
���������
	��
������������������������� �"!$#%���&�(')��!+*,���.-/����021+*,���3��4 5 ���6#��
�)*���!

798;:=<(>�?&@BADCE8;FHG2IKJ2L�FHC�J$MBNO8;>"L�C�8HP�Q�@2NSRTJ2LE>
8UMEVWRTXK>ZY�@=[6RTFHF
\]>"^=RT8HF;_�>"J`FWCbadc6XK>U<eF;8;If<
RbXgc6JhL�IKJ2>
>
8HIKJ2L�RTJ=i3j�CE_�^2:2FH>
8Wk2<(IK>
J=<(>
lWGh>nm�J2IKo�>
8Hp;IKFqP�Cbadr3If<HG2IKL`RbJ$MBs]JhJ�s�8;tuC�8WvBw2xUyEz|{;}2x|}�}

r~RT8�<HGDx�M�x|z�zbv

���]�E�2�2�6�u�

\�I�pH��p;:2t2pHPBp;F;>"_�^u>
8�a�C�8H_�RTJu<(>�<
RbJ�t=>DiB8(RT_�RbF;If<
RbX�XKP�IK_�^28HCTo�>Ui�tBP�iBPBJ=RT_�I�<"RTXKXKP�CE8�iB>
8HIKJ2L=M�C�8~�"�e���(�b�`���f�B�TM]^u>
J=i�I�JhL
8;>|��:h>
p;FHpU@ r¡C�i�>
8;J)i�I�pH�SiB8;IKo�>"p$G=R|oE>gpH>
o�>"8�RTXEa�>|RTF;:h8;>
p|M�pH:=<HG)RTp6<(C�_�^2XK>(¢]XKC�L�If<
RbX�{£FHCT{q^2GBP`pHIf<
RTX|_�Rb^2^2IKJ2L�p�RTJuiOXfRT8;LE>6^28;>(a¤>
F�<HG2IKJ2L
<
RE<;Gh>
pUMBFHG=RTF&<
RbJ�I�J�¥=:2>
J=<e>Wp�<HG2>UiB:hX�IKJ2L�>(¦§>|<(F;IKo�>"J2>
p;p|@�¨]IfRWpHF;8;CEJ2L�XKPSo�RbXKI�ihRTF;>|iSpHI�_�:hX�RbF;IKC�J©M(ª >W>(¢=Rb_�IKJ2>&FHG2>WIK_�^=RE<(F$Cba§FHG2>
p;>
a�>URbF;:28H>
p&CEJ)o�Rb8;IKC�:2p©p�<HG2>Ui�:2XKI�JhL)RTXKL�CE8;IKF;Gh_�pU@�m�p;IKJ2L]tuC�FHG�p;PBJBF;G2>"F;If<�ª CE8;�BXKC`REiBpgRbJ=iSFH8�RE<(>
p <
Rb^2F;:h8;>Ui«a�8;CE_¬p;I�¢«iBI�¦�>
8;>
JBF&:hp;>
8
>
JBoBIK8;C�Jh_�>
JBF;p|M|ª > Rb8;8HI�oE> RTF©F;G28H>
>W_�RbIKJZ<(CEJ=<(XK:2p;IKCEJ2pU­9®�x|¯�°qJ=<(CE8;^uC�8(RTF;IKJ2LO<(C�_�^2XK>(¢Z_3RT^2^hI�JhL IKJBa�CE8;_3RTF;IKCEJWI�JBFHC]F;Gh>&p�<HG2>Ui�:2XK>
8
^28HCTo`IfiB>"p)CEJ2XKP�R3_�Rb8;LEI�JuRTX�®�XK>
pHp)FHG=RTJ±}E²�¯SiB>U<(8H>URTpH>
IKJD8;>
pH^=CEJ2p;>3FHI�_�>
p�a�C�8�p;>
>
�E{q8;>Ui�:=<(IKJ2L±RTXKLEC�8;IKFHG2_�p|@3®£}E¯Ss�X�LEC�8HI�FHG2_�p
ªWG2If<HG�>e¦§>U<eF;IKo�>
XKP�:2F;IKXKIK³
>�R�^28H>(a�>
F(<;GhI�JhL�iBIKp;��<"R�<HG2>�^28HCTo`IfiB>,p;IKLEJ2I�´§<
RTJBFO^u>
8qa�CE8;_3RTJ=<(>,IK_�^28HCTo�>
_�>"J`FHp�a�C�8Oª�C�8H�`XKCBR�iBp�ªWI�FHG
8;>|R�iOpH>U�E:2>
JBF;IfRTXKIKFqPB@�lWG2>W<(P2<(XKI�<"RTX�p(<
RTJ�RTXKLEC�8;IKFHG2_¬®£j9{;?$µOµO¶O¯
M|ªWG2If<HG)RTXKªWR|PBp�p�<HG2>UiB:hX�>"p&8;>U�E:2>"p;F;p9I�JSRbp�<(>
JuiBIKJ2L]XKC�LEIf<
RTXEC�8�i�>
8UM
R�<HG2IK>
oE>
pWF;Gh>ZGhI�LEG2>
pHFW^=>
8�a�C�8H_�RbJ=<(>ZRb_�CEJ2LOp;>
>
�E{q8;>Ui�:=<(IKJ2L�RbXKL�C�8HIKF;G2_�p6a�C�8�p;:u<;G3ª�C�8H�`XKCBR�iBpW®·´=o�>OCbagF;Gh>ZpHI�¢�>(¢=RT_�IKJ2>|i2¯
@9®£¸E¯
s]XKLEC�8;IKFHG2_�p6F;GuRTF&8H>UiB:=<(>OCToE>
8�RbX�Xh^=CEp;IKF;IKC�JhI�JhL)iB>
XfR|PBp&^28HC�i�:=<(>OF;G2>�G2IKL�G2>"p;F&^u>
8qa¤C�8;_3RTJ=<e>]^28HCTo`IfiB>|i,F;G=RbF FHG2>
P�8;>|<(C�LEJ2IK³
>ZRbJ=i
>(¢2^2XKC�IKFWR,^28;>ea�>
F�<HG2IKJ2L�<"R�<HG2>�@



¹��6#3����º»�
���3�)�n4¼�O�S½6!

AD> ª�C�:hX�i�XKIK��>&FHCSF;G=RbJ2�S¾EI�_¿7&8HCTªWJ2IKJ2L=Mb¾�C�GhJ«ÀhC�8(iB>
_�ªWRTXKFUMT\OR|oBI�in¾`R|¦�>�MBQ]Rb_�RW¶ORT8H>UiBXfR2M�Q�If<;GhI�>W?$Rb8;PBM�r3IK��>W?�>"C�J=Rb8�i�M
¾�CB>O[gRbp��E:=RbX�>EM2QW:2pHFqP�Q]RTJhpqa�CE8�i�MBj�G28;IKpWQW:2>"_�_�X�>
8UMERTJ=i,¾EC�G2J�A�IKX��E>
p6a�CE8 FHG2>
IK8�I�Jhp;IKL�GBF;p9C�J�o�Rb8;IKC�:hp&°;Á�µÂIKp;pH:2>
p|@&AD>WF;GuRTJ2�
j�G28HI�pSQ�:2>
_�_�XK>
8ÃRbJ=i~¾�C�GhJ�A�IKXK��>"pS®�CbaÃÄ][Â?$Rbt2p�¯�RTJ=i
Q�If<;GhI�>,?$RT8HP�RTJui�Q�RT_�R,¶ORT8H>UiBXfR~®�CTaW\Zc9jW¯Wa¤C�8OF;G2>,F;8(R�<(>"pU@,AD>
F;GuRTJ2��¾�IK_/[6IK��>�CbaZY]jWQÅj�CEX�:h_�t2IfR�a�C�8S^h8;CToBIfiBIKJ2L3F;G2>�I�JhI�FHIfRTX©a�:2J=i�I�JhL�a¤C�8SCE:28S8;>"p;>URb8�<HG�IKJBF;C3F;G2>�°;Á�µÆp;:2thp;PBp;FH>
_�M&RbJ=i
QWCTP�j�X�Rb8;�
Cba�Y�jWQÅj�C�XK:2_�thI�Rna�CE8Oa�:2J=i�I�JhL�_�:u<;G~CTa]F;Gh>�8;>
pH>URT8(<;G�:2^uC�J�ªWG2If<HGDF;G2IKpS8H>
^uC�8;F,IKpOt=RTpH>Ui�@3AD>�RTXKp;C3ªWIKp;GDFHC
R�<H�BJ2CTªWXK>UiBLE>OF;G2>SCEF;G2>"8]_�>"_�t=>
8HpWCTa6C�:28�8;>
pH>URT8(<;G�L�8HC�:2^�RTFWF;Gh>)mWJ2IKoE>
8;pHI�FqP�CTa r3If<HG2IKL`RbJ$@ À©IKJ=RTXKXKPBM�CE:28W8;>
pH>URT8(<HGDL�8;CE:2^3IKp
o�>"8;P�a�C�8HF;:2J=RbF;>WFHCSG=R|o�>WFHG2>W´uJ=RTJ=<eI�RbX=RTJuiSFH>U<HG2J2If<
RTX�pH:2^2^uC�8HF&CTa$pH>
o�>
8(RTXuIKJ=iB:2pHF;8;IfRbX2^=RT8HF;J2>"8;pUMhIKJ=<(XK:=iBIKJ2LOY]jWQ�j�CE8;^uC�8�RbF;IKC�J©M
°qJBF;>
XqM�r3CEF;C�8HC�XfR2Muk2<(IK>
JBF;I�´§<,RTJui
c6J2LEI�Jh>
>
8;IKJ2L
kBCba�FqªWRT8;>EM=Ä]RE?&M�\�IKL�IKF�RbX$c&�E:2IK^2_�>
JBF]j�CE8;^uC�8�RbF;IKC�J©M§r¡I�<e8;C�l6>U<HG2JhC�XKC�LEP�°qJ=<T@KM
RTJui�Ä�>
ªWXK>
F;F�{�[6RE<;��Rb8�i�@



Ç,�ÉÈDÊ,ËÍÌ±ÎÐÏDÌ±ÑÒÇ�Ë3ÑÒÇÔÓ

Õ.Ö
×$Ø|ÙTÚ$Û©Ü&ÝTØ|Þ�Úu× Õ

ßáàÂÚ$Û©â`ÙT×�ã�Þqä
å±ã�ÙTÞ¤æ=â2ä ß
}2@KxçÄ�C�p;FW°qJBFH>
8qa£RE<(>
èOèSèOèOèSèOèZèOèSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè ¸
}2@é} \ORTF(R)?©R|P�CE:2F èOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè ¸
}h@ }h@Kx êuCEJ2>Ui3QW>|<(C�8(iBIKJ2L+èZèOèSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè ¸
}h@ }h@é} l68(R�<H��RTJ=i3j�PBXKIKJ=iB>
8WkB��>"ª èSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè ¸
}h@ }h@é¸ \�>(a¤>U<(F]r
RbJ=RTLE>
_�>
JBF/èSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè ¸

}2@é¸ µ�JB{;7&CBRT8(i�jWRE<HG2>ëèOèOèSèOèZèOèSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè v
}2@ v µ�o�>"8;G2>UREi
RTJui�[©C�pHI�FHIKC�J2IKJ2L�\�>
XfR|P`p�èSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè ì

íáã�Þ£ä"å�î$Ý|ïgâ2Û©Ü6ð�Þ·×gñ
ò�ð�ñuÚ=ÙTÞ¤Ø|ïgó±ä ô
¸2@KxçkB>">
��\�>
XfR|P�QW>|iB:=<(FHI�CEJ èOèZèOèSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè ì
¸2@é} [©C�pHIKF;IKC�J2IKJ2L,\]>"X�R|P�Q�>UiB:=<eF;IKC�J
èSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè õ
¸2@é¸ 7�RTF(<;G
RbJ=i�s]L�IKJ2L,s]XKLEC�8;IKFHG2_�pëèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè õ

ö àÂâBØUï6Ú$Û©Ú=ð¤Úuñ=÷�ø2×&Û�ùZøhð�ÞqÛ©ø2ØUÞ¤Úu× ú
v=@Kxç\�IKp;��pHI�_�:hX�RbF;CE8ëèSèOèOèSèOèZèOèSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè õ
v=@é}áADCE8;�BXKC`R�i�p«èOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè w
v=@é¸ \�IKp;�BpOèZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè w
v=@ v r3>"F;8;If<(p.èSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè z

ô î�÷�×$Ø|ïgâBØ|Þ£Ý�û¬ÚuÙTå�ð�Úuø=Û6ä ü
ì2@Kxçk2<HG2>|iB:2XKIKJ2L)tBP3?�C�LEIf<
RTX$79XKC�<H�3YW:2_�tu>
8
èOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèýx|y
ì2@é} k2<HG2>|iB:2XKIKJ2L)ªWIKFHG¡R�¶�J2CTªWJ3r
RT^h^2IKJ2LÒèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèýx|y
ì2@é¸ k2<HG2>|iB:2XKIKJ2L)ªWIKFHG¡Àh:2XKX$¶�J2CTªWXK>UiBLE>ZèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèýx|}

úáþ&ÙTøuÝTâ2Û�û¬ÚuÙTå�ð�Úuø=Û6ä Õ�ô
õ2@Kxçk2<HG2>|iB:2XKIKJ2L)tBP3?�C�LEIf<
RTX$79XKC�<H�3YW:2_�tu>
8
èOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèýx|ì
õ2@é} k2<HG2>|iB:2XKIKJ2L)ªWIKFHG¡R�¶�J2CTªWJ3r
RT^h^2IKJ2LÒèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}E¸
õ2@é¸ k2<HG2>|iB:2XKIKJ2L)ªWIKFHG¡Àh:2XKX$¶�J2CTªWXK>UiBLE>ZèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ¸Ey

I



ÿ�� Úu×&ÝTð¤Ü&ä
Þ¤Ú=×&ä�ø2×&Û�� ÜgØ|Ü6ÙTâ�û¬ÚuÙTå í��

ò î�Þ�ó�Ü6ð�ø2Ø|ÞfÚu×���ø2ÙTø2óDâBØUâBÙ�ä ö	�

IKI



Ê�
2ÓÃÇ Ì±Î Î�
�
�����Ë
Ó

x \�IKp;��\�8;IKoE>Z°qJBFH>
8;J=RbXKp/èSèOèZèOèSèOèOèSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè }
} k2Rb_�^2XK>W¨ RbXKI�ihRTF;IKCEJ�ADC�8;�BXKC`REi�QW>
pH^=CEJ2p;>�lWI�_�>]\�I�pHF;8HI�th:2F;IKC�Jhp�èSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè w
¸ ?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�R)kBPBJBF;Gh>
F;If<,®qQ]RTJuiBC�_3¯6ADC�8H�`XKCBR�iáèOèSèOèOèSèOèZèOèSèOèOèSèOèOèýxEx
v Àh:2XKX�{�r
Rb^�RTJ=i3?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�R)kBPBJBF;Gh>
F;If<,®qQ]RTJuiBC�_3¯6ADC�8H�`XKCBR�i.èSèOèOèSèOèOèýx|¸
ì Àh:2XKX�{�¶�J2CTªWXK>UiBLE>Ws]XKL�CE8;IKF;Gh_ [©>
8qa�CE8;_3RTJ=<(>O:2pHIKJ2L«R�k�P`JBFHG2>
F;If<�®£Q�RTJ=i�C�_�¯dADC�8;�BXKC`REi èOèOèSèOèZèOèSèOèOèSèOèOèýx"v
õ ?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>�� �"�f����l68�R�<e> èSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèýx|õ
� ?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>��=�����b��l68�RE<(> èOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèýx��
w ?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>��O��� �"!W�$#�l68�RE<(> èOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèýx|w
z ?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>��§�"�%�'&(��l68�R�<e> èOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèýx|z
xUy ?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>�)*���E�$�9lg8(R�<(> èOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}Ey
x�x ?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>�!Ã�,+-�.� /$l68�RE<(>%èOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}hx
xU} Àh:2XKX�{�r
Rb^�RTJ=i3?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>�� �"�f����l68�RE<(> èOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}bv
xU¸ Àh:2XKX�{�r
Rb^�RTJ=i3?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>��=�����b��l68�RE<(> èOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}Eì
x
v Àh:2XKX�{�r
Rb^�RTJ=i3?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>��O��� �"!W�$#�l68�RE<(> èOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}Eõ
xUì Àh:2XKX�{�r
Rb^�RTJ=i3?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>��§�"�%�'&(��l68�R�<e> èOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}0�
xUõ Àh:2XKX�{�r
Rb^�RTJ=i3?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>�)*���E�$�9lg8(R�<(> èOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}Ew
x'� Àh:2XKX�{�r
Rb^�RTJ=i3?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>�!Ã�,+-�.� /$l68�RE<(>ëèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}Ez
xUw Àh:2XKX�{�¶�J2CTªWXK>UiBLE>Ws]XKL�CE8;IKF;Gh_ [©>
8qa�CE8;_3RTJ=<(>O:2pHIKJ2L)FHG2>1� �"�f����l68�RE<(> èZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ¸hx
xUz Àh:2XKX�{�¶�J2CTªWXK>UiBLE>Ws]XKL�CE8;IKF;Gh_ [©>
8qa�CE8;_3RTJ=<(>O:2pHIKJ2L)FHG2>2�=�3�����Wl68�RE<(>áèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ¸E}
}�y Àh:2XKX�{�¶�J2CTªWXK>UiBLE>Ws]XKL�CE8;IKF;Gh_ [©>
8qa�CE8;_3RTJ=<(>O:2pHIKJ2L)FHG2>4�O���5�"!W�5#�l68�RE<(>�è�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ¸E¸
}2x Àh:2XKX�{�¶�J2CTªWXK>UiBLE>Ws]XKL�CE8;IKF;Gh_ [©>
8qa�CE8;_3RTJ=<(>O:2pHIKJ2L)FHG2>2�§�"�%�'&(��l68�RE<(> è�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ¸bv
}�} Àh:2XKX�{�¶�J2CTªWXK>UiBLE>Ws]XKL�CE8;IKF;Gh_ [©>
8qa�CE8;_3RTJ=<(>O:2pHIKJ2L)FHG2>1)*���E�$�9l68�R�<e> èZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ¸Eì
}�¸ Àh:2XKX�{�¶�J2CTªWXK>UiBLE>Ws]XKL�CE8;IKF;Gh_ [©>
8qa�CE8;_3RTJ=<(>O:2pHIKJ2L)FHG2>2!Ã�,+��6� /�l68�RE<(>+èZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ¸Eõ
s)@Kx Ä�[ÉjW}E}Tv7�)\�IKp;��\�8;IKoE>nk�>
>
��j�:h8;o�>3èSèOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè�vB}
s)@é} ¨ RbXKI�ihRTF;IKCEJ)ADCE8;�BXKC`R�i�Q�>
p;^uC�Jhp;>,lWI�_�>]\�I�pHF;8HI�th:2F;IKC�JhpU­6z�ì�²ÆQ]RTJuiBC�_ Q�>UR�i�p èOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè�vEv
s)@é¸ ¨ RbXKI�ihRTF;IKCEJ)ADCE8;�BXKC`R�i�Q�>
p;^uC�Jhp;>,lWI�_�>]\�I�pHF;8HI�th:2F;IKC�JhpU­6z�ì�²ÆQ]RTJuiBC�_ÅAD8HIKF;>
p�èOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè�vEv
s)@ v/¨ RbXKI�ihRTF;IKCEJ)ADCE8;�BXKC`R�i�Q�>
p;^uC�Jhp;>,lWI�_�>]\�I�pHF;8HI�th:2F;IKC�JhpU­6z�ì�²ÆkB>U�E:2>
JBF;IfRbXgQW>|R�iBp�èOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè�vBì
s)@éì ¨ RbXKI�ihRTF;IKCEJ)ADCE8;�BXKC`R�i�Q�>
p;^uC�Jhp;>,lWI�_�>]\�I�pHF;8HI�th:2F;IKC�JhpU­6z�ì�²ÆkB>U�E:2>
JBF;IfRbX$AD8;IKFH>
p)èOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè�vBì

IKIKI



Ê�
2ÓÃÇ Ì±Î Ç)��ÈDÊ,Ë
Ó

x Ä�[ÉjW}E}Tv7�)\�IKp;��\�8;IKoE>n7�RTpHIf<Z[6Rb8�RT_�>
F;>"8;p èSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè �
} 7�RTpHI�<Oj�G=Rb8�RE<(F;>
8HIKp;F;If<(p�CTa&F;Gh>Zl68(R�<(>
p+èOèOèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèýx|ì
¸ k2Rb_�^2XK>Ws�o�>
8(RTL�>SQ�>
p;^uC�J2pH>SlWIK_�>
p9a�CE8]?$7�Y�{;7 Rbp;>Ui3s�XKL�C�8HIKF;G2_�p èOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}E}
v µ�JB{qt=CBRT8(i�\�IKp;��jWRE<HG2>)ÄWIKFWQ]RbF;>
p�a�CE8]?$7�Y�{;7 Rbp;>Ui¡s]XKL�CE8;IKF;G2_�pýèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ}E¸
ì µ�JB{qt=CBRT8(i�\�IKp;��jWRE<HG2>)ÄWIKFWQ]RbF;>
p�a�CE8]k2[6l]À {qt=RTpH>Ui3s]XKLEC�8;IKFHG2_�pWèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOèÒ¸0�
s)@Kx [6RT8(RT_�>
F;>
8Hp�a�C�8�_�C2iB>"X�IKJ2L�F;G2>SÄ][ jW}�}Tv7�SCEJ�FHG2>)Y]jWQÂ¸�ìEì�y�p;PBp;FH>
_�@ èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè�vux
s)@é}/êuCEJ2>Op;^u>U<(I�´§<
RbF;IKC�J2p�a�C�8WFHG2>SÄ][�jW}�}bv8�h@ÅèOèSèOèZè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè�vux
s)@é¸/kB>">
��^=Rb8�Rb_�>
FH>
8;p�a�CE8W_�C2iB>
XKIKJ2LSFHG2>SÄ][�jW}�}bv8�h@Éè�èZèOèOèSèOèOèSèOèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè�vB}
s)@ v µ�o�>"8;G2>UREi
iB>
XfR|PBp9a�C�8W_�C�i�>
XKI�JhLSF;G2>SÄ�[ÉjW}E}Tv7�SCEJ�FHG2>SY]jWQ¬¸Eì�ì�y�p;PBpHF;>
_�@=èSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè�vB¸
s)@éì sOi2iBIKF;IKC�JuRTXuªW8;IKF;>OCTo�>"8;G2>UREi
iB>
XfR|PBp9a�C�8W_�C�i�>
XKI�JhLSF;G2>SÄ�[ÉjW}E}Tv7�2@OèOèZè�èZèOèSèOèOèOèSèOèOèSèOèZèOèSèOèOèSèOèOè�vB¸

IKo



9 
8:9���<;*=?>]�u��@A;B:

\�I�pH��pH:2t2p;PBpHF;>
_�pZ_�:hp;F�t=>�<
RT8H>(a�:2XKXKP�_3RTJ=RbL�>Ui�F;C�<(CE_�^u>
J2p(RTF;>na�C�8�F;G2>SLE8;CTªWIKJ2L,^=>"8qa�CE8;_�RbJ=<(>)i�I�pH^=RT8HIKFqP�tu>
Fqª >">
J�^h8;CT{
<(>
pHp;IKJ2L
RTJui�pHF;CE8�RTLE>)<(CE_�^uC�J2>
JBFHpU@W\�I�pH��ª�C�8H�`XKCBR�iBpWRT8H>SCTa�FH>
J�<HG=Rb8�R�<eF;>
8HI�³">Ui
tBP3IKJBF;>
J2pH>St2:28Hp;FHpZCba R�<(FHI�oBIKFqPBM2<(8;>URbF;IKJ2L�X�CEJ2L
�E:2>
:2>"p]CTa$^u>
J=i�I�JhL�8;>U�E:2>
pHF;p�C r~<
YW:=wEõ2MBQW:2>"_�z�¸ED;@©A�G2>
J�p;:=<HG
�E:2>
:2>"pZiB>
oE>
XKC�^$MBFHG2>SiBIKp;��p(<;Gh>UiB:2XK>
8�I�p�8;>"p;^uC�J2pHI�thX�>�a�CE8Ãi�P�{
J=Rb_�If<
RTXKXKPSCE8�iB>
8HIKJ2L)FHG2>O^=>"J=iBIKJ2L�8;>|��:h>
p;FHp]F;C�i�>U<(8;>|RTp;>�p;>
8Ho`If<(>�F;IK_�>
p|@$s¬pHIKL�J2I�´§<
RbJBF ^uC�8HF;IKC�J�CTag8H>U�E:2>
pHF]p;>"8;oBIf<(>SF;IK_�>W_�R|P
<(CEJ2p;IKp;FWCbag_�>U<HG=RTJ2If<
RbX=^uC�pHIKF;IKC�J2IKJ2L�iB>
XfR|PBpUMBªWGhI�<HG3RT8;>OG2IKLEG2XKP�iB>
^u>
J=iB>
JBF�C�J�FHG2>S8H>
XfRTF;IKoE>]^uC�p;IKFHI�CEJ2p�CTagFHG2>Oo�RT8HI�CE:2p�8;>U�E:2>
pHF
t2XKC2<H�`pORTJ=i~F;Gh>«<(:h8;8;>"J`FSiBIKpH��RT8H_ ^uC�pHI�FHIKC�J$@O7&P~F�RT�BIKJ2L�IKJBF;C3R�<
<(CE:2JBFOF;G2>,o�RT8HI�CE:2p]iB>
XfR|PBpSRTpHp;C2<(IfRTFH>Ui
ªWIKFHG�iBIKp;�
R�<"<(>
p;pH>
pUM
R~p�<HG2>UiB:hX�>"8�<
RTJ�^28HC�i�:=<(>
R
8H>U�E:2>
pHF�p;F;8H>URT_ F;GuRTF,_�IKJ2IK_�IK³
>
pOF;G2>3FHC�F�RbX ^uC�pHIKF;IKC�J2IKJ2L~CTo�>
8HG2>UR�iÔt2:2F,^28;CToBIfiB>
p�8H>URTpHC�J=Rbt2XK>
8;>"p;^uC�J2pH>)FHI�_�>
p9a�C�8�IKJ=iBIKoBI�i�:=RTXu8;>U�E:2>"p;F;p|@

µ�o�>
8�F;G2>W^uRTp;F�}�ì�P�>URb8;p|M`ROo�Rb8;IK>
FqPSCba§p(<HG2>UiB:2XKIKJ2L)RbXKL�C�8HIKF;G2_�p�G=R|o�>�t=>">
J�^28HC�^uC�pH>Ui�RbJ=iSIK_�^2XK>
_�>
JBFH>UiOIKJ)tuC�FHG�R�<
REiB>
_�I�R
RTJuiSIKJ=iB:hp;F;8HP`@©lWG2>
IK8&8H>
XfRTFHI�oE> _�>
8;IKF6IKp&iB>
^u>
J=iB>
JBF�C�J,F;G2>�>(¢=R�<(F9ª CE8;�BXKC`R�inCTa$iBIKp;�S8H>U�E:2>
p;FHpUMBFHG2>]p(<;Gh>UiB:2XK>
8�F p�<(C�_�^2:2F�RbF;IKC�JuRTX
8;>"p;C�:h8�<(>
p|MZRbJ=i�F;G2>�R|o�RTIKXfRTt2XK>��BJ2CTªWXK>UiBLE>�CbaniBIKpH�ÉiB8HI�oE>�<(CEJB´=L�:h8�RTFHIKC�JÉRbJ=i�<(:28H8;>
JBF3p;F(RTF;:hpU@¬r3C�pHF�^28;>"o`IKCE:2p�p;FH:=iBIK>
p3CTa
p�<HG2>|iB:2XKIKJ2L�RbX�LEC�8HI�FHG2_�p�:2pH>)pHI�_�^2XKIKp;F;If<OiBIKp;�3_�C�i�>
XKpUM2XfRE<;�BIKJ2L�pH>
o�>
8(RTX&IK_�^=CE8;F�RbJBF&a�>|RTF;:h8;>
pS^h8;>
pH>
JBFSIKJ�_�C2iB>
8;J�iBIKp;�
iB8;IKoE>
pU@
µ�JB{qt=CBRT8�i�XKC�LEI�<©G=Rbp6>(¢2^=RTJ=i�>Ui�MT>
JuRTt2XKIKJ2LZR�G2IKL�GB{qXK>
o�>"X`IKJBF;>"8qa£RE<(> FHC]G2IfiB>�F;Gh> FHG2> _3RT^2^hI�JhLWCTa2XKC�L�If<
RbX`i2RbF�R�t2XKC2<H�`p©F;C�^2GBP`pHIf<
RTX
_�>|iBIfR2M�RbJ=i�<(CEJ2p;>|��:h>
JBF;XKP�_3RT��>�F;GhI�p�IKJBa�CE8;_�RbF;IKC�J�:2J=R|o�RTIKXfRTthX�>�F;C�RTJBP,>(¢2F;>
8HJ=RTX©p�<HG2>Ui�:2XKI�JhL)>
JBFHI�FqPB@6kB_�RbX�XBpH^=>
>|iE{£_3RTF(<;GhI�JhL
t2:B¦�>
8Hp]G=R|oE>]tu>
>
J
8H>
^2XfR�<(>|i3ªWIKF;G�XfRb8;L�>�^28;>ea�>
F�<HG2IKJ2L3<
R�<HG2>"pU@&°qJ3FHG2IKp 8H>
^=CE8;F|M=ª�>]IKJBo�>"p;F;IKLBRTF;>OG2CTª F;G2>
pH>Oa�>URbF;:28H>
pZR�¦§>|<(FWF;G2>
^u>
8qa�CE8;_3RTJ=<(>OCbago�RT8HIKC�:2pWiBIKp;��p�<HG2>UiB:hX�IKJ2L�RbXKL�C�8HIKF;G2_�pU@

