�ø@ý!û�þ$ÿRü`ö$ü$� ü�ø[ö � ÿ3�jýCþ$ÿ����¶ø[ö$ü�ø
����ô�ø[ö�ô�ö$ó�÷�÷�ø[þ��Rö$ü	��c�üK�jýMþ ü�ýàûxþ ó)��� üdþ$ÿRüdþ ö�ø[µ �1� ü�ýRüÉö�ø[þ��,ó�ýuø@ù � ó@ö��,þ$ÿ!÷�þ ó)� þ��!ûRú��jý�û!ü��!þ$ÿPÿRóN�
� ü�ý����,þ��G�@ü*û��,´�üÉö$ü�ý�þ����{÷=�!ù{ø[þ��,ó�ý�� þ��!û��,ü$��ø[ö$üHþ ó � üÉö$þ$ø	�{ý � ÿ!ø[ö'ø � þ üÉö����$þ�� � �6ó@ô¹þ$ÿRü��àø � w � ö'ó��!ý!û�þ ö�ø[µ � �
� ý]ø@û!û��jþ��,ó�ý*
t�±ü2���jùjù�ü��6�àù,ó@ö$ü-þ$ÿRü\ø ���Xù�� � ø[þ��,ó�ý]ó@ôNþ$ÿ����P÷xüÉþ$ÿ!óÐûRó�ùjó � ú����,þ$ÿ	ø@ù,þ üÉö�ý!ø[þ��G�@ü\þ ö�ø[µ �
÷xóÌûRü�ù��"ó@ögó	�àþ��j÷���v�ø[þ��,ó�ýÇó	�ÌË2ü � þ����@ü$���uÎ\ó@ö$üB�5��ü � �G� � ø@ù{ù,ú	
+�6ü�ø[ö$üB�jý�þ üÉö$ü$� þ ü�ûx�jýhc�ü��&;Aù��Gw@üxþ ö�ø[µ �
÷xóÌûRü�ù���
�ø@ýàû)�{ý%ó	�!þ��j÷���v$�{ý � þ$ÿRüdùjó�ø@û��àø@ùjø@ý � ü�ô�ó@ö8�àø[ö'ø@ùjùjü�ù�ø@ý!ûxû���� þ ö��G�J�Rþ ü�û`ýRüÉþ#�±ó@ö�w����j÷=�àùjø[þ��,ó�ý����

�dÿ��,ö'û*
m�*ÿ��{ù,üPþ$ÿRüCö$ü$�$ü�ø[ö � ÿ.ó�ý���üÉüÉö5;¾þ ó ;I��üÉüÉö��àùjüg�$ÿàø[ö��jý � � ú��$þ ü�÷��xÿ!ø	�xø �àø[þ ü�ûj�����,þ ü�ø(���,þ
ýRü�ø[ötþ$ÿRüyü�ý!û�ó@ô*þ$ÿ����gþ$ÿ!ü$�����=�±ó@ö�w�
�þ$ÿRüg���$ø � üCó@ô¶þ$ÿRü$� ü�� ú6� þ ü�÷��tö$ü�÷�ø	�jý��`ÿ�� � ÿBø@ý!ûTÿ!ø	�%ýRü��@üÉö
�$ù�������ü�û*�F�dÿRüÉö$üÉô�ó@ö$ü	
Èó	�!þ��{÷���v$�jý � þ$ÿRü���� üÉö�;I��üÉö � ü$�G�@ü�ûTü�����üÉö��,ü�ý � üCø@ýàûT÷Pø@ý!ø � �jý � þ$ÿRü�ö$ü$�$ó��Rö � ü
���$ø � üPó@ô±þ$ÿRü$�$üB� ú6� þ ü�÷��gø[ö$üB��ó��àý!ûvþ ó4��ü�ù��jý � üÉö��{ý � �������Rü$�"ó@ô��jý�þ üÉö$ü$� þ��uÎ2� � ÿÇó@ô6þ$ÿ!üxö$ü$� ü�ø[ö � ÿ
�jý.þ$ÿ�����ø[ö$ü�øBÿ!ø	����üÉü�ý �{ýq�@ü$� þ ü�ûâ�jý.ü�ùjü�÷xü�ýMþ��Pþ$ÿ!ø[þuÿàø$�@ü¦û��,ö$ü � þ��j÷��àù�� � ø[þ��,ó�ý¼ô�ó@öPþ$ÿ!ü$� ü2�������Rü$��

��� � ÿ\ø	�A� ü�ø[ö � ÿ��jý � wù,ó � ø[þ��jý � � � ÿRü�÷xü$�Nø@ý!û3��üÉüÉöA� ü�ù,ü � þ��,ó�ý2� � ÿRü�÷�ü$��� � �Rö�� þ��àûRúuó@ô�þ$ÿRü�Ó"ý"�!þ ü�ùjùjø
� ú6� þ ü�÷���'ÿRóT���"þ$ÿ!ü��jý!û��,ö'ü � þK�j÷��àø � þ"ó@ôt� ü�ø[ö � ÿ��jý � óN�@üÉö'ùjø�ú � ó�ý � ü$� þ��,ó�ý � ó�ý�þ ö$ó�ùÈ÷xü � ÿ!ø@ý����'÷��"ó�ý
þ$ÿRü$� ü���üÉö$ô�ó@ö'÷�ø@ý � ü¥÷xüÉþ ö�� � ��
6ø	��� ó�÷xü�ó@þ$ÿ!üÉö��±ó@ö�w���ÿàø$�@ü\ö'ü��@ü�ø@ù,ü�û*� � þ��A�jùjùt��ü��{ýMþ üÉö$ü$�$þ��jý � þ ó
� üÉü`÷�ü�ø	���Rö$ü�÷xü�ý�þ�� þ��àû��,ü$�¶þ$ÿ!ø[þn�"�!ø@ý�þ��,ô�úuþ$ÿ����1�j÷��Xø � þ1�jýCþ$ÿRügö$ü�ø@ù/ýRüÉþ/�6ó@ö�w�
àü$�5��ü � �jø@ù{ù,úB�,ôm��� � ÿ\ø
� þ��!û!ú���� � ó�ý!û�� � þ ü�û2��� � ÿ-þ$ÿ!ø[þHø � ó�÷��àø[ö���� ó�ý4���jþ$ÿ�þ$ÿRütó	�!þ��j÷���v�ø[þ��jó�ý4�jý3�$ü�ø[ö � ÿ��{ý � � � ÿRü�÷xü � ø@ý
��ütû!ö'ø$�*ý+�Dcqÿ��jù,ürþ$ÿRüxþ/�6ó�ü�ù,ü�÷xü�ý�þ��Ãó@ô���üÉüÉö5;¾þ ó ;I��üÉüÉö� ú6� þ ü�÷��Ãø[ö'üxó@ö$þ$ÿRó � ó�ý!ø@ù,
+�jþL���Hó��!ö0��ü�ù��,üÉô
þ$ÿ!ø[þgþ$ÿ!ü��j÷���ó@ö$þ$ø@ý � üxó@ô6þ$ÿRü � ó�ý � ü$�$þ��,ó�ý � ó�ý�þ ö$ó�ù�÷xü � ÿ!ø@ý����'÷��gÿ!ø	�0��üÉü�ý¦ö$ü�ù{ø[þ��G�@ü��jý����!µ � �,ü�ý�þ$ù,ú
ø@û!ûRö'ü$��� ü�û*�

ë ó��!ö$þ$ÿ*
8�6ü���ü�ù��,ü��@üPþ$ÿ!ø[þ%þ$ÿRü��j÷��àø � þró@ô*þ ö'ø[µ � ÷xóÌûRü�ù��ró�ý.��üÉö'ôõó@ö'÷Pø@ý � üPü��[ø@ù��!ø[þ��,ó�ý+
�ü	� � �G

���j÷)�!ùjø[þ��jó�ý*
¹ÿ!ø	�ÃýRó@þ0��üÉü�ý¦ô\�àùjù,ú�ü��Rø@÷��jýRü�û*� � ý¦ó�ýRü�ÿ!ø@ýàû*
¹þ$ÿRüÉö$üxø[ö$ü�÷�ø@ý�ú¦û��j÷xü�ý����,ó�ý��Nø@ù,ó�ý �
�*ÿ�� � ÿ�øCþ ö'ø[µ � ÷xóÐû!ü�ù � ø@ý ��ü � ø[þ ü � ó@ö@��vÉü�û*
&ü�ø � ÿ�ø´�ü � þ��jý � þ$ÿRü�ýRüÉþ/�6ó@ö�wC��ü�ÿ!ø$�6�,ó@ö�jý¦û��,´�üÉö$ü�ý�þ
��ø�ú6�ÉÊRó�ýPþ$ÿ!üHó@þ$ÿRüÉö�ÿ!ø@ý!û+
Ðû��,´�üÉö$ü�ý�þ�ø ���Xù�� � ø[þ��,ó�ý�� � ø@ýg��üNø´�ü � þ ü�û��Ðúxþ ö'ø[µ � ÷xóÌûRü�ù��E�jýPû��,´�üÉö$ü�ý�þ
��ø�ú6���)Ã � ú6� þ ü�÷�ø[þ�� � ø@ýàø@ù,ú������Nó@ô�þ$ÿRüxô�ø � þ ó@ö��Ãþ$ÿ!ø[þgø´�ü � þgþ$ÿRü��àø	��� ��� ÿ!ø[ö'ø � þ üÉö@��� þ�� � �Ãó@ô6ýRüÉþ/�6ó@ö�w
þ ö'ø[µ � �A�jùjùD��ü����$üÉô\�!ù�ø	�gø � ���jûRü%þ ó�þ$ÿRü���üÉö$ô�ó@ö'÷�ø@ý � ü%ü��[ø@ù��!ø[þ��,ó�ý�ø@ý!û�û!ü$��� � ý¦ó@ô�ýRü���ýRüÉþ/�6ó@ö�w
ø ���àù�� � ø[þ��,ó�ý��Nø@ý!ûF� ú6� þ ü�÷����`c�ü���ü�ù��,ü��@ü%ø[þgù,ü�ø	� þ"þ$ÿRüxô�ó�ùjù,óN���jý � û��j÷xü�ý����,ó�ý��K�$ÿRó��!ùjû2��ü���� ü�ûvþ ó
ô[�!ùjù,úB����ü � �jôõúyøxþ ö'ø[µ � ÷�óÐûRü�ùI�

Ï � ��ü�ý&;Aù,ó�ó	���6����m�ùjó�� ü�û6;Aù,óÐó	�+�
q�¸�a



Ï  &üÉö������ þ ü�ý�þ��nm�  Ä óT��������� Æ þ ö$ü�ø@÷�ó@ôm�nm�  Ä óT���$�
Ï ë �jý��,þ ü0��ó	���!ùjø[þ��,ó�ý�| � ù,ó��$ü�û6;Aù,óÐó	�;�E���$� � ý��àý��,þ üK��ó	���!ùjø[þ��,ó�ý�|�ó	��ü�ý6;Aù,óÐó	�;�@�
Ï c£�jý!û!óT�:;Aù��{÷��,þ ü�û��nm�  Ä óT����������m�ó�ý � ü$� þ��,ó�ý6;Aù��j÷��,þ ü�û��nm�  Ä óT�A���
Ï »Ný��jû��,ö$ü � þ��,ó�ý!ø@ù��6���NÈ��jû��,ö'ü � þ��,ó�ý!ø@ù�þ ö'ø[µ � �
Ï �/ó	��ó�ù,ó � ú���û��!÷=����ü�ùjùJ����� � ý�þ üÉö'ýRüÉþ¶þ ó	��ó�ù,ó � ú � ü�ýRüÉö'ø[þ ó@ö@���
Ï Ã ��� ü$���Nù��jý&wB�àø@ý!û&���{ûRþ$ÿyö$ü�ùjø[þ��G�@üÃþ ó��Xø � w���ó�ý!ü�àø@ý!û&�A�jûRþ$ÿ*�
ë �jý!ø@ù{ù,ú	
Ró�ýRü`ó@ô�þ$ÿRü � ü�ýRüÉö'ø@ù®þ$ÿRü�÷xü$�dþ$ÿ����¶þ$ÿRü$�����dþ ö��,ü$�dþ óB�!ö��{ý � ó��Rþ����dþ$ÿRü���üÉö������ þ��jý � �j÷���ó@ö5;

þ$ø@ý � üxó@ôt��üÉö$ôõó@ö�÷�ø@ý � ü%ü��ø@ù��!ø[þ��,ó�ý¦ó@ô±ø����&�ÌË ü � þNþ$ÿàø[þ� üÉü�÷��� ó�ô�ø@÷��jù��jø[öHþ ó4����� ë ù,ó_úÐû�ö'ü � ü�ýMþ$ù,ú
ø@ý!ýRó��àý � ü�û.ø¦ýRü�� � Ím� ë � ö$ó���� |[�/ö'ø@ý�����ó@ö'þxÎ\óÌûRü�ù��xÍdü$�$ü�ø[ö � ÿ½Ó"ö$ó��&�;�`ó�ý¼þ$ÿRü�ü��[ø@ù��!ø[þ��,ó�ý¼ó@ô
þ ö'ø@ý�����ó@ö'þ��!ö$ó@þ ó � ó�ù���orq�¸6
¹qUa�sI�A�dÿ!ü � ö$ó��&�C��� � ÿ!ø[ö'þ üÉö$ü�ûvþ óyûRóyö$ü$� ü�ø[ö � ÿC�5��ü � �G� � ø@ùjùjúg�jý\þ$ÿRü%ø[ö$ü�ø
ó@ô¶÷xóÌûRü�ù��jý � ø@ý!û�ü��[ø@ù��!ø[þ��jó�ý�ó@ô±þ ö�ø@ý��5��ó@ö$þ0�!ö$ó@þ ó � ó�ù���
®ö'ø[þ$ÿRüÉö`þ$ÿàø@ý!�jý¦þ$ÿRü�ûRü$��� � ýÇýRü�� � ó�ý � ü$�H;
þ��,ó�ý � ó�ýMþ ö$ó�ù>�!ö$ó@þ ó � ó�ù����:l � ÿRó��jý � �*ÿ!ø[þ1�6ü=� þ$ø[þ ü�ûvø[þ*þ$ÿ!ü��ü � �jý��jý � ó@ô�þ$ÿ����¶þ$ÿRü$�����$
��±ü)� üÉürø	�Hø@ý
�j÷���ó@ö$þ$ø@ý�þ�÷��������jó�ýPþ$ÿRü � ó�ý�þ��jý��Rü�ûCü�´�ó@ö'þ��1�jýg��üÉö$ôõó@ö�÷�ø@ý � üNü��ø@ù��àø[þ��,ó�ýCø	�dýRü�� ø ���àù�� � ø[þ��,ó�ý���ø@ý!û
þ ü � ÿàýRó�ù,ó � �,ü$�*ü�÷xüÉö � ü`ø@ý!û\ø	�dþ$ÿRü � ýMþ üÉö�ýRüÉþ����$ø � ü � ö$óT���$�

q�¸.�



2=1T�O1P2=13Q;(R1	 

orq�sxÃ ³ üÉþ/�6ó@ö�w Æ �j÷=�àùjø[þ ó@ö$��Å%ÿMþ þ5�>�Øw.wN�1�1��`�����,�;ü�û��#wý��'ý!ø@÷�wý���
TSMø@ý3�[·@·@·6�
o���sxÃ5�/óPþ$ÿ!ü1È6ø@ýàû&���jûRþ$ÿ È�ø[ö$ö@�,üÉödø@ý!û È6üÉú@ó�ý!û*��ÅuÿMþ þ5�>�Øw.wû������ � ù����J��� � ó�÷�
J�[·@·@·6�
o>y�sxÃ<ÓÃý"�Rþ ü�ù{ùjø1 Èö'ó@þ ó � ó�ù Æ ��ü � ��� � ø[þ��,ó�ýL�Ì·6�;Ñ&��Å*ÿ�þ þ5�+�Øw.wN�1�1�n���8ù��j÷xü����,ö'ü	� � ó�÷�wûRü��@ü�ù,ó	��üÉö�w � ý��Rþ ü�ùjùjø�!ö$ó@þ ó � ó�ù ·6�;Ñ&����û!ô#
J�[·@·Lq �
o ÑtsxÃ ë ö$üÉü ³ üÉþ���ÅCÿ�þ þ5�+�Øw.w_ô�ö$üÉü�ýRüÉþ��`� ó��Rö � üÉôõó@ö � ü	�;ó@ö � 
 ë ü��(�[·@·�y��
o º sxÃ<ÓÃý"�Rþ ü�ù{ùjø Æ �j÷���Åxÿ�þ þ5�+�Øw.wN�1���� ��� � � ø[þ ü � ÿ*�;ü�û��#w � ó�÷����Rþ��{ý � w � ó�÷��àø	����w � ý"�Rþ ü�ù{ùjø6
 Æ ü��2�[·@·�y��
o;¸�sxÃ<Ó"þ5wq; � ý��Rþ ü�ùjùjø6��ÅuÿMþ þ5�>�Øw.w � þ5wq; � ý��Rþ ü�ùjùjø6�`�$ó��Rö � üÉô�ó@ö � ü	�8ýRüÉþ�
 ë ü��C�[·@·�y��
o�aUsxÃ<ÓÆc�ü��;m�ø � ÿ!ü	��Åyÿ�þ þ5�+�Øw.wN�1���� � ý"� � ù,ü$�����8ýRüÉþ+w � �6ü�� � ø � ÿRü�w"
 ë ü��C�[·@·�y��
o>��sxÃ�ôD�j÷xü����jö$ü	��ÅxÿMþ þ5�>�Øw.wN�1�1��8ù��{÷xü����,ö$ü	�;ó@ö � 
 ë ü��(�[·@·�y��
o>��sxÃ$Î2�Rþ ü�ùjù{ø6��Å�ÿMþ þ5�>�Øw.w÷=�Rþ ü�ù{ùjø6�`� ó��Rö � üÉô�ó@ö � ü	�8ýRüÉþ�
 ë ü��C�[·@·�y��
orqÉ·^s¿Ã5 ±ÿRü��Q��ÅPÿ�þ þ5�+�Øw.wN�àÿRü��Q�`� ó��Rö � üÉô�ó@ö � ü	�8ýRüÉþ�
 ë ü��C�[·@·�y��
orq.q�s¿ÃVU"þ ü�ùjùjø6��Å�ÿ�þ þ5�+�Øw.w^��þ ü�ùjùjø6�`� ó��Rö � üÉôõó@ö � ü	�8ý!üÉþ�
 ë ü��2�[·@·�y��
orq$��s¿Ã Æ l�� ��WX# ó�÷xü	��Å�ÿ�þ þ5�+�Øw.w<� üÉþ��jø[þ$ÿRó�÷�ü	�`���$ù,����üÉö�w@ü�ù,üÉú	�;ü�û��*
�Î-ø[öK�[·@·�y��
orq�y�s¿Ã »Nù,þ ö'ø ��üÉüÉö Æ ��ü � �G� � ø[þ��,ó�ý+��Å ÿ�þ þ5�+�Øw.wN�1�1��8ù��j÷xü����,ö'ü	� � ó�÷�wûRü��@ü�ù,ó	��üÉö�w»Nù,þ ö'ø ��üÉüÉö����8ÿ�þ$÷�ù,
ÃA�!ö��{ùQ�[·@·�y��
orq�Ñts¿Ã5�/ö'ø[µ � ÓNü�ýRüÉö'ø[þ ó@ö��$��ÅPÿ�þ þ5�+�Øw.w<� � �,ö$�;ó@ö � w÷xóÐû!ü�ù��+w_þ ö'ø[µ ��� ü�ý!üÉö'ø[þ ó@ö����8ÿ�þ$÷�ù,
CS�ø@ý4�[·@·[Ñ&�
orq º s¿Ã # ø[ö'û&��ø[ö$ü �jý þ$ÿRü ô®ó�ó	��w[Î\ø@ý �jý þ$ÿRü ô®ó�ó	�>��Å ÿ�þ þ5�+�Øw.wN�1����`� � ø@ùjø �àùjü�;AýRüÉþ/�6ó@ö�w6���� ó�÷ÄwN��û!ô�w #A� �pô m¶ø	� ü Æ þ��!ûRú	���¹ûRô½
�Sq�!ý4�[·@· º �
orq�¸�s¿Ã � Ím� ë �*Î-Í�Ó)��Å ÿ�þ þ5�+�Øw.wN�1�1������ó��$þ ü�ù,�;ó@ö � wN���G��üÉö'÷Pø	�jù�w_ü�ý!û��ü�ýàû6;/�jý�þ üÉö$ü$� þ+w �[·@· º ;mÎ-ø�úw·@·[Ñ�� º y��8ÿ�þ$÷�ù,
�Sq�!ý4�[·@· º �
orqUaUs¿Ã$Î\üÉþ ö�� � ��ôõó@ö þ$ÿRüMl8�[ø@ù��!ø[þ��jó�ý ó@ô�m6ó�ý � ü$� þ��jó�ýêm6ó�ýMþ ö'ó�ùqÎ\ü � ÿàø@ý����$÷��$��Å£ûRö'ø[ô�þH; Ä ó�úÌû6;

þ ö�ø@ý��5��ó@ö$þH;A÷xüÉþ ö�� � �H;A·@·6�;þH�Ðþ�
�Î\ø�ú3�[·@· º �
orq���s¿Ã Æ � ø@ùjø �àù,ü ³ üÉþ/�6ó@ö�w�/ü � ÿ!ýRó�ùjó � �,ü$����Ådÿ�þ þ5�+�Øw.wN�1�1�����"�!ø@ù{ýRüÉþ�� � ó�÷�wN�!ö$óÌû�� � þ���wûRü��@ü�ù,ó	��üÉö��+w<���{÷=�6;

ù{ø[þ ó@ö$���àÿ&�+
YSq�!ý4�[·@· º �
orq���sIZI[7\^]`_aZJbS
�Ã5�®ö�ø[µ � Î¥óÌûRü�ù��L�jý¿È6ö$ó�ø@û&�àø@ý!û ³ üÉþ/�6ó@ö�w6��
�Ådc ò�ò¯ò ß%} �����6~Jl,{'½	|4l,} ~&Ú)7�½$�M½fe

��lS~Qz�
gSq�!ù,úxq��.��a"�
o��[·^sIZIhjiTk`k`\a_lZJbS
�mP\�n^nj]o_dpIb�
rq8ig]�sC\uta_vqjbS
Nq8sC\�wxh^sA_
ZJb�
xø@ý!ûyqgwxz`\^{7\u|}\^tA_
~NbS
¿Ã5Ã

Î\ü�ø	���Rö'ü�÷xü�ýMþH;�È�ø	� ü�û�ÃNý!ø@ù,ú6�����Nó@ô�Î2�!ù,þ��{ÿRó�÷��jý � 
�Å��jý à:yH}T{@z�z 9 l\~"� Ú-}HÝ�	�ß+7Yý�c Ö ß���727C
�[·@·�y��

q�¸.�



o��%q�sIZIhjiTk`k`\a_�ZJbS
��j\utun�_��ubS
}q8s�\�w�hjsA_�ZJbS
�mP\�njn^]`_<pIbS
6ø@ý!û�q8iY]�s�\utA_�qjbS
`Ã5Ãÿm6ó�÷��àø[ö5;��� ó�ýTó@ô � �@üÉö'ùjø�úBÍ*ó��Rþ��jý � ø@ý!û.Î3�!ùjþ��jÿRó�÷��jý � Ídó��Rþ üPm6ó�ý�þ ö$ó�ù,
�ÅF�{ý.à:yH}${©z�z 9 lS~�� Ú3}HÝ�	�ß+7ý�c Ö ß���737C
��[·@·[Ñ&�
o��	��sIZIk�z7|�\utA_O��b�
JZA�j{7\C�8s�iYt�hu�8��_O�lb�
yø@ý!ûyp�\u{7\^hu\Tz�_3��bS
dÃ5Ã Æ þ ó � ÿ!ø	� þ�� � Î¥óÌûRü�ù�ó@ô�Sm� 7w �  ����,þ$ÿ Æ þ$ø[þ��,ó�ý!ø[ö$ú�ÍHø@ý!ûRó�÷�ô)ó����$ü$��
�Å��jý�à:yH}T{@z�z 9 l\~"� Ú�}HÝ�	�ß+7 ý�c Ö ß���727C
6�[·@·@·6�
o��.y�s�\^t�[u[=�Jb���i�_���b}�Jb�ø@ýàû3�I�u�A_���bS
SÃ � ý!l%�6�àù,ó��,þ��{ý � �®ö'ø[µ �  Èö'ü�û�� � þ$ø ���jù��,þAú(�jý!Ã � þ��G�@ü

U0�Rü$�Rü`Î-ø@ý!ø � ü�÷xü�ý�þ�
�Å-�jý3à:yH}T{@z�z 9 l\~"� Ú�}HÝ�c��Sî��ß���7C
��[·@·����
o��ÑtsIZIt�[^iT{�]�iYtA_��JbS
Ap�\^ko\uhj{7wx]�s�tC\utA_��rbS
a��\�\j]�su�^iTh�_��Xb�
�ø@ý!û�m��u{C{7w"]o_}~NbS
ÆÃ Í*ü$���jù��jü�ýMþ� �@üÉö'ùjø�ú ³ üÉþ#�±ó@ö�w���
�Å3�jý!à�y5}${@z@z 9 l\~"� ÚB}HÝ<	�ß+7Yý�ç �pï&}<Ú+l\�6� } ~0�/ï�z�y ½	|4lS~��Pý�çNÚ�|/z��)Ú�à�y�lS~Te{�l�ï�¿Gz�Ú@
J�[·@·Lq �
o�� º sIZIt�[^iT{�]�iYtA_Y�Jb7� bS
�q8tu�^iT{CiTtA_TZJb8�Ib�
�ø@ý!û�p�\uko\uhj{7wx]�s�tC\uta_T�NbS
°Ã�È6ü$� þH;/ �ø[þ$ÿ��6����Î2�!ù,þ���; �ø[þ$ÿ � �@üÉö'ù{ø�ú�Í*ó��Rþ��jý � 
�Å?�jý à:yH}${©z�z 9 lS~�� ÚOc@~J|/z�y©~�z�|�7 z'½<Ú@�6y�z��Bz�~J|!ß%} ~$Ý$z�y�z�~J{©z}kxc57 ßJäN
�[·@·�y��
o��@¸�sIZIt�[^iT{�]��^tA_��Jb�
^p�\^ko\uhj{7wx]�s�tC\utA_��NbS
^��\�\^]�s^�uiTh�_amRbS
)ø@ý!û¡m��^{C{7wx]`_�~Nb�
�Ã Í*ü$���jù��jü�ýMþ� �@üÉö'ùjø�ú ³ üÉþ/�6ó@ö�w6��
�ÅB�jý3à:yH}T{@z�z 9 l\~"� Ú�}HÝ1ýu��ý�à:
��[·@·Lq �
o���aUsIZI¢T¢YiTtu£¤iTk¥k`iT{'_�� bS
^��iY]�ko\^]%]§¦�_'¨%b�
)ø@ýàûOm��7��iY�8©NtA_�ªNbS
ÂÃ Æ ��v$�{ý � Í*ó��Rþ üÉö'È��Ì´�üÉö@��
�Å��jýý�c Ö ß���737C
��[·@·[Ñ&�
o��.��s�p�\��7�8iTk`k`w«_T�Xb[ø@ý!ûI��wx|�_Y�lb�pIbS

Ã5�nm� 2�dÿRö$ó�� � ÿ&���Rþ+ÃNý!ø@ù,ú6�����*�!ýàûRüÉö>�/ö'ø@ý��$÷��������,ó�ý0l�ö$ö$ó@ö

ø@ýàûxm6ó�ý � ü$� þ��jó�ý ô)ó����$ü$��
�ÅB�jý3à:yH}T{@z�z 9 l\~"� Ú)}5Ý�c ò¯ò�ò c��Sî��ß���7F
��[·@·[Ñ&�
o��.��s�p�\^ko\uhj{7wx]�s�tC\utA_A�rbS
C�^\^[u|�\utC\u¬8sC\utA_� bS
^q8iY]�s�\utA_�qjbS
�ø@ý!ûv��\TzC£�_a~Nb�
�Ã5Ã � ó�÷��Xø[ö���;�$ó�ý�ó@ô/÷xü � ÿ!ø@ý����'÷���ôõó@ö1�{÷��!ö$óN���jý � �nm: ���üÉö$ôõó@ö�÷�ø@ý � ü"óT�@üÉöA���,ö$ü�ù,ü$���±ù��{ý&w��$
�Å�	�ß+7r®�c ò�ò¯òÞ�y ½ ~&Ú�½q{$|4l,} ~&Ú�}	~
�=z$|[×�} y Á lS~��	
��@ó�ù,� º 
XýRó&�X¸�
����>�Ja º ¸�F%a[¸.��
�q��.��a"�
o>y[·^s�p�\^{C¯¥�^{C[a_a��b®ø@ýàûP��{8�7�^iTk`k`\a_amRbS
�Ã<ÓNü�ýRüÉö�ø[þ��jý � Ídü��àö$ü$� ü�ý�þ$ø[þ��G�@ü�c�ü��Ôc�ó@ö�wÌù,ó�ø@û��"ô�ó@ö

³ üÉþ/�6ó@ö�wxø@ý!û Æ üÉö��@üÉö� &üÉö$ôõó@ö�÷�ø@ý � ü1l8�[ø@ù��!ø[þ��jó�ý*
�Å0�jý�à�y5}${@z@z 9 l\~"�	ÚL}HÝÂý�c Ö 7 ò Þ Á c ß!ý�
Jq��.�.���
o>y%q�s�p�\j]°wx�^��tCw±_�mRbS
���sCwx�A_�mRbS
}²a�^¢TiT{'_<mRbS
���\^{Ctu]�i�¦�_<mRbS
6ø@ý!û´³µw�k¥kow¶\^|�]`_���bS
�Ã5 &üÉö5;

ô�ó@ö'÷�ø@ý � ü`ø@ý!û\Í*ü�ù��jø ���{ù��,þAú-ÃHý!ø@ùjú�������ó@ô�Í*ü�ù,ü��[ø@ý � ü ë �jù,þ üÉö��{ý � ôõó@ö Æ � ø@ùjø �àù,ü1ÙL���$þ ö��G���Rþ ü�û � ý6;
þ üÉö�ø � þ��G�@ü Æ �j÷)�!ùjø[þ��,ó�ý+
�Å�	�ß+7 Þ&y ½ ~&ÚÉ½�{$|4l,} ~&Ú } ~â7 } 9 zÉ¿Øl\~"�]½	~ 9 ß%} �nïJ�&|/z�y¿ýJl\���Ð¿,½	|4l,} ~&Úk�Þ���7l	�ß!ý�äN
&�@ó�ù,�;a"
XýRó&��y�
����+���.�.y�FÑy.y%q 
¹q��.��a"�

o>y	��s�pXk`\uhji�_�q�b�
�pXk`\��gh�_X�Jb�
���\u{Ck¥]%�uta_�mRbS
���\¥�uwxiY]o_��<bS
a³�\ut^na_<·�bS
Èø@ý!û�³.i�w"]�]`_�³¸bS
Ã5ÃNý3ÃHö � ÿ��,þ ü � þ��Rö$ü`ôõó@öpÙL�Â´�üÉö$ü�ý�þ��jø[þ ü�û Æ üÉö���� � ü$�$
Rö$ô � �Ñ�a º 
�Å¿q��.�.���
o>y.y�s�p��C¹a_�� b��<b^�<bS
g�TiTtuhuwxtu]o_^� b^mRbS
Rø@ý!û�~<i�wxtu]�iYkY_^�Jb'��bS
�Þ/lS�Bz1ý�z�y�l,z�Ú�	L~X½[¿�çNÚ�l�Ú°ºÂî+} y�z§e{�½<Ú©|4l\~"�¥½	~ 9 ß%} ~�|[y5}[¿7k#è	y 9 z 9 l[|4l[}	~	äN�t Èö$ü�ý�þ�� � ü�; # ø@ùjù,
°q��.�Ñ&�
o>yÑts�pX{Cig]�ko\C�A_^²�bS
Y��]�z8{7wxtA_��Jb�
g�g\uk¥kY_j��bS
g��k¥�8¦j[a_jqjbS
Rø@ý!û�iTz�b»\uk�
¹Ã5ÃNû&�[ø@ý � ü$�1�jý ³ üÉþ/�6ó@ö�w

Æ �j÷=�àùjø[þ��,ó�ý*
�Å�c ò¯ò�ò ß%} �nïJ�&|/z�y©
��@ó�ù,��y.y�
�ýRó&� º 
����+� º ��FÐ¸�a"
*�[·@·@·6�
o>y º s���\�w«_�³¸bS
a²AiTiu_��XbS
Èø@ý!û´��s�iTta_�²}b�
'Ã5ÃNý.ÃA�Rþ ó ;Aø@ûàø �!þ��G�@ü ÙNü�ø@û.Ídü � w@ó�ý��jý � ÃHù � ó@ö@�,þ$ÿ!÷

ô�ó@ö'ÙL��� þ ö��G�J�Rþ ü�û � ýMþ üÉö�ø � þ��G�@ü Æ �j÷)�!ùjø[þ��,ó�ý*
�Å-�jýFà�y5}${@z@z 9 l\~"� ÚB}HÝv¼3} y Á Ú@Ø�}+ï } ~Cà*½ y ½[¿õ¿�z�¿È½ ~ 9
½ lSÚ©|[y�l,å��&|4l[} ~hýJl\���Ì¿Â½	|4l,} ~¼k[àC	 ½ ý	ä<
°q��.�.���

o>y@¸�s���\uk¾�^iT{�z�_T��bS
`���7\u{'_TmRbS
@ø@ý!û�·jignu��{7\�_T�<b�³¸bS

Ã$Î¥óÌûRü�ù��{ý � � ý�þ üÉö'ýRüÉþm�/ó	��ó�ùjó � úJ
�Å�c ò¯ò�òß%}	�)���6~Jl,{'½	|4l,} ~&Ú7Ç½$��½���l\~�z�
gS��!ý�q��.��a"�
qUa·



o>y�aUs���\C��_^�ubS
g�Xk`i��^iYko\ut�[�_C³¸bS
8��\���_C��bS
T�YiT¯�¯°\�¦�_��lb�
8q8|�w�z7sA_j�Xbu�JbS
!ø@ý!ûJ³.i�w"nuk¥i�_^mRbS
Ã Æ þ ó � ÿ!ø	� þ�� � Î¥óÌûRü�ù��`ôõó@öGÓNü�ýRüÉö�ø[þ��jý � Æ úÐý�þ$ÿRüÉþ�� � # �1�1  Æ ó��Rö � ü-�/ö'ø[µ � 
�ÅC�jý�à:yH}T{@z�z 9 l\~"� Ú}5Ý�c@~$Ý�}${�} ��
*�[·@·[Ñ&�
o>y.��s���\u{C[8©NiTk¥kY_�ªrbS
<q8\`��\�nui�_Nq�b�
"ø@ý!û¿ZIt�[^iT{�]��^tA_IÀ�bS
 Ã$Î¥óÌûRü�ù��jý � �nm:  ô®ø[þ ü�ý � ú�
�Å£�jýà:yH}T{@z�z 9 l\~"� Ú�}HÝ�c ò¯ò�ò c@~TÝ�}${@} ��
Q�[·@·@·6�
o>y.��s���\u{�]��^tA_YmRb@ø@ýàû�qg\utuz`\�¦�_T�JbS

Ã ³A� Æ � ³ üÉþ>;QÃjô>�jý��6��;I�àø	� ü�û ³ üÉþ/�6ó@ö�w)l�÷)�!ùjø[þ��,ó�ý=�®óÐó�ù,
�Å

	�ß+7 ß%}	�pï��6|/z�ygß%} �����6~Jl,{'½	|4l,} ~ Á z��UlIz�×%
��@ó�ù,�;y.y�
XýRó&�à¸�
����+�°q.q.q¾F#q$�@¸�
Q�[·@·�y��
o Ñ�·^s��XsC\^]�iu_��ub�
j�I\uk`k`\TzgwxtA_�ZrbS
)ø@ý!ûd���j�g�u|�_���bS
�Ã5l�ý!û&; Æ ú��$þ ü�÷ � �!þ��j÷��{v�ø[þ��,ó�ý��Hôõó@ö # � � ÿ6;

Æ ��üÉü�û��Sm� 1
�ÅNc ò�ò¯ò ß%} ������~�l[{�½	|4l[}	~&Ú07�½$�M½���lS~Qz�
gSq�!ý4�[·@·@·6�
o ÑJq�s��XsC\`©X\Tz7s�i�_���bS
�~<\Tz7tC\^]�\u|�¦�_�q�b�
�²�bÁpX{CiY]�ko\C�m
�²A\ut�sC\^|�_�ªrbS
Nø@ýàûÂq8s�iTt�hjiT{'_�qjbS
Ã$Î-ø w6�jý � Ó"ý��Rþ ü�ùjù{ø<;Aù��Gw@ü E�   Æ ú6� þ ü�÷�� Æ � ø@ù{ø �àù,ü	
�Å��jýhý�c Ö ß���727C
��[·@·�y��
o Ñq��s��XsC\`©X\Tz7s�i�_���bS
�~<\Tz7tC\^]�\u|�¦�_�q�b�
�²�bÁpX{CiY]�ko\C�m
�²A\ut�sC\^|�_�ªrbS
Nø@ýàûÂq8s�iTt�hjiT{'_�qjbS
Ã$Î-ø w6�jý � Ó"ý��Rþ ü�ùjù{ø<;Aù��Gw@ü E�   Æ ú6� þ ü�÷�� Æ � ø@ù{ø �àù,ü	
�Å��jý3à:yH}${©z�z 9 lS~�� Ú�}5Ý1ý�c Ö ß���737F
��[·@·�y��
o Ñ�y�s��Xs��A_<� bÄÃV�rbS
�~<\��a_�qjb��JbS
�q8iY]�sC\utA_IqjbS
�ø@ýàûR·jsC\ut^na_��NbS
GÃ5l±ý!ø �àù��jý � m�ó�ýRôõüÉö'ü�ý � �jý �ÃA���àù�� � ø[þ��,ó�ý��&ó�ý%þ$ÿRü � ýMþ üÉö�ýRüÉþ8�����jý � ø@ý � �@üÉö�ùjø�úxÎ3�àù,þ�� � ø	� þ%ÃHö � ÿ��jþ ü � þ��Rö$ü	
�Å��{ý�à:yH}T{@z�z 9 l\~"� Ú}5Ý1ý�c Ö ß���737F
�ÃA� � �J�[·@·Lq �
o Ñ@Ñts����us�iYtA_jpIbS
¯Ã � ý � ü�ý�þ��G�@üDÈ����jù{ûyÍ*ó	����� þ$ý!ü$���1�jý È��,þ��/ó@ö$ö$ü�ý�þ�
�ÅB�[·@·�y��
o Ñ º s��Is�\u|�[^s�iT{Ci�_�ZJbS
j��w�\utun�_��rb�
&ø@ý!û¡���8�^{7�^kowx]`_}��bS
nÃ�È��Ì´�üÉö Æ ��v$�{ý � ôõó@ö�m�ó�ý � ü$� þ ü�û � ý6;

þ üÉö�ýRüÉþpô>�{ý&w��$
�Å��jý3à�y5}${@z@z 9 l\~"�	Ú)}HÝ�c ò�ò¯ò c@~$Ý�}${�} ��
Q�[·@· º �
o ÑM¸�sI��{7w�h�]�]%�utA_��rbS
nÃ$ÎxÈ � ³ l%;/�dÿRüyÎ3�!ùjþ�� � ø	� þDÈ�ø � w���ó�ýRü	
�Å£ß%} ���)�6~Jl,{'½�|4l[} ~�Ú�}HÝB|\Ø&z�	�ß+7C
�@ó�ùI�#y�a"
XýRó&����
����+� º ÑÅFÐ¸[·6
/q��.�.y��
o Ñ�aUs���k��8¦^[�_�q�b�
���\ut�[uk¥i�¦�_7mRbS
��j\u[usC¦^i�_C��bS
�ø@ýàû�³µwx[u|�iT{'_C��bS
@Ã5l¯���!ø[þ��,ó�ý&;�È6ø	�$ü�ûÜm6ó�ý � ü$�H;

þ��jó�ýxm6ó�ý�þ ö$ó�ù¹ô�ó@ö*»Hý�� � ø	� þ�ÃA���àù�� � ø[þ��,ó�ý���
�Å��jý3à:yH}${©z�z 9 lS~�� Ú)}HÝDý�c Ö ß���737F
��[·@·@·6�
o Ñ���s���k��8¦^[�_�qjb)ø@ý!ûO��\��7�^¬8]%�utA_j bS
7Ã ÍHø@ý!ûRó�÷Él�ø[ö�ù,ú ÙHüÉþ ü � þ��jó�ýdÓ"ø[þ ü���ø�ú6�Ãôõó@ö1m6ó�ý � ü$�$þ��,ó�ýÃA�@ó��jû!ø@ý � ü	
�Å�	�ß+7J®�c ò¯ò�ò Þ�y2½	~&Ú�½�{T|4l[}	~2} ~��=z$|[×�} y Á l\~"�	
"�@ó�ù,�Jq 
MýRó&�@Ñ&
"���+��y.��a�FMÑJq�y�

q��.�.y��
o Ñ���s���k��8¦^[�_ qjbS
��T\C�7�^¬8]%�uta_� b�
�²Aw��A_l��bS
�m�����\^t�t�i�_�qjbS
Ãø@ý!û=·js�\utun�_r²}b�
 Ã5Ã£Í*ü�ù���;

ø �Xù,üNÎ2�!ù,þ�� � ø	�$þ ë ö'ø@÷�ü��±ó@ö�wPôõó@ö�ô>� � ÿ�þH;I�6ü$� � ÿMþ Æ ü$�����,ó�ý��Èø@ý!ûgÃA���àù�� � ø[þ��jó�ýGô)ü��@ü�ù ë ö'ø@÷��{ý � 
�Å
c ò�ò¯ò ®�	�ß+7 Þ&y ½ ~&ÚÉ½�{$|4l,} ~&Ú�} ~l�=z$|[×�} y Á lS~��	
��@ó�ù,� º@º@º@º@º 
�ýRó&�à¸�
����+�#at�ÑÅFÑ�[·�y�
�q��.��a"�

o º ·^s���k��8¦^[�_gqjb[ø@ý!û��I�^s�k`iY{'_��<bS

Ã � ý�þ üÉö'ýRüÉþ&Ídü$� ü�ø[ö � ÿ ³ üÉü�û��/È6üÉþ þ üÉö�Î\óÌûRü�ù���
�ÅL�jý=à:yH}T{@z�z 9 l\~"� Ú}5Ý�Æ�}�|¶�=z$|\Ú@
J�[·@·����
o º q�s����^]�z7iT{'_g¨%bS
�Þ>Ø6z Ö y�l 9 º�Ç*¿ ��zïJy+l\~"�tÝ�} yN½��)z�×£ß%} �nïJ�&|4lS~"��c@~$Ý@y ½<Ú�|[y@��{$|[�6y�z��)Î\ó@ö � ø@ýG�gø	�RôS;