[68;>"o`IKCE:2p;XKP
^2:ht2XKI�pHG2>Ui~ª CE8;�3G=RbpZtu>
>
JDXKIK_�IKFH>Ui�F;C�pHPBJ`FHG2>
FHI�<,ª�C�8H�BX�CBR�iBp|@Sr3C�pHFOCTa FHG2>
p;>�pHF;:=i�I�>"p)RTpHp;:2_�>)FHG=RTF�8;>U�E:2>
pHF
p;F(RT8HF;IKJ2L�X�C2<
RbF;IKC�Jhp)RT8H>�:2J2I�a�CE8;_�X�P�iBIKp;F;8HIKt2:2F;>|iDCTo�>"8)FHG2>�>
JBFHI�8H>
iBIKp;��@�A�G2IKXK>�_�:=<HG±<
RTJ�t=>�X�>|RT8;Jh>UiD:2pHIKJ2L�pH:=<HGG�H�T�u�I�6J
ª�C�8;�BXKC`REiBpUM©F;Gh>�o�RTXKIfiBIKFqP3CTa]FHG2>�8H>
p;:2XKFHp)8H>
_�RbI�JhpSIKJ �E:2>
pHF;IKC�J�:2JBF;IKX&oE>
8;I�´=>UiÔ:2p;IKJ2L~_�C�8H>LK;8H>URTXKIKp;FHI�<5M
ª CE8;�BXKC`REiBpU@�AD>�:2p;>
8�RbJ=iBCE_¬ª CE8;�BXKC`R�i�p�F;CZRbXKX�CTª~a�CE8g<(CE_�^=Rb8;IKp;CEJ]ªWIKF;GS^h8;>
oBIKC�:2p6ª�C�8H�§M|t2:hF$_�CEp;F©CTa2C�:28©>(¢2^=>"8;IK_�>
JBFHpg:hp;>�>(¢2F;>
J2pHIKo�>�F;8�RE<(>
p&F(RT�E>
J
a�8HC�_ýo�Rb8;IKC�:hp&8;>URbX�{£ª�C�8HX�i�p;PBpHF;>
_�pU@6lWG2>�F;8�RE<(>
pWRTJ=i,pHPBJ`FHG2>
FHI�<�ª CE8;�BXKC`REiBp RT8H>W:2p;>|i�F;C,iB8;IKo�>OR�o�>
8HP�iB>
F�RbIKX�>|i�M�ª�>
XKX�{£o�RbXKI�ihRTF;>|i
iBIKp;��p;IK_�:2XfRTFHC�8|@

À2CE8W8�RbJ=iBC�_ ª�C�8;�BXKC`REiBpUMBCE:28W8;>"p;:2XKF;pS<(CE8;8H>
XfRTF;>�ª >
XKX©ªWI�FHG3^28;>
oBIKC�:hpWp;F;:uiBIK>
pU@�s]XKLEC�8;IKFHG2_�p�F;G=RbF]RTFHF;>
_�^2FWF;C�8H>UiB:=<(>,p;>">
�
iB>
XfR|PBp,I�_�^28;CToE>�^=>"8qa�CE8;_�RbJ=<(>�a�CE8«RbX�X�t2:2F�FHG2>3XKI�LEGBF;>
pHF�ª CE8;�BXKC`R�i�pU@Ds�X�LEC�8HI�FHG2_�p�F;G=RbF)F(RT8;LE>
F�tuC�F;G�pH>
>
��RTJ=iÔ8;CEF�RTFHIKC�J=RbX
XfRTFH>
J=<(P38;>|iB:=<(FHI�CEJ
^28HCTo`IfiB>�>
o�>
J~G2IKL�G2>
8�XK>
o�>
XKp�CTa&^=>"8qa�CE8;_�RbJ=<(>�@�°qJ¡REi2iBIKF;IKCEJ$M2ª�>Sp;GhCTªÒFHG=RTF�X�IKFHF;XK>Ot=>
Jh>(´=FOIKp]C�thF�RTIKJ2>|i�tBP
IKJ=<(CE8;^uC�8�RbF;IKJ2LOa¤:2XKX2XKC�L�If<
RbX�{£FHCT{q^2GBP`pHIf<
RTXE_�RT^h^2IKJ2L�p©I�JBFHCSp;>
>"��{q8;>|iB:=<(IKJ2L�p(<;Gh>UiB:2XKIKJ2L)RbX�LEC�8HI�FHG2_�p|@�k2<HG2>UiB:2XKIKJ2LStuRTp;>|i�^2:28H>
XKP)CEJ
XKC�LEI�<"RTXut2XKC�<H��J`:h_�t=>
8Hp&aqRTXKXKp XK>
pHp]F;GuRTJ�}E²Åtu>
G2IKJ=i�a�:hX�X�{q_�Rb^)p(<;Gh>UiB:2XKIKJ2L,a�CE8ÃRbX�X�pH>
>
�E{q8;>UiB:u<(IKJ2L�RbX�LEC�8HI�FHG2_�p9>(¢=RT_�IKJ2>|i�@

A�IKF;GOF;Gh> 8H>URTX�{qª CE8;XfiWFH8�R�<e>
pUMEª >9p;G2CTª�F;G=RbF�a�:hX�XTXKCEL�If<
RTX�{qF;Cb{£^2GBPBp;If<
RbXU_3RT^2^hI�JhL IKJBa�CE8;_3RTF;IKCEJ]iBCB>
p$J2CEF$^28HCToBI�i�>dR�pHIKL�J2I�´§<
RbJBF
^u>
8qa�CE8;_3RTJ=<(>3R�iBo�RbJBF�RTLE>,a�C�8,p;>">
�E{£8H>UiB:=<(IKJ2L�RTXKL�CE8;IKF;Gh_�p,®�_3RTF�<HG2IKJ2L3FHG2>38;>
pH:2XKF;p,a�CE8)8(RTJ=iBCE_ ª CE8;�BXKC`R�i�p�¯
@DÄ�CTª >
oE>
8UM9F;G2>
8;>"X�RbF;IKo�>O_�>
8;IKFWCTa&FHG2>So�RT8HIKC�:2pWRTXKL�CE8;IKF;Gh_�p�I�p]�E:2IKFH>ni�I ¦�>
8H>
JBF]a¤8;C�_ÆF;G=RbF]C�thp;>
8Ho�>Ui¡a�C�8W8(RTJ=i�C�_ ª CE8;�BXKC`R�i�pU@&lWGh>ZpHIKL�J2I�´§<
RbJBF
p;>|��:h>
JBF;IfRTXKIKFqP
RTJ=i3XKC2<
RbX�IKFqP�F;G=RbFZ<HG=RT8(R�<(FH>
8;IK³
>�_�C�pHF]CTa&FHG2>)FH8�RE<(>
p)<
Rb:2p;>,F;Gh>)CEJB{£tuC`Rb8�i�Mu^28H>(a�>
F(<HG2IKJ2L
iBIKp;�
<
R�<HG2>�FHC�^2XfR|P3R
_�REN(C�8W8HC�XK>�@�k2<HG2>UiB:hX�IKJ2L
RbX�LEC�8HI�FHG2_�pWFHG=RTFO:2FHIKX�IK³
>,F;Gh>�<
R�<HG2>�>(¦�>U<(FHIKo�>
XKPDR�<HG2IK>
o�>,G2IKL�Gh>
8O^=>
8�a�C�8H_�RbJ=<(>�@,lWG2>�<(P2<(XKIf<
RbXgp(<
RTJ
RTXKLEC�8;IKFHG2_ý®qj9{�?©µOµZ¶O¯"M�ªWG2If<HG�RTXKªÃR|PBp©p�<HG2>UiB:hX�>"p 8H>U�E:2>
p;FHp IKJ,XKC�L�If<
RbXKX�P]Rbp�<(>"J=iBIKJ2LSCE8�iB>
8|M�LE>
J2>
8(RTXKXKPSC�:hF;^u>
8qa�CE8;_�p$C�FHG2>
8&pH>
>
�E{
8;>|iB:=<(IKJ2L)RbXKL�C�8HIKF;G2_�pU@us]XKL�CE8;IKF;Gh_�p�F;GuRTF68;>Ui�:=<(>]tuC�FHG�p;>
>"�«RbJ=iS8HC�F(RTF;IKCEJ=RTXBXfRTFH>
J=<(P�iB>
XfR|PBp&RTF;F(RTIKJS>
oE>
J�G2IKL�Gh>
8&^u>
8qa�CE8;_3RTJ=<(>EM
^28HCTo`IfiB>|i�FHG2>
P�>(¢2^2XKI�<eI�FHXKP�8;>U<(CEL�J2IK³
>,RTJ=i�>(¢2^2XKC�IKF�F;G2>O^28H>(a�>
F(<HG2IKJ2L�<
RE<HG2>�@

kB>U<(FHIKC�J�}DiB>
p(<(8;IKtu>
p�pHC�_�>�CTaOF;G2>�a�>URbF;:28H>
p�CbaZ_�C�i�>
8;J�iBIKp;�±iB8HI�oE>
p�RTJuiDG2CTª F;G2>"PÉ<
RbJ R�¦§>|<(F�p�<HG2>Ui�:2XKI�JhL±R�<
<(:h8�R�<eP`@
kB>U<eF;IKC�JÒ¸Di�I�p(<(:2pHp;>
p
^h8;>
oBIKC�:2p�p�<HG2>Ui�:2XKI�JhLÉRTXKLEC�8;IKFHG2_/8;>"p;>URb8�<HG$@¿kB>U<(FHI�CEJ�v±iB>
p(<(8;IKtu>
p
CE:28�_�>
FHG2C2iBC�XKCEL�PBM6I�Ju<(XK:=iBIKJ2LDC�:h8

x



o�RTXKIfi2RbF;IKC�J,>(¦�C�8;FHpZRbJ=i�FHG2>OC�8;IKLEI�Jhp CbagF;Gh>ZpHI�¢�F;8�RE<(>
p|@ kB>U<eF;IKC�J2pOì)RbJ=i�õ�^28H>
p;>
JBF�C�:28W8H>
p;:2XKFHpW:2p;IKJ2L�8(RTJ=iBCE_¿ª CE8;�BXKC`R�i�pÃRbJ=i
F;8(R�<(>"pUMu8;>
pH^=>|<(F;IKo�>"X�PB@ k�>U<(F;IKCEJO�,pH:2_�_3RT8HI�³">
p&F;GhI�pW8H>
^uC�8;FORTJ=i�pH:2L�LE>
p;FHp]p;CE_�>OR|o�>
JB:2>
p�a¤C�8�a�:2FH:28;>O8H>
p;>URb8�<HG$@

P Q ;*=?R©��:TSU@;�7VWS���@,XYR$�

s iBIKpH�¡i�8;IKo�>)<eC�JBF�RbI�JhpZR,p;>"FZCba&8�RT^hI�i�X�P�8;CEF�RTFHIKJ2L�^2XfRTFHF;>
8Hp)®¤C�J�R�<eC�_�_�C�J�R�¢�IKp(¯]<(CBRTF;>|i3C�J
tuC�FHG
p;IfiB>"pZªWIKFHG�_3RTLEJ2>
F;If<
_�>|iBIfRS®¤p;>
>�´=LE:28;>Sx|¯
@&\ORTF(ROt2XKC2<H�`p�RT8;>�ªW8;IKF;FH>
J�IKJ�<(IK8(<(:2XfRT8 Ø|ÙTø=Ý|å$ä C�J�>URE<;G ä
Ü6Ù�Z;ø=Ýbâ @�lWG2>]_�IKJ2IK_):2_Â:2J2IKF�CTa$i2RTF(RSpHF;CE8�RTLE>
IKp$:2pH:=RTXKXKPSR ä"â2ÝTØ|Ú=Ù M"ªWG2If<;G�FqP`^hI�<"RTXKXKP]G2CEX�i�pgì2x|}WtBPBF;>
p6Cba§i2RTF(RW^2XK:2p©p;CE_�>6G2>UREiB>
8�ÁbF;8(RTIKXK>
86I�J�a�C�8H_�RTFHIKC�JS®¤>�@ L=@KM|>
8;8HC�8&<(CE8;8;>|<(F;IKC�J
i2RbF�R�¯"@]s ÝT÷�ð¤Þ�×&Û©âBÙ IKpZR�p;>
FOCTa�F;8�RE<H�`p�®�CEJ2>Sa¤8;C�_ >URE<;G�p;:h8qa£RE<(>U¯O>U�E:2IfiBIKpHF�RTJBF�a�8;CE_ FHG2>«<e>
JBF;>
8SCba&F;G2>�iBIKp;��@OÀ2CE8]>(¢=RT_�^2XK>�M
F;Gh>SIKJ2J2>
8H_�C�pHFÃ<eP`XKIKJ=iB>"8Z<(CEJ`F(RTIKJ2pWFHG2>SIKJ2J2>
8H_�CEp;F�F;8�RE<H��Cbag>URE<HG
p;:28�a£R�<e>�@�lWG2>
8;>ea�C�8H>�M�R,^2GBP`pHIf<
RTX©X�C2<
RbF;IKC�J�IKpZiB>(´uJ2>Ui3tBP�IKFHp
<(PBXKIKJ=iB>
8|M6p;:28�a£R�<(>EM&RTJ=i�pH>U<(F;CE8U@~lWG2>�iBIKp;�DRT8H_ GhC�XfiBpSR3p;>"F)CbaÃ8H>UR�i2ÁbªW8;IKF;>�G2>UREiBp)FHG=RTF,<
RTJDtu>�^uC�pHI�FHIKC�J2>Ui�FHC�R�<"<(>
p;p�RTJBP
<(PBXKIKJ=iB>
8|@)lWGh>�G2>UR�i�pnRb8;>�LBRTJ2LE>Ui
FHC�LE>
F;G2>"8Sp;:=<HGDFHG=RTFSR�L�IKo�>"J iBIKpH��RT8H_+^=CEp;IKF;IKC�JD<(CE8;8;>"p;^uC�J=iBp,F;C
R�p;^u>U<(I�´§<�<eP`XKIKJ=iB>"8SCTa
i2RbF�R2@6°qJ3_�C�p;F�iB8;IKo�>"p]C�JhX�P�CEJ2>O8;>UREi2ÁTªW8HIKF;>OG2>UREi�IKp]RE<(F;IKo�>SRbF]RTJBP�L�IKo�>"J�FHIK_�>�@

À©IKL�:28H>«xE­&\�I�pH��\�8;IKoE>]°qJBF;>
8HJ=RTXKp

QW>U�E:2>"p;F;p,p;>"8;oBIf<(>Ui�tBP
F;Gh>�iBIKp;��iB8HIKo�>,_�R|P�pH:B¦�>
8SC�Jh>�C�8O_�CE8;>S_�>U<HG=RTJ2If<
RbXgiB>"X�R|PBp|@«À©IK8;pHFUM�FHG2>�iBIKp;��RT8;_�_�:2p;F�_�CToE>
® ä"âBâBå ¯�F;C,F;G2>SF(RT8HL�>
F]<(PBXKIKJ=iB>
8|@&kB>U<(CEJ=i�M ÙTÚ=Ø|ø2Ø|Þ�Úu×6ø2ð6ð�ø2Ø|âB×&ÝT÷ IKpWI�Ju<(:28;8H>Ui3ªWG2IKXK>]ªWRTIKFHI�JhLOa�C�8WFHG2>OF�Rb8;L�>"FWp;>U<(FHC�8HpZFHC)8HC�F(RTF;>
IKJBF;C,^=CEp;IKF;IKC�J3:2JuiB>
8WF;Gh>S8;>UREi2ÁTªW8HIKF;>OG2>UREi�@&s�a�F;>
8�F;G2>"p;>)iB>"X�R|PBp|MBF;G2>)ihRTF�R,FH8�RbJ2pqa�>"8]tu>
L�IKJ2p|@6sZi2iBIKFHI�CEJ=RTX�_�>U<HG=RTJhI�<"RTX�iB>
XfR|PBp
8;>"p;:2XKF]I�a6_�:2XKF;IK^2XK> FH8�RE<;�Bp�C�8]<(PBXKIKJ=iB>
8HpW_�:2p;F�t=>,R�<
<(>"p;p;>|i�@
j�:28;8H>
JBF
iBIKp;��iB8;IKoE>�IK_�^2XK>
_�>
JBF(RTF;IKCEJ2pSG=R|oE>
p;>
oE>
8�RbX�a�>URTFH:28;>"p�FHG=RTF3<
RTJÂiBIK8;>U<(FHXKP R�¦§>|<(F�FHG2> RE<
<(:28(R�<(P CTaSp�<HG2>Ui�:2XKI�JhL

RTXKLEC�8;IKFHG2_�p|@«k�C�_�>�a�>URbF;:28H>
p�RT8;>�F;G2>�8;>
pH:2XKFSCTa]>e¦§CE8;F;p,F;C~_�RT�E>«i�I�pH�BpSp;>
X�af{;<(CEJ`F(RTIKJ2>Ui�CE8Sp;>"X a·{£_3RTJ=RbL�>Ui�@�j�X�>"o�>
8S_�>
F;GhC�i�p
CTa]IKJ=<e8;>URbp;IKJ2LDR�iBIKpH� iB8HIKo�>IF p�<
RT^=RE<(IKFqP±RTJ=i�>e¦§>U<eF;IKo�>3XKI�a�>
F;IK_�>«RbX�pHC
G=R|oE>�R3_3R$N(C�8�I�_�^=R�<eFU@
µ�J2>�LEC`RbX Cba]C�:28,ª CE8;��IKp)FHC
iB>
FH>
8;_�IKJ2>O>(¢=R�<(FHX�P�G2CTª�FHG2>
p;>�a�>URbF;:28H>
p]pHG2C�:hX�i«a£R�<eF;C�8WIKJBF;C,p�<HG2>|iB:2XKIKJ2L�RTXKL�CE8;IKF;Gh_�pU@

}



[]\"^ _L`]a.b1c0deb6f	g0hAiej7f

r3C�pHF)iBIKp;�BpS^uC�pHp;>
pHp)pH:7k�<(IK>
JBFSCEJB{£tuC`Rb8�i�XKC�LEIf<SRTJ=i�^h8;C2<(>
pHp;IKJ2L
^uCTª >"8SF;C
^h8;>
pH>
JBF«R�8;>"X�RbF;IKo�>"X�P�<(XK>URTJDIKJBF;>
8�a£R�<e>�F;C3F;G2>
G2CEp;F�p;PBp;FH>
_�@6kB:=<HG�^h8;C�FHC2<(C�XKpWRTp�F;G2>OkB_�RbX�X2j�CE_�^2:2FH>
8 kBPBpHF;>
_Å°qJBFH>
8qa£RE<(>S®qk2jWkB°;¯�RTJ=i�F;G2>�°qJBF;>
XKXKIKL�>
JBF [©>
8HI�^hG2>
8�RbX�°qJBF;>
8�a£R�<(>
®�°;[d°;¯ZRb8;>�:2pH>Ui~t`P�R�ªWIfiB>,o�RT8HIK>
FqP3CTaÃiBIKpH��iB8;IKoE>�M$R�ihRT^2FH>
8UM$RbJ=i~G2C�pHFZpHPBp;F;>"_ _3RTJB:Ba£RE<(F;:h8;>
8HpU@OlWG2>�G2CEp;FOC�8OIKJBF;>
8H_�>Ui�I�RbF;>
<(CEJ`FH8;CEX�XK>
8,^28H>
p;>
JBFHp�R~8;>U�E:2>
pHF�FHC�FHG2>
iBIKp;�DiB8;IKo�>3IKJDF;>"8;_�p,CTaOF;G2>�p;F(RT8;FHIKJ2L ð�ÚuñuÞ£Ýbø2ðmlgð¤Ú$Ý|å¬×$Ü6ónl&âBÙ ®q?$7�Y]¯�RTJuiDF;CEF�RbX
8;>|��:h>
p;FOp;IK³
>E@ lWGh>ni�>
F�RbI�XKpWCbadFHG2>SpH:2t2p;>|��:h>
JBFZ_�>UiBIfRSRE<
<(>
pHpnRb8;>SFqPB^2If<
RbXKX�P�GhI�ihiB>
J�a�8;CE_ÅF;Gh>SG2C�pHFU@9lWG2IKpZRT^h^28;CBR�<HG3C6o�C`REiBp
_�CEp;F�CTaWF;G2>�_3RTJ=RbL�>
_�>
JBFWCTo�>
8HG2>UR�i�RTpHp;C2<(IfRTFH>Ui�ªWIKF;G�F;G2>�RE<(F;:uRTX i2RbF�R�p;FHC�8(RTL�>,a¤8;C�_�F;G2>�GhC�p;FOCE8)<(C�JBFH8;C�XKXK>
8OF;C3FHG2>�iBIKp;�
iB8HI�oE>O>
XK>U<(F;8HC�J2If<(p|@Wµ]J~F;G2>OC�FHG2>
8�G=RTJ=i M2p�<HG2>|iB:2XKIKJ2L�>
JBF;IKF;IK>
pWCE:2F;pHIfiB>SCTa6F;G2>,iB8;IKo�>OIKF;pH>
X�a&CTa�FH>
J3G=R|o�>OXKIKF;F;XK>�C�8WJ2C��BJ2CTªWXK>UiBLE>
CTa&FHG2>)i2RbF�R�XfR|PEC�:2F�C�J3F;Gh>)_�>UiBIfR2MEF;G2>,p;F(RTFH:2p]Cba9RbJBP�C�J�{£tuC`Rb8�i3iBIKp;�
<
RE<;Gh>�M�RTJ=i3FHG2>So�Rb8;IKC�:2pWCToE>
8;Gh>UR�i
i�>
XfR|P`p]Rbp;pHC�<eI�RbF;>Ui
ªWIKF;G3>URE<;G38H>U�E:2>
p;F|@

[]\p[ qnirb6itsui�vw`Bxwb

r
RTJBPOp;PBpHF;>
_�pg:hp;>Wp;IK_�^2XK>d?©7 YÃ{£tuRTp;>|i)Rb^2^28;C|¢2IK_�RbF;IKC�Jhp=Cba=p;>
>"��{q8;>|iB:=<(IKJ2L)RbXKL�C�8HIKF;G2_�pU@�?$7�Y�{qt=RTpH>Ui�p�<HG2>UiB:hX�IKJ2LO8H>
XKI�>"pgCEJ
G2IKL�GhX�P�pH>U�E:2>
JBF;IfRbXgXKCEL�If<
RTX�thX�C2<H��FHC�^2GBPBp;If<
RTX©t2XKC2<;��®q?$7�Y�{qF;CT{;[&7�Y]¯�_�RT^h^2IKJ2L�p|@&r3C�8H>)RTLEL�8;>"p;p;IKoE>)RTXKL�CE8;IKF;Gh_�p&_3R|P�8;>U�E:2IK8;>
R�<"<(:28�RbF;>,�BJ2CTªWXK>UiBL�>OCbadFHG2>)i2RbF�R,XfR|P�CE:2FU@6s�p]_�>
JBF;IKC�J2>|i�Rbt=CToE>�MBp;:u<;G�_�Rb^2^2IKJ2LEp&_�R|P�tu>S:2J=R|o�RbIKX�Rbt2XK>WC�8�o�>
8HP�iBIyk�<(:2XKFWFHC
C�thF�RTIKJ$@�lWG2>3<(C�_�^2XK>(¢2I�FqP3Cba�?©7 YÃ{£FHCT{;[&7 YÆ_�Rb^2^2IKJ2LEp]IKpSIKJ=<(8H>URTpH>Ui�t`P�³
CEJ2>UiD8H>U<(CE8�iBIKJ2LuM$FH8�R�<H�±RbJ=iD<(PBXKI�JuiB>
8SpH��>
ªSM&RbJ=i
iB>(a¤>U<(F]_3RTJ=RbL�>
_�>
JBF6p�<HG2>
_�>
pU@

[]\p[w\"^ z*`Bdwf	{}|1frj7`wg8{�~,d]�

l6C)IKJ=<(8H>URTpH>SiBIKp;��iB8HI�oE>Z<
Rb^=R�<eI�FqP,^u>
8W:2J2IKF�o�C�XK:2_�>�MT_�C�p;F9_�C2iB>
8HJ�iB8;IKo�>"p ^=Rb8;FHI�FHIKC�J�FHG2>
IK8�p;>
FWCbag<(PBX�IKJ=i�>
8;pWIKJBF;CS_�:hX�FHIK^2XK>
� Úu×6â2ä @�lWG2>
JB:2_�tu>
8,CTaZpH>U<(FHC�8;p3^u>
8�F;8(R�<H�±IKJ=<e8;>URbp;>
p3ªWIKF;G�F;G2>
8(R�iBIK:2p�CbaZFHG2>
F;8(R�<H�Bp�IKJ±F;Gh>
³
C�Jh>�@ÒÀhC�8,>(¢=RT_�^2XK>�M6F;G2>
C�:hF;>
8H_�C�pHFS³
CEJ2>�_3R|P�GuR|o�>�FqªWIf<(>�RbpS_�RbJBP
p;>U<eF;C�8Hp�^=>"8)FH8�R�<H�±RbpSF;G2>�IKJ2J2>
8H_�C�pHFO³
C�J2>E@
A�IKF;GhI�JD>|R�<HGD³
C�Jh>�M R3pH:2t2pH>
F�CTa
<(PBXKIKJ=iB>
8HpO®�C�8�F;8(R�<H�BpWC�8�p;>U<eF;C�8Hp�¯�_�R|P,t=>O8;>"p;>
8Ho�>Ui�a¤C�8�_�RTJuRTL�>"_�>
JBF$^h:28;^uC�pH>
pS®¤p;>
>SpH>U<(FHI�CEJ
}2@é}2@é¸�¯"@�A�IKF;GhC�:2F��BJ2CTªWXK>UiBL�>�CTa
F;Gh>Z³"C�J2>Op;^u>U<(I�´§<"RTF;IKCEJ2pZRbJ=i�FHG2>OX�C2<
RbF;IKC�Jhp CbadRTJBP�8H>
p;>
8Ho�>Ui~8;>"L�IKC�J2p�ªWIKF;G2IKJ�>UR�<HG3³
C�Jh>�M=R�p�<HG2>Ui�:2XK>
8Z<
RbJ2J2CEF]iB>
F;>"8;_�IKJ2>�F;G2>
^2GBPBp;If<
RbX�X�C2<
RbF;IKC�J�CTa R�L�IKo�>
J3XKC�LEIf<
RTXut2XKC2<;��@

[]\p[w\p[ �mg0iej8�UiwdB{W��vY��~,dB{Bfrg����(f3�

NOIKo�>
J3FHG=RTF]R,^uC�pHI�FHIKC�J2IKJ2L�iB>
XfR|P�IKpWIKJ=<(:h8;8;>|i
ªWG2>"J�pHªWIKF�<HG2IKJ2L�G2>UREiBp]CE8]pH>
>
�BIKJ2L�tu>
Fqª�>
>
J�REi$N
R�<e>
JBFZ<(PBXKIKJ=iB>
8HpUM2FHG2>O´=8Hp;F
XKC�LEI�<"RTX�t2XKC2<H��CTa&>URE<HG
F;8(R�<H�3C�8Z<eP`XKIKJ=iB>"8]IKpWL�>
Jh>
8�RbX�XKP3CT¦�p;>"FS® ä"åuâ8��â�Û ¯9a�8HC�_ F;G2>�´=8Hp;F]XKCEL�If<
RTX�thX�C2<H��Cba&F;G2>,^28;>"o`IKCE:2p]FH8�R�<H�
C�8S<(PBXKIKJ=iB>
8|@OlWGB:2pSR�8;>|��:h>
p;FSFHG=RTFS<(8HC�pHp;>
p)R�F;8(R�<H�
C�8S<(PBXKIKJ=iB>
8�t=CE:2J=i2Rb8;P�i�C`>"pZJhC�FOp;:B¦�>
8S:hJ2J2>U<(>"p;p�Rb8;P�8;CEF�RTFHIKC�J=RbXgiB>
XfR|P
iB:2>,F;C�K�N(:hp;FO_�IKp;pHIKJ2LIM,F;G2>,J2>(¢2FOXKC�LEI�<"RTX$thX�C2<H�
RTJ=i~ªWRTIKF;IKJ2L�RbX�_�C�pHFÃR�a�:2XKX©8;C�F(RTFHI�CEJ3a�CE8]IKF]FHC�<(CE_�>)Rb8;C�:hJ=i�RbL`RbI�J©@Wl68�R�<H�
RTJui�<eP`XKIKJ=iB>"8Wp;��>"ªWpZRT8H>OCTa�FH>
J3p;^u>U<(I�´=>Ui
Rbp]RTJ3IKJBF;>
LE8�RTX�JB:2_�tu>
8�CTa6p;>U<(FHC�8HpnRbJ=i�_�R|P,F;G2>"8;>(a�CE8;>)i�I ¦�>
8�a�8HC�_ ³
C�Jh>ZFHC�³
C�Jh>�@