÷Pø@ý!ý*
��[·@·[Ñ¿|,�[ýàû�ü�û��,þ��,ó�ý;�@�
o º ��s���{CiY[uÈf_�qjb�pIbS
'p��^tC\uk¥[a_�À�bS
���{8�^��z8w�iY{Ci�_�ZJb�
A~�iYnut�w�i�_�� bS
&ø@ý!ûP~��u¬8iT{�zC]o_���b�³¸bS
Ã Æ þ$ø[þ���� þ�� � ø@ùÑÈ�ø@ý!û&���jû!þ$ÿ Æ ÿ!ø[ö��{ý � �+Ã Æ þ��!ûRú"ó@ô#m6ó�ý � ü$� þ��,ó�ýtø[þ ë ù,óN�¡ô®ü��@ü�ù,
�Å0�jý)à:yH}T{@z�z 9 l\~"� Ú}5Ý�	�ß+7 ý�c Ö ß���737F
&ÃA� � ���[·@·Lq �
o º y�s����uÈ¾wx|��^zC�a_^~�bS
Y�}iY{g��|�\uk¥ko\a_u�lbS
��j\u{Ch�_uZJbS
T³.�A_^�NbS
YZI|�|}\u{'_^mRb�
!ø@ýàûl~�wxk`i�¦�_��JbS
Ã�ô/ø[ö � ü Æ � ø@ù,ü Æ �{÷=�!ù{ø[þ��,ó�ý*� # óN�ªÈ�� �¥É # óT� ë ø	� þ É 
�ÅB�jý4à�y5}${@z@z 9 l\~"� Ú=}5ÝA7l	1ýDß���Þ/ý�
&�[·@·�y��

qUaÑq



o º Ñts��I\u{CiTzC�j�a_jmRb�
8��w"nut^�a_�~�bj²�bS
gm�iY��_umRbS
!ø@ý!û�mP\u{�]��^tA_umRbS
NÃ5ÃæÙNüÉþ$ø	�jù,ü�û�ø@ý!û�Ã ��� �6;
ö�ø[þ ü�m�ùjó�� ü�ûvU0�Rü$�Rü$�jý � ³ üÉþ#�±ó@ö�w¦Î¥óÌûRü�ù®ó@ô±Î\ø@ý�ú � ýMþ üÉö�ø � þ��jý � ë ùjóT����
�Åg�jýCà�y5}${@z@z 9 l\~"� ÚB}HÝ
c ò�ò¯ò c@~$Ý�} y5{�} ��
*�[·@·Lq �

o º@º s���i�_a·�bS
8��wxn^��i�wx{CiT[^��_'�JbS
8��\�w"]§©X\ukY_AqjbS
8����{8�j]�iu_^��bS
!ø@ý!û
À<�8©r]�k`i�¦�_��JbS
�Ã$Î\óÐû!ü�ù��jý � &üÉüÉö5;/ &üÉüÉö ë �jù,ü Æ ÿ!ø[ö@�jý � Æ ú6� þ ü�÷���
�Å��jý3à:yH}T{@z�z 9 l\~"� Ú�}HÝ�c ò¯ò�ò c@~TÝ�}${@} ��
Q�[·@·�y��
o º ¸�s���t��u�8k`iY�u] �Rÿ�þ þ5�+�Øw.wN�1�1�� � ý�� � ù,ü$����� � ó�÷�
 ë ü��(�[·@·�y��
o º aUs����8¦T\ukg_umRbS
Y����iT{7w�ta_u~�bS
Ìø@ý!û ~�\uÈÊ\uta_�~�bS
¹Ã5 Èö$ü�û�� � þ��jý � �nm: ��*ÿRö$ó�� � ÿ&�J�Rþ ë ö$ó�÷ ³ ó�ý6;�{ýq�[ø	���G�@ü ³ üÉþ/�6ó@ö�w Æ ø@÷��Xù��jý � 
�Å��jý3à:yH}${©z�z 9 lS~�� Ú�}5Ý�c ò¯ò¯ò c@~$Ý�}${@} ��
��[·@·����
o º ��s���{8�j]�]%nuk`\C�u]�iT{'_�mRb&ø@ý!û3p��^k¥�^z�_��ubÄÃ¾�Ib�
SÃ � ý�þ$ÿRü�Í*ü�ù,ü��[ø@ý � ü�ó@ô�ô)ó�ý � ;AÍHø@ý � ü�ÙNü���ü�ý6;

û!ü�ý � ü4�jý ³ üÉþ/�6ó@ö�w��®ö'ø[µ � 
�Å�c ò�ò¯ò ®�	�ß+7 Þ�y2½	~&Ú�½�{T|4l[}	~&Ú(} ~Ë�=z$|[×�} y Á l\~"�	
t�@ó�ù,��a"
�ýRó&� º 
���+�à¸	�.��FÐ¸Ñ�·6
�q��.�.���
o º ��s����A_���b�ø@ý!ûv����ÈÊw�|X�uzC��_�~NbS
�Ã5Ã ë ù,ü��&�G�àù,üÃHö � ÿ��,þ ü � þ��Rö$ürôõó@ö"Ídü�÷�ó@þ ü Æ üÉö��@üÉö5;�È�ø	� ü�û2l±÷�;�àùjø[þ��,ó�ý*
�Å��jý3à:yH}T{@z�z 9 l\~"� Ú�}HÝK7l	1ýDß���Þ/ý�
��[·@·[Ñ&�
o;¸[·^s���\��8h^iY{'_CÀ�bS
TªI�^¬gk¥i�_�pIbS
Rø@ý!ûrZ}z8sui�¦�_�pIbS
�Ã � ÷��àö$óT�6�jý � �dÿRö$ó�� � ÿ����Rþ�ø@ý!ûCÎ-ø	�jýMþ$ø	�{ý��jý �ë ø	�,ö'ýRü$���������jý �  �ø[ö'ø@ùjùjü�ù+�nm� �
�Å��jý3à�y5}${@z@z 9 l\~"�	Ú)}HÝ�c ò�ò¯ò c@~$Ý�}${�} ��
Q�[·@·[Ñ&�
o;¸%q�s���\u{C{7w"]��^tA_
�JbS
���\uk°¦T\utC\u{7\u|�\utA_lqjbS
%ø@ý!ûµ~�\^|}\uhj{7wx]�s�tC\uta_dqjbS
¿Ã � �@üÉö'ùjø�úæÈ�ø@ý!û6;�A�jûRþ$ÿ Æ üÉö��6� � ü$���jÈ�ø	��� � ë ö�ø@÷xü��±ó@ö�wqø@ýàû�l�û � ü�;¾þ ó ;/l±û � üÖm�ùjó�� ü�û6;�ô)óÐó	� È����jùjû��{ý � È�ù,ó � w�
|\�àö$ü��!ö��jý�þ+�@
�Å��[·@·Lq �
o;¸	��s���i�_��Jb!ø@ýàû �I�^�A_���b^�Ib�
�Ã � ý�l8���àùjó��,þ��jý � ô®ó�ý � ÍHø@ý � ü'ÙNü���ü�ýàûRü�ý � ü*ó@ô ³ üÉþ#�±ó@ö�w��/ö'ø[µ ��{ý-Î\ü�ø	���Rö��jý � m6ö$ó����A�®ö'ø[µ � ó�ý\ø@ý(l�ýàû6;¾þ ó ;/l�ý!ûPÈ6ø	������
�Åg�jý2à�y5}${©z�z 9 lS~"�	Ú�}5ÝXc ò¯ò�ò c��nî���eß���7F
�Ã��àö$���[·@·�y��
o;¸.y�s���i�_XÌJb&ø@ý!û3ZI|�|}\^{'_�mRb�
SÃ<m6ó�ý � ü$� þ��jó�ý¡m6ó�ý�þ ö$ó�ù�ø@ýàû�Î¥ü$���$ø � üÄô®ó������{ý¤Ó"ý"�!þ ü�ùjùjø ³ üÉþH;�6ó@ö�w6��
�Å0�jý�à�y5}${@z@z 9 l\~"�	ÚA}HÝ�ý�àac ò ß%} ~$Ý$z�y�z�~J{©zA}	~�7C�Ì¿�|4lS�Bz 9 l�½gß%} �nïJ�&|4l\~"�%½ ~ 9 �=z$|[×�} y Á lS~��k[737 ß���ä<
��[·@·[Ñ&�
o;¸Ñts���i�_�ÌJbS
}ZI|�|}\u{'_ImRbS
}~�\uÈf_I�rb�
}~<w�k¥i�¦�_��JbS
dø@ý!û*���uÈ¾wx|��^zC�a_I~Nb�
�Ã$Î-ø �����jý �  &üÉüÉöÈ6ü�ÿ!øT���jó@ö`þ ó3 �ø � w@üÉþH;Aùjü��@ü�ù7ÙNüÉþ$ø	�jù����Ã ë ö'ø@÷xü��6ó@ö�w�ôõó@ö= &ø � w@üÉþH;Aù,ü��@ü�ù Æ �j÷)�!ùjø[þ��,ó�ývó@ô� &üÉüÉö5;

þ ó ;/ &üÉüÉö Æ ú6� þ ü�÷���
�Å��{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝK7
	'ýDß���Þ/ý�
&�[·@·�y��
o;¸ º s���i�_�ÌJbS
uZI|�|}\u{'_�mRbS
^~�wxk`i�¦�_��JbS
®ø@ýàûO���uÈ¾wx|��^zC�a_�~�bS
�Ã5l8���àùjó��,þ��jý � þ$ÿRü� Èö$ü�û�� � þ$ø ���jù�;�jþAúvó@ô Æ þ ü�ø@ûRú";/� þ$ø[þ üB�Sm� þÈ6ü�ÿ!ø$�6�,ó@öÃþ ó Æ ��üÉü�û¦»A� ³ üÉþ#�±ó@ö�w Æ �{÷=�!ù{ø[þ��,ó�ý���
�Å4à�z�ySÝ�} y©��½ ~J{@zò �½[¿��!½	|4l,} ~�
��@ó�ùI� º ��w �N;(y�
Q�[·@·[Ñ&�
o;¸@¸�s���i�_�ÌJbS
u���8�^{7�uk`wx]`_���bS
)ø@ý!ûvZ�|�|�\u{'_amRbS
ÂÃ � ývþ$ÿRü� Èö$ü�û�� � þ$ø ���jù��,þmúCó@ô¯ô®ø[ö � ü��/ö'ø@ý�� ô�üÉö�Sm�  �dÿ!ö$ó�� � ÿ&���!þ�
�Å)�{ýlc@~4à:yH}T{@z�z 9 l\~"� Ú)}5Ý�	�ß+7 ý�c Ö ß���737 k/|I}�½�ï�ï&z$½	y/ä<
�ÃK� � �[·@· º �
o;¸�aUs���i�_�ÌJbS
`���8�^{7�^kowx]`_7��bS
�ø@ý!û�ZI|�|}\u{'_8mRbS
°Ã5 Èö$ü�û�� � þ��,ó�ý`ó@ô��nm� C�dÿRö'ó�� � ÿ&���Rþ�� ë ó@ö'÷=�àùjø<;�Xø	� ü�ûuø@ýàû # ��� þ ó@ö$ú";I�àø	� ü�ûyÎ¥üÉþ$ÿRóÌû���
�Å)�jýNc@~-à:yH}T{@z�z 9 l\~"� Ú}HÝ�	�ß+7õý�c Ö 7 ò Þ Á c ß!ý2{�}	~$Ý�z�y¾ez�~J{@zÄkHz��q|/z�~ 9 z 9 ½qå©Ú�|[y2½q{$|�äN
Q�[·@· º �
o;¸.��s����A_�ªrb)ø@ý!û3q8z7iTiYt�huw"]�z7i�_'��b�
�Ã5l��ø@ù��!ø[þ��,ó�ý¦ø@ý!ûÔm�ÿ!ø[ö'ø � þ üÉö@��v�ø[þ��,ó�ý¦ó@ôEÃA�[ø	�jùjø �àù,ü�È�ø@ý!û6;�A�jûRþ$ÿâ Èö$ó	���{ý � �/ü � ÿ!ý��{�"�!ü$��
�Å*c ò�ò¯òÎÍ } �6y@~X½@¿0}	~þý�z�¿�z�{T|/z 9 	Ky5z'½<Úxl\~Ìß%} �����6~Jl[{�½	|4l,} ~&Ú@
�@ó�ùI�J�%q 
����>�L��at��FÑ�.�Ñ&
*ÃK� � �J�[·@·�y��

qUa �



o;¸.��s¿Ã � ��üÉö$ô½��ÅxÿMþ þ5�+�Øw.wûàø	� þ��8ý!ùjø@ýRöT�8ýRüÉþ+w< Èö$óË ü � þ��+w � ��üÉö$ô�w"
�Î\ø[öL�[·@·[Ñ&�
o�a·^s��T\�w�ta_
mRbgø@ýàû=���7�^{8�^kow"]o_d�Ib�
�Ã5l±ý!û6;¾þ ó ;/l�ýàû ÃA�[ø	�jùjø �àù,ü¡È�ø@ý!û&���jû!þ$ÿ*��Î¥ü�ø	���Rö$ü�÷xü�ý�þ

Î\üÉþ$ÿRóÌûRó�ù,ó � ú	
!ÙHúÌý!ø@÷�� � ��
)ø@ý!û¦Ídü�ùjø[þ��jó�ýC���,þ$ÿC�nm� ��dÿ!ö$ó�� � ÿ&���!þ�
�Å c ò�ò¯ò ®�	�ß+7 Þ�y2½	~&Ú¾e
½q{$|4l,} ~&Ú)} ~l�)z�|[×�} y Á l\~"��
��@ó�ù,�@q.q 
����+� º y�a�F º Ñ���
*ÃA� � �[·@·�y��

o�aÑq�s��Tw�tA_���bS
�³.iTw«_u�JbS
Ìø@ý!ûJ²��8©
_jq�b�
!Ã ë Ã Æ �£�nm: 1��Î\ó@þ��G�[ø[þ��,ó�ý*
&Ã*ö � ÿ��,þ ü � þ��!ö$ü	
�ÃNù � ó@ö��jþ$ÿ!÷���

ø@ýàû4 &üÉö$ôõó@ö�÷�ø@ý � ü	
�ÅB�{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝ�c ò¯ò�ò c@~$Ý�}T{�} ��
��[·@·[Ñ&�

o�a ��s��Tw�tA_�qjbS
��I�u��_�²}b�
amP\Tz7z¥\a_�¨�bS
�ø@ý!û�pXiY]�z¥\¥�^{8�j]o_�ZJbS
'Ã5Ã Æ ��ü � þ ö��!÷éó@ô1�nm� %;¾ô�ö��,ü�ýàû!ù,úc£�jý!û!óT�:;I�àø	�$ü�ûjm�ó�ý � ü$� þ��,ó�ýbm6ó�ý�þ ö$ó�ù�ÃNù � ó@ö��,þ$ÿ!÷B��
�Å¡c ò¯ò�ò ®�	�ß+7 Þ�y ½ ~&Ú�½q{$|4l,} ~&Ú2} ~��=z$|"e×�}	y Á lS~"��
��[·@·�y��
o�aty�s��g�^��_���bS
�~<w�¬8i�w�{7�a_} b�
���iYk`[u|�\ut�ta_�ZJb�
��Iw�k`¬8iT{�z�_�ZJbS
�ø@ý!ûP³µw�k¥kow�t^nuiT{'_}³¸bS
'Ã � ý

þ$ÿ!ü � ÷��àø � þdó@ôjÏÈø[ö��jø ���jù��,þAúuó�ý¥þ$ÿRü1È��Ì´�üÉönÙNúÌý!ø@÷�� � �1�{ý �   ³ üÉþ#�±ó@ö�w6��
�Åg�jý3à�y5}${©z�z 9 lS~"�	Ú�}HÝè¥Ð	|\Ør	K~�~��!½[¿7	N¿õ¿�z�y�|I} ~�ß%} ~$Ý$z�y�z�~�{@z�} ~�ß%} �����6~Jl[{�½	|4l,} ~�
*�[·@·Lq �
o�a_Ñts��g�^��_3��b�

~<w�¬8i�wx{8��_PJbS

��iTk¥[u|�\ut�tA_3ZJb�
v�Iw�k¥¬giT{�z�_�ZJb�
¥ø@ýàûÑ³µw�k¥kow�t^nuiT{'_3³¸bS
Ã5�Sm� 7w �  ��®ö�ø[µ � ÙNúÌý!ø@÷�� � �Nø@ý!û ³ üÉþ#�±ó@ö�w2 &üÉö$ô�ó@ö'÷�ø@ý � ü	��Ãùô)ü$��� ó�ý(�jýxc�ó@ö�wÌù,ó�ø@û�Î¥óÌû6;

ü�ù��jý � 
 ë ùjóT�ªm6ó�ý�þ ö$ó�ù,
Ìø@ý!û-�/ö'ø � ü�;AûRö@�G�@ü�ý Æ �j÷)�!ùjø[þ��,ó�ý��$
�Å�	�ß+7 ß%} �nïJ�&|/z�yBß%} ���)�6~Jl,{'½�|4l[} ~Á z��UlIz�×%
��@ó�ù,�#y%q 
�ÃA�!ö��jù+�[·@·Lq �
o�a º s���\ut�z�_��lb®ø@ýàûv¨�¦^iT{'_�~�bS
�Ã5ÃÌ &üÉö$ô�ó@ö'÷�ø@ý � üPÎ¥óÌûRü�ù&ôõó@ö &üÉüÉöÃþ ó4 &üÉüÉö ë �jù,ü�; Æ ÿ!ø[ö��jý � Æ üÉö5;�6� � ü$����Å � ý�þ ü�ù/m6ó@ö���ó@ö'ø[þ��jó�ý*
 ³ óN�4�[·@·Lq �
o�a[¸�s���\u{C¬8sC\u{7w«_j�<bS
gZI|�|}\^{'_jmRbS
8�IsC\^|�[^s�iT{Ci�_jZJb�
7~�\uÈf_��rb�
7~�wxk`i�¦�_A�JbS
�ø@ý!ûv·jiYn^��{7\a_

��bS
NÃ�È±óÐó@þ�� þ ö'ø �����jý � �jýÄÓÃý"�Rþ ü�ù{ùjø6�%Ã�Î\ü�ø	���Rö$ü�÷xü�ý�þ Æ þ��!ûRú�
�Å)�jý�à*½<Ú�Ú�lS�	zg½ ~ 9 	A{$|4l\� z�7xz$½feÚ©�6y5z���z�~�|\Ú
¼3}	y Á Ú�Ø�}+ï�
��[·@·[Ñ&�
o�a.aUs���{7wx]�s�tC\u|���{�z7s7¦�_CpIbS
�³µwxk`k�]o_j��bS
Rø@ý!ûl·jsC\ut^na_8��bS
�Ã � ýPþ$ÿ!üN»K� ü"ø@ý!û- &üÉö$ô�ó@ö'÷�ø@ý � üNó@ôm�ó�ýMþ ü�ý�þ�ÙL���$þ ö��G���Rþ��jó�ý ³ üÉþ#�±ó@ö�w6��
�ÅF�jý�à�y5}${@z@z 9 l\~"� Ú�}HÝI	�ß+7 ý�c Ö ß���737Òc@~�|/z�y©~�z$|:7xz$½feÚ©�6y5z���z�~�|I¼3} y Á Ú@Ø�}+ïJ
Q�[·@·Lq �
o�at��s���©��utA_��Jb¹ø@ý!ûOp�¦^iT{�]`_A��bS
�Ã Ídü�ù��jø �Xù,ü � �@üÉö'ù{ø�ú-Î2�!ù,þ�� � ø	�$þ����,þ$ÿxô)óÐó�� ü�ù,úxm6ó����àù,ü�û3�Sm� m�ó�ý!ýRü � þ��,ó�ý��$
�Å��jý3à�y5}${©z�z 9 lS~"�	Ú)}HÝ�c ò�ò¯ò c@~$Ý�}${�}	�)
Q�[·@·[Ñ&�
o�at��s�²A\uh�]�s�|�\utA_gÀ�bS
¥mP\u[usu�7©
_gÓrbS
�ø@ý!ûNq8��z7iT{'_8pIb�
°Ã5�Sm� 7w �  ! &üÉö$ô�ó@ö'÷�ø@ý � ü����,þ$ÿtÍ*ø@ýàûRó�÷ô®ó�����ø@ý!ûÜÈ��jû��,ö$ü � þ��jó�ý!ø@ù;m6ó�ý � ü$� þ��,ó�ý*
�Å�	�ß+7J®�c ò¯ò�ò Þ&y ½ ~&ÚÉ½�{$|4l,} ~&Ú=} ~ �=z$|[×�} y Á l\~"�	
6�@ó�ù,�L��


ý!ó&� º 
����+� º ÑJq¾F º@º@º 
+�[·@·@·6�
o>�[·^s�²A\utA_I��b�ø@ý!ûR��i�w�[^iT|}\^t�tA_<�ub�
�Ã ÍHø ���jû�Î\óÌûRü�ù� �ø[ö'ø@÷xüÉþ üÉö@��v�ø[þ��,ó�ý�ôõö$ó�÷ �®ö�ø[µ � Î\ü�ø<;���Rö$ü�÷xü�ý�þ���
�Å�	�ß+7 Þ&y ½ ~&ÚÉ½�{$|4l,} ~&Ú} ~-7 } 9 z�¿ l\~"�P½ ~ 9 ß%} �nïJ�&|/z�ySýJl\�)�Ì¿,½	|4l,} ~&Ú�k©Þ���7l	�ß!ý	äN
�@ó�ùI�@q$��
XýRó&��y�
����+���[·Lq¾F��	�.��
*�[·@·����
o>�%q�s�²ai�_�²}bS
�Z�w�h^\Tz�_}��bS
A�TiT¯�¯°\�¦�_���bS
&ø@ýàû�q8|�w�z7sA_}�Xb��JbS
'Ã5�dÿRügl�´�ü � þ��`ó@ô1Ã � þ��G�@üJU0�Rü$�Rü

Î-ø@ý!ø � ü�÷xü�ý�þNó�ý c�ü��2 &üÉö$ô�ó@ö'÷�ø@ý � ü	
�Å-�jý3à�y5}${©z�z 9 lS~"�	Ú�}HÝ'ý�c Ö ß���737C
��[·@·�y��
o>�	��s�²aiTtCwxz8{7\�_^²�bS
YZI|�|}\u{'_jmRbS
7·jiYn^��{7\a_u��b�³¸bS
!ø@ý!ûd�Xko\u{Ch�_^~NbS
¹Ã5 &ó�� þ��{ý �  Èö$ó@þ ó � ó�ù¹ô�ó@ö� ÷��!ö'óT�@ü�ûÄ�ÃüÉú"�6ó@ö'û Æ ü�ø[ö � ÿ Æ � ��� ü$���E�jý- &üÉüÉö5;¾þ ó ;/ &üÉüÉö ë �{ù,ü Æ ÿ!ø[ö@�jý � Æ ú6� þ ü�÷���
�Å)�jý-à:yH}T{@z�z 9 el\~"�	Ú=}HÝK7C�Ì¿�|4lS�Bz 9 l�½Cß%} �nïJ�&|4l\~"�¥½ ~ 9 �)z�|[×�}	y Á lS~"�hk[737 ß���ä<
��[·@·�y��
o>�.y�s�²Aw�k¥ÈÊiYtu]�z¥\u|�_YmRbS
�²'wx�A_8�ubS
¥ª<w"�7�ukg_g�JbS
o���C\utA_T��b�
`�}\utA_C�JbS
Mø@ý!ûN�I{7wxiT{'_���bS
@Ã Í �2³"Æ l1�

þ$ÿ!üHÍdü�ø@ùG;/�1�j÷xü � ÷�÷xüÉö@���G�@ü ³ üÉþ/�6ó@ö�w Æ �{÷=�!ù{ø[þ��,ó�ý�l�ý"���jö$ó�ý!÷xü�ý�þÈô�ó@ö ³ üÉþ/�6ó@ö�w Æ ü � �Rö@�,þAú�l%��;
üÉö � ��� ü$��
�Å��{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝKàC	 ½ ý�
��[·@· º �

qUaty



o>�Ñts�²Aw��A_���b�
A��{CiY]�z8w«_��Xb�
amPw"]�{7\a_� bS
'À<�8©r]�k`i�¦�_��Jb�
�ø@ý!ûË�I�A_���b�
'Ã ë ù����{û�Î¥óÌûRü�ù��rø@ý!û
Æ ó�ù��Rþ��,ó�ý���ô�ó@öpô/ø[ö � ü�; Æ � ø@ù,ü �   ³ üÉþ/�6ó@ö�w6��
�Åg�jý3à�y5}${@z@z 9 l\~"�	Ú)}HÝ1ý�c Ö 7 ò Þ Á c ß!ý�
J�[·@·�y��

o>� º s�²��8©
_<qjbS
a�}iYz8iY{�]��^tA_�²}b�
±ø@ý!û�³�\utun�_�²}b�
`Ã »Hý!û!üÉö�� þ$ø@ý!û��{ý � �nm: :Ï�ü � ø	�$��Ã×ÙK�àø@ù��,þAú
Î\óÌûRü�ù,
�Å��jý3à:yH}T{@z�z 9 l\~"� Ú�}HÝ'ý�c Ö 7 ò Þ Á c ß!ý�
J�[·@·Lq �

o>�@¸�s�²a�u�g\^]o_�mRbS
��IiT|�¢Y]�i�¦�_�pIbS
}³y{CiYnuiu_��JbS
*ø@ý!û*³.i�\¥�^iT{'_�ZJbS
GÃ.k\7(ÛàtÛDý�ä�;/ÃNýâl�µ�;
� �jü�ýMþ'È�ø � w � ö$ó��!ý!û �®ö'ø[µ � Î\óÌûRü�ù&ôõó@öÆc£�jûRü�;/ÃHö$ü�ø ³ üÉþ#�±ó@ö�w Æ �{÷=�!ù{ø[þ��,ó�ý*
�ÅB�{ýFà:yH}T{@z�z 9 l\~"� Ú}5Ý Ö ¿�}"å�z�ß%}	�)
¹q��.��a"�

o>��aUs�mP\^sA_'pIb�
�q8su�^ko\ut�[7\^{'_u�<bS
CmP\u{�zgwxt�iY£�_�²�bS
àø@ýàûlÀ<�^k`iTt�[uw�tu��_'²�bS
¯Ã �  ¯ÈK�JÃNý � ý�þ üÉö'ýRüÉþ �ö$ó@þ ó � ó�ù@È6ü�ý � ÿà÷�ø[ö�w�»A���jý � Æ �j÷)�!ùjø[þ ü�û��/ö'ø[µ � 
�Å��{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝK7
	'ýDß���Þ/ý�
°q��.�.���
o>�.��s�mP\^s�[7\`�^w«_��ub�ø@ý!û*��k��8¦^[�_�qjbS
�Ã5�nm� %; ë ö��,ü�ý!û!ùjúT»Ný�� � ø	� þuÍ*ø[þ ü�;�È�ø	� ü�û ë ù,óT�ÿm6ó�ý�þ ö$ó�ù,��Å

³ ó@þ ü=�$ü�ýMþdþ óPü�ý!û��ü�ý!û6;/�{ýMþ üÉö$ü$�$þd÷�ø	�jù��jý � ù���� þ�
YS�ø@ýÔq��.��a"�
o>�.��s�mP\Tz7sCw"]o_umRbS
8q8iT|�hji�_���bS
Rø@ý!û mP\u[usC\¥�uw±_u��bS
�Ã5�dÿRüÃÎ\ø � ö'ó�� � ó	��� � È6ü�ÿ!ø$�6�,ó@ö¶ó@ô)þ$ÿ!üL�Sm� m�ó�ý � ü$� þ��,ó�ý-Ã��@ó��jûàø@ý � ü�ÃNù � ó@ö��,þ$ÿ!÷4
�Å<	�ß+7 ß%} �nïJ�&|/z�y�ß%} ���)�6~Jl,{'½�|4l[} ~�Ú Á z��UlIz�×%
q�@ó�ùI�"��a"
���+�à¸�a�FÑ�	��
7Sq�!ù,úPq��.��a"�
o>�[·^s�m�iY[�w�t�\a_�ZJbS
�À�\u¯�z�_<ªrbS
}qg\^ko\u|�\Tz8w¶\utA_��lbS
�pXsC\Tz7z¥\��gs�\u{¥¦�¦T\a_�qjbS
6ø@ý!û*��wx�^zj_���bS
Ã5�/ö'ø[µ � Î-ø[þ ö�����lE� þ��j÷�ø[þ��,ó�ý+�>l%�&��� þ��jý � �®ü � ÿ!ý��{���Rü$�/ø@ý!û ³ ü��jÙL�,ö$ü � þ��,ó�ý��$
�ÅK�{ýGý�c Ö ß���727C
�[·@·����
o>�%q�s�m�iYko\u|�iT[a_XpIbS
a�j\utA_<qjbS
�ø@ý!ûP³�\u{C[�w±_�� bS
DÃ # ú��!ö��jûdÙK��� � ö$üÉþ ü�;m6ó�ý�þ��jý��Ró���� ë ù����jû&; Ä óT�

Æ �j÷=�àùjø[þ��,ó�ý*
�Å��jý3à:yH}${©z�z 9 lS~�� Ú�}5Ý�c	Þ�ß���7C
��[·@·Lq �
o>�	��s�mPw"]�{7\a_� bS
'���^tun�_�³¸bS
®ø@ý!ûÔÀ<�8©J]�k`i�¦�_��JbS
pÃ ë ù����jû6;I�àø	� ü�ûCÃNý!ø@ù,ú6�����Nó@ô�ø ³ üÉþ#�±ó@ö�wvó@ôÃ}UgÎÙÍdó��!þ üÉö�� Æ �&����ó@ö$þ��jý � �Sm�  ë ùjóT���K���,þ$ÿvø@ý(Ã����Xù�� � ø[þ��,ó�ý\þ óCÍAl¯Ù)
�Åg�jýCà:yH}T{@z�z 9 l\~"� Ú}5Ý�	�ß+7 ý�c Ö ß���737F
��[·@·@·6�
o>�.y�s�m��^{C{7wx]`_j~NbS
NÃ5�nm� ½È±ü�ÿàø$�6�,ó@ö����jþ$ÿ¥Î\ø@ý�ú ë ùjóT����
�ÅB�jý3à�y5}${@z@z 9 l\~"�	Ú�}HÝ�c ß��Kà�
°q��.��a"�
o>�Ñts�ªIn�_µÀ�b�qjb´��b�
¿��s��A_Â��bS
RqjbÁ~�\��8
Rq8{7w�¢f\^tCw�[^h^��k��8sC\�w«_Õ��bS
	ø@ý!ûÖ·jsC\^tuna_µ�rbS
Ã$Î\ü�ø	���Rö'ü�÷xü�ýMþH;I�Xø	� ü�û � �àþ��j÷���v�ø[þ��,ó�ý �/ü � ÿ!ý��{�"�!ü$�¦ôõó@öÔÈ�ø@ý!û&�A�jûRþ$ÿ6;AûRü�÷Pø@ý!û��jý �  /üÉüÉö�;¾þ ó ; &üÉüÉö Æ ú��$þ ü�÷���
�Å��jý3à:yH}T{@z�z 9 l\~"� Ú�}HÝ�c ò¯ò�ò c@~TÝ�}${@} ��
Q�[·@·�y��
o>� º s�ªI�jnu�ui�w�{7\a_8�JbS
o~��j�8sC\a_Y²}bS
�qg\ut�zC�j]o_T��bS
¤ZI{7\7�uÈ§��_T��b�
oZIk`|�i�wx[7\a_� bS
�ø@ý!û�³ÎbGm�iTw�{7\%
Ã5Ã£Î\üÉþ$ÿRóÌûRó�ù,ó � úqôõó@ö c�ó@ö�wÐù,ó�ø@ûèm�ÿ!ø[ö'ø � þ üÉö@��v�ø[þ��,ó�ý ó@ô ë �jù,ü�; Æ ÿ!ø[ö@�jý �  /üÉüÉö�;¾þ ó ;/ /üÉüÉö ³ üÉþH;�6ó@ö�w6��
�Å��jý3à:yH}T{@z�z 9 l\~"� Ú�}HÝ�	K~�~��R½@¿�¼3} y Á Ú�Ø6}+ï.}HÝl¼2} y Á ¿�}�½ 9 ßDØÐ½ y ½�{T|/z�y�lÁ��½	|4l[}	~�
+�[·@·����
o>�@¸�s�×�su]°\^huw±_A�NbS
Cm��u{7wxz`\a_'mRbS
Xø@ýàûdm���{7\Tz¥\a_'mRbS
�Ã � ývÎ¥óÌûRü�ù��jý � Ídó��!ý!û&;/�®ö����3�1�j÷xü1ÙNú";

ýàø@÷�� � �gó@ô�þ$ÿRü � ý�þ üÉö'ýRüÉþ������jý � Æ ú6� þ ü�÷ � ûRü�ý�þ��G� � ø[þ��jó�ý*
�Å3�jý�à�y5}${@z@z 9 l\~"� Ú�}HÝIc@~�|/z�y@~�½	|4l[}	~X½[¿ß%}	~$Ý�z�y5z�~J{@z�} ~lc@~$Ý�}	y@��½	|4l,} ~d�)z�|[×�} y Á l\~"��
J�[·@·����
o>��aUs�×�su]°\^huw±_<�rb�
�À�\uhu\�nu\uh^w«_��lbS
6ø@ý!û*m���{7\Tz`\�_�mRb�
�Ã5Ãÿm6ó�ý�þ ö$ó�ù1�dÿRüÉó@ö'üÉþ�� � ø@ù�ÃNý!ø@ù,ú6�����

ó@ôÃø�c£�jý!û!óT�:;�È�ø	� ü�û ë ù,óN�çm6ó�ý�þ ö$ó�ù*Î\ü � ÿàø@ý����$÷£ô�ó@öB�nm: �m6ó�ý!ý!ü � þ��,ó�ý������,þ$ÿbÙK�,´�üÉö$ü�ý�þ �ö$ó	�àø � ø[þ��,ó�ýxÙNü�ùjø�ú6��
�ÅB�{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝ'ý�à�c ò c	Þ�ß���7F
��[·@·@·6�
o>�.��s�×�]��^huwxt�i�_NqjbS
÷Ã5�*ÿRü ë ùjóT�õm6ó�ý�þ ö$ó�ùLÃHù � ó@ö@�,þ$ÿ!÷ ôõó@ö�þ$ÿRühÙL��� þ ö������Rþ ü�û�È±ö'ó�ø@û � ø	� þH;AÍdó��!þ ü

³ üÉþ/�6ó@ö�w6���A�,þ$ÿ�Ídü�ù��{ø �àù,ü0�®ö�ø@ý��5��ó@ö$þÂô>�jý�w�����Åxÿ�þ þ5�+�Øw.wN�1���� � ö$ó��Rþ üÉö$�8ý!üÉþ+w � ý"�Rþ ü�ù{ùjø6�
o>�.��s�×�z7zj_��JbS
'q8¢f\u{Ch�]o_�À�bS
®ø@ý!ûÔmP\�¦^iT{8Ã��j\Tz7iTkY_���bS
pÃ5Ã �	� ö$ü � ø[þ üÜm�ó�ý � ü$� þ��,ó�ý¤m6ó�ý�þ ö$ó�ù�ô�ó@öÙL���$þ ö��G���Rþ ü�û¥Î2�!ù,þ��{÷xü�û��jø)Ã����àù�� � ø[þ��,ó�ý���
�Å��jý3à�y5}${@z@z 9 l\~"�	Ú�}HÝ�c ò�ò¯ò c@~$Ý�}${�} ��
*�[·@·[Ñ&�

qUa_Ñ



orqÉ·@·^sI�j\u[^s7¦^i�_X��bS
' bÁ��w�{7��wx�m
��JbGÀ<�8©r]�k`i�¦8
�ø@ý!û����u{8�j]�i�_���bS
'Ã$Î¥óÌûRü�ù��jý � �nm�  �dÿ!ö$ó�� � ÿ6;�J�Rþ��3Ã Æ �j÷��Xù,üCÎ\óÌûRü�ùdø@ý!û��jþ���l�÷��J�,ö�� � ø@ù�ÏÈø@ù��jûàø[þ��,ó�ý*
�Å�c ò¯ò¯ò ®�	�ß+7 Þ&y ½ ~&ÚÉ½�{$|4l,} ~&Ú(}	~
�)z�|[×�}	y Á lS~"��
��@ó�ù,�#��
����+�°q�y.y�F#q�Ñ º 
QÃ��!öT���[·@·@·6�

orqÉ·Lq�sI�j\u{Ch�_���b¶ø@ýàû*À���\utA_IÀ�bS
÷Ã5 &üÉö$ô�ó@ö'÷�ø@ý � üCl8�[ø@ù��!ø[þ��,ó�ý�ó@ô`Î2�!ù,þ��G�àùjü4�1�j÷xü Æ � ø@ù,ü2�Sm� 
»Ný!ûRüÉö Æ ü�ùjô�; Æ �{÷��jùjø[ö��/ö'ø[µ � m6ó�ý!û��,þ��,ó�ý���
�Å�7!} 9 z�¿ lS~��-½ ~ 9 ß%} �nïJ�&|/z�y�ý�lS���Ì¿Â½�|4l[} ~�
+�@ó�ù,��qÉ·6

ý!ó&�J��
����+�
q º ��F#qUa.a"
+�[·@·@·6�

orqÉ·���sI�j\�¹j]��^tA_A bS
pÃ5l�ýàû6;¾þ ó ;/l�ý!û � ýMþ üÉö�ýRüÉþ0 &ø � w@üÉþ`ÙNúÌý!ø@÷�� � ��
�Ålc ò�ò¯ò ®�	�ß+7 Þ�y2½	~&Ú�½�{T|4l[}	~�}	~
�)z�|[×�}	y Á lS~"��
��@ó�ù,�;a"
����+����a.a�F��.�	��
CS��!ý�q��.�.���

orqÉ·�y�sI�j\�¹j]��^tA_�Jb&ø@ý!û�qjbÁ��k¥�8¦^[8
ÂÃ�câ�jû!üBÃ*ö'ü�ø��®ö'ø[µ � ���dÿRü ë ø	�jù��Rö$üxó@ô� /ó������ ó�ý�Î\óÐû!ü�ù��jý � 
�Å
c ò�ò¯ò ®�	�ß+7 Þ&y ½ ~&ÚÉ½�{$|4l,} ~&Ú�} ~l�=z$|[×�} y Á lS~��	
��@ó�ù,�;y�
����+���	�@¸�F��Ñ@Ñ&
CS��!ý!üGq��.� º �

orqÉ·[ÑtsI�j\^£`�^]`_j��bS
YZ<n^{CiTk¥��_u��b�qjbS
Ìø@ýàû���iT{Cko\a_^mRb�
�Ã »K���jý � È�ø � w";/ Èö$ü$�����Rö$üÃþ ó � ÷��!ö$óN�@üL�Sm�  &üÉö$ô�ó@ö'÷�ø@ý � ü���,þ$ÿ¥Î-ø@ýMú ë ù,óN����
�ÅB�{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝ�c@~$Ý�}${�}	�)
!q��.�.���
orqÉ· º sI��iTz7iT{�]��^tA_�²�bS
'q8suiTt�hjiT{'_�qjbS
®ø@ý!ûÔÀ<��{Ct�iT{'_���bS
�Ã � �@üÉö � ó�÷B�jý � þ$ÿRü � ýMþ üÉö'ý!üÉþ � ÷��Xø	��� ü

þ$ÿ!ö$ó�� � ÿ ÏL�,ö$þ��!ø@ù���v�ø[þ��,ó�ý*
�Å��jý3à:yH}${©z�z 9 lS~�� Ú�}5Ý�Æ�}�|¶�=z$|\Ú@
��[·@·[Ñ&�
orqÉ·�¸�sI���u�u{7\us�|�\u[�w±_YmRbS
�î>} �6~ 9 ½	|4l,} ~&ÚA}5ÝÞ/l\�Bz�ý�z�y+lIz©Úa	K~X½@¿ ç<Ú+lSÚ�½	~ 9 à:y5z 9 l,{$|4l,} ~CÞ>Ø6z�} y©ç<�YS�ó�ÿ!ýc£�jù,üÉúCø@ý!û Æ ó�ý���
��[·@·Lq �
orqÉ·�aUsI��{7\^]°\^[a_�~�bS
���\�wxtA_�mRbS
�ø@ý!û´���8�^{7�^kowx]`_<��bS
`Ã Æ ó � w@üÉþÄÈt�R´�üÉö�ÃK�Rþ ó ; Æ ��v$�{ý � ô�ó@ö # � � ÿ6; &üÉö$ô�ó@ö'÷�ø@ý � üDÙ"ø[þ$øB�/ö'ø@ý�� ô�üÉö���
�Åxþ ü � ÿ*�!ö$ü��>�G
;Ó � ��;m�l�Í�m Æ 
&�[·@·[Ñ&�
orqÉ·���s�ÌIw¶\���_���b�
�q8h^wx�8i�©�w"�7£�_���bS
/ø@ýàûP��w�tu[7\a_��<bS
ÆÃ5ÃHýxl�÷��J�,ö�� � ø@ù Æ þ��!û!ú-ó@ô¶þ$ÿRüyÎ3�!ùjþ���� � ø@ù,ü �ö$ü�û�� � þ$ø �J�jù��,þmúPó@ô ³ üÉþ#�±ó@ö�w4�/ö'ø[µ � 
�ÅB�jý3à�y5}${@z@z 9 l\~"�	Ú�}HÝ�c ò�ò¯ò ÆAà ½ ß�
��[·@·�y��
orqÉ·���s�ÌIw��A_�²�bS
Y�j\u[^|}\ut�\u¬gs�\utA_C b^ªrbS
!ø@ý!û ��^iTk¥h^iT{'_��Jb�mRb�
NÃ � ýCþ$ÿRü0 �ùjø � ü�÷xü�ý�þdó@ô/c�ü��

Æ üÉö��@üÉöHÍ*ü��àù�� � ø	��
�Å��{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝ�c ò¯ò�ò c��nî��ß���7C
6���+�°q º ��a�F#q º �@¸�
+�[·@·Lq �
orq.qÉ·^s�~<w�¬8i�wx{8��_PJbS

~<w�iT[uw«_�~Nb�
lp�\u{7\^tCw���h�_�~�bS

ª�\`�j{7\TzgwxkY_���bS
�ø@ý!ûÎ�X�^z8z7{CiTk¥kY_�²�bS
ÃH�Xø[þ$ÿ#m�ÿ��,ö��+�Kl�µ � �,ü�ý�þ0Ã��[ø	�jùjø �àùjü�È�ø@ý!û����jûRþ$ÿCl��$þ��j÷�ø[þ��,ó�ývô�ó@ö ³ üÉþ#�±ó@ö�wC �ø[þ$ÿ��$
�Å3�jý à:yH}fe{©z�z 9 lS~�� Ú)}HÝLàd½<Ú@Ú+l\� zt½ ~ 9 	A{$|4l\� zL7 z'½<Ú@�6y�z��Bz�~J|\Ú�k\àC	K7gä�×�} y Á Ú�Ø6}+ïJ
*�[·@·�y��
orq.q.q�s�~<w�k¥i�¦�_�� bS
ÆÃ5�*ÿRüÜÓNüÉó@ö � �jø3�/ü � ÿ ³ üÉþ/�6ó@ö�w Æ �j÷)�!ùjø[þ ó@öT
�Å3�jý.à�y5}${@z@z 9 l\~"� Ú�}HÝ�7 }T7 z"Þ�}T}[¿¸Ú©
�[·@·�y��
orq.q$��s�~<w�k¥i�¦�_'�JbXø@ý!û Z�|�|�\u{'_^mRbS
�Ã Æ �j÷)�!ùjø[þ��jý � ô®ø[ö � ü ³ üÉþ/�6ó@ö�w6��� # óT�þÈ�� � ����È�� � l�ý!ó�� � ÿ*
�Å�{ýxà�y5}${@z@z 9 l\~"�	Ú�}HÝ�îNl\y@Ú©|�c@~�|/z�y©~X½	|4l,} ~X½[¿ß%} ~TÝ�z�y5z�~J{@z�}	~ Ö y ½ ~ 9 ßDØÐ½[¿�¿Gz�~"�"z�Ú�Ý�}	y)7!} 9 z�¿ lS~"�

½	~ 9 ýJl\�)�Ì¿,½	|4l,} ~&Ú@
Q�[·@·����
orq.q�y�s�~<w�k¥i�¦�_j� bS
�ZI|�|}\u{'_^mRb�
Ìø@ý!ûl·jiYn^��{7\a_C��b�
�Ã5l�µ � �,ü�ý�þ6Í*ó��Rþ��jý � câ�,þ$ÿ ³ ���";�Ï�ü � þ ó@ö@��
�Å��jýà:yH}T{@z�z 9 l\~"� Ú�}HÝ�ÆKà�ý Á 
��[·@·Lq �
orq.q�Ñts�~<w�k¥i�¦�_j� bS
T���uÈ¾wx|��^zC�a_^~�bS
Ìø@ý!û Z�|�|�\u{'_�mRbS
¹Ã5ÃèÓNü�ýRüÉö�� � ë ö�ø@÷xü��±ó@ö�wPô�ó@ö� �ø[ö'ø@ù{ù,ü�ù���v�ø<;