[]\p[w\�� qnf3h�frj7b���iwdwir�ef(��f(deb

\�I�pH��iB8HI�oE>
pSRT8H>�iB>
p;IKLEJ2>Ui�F;C3pH:28;oBIKo�>,F;G2>�XKCEp;pOCTaWGB:2J=iB8H>UiBpSCbaÃpH>U<(F;CE8;p,C�8OF;8(R�<H�BpOF;C3_�>Ui�I�R�<(C�8H8;:2^hF;IKC�J$@,°qJ~a£R�<eFUM©J2>
ª
iB8HI�oE>
p&:2pH:=RTXKXKP)<(CEJBF�RTIKJ�ROXKIKp;F6CTa$iB>(a�>|<(F;p�IfiB>
JBF;I�´=>Ui�RbF&F;Gh>�a£R�<(FHC�8HP`@6\�>(a�>U<(FHp ñuÙTÚ��,× iB:28;IKJ2L�F;G2>]<(CE:28;pH>]Cba§FHG2>ZiBIKpH�	F p6XKI�a�>
F;IK_�>

¸



RT8H>�R�i2i�>Ui�F;C
FHG2IKpSXKIKp;FU@�?$7�Y�{qF;CT{;[&7�YÅ_3RT^2^hI�JhL�p]RT8H>�REi$N(:2pHF;>Ui�pHC
F;G=RbF)iB>(a¤>U<(F;IKoE>�RT8;>|RTp�RT8;>�JhC�FO:2p;>|i�a�CE8)i2RTF(R�p;F;CE8�RbL�>�@
kB:=<HG
R�iEN(:2p;FH_�>
JBFHp�a£RTXKXu:2J=iB>
8�F;G2>S<
RbF;>
LEC�8HI�>"p]CTa ä
ð¤Þp�]�6Þ¤×$ñ RbJ=i ÙTâ`øhð�ð¤Ú$ÝTø2Ø|Þ¤Ú=× @
kB>U<(FHC�8�C�86F;8(R�<H�SpHX�IK^2^hI�JhLZF(RT�E>
p6^2XfR�<(>WªWG2>"J«ROiBIKp;��I�pda�C�8H_�RTFHF;>Ui @�°qJ)FHG2>]<
Rbp;>WCTa�p;>|<(F;CE8&p;XKIK^2^2IKJ2LuMUFHG2>�a�CE8;_�RbF;FHI�JhLW^28;C2<(>
pHp

p;�BIK^2pO>URE<;G±i�>(a�>U<(FHIKo�>�p;>|<(F;CE8)ªWG2>"JDI�JhI�FHIfRTXKIK³
IKJ2L)FHG2>�?$7�Y�{qF;Cb{�[97 Y¿_3RT^2^hI�JhL=@O°¤a]R�i�>(a�>U<(FHIKo�>�p;>|<(F;CE8)IKpOIKJ�FHG2>LK;_�I�ihiBXK>$M�CTa
R�F;8(R�<H��M$FHG2>�_�Rb^2^2IKJ2L�IKp)R�iEN(:2p;FH>Ui�p;C3FHG=RTFSFHG2>�p;>|<(F;CE8;p,I�_�_�>Ui�I�RbF;>
XKP�REi$N
R�<e>
JBFSF;C3F;Gh>�iB>(a�>U<eF;IKo�>�pH>U<(F;CE8)ªWIKXKX6t=>�XKCEL�If<
RTXKXKP
p;>|��:h>
JBF;IfRTXq@©lg8(R�<H�SpHX�IK^2^hI�JhLWa�CEX�XKCTªWp©F;G2>Wp(RT_�>98;C�:hF;IKJ2>�MT>e¢h<e>
^2F�F;G=RbFg>"J`FHIK8;>WF;8(R�<H�Bp RT8H>Wp;�BIK^2^u>UiSI�a�F;G2>"P«<(CEJBF�RTIKJ)RbJBP)iB>(a�>|<(F;IKo�>
_�>|iBIfR2@&c&RE<;G3pHX�IK^2^u>Ui38H>
L�IKCEJ¡<HG=RbJ2L�>"p]F;Gh>S_�Rb^2^2IKJ2LSCbadpH:2t2pH>U�E:2>
JBFOX�CEL�If<
RbX=t2XKC2<H�BpUM28H>UiB:=<eI�JhL�F;Gh>)R�<
<e:28�RE<(P
CTa&R,p�<HG2>Ui�:2XK>
8
F;GuRTF&8H>
XKI�>"p&C�J�pHF�RTFHIf<��`JhCTªWX�>|iBL�>�CTa�F;G2>O<(PBXKI�JuiB>
8 RbJ=i2ÁTCE86F;G2>W8HC�F�RbF;IKC�JuRTX2^uC�pHI�FHIKC�J,CTa�>UR�<HG�t2XKC2<H�§@6c©¢2F;8(ROp;^uR�<(>�I�p68H>
p;>
8Ho�>Ui3RbF
F;Gh>]>
J=i,Cbag<(>
8HF�RTIKJ�FH8�R�<H�BpUM2<eP`XKIKJ=iB>"8;pUMEC�89³
C�J2>"p FHC)<(C�JBF(RTIKJ�F;G2>�p;^2IKXKXKCTo�>
8©a�8HC�_ F;G2>�p;XKIK^2^2IKJ2L]^h8;C2<(>
pHpU@�°¤a§FHG2>
pH> äE�6ø2ÙTâ 8H>
L�IKC�Jhp
RT8H>)CE8;LBRTJ2IK³
>Ui�RTpOR�pH>
FSCTaW<(PBX�IKJ=i�>
8;pSRTF�F;G2>,>
J=i�Cba&>UR�<HGD³
CEJ2>�M�FHG2>)pH>
>
�DiB>
XfR|P3ªWIKX�X©IKJ=<(8;>|RTp;>,ªWG2>
Jh>
o�>
8,R�³"C�J2>,t=CE:2J=i2Rb8;P
_�:2pHF tu>S<(8;CEp;p;>|i�@
QW>URbXKX�C2<
RbF;IKC�JDC2<
<e:28;p�ªWG2>"JÉiB>(a¤>U<(F;IKoE>�pH>U<(FHC�8;p~®�CE8)FH8�R�<H�Bp�¯�Rb8;>3iBIKp�<(CToE>
8;>Ui�iB:h8;IKJ2L�J2C�8H_�RTX�iBIKp;��:2p�RbL�>�@DlWGh>�R|¦�>U<(FH>Ui

?$7�Y�F p]Rb8;>SiBPBJ=RT_�If<
RTXKXKPS8;>"_�RT^h^=>Ui�F;C�pH^=RT8H>Z8H>
L�IKCEJ2pU@6s�J`P�p;:2thp;>U�E:2>
JBFOR�<
<(>"p;p;>"p)RT8H>Z8H>UiBIK8;>|<(F;>Ui~F;C,F;Gh>nRb^2^28HC�^28HI�RbF;>Op;^uRT8;>
p;>|<(F;CE8;pU@�lWG2>SiBIKpH�`pWª�>O>(¢=RT_�I�Jh>Ui�<(CEJBF�RTIKJ2>|i�oE>
8;P�a�>
ª¬iB>(a�>|<(F;p|M=^h8;C2iB:=<(IKJ2L�JhC�J2C�FHI�<e>URTt2XK>O>(¦�>U<(FHpZCEJ�iBIKpH��^u>
8qa�CE8;_3RTJ=<(>E@

[]\�� ��dw�$��`(ieg7{���iej<�]f

lWG2>S:2pH>SCTa&_�>
_�CE8;P,ªWI�FHG2IKJ3>
_�t=>|i2iB>Ui3iBIKp;�
iB8HIKo�>S<(C�JBFH8;C�X©XKC�L�If<�G=RTp�^28;CEL�8;>"p;p;>|i3a�8HC�_ p;_3RTXKXqM�pH^=>
>|iE{£_3RTF(<;GhI�JhL�t2:B¦�>
8;p
F;C
iBPBJ=Rb_�If<
RbX�XKPE{;<(C�JBF;8HC�XKX >|i�<
RE<;Gh>
p«<eC�JBF�RbI�JhI�JhL�_�>"L`RTtBPBF;>"p]CTa�p;F;CE8�RbL�>�@�µ�JB{qt=CBRT8�i�iBIKp;�~X�CEL�If<S<
RbJ Rb:2F;CE_�RbF;If<
RTXKXKP�^28H>(a�>
F(<;G
i2RbF�ROIKJBF;CSFHG2>S<
R�<HG2>�F;C,_�CE8;>W��:hI�<H�BXKP)p(RTFHI�p�a�P,p;>U�E:2>
JBFHI�RbX�8;>UREi�8H>U�E:2>
p;FHpU@WÀhC�8&>(¢=Rb_�^2XK>�M�R,iBIKp;�,_�IKLEG`F6F(RT��>]}EyO_�p9F;C,p;>
8Ho`If<(>
R,8;>|R�i�8;>U�E:2>"p;FOF;G=RbFW8;>U�E:2IK8H>
p]_�>UiBIfRSR�<"<(>
p;p|@�sýp;:ht2p;>U�E:2>"J`F�p;>U�E:2>"J`FHIfRTX$8H>UR�i¡_�IKL�GBF&F(RT��>OCEJ2XKP�},_�p&I�a&F;G2>O8H>U�E:2>
p;FH>Ui�i2RTF(R
t2XKC2<H�`pWGuR|o�>Ot=>">
J
^28H>(a�>
F(<;Gh>Ui3IKJBF;C�F;Gh>ZCEJB{qt=CBRT8�i3iBIKpH��<
R�<HG2>�@
kBC�_�>]iBIKp;�BpWRTXKp;C,p;:2^h^=CE8;FWF;Gh>ZRTthI�XKIKFqP,F;C,p;IKL�J=RbX=8H>U�E:2>
pHF]<(C�_�^2XK>
F;IKC�J�Rbp pHCBC�J�RbpÃRbXKX=ªW8HI�FH>Zi2RbF�R�G=RTp�tu>
>
J3F;8(RTJ2p�a�>
8;8H>Ui3FHC

F;Gh>)<
R�<HG2>,®¤t2:2F]JhC�FWJ2>U<e>
p;p(RT8;IKXKP3F;C,F;G2>,iBIKp;��_�>UiBIfR�¯"@�lWG2>SCEJB{qt=CBRT8�i�XKC�L�If<�F�RT�E>
pZ<"RT8;>OCbad_�CToBI�JhLZFHG2>)i2RbF�Rna�8;CE_ÅF;Gh>)<
R�<HG2>
C�JBFHC�F;G2>S_�>UiBIfRSRbF]p;CE_�>�X�RbF;>
8W^uC�IKJBFU@�YWCEF;>SFHG=RTFWFHG2>
8;>�RT8H>S8;>"X�IfRbt2IKX�IKFqP,IKp;p;:h>
p]FHG=RTF�_�:2p;F�t=>,<(C�J2pHIfiB>
8;>|i
ªWG2>"J�^u>
8�a�C�8H_�IKJ2L
p;:u<;G Z;ø=ä
Ø��,ÙTÞ�Ø|â2ä @
7&P�:2F;IKXKIK³
IKJ2LZR�p;IK_�^2XK>&_�>
_�CE8;PW_3RTJ=RbL�>
_�>
JBF$RTXKL�CE8;IKF;G2_ÂIKJSF;Gh>]<
R�<HG2>]<(CEJBF;8;CEXBX�CEL�If<TMTiBIKp;�Bp6ªWIKF;G,p;Cb{�<
RbXKX�>|i � â`ÙTÚ3�;ð¤ø2Ø|âB×dÝb÷

8;>|R�i3CE8WªW8;IKF;>)<"RT^=Rbt2IKX�IKFqP�<
RbJ
8;>|iB:=<(>,F;G2>"I�8OR|o�>
8(RTLE>Z8H>
p;^uC�Jhp;>,F;IK_�>
pWtBP�F;8�RbJ2pqa¤>
8;8HI�JhL�i2RbF�R,F;C�CE8Wa�8HC�_ F;G2>�_�>UiBIfROIKJ3C�FHG2>
8
F;GuRTJ
À©°;À$µ C�8(iB>
8U@WÀhC�8W>(¢=Rb_�^2XK>�MEI�a9RbJ3>
JBF;IK8;>SFH8�RE<;��CTa i2RbF�R,IKpWF;C�tu>S8;>|R�i�a�8HC�_ÅFHG2>)iBIKpH�§MuR�iBIKp;�3<
RT^=Rbt2XK>OCTa&³
>
8HCT{qX�RbF;>
Ju<(P
8;>|R�iBp�t=>
LEIKJ2pWF;8(RTJ2p�a�>
8;8HIKJ2L�i2RTF(R�a�8;CE_ÅF;Gh>S_�>Ui�I�R�RTpWp;CBCEJ¡Rbp]RTJBP�p;>">
�3C�8WG2>UREi�p;ªWIKF�<HG
iB>
XfR|PBp]RT8H>n<eC�_�^hX�>"F;>�@
î�â`ñuóDâB×$Ø|â2Û iBIKpH�¡<"R�<HG2>
pS<(CEJ`F(RTIKJ
_�:2XKFHI�^hX�>2K(<
R�<HG2>,XKIKJ2>
pUM M�FHC�:2pH>)FHG2>)<(CE_�_�CEJ�^28;C2<(>"p;p;CE8SF;>"8;_�IKJ2CEXKC�L�PB@&°qJ�R�i2iBIKFHI�CEJ$M

p;CE_�>]iBIKpH�`p�>
_�^2XKCTP)RTXKL�CE8;IKF;Gh_�p6F;G=RbF :hp;>OF;G2>�G2IKp;FHC�8;P�Cba$8;>U<e>
JBF]8;>|��:h>
p;FHp]F;C,iBPBJ=RT_�I�<"RTXKXKPZ_�C2iBI�a�PSF;Gh>]JB:2_�tu>
8 Cba$p;>
LE_�>
JBFHp
®£RbJ=i�F;G2>OpH>
L�_�>
JBFWp;IK³
>U¯�I�J3RTJ
RTFHF;>
_�^2F�F;C�IK_�^28HCTo�>]<
RE<HG2>S^u>
8qa�CE8;_3RTJ=<(>E@
lWG2>,>(¢2I�pHF;>
Ju<(>�CbaÃRTJ�C�JB{qtuC`RT8(i
<
RE<;Gh>�R|¦�>U<(F;p�p�<HG2>UiB:hX�IKJ2L
RE<(F;IKoBIKF;IK>
p]IKJ�p;>
oE>
8�RbX&ªWR|P`p|@SÀ©I�8Hp;F|M$I�a&F;G2>�i�I�pH�3I�pS<(CEJB´=LE:28;>Ui

F;C,^28H>(a�>
F(<;G�RTL�LE8;>
pHp;IKo�>"X�PBMBF;Gh>n<e:28;8H>
JBF]^uC�p;IKFHI�CEJ�CbagF;Gh>Z8H>UR�ihÁTªW8;IKFH>SG2>UREi�<"RTJ2J2CEF Jh>U<(>
pHp�RT8HIKX�P3tu>SiB>
F;>"8;_�IKJ2>|i�tBP��BJ2CTªWXK>UiBLE>
CTa&FHG2>)XKC2<
RbF;IKC�J3RTJ=i3XK>
JhL�F;G~CTa&F;G2>�_�C�pHFW8;>U<e>
JBFZ8H>U�E:2>
pHFU@OlWG2>)i�I�pH��ªWIKXKXg<(CEJBF;IKJB:2>S8;>|R�iBIKJ2L�tu>
P�CEJ=i3FHG2>)>"J=i3CTa R�^28;>
oBIKC�:hp
8;>|R�i�8H>U�E:2>
p;F|M]^uC�pHp;IKt2XKP±pHªWIKF�<HG2IKJ2LD8;>|R�i2ÁbªW8;IKF;>
Gh>UR�iBp�C�8�pH>
>
�BIKJ2L±FHCDF;G2>
Jh>(¢2F�<(PBXKIKJ=iB>
8|@ k�>U<(C�Jui�M]<
RE<;Gh>UiÒihRTF�RD<"RTJ�t=>
R�<"<(>
p;pH>Ui�a£Rb8&_�CE8;>W�E:2If<;�BXKP,F;G=RbJ�i2RTF(ROC�t2F(RTIKJ2>Ui«a�8;CE_ýFHG2>ZiBIKpH��_�>UiBIfRh@§Q�>U�E:2>
pHF;pWF;GuRTFW<
RTJ�tu>]p(RTF;IKp�´=>Ui�tBP�FHG2>Z<
RE<HG2>Z<(CE:2Xfi
F;Gh>
8;>(a¤C�8;>3tu>�LEI�oE>
JDG2IKL�Gh>
8S^28HI�CE8;IKFqP�I�J�C�8(iB>
8�FHC
8;>Ui�:=<(>3F;G2>3R|o�>
8(RTLE>�8;>
pH^=CEJ2p;>3F;IK_�>�@�kh<;Gh>UiB:2XKIKJ2L
IKp;pH:2>
p�8H>
XfRTF;>|iDF;C¡a£RTpHF
ªW8;IKFH>
pUMh³
>
8;Cb{£XfRbF;>
J=<eP¡RE<
<(>
pHpUM�RTJui�<"R�<HG2>SpH>
L�_�>
JBF�RTFHIKC�J�Rb8;>OXK>(a�F9a�C�8�a¤:2F;:28H>Sª�C�8;��@

v



[]\%� ���wfrg��wf3ie{GiwdB{���`waI~ bI~�`¡d�~,dw�tqnfr��i3vYa

lWG2>
8H>�RT8H>)pH>
o�>"8�RTXW<(CEJ`FH8;CEX RTJ=iD<eC�_�_�:hJ2I�<
RbF;IKC�J3iB>
XfR|PBp)RTpHp;C2<(IfRTFH>Ui�ªWIKF;G�p;>
8HoBI�<eI�JhL¡R3iBIKpH�
8;>U�E:2>"p;FU@�s]LEL�8H>
p;pHI�oE>�RTXKL�Cb{
8;IKFHG2_�pW_�:2pHFW^2XfRTJ�a�CE8]p;:u<;GDiB>
XfR|PBp]CE8]FHG2>)8H>
p;:hX�FHIKJ2L�p(<;Gh>UiB:2XK>
pS_3R|P�R�<(FH:=RTXKXKP�tu>Sª�C�8Hp;>,F;G=RbJ
F;G2CEp;>,^28;C2iB:u<(>Ui~t`P3pHI�_�^2XK>
8
RTXKLEC�8;IKFHG2_�p|@§ÀhC�89>(¢=RT_�^hX�>EM�I�a�F;G2>�I�JhI�FHIfRTF;IKCEJ)CToE>
8;G2>|R�i�IKp]x�_�IKXKXKI pH>U<(C�Jui)RbJ=i,F;G2>�8;CEF�RTFHIKC�J=RbX=pH^=>
>|i�Cba$F;G2>OiBIKp;�,IKpÃìbv`y�yOQ�[&r
®�xEx�@KxW_�p&^=>"8]8;CEF�RbF;IKC�J=¯"M`R�_�>|iBIfRSR�<
<e>
p;p�F;G=RbF ª�C�:2Xfi,tu>
L�IKJ3IKJ�yh@ ìn_�IKXKX�IKpH>U<(C�JuiBp6ªWI�FHG2C�:hFÃRbJ`P�CToE>
8;Gh>UR�i~®�LEIKo�>
J�F;G2>O<(:28;8H>
JBF
8;CEF�RbF;IKC�J=RbX&^uC�p;IKFHI�CEJ=¯�ªWIKX�X�R�<(FH:=RTXKXKP
tu>
L�IKJDIKJÉxEx�@éõ�_�IKXKXKI�pH>U<(CEJ=iBpU@�°¤aÃFHG2>�IKJ2IKF;IfRbF;IKC�J
CToE>
8;Gh>UR�i�ª�>
8;>�F�Rb��>
JDIKJBF;C
R�<"<(C�:2JBF|M&R
8;>|��:h>
p;F�ªWI�FHG
R,p;G2CE8;F;>"8ZiB>
XfR|P�_�I�LEGBF&t=>S<HG2CEp;>
J$@
lWG2>,p;>
>
��^28HCT´=XK>Oa�CE8ZR�iBIKp;��iB8HIKo�>SIKpZR3<(CE_�^2XK>(¢�a�:2J=<eF;IKC�J$Mu:2pH:=RTXKXKP�<eC�JBF�RbI�JhI�JhL�RTJ~I�JhI�FHIfRTX�p�R|ªWFHCBC�F;Gh>Ui
8H>
L�IKCEJ
a�CE8]oE>
8;P

p;GhC�8;F�p;>
>
�Bp|M R3_�I�ihiBXK>S8;>
LEIKC�J±RT^h^28;C|¢2IK_�RbF;>Ui3tBP�R¡p��E:=RT8H>�8HC`CEFOa�:2Ju<(F;IKC�JDRTJuiDR3XfRT8;LE>)XKIKJ2>URb8S8;>"L�IKC�J�a�CE8OX�CEJ2L3p;>
>"�`p3®¤p;>
>
RT^h^=>
JuiBI�¢¡sO¯
@Ol6C�R�<"<(:28�RbF;>
XKP
^h8;>UiBIf<(FSRbJ=i
<(CE_�^=Rb8;>SFHG2>)^uC�pHIKF;IKC�J2IKJ2L�FHIK_�>
pWCba IKJ=iBIKoBI�i�:=RTX�^u>
J=iBIKJ2L�8;>U�E:2>"p;F;p|MgR�p�<HG2>Ui�:2XK>
8
_�:2pHF G=R|oE>SRS8H>
XfRTF;IKoE>
XKP�R�<
<(:h8�RTFH>)RT^h^28;C|¢2IK_�RbF;IKC�J,CTa&F;GhI�p]<eC�_�^hX�>e¢)a�:hJ=<(F;IKCEJ�CE8Wp;:2tuC�^hF;IK_�RbX2p�<HG2>Ui�:2XK>
pOªWI�XKXu8;>
pH:2XKFU@
?$Rbp;F;XKPBMBF;G2>�8;C�F(RTFHI�CEJ=RTX�pH^=>">Ui
CbagIKJ=iBIKoBIfiB:=RbX§iBIKpH�¡i�8;IKo�>
pWªWIKXKX�o�RT8HP�pHX�IKLEG`FHXKPSa�8HC�_Æa£R�<eF;C�8HP�pH^=>U<eI ´�<
RTFHI�CEJ2pUM�RbJ=i�_�R|P,>
o�>
J

o�RT8HP
a¤8;C�_ _�C�_�>
JBF]FHC�_�C�_�>"J`F|@
r3C�pHF«<e:28;8H>
JBF�iB8;IKo�>"p�<
RTJ�^=RTpHp«RbJ=iD8H>U<(>
IKo�>38HC�F�RbF;IKC�JuRTX�p;PBJ=<HG28;CEJ2IK³URTFHIKC�J±pHIKL�J=RbX�p|@D7&P
_�CEJ2IKF;CE8;IKJ2L]FHG2>
pH>Sp;IKL�JuRTXKpUMBROp�<HG2>|iB:2XK>
8]>e¢�FH>
8;JuRTX�F;C,F;Gh>ZiBIKp;��<"RTJ��E>
>
^3F;8(R�<H��CTa$FHG2>O>(¢=R�<(FW8HC�F(RTF;IKCEJ=RTX2^uC�pHIKF;IKC�J�Cbag>URE<;G3iBIKp;�
RTJui�_3RT�E>]R�<
<(:h8�RTFH>S8;CEF�RbF;IKC�J=RbX�XfRTF;>"J=<(P�^h8;>UiBIf<(FHIKC�J2p|@

¢ S�@;�7V ÓW��£?R(=?>?¤A@�:¦¥ý�§¤�¥B;9��@q��£?¨Æ�

YW:2_�>
8;CE:2p�p;F;:uiBIK>
pWG=R|o�>WpHG2CTªWJ�FHG=RTFWR�p;IK_�^2XK>¦©&���(� /*�Y�6J��¦©&���(� /w�§�$�E#��(�n®£À$jWÀ6k2¯�iBIKp;��p(<HG2>UiB:2XKIKJ2L,^=CEXKI�<eP)Cba�F;>
J�8;>
pH:2XKF;p
IKJ�pH:2tuC�^2FHI�_3RTX6^u>
8qa�CE8;_3RTJ=<(>E@�r
RbJBP�p(<;Gh>UiB:2XKIKJ2L�RbX�LEC�8HI�FHG2_�pWGuR|o�>�tu>
>
J±^h8;C�^uC�pH>Ui�F;GuRTF)RE<;GhI�>"o�>�GhI�LEG2>
8O^u>
8qa�CE8;_3RTJ=<(>�tBP
F�Rb�BI�JhL)IKJBF;C�R�<
<eC�:2JBF]IKJBa¤C�8;_3RTFHI�CEJ)RTtuC�:hFWI�JuiBIKo`IfiB:uRTXu8;>U�E:2>
pHF;pSRTJui�FHG2>S<(:28H8;>
JBFOp;F(RTF;>OCbadFHG2>SiBIKp;��p;:2t2pHPBp;F;>"_�@

�B\"^ �]f3f	�Gqnfr� i�vª|1fr{*xBj7bI~ `Bd

µ�o�>
8 }EìWPE>URT8Hp RTLEC=M7Cé\]>"J2J=õI�ED�RTJ=RbX�PB³
>|iSFHG2>ÃREiBo�RTJBF(RTL�>"p$CTa$Rm�h�-�6�5/��e� /e�§�(�5�«&6� J«�¬©d� �(� /=®qk2kBl]À6¯©^=CEX�If<(PB@�lWG2IKp&RTXKLEC�8;IKFHG2_
<HG2CBC�pH>
p)FHG2>�Jh>(¢2F)8H>U�E:2>
p;F,F;C�p;>"8;oBIf<(>�tBP�p;>
XK>U<(FHIKJ2L�FHG2>�^u>
J=i�I�JhL
8;>U�E:2>"p;F�F;GuRTFSªWIKXKX6I�Ju<(:28,F;G2>�p;_�RbXKX�>"p;FOp;>
>"�±iB>
XfR|P
L�IKoE>
J
F;Gh>«<(:h8;8;>"J`F,iBIKp;�
RT8H_+^=CEp;IKF;IKC�J©@]°qF�I�p�:2p;:uRTXKXKP�IKJBa¤>URTpHI�thX�>OFHC�^h8;>UiBIf<(FOFHG2>)>e¢hRE<(FOp;>
>"�
F;IK_�>"p]tu>
Fqª >">
J <eP`XKIKJ=iB>"8;pUM t2:2FSk2kBl]À
_�R|P,tu>n<eX�CEp;>
XKP�Rb^2^28;C|¢2IK_�RbF;>Ui,tBP�:2pHIKJ2L)pH>
>
�
iBIKp;F(RTJ=<e>
pU@�k2kBl]ÀD8H>UiB:=<e>
p]FHG2>SR|o�>
8(RTL�>O8H>
p;^uC�J2pH>SF;IK_�>]CTo�>"8ÃR�ªWIfiB>O8�RTJhL�>OCTa
ª�C�8;�BXKC`REiBpU@SÄ�CTª >"o�>
8|M�F;G2>�^uC�FH>
JBF;IfRTX©a�CE8]pHF�RT8Ho�RTFHI�CEJ�Cba IKJ=iBIKoBIfiB:=RTX©8;>U�E:2>"p;F;p,IKJ=<(8H>URTpH>
pSªWIKF;G�i�I�pH�
:2FHI�XKIK³URbF;IKC�J$Mh8;>
pH:2XKF;IKJ2L3IKJ
>(¢=<(>
pHp;IKo�>O8H>
p;^uC�J2pH>OF;IK_�>Wo�Rb8;IfRTJ=<e>�@gNnI�oE>
J�ROG2>|R|o`P,ª�C�8;�BXKC`REi�MTFHG2>ZiBIKpH��RT8;_¿FH>
J=iBp�F;CSGhCTo�>
8�CTo�>
8�RSpH:2t2p;>"F Cba$F;G2>O<(PBX�IKJ=i�>
8;p
IKJ�RbJ¡RbF;FH>
_�^2F�F;C�>e¢�GuRT:2pHFZRTXKXu8;>U�E:2>"p;F;pOFHC�F;G=RbFW8;>
LEI�CEJ$MBF;Gh>
8;>
tBP3p;F(RT8Ho`IKJ2L�RbJBP�8;>U�E:2>
pHF;pOC�:hF;p;IfiB>OCbagF;GuRTFWp;^uR�<(>�@

Cé\]>"J2J=õI��DdRbX�pHC�>(¢=RT_�I�Jh>Ui�FHG2>)k2j�sOY¬C�8�K;>
XK>
o�RbF;CE8�M�RTXKLEC�8;IKFHG2_�MTªWGhI�<HG
^h8;CToBIfiB>
p]R�XKCTª�>
8W8;>"p;^uC�J2pH>)FHI�_�>Oo�RT8;IfRbJ=<(>OF;G=RbJ
k2kBl]À¡ªWI�FHG)CEJ2XKP)RW_3RT8HL�IKJ=RTXEIKJ=<(8;>|RTp;>WIKJ,F;G2>]R|oE>
8�RbL�>�8;>
pH^=CEJ2p;>�F;IK_�>�®fa�CE8gFHG2>W8�RbJ=iBCE_¬ª CE8;�BXKC`R�i�pgpHF;:=i�I�>|i2¯
@6lWG2IKp&RTXKLEC�8;IKFHG2_
IKp JuRT_�>|i,a�CE8 FHG2>OªÃR|P�FHG2>SiBIKp;��Rb8;_ÅpHGB:2F;FHX�>"pWt=R�<H��RbJ=i,a¤C�8;FHG
R�<(8HC�p;pWFHG2>O>
JBF;IK8;>O8(RTJ2LE>ZCbad<(PBXKIKJ=iB>
8HpUMhp;>
8Ho`If<(IKJ2L�RbXKX=8H>U�E:2>
p;FHp
IKJ�IKFHpZ^uRTF;G©@�°qFOC�J2XKP�<HG=RbJ2L�>
p,iBIK8;>U<(FHIKC�JDRTFOF;G2>�IKJ2Jh>
8;_�C�p;FSRbJ=i
CE:2F;>"8;_�CEp;FS<(PBXKIKJ=iB>
8OCTaWF;Gh>�iBIKp;��@�7&>U<"RT:2pH>�F;Gh>�iBIKp;��Rb8;_
^=Rbp;p;>"pWCTo�>
8�F;G2>S<(>"J`FH>
8W8;>"L�IKC�J�CTa$F;Gh>ZiBIKp;��RbF _�C�8H>W8;>
LE:2XfRT8�I�JBFH>
8;o�RbX�p9F;G=RbJ�F;Gh>]>UiBLE>
pUMh8;>U�E:2>"p;F;p�F;C)<eP`XKIKJ=iB>"8;pWIKJ�F;G2>O_�I�ihiBXK>
CTa�F;G2>�iBIKp;�
8H>U<(>
IKoE>�t=>
FHF;>
8�p;>
8Ho`If<(>E@«Ä�CTª >"o�>
8|M�>
o�>"8;P�<(PBXKIKJ=iB>
8 Þqä 8H>UR�<HG2>|iDiB:28;IKJ2L�t=CEF;G�^2G=Rbp;>
pSCba F;Gh>)p(<
RTJ$@�s]pSR�8;>
pH:2XKFUM
k2j�sOYÂ8;>
pHI�pHF;p�p;F�Rb8;o�RbF;IKC�J3_�CE8;>�>(¦§>|<(F;IKo�>"X�P~®�Iq@ >�@KMBG=RTpWXKCTª�>
8�8;>
pH^=CEJ2p;>,F;IK_�>�o�RT8HI�RbJ=<(>U¯�FHG=RTJ3k2kBl]À�@

ì



kB>
oE>
8�RbX=o�Rb8;IfRTFHI�CEJ2p6CTa�F;G2>]khj�sZYÂRTXKL�CE8;IKF;G2_¬GuR|o�>�t=>
>"J�^28HC�^uC�p;>|i�@&lWG2>2�B­��"� �¤�H�b�7�e�e�¯®ÔRbXKL�C�8HIKF;G2_¿®qj9{�k2j�sOY]¯98;>
^hX�RE<(>
p
F;Gh>]t2I�{;iBIK8;>U<(FHIKC�J=RbX2p�<
RbJ3ªWI�FHG�ROp;IKJ2LEXK>]iBIK8;>U<(FHIKC�J�Cba Rb8;_¿F;8(R|o�>
XBCékB>|RT_�õEõ D;@©A�G2>
J�FHG2>ZRb8;_¿8;>|R�<HG2>
pWFHG2>]XfRTpHFÃ<eP`XKIKJ=iB>"8UMBR�a�:2XKX�{
p;FH8;CE��>SpH>
>
�
8H>
F;:28HJ2p]IKFWFHC�F;Gh>O´=8;pHFZ<(PBXKIKJ=iB>
8WCba&F;G2>)i�I�pH��ªWIKF;GhC�:2FWpH>
8;oBIf<(IKJ2L�RbJBP�8;>|��:h>
p;FHpnRbXKC�J2L,F;G2>�ªÃR|PB@&j9{�khj�sZY¬FH8;>URbF;p
>URE<;G�<eP`XKIKJ=iB>"8&>U�E:=RTXKXKPBMU8(RTFHG2>
8�F;G=RbJ,a£R|o�CE8;IKJ2L]FHG2>]<(>
JBFH>
8Ã<eP`XKIKJ=iB>"8;p Rbp k2j�sZY iBCB>
pU@6lWG2>]?©µOµZ¶¬RbXKL�C�8HIKF;G2_�MURTJhC�F;Gh>
8 k2j�sOY
o�RT8HIfRTF;IKCEJ$Mg<HG=RbJ2L�>"p�F;G2>�p�<
RbJ2J2IKJ2LDiBIK8;>U<(FHIKC�J±I�a]J2C�^u>
J=iBIKJ2L�8;>U�E:2>"p;F;p�>(¢2IKp;F,I�J�F;G2>3<(:28H8;>
JBF�i�I�8H>U<(FHI�CEJ±Cba]F;8�R|oE>
X�Cér3>
8HFH��y�D;@
j9{;k2j�sZY¬RbJ=i3?$µOµO¶ý<
RbJ�tu>)<(CE_�t2IKJ2>Ui�ME8;>"p;:2XKF;IKJ2L�IKJ3F;Gh>nj9{;?$µOµO¶ýRbXKL�C�8HIKF;G2_�@
¨Zk2j�sOYO®qQ]¯
Mb^28;CE^=CEp;>Ui,IKJ�CéNO>
IKp(wI�ED;M�<(8H>URTFH>
pÃR�<(C�JBFHI�JB:2:h_ýCTa�RTXKL�CE8;IKF;G2_�p�t=>"Fqª >
>"J�k2kBl]À
RbJ=i)?©µOµZ¶,@TlWGh>]QD^=Rb8�RT_�>
F;>"8

iB>
JhC�F;>"p)G2CTª¿pHF;8;CEJ2L�XKP�t2IfRTpH>Ui�F;G2>�p�<HG2>Ui�:2XK>
8)IKpSFHCTªÃRb8�iBp�_�RTIKJBF�RbIKJ2IKJ2L�F;G2>3<(:28H8;>
JBF�iBIK8;>U<(FHIKC�J±CbaÃFH8�R|oE>
Xq@�¨Ok2j�sZYn®£y2@éyE¯OIKp
>U�E:2IKo�RTXK>
JBF©F;CSk2kBl]À�M�RbJ=iS¨Ok2j�sZYn®�xE@ yE¯©8;>UiB:u<(>
p�F;CS?$µOµO¶,@�CéNO>
IKp(wI�ED2p;:2LEL�>
pHF;p�F;G=RbF6¨Zk2j�sOYO®£yh@é}�¯©^28;CToBIfiB>
p&R�L�CBC2i�t=RTXfRTJu<(>
tu>
Fqª >">
JDF;G2>,R|o�>
8(RTL�>�8;>
pH^=CEJ2p;>�FHI�_�>OCTaÃk2k�l]ÀÉRbJ=i3FHG2>)pHF�Rb8;o�RTFHIKC�J38;>
pHIKp;F�RbJ=<(>�CbaÃ?$µOµO¶,@=lWGh>«j�¨Ok2j�sZYn®£YSMéQ�¯Wo�RT8HIfRTF;IKCEJ
iB>
p(<(8;IKtu>Ui3IKJ�CéNO>"I�p(wI�ERED Rb:2L�_�>
JBF;p�¨Zk2j�sOY�tBP�>e¢hRb_�IKJ2IKJ2L�_�C�8H>]FHG=RTJmN(:2p;FWFHG2>�K(<(XKC�pH>
p;FAM�8;>U�E:2>
pHF]IKJ�>"I�FHG2>
8]iBIK8H>U<(F;IKCEJ�a¤8;C�_
F;Gh>)<(:28H8;>
JBF)iBIKpH�¡Rb8;_ ^=CEp;IKF;IKCEJ$@�°qJ2p;FH>UR�i�M F;G2>)R|oE>
8�RbL�>SpH>
>
��i�I�pHF�RbJ=<(>
pOF;C�F;G2>°K�<(XKC�pH>
p;FAM
Y¬8;>|��:h>
p;FHpSIKJ�>|R�<HG�iBIK8;>|<(F;IKC�JDRT8H>
:2pH>Ui�a�CE8 _3RT�BIKJ2LSp�<HG2>|iB:2XKIKJ2L�iB>U<(IKpHI�CEJ2pO®�Iq@ >�@KM2j�¨Zkhj�sZYO®(x�MéQ]¯�±¬¨Ok2j�sZYn®£Q�¯;¯
@

�B\p[ ��`]aI~ bI~ `BdB~"dw�²qnf	� i3v²|1fr{*xBj7bI~ `Bd

QW>Ui�:=<(IKJ2L�F;G2>3R|o�>
8(RTL�>�p;>
>"�±iB>
XfR|P�8H>U�E:2IK8;>
p�CEJ2XKP��BJ2CTªWXK>Ui�L�>�RTtuC�:hF)FHG2>�8H>
XfRTF;IKoE>�p;>
>
��iBIKp;F(RTJ=<(>"p�t=>
Fqª�>
>
J�8H>U�E:2>
p;FH>Ui
i2RbF�R2@�°qJ
CE8�iB>"8ZFHC�RTXKp;C�RE<
<(CE:2JBFWa�CE8]8;CEF�RbF;IKC�J=RbX�XfRTF;>"J=<(PBM=_�C�8H>Z<(CE_�^2XK>
FH>ZIKJBa¤C�8;_3RTFHI�CEJ�RTtuC�:2F�F;G2>,R�<(FH:=RTX6_�Rb^2^2IKJ2LSCba i2RTF(R
t2XKC2<H�`p�C�JBF;C3F;Gh>�_�>|iBIfR�IKpOJ2>U<(>
pHp�Rb8;PB@
°qJDR�i2iBIKFHI�CEJ$M�FHG2>�<(:h8;8;>"J`F,^2GBPBp;If<
RbX&XKC�<"RTF;IKCEJ�CbaÃFHG2>�RE<(F;IKo�>�8H>UR�ihÁTªW8;IKFH>�G2>UR�i�_�:hp;F
tu>)�BJ2CTªWJ$@SNnI�oE>
J
FHG2IKp]IKJBa�CE8;_�RbF;IKC�J©MBF;G2>,p�<HG2>Ui�:2XK>
8)<
RbJ <HG2CBC�pH>)FHG2>�8;>|��:h>
p;FSªWIKFHG
F;G2>,_�IKJ2IK_,:2_ª+-���
�%/£�p�T�2�f���)iB>
XfR|P�®�Iq@ >�@KM
<(CE_�t2IKJ2>Ui�p;>
>"�«RbJ=iS8HC�F(RTF;IKCEJ=RTXEX�RbF;>
Ju<(P2¯
@©lWG2IKpg^uC�XKIf<(POªWRTp&iB>
J2CEF;>Ui,RTp��2���6� /;�e�H/*&6��J��¡©d� �(� /=®qkBl]À6¯$IKJ�CékB>"X�F(z�yED§RbJ=i��2���6� /;�e�H/
�O���(�e�(��&6��J��m©&���(� /&®qkBs&l]À6¯WIKJ�C ¾BR�<(CBz2xAD;M2t2:hF]ª�>):2pH>SF;Gh>)FH>
8;_³�2���6� /;�e�H/*´*�|�
�%/q���T�2�·�B��&6��J���©d� �(� /&®£k2[dl]Àg¯�F;C3<(XfRT8;I�a�P�F;G2>
>(¢=R�<eFWa�C2<(:2pWCbagFHG2>)RTXKLEC�8;IKFHG2_�@

�B\�� ��irbIj<�GiwdB{�µn�w~"dw�GµL���(`]g7~�b7����a

kB>
oE>
8�RbX2_�C2iBI�´§<
RbF;IKC�Jhp$F;C�F;G2>]Rbt=CToE>ÃRbXKL�C�8HIKF;G2_�p=G=R|oE> tu>
>
J�^h8;C�^uC�pH>Ui,F;CO8H>UiB:=<(>W8H>
p;^uC�Jhp;>]FHIK_�>&o�Rb8;IfRTJ=<e>�@�lWG2>W8H>
p;:2XKFHI�JhL
RTXKLEC�8;IKFHG2_�p�<
RTJ�t=>�L�>
Jh>
8�RbX�XKPO<(XfRTp;pHI�´=>Ui,RTp$>"I�FHG2>
8?¶ ��/;�(��C�8*�|�T�f�B� RTXKLEC�8;IKFHG2_�p|@=7�RTF�<HG�RTXKL�CE8;IKF;Gh_�pup;>
8Ho`If<(>WRWpH:2t2pH>
F&CTa28H>U�E:2>
p;FHp
p�RbF;IKpqa¤P`IKJ2L�<(>
8HF�RbI�J
<(8HIKF;>
8HI�R,tu>(a�CE8;>S_�CToBI�JhLZCEJ�FHC�C�F;Gh>
8W8;>U�E:2>"p;F;p|@W[$CEp;pHI�thX�>S<(8HIKF;>
8HI�R,IKJ=<eX�:uiB>]FHG2>S^uC�p;IKFHI�CEJ�CbagF;Gh>Z8H>U�E:2>
pHF]IKJ
F;Gh>)�E:2>
:2>)RbJ=i2ÁbC�8WF;Gh>ZpH^=>|<(I�´§<)<eP`XKIKJ=iB>"8]<(C�8H8;>
pH^=CEJ=iBIKJ2L3F;C�FHG2>O8;>U�E:2>
pHF2C l6>
CE8H�E}BM2¾`RE<(C`zhx�M2kB>"X�F(z�y�D�@6s�L�IKJ2L�RbX�LEC�8HI�FHG2_�p9L�IKo�>
^28HI�CE8;IKFqP�FHC�8H>U�E:2>
p;FHpSF;GuRTF]GuR|o�>Stu>
>
J�IKJ�FHG2>,^=>
JuiBIKJ2L��E:2>
:h>Sa�CE8W>(¢=<(>
pHp;IKo�>�^u>
8;IKC2iBpOCTa&FHI�_�>�@�°¤a F;CBC�_�:=<HG3ª�>
IKL�GBF]IKpWL�IKoE>
J
F;C�FHG2>S�E:2>
:2>OF;IK_�>S®£RbL�>U¯�<(CE_�^uC�J2>
JBF|MBp;:=<HG
RTXKL�CE8;IKF;Gh_�p iB>"L�>
J2>"8�RTFH>SIKJBF;C�À$jWÀ6k�@BlWG2>S^h8;IKC�8HI�FqP,_�R|P,p;XKCTªWXKP�IKJ=<(8H>URTpH>)RTp�F;G2>
8;>|��:h>
p;FORTL�>"pUM2CE8]R,F;IK_�>WXKIK_�IKF6_�R|P,tu>Sp;>
FOR|a�FH>
8WªWG2If<HG�8H>U�E:2>
p;FHpSRT8;>�L�IKo�>
J3R,G2IKL�G2>"8W^28;IKC�8HIKFqP1C k�>
XKF�z�yBMB¾BR�<(CBz2x5D�@

· Q R���£?;*=¦;B¤�;¡¥w¸Å�]:¦=�¹
�]¤A@�=��$��@A;B:

�Y\"^ qL~�a0�GaI~,��x�� irb6`]g

AD>�G=R|oE>�iB>"o�>
XKC�^u>Ui�R�iB>"F�RTIKXK>Ui�M6pHF;8HC�J2LEX�PDo�RbXKI�ihRTF;>|iDiBIKp;�Dp;IK_�:2XfRbF;C�8OFHC�<(C�_�^=RT8H>�iBIKpH��p(<;Gh>UiB:2XKIKJ2L±RTXKLEC�8;IKFHG2_�p|@3lWG2>
p;IK_�:2XfRbF;C�86R�<
<e:28�RbF;>
XKP�_�C2iB>
XKp6³
C�J2>|i�8;>|<(C�8(iBIKJ2L=MBpH^=RT8H>Z8H>
L�IKCEJ2pUMBiB>(a�>|<(FWp;XKIK^2^2IKJ2LSRTJui�8;>|RTXKXKC�<"RTF;IKCEJ$M�iBIKp;��th:B¦§>"8;p]RTJui�<
R�<HG2>
p|M

õ



Ä�[ÉjW}E}Tv7�)\�IKp;��\�8;IKoE>
ÀhC�8H_�RTFHF;>Ui�jWRb^=R�<eI�FqP xE@ yEìSNS7

Q][&r ìbv`yEy
\ZRbF�R,kB:28�a£R�<(>"p xU¸
j�P`XKIKJ=iB>"8;p }Ey�ìhx
k�>U<(F;CE8;p }�yEìTvBw�õTv
êuCEJ2>
p w

kB>U<(FHC�8;p(ÁTl68�RE<H� ì�õ|{;z�õ
°qJBFH>
8qa£RE<(> k2jWkB°¤{;}

}�ìEõ)¶O7ÂjWR�<HG2>�M©x({qv«kB>"L�_�>"J`FHp
lg8(R�<H��k�^=RT8HI�JhL`Á�Q�>URTXKXKC2<
RTFHIKC�J

l&Rbt2XK>)x�­&Ä�[�jW}�}Tv7�)\�IKp;��\�8HI�oE>S7 Rbp;If<O[gRb8�Rb_�>
FH>
8;p

o�RT8HIKC�:2pW^28H>(a�>
F(<HG±RTXKL�CE8;IKF;G2_�pUMEa£Rbp;F�ªW8;IKF;>�Mut2:hpni�>
XfR|P`p|M�RTJ=i
<eC�JBF;8HC�X&RTJ=i~<(C�_�_�:2J2If<
RTFHIKCTJ�CTo�>"8;G2>UREiBpU@OÀhC�8]FHG2IKp]8H>
^=CE8;F|M�F;G2>
p;IK_�:2XfRbF;C�8�ªWRTpS<(C�J�´=L�:28H>Ui~F;C3_�C2iB>
X©F;G2>�Ä][ÂjW}�}bv`y�p;>
8HI�>"pSCTaÃi�I�pH�
iB8;IKo�>"pºCéÄ�[&z�}�D�@OkBCE_�>SCba F;G2>,t=Rbp;If<SpH^=>|<(I�´§<
RTFHIKC�J2p�a�CE8
F;Gh>nÄ�[�jW}�}bv8�,iB8;IKoE>4CéÄ][&zhx DgRb8;>S^28HCToBI�i�>Ui�IKJ3F�Rbt2XK>«xE@
°qJSC�8(iB>
86F;COR�<
<e:28�RbF;>
XKPO_�C2iB>
XEF;G2IKp6iB8;IKo�>EM�RbJS>(¢2F;>"J2p;IKo�>�p;>"FgCba2^=RT8(RT_�>"F;>
8Hp$ªWRTp$CEt2F�RbIKJ2>Ui�a�8HC�_Â^2:2t2XKIKp;Gh>UiSiBC2<(:2_�>
JBF�RbF;IKC�J

RTJui3tBP�_�CEJ2IKF;CE8;IKJ2L,F;G2>)khjWkB°]R�<(FHIKo`IKFqP�L�>
J2>"8�RTFH>Ui~t`P
RbJ¡Ä�[ÒjW}E}Tv7�)iBIKpH�§@�lWG2>)>e¢�^u>
8HI�_�>
JBF�RbX$p;PBpHF;>
_+:2pH>Ui~ªÃRbpZRTJ
Y�jWQ
¸�ìEì�y,_�:2XKFHI�^h8;C2<(>
pHp;C�8W:hp;IKJ2L�F;Gh>)Y]jWQ¬ìE¸�j*��yEy�k2jWkB°�°;Á�µ¿[68HC�<e>
p;pHC�8U@OkBPBp;FH>
_ R�<eF;IKoBI�FqP�ªÃRbpWF;IKL�GBFHX�P3<(C�JBFH8;C�XKXK>Ui3iB:28HIKJ2L�F;G2>
_�CEJ2IKF;CE8;IKJ2L�^28;C2<(>
pHp&F;C�8;>Ui�:=<(>W>(¢2F;8(RTJ2>"C�:2p6G2CEp;F&iB>
XfR|PBpU@©AD>&>(¢2F;8(R�<(FH>Ui�RWpH>
>
�)<e:28;oE>�M`<eC�JBF;8HC�X2RTJ=i�<(C�_�_�:2J2If<
RTFHIKCTJ]CTo�>"8;G2>UREi
o�RTXK:2>"pUMBt2:2p�F;8(RTJ2p�a�>
8]8(RTFH>
pUM�RTJui�<"R�<HG2>S_3RTJ=RbL�>
_�>
JBF&p;FH8�RTFH>
L�IK>
p|@�AD>nRbXKp;C�iB>
F;>"8;_�IKJ2>|i�FHG2>S>(¢=RE<(FZ?©7 YÃ{£FHCT{;[&7 Y _�Rb^2^2IKJ2L�p
a�CE8�p;>
oE>
8�RbX]CTaOF;G2>"p;>DiBIKp;�BpUM�ªWG2If<HG±^28HCToBI�i�>Ui�I�J�a�C�8H_�RTFHIKC�JDRTtuC�:2F�³
CEJ2IKJ2L=M9p;^=Rb8;IKJ2LuMÃRbJ=iD>e¢�IKpHF;IKJ2L±iB>(a¤>U<(F;p|@Âs]^2^u>
J=iBI�¢�s
^28HCTo`IfiB>"p]R�<(C�_�^2XK>
F;>OiB>
p�<e8;IK^2F;IKCEJ�Cba&F;G2>Oo�RT8HIKC�:2p�^=RT8(RT_�>
F;>
8HpU@
lWG2>,p;IK_�:2XfRTFHC�8�ªÃRbp]o�RTXKIfi2RbF;>Ui�tBP3>(¢2>
8�<(IKpHI�JhL�RTJ�R�<(FH:=RTX&Ä][ÂjW}�}bv8��RbJ=i
<
Rb^2F;:28HIKJ2L�FH8�R�<e>
pOCTaÃRbX�X6k2jWkB°]RE<(F;IKoBIKFqP`@�sWa¤F;>
8

>(¢2F;8(R�<(FHIKJ2L
RT^2^28HC�^28HIfRTF;>,IKJBa�CE8;_�RbF;IKC�J©M�>URE<HG�FH8�R�<e>Ui�8;>U�E:2>"p;FSpHF;8;>|RT_ ªWRTp�8;:2J�F;Gh8;C�:hL�G�F;G2>,p;IK_�:2XfRTFHC�8|MB:2p;IKJ2L3F;Gh>)CEt2p;>
8Ho�>Ui
8;>|��:h>
p;FWIKJBF;>
8(RT8H8;IKo�RTX=i�>
XfR|P`p|@$lWGhI�p9^28;C2<(>
pHp]ªWRTp&8H>
^u>URTFH>Ui�a�C�8&pH>
o�>"8�RTXup;PBJBF;Gh>
F;If<Wª�C�8H�BX�CBR�iBp9ªWI�FHG�o�RT8HP`IKJ2LO8H>UR�i2ÁbªW8;IKF;>�8�RbF;IKC�p|M
RT8H8;IKo�RTX©8�RbF;>
p|M=8H>U�E:2>
pHFSp;IK³
>
p|M$RTJui�i�>
L�8H>
>
pSCbadpH>U�E:2>
JBF;IfRbX�IKFqP
RTJui�XKC2<
RbX�IKFqPB@�lWG2>)R|o�>"8�RTLE>S8;>"p;^uC�J2pH>�F;IK_�>
pWCba&F;G2>�R�<(FH:=RTX6iBIKp;�
RTJuiDF;Gh>�pHIK_�:2XfRTF;CE8O_�RTF(<HGDF;C�ªWI�FHG2IKJ±y2@éw�²�IKJÉRbXKX <
RTpH>
pU@�m�J2^28H>UiBIf<(F�Rbt2XK>�®fa�8HC�_ F;G2>
iBIKpH�	F p,oBI�>"ª]¯SG2CEp;F�iB>
XfR|PBp�^=RT8HF;IfRTXKXKP
R�<"<(C�:2JBF�a�CE8WF;G2>,iBI�¦§>
8H>
J=<(>E@ÃNn8;>URbF;>
8�I�Jhp;IKL�GBFW<
RTJ3tu>)R�<HG2IK>
oE>Ui�t`P3<(C�_�^=RT8HIKJ2LSF;Gh>S8;>
pH^=CEJ2p;>,F;IK_�>]iBIKp;F;8HIKt2:2F;IKCEJ2p�CéQW:2>
_3zTvED;@
À©IKL�:28H>)}�pHG2CTªWpSiBIKp;F;8HIKt2:2F;IKCEJ2p]Cba _�>URbp;:28H>Ui
RbJ=i
pHIK_�:2XfRTF;>|i�8;>"p;^uC�J2pH>�F;IK_�>
p�a�C�8OR�p(RT_�^hX�>Oo�RbX�Ifi2RbF;IKC�J�ª CE8;�BXKC`REi�CbaZxUyhMéy�y�y
8;>|��:h>
p;FHpU@Ss�pOªWI�FHG
_�CEp;FWCbadCE:28Oo�RTXKIfi2RTFHIKC�J�8;>"p;:2XKF;p|M$CEJ2>)<
RbJ�tuRT8;>"X�P3pH>
>)FHG=RTFOFqª�C�<(:28Ho�>
p)Rb8;>S^h8;>
pH>
JBFU@�CéQ�:2>
_�zbv$D iB>e´=J2>
p
F;Gh>�8;CBCEF)_�>URTJDp(��:uRT8;>�G2C�8HIK³
C�JBF�RbXÃi�I�pHF�RbJ=<(>�tu>
Fqª�>
>
J�F;Gh>�Fqª�C�iBIKpHF;8;IKt2:hF;IKC�J±<(:h8;o�>"p�RTp�R
iB>
_�>
8;IKFO´=LE:28;>�a�CE8)iBIKp;��_�C2iB>"X
<
RbX�IKt28(RTFHI�CEJ$@6lWG2>)i�>
_�>
8HIKF�´=L�:28H>�a�C�8WFHG2>So�RTXKIfi2RbF;IKC�J�8H:2J
p;GhCTªWJ�IKJ�´=LE:28;>)},IKp]yh@ y0�S_�pUMBCE8WX�>"p;p]FHG=RTJ
yh@ ìE²¿CTa&FHG2>)R|o�>"8�RTLE>
8;>"p;^uC�J2pH>�F;IK_�>�@�lWG2>,ª�C�8;pHFq{;<
RTpH>«i�>
_�>
8HIKFW´=LE:28;>SCEt2p;>"8;o�>|i
CToE>
8ZRbX�X©o�RTXKIfi2RTFHIKC�J�8H:2J2pOªWRTp]CEJ2XKP�xE@ zE²ÅCba&F;G2>�<(C�8H8;>
pH^=CEJ=iBIKJ2L
R|o�>"8�RTLE>O8;>
pH^=CEJ2p;>,F;IK_�>E@

�



 Actual
 Simulation

|»
0
¼ |»

5
½ |»

10
¼ |»

15
½ |»

20
¼ |»

25
½ |»

30
¼ |»

35
½ |»

40
¼ |»

45
½ |»

50
¼|¾0.00

|¾0.25

|¾0.50

|¾0.75

|¾1.00

 Response Time Distribution (ms)

À©IKL�:28H>)}2­WQW>"p;^uC�J2pH>)lWIK_�>O\�I�pHF;8HI�th:2F;IKC�JhpWa�CE8]R�¨ RbX�Ifi2RbF;IKC�J�ADC�8H�`XKCBR�i�¿�À�Á�ÂGÃ"Ä$Å$Æ0Ç È�É'Á�ÂGÇ"Ä Ê6Ë0ÄHÌ6ÍpÎ�Å5Ï�È]É�Á'ÂtÏÑÐ6Ò$Å Ï�Ó ÌIÐ�Ã"Ô�Å ÏrÕwÎÑÍ"Ö
× Á'Á�Á'Á¯Ç"ÄHÒ Í"Ð�ÃBØ'ÅEÃpÎ�Å$Ì0Ò Ä�ÙpÈ�Ú'Û*ÜnÔmÄ$ÅEÌ4Ã"Ä Ê6ËIÄ Ç"Í�ÇpÎÑÝ Ä�Ó Ä Þ6ß7Ð�ÌIÄ Ì6ÍpÎ�Å ÏàÙpÈ	Á5áãâ�â?ÔmÇwÎÑÌ6Í"Ä Ã�ÅEÃ"ÃpÎÑØ'Å5ÏBÓ ËIÌ.Îàä�Ð'Ã"Ô¦Ùæå