þ��jó�ý�ó@ô ³ üÉþ#�±ó@ö�w Æ �j÷=�àùjø[þ��,ó�ý���
�Å)�jý3à:yH}${©z�z 9 lS~�� Ú�}5ÝK7l	1ýDß���Þ/ý�

q��.�.���
orq.q º s�~<w�¢Yi�\ut��A_�mRbS
j�a�j]�z7iT{'_�¨�bS
%
®ø@ý!ûÔ¨V\u|�tCw�zC�8sCw«_�ZJbS
pÃ$Î\ø �����jý � þ$ÿRü÷Ó"ý��Rþ ü�ùjùjø ³ üÉþ/�6ó@ö�w�� �ö$ó	��üÉö$þ��,ü$�¶ó@ô�ô/ø[ö � ü�;/� � ø@ù,ü) /üÉüÉö�;¾þ ó ;/ /üÉüÉö�$ú�� þ ü�÷B�*ø@ý!û � ÷��àù�� � ø[þ��,ó�ý���ô�ó@ö Æ ú6� þ ü�÷ ÙNü$��� � ý*
�Å

c@~J|/z�y©~�z�|Lß%} �nïJ�&|4lS~�� Í }	��y©~X½[¿�
��@ó�ùI�X¸�
àýRó&�°q 
J�[·@·����
orq.q�¸�s�~<w�z7z7iT{'_���bS
NÃ�ÅtcqÿMúxÓ"ý��Rþ ü�ùjù{ø�ÙNóÐü$�$ýCE;þ Æ � ø@ù,ü	� ³ ó&
!ö$ü�ø@ùjù,ú%Å6
�ÅB�[·@·Lq �

qUa º



orq.qUaUs�~��^s�{�]`_'��bS
¯Ã � ÷��!ö'óT�6�jý � Ó"ý��Rþ ü�ùjùjø�E`�1 E�jý � w< &ó�ý � Æ � ÿRü�÷xü	
�Å-�[·@·����
orq.q���s�~��j]o_'�Jb¹ø@ýàû
mP\u{7w�iu_�~NbS
¯Ã5l��$þ��j÷�ø[þ��,ó�ý\ó@ôml±ý!û6;¾þ ó ;/l±ý!ûPÙNü�ùjø�ú4�jý # � � ÿ6;/�5��üÉü�û ³ üÉþ/�6ó@ö�w6��ÐúvÎ\ü�ø@ý��Ãó@ô ë ù����jû¦Î¥óÌûRü�ù Æ �{÷=�!ù{ø[þ��,ó�ý���
�Åg�jý!à�y5}${@z@z 9 l\~"�	Ú-}HÝBã	è�|\Ø ò �6y5}+ï&z$½	~jýJlS���Ì¿,½	|4l[}	~7F�Ì¿�|4l,{�} ~TÝ�z�y5z�~J{@z�
/q��.�.���
orq.q���s�~��j]�]`_�qjb�mRbS
�c@~�|[y5} 9 ��{T|4l[} ~ |I} à:yH}qå'½qå�l�¿ l\|[ç 7!} 9 z�¿ Ú@� # ø[ö � ó��Rö$þ�Ã � ø@ûRü�÷�� �  Èö$ü$����
�� ü��";

ü�ý�þ$ÿ¥ü�û+�G
J�[·@·@·6�
orq$�[·^s�~Nb¶qjbGÀ<]°\�¦�
!Ã � �!þ$ù��,üÉö���
�ô)ü��@ü�ù Æ ÿ��,ô�þ���
Ðø@ý!û�ÏÈø[ö@�jø@ý � ü1m�ÿ!ø@ý � ü$�t�jýB���j÷xü Æ üÉö��,ü$��
�Å Í }	��y©~X½[¿+}HÝî>} y�z�{'½ Ú©|4l\~"�	
¹q��.�.���
orq$�%q�s�q�bup�\ut�iT{CÈ§iTiu_�pIb^pXsC\Tz7z¥\C�8sC\^{CÈÊiYi�_C�Ib^��bS
�Ã Æ � ø@ùjø �Xù,üKÃA���àù�� � ø[þ��,ó�ýÄô®ø�ú@üÉöNÎ3�!ùjþ�� � ø	� þ�
�Å�{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝ1ý�c Ö ß���727C
��[·@·����
orq$�	��s�]�\��gsu{7w�¯¥�>
�Ã ÿ�þ þ5�+�Øw.wN�1�1��8ù��j÷xü����,ö'ü	� � ó�÷�wûRü��@ü�ù,ó	��üÉö�w<�$ø � ÿRö��,ô � �;þH�Ìþ�
�ÅuÎ-ø[öK�[·@·�y��
orq$�.y�s�q8\utun�_NZJbNø@ý!ûØ²'w±_lqjbS
ÄÃ5Ã  Èö'ü�û�� � þ$ø ���jù��,þAú ÃNý!ø@ù,ú6�����Có@ô ³ üÉþ/�6ó@ö�w �®ö�ø[µ � 
�Å¡ß%} �nïJ�&|/z�y

�)z�|[×�}	y Á Ú@
��@ó�ùI��y.��
����+�Jy	�.�IFÜyÑ º 
8Sq�!ù+�[·@·����
orq$�Ñts�q8\u{8�uw��a_�q�b�
a�I��|�|�\u[�w±_��<b���bS
��I�ut�tA_�~�bS
a�I{7w�¬8k`iu_�qjbS
/ø@ý!û¡²ai���¦�_��rbS
nÃ5ÃNý!ÃNý!ø@ù�;

ú6�����Hó@ô � ýMþ üÉö�ýRüÉþ'm�ó�ýMþ ü�ý�þ'ÙHü�ù��G�@üÉö$ú Æ ú6� þ ü�÷���
�Å��jýCà�y5}${@z@z 9 l\~"�	Ú�}5Ý)|\Ø6z�Ù	|\Øxý�ç<�nï6} Ú+l\���È}	~
�/ï�z�y ½	|4lS~��Üý�ç<Ú©|/z�� ½ z©Ú�l���~¦½	~ 9 c@�pï�¿Gz���z�~�|¾½	|4l,} ~bk¾��ý ½ c/äN
J�[·@·����

orq$� º s�q8\u{8�uw��a_^qjbS
T�I�u|�|�\u[�w±_C�<b��lb�
Ìø@ý!û��I{7w�¬8¬8k`i�_^qjbS
!Ã5ÃkÎ¥ü�ø	���!ö$ü�÷xü�ý�þ Æ þ��àûRú%ó@ô+ /üÉüÉö�;¾þ ó ; &üÉüÉö ë �jù,ü Æ ÿàø[ö��jý � Æ ú6� þ ü�÷���
�Å)�jýBà:yH}${©z�z 9 lS~�� Ú}HÝ�7F�Ð¿�|4l\��z 9 l4½4ß%} �nïJ�&|4lS~��P½ ~ 9 �=z$|[×�} y Á lS~��k[737 ß���ä<
��[·@·����
orq$�@¸�s�q8\`��\�nui�_�qjbS
X�X�^k`kowxtu]o_�ZJb�
��I�^¯�¯�|�\utA_��<bS
Xq8t�iYk`kY_���bS
¶ø@ý!û0ZIt�[^iT{�]��^tA_�À�bS
GÃ5�dÿRül±ý!û6;¾þ ó ;/l±ý!û4l�´�ü � þ��dó@ô � ýMþ üÉö�ýRüÉþ1 �ø[þ$ÿ Æ ü�ù,ü � þ��jó�ý*
�Å��jý3à:yH}${©z�z 9 lS~�� Ú�}5Ý'ý�c Ö ß���737F
°q��.�.���
orq$��aUs�q7iTtA_Iq�b¶ø@ý!û´³�\^tuna_���bS
�Ã5ÃHýàø@ù,ú�v$�{ý �  &üÉüÉö5;¾þ ó ;/ &üÉüÉö3�/ö'ø[µ � Ã � ö$ó����Äô®ø[ö � ü ³ üÉþ/�6ó@ö�w��$
�Å

	�ß+7r®�c ò�ò¯ò Þ&y ½ ~&ÚÉ½�{$|4l,} ~&Ú�} ~l�=z$|[×�} y Á lS~��	
��@ó�ù,�/q$��
XýRó&����
����+���%q���F��.y	��
Q�[·@·[Ñ&�
orq$�.��s�q8w�hj[7\u{'_�pIbS
'��\uk§¦T\utC\^{7\u|}\^tA_�q�b�
&ø@ý!ûÔ�\^]�zC�^ko\a_��lb}qjbS
nÃ5ÃNý!ø@ù,úÐþ�� � Î\óÐûRü�ù��Ãôõó@örþ$ÿRüô/ø[þ ü�ý � úrø@ýàû Æ þ ü�ø@ûRúq; Æ þ$ø[þ ü��*ÿRö$ó�� � ÿ&�J�Rþ)ó@ô��nm: F�/ø@ÿRóÐü	
�Ídü�ý!óNø@ý!û Æ Ãpm���
�Å�c ò�ò¯ò ®�	�ß+7Þ�y ½ ~&Ú�½q{$|4l,} ~&Ú�}	~
�=z$|[×�} y Á lS~��	
��@ó�ù,�°q.q 
J���+�J� º ��FÑ��aÑq 

ÙNü � ���[·@·�y��
orq$�.��s�qC�u|�|�iY{�]o_}�ub�
A��wx|�_X�rbS
�ø@ýàûPp�\u{C¯��u{C[�_��<bS
1Ã # ø[ö���ó�ó�ý*��Ã ë ù,óN�:;�ô)ü��@ü�ù��/ö'ø[µ � Ó"ü�ý6;

üÉö�ø[þ ó@ö�ôõó@öCÍdó��Rþ üÉöCø@ý!û ³ üÉþ#�±ó@ö�w �/ü$� þ���
�Å �{ýâà�y5}${©z�z 9 lS~"�	ÚF}5ÝPý�c Ö 7 ò Þ Á c ß!ýÇkHz���|/z�~ 9 z 9
½"å©Ú©|[y ½�{T|d½ ~ 9 ï6}<Ú�|/z�y#äN
*�[·@·[Ñ&�

orq�y[·^s�q7¢T{7w�t�zD
NÃ �   �/ö'ø[µ � Î\ó�ý��,þ ó@öT��Å�ÿMþ þ5�>�Øw.w<�G�à÷xó�ý*�`���!ö��jý�þ�� � ó�÷�
�ÃA�!öA�[·@·����
orq�y%q�s�q7z8{7\C�u]%]o_���bS
���\Tz¥\u¬gw«_��JbS
¶ø@ý!û´��\�\j]�su�^iTh�_X�XbS
�Ã5Ã Î¥ü�ø	���!ö$ü�÷xü�ý�þ Æ þ��!ûRúBó@ô0Ã��[ø	�jù�;

ø �Xù,üxÈ�ø@ý!û&�A�jûRþ$ÿ lE� þ��j÷�ø[þ��jó�ý �/ó�ó�ù��$
�Å��jýâà:yH}T{@z�z 9 l\~"� Ú!}HÝJ	�ß+7Úc@~�|/z�y©~�z�|7xz$½<Ú©��y�z��Bz�~�|ß%}	~$Ý�z�y5z�~J{@z�
��[·@·�y��
orq�y	��s�q7��¬g{7\^|}\ut�w¶\utA_A²}bS
^q7z7�uwx�g\a_'¨%bS
�p�\^ko\uhj{7wx]�s�tC\utA_A�rbS
�ø@ý!ûÔ��\TzC£�_A~Nba�rb�
�Ã � �@üÉöÊU"ó Æ �� ´�üÉö��{ý � � ýMþ üÉö�ýRüÉþ¡UNó Æ »K���jý � � �@üÉö'ù{ø�ú6��
�Åµ	�ß+7 ß%} �nïJ�&|/z�y�ß%} ���)�6~Jl,{'½�|4l[} ~ Á z���l,z�×%
�@ó�ùI�#y.y�
XýRó&�°q 
����+�°q.q¾F#q�¸�
��[·@·[Ñ&�
orq�y.y�s�qg©�\utC¦�_8mRb�ø@ý!û�³=�uk�]�h^w«_7~�bS
°Ã$Î2�!ù,þ��G�[ø[ö��jø[þ ü¶Í*ü$� ó��Rö � ü1 &üÉö$ô�ó@ö'÷�ø@ý � ü ë ó@ö$ü � ø	� þ��jý � �jýtþ$ÿRü

³ üÉþ/�6ó@ö�w c�ü�ø[þ$ÿRüÉö Æ üÉö��6� � ü	
�Å��{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝ1ý���ï&z�yH{@} �nïJ�&|4lS~"��
Q�[·@·����
qUa[¸



orq�yÑts�qg¦^k¾�uw¶\Û~�\Tz7tC\j]°\u|}¦Ü\utu[ÝmP\^{ChÞ�<\^t�[uk¥i�¦ß\^t�[Û~�w"�gs�\u{C[Û��\u{C¢Î\ut�[Öq7�7�^z8z
q7s�iTt�hjiT{�
@Ã5�/ó	��ó�ù,ó � � � ø@ùjù,ú";/ÃA�6ø[ö$ü � �@üÉö'ùjø�ú�m6ó�ý�� þ ö�� � þ��,ó�ý�ø@ý!û Æ üÉö��@üÉö Æ ü�ù,ü � þ��,ó�ý*
�Å)�jý-à:yH}fe{©z�z 9 lS~�� Ú)}HÝXc ò¯ò¯ò c@~$Ý�}${�}	�)
*�[·@·����

orq�y º sIÀ�w¶\utA_}à b�
'³.�a_}��bS
�ø@ý!ûP�Tw«_���bS
'Ã5Ã�»Ný��G�!ü�û ë ö'ø@÷xü��6ó@ö�w�ô�ó@öt»Ný!ûRüÉö��$þ$ø@ý!û��jý � ³ üÉþ/�6ó@ö�w�/ö'ø[µ � »A���{ý � � ý!û!ü���ü�ýàûRü�ýMþ�cÇøT�@ü�ù,üÉþ"Î\óÌûRü�ù���
�Å��{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝ�c ò¯ò�ò c@~$Ý�}T{�} ��
��[·@·����
orq�y@¸�sIÀ��u�u�8sA_���bS
7Ã�ÙNúÌý!ø@÷�� � � ý�þ üÉö'ýRüÉþ � �@üÉö'ù{ø�úPÙNü��àù,ó_úÐ÷�ü�ýMþ"ø@ý!û¦Î\ø@ý!ø � ü�÷�ü�ýMþÃ»K���jý � þ$ÿRü`öA;È6ó�ýRü	
�Å-�jý3à�y5}${©z�z 9 lS~"�	Ú�}HÝXc ß��Aà:
��[·@·Lq �
orq�y�aUsIÀ<�C\utA_AÀ�b)ø@ý!ûv�j\u{Ch�_���bS
ÂÃ$Î3�!ùjþ��G�àù,ü�1�{÷xü Æ � ø@ùjü�m6ó�ý � ü$� þ��,ó�ý�m6ó�ýMþ ö'ó�ù®ô�ó@ö Æ ü�ù,ôS; Æ �j÷��jù{ø[ö

³ üÉþ/�6ó@ö�w4�/ö'ø[µ � 
�Å�à�z�y\Ý�} y@��½ ~�{@z ò �[½[¿��R½�|4l[} ~�
��@ó�ù,�#y@¸�
����+��y º ��FÑy.�@¸�
�q��.�.���
orq�y.��s�Ó�{o���7¦�ÃV��iTk¥k`iT{'_'�Jb�ø@ý!û
p�wxiT{�]°\��8h�_u�<bj³¸bS
¯Ã5ÃÇm6ó�ý � ü$� þ��,ó�ý¿m�ó�ýMþ ö$ó�ù/Î¥óÌûRü�ù¹ô�ó@öNÎ2�!ù�;