�Y\p[ çè`]g7�B� `eie{�a

AD>):hp;>�p;PBJBF;Gh>
F;If<
RbX�XKP3L�>"J2>
8�RbF;>UiÔ8�RbJ=iBC�_+ª�C�8H�BX�CBR�iBpORTJ=i~>(¢2F;>"J2p;IKo�>�FH8�RE<(>
p)<
Rb^2F;:h8;>Ui a�8;CE_ R�<(FH:=RTX6p;PBpHF;>
_�pU@,AD>SªWIKXKX
iB>
p(<(8;IKtu>OF;G2>OF;8(R�<(>"pWC�J2XKP,t28;IK>(¥=P�Rbp FHG2>
P�G=R|oE>Wt=>">
J
iB>
p�<e8;IKt=>|i3>
XKp;>
ªWGh>
8;>OIKJ�_�C�8;>WiB>
F(RTIKXBCéQ]Rb_�R�zT}bM`Q�:2>
_�zE¸ED;@$lWG2>�F;8(R�<(>Ui
ª�C�8;�BXKC`REiBp�p;^=RbJ¡R,th8;C`REi�8(RTJ2LE>SCTa6>
JBo`IK8HC�J2_�>
JBF;pUM2RbJ=i�>|R�<HG
F;8(R�<(>�I�pWRTFWXK>URbp;F]R�a�:hX�Xuª�C�8;�BpHG2I�a�FO®£w,G2CE:28;p(¯�IKJ�XK>
J2LEF;G$@
lWª C�Cba&F;G2>SFH8�RE<(>
pZ<eC�_�>�a�8HC�_+ÄW>
ªWXK>
FHFq{;[6R�<H��RT8(i�pHPBp;F;>"_�p]8H:2J2J2IKJ2L�Ä�[©{;m*é*êrëDM=R,oE>
8;pHI�CEJ
CTa&FHG2>Sm]YW°"éuê	ë CE^=>
8(RTFHI�JhL

p;PBpHF;>
_ìCéQ�:2>
_�zE¸ D;@¦� �
�·���W<(CE_�>
pda�8;CE_ Rnp;>
8Ho�>
8ORTF Ä�[±?$Rbt2p�:2p;>Ui«a�C�89^28;CEL�8�Rb_ÅiB>
o�>"X�CE^2_�>"J`F|M�pHIK_�:2XfRTF;IKCEJ$M
_3RTIKXqM�RbJ=i�Jh>
ªWpU@
�=�����b�9IKp6a�8HC�_¿R�´=XK>Wp;>
8Ho�>
8WRTF9F;G2>OmWJ2IKo�>"8;p;IKFqP,CTa$jWRTXKI�a�C�8HJ2IfR2MT79>
8;�E>
XK>
P�:2p;>|i�^28HI�_3RT8HI�XKP�a�C�8 <eC�_�^hI�XfRbF;IKC�JSRTJui,>UiBIKF;IKJ2Lu@$A�GhI�XK>
F;Gh>
p;>SFH8�RE<(>
pZRb8;>SR�<eF;:=RbX�XKP�Fqª�C)_�C�JBF;Ghp IKJ�XK>
JhL�F;G©MBª >O8;>"^=CE8;FZihRTF�Rna�CE8ÃR,pHI�JhL�XK>]ª�>
>
�E{qX�CEJ2L,p;J=Rb^2p;G2CEFO®£ìEÁ�¸�yEÁ�zE}OF;C�õEÁ�õ�ÁEz�}E¯
@
lWG2>�C�FHG2>
8Oa¤C�:28OF;8(R�<(>"p«Rb8;>�a�8;CE_ <(CE_�_�>"8�<(IfRTX�¨©s?éuê	ë p;PBp;FH>
_�p�8;:2J2JhI�JhL�FHG2>�¨Zr~k0ê	ë C�^u>
8�RbF;IKJ2L3p;PBp;FH>
_íCéQ]RT_3R�zE}AD;@

�O��� �"!W�$#©IKp�a�8HC�_ýRWFH8�RbJ2p�RE<(F;IKC�J�^28;C2<(>
pHp;IKJ2LS>"J`oBIK8;CEJ2_�>"J`F�IKJSªWGhI�<HG�RT^2^h8;C|¢2IK_�RTFH>
XKP]ì�yEy�F;8�R|oE>
X2RTLE>
JBF;p6_�REiB>&RTIK8;XKIKJ2> RbJ=iOG2CEF;>
X
8;>"p;>
8Ho�RTF;IKCEJ2pU@u�§�
�æ�'&(�SI�p9a�8HC�_ R�p�<eI�>"J`FHI�´§<WFHI�_�>({qp;G=Rb8;IKJ2LO>
JBoBI�8HC�J2_�>
JBF6I�J�ªWGhI�<HG3RTJ=RbX�PBFHI�<9_�C2iB>"X�IKJ2LOpHCTa�FqªWRT8H>]RTJ=i�L�8�Rb^2G2If<
RbX
RTJui
pHF�RTFHIKp;F;If<
RbX&^=RE<;��RbL�>
p�ª >
8H>�:2p;>|i�@L)*���E�$�ORTJ=iî!Ã�,+-�.� / RT8H>,a�8;CE_ R�_�R�<HG2IKJ2>,^=Rb8;F;pSiBIKpHF;8;IKt2:hF;IKC�JD<(C�_�^=RTJBPB@1)*���E�$��ªÃRbp
<(CEX�XK>U<eF;>Ui3iB:28HIKJ2L«ihR|P`FHIK_�>�G2C�:28HpUMh8;>
^28H>
p;>"J`FHIKJ2L�RbJ�C�8(iB>
8W>
JBFH8;P�RbJ=i�^h8;C2<(>
pHp;IKJ2L�ª�C�8;�BXKC`REi�@¡!Ã�"+��6�5/§ªWRTpW<(CEX�XK>U<eF;>Ui3RTF�J2IKL�GBF|M
<
Rb^2F;:28HIKJ2L�R,t=RTF(<HG�>"J`oBIK8;CEJ2_�>"J`F9I�J3ªWG2If<HG38;>
^uC�8HF;p�CTagFHG2>)i2R|PrF pWR�<(FHI�oBIKF;IK>
pWª�>
8H>SL�>
Jh>
8�RbF;>Ui�@

�Y\�� qL~�a0�Ba

AD>S<;GhC�p;>�F;C�p;IK_�:2XfRbF;>]_�>
_�tu>
8;p�CTa6F;G2>)Ä�[�jW}�}bv`y�p;>
8HIK>
pOCTadi�8;IKo�>
p�a�C�8WFHG28;>">S8;>URbp;CEJ2pU@WÀ©IK8;p;F|MuC�:28WpHI�_�:hX�RbF;CE8 <(C�8H8;>U<eF;XKP
_�C2iB>"X�p�F;G2>�t=>
GuR|o`IKCE8SCTaOF;G2IKpSXKIKJ2>�CbaZiB8;IKoE>
pU@DkB>U<eC�J=i�M9F;G2>"p;>
iB8;IKoE>
p)GuR|o�>�_�C�pHFSCTa]FHG2>�REiBo�RTJ=<e>Ui�a�>|RTF;:h8;>
p�iB>"p�<(8HI�tu>Ui�IKJ

w



p;>|<(F;IKC�J�}2@6lWG2IK8�i MBª >SiBC�J2CEFWG=R|o�>SiB>"F�RTIKXK>Ui�p;^u>U<(I�´§<
RbF;IKC�J2p�a�C�8WFHG2>)iBIKpH�`pW:hp;>Ui3CEJ�FHG2>SF;8(R�<(>|i3p;PBp;FH>
_�p|M2J2CE8]R�<
<e>
p;p�F;C�p;:u<;G
iBIKp;�BpWIKJ3C�8(iB>
8WF;C�CEt2F�RbIKJ�F;GhI�pWIKJBa¤C�8;_3RTFHI�CEJS´u8;p;F�{£GuRTJ=i�@
lWG2IKp)iBIKp;�~p;:2t2pHF;IKF;:hF;IKC�JDXK>UREiBpSF;C3Fqª�C3p;IKL�J2I�´§<"RTJBFSiBIyk�<(:2XKF;IK>
p|@�À©I�8Hp;F|M$CE:28St=Rbp;>�iBIKp;�Ô®�F;Gh>�Ä][¬jW}�}bv8�E¯]GuRTp)R3iBI�¦�>
8;>
JBF

p;FHC�8(RTL�>S<
Rb^=R�<eI�FqP,F;GuRTJ3F;G2>OiBIKp;�Bp�:2p;>Ui�tBP�F;Gh>ZFH8�RE<(>Ui�p;PBp;FH>
_�p|@6l6CSt=>"F;F;>"8]_�RbF�<HG�F;Gh>ZpHIK³
>]CbagF;Gh>ZpHIK_�:2XfRTF;>|i)iBIKpH�`p�F;C,F;GhC�p;>
IKJ
F;Gh>)FH8�R�<e>Ui
pHPBp;F;>"_�pUM ª >S_�C2iBI�a�P�F;G2>,JB:2_�tu>
8]Cba ^2XfRTFHF;>
8Hp)®qì,a�CE8��§�"�%�'&(�=M�)*���E�$�"M=RTJuin!Ã�,+-�.� /ãï©RTJ=i
z«a�C�8�� �
�·���TMð�=�����b�"M
RTJui��O� � �"!W�$#�¯�FHC�<(8H>URTFH>«iBIKpH�`p�XfRT8;LE>O>
J2C�:hL�G
FHC�<(C�JBF�RbIKJ�FHG2>�R�<(FHI�oE>Si2RTF(R,ªWI�FHG2C�:hF]>(¢=<(>
pHp;IKo�>,:2JB:2pH>Ui3_�>|iBIfR2@&AD>�a�>">
X6F;G=RbF
F;GhI�pWIKp]R�8;>URbp;CEJ=RTt2XK>)Rb^2^28HC`R�<HG$M2Rbp]R,^28;C2iB:u<(F;IKC�J3XKIKJ2>]CbadiBIKpH�`pWCba�F;>"J¡i�I ¦�>
8Hp]C�JhX�P�IKJ3F;Gh>ZJB:2_�tu>
8�CTa&^2GBPBp;If<
RbX�^2XfRTF;FH>
8;p|@
lWG2>�p;>|<(C�J=i�RTJ=i~_�CE8;>SIK_�^=CE8;F�RbJBFZiBIyk�<(:2XKFqP3IKpOF;G=RbF)Ä][¬jW}E}Tv`y�iBIKp;�BpOp;>
8HoBI�<e>�8;>|��:h>
p;FHp«RbF)R3iBI�¦§>
8H>
JBFS8�RbF;>�FHG=RTJ�F;G2>

iBIKp;�BpS:hp;>Ui�IKJ�F;G2>�FH8�R�<e>Ui�p;PBp;FH>
_�p|@�s]JDIfiB>|RTX6_�C2iB>
X6ª�C�:2Xfi~IKJ=<(C�8H^=CE8�RbF;>�RT^h^28;CE^28;IfRTFH>Sa¤>
>UiBt=RE<H��>(¦�>U<(FHp�t=>"Fqª >
>"JD8;>U�E:2>
pHF
<(CE_�^2XK>
FHI�CEJ2p&RTJ=i�p;:2thp;>U�E:2>
JBF]Rb8;8;IKo�RbX�p|@gm�JBa�CE8;F;:hJ=RTFH>
XKP`MTIKJBa¤C�8;_3RTFHI�CEJ)RTtuC�:hF&F;G2>SiB>"^=>
JuiB>
J=<(IK>
p�t=>"Fqª >
>"J�IKJ=i�I�oBIfiB:=RbXB8;>U�E:2>
pHF
RT8H8;IKo�RTXKpSRTJui�^28;>
oBIKC�:hpS8;>U�E:2>"p;F�<(CE_�^2XK>
FHI�CEJ2p]IKpSJhC�FS^28H>
p;>"J`F,IKJDF;G2>�F;8(R�<(>
p|@
\�>
o�>
XKCE^2IKJ2L
R3_�>
FHG2C2iBC�XKCEL�P�a�C�8O8H>URTXKIKp;FHI�<"RTXKXKP
_�C2iB>"X�IKJ2L~p;:=<HG a�>
>UiBtuR�<H��>(¦§>|<(F;p
IKp�RbJÒRT8H>UR�a�CE8,a�:2FH:28;>
8H>
p;>|RT8�<HG$@ lWG2>�Rb^2^28HC`R�<HG�:hp;>Ui G2>
8H>
ªÃRbp�FHCDp�<
RbX�>�F;Gh>
F;8(R�<(>Ui
IKJBF;>
8(RT8;8HIKo�RTX�F;IK_�>
pÃRbJ=i�FHG2>
8H>
tBP�^h8;C2iB:=<(>�p;IK_�:2XfRTFHI�CEJ)8H>
p;:hX�FHpWa�CE8ÃR,8(RTJ2LE>OCTadR|oE>
8�RbL�>SRT8H8;IKo�RTXu8�RbF;>
p|@&A�Gh>
J3F;G2>Sp(<
RTXK>�a£RE<(F;CE8
IKp6C�J2>�MEF;Gh> pHI�_�:hX�RbF;>UinI�JBFH>
8�Rb8;8;IKo�RbX`FHIK_�>
p©_�RTF(<HGSF;G2CEp;>WFH8�R�<e>Ui�@&A G2>
J,F;G2>Wp(<
RTXK>�a£RE<(F;CE8gIKp6Fqª�C=MTFHG2> FH8�RE<(>Ui�IKJBF;>"8�RT8H8;IKo�RTXBFHI�_�>
p
RT8H>�G=RTXKoE>Ui�®£iBCE:2t2XKIKJ2L�FHG2>�R|oE>
8�RbL�>�Rb8;8;IKo�RbXg8(RTFH>U¯
@3ÄWCTª�>
o�>"8UM6>
oE>
JDªWIKF;G±RTJ�IfiB>
JBF;IKFqP�p�<
RbXKI�JhL�aqR�<(FHC�8SFHG2>�ª CE8;�BXKC`REi
ª�C�:2Xfi
:2J=i�C�:2t2FH>UiBXKP3G=R|o�>Otu>
>
JDiBI�¦§>"8;>
JBFOI�agF;Gh>)pHP`pHF;>
_+FH8�RE<(>Ui~ª >
8H>S:2pHI�JhL�Ä][ jW}�}TvBy)i�I�pH�
iB8;IKo�>"pU@�lWG2IKp]IKp]R�<eC�_�_�C�J,^28;CEt2XK>
_
ªWIKF;GDFHG2IKpSFqPB^=>�CTa]F;8(R�<(>e{�iB8HIKo�>
J�p;IK_�:2XfRTFHI�CEJ�®�ªWG2If<HG±tu>
G=R|oE>
p«Rbp)RTJDCE^=>"J±p;PBpHF;>
_3¯
M6t2:2F�ª >�t=>
XKIK>
oE>�F;G=RbF)FHG2>��E:=RTXKIKF�RbF;IKo�>
8;>"p;:2XKF;pORTJ=i3RbJ=RTXKPBp;IKpWRT8;>Oo�RbX�Ifi�@

�Y\%� ��f�bIg7~pj�a

lWG2>�R|oE>
8�RbL�>�8;>
pH^=CEJ2p;>
FHIK_�>�®£R�<e8;C�pHp�RTXKX iBIKpH�`p(¯,IKpSF;G2>�^28;IK_3RT8;P~_�>
FH8;If<�:2pH>Ui�a¤C�8�<(C�_�^=RT8HI�JhL�F;Gh>�o�Rb8;IKC�:hpSp�<HG2>Ui�:2XKI�JhL
RTXKLEC�8;IKFHG2_�p|@2lWG2>�p��E:=Rb8;>UiS<eC`>5k�<(IK>
JBFgCba2o�RT8;IfRbF;IKC�J�®ãñrò�ó6ôeò|¯�IKp$RTXKp;C�:2p;>|i�M�RTp©IKJºC l6>
CE8H��}ED;@$NnI�oE>
JSR]<(CEJ2p;F(RTJBFgR|oE>
8�RbL�>&8H>
p;^uC�Jhp;>
F;IK_�>�M RDiB>|<(8;>URbp;>�IKJÉFHG2>�<(CB> k�<eI�>"J`F�CTaOo�RT8;IfRbF;IKC�J�I�_�^2XKIK>
pS8;>|iB:=<(>Ui 8;>"p;^uC�J2pH>�FHI�_�>�o�Rb8;IfRTJ=<e>�®¤Iq@ >E@�M9IK_�^28HCTo�>UiÔp;F�Rb8;o�RbF;IKC�J
8;>"p;IKp;F(RTJ=<(>|¯
@

õ ÓY¸?:9�-£¦R���@;�÷öø;&��V*¤A;&�w=]�

kBPBJBF;G2>
FHIf<
RTXKXKP
L�>"J2>
8�RbF;>Ui�8(RTJ=i�C�_ ª�C�8H�BX�CBR�iBp�ª >"8;>�:2pH>Ui�IKJ
C�8(iB>
8SFHC�8H>
^2XKIf<
RTFH>�^28;>"o`IKCE:2pOª CE8;��RbJ=i
CEt2F�RbIKJ�R�p;F�Rb8;FHI�JhL
^uC�IKJBF,a�C�8�a�:28HF;G2>
8�>(¢2^=>"8;IK_�>
JBFHpU@�lWGh>
8;>U�E:2>"p;F�pHF;8H>URT_ë<(CEJ2p;IKpHF;>Ui�Cba)wD¶Z7ÆR�<
<(>"p;p;>"pD®£R�FqPB^2If<
RbX�´=XK>�pHPBp;F;>"_ t2XKC�<H��p;IK³
>U¯
:2J2I�a�CE8;_�X�P]i�I�pHF;8HI�th:2F;>Ui,R�<e8;C�pHp&F;Gh>ÃR|o�RbI�XfRbt2XK>$XKC�LEI�<"RTX�pH^=R�<e>�@6lWG2>�8;>U�E:2>
pHF&IKJBF;>
8(RT8;8HIKo�RTXBF;IK_�>"p$ª�>
8;>�>(¢2^=CEJ2>
JBF;IfRbX�XKPSiBIKp;FH8;IKt2:2FH>Ui�M
ªWIKF;G
FHG2>,_�>URbJ
o�RT8HI�>|i3F;C�L�>
J2>"8�RTFH>�XKI�LEGBF;>
8�C�8]Gh>UR|oBI�>"8Zª�C�8H�BX�CBR�iBp|@]lWGh>)8(RTF;IKC�CTa 8H>UR�iBpOFHC�ªW8HIKF;>
pOªWRTp]pH>
FSFHC�}2­KxE@Zm�J2XK>
p;p
C�FHG2>
8HªWI�pH>OJ2C�FH>Ui�M2FHG2>SiBIKp;��_�C�i�>
X=ªWRTp]<eC�JB´=LE:28;>|i�ªWIKFHG�¸�w�p;XKIK^2^u>Ui�F;8(R�<H�BpO®�_�RbF�<HG2IKJ2LSFHG2>OXfRT8;LE>
p;F]i�>(a�>U<(F�XKI�pHF&a¤C�:2J=i�IKJ�C�:h8
>(¢2^u>
8;IK_�>"J`F(RTX6Ä][�jW}E}Tv8�,iBIKp;�
iB8HIKo�>
p(¯
@]c&RE<HG�i2RTF(R,^=CEIKJ`FWIKp�F;G2>)R|oE>
8�RbL�>SCba RTFWXK>URTpHF]FHG28;>
>,p;>"^=RT8(RTF;>,8;:hJ2p]Cba9}Eì�yhM yEy�y,iBIKp;�
8;>|��:h>
p;FHpUM�<(C�8H8;>
pH^=CEJ=iBIKJ2L�F;C�p;IK_�:2XfRbF;>Ui,ª�C�8H�`XKCBR�iBp�CTa&ì�y,F;C�vBy�y�G2C�:h8;pWCTa&R�<(FHIKo`IKFqPB@
lWG2>�8H>
p;:hX�FHp�RT8H>�^=RT8HF;IKF;IKC�Jh>UiDIKJBF;C3F;Gh8;>
>3L�8HC�:2^hpSt=RTpH>Ui�C�JDFHG2>�XK>
oE>
X Cba]IKJBa�C�8H_�RbF;IKC�J
R|o�RTIKXfRTthX�>�F;C
FHG2>�p(<;Gh>UiB:2XKIKJ2LDRTX�{

L�CE8;IKF;Gh_�pU­9p�<HG2>Ui�:2XKI�JhL�t=Rbp;>Ui~C�J
?$7�YSMup(<;Gh>UiB:2XKIKJ2L�LEIKo�>
J�RbJ�R�<"<(:28�RbF;>�?$7�Y�{qF;Cb{�[&7�Y _�Rb^2^2IKJ2L=M2RbJ=i�p�<HG2>Ui�:2XKI�JhL�ªWIKFHG�a¤:2XKX
�BJ2CTªWXK>UiBLE>)®¤IKJ=<(XK:=iBIKJ2L�<(:28H8;>
JBF]8H>UR�ihÁTªW8;IKFH>SG2>UREi�^uC�pHIKF;IKC�J$MBRTXKX�CToE>
8;G2>|R�i3iB>
XfR|P�o�RbXK:2>
pUM2<"R�<HG2>)<(CEJBF;>
JBF;p|M2>
F(<T@é¯
@

z



ù]\"^ ��j<�wf	{ux��p~,d]�²úwvGs*`(�]~pj7ie����� `Bj7�²û§x���ú�frg

c6o�>"J�I�a§FHG2>]p(<HG2>UiB:2XK>
8WGuRTp&XKIKF;FHX�>WCE8&J2CS�BJ2CTªWXK>Ui�L�>WCTa�F;Gh>Z?$7�Y�{qF;Cb{�[97 Y _�Rb^2^2IKJ2LWa¤C�8 ROLEIKo�>
J�iBIKpH�§MEIKF&<
RTJ3RT^2^28HC|¢2I�_3RTFH>
p;>">
� i�>
XfR|P`pOoBIfR�FHG2>�K(iBIKp;F(RTJ=<(>EM
t=>"Fqª >
>"JDX�CEL�If<
RbX$t2XKC2<H�
JB:2_�t=>"8;pWa¤C�8OIKJ=iBIKoBI�i�:=RTX©8;>U�E:2>
pHF;p|@�À2CE8]>(¢=Rb_�^2XK>�MuI�aÃR�8;>U�E:2>"p;FSFHC
XKC�LEI�<"RTXBt2XKC2<;�3xUyEy�G=RTp�Ne:2p;F <eC�_�^hX�>"F;>Ui�MERTJ�?$7�Y�{qt=Rbp;>Ui�j9{�?©µZµO¶ p�<HG2>Ui�:2XK>
8WªWIKX�XBpH>
XK>U<(FWRO^=>"J=iBIKJ2LS8H>U�E:2>
p;F�a¤C�86XKC�L�If<
RbXBt2XKC�<H�
xUìEy�CTo�>
8SCEJ2>�a�C�8SXKCEL�If<
RTX6t2XKC2<H��}�yEy2@�lWGh>�R�<
<(:h8�R�<eP�CbaÃFHG2IKp)RT^2^h8;C|¢2IK_�RTFHIKC�J3IKpni�>
F;>
8H_�IKJ2>Ui�tBP
FHG2>�<HG2CEIf<(>�CTaWp�<HG2>Ui�:2XKI�JhL
RTXKLEC�8;IKFHG2_�MEF;G2>�o�RT8;IfRbJ=<(>OIKJ
p;>U<eF;C�8HpO^=>
8OFH8�R�<H��t=>
Fqª�>
>
JD³"C�J2>
p|MuF;G2>)i�>(a�>U<(FOpHX�IK^2^hI�JhL`ÁT8H>URTXKXKC2<
RTFHIKC�J�p�<HG2>"_�>
p|M§RbJ=i
RbJ`P3<
R�<HG2>
^28H>(a�>
F(<;GhI�JhL�R�<eF;IKoBI�FqPB@
À©I�LE:28;>S¸ERSLE8�RT^hG2pWF;G2>SR|oE>
8�RbL�>O8;>
pH^=CEJ2p;>�F;IK_�>
p9a�CE8ÃÀ©jWÀgk M2?$µOµO¶)Muj9{�?©µOµZ¶,Muk2kBl]ÀDRTJui�¨Ok2j�sZYn®£yh@ }E¯6a¤C�8WR,8�RTJhL�>OCTa

R|o�>"8�RTLE>«Rb8;8HI�o�RbX68�RTFH>
pU@,s�pZ>e¢�^u>U<(FH>Ui�M&À©jWÀgkD�E:2If<H�BXKP�p(RTFH:28�RbF;>
p)RbpOF;G2>�ª�C�8H�`XKCBR�i�IKJ=<(8;>|RTp;>"pU@�kBIKJ=<e>�j9{�?©µZµO¶¿IKpSiB>
pHIKL�J2>Ui
F;C�8;>Ui�:=<(>�FHG2>,o�RT8;IfRbJ=<(>SCba 8;>
pH^=CEJ2p;>�F;IK_�>"pO®£RTpOª�>
XKX&RTpOF;G2>,_�>|RTJ=¯"M2IKF;pSR|o�>"8�RTLE>)8H>
p;^uC�Jhp;>�F;IK_�>
p]8H:2J2pSì|{
xUyE²ÅG2IKLEG2>
8OF;G=RbJ
F;GhC�p;>OCbad?$µOµO¶,M2k2kBl]ÀDRbJ=i�¨Ok2j�sZYn®£y2@é}E¯6a�CE8 _�>UiBIK:2_ÅRTJui�G2>UR|oBP�ª�C�8H�`XKCBR�iBp|@gÀhC�8�F;G2>�p;:2t�{£p(RTF;:h8�RTFHIKC�J3ª CE8;�BXKC`REiBpUMBk2kBl]À
^28HCTo`IfiB>"p)R�p;XKIKL�GBF;XKP3XKCTª >
8O_�>URTJ
8H>
p;^uC�Jhp;>3F;IK_�>�®�:2^DFHC x|²+XKCTª�>
8OF;G=RbJ�¨Ok2j�sZYn®£y2@é}E¯SRTJ=i�}�² XKCTª >
8OFHG=RTJD?$µOµO¶O¯
@6À2CE8
ª�C�8;�BXKC`REiBpWRTFWF;Gh>Z>|iBL�>SCbagp(RTF;:h8�RTFHIKC�J$M2k2k�l]ÀDXKC�pH>
p]FHC)¨Ok2j�sZYn®£y2@é}E¯WRTJ=i3?$µOµO¶¬tBP�p;IK_�IKXfRT86_�Rb8;LEI�JhpU@
lWG2> zEì�²Â<(C�JB´�iB>
J=<(>WIKJBF;>"8;o�RTXKp�pHG2CTªWJSIKJ�´=L�:28H>Ã¸btOX�>"J=iOp;:h^2^=CE8;F©F;C]FHG2> Rbt=CToE>&C�t2pH>
8;o�RbF;IKC�JhpgRTtuC�:hF$À$jWÀ6kSRTJuiSj9{�?©µOµZ¶,@

ÄWCTª�>
oE>
8UMhF;G2>SIKJBF;>"8;o�RTXKp9a�C�8]?©µOµZ¶Æ®¤ªWG2If<;G
Rb8;>OFqPB^2If<
RTXua�CE8]k2kBl]À�RTJ=i�¨Zkhj�sZYO®qy2@é}�¯WRbpWª >"X�Xf¯9^28;>"o�>
JBF]:hp�a�8;CE_ ^28H>UiBIf<(FHI�JhL
F;Gh>Z8H>
XfRTFHI�oE>O^=CEp;IKF;IKC�JhpWCTad?©µOµZ¶,Muk2kBl]À±RbJ=i�¨Zk2j�sOYO®qy2@é}�¯9a�CE8ÃR,LEIKo�>
J3RT8;8HIKo�RTX�8�RbF;>�@
À©I�LE:28;>
¸E<�p;GhCTªWp�F;G2>3p��E:=Rb8;>Ui�<(CB> k�<eI�>"J`FHp�CTaOo�RT8;IfRbJ=<(>
®"ñrò'ó.ôeò
¯�a�CE8)FHG2>3p�RT_�>�p;>
F�CbaZ>(¢2^u>
8;IK_�>
JBF;pU@�À$jWÀ6kÔG=RTp,F;G2>

XKCTª >"p;F)<(CB> k�<eI�>"J`Fna�C�8SXKIKL�GBFH>
8Oª CE8;�BXKC`R�i�pUM$RbpSª CE:2Xfi
tu>�>(¢2^u>U<(F;>|i�@
s�p)À$jWÀ6k�tu>
L�IKJ2pSFHC
p�RbF;:28(RTFH>�RTJ=i�IKF;p�8;>
pH^=CEJ2p;>�F;IK_�>
o�RT8HIfRTJ=<(>W>e¢�^uRTJ=iBp|M2j9{�?©µOµZ¶Â>"_�>
8HL�>
pWRTp�F;G2>ORTXKL�CE8;IKF;Gh_ýªWIKF;G�FHG2>]tu>
p;FWpHF�Rb8;o�RTFHIKC�J�8;>"p;IKp;F(RTJ=<(>E@ k2kBl]À�MEªWG2IKXK>W^28;CToBIfiBIKJ2LOF;G2>
tu>
p;FOR|o�>
8(RTL�>�8;>
pH^=CEJ2p;>,F;IK_�>WI�J�_�CEp;FW<
RTpH>
pUMhI�pWGhI�LEG2XKP)pH:2p�<e>
^2F;IKt2XK>,F;C,p;F(RT8;o�RbF;IKC�J~®£RbpWI�p�>
oBIfiB>
JBFWtBP�IKF;p�XfRT8HL�>
8]<(CB> k�<eI�>"J`F�CTa
o�RT8HIfRTF;IKCEJ=¯
@
kBIK_�IKXfRT8u8;>
pH:2XKF;p&RT8H> 8H>
^uC�8;FH>Ui,IKJSl6>
C�8H>
PSRTJ=i�[6IKJ2��>
8HF;CEJeF pd<eC�_�^uRT8;IKpHC�JOCTa=À$jWÀ6k�MT?©µZµO¶,M�j9{;?$µOµO¶,M�RbJ=iSk2k�l]ÀLC lg>"C�8H�E}ED;@

lWG2>
PSiB>"F;>
8H_�IKJ2>UiOFHG=RTF$khkBl]À3RTJ=iS?©µOµZ¶ ®qk2j�sZY�¯�^28HCTo`IfiB>9F;G2>&tu>
pHFdR|oE>
8�RbL�>68;>"p;^uC�J2pH>WF;IK_�>
p|M
ªWG2IKXK>&j9{�?©µOµZ¶�G=Rbp$pH:2^=>"8;IKC�8
p;F(RT8Ho�RTF;IKCEJ)8H>
p;IKp;F(RTJ=<e>Wa�CE8gFHG2>WG2>UR|oBIK>
8&ª�C�8H�BX�CBR�iBp|@�lWG2>WpHI�_�:hX�RbF;IKC�JOpHF;:=iBP,IKJ�CéNO>"I�p(wI�ED=pHG2CTªWp&FHG=RTF6F;Gh>W_�>URbJ)8H>
p;^uC�J2pH>]FHI�_�>
p
CTa]k2kBl]À�M$khj�sZYSM6RTJui
¨Ok2j�sZYn®£Q]¯n_�RTF(<HG�FHC�ªWIKFHG2IKJ R�a¤>
ªý^u>
8�<e>
JBF�ªWG2>
JD8;>|��:h>
p;FHp�RT8;>�i�I�pHF;8HI�th:2F;>UiDRE<(8;CEp;p,F;G2>�i�I�pH�
IKJ
>
IKF;Gh>
8 RW:hJ2I�a�C�8H_�M
:hJ2IK_�C2i2RTXqM(CE8gthI�_�C2i2RTXT_3RTJ2J2>"8U@�lWG2>�C�thp;>
8Ho�>Ui,pHF�RT8Ho�RTFHI�CEJS8;>"p;IKp;F(RTJ=<(>�CTa=FHG2>
pH>]RTXKL�CE8;IKF;G2_�p§RbXKp;CZ<eC�_�^uRT8;>"p
ª�>
XKX$ªWIKF;G3C�:h8]8;>"p;:2XKF;p|@W°qJ�CékB>
XKF(z�yED;M=k2k�l]À�®¤8;>(a¤>
8;8H>Ui
FHC�Rbp]k2k2À6¯]RbJ=i
j9{;k2j�sZY¬Rb8;>SpHG2CTªWJ
F;C�^h8;CToBIfiB>S8;CE:2L�GhX�P�>U�E:2IKo�RTXK>
JBF
iBIKp;��:2F;IKXKIK³URTFHIKC�J$MEt2:2F]k2k�l]À±RTLBRTIKJ�^28HCTo`IfiB>"pWI�J�a�>
8;IKCE8Wp;F�Rb8;o�RbF;IKC�J�8;>
pHI�pHF�RbJ=<(>�@

ù]\p[ ��j<�wf	{ux��p~,d]�G��~ b7�Giýü§dw`r�Ldý��ieþ�þY~,dw�

°¤a$F;G2>�p�<HG2>Ui�:2XK>
8WG=RTp��BJ2CTªWXK>UiBLE>WCTag?$7�Y�{qF;Cb{�[97 Y _�Rb^2^2IKJ2L�p|M|I�F�<
RTJ�_�C�8H>ÃRE<
<(:28(RTFH>
XKP�^28;>Ui�I�<eFWp;>
>
��i�>
XfR|P`pWRTJui,F;G2>
8H>
tBP
^28HC�i�:=<(>Ot=>"F;F;>"8]p�<HG2>|iB:2XK>
pU@�ÄWCTª�>
o�>"8UM=RnG2>
:28HI�pHF;If<�a�C�8W<HG2CBC�pHI�JhL«Rb_�C�JhLZ8H>U�E:2>
pHF;p]ªWIKFHG2IKJ�R)<(PBXKIKJ=iB>
8�_�:2pHF&t=>SiB>"p;IKL�J2>|i�@6AD>
:2pH>«R�j9{�?©µZµO¶¿p(<HG2>
_�>,IKJ
C�8(iB>
8OF;C�F�Rb��>)REiBo�RTJBF�RbL�>SCba F;Gh>)Ä][ÂjW}�}bv8��F pW^28H>(a�>
F(<HG2IKJ2L
<
R�<HG2>3®¤p;>
>,p;>U<eF;IKC�J±õE¯
@�lWG`:hp]>URE<;G
p�<HG2>|iB:2XKIKJ2L«RbXKL�C�8HIKF;G2_ :2p;>
p]j9{;?$µOµO¶ýRbp XKCEJ2L)RTp�F;Gh>
8;>SRT8H>O8;>U�E:2>
pHF;pWªWIKF;GhI�J�F;G2>O<(:28H8;>
JBFZ<eP`XKIKJ=iB>"8 FHCSp�RbF;IKpqa�PBMBRTJ=i�F;G2>
J3CEJ2>
CTa6F;G2>�o�RT8;IKCE:2p >e¢�^u>
8HI�_�>
JBF�RbX$RTXKL�CE8;IKF;G2_�p&F;C,p;>"X�>|<(FOF;G2>OJ2>(¢2F]<(PBXKIKJ=iB>
8�F;C,p;>
8HoBI�<e>�@
lWG2>�?$7�Y�{qt=RTpH>Ui�RbJ=i�a�:2XKX�{£_3RT^�oE>
8;pHI�CEJ2pOCTa&>URE<;GDRTXKLEC�8;IKFHG2_Å^28HC�i�:=<(>�RTXK_�CEp;F�I�i�>
JBF;If<
RTX6^u>
8qa¤C�8;_3RTJ=<e>�M=Rbp]_�>|RTp;:h8;>Ui3tBP

tuC�F;G�R|o�>
8(RTLE>�8;>"p;^uC�J2pH>
F;IK_�>"p)RTJ=iD<eC`>5k�<(IK>
JBF;p�Cba]o�RT8HI�RbF;IKC�J©@3s]p�8�RbJ=iBCE_ ª�C�8H�BX�CBR�iBp,<(C�JBF�RbIKJDa�>
ª¿pH>U�E:2>
JBF;IfRTXW8H>U�E:2>
pHF;pUM
^28H>(a�>
F(<;GhI�JhL�^28;CToBIfiB>
p�XKI�FHF;XK>WC�8WJhCS^=>"8qa�CE8;_�RbJ=<(>�I�_�^28;CToE>
_�>"J`F|@ulWG2>S<(PBX�IKJ=i�>
8 Gh>
:28;IKpHF;If<ORTXKp;C,G=RTp�XKIKF;F;XK>W>(¦�>U<(F|M�RTp�I�JuiBIKo`IfiB:uRTX

xUy



ÿ ÿ
 FCFS� �
 C-LOOK� �
 LOOK� �
 VSCAN(0.2)� �
 SSTF

|
�
0� |

�
10

|
�

20
|
�

30
|
�

40
|
�

50
|
�

60
|
�

70

|�0

|�50

|�100

|�150

|�200

|�250

 Mean Arrival Rate (Hz)

 A
vg

 R
es

po
ns

e T
im

e (
m

s)

� � � �
�

�

� � �
�

�
�

�

	 	 	 	 	
	

	


 
 
 
 







� � � � �
�

�

¿�Å'å
�YØ�Ä Ã�Å���Ä��wÄ Ç"ß7Ð'Ì0Ç"Ä���ÎÑÔ Ä

|
�
0� |

�
10

|
�

20
|
�

30
|
�

40
|
�

50
|
�

60
|
�

70
|�0

|�50

|�100

|�150

|�200

|�250

 Mean Arrival Rate (Hz)

 A
vg

 R
es

po
ns

e T
im

e (
m

s) FCFS� C-LOOK� LOOK�

¿��7å��'À�Â��wÐ�Ì��7ÆIÄ ÌIÒ Ä��pÌ6Í"Ä Ã"Ø'Å5ÏÑÇ?¿���Ø'Ä Ã�Å��'Ä �wÄ Ç"ß7Ð'Ì0Ç"Ä��wÎÑÔmÄ$å

! !
 FCFS" "
 C-LOOK# #
 LOOK$ $
 VSCAN(0.2)% %
 SSTF

|
�
0� |

�
10

|
�

20
|
�

30
|
�

40
|
�

50
|
�

60
|
�

70

|�0.00

|�0.25

|�0.50

|�0.75

|�1.00

|�1.25

 Mean Arrival Rate (Hz)

 S
qu

ar
ed

 C
oe

ffi
ci

en
t o

f V
ar

ia
tio

n

&
&

&
&

& &

'
'

'
' ' ' '

(
(

(
( ( ( (

)
)

)
) ) ) )

*
*

*

*
* * *

¿�Ò$å�+.Ê6Ë8ÅEÃ"Ä Æ,�wÐ6Ä.-¯ÒAÎÑÄ Ì6Í�Ð$ä0/wÅ$ÃpÎ�ÅEÍpÎÑÐ'Ì

À©IKL�:h8;>S¸2­6?$7�Y�{;7 Rbp;>Ui¡s]XKL�CE8;IKF;G2_ [$>"8qa�CE8;_�RbJ=<(>O:2pHI�JhL«R�kBPBJBF;Gh>
F;If<�®£Q�RTJ=iBCE_�¯6ADCE8;�BXKC`REi

x�x



<(PBXKIKJ=iB>
8Hp�8(RT8H>
XKPÒ<(C�JBF(RTIKJ�_�:2XKF;IK^2XK>�^=>
JuiBIKJ2L�8;>U�E:2>
pHF;p|@»À©IKL�:h8;>
p
vBR±RbJ=i�v�tÂiBIKp;^2XfR|P�F;G2>DR|o�>"8�RTLE>�8H>
p;^uC�Jhp;>DF;IK_�>
p�RbJ=i
p��E:=Rb8;>Ui�<(CB> k�<(IK>
JBF;p,CTaWo�RT8HIfRTF;IKCEJ
a�CE8Ot=CEF;GDF;Gh>�?$7�Y�{qt=Rbp;>Ui�RTXKL�CE8;IKF;G2_�p]RTJ=i�FHG2>�RbXKL�C�8HIKF;G2_�pW:2F;IKXKIK³
IKJ2L3F;G2>,a�:hX�X�?$7�Y�{qF;CT{
[&7�Y+_3RT^2^2IKJ2Lu@DlWG2>3C�JhX�PDoBIKp;IKt2XK>3iB>
oBIfRTF;IKCEJÉIKp�R�p;XKIKL�GBF,I�Ju<(8;>URbp;>
IKJ�k2kBl]À�F p�<(CB> k�<(IK>
JBF�CTaZo�Rb8;IfRTJu<(>�a�C�8,F;G2>¡a�:2XKX�{£_3RT^
RTXKLEC�8;IKFHG2_�@WlWGhI�pOIKp]8H>URTpHC�J=Rbt2XK>�M6RTpZkhkBl]À�:2FHI�XKIK³
>
pO_3RT^2^2IKJ2L��BJ2CTªWXK>Ui�L�>SpHF;8;If<(FHXKP
F;C38;>|iB:=<(>�8H>
p;^uC�J2pH>�FHI�_�>
pUMuCba�F;>
JDRTF�F;G2>
>(¢2^u>
J2p;>,CTa6IKJ=<(8;>|RTp;>|i38;>U�E:2>"p;FOp;F(RT8;o�RbF;IKC�J©@
l6C�iB>
F;>"8;_�IKJ2>�F;G2>SIKJB¥u:2>
J=<(>,CTa&>(¢=<(>"p;p;IKoE>�iB>(a�>U<eF;pOC�J
FHG2>Sp(<;Gh>UiB:2XK>
8�F pSRE<
<(:28(R�<(PBMuª >S_�C2iBI�´=>Ui�F;G2>�p;IK_�:2XfRTFHC�8�F;C�_�C2iB>"X

RTJ�Ä][�jW}E}Tv8�,ªWIKFHG
G=RTX�a&CTa&IKF;p�p;^=Rb8;>,F;8(R�<H�Bp)®¤v`ìEy,C�:2F�CTa z�yEy�¯�´uX�XK>Ui3iB:h>)FHC�8�RbJ=iBCE_�XKP�L�8HCTªWJ¡i�>(a�>U<(FHpU@Ol6C�_3R|¢2IK_�I ³
>�F;G2>
^u>
8;FH:28;t=RbF;IKC�J�IKJ)FHG2>Z?©7 YÃ{£FHCT{;[&7 Y _�RT^h^2IKJ2L=MTRTXKX2Cba§FHG2>Zi�>(a�>U<(FHp ª�>
8H>ZiBPBJ=Rb_�If<
RTXKXKP]8H>URTXKXKC2<
RTFH>Ui�@&c6oE>
J�ªWIKF;G�CToE>
8 }�² CTa�F;G2>
iBIKp;�rF pWF;8(R�<H�BpW8;>
_3RT^2^u>Ui�MEa¤:2XKX�_�RT^h^2IKJ2LSIKJBa�CE8;_�RbF;IKC�J,^28HCTo`IfiB>"pWX�IKFHF;XK>]IK_�^h8;CTo�>"_�>
JBF6IKJ�^u>
8�a�C�8H_�RTJu<(>�@&k2kBl]À�MBFHG2>)RTXKLEC�8;IKFHG2_
_�CEp;F�p;>
Jhp;IKF;IKo�>OFHC�F;G2>S?$7�Y�{qF;Cb{�[97 Y _�RT^h^2IKJ2L=MTIK_�^28;CToE>
p tBP�XK>
pHp]F;GuRTJDxU²3@
AD>�<(C�Ju<(XK:=iB>3F;G=RbFS_�RbIKJ`F(RTIKJ2IKJ2L�R�a¤:2XKX ?$7�Y�{qF;Cb{�[&7�Y _�Rb^2^2IKJ2L�I�p�J2C�FYNe:2p;FHI ´u>Ui�a�CE8Sp;>">
�E{£8H>UiB:=<(IKJ2L±RbXKL�C�8HIKF;G2_�p]ªWG2>
J

p�<HG2>|iB:2XKIKJ2L�8�RbJ=iBC�_Æª CE8;�BXKC`R�i�pU@

ù]\�� ��j<�wf	{ux��p~,d]�G��~ b7�21*xB�p� ü÷d]`r�n��fr{B�(f

NOIKo�>
J�p;:-k�<(IK>
JBF)<(C�_�^2:2F(RTF;IKCEJ=RTX©8;>
pHC�:28(<(>
pUM�R�a�:2XKX&?$7�Y�{qF;CT{;[&7�Y¿_�Rb^2^2IKJ2LuM=R�<"<(:28�RbF;>�o�RTXK:2>
p�a�CE8Zo�Rb8;IKC�:hpn<eC�JBF;8HC�X RbJ=i
<(CE_�_�:2J2If<
RbF;IKC�J3CToE>
8;G2>|R�iBp|M&RTJ=i~p;CE_�>�IKJ=iBIf<
RbF;IKC�J
Cba]F;G2>�i�8;IKo�>IF p)<e:28;8H>
JBF�8;C�F(RTFHI�CEJ=RTX9^=CEp;IKF;IKC�J©M�F;G2>�p�<HG2>Ui�:2XK>
8«<"RTJ±pH>
XK>U<(F
F;Gh>�^u>
J=i�I�JhL�8H>U�E:2>
p;F�ªWGhI�<HG�ªWI�XKX�IKJ=<(:28,F;G2>3pH_�RTXKXK>
pHFSF;CEF�RTX�^uC�p;IKFHI�CEJ2IKJ2L�iB>"X�R|P�®�pH>
>
��RTJ=iÔ8;C�F(RTFHI�CEJ=RTX�XfRTFH>
J=<(P2¯
@Ôs]p,ªWI�FHG
k2kBl]À�M�k2[6l]À¬IKp�G2IKLEG2XKPDp;:2p(<(>
^2FHI�thX�>~F;CD8;>|��:h>
p;F3p;F(RT8Ho�RTF;IKCEJ$@�À2CE8�F;G2IKp�8H>URTpHC�J$M�ª�>�RTXKp;C�>(¢=RT_�IKJ2>Ui±RbJ�RTL�IKJ2LDRTXKLEC�8;IKFHG2_
t=Rbp;>Ui C�JÒkh[6l]À�@Ã\�>
JhC�F;>|i�RTp1���b�(�n�h�-�6�5/��e� /2´¬�|�
�%/q���T�h�f�B�ý&6��J���©&���e�H/qM�F;G2IKp3RTXKL�CE8;IKF;G2_ IKp�>U�E:2IKo�RbX�>"J`F�FHC±FHG2>�sOkBs&l]À
RTXKLEC�8;IKFHG2_¬^28;CE^=CEp;>Ui�IKJ1C ¾BR�<(CBz2xAD;@43)sZkh[6l]ÀDR�i$Ne:2p;FHp&>UR�<HG�^uC�pHI�FHIKC�J2IKJ2LSiB>
XfR|PS^h8;>UiBIf<(FHIKC�J3®6587�9;:|¯6tBP)pH:2t2FH8�R�<eF;IKJ2L)ROª�>
IKL�GBFH>Ui
o�RTXK:2>S<(CE8;8H>
p;^uC�J=i�I�JhL�FHC�FHG2>)RT_�C�:2JBF�CTa FHIK_�>]FHG2>,8;>U�E:2>
pHFOG=RTp�t=>
>"J�ªWRTIKF;IKJ2L,a¤C�8Wp;>"8;oBIf<(>3®65=<0>@?BA£¯"@WlWG2>,8;>
pH:2XKF;IKJ2L�>(¦§>|<(F;IKo�>
^uC�p;IKFHI�CEJ2IKJ2L�iB>
XfR|P3®65DCFEGE2¯�I�pW:hp;>Ui3IKJ�p;>
XK>U<(FHIKJ2L�FHG2>OJ2>(¢2FW8;>U�E:2>"p;FOF;C�IKp;pH:2>�­

5 CHEIE ±J587K9.:ML±®.NPOM5 <0>Q?RA ¯

lWG2>,ª >
IKLEG`F�p;:2LEL�>
pHF;>Ui�IKJ�C ¾BR�<(CBz2xAD&F;8(RTJ2pHX�RbF;>
p,RT^2^28HC|¢2I�_3RTFH>
XKP�F;C�sOk2[6l]À9®£õh@é¸�¯
@SÀ©IKL�:h8;>
pSì�R�RTJ=i~ìTt
^28H>
p;>"J`F�F;G2>,^=>"8q{
a�CE8;_�RbJ=<(>O_�>"F;8;If<(p�a�C�8�o�RTXK:2>
p�CTa AÍ8(RTJ2LEI�JhL�a�8HC�_+y3®£kh[6l]À6¯]FHC�¸Ey2@�s]p]A I�Ju<(8;>URbp;>
p|M$FHG2>�R|o�>
8(RTL�>�8;>
pH^=CEJ2p;>�FHI�_�>Op;XKCTªWXKP
L�8HCTªWpUM|t2:2F6FHG2> 8H>
p;^uC�Jhp;>WF;IK_�>go�Rb8;IfRTJu<(> iB8HC�^2p6p;IKLEJ2I�´§<
RTJBFHX�PB@u°qJ«RbXKX`<
Rbp;>
p|M�FHG2>ÃRbXKL�C�8HIKF;G2_�p=FHG=RTF©p�<HG2>UiB:hX�>�t=Rbp;>Ui�C�J,^28;>|iBIf<(F;>Ui
^uC�p;IKFHI�CEJ2IKJ2L,F;IK_�>
p�G=R|oE>ZXKCTª�>
8]R|o�>"8�RTLE>S8;>"p;^uC�J2pH>)FHI�_�>
p�F;G=RbJ
F;G2CEp;>StuRTp;>|i3C�J3^28H>UiBIf<(F;>|i3p;>
>"�
F;IK_�>"pU@&ÀhC�8WG2IKL�Gh>
8]o�RbX�:h>
pWCTa
AýM�sOk2[6l]À p;:B¦�>
8Hp�R�pHG=RT8H^±IKJ=<(8H>URTpH>�IKJDR|o�>
8(RTL�>�8H>
p;^uC�Jhp;>3F;IK_�>�ªWG2>
JDF;Gh>�iBIKp;��tu>
L�IKJ2pSFHC3p�RTFH:28�RbF;>�@
ÀhC�8,R�pH:7k�<(IK>
JBF;XKP
XfRT8HL�>OAýMBsZkh[6l]À±iB>"L�>
J2>"8�RTFH>
pOIKJ`FHC«À©jWÀ6k�@
s]J�RT^2^h8;C�^h8;IfRTFH> RTLEI�JhL�a£R�<(FHC�8©_�R|P]8H>
p;:hX�F6IKJ)RbJ)RTXKL�CE8;IKF;Gh_�ªWIKF;GSFHG2>ÃR|oE>
8�RbL�>&8H>
p;^uC�Jhp;>WF;IK_�>gCba§k2[6l]À~RTJ=iOFHG2>�p;F�Rb8;o�RbF;IKC�J

8;>"p;IKp;F(RTJ=<(>3Cba�j9{;?$µOµO¶,@gÀhC�8O>(¢=RT_�^2XK>�M�sOk2[6l]À9®£õE¯)RbJ=i
sOk2[6l]À9®�x|}�¯�_�RbF�<HG
F;Gh>�^u>
8qa�CE8;_3RTJ=<(>�Cba�kh[6l]À�a¤C�8)RbX�X6t2:hFSF;G2>
G2>UR|oBIK>
pHF&ª CE8;�BXKC`REiBpUMTPE>
F&G=R|oE> _�:u<;G,tu>
F;FH>
8 pHF�Rb8;o�RTFHIKC�J,8;>
pHI�pHF�RbJ=<(>�@9°qJ,a£R�<(F|MTsZkh[6l]À9®�xU}E¯6G=Rbp&XKCTª >
868H>
p;^uC�J2pH>OF;IK_�>&o�Rb8;IfRTJu<(>
F;GuRTJ
j9{�?©µOµZ¶,Mh>
o�>
J3FHG2C�:2LEG3I�FHp]<(CB> k�<(IK>
JBF]Cbago�Rb8;IfRTFHI�CEJ�IKpWp;XKIKL�GBF;XKP,G2IKL�G2>
8|@
kB>
XK>U<(FHIKJ2L
F;Gh>�8;>U�E:2>
pHF)ªWIKFHGDF;G2>�pH_�RTXKXK>
pHF]^uC�p;IKFHI�CEJ2IKJ2L�i�>
XfR|P
>
JBF�RbI�XKpOp;IKLEJ2I�´§<
RTJBFS<(CE_�^2:2F(RTFHI�CEJ=RTX©>(¦�C�8;F�®�>"p;^u>U<(IfRTXKXKP3a�CE8

XfRT8HL�>S�E:2>
:2>
p(¯
Mu<Ha�@?C ¾BR�<(CBz2xAD;@
SQTVUXWZY\[�]ZU_^`Y�ab]�c@dbe�[Qf6ab^`Y�gh[ji�UFf�^�Y\UXTlkGmDnoc@dbe�[Qf6ab^`Y�gp]`q\e�e�U.]6^ZU;rsautlv kGUFdb^Zw�xFyDz8U;W;cQq\]6U�TlkGmDnlab]�]Z[@g�U;{=Y\c�^0aut\]ZUFt\]`ab^`abi�U�^Z[�rGau|8UFfFUFt\W.U;]Daut

} fFU;rGabW;^ZU;r } [�]�ab^`ab[@t�aut\e0^`aug�U;]D{=Y\UHt�W.[@g } c@fZaut\eDfFU;~�q\U;]Z^6]={=Y\[�]ZU�{=c@ab^`aut\e_^`aug�U;]=c@fFU�t\U;c@fD^�Y\U�c�eQaut\e�duaugXab^;�

xU}



� �
 FCFS� �
 LOOK (LBN)� �
 C-LOOK (LBN)� �
 SSTF (LBN)� �
 VSCAN(0.2) (LBN)� �
 LOOK (MAP)� �
 C-LOOK (MAP)� �
 SSTF (MAP)� �
 VSCAN(0.2) (MAP)

|�
0
� |�

10
� |�

20
� |�

30
� |�

40
� |�

50
� |�

60
� |�

70
�|�0

|�50

|�100

|�150

|�200

|�250

 Mean Arrival Rate (Hz)

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

� � �
�

�

�

� � �
�

�
�

�

� � �
�

�

�

�

� � �
�

�
�

�

� � �
�

�
�

�

� � �
�

�
�

�

� � �
�

�

�

�

� � �
�

�

�

�

� � �
�

�
�

�

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

� �
 FCFS� �
 LOOK (LBN)� �
 C-LOOK (LBN)� �
 SSTF (LBN)� �
 VSCAN(0.2) (LBN)� �
 LOOK (MAP)� �
 C-LOOK (MAP)� �
 SSTF (MAP)� �
 VSCAN(0.2) (MAP)

|�
0
� |�

10
� |�

20
� |�

30
� |�

40
� |�

50
� |�

60
� |�

70
�|�0.00

|�0.25

|�0.50

|�0.75

|�1.00
|�1.25

 Mean Arrival Rate (Hz)

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n

�
�

�
�

�
�

�
�

�

�
� � �

�
�

�
� � � �

 
 

 

 
 

   

¡
¡

¡

¡
¡ ¡ ¡

�
�

�

�
� � �

�
�

�
� � � �

 
 

 

 
 

   

¡
¡

¡

¡
¡ ¡ ¡

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:h8;>Ov=­6À2:hX�X�{;r
RT^3RTJ=i�?$7�Y�{;7 Rbp;>Ui~s]XKLEC�8;IKFHG2_Å[$>"8qa�CE8;_�RbJ=<(>O:2pHI�JhL«R�kBPBJBF;Gh>
F;If<�®£Q�RTJ=iBCE_�¯6ADCE8;�BXKC`REi

xU¸



¢ ¢
 FCFS£ £
 C-LOOK (LBN)¤ ¤
 SSTF (LBN)¥ ¥
 ASPTF(30)¦ ¦
 ASPTF (12)§ §
 ASPTF (6)¨ ¨
 ASPTF (2)© ©
 SPTF

|�
0
� |�

10
� |�

20
� |�

30
� |�

40
� |�

50
� |�

60
� |�

70
�|�0

|�50

|�100

|�150

|�200

|�250

 Mean Arrival Rate (Hz)

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

ª ª ª
ª

ª

ª

« « «
«

«

«

«

¬ ¬ ¬
¬

¬
¬

¬

­ ­ ­ ­

­
­
­

­

® ® ® ®
®

®
®

®

¯ ¯ ¯ ¯
¯

¯
¯
¯

¯

° ° ° °
°

°
°
°

°

± ± ± ±
±

±

±

±

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

² ²
 FCFS³ ³
 C-LOOK (LBN)´ ´
 SSTF (LBN)µ µ
 ASPTF(30)¶ ¶
 ASPTF (12)· ·
 ASPTF (6)¸ ¸
 ASPTF (2)¹ ¹
 SPTF

|�
0
� |�

10
� |�

20
� |�

30
� |�

40
� |�

50
� |�

60
� |�

70
�|�0.00

|�0.25

|�0.50

|�0.75

|�1.00
|�1.25

 Mean Arrival Rate (Hz)

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n

º
º

º
º

º
º

»
»

»
» » » »

¼
¼

¼

¼
¼ ¼ ¼

½
½

½
½

½ ½ ½ ½

¾
¾

¾

¾
¾ ¾ ¾ ¾

¿
¿

¿

¿

¿ ¿ ¿ ¿ ¿

À
À

À

À

À À À À À

Á
Á

Á

Á

Á
Á Á Á

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À$IKLE:28;>Sì2­&Àh:2XKX�{�¶�J2CTªWXK>Ui�L�>]s�XKL�C�8HIKF;G2_Å[©>
8qa¤C�8;_3RTJ=<e>Z:hp;IKJ2L�R,kBPBJ`FHG2>
FHI�<«®£Q]RbJ=iBCE_�¯6ADCE8;�BXKC`R�i

x
v



l68(R�<(> ?�>
J2LEF;G YW:2_�tu>
8�CTa Y�:2_�t=>"8 Cba s�o�>
8(RTL�> l6C�F(RTX$QW>|R�i kB>|�=@&Q�>UR�i
Y]RT_�> ®�G2CE:28;p(¯ \�I�pH�Bp QW>U�E:2>
pHF;p k�I�³">)®q¶O7 ¯ [©>
8(<(>
JBF�RbL�> [©>
8�<(>"J`F(RTLE>
j�>"X�XKC xUõEw w ¸2Mé}Eõ�}2MéwE}Tv õ2@é¸ v`õh@ yE² }2@éì�²
kBJ=RT�E> xUõEw ¸ x�MKx|¸�¸2MéõEõ�¸ õ2@à� ì�}h@ vB² xUwh@ õE²
s�IK8q{;QWp;o z xUõ }2MKx|y�õ2Mà�EyTv ì2@Kx ��zh@ ¸E² �2@éw�²
k2<(I�{ql]k x|z2@éõ v`¸ ì2MKx|wI�2MéõEz�¸ }2@ v w2xE@ ìE² xU¸h@ wE²
µ�8�i�>
8 xU} }�} xU}hMé}�¸�õhM v`¸�¸ ¸2@Kx w�õh@ }E² �2@éì�²
Q�>
^=CE8;F w }�} w2Méõ0��z2MéyEìI� ¸2@éz w�wh@ õE² ¸2@éw�²

l&RTt2XK>S}2­67 Rbp;If<Sj�G=Rb8�RE<(F;>
8HIKp;F;If<(p�CTa6F;G2>Sl68(R�<(>
p

Â Ç)�2�6�rR(=�öø;&��V*¤A;&�w=]�

l6C�LBRTIKJ�RbJ�:2JuiB>
8;pHF�RbJ=iBIKJ2L
CbaÃG2CTª o�RT8HI�CE:2pOp�<HG2>Ui�:2XKI�JhL¡RbXKL�C�8HIKF;G2_�pW^=>
8�a�C�8H_ :2J=iB>
8,R�<(FH:=RTX&:hp;>
8,ª CE8;�BXKC`REiBpUMuª�>�:2p;>Ui
F;8(R�<(>"p&CTa$iBIKp;�SR�<eF;IKoBI�FqPS<(CEXKX�>|<(F;>Ui�a¤8;C�_¬pHPBp;F;>"_�p6IKJ):2pH>ÃRbF6o�RT8;IKCE:2p$IKJ=iB:hp;F;8HIfRTX2RTJ=i�8;>"p;>URb8�<HG�IKJ2pHF�RTXKXfRTFHIKC�J2p|@=lWGh>W>
JBo`IK8HC�J2_�>
JBF;p
IKJOªWG2If<;GOFHG2> FH8�RE<(>
p$ª�>
8H>Ã<
Rb^2F;:h8;>Ui,RT8H> iB>
p(<(8;IKtu>UiSth8;IK>(¥=POIKJOp;>U<(FHIKC�JSvu@$kBC�_�>6t=RTpHI�<6<HG=Rb8�R�<eF;>
8HI�pHF;If<(p&Cba`FHG2> FH8�RE<(>
pgRb8;>&LEIKo�>
JOIKJ
F�Rbt2XK> }2@©lWG2>�F;8(R�<(>
p9o�RT8;POªWIfiB>
XKP�I�J�8;>UREi2ÁTªW8HI�FH>W8�RbF;IKC�p|M�RE<
<(>
pHp&p;IK³
>"pUMBRT8;8HIKo�RTX�8(RTFH>
pUMBiB>
LE8;>
>
p9CTa=pH>U�E:2>
JBF;IfRTXKIKFqPBMURTJuiSt2:h8;p;FHIKJ2>
p;p|@
lWG2>O>
JBoBIK8;C�Jh_�>
JBF;p]RbJ=i�<HG=Rb8�RE<(F;>
8HIKp;F;If<(pOCbagF;Gh>
p;>SFH8�RE<(>
pSRT8H>ni�>
p�<(8HIKt=>Ui~_�CE8;>�F;G2CE8;C�:hL�G2XKP�IKJ�CéQ]Rb_�REz�}TM2Q�:2>
_�zE¸ D;@
lWG2>�^u>
8�a�C�8H_�RTJu<(>�L�8(RT^2G2p�I�JDFHG2IKpSp;>|<(F;IKC�J�:2p;>�R¡8�RTJhL�>�CTa]FH8�RE<(>�p(<
RTXKIKJ2L�a£R�<eF;C�8HpU@
Y�C�F;>�F;G=RbFSF;Gh>�p�<"RTXKIKJ2L�a£R�<(FHC�8�®¤F;G2>

éW{;R|¢2IKp�¯ IKpgpHG2CTªWJSIKJSXKC�L ò p�<"RTXK>�@6lWG2>�ª CE8;�BXKC`REiBp�ªWIKF;G�RTJSIfiB>
JBFHI�FqPOp(<
RTXKIKJ2LWaqR�<(FHC�8g<eC�8;8H>
p;^uC�Jui,F;COF;G2>�F;8(R�<(>|iS8H>U�E:2>
p;F�p;FH8;>URb_�p|@

ÃB\"^ ��j<�wf	{ux��p~,d]�²úwvGs*`(�]~pj7ie����� `Bj7�²û§x���ú�frg

À©I�LE:28;>"p)õ|{
x�x�p;G2CTª¬FHG2>�R|o�>
8(RTLE>)8H>
p;^uC�J2pH>�FHI�_�>
pZRbJ=i3FHG2>�<(C�8H8;>
pH^=CEJ=iBIKJ2L
p(�E:=RT8H>Ui�<eC`>5k�<(IK>
JBF;p,CTa o�Rb8;IfRTFHI�CEJ�a�C�8S?$7�Y�{
t=Rbp;>Ui�p(<;Gh>UiB:2XKIKJ2L3CTa FHG2>�p;I�¢
F;8(R�<(>"pU@�s�pnRbt=CToE>�M$À©jWÀgk~p�<HG2>|iB:2XKIKJ2L3^=>
8�a�C�8H_�pO^uC`CE8;XKP�a�C�8SRbX�X6t2:hFZFHG2>,X�IKLEG`FH>
p;FOª�C�8H�`XKCBR�iBp|@
lWG2>�8;>
XfRTFHIKo�>�^u>
8qa�CE8;_3RTJ=<(>�Cba]F;G2>�CEF;G2>"8«RbX�LEC�8HI�FHG2_�p|M�G2CTª�>
o�>"8UM&iBI�¦�>
8;p�a�8;CE_ FHG=RTFSCEt2p;>"8;o�>|iDa¤C�8SFHG2>�8(RTJ=iBCE_ ª�C�8H�`XKCBR�iBp|@
lWG2>�8;>
pH:2XKF;p]IKJ=i�I�<"RTF;>�F;G=RbF FHG2>ZÄ�[�jW}�}Tv7��F p6^28;>ea�>
F�<HG2IKJ2L�<"R�<HG2>O^2XfR|PBpÃROXfRb8;L�>�8;CEX�>�IKJ�iB>
FH>
8;_�IKJ2IKJ2LSRTXKL�CE8;IKF;G2_¿>(¦�>U<(FHIKo�>
J2>"p;pU@
QW>UREi�8;>U�E:2>
pHF;p�a�C�8W<
R�<HG2>|i
i2RTF(R)<"RTJ3t=>OpH>
8;oBIf<(>Ui3_�:u<;G�a£RTpHF;>
8WFHG=RTJ3FHG2C�pH>ZªWGhI�<HG�_�:2p;FWR�<
<e>
p;p�F;G2>)i�I�pH��_�>Ui�I�Rh@�°¤ag8H>UR�i

8;>|��:h>
p;FHpnRb8;8HI�oE>SRTFWF;Gh>)iBIKp;��I�J3XKC�LEIf<
RTXKXKP«Rbp�<(>"J=iBIKJ2L�C�8(iB>
8|M=pHC�_�>]^uC�8;FHIKC�J�®�CE8]RTXKXf¯&CbadFHG2>)i2RbF�R�a�CE8 >|R�<HG
p;>|��:h>
JBF;IfRTX©8;>U�E:2>
pHF
_�R|P�RbXK8;>UREiBP�tu>SIKJ3F;G2>S^h8;>(a�>"F�<HG2IKJ2L�<"R�<HG2>SªWG2>"J
F;G2>�8;>U�E:2>
pHF)RT8H8;IKo�>"pU@�lWG2>
8H>(a�C�8H>�M�RTXKL�CE8;IKF;Gh_�p&FHG=RTF�^28;>
pH>
8;oE>«RbJBP�>(¢2IKp;FHI�JhL
8;>|R�i3pH>U�E:2>
JBF;IfRTXKIKFqP�RE<HG2IK>
o�>SGhI�LEG2>
8W^u>
8qa¤C�8;_3RTJ=<e>]a¤C�8Wª�C�8;�BXKC`REiBp]<(CEJ`F(RTIKJ2IKJ2L�R,p;IKL�JhI ´�<
RTJBF�a�8(R�<(FHI�CEJ3CTa&p;>U�E:2>"J`FHIfRTX6C�8WG2IKLEG2XKP
XKC2<
RTX�8H>UR�i�8;>|��:h>
p;FHpU@

xUì



Ä Ä
 FCFSÅ Å
 C-LOOK Æ Æ
 LOOK Ç Ç
 VSCAN(0.2) È È
 SSTF 

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

Í Í Í Í
Í
Í
Í
Í

Î Î Î Î Î
Î

Î

Ï Ï Ï Ï Ï Ï

Ï

Ð Ð Ð Ð Ð Ð

Ð

Ñ Ñ Ñ Ñ Ñ Ñ

Ñ

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

Ò Ò
 FCFSÓ Ó
 C-LOOKÔ Ô
 LOOKÕ Õ
 VSCAN(0.2)Ö Ö
 SSTF

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0.0

|�2.5

|�5.0

|�7.5

|�10.0

|�12.5

|�15.0
|�17.5

|�20.0

 Trace Scaling FactorÌ

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n

× ×
×
× × × × ×

Ø Ø Ø Ø
Ø
Ø

Ø

Ù Ù Ù Ù
Ù
Ù

Ù

Ú Ú Ú Ú
Ú
Ú

Ú

Û Û Û Û
Û
Û

Û

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©I�LE:28;>Sõh­&?$7�Y�{;7 Rbp;>Ui3s�XKL�C�8HIKF;G2_ [©>
8�a�C�8H_�RbJ=<(>]:hp;IKJ2L�F;Gh>�� �"�f�%��lg8(R�<(>

xUõ



Ü Ü
 FCFSÝ Ý
 C-LOOK Þ Þ
 LOOK ß ß
 VSCAN(0.2) à à
 SSTF 

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

á á á á
á
á

á

â â â â â
â
â

â

â

ã ã ã ã ã
ã
ã

ã

ä ä ä ä ä
ä
ä

ä

å å å å å
å
å

å

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

æ æ
 FCFSç ç
 C-LOOKè è
 LOOKé é
 VSCAN(0.2)ê ê
 SSTF

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0.0

|�2.5

|�5.0

|�7.5

|�10.0

|�12.5

|�15.0
|�17.5

|�20.0

 Trace Scaling FactorÌ

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n

ë ë ë

ë
ë ë
ë

ì ì ì

ì
ì

ì ì ì

í í í

í

í

í
í í

î î î

î
î

î î î

ï ï ï

ï

ï

ï
ï ï

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:h8;>��2­6?$7�Y�{;7 Rbp;>Ui~s]XKLEC�8;IKFHG2_Å[$>"8qa�CE8;_�RbJ=<(>O:2pHI�JhL�F;G2>��=�����b��l68�RE<(>

x'�



ð ð
 FCFSñ ñ
 C-LOOK ò ò
 LOOK ó ó
 VSCAN(0.2) ô ô
 SSTF 

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

õ õ õ õ õ
õ

õ

õ

ö ö ö ö ö
ö

ö

ö

÷ ÷ ÷ ÷
÷

÷

÷

ø ø ø ø
ø

ø

ø

ù ù ù ù
ù

ù

ù

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

ú ú
 FCFSû û
 C-LOOKü ü
 LOOKý ý
 VSCAN(0.2)þ þ
 SSTF

|ÿ
0.125�

|ÿ
0.250�

|ÿ
0.500�

|ÿ
1.000�

|ÿ
2.000�

|ÿ
4.000�

|�0.25

|�0.50

|�1.00

|�2.00

|�4.00

|�8.00

|�16.00

|�32.00
|�64.00

|�128.00

 Trace Scaling Factor�

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

L
E

!

� �
�

�
�

�
� �

�
�

�
�

�
�
� �

�
�

�

�

�

� �

	
	

	

	
	

	
	




















®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:28H>Sw2­&?$7�Y�{;7�RTp;>|i3s]XKL�CE8;IKF;Gh_ [©>
8qa�CE8;_3RTJ=<(>�:2p;IKJ2L�FHG2>��O��� �"!W�$#Wl68�RE<(>

xUw



� �
 FCFS� �
 C-LOOK 
 

 LOOK � �
 VSCAN(0.2) � �
 SSTF 

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

� � � � � �
�
�

�

� � � � � � �
�
�

�

�

� � � � � �
�

�

�

�

� � � � � �
�

�

�

�

� � � � � �
�

�

�

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

� �
 FCFS� �
 C-LOOK� �
 LOOK� �
 VSCAN(0.2)� �
 SSTF

|ÿ
0.125�

|ÿ
0.250�

|ÿ
0.500�

|ÿ
1.000�

|ÿ
2.000�

|ÿ
4.000�

|�0.25

|�0.50

|�1.00

|�2.00

|�4.00

|�8.00

|�16.00

|�32.00

|�64.00
|�128.00

|�256.00

|�512.00

 Trace Scaling Factor�

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

L
E

!

� �

�
�

�
� �
� �

� � �
�

�
�
� �

� � �

� � �
�

�
�
�
� � �

� � �
�

�
�

� � �

� �
�

�

�
�

�
�
�

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©I�LE:28;>Szh­&?$7�Y�{;7 Rbp;>Ui3s�XKL�C�8HIKF;G2_ [©>
8�a�C�8H_�RbJ=<(>]:hp;IKJ2L�F;Gh>2�§�"�%�'&(�)l68�RE<(>

xUz



� �
 FCFS  
 C-LOOK ! !
 LOOK " "
 VSCAN(0.2) # #
 SSTF 

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

$ $ $ $

$

$

% % % % % %

%

%

%

& & &
&

&

&

&

' ' '
'

'

'

'

( ( (
(

(

(

(

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

) )
 FCFS* *
 C-LOOK+ +
 LOOK, ,
 VSCAN(0.2)- -
 SSTF

|.
0.125/

|.
0.2500

|.
0.5001

|.
1.0002

|.
2.0002

|.
4.0002

|30.25

|30.50

|31.00

|32.00

|34.00

|38.00

|316.00
|332.00

|364.00

 Trace Scaling Factor4

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

LE
!

5

5
5

5

5 5

6
6

6

6
6 6 6 6

7

7
7

7 7 7 7

8

8
8

8
8

8
8

9

9

9

9

9

9 9

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:h8;>�xUyh­g?©7 YÃ{�7�RTpH>Ui
s�XKL�C�8HIKF;G2_Å[©>
8qa¤C�8;_3RTJ=<e>Z:hp;IKJ2L,F;G2>1)*�(���E�&l68�RE<(>

}�y



: :
 FCFS; ;
 C-LOOK < <
 LOOK = =
 VSCAN(0.2) > >
 SSTF 

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

? ? ? ? ?

?

@ @ @ @ @
@

@

@

@

A A A A
A

A

A

A

B B B B
B

B

B

B

C C C C
C

C
C

C

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

D D
 FCFSE E
 C-LOOKF F
 LOOKG G
 VSCAN(0.2)H H
 SSTF

|ÿ
0.125�

|ÿ
0.250�

|ÿ
0.500�

|ÿ
1.000�

|ÿ
2.000�

|ÿ
4.000�

|�0.25

|�0.50

|�1.00

|�2.00

|�4.00

|�8.00

|�16.00

|�32.00

|�64.00
|�128.00

|�256.00

|�512.00

 Trace Scaling Factor�

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

L
E

!

I

I
I

I
I

I

J
J J J

J J J J J
J

K

K K K
K

K K K
K

L

L L L
L

L L
L

L

M

M
M M

M

M
M

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À$IKLE:28;>�x�xE­g?©7 YÃ{�7�RTpH>Ui~s]XKL�CE8;IKF;G2_Å[©>
8�a�C�8H_�RTJu<(>O:2p;IKJ2L�FHG2>�!Ã�"+��6�5/$l68�R�<e>

}2x



lg8(R�<(> k2<
RbXK>nÀuR�<eF;C�8 j9{;?$µOµO¶ ?©µOµZ¶ ¨Zk2j�sOYO®£yh@é}�¯ khkBl]À
j�>
XKXKC x�@éì xU¸bv xU}Ez xU}�z x|}�w
k�J=RT�E> x�@é}�ì �hx�@éì �E¸2@à� �E¸2@à� ��¸h@éõ
s�I�8�{�Q�p;o }2@éì vEv=@é} ìhx�@é} ìhx�@é} ì�¸h@éz
k2<(I�{£l]k }2@éì ¸hx�@éy ìbv=@à� ìEì2@à� ìI�h@éì
µ�8(iB>
8 x�@éy }Ez2@éõ ìhx�@à� ìhx�@Kx ì2xE@é¸
Q�>
^uC�8;F x�@éy ìEz2@ v õE¸2@é} õbv=@éw w�yh@é}

®£R�¯�s�o�>
8(RTLE>nQ�>
p;^uC�Jhp;>SlWIK_�>"p]®¤_�p�¯9:2pHI�JhL�R)[68H>(a�>
F(<HG2IKJ2L�µ�JB{;7&CBRT8(i�\�IKp;�3jWR�<HG2>

lg8(R�<(> k2<
RbXK>nÀuR�<eF;C�8 j9{;?$µOµO¶ ?©µOµZ¶ ¨Zk2j�sOYO®£yh@é}�¯ khkBl]À
j�>
XKXKC x�@é}�ì x
vBì xU¸bv xU¸Tv x|¸�¸
k�J=RT�E> y2@é¸Tv õEì2@éì õEì2@éì õEì2@ v õ�ìh@é}
s�I�8�{�Q�p;o }2@éy vEv=@éw vB¸2@Kx vB}2@éz v`¸h@Kx
k2<(I�{£l]k x�@éõ�z zE}2@éõ õbv=@ v õE¸2@éõ õ2xE@éw
µ�8(iB>
8 y2@éõI� ì0�2@Kx ìE}2@éw ìE}2@é} ì2xE@ v
Q�>
^uC�8;F y2@à�2x õEy2@é} ìEì2@é¸ ìEì2@éì ìTvu@éõ

®�t=¯�s�o�>
8(RTL�>SQ�>
p;^uC�J2pH>)lWIK_�>
pW®�_�p�¯9:2p;IKJ2L�R�k�^=>
>|iE{�r~RTF�<HG2IKJ2L�µ�JB{;79C`RT8(i3\]IKpH��79:B¦§>"8

l&RTt2XK>]¸h­&k2RT_�^2XK> s�o�>
8(RTL�>SQ�>
p;^uC�J2pH>OlWI�_�>
p6a�CE8Ã?©7 YÃ{�7�RTpH>Ui�s]XKL�CE8;IKF;Gh_�p*¿�Í�ÅON'Ä Ìmä�Ã"Ð�ÔýÍ"Ö0ÄQPRN6Ì0Ä ÄHÇRSmÐEä	Í"Ö0ÄX�YØ�Ä Ã�Å���ÄX�wÄ Ç"ß8Ð�ÌIÇ"Ä
�wÎÑÔmÄ*Ò ËIÃ"Ø�Ä ÇBä�Ð�ÃBÍ"ÖIÄ*ÇpÎÑÞ�Í"Ã�Å$Ò Ä Ç�å

l&RTt2XK>�¸ER3XKIKp;F;p�R¡p�RT_�^2XK>�^=CEIKJ`F�a�8HC�_ F;G2>3�BJ2>
>3CbaZ>URE<;G�R|oE>
8�RbL�>�8H>
p;^uC�Jhp;>
FHI�_�>�L�8(RT^2G$@ÔlWG2>�?©7 YÃ{£t=Rbp;>Ui�j9{;?$µOµO¶
RTXKLEC�8;IKFHG2_�MBªWG2If<HGDRTXKªÃR|PBpWp(<;Gh>UiB:2XK>
p,8;>U�E:2>"p;F;p�I�J�XKC�LEI�<"RTXKXKP�RTp�<e>
J=iBIKJ2L3C�8(iB>
8|M$^28HCToBI�i�>
pOG2IKL�G2>
8�^=>"8qa�CE8;_�RbJ=<(>,F;G=RbJ ?©µOµZ¶,M
¨Zkhj�sZYO®qy2@é}�¯ORbJ=iDk2kBl]À�a¤C�8)RbX�X6FH8�R�<e>
p)>e¢h<e>
^2Fn� �
�f�%�T@�?$µOµO¶+RTJui
¨Ok2j�sZYn®£y2@é}E¯OL�>
Jh>
8�RbX�XKP
CE:2F;^u>
8�a�C�8H_ k2kBl]À�M6RTpOF;Gh>
P
p�<HG2>|iB:2XK>3p;>U�E:2>
JBFHI�RbX 8H>U�E:2>
pHF;p�IKJDXKC�LEIf<
RTXKXKP
RTp�<e>
J=iBIKJ2L�C�8(iB>
8�iB:28;IKJ2L~F;G2>�K�RTp(<(>
J=i�I�JhLIM
G=RbX�a]CTa]F;Gh>�p�<"RTJÉ<eP�<eX�>E@�ÄWCTª�>
oE>
8UM
?$µOµO¶,M2¨Ok2j�sZYn®£y2@é}E¯
MBRTJ=i�k2kBl]À±RbXKX=>(¢2G2IKt2IKF&pHIK_�IKXfRT86^=>"8qa�CE8;_�RbJ=<(>�ªWG2>
J3F;G2>OXfRTpHF CbagRSpH>U�E:2>
J=<e>)Cba$8;>U�E:2>
pHF;pOIKp p(<HG2>UiB:2XK>Ui
tu>(a�C�8H>)FHG2>,´=8Hp;FU@�A�G2>
J�F;GhI�p�C2<
<(:28HpUM6F;Gh>)8H>U�E:2>
p;FHp«Rb8;>,p�<HG2>Ui�:2XK>Ui�F;C�F;G2>�iBIKp;�
IKJ
XKCEL�If<
RTXKXKP Û©â2äUÝbâ`×&Û©Þ¤×gñ CE8�iB>
8|M�J2>
LBRTFHI�JhL
F;Gh>Z^u>
8�a�C�8H_�RTJu<(>SR�iBo�RbJ`F(RTLE>]CTa&FHG2>O^28;>(a¤>
F�<HG2IKJ2L3<
R�<HG2>�@

}�}



l68�RE<(> kh<
RTXK>SÀ=RE<(F;CE8 j9{;?$µOµO¶ ?©µZµO¶ ¨Zkhj�sZYO®qy2@é}�¯ k2kBl]À
j�>
XKX�C xE@éy x�xE@éì�² x�xE@éì�² x�xE@ ìE² x�xE@ ìE²
kBJ=Rb��> x�@é}Eì }2xE@éw�² }2xE@éõ�² }2xE@ õE² }2xE@ �E²
s]IK8�{�Q�p;o }h@éì xUìh@éy�² xU¸h@éw�² xU¸h@ �E² xU¸h@ �E²
kh<(I�{£l]k }h@éì }�õh@éz�² }�ìh@à��² }�ìh@ ìE² }�ìh@ ¸E²
µ�8�iB>
8 xE@éy x'�h@éõ�² x
vu@éw�² x
vu@ wE² x
vu@ wE²
QW>
^uC�8HF xE@éy x
vu@éì�² x
vu@é}�² x
vu@�x|² xU¸h@ �E²

l&Rbt2XK>]v=­&µ�JB{qtuC`RT8(i3\]IKpH��jWR�<HG2>)Ä�I�FWQ]RbF;>
p�a¤C�8]?$7�Y�{;7�RTp;>|i3s]XKL�CE8;IKF;Gh_�p

À2CE8�� �"�f���bM`j9{;?$µOµO¶Â^28;C2iB:u<(>
pZRnG2IKL�G2>
8WR|o�>"8�RTLE>W8;>
pH^=CEJ2p;>�F;IK_�>�F;G=RbJ�FHG2>]CEF;G2>
8�p;>">
�E{£8H>UiB:=<(IKJ2L�RbXKL�C�8HIKF;G2_�pU@�lWG2>�� �
�·���
>
JBoBIK8;C�Jh_�>
JBF6IKp iBC�_�IKJ=RTFH>UiOtBP)XfRb8;L�>Wth:28;pHF;p�CTa�ªW8;IKF;>�8;>U�E:2>
pHF;p�F;C)Rnp;IKJ2L�XK>]iBIKpH��CéQW:h>
_�zE¸AD;@$s�X�_�C�pHFgGuRTX�a§Cba§FHG2>]8H>U�E:2>
pHF;p]RT8H>
p;>"8;oBIf<(>Ui�tBP�F;G2IKpWiBIKp;��M�ªWIKFHG�_�R|¢2IK_�:2_¬�E:2>
:2>OXK>
J2LEF;G2pWRT^2^h8;C`RE<HG2IKJ2L�xUyEy�ySRbF&F;Gh>ZIfiB>"J`FHIKFqP)p(<
RTXKIKJ2LOa£RE<(F;CE8U@6°qJ3R�i2iBIKFHI�CEJ$MTFHG2IKp
F;8(R�<(>,<(C�JBF�RbIKJ2p FHG2>SpH_�RTXKXK>
pHF6a�8�RE<(F;IKCEJ�CTa6p;>U�E:2>"J`FHIfRTX$8H>UR�i�8H>U�E:2>
p;FHpUMuF;GB:2pWtu>
J2>e´=F;IKJ2L�F;G2>OXK>URTpHF�a�8;CE_ÅF;Gh>Z^h8;>(a�>"F�<HG2IKJ2L�<
RE<;Gh>�@
l&RTt2XK>�v)XKIKp;FHpWF;G2>SiBIKp;�3<
R�<HG2>�G2IKF 8(RTF;>"pWa�CE8 >URE<HG�CbagFHG2>Sp�Rb_�^2XK>W^uC�IKJBF;pWLEI�oE>
J�IKJ�F�RTthX�>S¸ER2@6À2CE8]RTXKX=ª�C�8H�BX�CBR�iBp�>(¢=<(>
^hF�� �"�f���bM
F;Gh>)j9{�?©µOµZ¶ÆRTXKL�CE8;IKF;G2_Æ>(¢2G2IKt2IKF;p]R�GhI�LEG2>
8�G2IKFW8�RTFH>SIKJ
F;Gh>SC�JB{qtuC`RT8(i3iBIKp;�
<
R�<HG2>E@]YWCEF;>,F;G=RbFW>
o�>
JDR,p;_3RTXKX�IK_�^28HCTo�>
_�>"J`F
IKJ�<
RE<HG2>]G2IKF�8�RbF;>S<
RTJ�p;IKL�JhI ´�<
RTJBF;XKP�R|¦�>U<(FW^u>
8qa¤C�8;_3RTJ=<e>�M`i�:2>OF;C,F;G2>�X�CEJ2LS_�>U<HG=RTJ2If<
RbX§i�>
XfR|P`p�IKJ=<(:28H8;>Ui�ªWG2>"J�R�<"<(>
p;pHIKJ2L�F;G2>
_�>|iBIfRS®¤o�>
8Hp;:2pWR�<"<(>
p;pHIKJ2L�F;G2>O<
R�<HG2>|¯
@6s¬iB>U<(8H>URTpH>ZIKJ�pH>
8;oBIf<(>OF;IK_�>da�C�8&>"o�>
J3ROp;IKJ2LEX�>W8H>U�E:2>
pHF]<
RTJ�8;>
pH:2XKF IKJ�iB>U<e8;>URbp;>Ui3�E:2>
:2>
F;IK_�>
p&a¤C�8�J`:h_�>
8HC�:2pW^u>
J=iBIKJ2L�8H>U�E:2>
pHF;pU@
sZi2i�I�FHIKC�J=RbXg>"o`IfiB>"J=<(>�CbaÃFHG2>�tu>
J2>(´=FHp)CbaÃCE^2F;IK_�I�³"I�JhL,a�C�8SR�^28;>ea�>
F�<HG2IKJ2L�<
R�<HG2>�<
RbJDt=>,a¤C�:2J=i~tBP�<(CE_�^=Rb8;IKJ2L�F(RTt2XK>
pS¸ER

RTJuiD¸Tt$@�lWG2>�X�RbF;FH>
8SF�Rbt2XK>�XKIKp;FHp)p(RT_�^hX�>,^uC�IKJBF;pOa�8HC�_/R~p;>
F,CTa]>(¢2^u>
8;IK_�>
JBF;p,ªWG2>
8;>3FHG2>�iBIKpH�GK�<
RE<;Gh>$M�IKpS:hp;>Ui�C�JhX�PDRTp,R
p;^u>
>Ui`{£_3RTF�<HG2IKJ2L~t2:B¦�>
8U@
m�J=iB>
8,F;G2IKpS8H>
p;FH8;If<(FHI�CEJ$M&FHG2>�^u>
8qa�CE8;_3RTJ=<(>�CbaZj9{�?©µOµZ¶ iB8HC�^2p�iB8�Rb_�RbF;If<
RTXKXKP�IKJD8H>
XfRTF;IKCEJ�FHC
F;G2>
C�FHG2>
8&pH>
>
�E{q8;>UiB:u<(IKJ2L«RbXKL�C�8HIKF;G2_�pU@ulWG2IKp6I�p6tu>
p;F�p;>">
J�IKJSFHG2>m�§�"�%�'&(�SF;8(R�<(>�­&j9{;?$µOµO¶ Û©â2ÝTÙTâBø=ä"â2ä F;G2>]R|oE>
8�RbL�>�8;>
pH^=CEJ2p;>�F;IK_�>
tBP�tu>
F;FH>
8]FHG=RTJ3vBy�²¿CToE>
8]?$µOµO¶,M2¨Zkhj�sZYO®qy2@é}�¯"M2RTJ=i3k2k�l]ÀDªWG2>
J~F;G2>S<
RE<;Gh>SIKpW>
J=RTthX�>|i�M2t2:hFWI�F Þ¤×dÝbÙTâBø=ä
â2ä F;Gh>Z8H>
p;^uC�Jhp;>
F;IK_�>]tBP�CTo�>
8WvBy�²¿ªWGh>
J3F;G2>SCEJB{qt=CBRT8�i�_�>
_�C�8HP)IKpW:2pH>Ui3RTp]R,p;IK_�^2XK>Wt2:B¦�>
8U@
À2CE8Sp;CE_�>�FH8�R�<e>
pUM9p;:=<HG�RTp2!W�"+��6� /qM6F;Gh>�^u>
8qa�CE8;_3RTJ=<(>�IK_�^28HCTo�>
_�>
JBF]CTaZj9{;?$µOµO¶ CTo�>"8)?$µOµO¶+RTJ=i�k2kBl]ÀÂIKpSLE8;>URbF;>
8

F;GuRTJ±ª�C�:hX�i�tu>3>(¢2^=>|<(F;>UiÉa�8;CE_ FHG2>�IK_�^28;CToE>
_�>
JBFOIKJ±<
R�<HG2>3G2IKF,8�RbF;>�@�lWG2>
RTp(<(>
J=i�I�JhL�CE8�iB>
8�Cba]p�<HG2>Ui�:2XKI�JhL�_3RTIKJBF�RTIKJ2>|i
tBP�j9{;?$µOµO¶¿_�RbF�<HG2>
pOF;Gh>)^28H>(a�>
F(<HG2IKJ2L
J=RbF;:28H>�CTa FHG2>�iBIKp;��@SlWGuRTFOIKpUMuF;G2>�i�I�pH��<(CEJ`FHIKJ`:h>
pO8;>UREiBIKJ2L
i2RTF(R�tu>
PEC�J=i~F;G2>,>
J=i
CTa]R38H>UR�i�8H>U�E:2>
p;F|M6CTa�FH>
JD_�CToBIKJ2L�FHG2>�8H>UR�i2ÁbªW8;IKF;>�Gh>UR�i~a�CE8;ªWRT8(i
CEJ2>�C�8S_�C�8H>)pH:28qa£RE<(>
p�®�CE8S>
o�>"JDF;C3F;G2>�J2>(¢2F)<(PBXKIKJ=iB>
8(¯
@
kBCuM=8H>U�E:2>
pHF;p,ªWG2If<;GDRT8H>)XKCEL�If<
RTXKXKP,a�CE8;ªWRT8�i~CTaWRTJ
IK_�_�>UiBIfRTFH>
XKP)^h8;>
oBIKC�:2p�8;>UREi
ªWIKXKX$pH:B¦§>"8Sp;G2CE8;FH>
8Sp;>">
� i�>
XfR|P`p|@OlWG2IKpO_�R|P
R�<"<(C�:2JBF�a�CE8Wp;CE_�>]CbagFHG2>)R�ihiBIKF;IKC�J=RbX=^u>
8�a�C�8H_�RTJu<(>ZRE<;GhI�>"o�>Ui3tBP�j9{;?$µOµO¶ p�<HG2>UiB:hX�IKJ2Lu@
À2CE8&RTXKX�FH8�R�<e>
pUMBj9{�?©µOµZ¶ ^28;CToBIfiB>
p6p;F(RT8Ho�RTF;IKCEJS8;>
pHIKp;F�RbJ=<(>�>U�E:2IKo�RTXK>
JBF$CE8$p;:h^=>
8HIKC�8&FHC]F;Gh>WC�F;Gh>
86p;>
>
�E{q8;>Ui�:=<(IKJ2L)RbX�LEC�8HI�FHG2_�p

®£Rbp$>
oBIfiB>
Ju<(>Ui,tBPOI�FHp$p(��:uRT8;>|i)<(CB> k�<eI�>"J`F6Cba=o�RT8HI�RbF;IKC�Ju¯
@ulWG2IKp$IKp$JhC�F$pH:28;^h8;IKp;IKJ2LuM�RTp6j9{�?©µZµO¶�ªWRTp©IKJ`oE>
JBF;>UiZa�C�8©F;G2IKp$^h:28;^uC�pH>�@
[68H>UiBIf<(F�Rbt2XKP`M2?©µOµZ¶ G=RbpWF;G2>OJ2>e¢�F�G2IKL�G2>"p;F]<(CB> k�<(IK>
JBF�a�C�8�_�CEp;F�ª CE8;�BXKC`R�i�pUMEa�CEX�XKCTª�>Ui,tBP�¨Ok2j�sZYn®£y2@é}E¯ RbJ=i3k2kBl]À�@

ÃB\p[ ��j<�wf	{ux��p~,d]�G��~ b7�Giýü§dw`r�Ldý��ieþ�þY~,dw�

À©I�LE:28;>"p)xU}�{ex���iBIKp;^2XfR|P�FHG2>)R|o�>"8�RTLE>S8;>"p;^uC�J2pH>)FHI�_�>
p]RTJui�p(�E:=RT8H>Ui�<eC`>5k�<(IK>
JBF;p]Cba&o�RT8;IfRbF;IKC�J�a�C�8�a�:hX�X�{q_�Rb^�p�<HG2>UiB:hX�IKJ2L�CTa
F;Gh>]p;I�¢�FH8�R�<e>
pU@�À$jWÀ6k�RTJ=i�F;G2>O?$7�Y�{qt=RTpH>Ui�j9{;?$µOµO¶ýRbXKL�C�8HIKF;G2_¿RT8;>ORTXKp;C�p;G2CTªWJ,a�CE8 <(CE_�^=Rb8;IKp;IKC�J,^2:28H^=CEp;>
p|@ [©>
8�a�C�8H_�RTJu<(>

}�¸



T T
 FCFSU U
 C-LOOK (LBN)V V
 C-LOOK (MAP)W W
 LOOK (MAP)X X
 VSCAN(0.2) (MAP)Y Y
 SSTF (MAP)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

Z Z Z Z
Z
Z
Z

Z

[ [ [ [ [
[

[

[ [ [ [ [
[

[

\ \ \ \ \
\

\

] ] ] ] ]
]

]

^ ^ ^ ^ ^
^

^

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

_ _
 FCFS` `
 C-LOOK (LBN)a a
 C-LOOK (MAP)b b
 LOOK (MAP)c c
 VSCAN(0.2) (MAP)d d
 SSTF (MAP)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0.0

|�2.5

|�5.0

|�7.5

|�10.0

|�12.5
|�15.0

|�17.5

|�20.0

 Trace Scaling FactorÌ

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n

e e
e
e
e
e e e

f f f f
f
f

f

f f f f
f
f

f

g g g g
g
g

g

h h h h
h
h

h

i i i i
i
i

i

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©I�LE:28;>�x|}2­6À2:2XKX�{;r
RT^3RTJ=i�?$7�Y�{;7 Rbp;>Ui3s�XKL�C�8HIKF;G2_ [©>
8�a�C�8H_�RbJ=<(>O:2p;IKJ2L,F;Gh>1� �
�·����lg8(R�<(>

}Tv



j j
 FCFSk k
 C-LOOK (LBN)l l
 C-LOOK (MAP)m m
 LOOK (MAP)n n
 VSCAN(0.2) (MAP)o o
 SSTF (MAP)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

p p p p
p

p

p

q q q q
q

q
q

q

q

q q q q
q

q
q

q

q

r r r r
r

r
r

r

r

s s s s
s

s
s

s

s

t t t t
t

t
t

t

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

u u
 FCFSv v
 C-LOOK (LBN)w w
 C-LOOK (MAP)x x
 LOOK (MAP)y y
 VSCAN(0.2) (MAP)z z
 SSTF (MAP)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0.0

|�2.5

|�5.0

|�7.5

|�10.0

|�12.5

|�15.0
|�17.5

|�20.0

 Trace Scaling FactorÌ

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n

{ { {

{
{ {

{

| | |

|

|

| | |

| | |

|

|

|
|
|
|

} } }

}

}

}
}
}
}

~ ~ ~

~

~

~
~
~
~

� � �

�

�

�
�
�
�

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:28H>«x|¸2­&Àh:2XKX�{�r
Rb^�RTJ=i3?©7 YÃ{�7�RTpH>Ui3s]XKLEC�8;IKFHG2_ [©>
8qa¤C�8;_3RTJ=<e>]:2pHI�JhL�F;G2>��=�����b��l68�RE<(>

}�ì



� �
 FCFS� �
 C-LOOK (LBN)� �
 C-LOOK (MAP)� �
 LOOK (MAP)� �
 VSCAN(0.2) (MAP)� �
 SSTF (MAP)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

� � � � �
�

�

�

� � � �
�

�

�

�

� � � �
�

�

�

�

� � � �
�

�

�

�

� � � �
�

�

�

�

� � � �
�

�

�

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

� �
 FCFS� �
 C-LOOK (LBN)� �
 C-LOOK (MAP)� �
 LOOK (MAP)� �
 VSCAN(0.2) (MAP)� �
 SSTF (MAP)

|ÿ
0.125�

|ÿ
0.250�

|ÿ
0.500�

|ÿ
1.000�

|ÿ
2.000�

|ÿ
4.000�

|�0.25

|�0.50

|�1.00

|�2.00

|�4.00

|�8.00

|�16.00

|�32.00
|�64.00

|�128.00

 Trace Scaling Factor�

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

L
E

!

� �
�

�
�

�
� �

�
�

�
�

�
�
� �

�
�

�
�

�
�
� �

�
�

�

�

�
�
� �

�
�

�

�

�
�

�

�

�
�

�

�
�

�

�

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:28H>�x
v=­6Àh:2XKX {;r
Rb^�RTJui�?$7�Y�{;7�RTp;>|i
s�X�LEC�8HI�FHG2_Å[©>
8qa�CE8;_3RTJ=<(>O:2pHIKJ2L)FHG2>4�O���5�"!W�5#�l68�RE<(>

}�õ



� �
 FCFS� �
 C-LOOK (LBN)� �
 C-LOOK (MAP)� �
 LOOK (MAP)� �
 VSCAN(0.2) (MAP)� �
 SSTF (MAP)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

� � � � � �
�
�

�

� � � � � � �
�
�

�

�

� � � � � � �
�
�

�

�

� � � � � � �
�
�

�

�

� � � � � � �
�
�

�

�

           
 
 

 

 

 

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

¡ ¡
 FCFS¢ ¢
 C-LOOK (LBN)£ £
 C-LOOK (MAP)¤ ¤
 LOOK (MAP)¥ ¥
 VSCAN(0.2) (MAP)¦ ¦
 SSTF (MAP)

|ÿ
0.125�

|ÿ
0.250�

|ÿ
0.500�

|ÿ
1.000�

|ÿ
2.000�

|ÿ
4.000�

|�0.25

|�0.50

|�1.00

|�2.00

|�4.00

|�8.00

|�16.00

|�32.00

|�64.00
|�128.00

|�256.00

|�512.00

 Trace Scaling Factor�

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

L
E

!

§ §

§
§

§
§ §
§ §

¨ ¨ ¨
¨

¨
¨
¨ ¨

¨ ¨ ¨

¨ ¨ ¨
¨

¨
¨
¨

¨

¨
¨

¨

© © ©
©

©
©
©

©

©

©
©

ª ª ª
ª

ª
ª
ª

ª

ª

ª
ª

« « «

«

«
«

«

«
«
«
«

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©I�LE:28;>�x|ì2­6À2:2XKX�{;r
RT^3RTJ=i�?$7�Y�{;7 Rbp;>Ui~s]XKL�CE8;IKF;Gh_ [©>
8�a�C�8H_�RbJ=<(>O:2p;IKJ2L,F;Gh>2�§�"�%�'&(��lg8(R�<(>

}I�



¬ ¬
 FCFS­ ­
 C-LOOK (LBN)® ®
 C-LOOK (MAP)¯ ¯
 LOOK (MAP)° °
 VSCAN(0.2) (MAP)± ±
 SSTF (MAP)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

² ² ² ²

²

²

³ ³ ³ ³ ³ ³

³

³

³

³ ³ ³ ³ ³ ³

³

³

³

´ ´ ´ ´ ´
´

´

´

µ µ µ µ µ
µ

µ

µ

¶ ¶ ¶ ¶
¶

¶

¶

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

· ·
 FCFS¸ ¸
 C-LOOK (LBN)¹ ¹
 C-LOOK (MAP)º º
 LOOK (MAP)» »
 VSCAN(0.2) (MAP)¼ ¼
 SSTF (MAP)

|.
0.125/

|.
0.2500

|.
0.5001

|.
1.0002

|.
2.0002

|.
4.0002

|30.25

|30.50

|31.00

|32.00

|34.00

|38.00

|316.00
|332.00

|364.00

 Trace Scaling Factor4

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

LE
!

½

½
½

½

½ ½

¾
¾

¾

¾
¾ ¾ ¾ ¾

¾
¾

¾

¾
¾ ¾ ¾ ¾

¿
¿

¿

¿
¿ ¿ ¿ ¿

À
À

À

À

À À

À
À

Á
Á

Á

Á

Á

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:h8;>�xUõh­gÀh:2XKX�{�r
Rb^�RbJ=i�?©7 YÃ{�7�RTpH>Ui
s�XKL�C�8HIKF;G2_Å[©>
8qa¤C�8;_3RTJ=<e>Z:hp;IKJ2L,F;G2>1)*�(���E�&l68�RE<(>

}�w



Â Â
 FCFSÃ Ã
 C-LOOK (LBN)Ä Ä
 C-LOOK (MAP)Å Å
 LOOK (MAP)Æ Æ
 VSCAN(0.2) (MAP)Ç Ç
 SSTF (MAP)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

È È È È È

È

É É É É É
É

É

É

É

É É É É É
É

É

É

É

Ê Ê Ê Ê Ê
Ê

Ê

Ê

Ë Ë Ë Ë Ë
Ë

Ë

Ë

Ì Ì Ì Ì
Ì

Ì

Ì

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

Í Í
 FCFSÎ Î
 C-LOOK (LBN)Ï Ï
 C-LOOK (MAP)Ð Ð
 LOOK (MAP)Ñ Ñ
 VSCAN(0.2) (MAP)Ò Ò
 SSTF (MAP)

|ÿ
0.125�

|ÿ
0.250�

|ÿ
0.500�

|ÿ
1.000�

|ÿ
2.000�

|ÿ
4.000�

|�0.25

|�0.50

|�1.00

|�2.00

|�4.00

|�8.00

|�16.00

|�32.00

|�64.00
|�128.00

|�256.00

|�512.00

 Trace Scaling Factor�

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

L
E

!

Ó

Ó
Ó

Ó
Ó

Ó

Ô
Ô Ô Ô

Ô Ô Ô Ô Ô
Ô

Ô
Ô Ô Ô

Ô Ô Ô Ô Ô
Ô

Õ
Õ Õ Õ

Õ
Õ Õ Õ Õ

Ö

Ö Ö Ö
Ö

Ö Ö Ö Ö

×

×
× ×

×

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À$IKLE:28;>�x'�h­gÀh:2XKX�{�r~RT^�RbJ=i�?©7 YÃ{�7�RTpH>Ui~s]XKL�CE8;IKF;G2_Å[©>
8�a�C�8H_�RTJu<(>O:2p;IKJ2L�FHG2>�!Ã�"+��6�5/$l68�R�<e>

}�z



IK_�^28HCTo�>
_�>
JBF;p]Rb8;>,C�t2pH>
8;oE>Ui~a�C�8O?$µOµO¶,M$¨Ok2j�sZYn®£y2@é}E¯
M�RTJ=i�k2kBl]À :2J=iB>
8,RTXKX$ª�C�8H�`XKCBR�iBp�>(¢=<(>
^2Fn� �
�·���T@OlWGhI�pOIKpOJ2C�F�F;G2>
8;>"p;:2XKF�CTa$8;>|iB:=<(>Ui�pH>
>
��FHIK_�>
p&oBIfR�t=>"F;F;>"8]_�Rb^2^2IKJ2L�I�J�a�C�8H_�RTFHIKC�J$M"t2:2F�8�RTFHG2>
8�IKpÃ<
Rb:2p;>|i�tBP�F;G2>�G2>
:28HIKp;F;If<�ª >�:2p;>�F;C,p�<HG2>UiB:hX�>
8;>|��:h>
p;FHp�ªWI�FHG2IKJ R�pHI�JhL�XK>�<(PBXKI�JuiB>
8U@�s]p,iB>
p�<e8;IKt=>|i±IKJ�p;>U<eF;IKC�J�ì2@é}2M�FHG2>�p�<HG2>|iB:2XK>
8�:2pH>
p«j9{;?$µOµO¶,Mg?©µOµZ¶,M©¨Zk2j�sOYO®qy2@é}�¯"M
C�8�khkBl]ÀÂªWG2>
J�_�CToBIKJ2L3tu>
Fqª >">
JÒ<(PBXKIKJ=iB>
8HpUM�t2:2F�:2pH>
p�j9{;?$µOµO¶íKHªWIKF;G2IKJ�M�R�<(PBXKIKJ=iB>
8|@±lWG2>"8;>(a�CE8;>�M�F;G2>
<(PBXKIKJ=iB>
8�{£t=Rbp;>Ui
o�>"8;p;IKCEJ2pOCTaÃ?©µZµO¶,M�¨Ok2j�sZYn®£y2@é}E¯ZRbJ=i
k2k�l]À�:2p;>�FHG2>,^28;>(a¤>
F�<HG2IKJ2L�<"R�<HG2>,_�:=<HG
_�CE8;>S>(¦�>U<(FHIKo�>
XKP
FHG=RTJ�F;G2>"I�8S?©7 YÃ{£t=Rbp;>Ui
<(CE:2JBF;>
8H^=RT8HF;pU@WÀh:28;FHG2>
8W8H>
p;>URb8�<HG�I�JBFHC)G2>":28;IKp;FHIf<(pWa�CE8Wp�<HG2>Ui�:2XKI�JhL�ªWI�FHG2IKJ�R�<(PBXKIKJ=iB>
8W_3R|P)tu>OJ2>U<(>"p;p�Rb8;PB@
l6CDo�>
8HI a¤P±F;Gh>�8H>
XfRTF;IKoE>�IK_�^=CE8;F�RbJ=<(>3CTaSFHG2> j9{;?$µOµO¶�G2>
:28HIKp;F;If<
<eC�_�^uRT8;>|i±FHC±FHG2>3a�:2XKXO?$7�Y�{qF;CT{;[&7�Y+_3RT^2^2IKJ2LuM&ª�>

_�C2iBI�´=>|iDF;Gh>
p�<HG2>Ui�:2XKI�JhLÉRTXKLEC�8;IKFHG2_�pSFHCD:2p;>DR~´2¢2>Ui�JB:2_�tu>
8�CbaZp;>|<(F;CE8;p
^u>
8�<eP`XKIKJ=iB>"8
®�x|y�}bv`¯�8�RTFHG2>
83F;GuRTJ�F;G2>�R�<(FH:=RTX
p;^u>U<(I�´§<"RTF;IKCEJ2p,®�ªWG2If<HG�RT8H>)³"C�J2>)i�>
^=>"J=iB>
JBF�¯"@OlWG2>,8;>
pH:2XKF;IKJ2L�^u>
8�a�C�8H_�RTJu<(>Oa�CE8]RTXKX$FH8�R�<e>
p)RTJui�RbXKL�C�8HIKF;G2_�p IKp]ªWIKFHG2IKJ x|² CTa
F;Gh>Z^u>
8�a�C�8H_�RTJu<(>OC�t2F(RTIKJ2>Ui�:2pHI�JhL)FHG2>)R�<eF;:=RbX�_�RT^h^2IKJ2L�p|@$AD>O<(C�J=<eX�:uiB>�M=RbpWªÃRbpWF;G2>S<
Rbp;>Oa¤C�8W8�RbJ=iBCE_Åª CE8;�BXKC`REiBpUMEF;G=RbFWF;G2>
<(CE_�^2XK>(¢2IKFqP)Cbag_3RTIKJBF�RTIKJ2IKJ2LSRna�:2XKX$?$7�Y�{qF;Cb{�[97 Y _�RT^h^2IKJ2LOI�pWJhC�FeN(:2pHF;I�´=>Ui�a�CE8Wp;>
>"��{q8;>|iB:=<(IKJ2L3RTXKL�CE8;IKF;G2_�pU@
°qJDL�>
Jh>
8�RbX£M©F;Gh>�^=>
8�a�C�8H_�RbJ=<(>,CTa�a�:2XKX�{£_3RT^
?$µOµO¶,M�¨Zk2j�sOYO®qy2@é}�¯"MgRbJ=i�khkBl]À�_�C�8H>)<(XKC�pH>
XKP�_3RTF�<HG
FHG=RTFOCba�j9{;?$µOµO¶

F;GuRTJ
ªWRTpWFHG2>«<"RTp;>na�C�8�F;G2>)?©7 YÃ{£tuRTp;>|i
RTXKL�CE8;IKF;Gh_�pU@�À2CE8WF;G2>n´=o�>Sª�C�8H�BX�CBR�iBpWªWGh>
8;>�j9{�?©µOµZ¶ ^28HCToBI�i�>
p]FHG2>Stu>
p;FSR|o�>"8�RTLE>
8;>"p;^uC�J2pH>)FHI�_�>
pUMBFHG2IKpW8;>
pH:2XKF;pOIKJ3I�_�^28;CToE>Ui,^u>
8qa�CE8;_3RTJ=<(>�a�CE8]?$µOµO¶,M=¨Ok2j�sZYn®£yh@ }E¯
M2RbJ=i3k2kBl]À�@=Ä�CTª >
oE>
8UMuj9{�?©µOµZ¶ IKF;pH>
X�a
C�thF�RTIKJ2pWCEJ2XKP�RS_3RT8HL�IKJ=RTXh8;>UiB:u<(F;IKC�J~I�J3R|o�>
8(RTLE>Z8H>
p;^uC�Jhp;>,F;IK_�>�ªWG2>
J3F;G2>S?©7 YÃ{£FHCT{;[&7 Y _�Rb^2^2IKJ2LSIKp��`JhCTªWJ$@
k2kBl]À�IK_�^28HCTo�>
p�XK>
p;pOFHG=RTJ�?©µOµZ¶ CE8]¨Zkhj�sZYO®qy2@é}�¯�ªWGh>
J�FHG2>S_3RT^2^2IKJ2L,RTJ=i
<eP`XKIKJ=iB>"8]G2>
:h8;IKp;FHI�<,RT8H>SIKJ=<(CE8;^uC�8�RbF;>Ui @W°qJ

F;Gh>Ã<
Rbp;>WCbae!Ã�,+-�.� /£MbF;G2>W?$7�Y�{qt=RTpH>Ui�k2kBl]À¡p�<HG2>UiB:hX�>"8&IKpgR�<eF;:=RbX�XKPOp;:h^=>
8HIKC�8&FHC]F;Gh>�a�:2XKX�{£_3RT^Wo�>"8;p;IKCEJ$@$lWGhI�p6_3R|P]tu> >(¢2^2XfRbI�Jh>Ui
tBP)>e¢hRb_�IKJ2IKJ2LOF;Gh>]ªWR|P)IKJ�ªWG2If<HG�CE:28 k2kBl]À~a¤:2XKX {q_�Rb^SIK_�^2XK>
_�>
JBF�RbF;IKCTJ)iBI�¦�>
8;p�a�8HC�_¿j9{�?©µZµO¶,M2?$µOµO¶,M2RTJ=i�¨Zk2j�sOYO®qy2@é}�¯"@
k2kBl]À�F(RT�E>
p&F;Gh>�KHXfRTp;F9�`JhCTªWJ�^=CEp;IKF;IKC�J<MZCba$F;G2>�8;>UREi2ÁTªW8HIKF;>]Gh>UR�i�RTp&tu>
IKJ2L*N(:2p;F9t=>
PEC�J=i�F;G2> ð�øuä
Ø t2XKC2<H��CTa�F;G2>�IK_�_�>|iBIfRTF;>"X�P
^28H>
oBI�CE:2pS8H>U�E:2>
p;F|@�j9{;?$µOµO¶)M6?$µOµO¶,M$RTJui
¨Ok2j�sZYn®£y2@é}E¯]:hp;>�F;Gh>ÙØ Ù�ä"Ø t2XKC�<H�
Cba F;Gh>�^28;>
oBIKC�:hpS8;>U�E:2>"p;F,I�Jhp;F;>|R�i�@,lWG2IKpOIKp
8;>|��:hI�8H>Ui�IKJ�CE8�iB>
8WFHCS��>">
^�_�:2XKFHI�^hX�>98;>U�E:2>
pHF;p�F;CSFHG2>]p(RT_�>WXKC2<
RbF;IKC�J�®�CE8 CToE>
8;XfRT^h^2IKJ2LO8;>U�E:2>
pHF;p(¯�a�8HC�_ýtu>
IKJ2L,:2J2IKJBF;>
JBFHI�CEJ=RTXKXKP
p;F(RT8Ho�>UiÔt`P~F;G2>�F;G28H>
>�p(<
RTJ2JhI�JhL�RTXKL�CE8;IKF;Gh_�pU@,A�Gh>
JDF;G2>�khkBl]ÀÒRbXKL�C�8HIKF;G2_�I�_�^2XK>
_�>
JBF�RbF;IKC�J3IKpS_�C�i�I ´u>Ui3F;C~:2p;>�F;G2>,´=8Hp;F
t2XKC2<H�§M I�FSRE<;GhI�>"o�>
pS^u>
8�a�C�8H_�RTJu<(>)IK_�^28;CToE>
_�>
JBFW>U�E:2IKo�RbX�>"J`FOFHC¡?©µOµZ¶ RTJui
¨Ok2j�sZYn®£y2@é}E¯
@,lWG2IKpOI�JuiBIf<
RTFH>
pSF;GuRTFO8;>
^u>URbF)CE8
CTo�>"8;XfRT^2^hI�JhLZ8H>U�E:2>
pHF;pW>(¢2IKp;F&IKJ,F;G2>�>(¢2^=>"8;IK_�>
JBF(RTX2ª�C�8H�`XKCBR�iBp|@$lWG2>�a¤8�R�<eF;IKC�J�Cba§pH:=<HG�8;>|��:h>
p;FHpWF;G=RbF RT8H>]iBIK8;>U<(FHXKP«RbF;F;8HIKt2:2F�Rbt2XK>
F;C�CE:28W_�>"F;G2C2iBCEX�CEL�P�®¤p�<
RbXKI�JhL�CTagFH8�RE<(>Ui3IKJBF;>
8(RT8H8;IKo�RTX�FHI�_�>
p�¯9G=RbpWJ2C�FWPE>
FWt=>">
J�iB>
FH>
8;_�IKJ2>Ui�@
lWG2>38;>
XfRbF;IKo�>3p;F(RT8Ho�RTF;IKCEJÉ<HG=RT8(R�<(FH>
8;IKpHF;If<(p3CTaOF;G2>3p�<HG2>|iB:2XKIKJ2L±RTXKL�CE8;IKF;Gh_�pOL�>
Jh>
8�RbX�XKP�_�RTF(<HGDF;G2>
8H>
p;:hX�FHp�a�CE:2J=i a�C�8,F;G2>

?$7�Y�{qt=Rbp;>Ui�p�<HG2>
_�>
pU@&ÀhC�8&FHG2>��§�"�%�'&(�SF;8(R�<(>�MBGhCTª >
oE>
8UMBFHG2>Wa¤:2XKX {q_�Rb^Sj9{�?©µZµO¶¬RbX�LEC�8HI�FHG2_ýGuRTp&CEJ2XKP«RO_3RT8HL�IKJ=RTX2REiBo�RTJBF�RbL�>
IKJ)8H>
p;^uC�Jhp;>]FHIK_�>&o�Rb8;IfRTJ=<e> CToE>
86F;G2>WCEF;G2>
8�RTXKL�CE8;IKF;G2_�pU@u°qJ�a£R�<(F|M�k2kBl]À¡G=RTp R�pH_�RTXKXK>
8$<(CB> k�<eI�>"J`F�CTauo�RT8;IfRbJ=<(>�F;G=RbJ«j9{;?$µOµO¶
a�CE8ZFHG2>�Gh>UR|oBI�>"p;FSª�C�8H�`XKCBR�iBp|M�t2:2FSIKFHpS8;>
pH^=CEJ2p;>�F;IK_�>,o�RT8HIfRTJ=<(>,IKpSp;FHIKX�X9L�8;>|RTF;>"8�®£iB:h>�F;C3FHG2>�iBI�¦�>
8;>"J=<(>�IKJ�F;G2>3RTXKL�CE8;IKF;Gh_�p'F
R|o�>"8�RTLE> 8H>
p;^uC�Jhp;>]FHIK_�>
p(¯
@$79P)p(RTFHI�p�a�PBIKJ2LZRbX�XB8H>U�E:2>
p;FHp ªWIKFHG2IKJ)RO<(PBX�IKJ=i�>
86t=>(a¤C�8;>W_�CToBI�JhLWF;CZRbJ2C�FHG2>
8 <eP`XKIKJ=iB>"8UM�RbX�X2RbX�LEC�8HI�FHG2_�p
tu>U<(C�_�>Op;C�_�>
ªWG=RbF XK>
pHpW8;>
pHI�pHF�RbJ`F�F;C�pHF�RT8Ho�RTFHI�CEJ$@

ÃB\�� ��j<�wf	{ux��p~,d]�G��~ b7�21*xB�p� ü÷d]`r�n��fr{B�(f

À©I�LE:28;>"p�xUw�{�}E¸�p;GhCTªý8;>"p;:2XKF;pna�C�8O>(¢2^u>
8;IK_�>"J`FHpO:2p;IKJ2L
k2[6l]À {qt=RTpH>UiDRTXKLEC�8;IKFHG2_�p|M=RTpSiB>"p�<(8HI�tu>UiÔI�J�p;>|<(F;IKC�JDì2@é¸h@)79