þ�� � ø	� þ � �@üÉö'ù{ø�ú ³ üÉþ#�±ó@ö�w��Nø@ý!û��,þ��1 &üÉö$ô�ó@ö'÷�ø@ý � ü	
�ÅB�jý3à:yH}${©z�z 9 lS~�� Ú�}5Ý�� Ö ß�
��[·@·����
orq�y.��s��\^£¤suh^��[7\uw«_AqjbS
Cq7�8su�^¢T¯7_^��bS
àø@ýàû
�a�j]�z7iT{'_^¨�bS
¯Ã5 Èö'ü�û�� � þ��jý � þ$ÿ!ü� &üÉö$ôõó@ö�÷�ø@ý � ügó@ô¹c£�jûRüÃHö$ü�øGÙ"ø[þ$ø-�®ö'ø@ý�� ôõüÉö@��
�Å��jý2à:yH}${©z�z 9 lS~�� Ú)}HÝXc ò¯ò¯ò c5à ½ àÂý�
��[·@·����
orq�Ñ�·^s��\^£¤suh^��[7\uw«_^qjbÌø@ý!ûlq7�8su�^¢Tz�_C��bS
/Ã5 �ö$ü�û�� � þ��jý � Æ ��ó@ö'ø@û�� � Ó"ö��jû÷Ù"ø[þ$ø��/ö'ø@ý�� ô�üÉö���
�Å=�jýgà:yH}fe{©z�z 9 lS~�� Ú)}HÝXc ò¯ò¯ò ÆKà ½ ß�
��[·@·����
orq�ÑJq�s�Iwxk`ko\^|}w"£f\u{'_j��bXø@ý!û
q7�^tun�_j��bS
�Ã # � � ÿ� &üÉö$ô�ó@ö'÷�ø@ý � üL�Sm� .�jý-Ã ³ÃÆÌ³ lE�0
�Å�	�ß+7 ß%}	��eï��6|/z�y-ß%} �����6~Jl[{�½	|4l,} ~ Á z��UlIz�×èk@ß:ß Á ä<
��@ó�ù,�J�Ñ&
 � � þ1q��.�Ñ&�
orq�Ñq��s�³=�^k¥]�h^w«_�~NbS
Aq8¢Y{7w�tun�_�ªrb�
&ø@ý!ûP��\�¦^ig]o_���bS
nÃ5�*ÿRü ³ üÉþ/�6ó@ö�w�c�ü�ø[þ$ÿRüÉö Æ üÉö��6� � ü	��Ã ÙL���H;

þ ö@�G���Rþ ü�û¦Ídü$�$ó��Rö � üB &üÉö$ô�ó@ö'÷�ø@ý � ü ë ó@ö$ü � ø	� þ��jý � Æ üÉö��6� � ü%ôõó@örÎ\üÉþ$ø � ó�÷����!þ��jý � 
�Å Í } �6y©~X½[¿E}HÝî*�&|[��y�z Ö z�~�z�y ½	|4l,} ~ ß%} �nïJ�&|4lS~��Üý�ç<Ú©|/z��=Ú©
��@ó�ù,�@q º 
XýRó&� º ;m¸�
����+��a º a�F%a[¸.��
¹q��.�.���
orq�Ñ�y�s�³=�^k¥]�h^w«_�~�bS
jq8¢T{7wxtun�_�ªrbS
)ø@ý!ûO�}iTz7iT{�]%�utA_���bS
�Ã � ÷��Xù,ü�÷xü�ý�þ��jý � ø� &üÉö$ô�ó@ö'÷�ø@ý � ü ë ó@ö'ü�;� ø	�$þ��jý � Æ ú6� þ ü�÷¡ôõó@ödÎ\üÉþ$ø � ó�÷����Rþ��jý � �Èþ$ÿRü ³ üÉþ#�±ó@ö�w�c�ü�ø[þ$ÿRüÉö Æ üÉö��6� � ü	
�Å��jý�à:yH}T{@z�z 9 l\~"� Ú=}HÝý��Uï�z�y5{�} �nïJ�&|4l\~"�	
¹q��.��a"�
orq�Ñ@Ñts�à��A_�²�bS
^��\u{C¯¥�^�u]�sA_A��bS
¹ø@ý!ûÔ~<suiTi�_A¨%b�
ÂÃ�È��jý!ø[ö'ú � ý � ö$ü�ø	� ü÷m6ó�ý � ü$� þ��jó�ý�m�ó�ýMþ ö$ó�ùÂ|4È � m��

ô�ó@ö ë ø	�$þnô)ó�ý � ;�ÙK��� þ$ø@ý � ü ³ üÉþ/�6ó@ö�w6��
�ÅB�{ý3à�y5}${@z@z 9 l\~"� Ú�}HÝ�c ò�ò¯ò c@~$Ý�}T{�} ��
*�[·@·[Ñ&�
orq�Ñ º s���b'���Cw«_���b�à bàø@ýàû ª�\usu{�]�z7iT[uz�_C��bS
�Ã � �!þ��{÷�ø@ù�Ídü$� ó��Rö � üLÃNùjù,ó � ø[þ��,ó�ýg�jý � �@üÉö'ùjø�úyÎ2�!ù�;

þ�� � ø	� þ�
�ÅB�jý3à:yH}T{@z�z 9 l\~"� Ú�}HÝ�c ß��Kà�
��[·@·�y��
orq�ÑM¸�s���\utA_'ZJb�ø@ý!ûO���ut^na_j³¸bS
�Ã5���j÷xü�;AûRö����@ü�ý ë ù����jû Æ �{÷=�!ù{ø[þ��,ó�ýCôõó@ö # � � ÿ6;/�5��üÉü�û ³ üÉþ/�6ó@ö�w��$
�Å�/ü � ÿ+�XÍdü��>���dÍ:;(�@¸N;m�m Æ ;<q 
�ÙNü��!þ��àó@ôml7m:l1
!»Ný��G���Ró@ô�Î-ø	���$ø � ÿ"���$üÉþ þ���
;ÙNü � q��.�.���
orq�Ñ�aUs���\utun�_7��b�
���wx|�_umRbS
Ðø@ý!ûr²A\u|�_�qjbS
/Ã5�/ö'ø@ý����,ü�ý�þ�È6ü�ÿ!øT���jó@ö���ó@ô+�Sm� %;¾ô�ö��,ü�ý!ûàù,ú�m6ó�ý � ü$�$þ��,ó�ým�ó�ýMþ ö$ó�ù> Èö$ó@þ ó � ó�ù���
�Å-�jý3à�y5}${@z@z 9 l\~"�	Ú)}HÝ�c ò�ò¯ò c@~$Ý�}${�} ��
Q�[·@·Lq �
orq�Ñ���s���\7�utA_u�JbS
Y��\u{8�^z7s�iT{�]`_C��bC�JbS
�ø@ýàûN��\uk°¦T\utC\u{7\u|�\utA_CqjbS
@Ã�ô®ø[ö � ü�; Æ � ø@ù,üL�nm� BÎ\óÌûRü�ù��

»K���jý � � �!þ��j÷���� þ�� �  &ø[ö�ø@ùjù,ü�ù Æ �j÷)�!ùjø[þ��jó�ý*
�Å��jý3à�y5}${@z@z 9 l\~"�	Ú�}HÝKàC	 ½ ý�
��[·@·�y��
orq�Ñ���s���w±_Y��bÐø@ý!ûrq8s�\uh^h^�uz7z¥\�w«_8q�b�
/Ã # ó	�&;I�Ðú";AÿRó	�Äm6ó�ý � ü$�$þ��,ó�ý÷m6ó�ý�þ ö$ó�ùRóT�@üÉö±øÆcâ�,ö'ü�ù,ü$���ÈÎ2�!ù,þ���;

ÿ!ó	� ³ üÉþ#�±ó@ö�wJ
�Åg�jý3à�y5}${©z�z 9 lS~"�	Ú)}HÝ�c ò�ò¯ò c@~$Ý�}${�}	�)
Q�[·@·[Ñ&�
orq º ·^s�����h�]�iYkY_TmRbS
`q8w�hj[7\u{'_TpIbS
f�\^]�z7�^ko\�_��lbS
[ø@ýàûIq7£Å¦^|�\utu]�huw±_TpIbS
;Ã�c�ó@ö�wÌù,ó�ø@ûGÓNü�ýRüÉö�ø[þ��,ó�ý

ô�ó@ö�~&Ú Æ �{÷=�!ù{ø[þ��,ó�ý��)ó@ô�câ�jû!ütÃHö$ü�ø ³ üÉþ#�±ó@ö�w��Èø@ýàûrþ$ÿ!ü � ýMþ üÉö�ýRüÉþ�
�Å�jý�à�y5}${@z@z 9 l\~"�	ÚA}HÝß�� ½ ß�
�[·@·@·6�
qUa.a



orq º q�s�·�iYnu�u{7\a_}��b�
AZI|�|}\u{'_�mRbS
A��iTw«_X·�b�
�ø@ý!û�pXsC\Tz7z`\��8sC\u{CÈ§iTiu_�q�b�
'Ã5ÃA���àù�� � ø[þ��,ó�ý6;�ô®ø�ú@üÉöÃNý�ú � ø	� þ��{ý � �AÃ Æ üÉö��@üÉö Æ ü�ù,ü � þ��,ó�ýCÃ*ö � ÿ��,þ ü � þ��!ö$ütø@ýàûv»K� ü��jý\øCÍ*ü��àù�� � ø[þ ü�ûxc�ü�� Æ üÉö��6� � ü	
�Å
c ò�ò¯ò ®�	�ß+7 Þ&y ½ ~&ÚÉ½�{$|4l,} ~&Ú�} ~l�=z$|[×�} y Á lS~��	
��@ó�ù,�;��
��+�RÑ º@º 
��[·@·@·6�

orq º ��s�·�sC\utun�_d�rbS
hÃ Æ üÉö��6� � üjÙK��� � �G�àù��{ýRü$�¥ô�ó@ödÓL�!ø[ö'ø@ý�þ üÉü�ûW &üÉö$ô�ó@ö'÷�ø@ý � ü Æ üÉö���� � ü��jý  �ø � w@üÉþH;
Æ ���,þ � ÿ��jý � ³ üÉþ#�±ó@ö�w���
�Å�à�y5}${@z@z 9 l\~"�	Ú�}HÝ�|\Ø&z�c ò¯ò¯ò 
&�@ó�ù,���.y�
 � � þDq��.� º �

orq º y�s�·�sC\utun�_C�NbS
�²'w��a_�pIb�
Ðø@ý!ûN���^�A_8³¸bS
@Ã�ÙNü$��� � ýPó@ôQÃqÍ*ó	����� þ8Ã � þ��G�@üXU0�Rü$�Rü*Î-ø@ý!ø � ü�÷xü�ý�þÃNù � ó@ö��jþ$ÿ!÷ È�ø	� ü�û¥ó�ý ë üÉü�û&�àø � wxm6ó�÷���ü�ý��$ø[þ��,ó�ý+
�Å��jý3à�y5}${@z@z 9 l\~"�	Ú)}HÝ1ý�c Ö ß���727C
��[·@·�y��
orq º Ñts�·�sC\utun�_�²}bS
Xq8s�iTt�hjiT{'_�qjbS
�ø@ýàû¿��k`\u{Ch�_��JbS
GÃ � ���$üÉö��ø[þ��jó�ý���ó�ý�þ$ÿRüxÙNúÌý!ø@÷�� � �Pó@ô`øm�ó�ý � ü$� þ��,ó�ýjm6ó�ý�þ ö$ó�ùEÃNù � ó@ö��jþ$ÿ!÷��=�*ÿRüBl�´�ü � þ��tó@ô1�:�6ó ;�cÇø�úx�/ö'ø[µ � 
�ÅF�{ýxà�y5}${@z@z 9 l\~"�	Ú�}HÝý�c Ö ß���737C
°q��.�%q �
orq º@º s�·�sC\utun�_'��bS
^�I��¯�¯�w�iTk¥[a_aªrbS
��^\u¹^]��^tA_A bS
¹ø@ý!û3q8s�iTtuh^iT{'_�qjbS
�Ã � ý-þ$ÿ!ü�m6ó�ý�� þ$ø@ý � ú\ó@ô� ý�þ üÉö'ýRüÉþ: �ø[þ$ÿ� Èö$ó	��üÉö$þ��,ü$�$
�Å=�jý�à�y5}${©z�z 9 lS~"�	Ú=}HÝ�	�ß+7¢ý�c Ö ß���727ác@~�|/z�y@~Qz�|D7xz$½<Ú©��y�z��Bz�~�|

¼2} y Á Ú�Ø�}�ïJ
Q�[·@·Lq �
orq º ¸�s�·�sC\utun�_Ô��bS
ÔbÁ~��u�un^sC\uta_3mRbS
l²A��t�[�_��Ib�
�ø@ý!û,���^tu�^su�a_P�JbS
¼Ã5ÃHý � ýRôõó@ö�÷�ø[þ��,ó�ý6;�*ÿRüÉó@ö$üÉþ�� � ÃA���!ö$ó�ø � ÿqþ ó �/ö'ø[µ � Î\ø[þ ö@���£lE� þ��j÷�ø[þ��jó�ý*
�Å �{ý�à:yH}T{@z�z 9 l\~"� Úx}HÝ¿ý�c Ö ß���727C
�[·@·�y��
orq º aUs�·'�u�A_'²}b�ø@ý!û
ZI|�|}\u{'_'mRbS
¯Ã5Ã ë �jù,ü�;m�ü�ýMþ ö�� � Î¥óÌûRü�ù)ô�ó@ö� &üÉüÉö5;¾þ ó ;/ &üÉüÉö ë �jù,ü�; Æ ÿàø[ö��jý � Æ ú6�H;

þ ü�÷B��
�Å��jý3à:yH}${©z�z 9 lS~�� Ú)}HÝXc ò¯ò¯ò c@~�|/z�y@~X½�|4l[} ~�½[¿tß%} ~TÝ�z�y5z�~J{@z�} ~l�)z�|[×�} y Á à�y5}	|I}${@}[¿ Ú@
*�[·@·�y��
orq º ��s�·���h^iY{C|}\uta_7mRbS
Tª�i�\u|�i�_CÀ�bS
Rø@ý!ûNZI[u[uw�i�_^~�bS
¹Ã � ý�þ üÉö'ýRüÉþ��®ö�ø[µ � Î\óÐû!ü�ù��jý � ø@ýàû ë �!þ��Rö$ü�/ü � ÿàýRó�ù,ó � ú � ÷��àù�� � ø[þ��jó�ý���
�Å)�jý2à�y5}${©z�z 9 lS~"�	Ú)}HÝ�c ò�ò¯ò c@~$Ý�}${�}	�)
Q�[·@·�y��

qUat�


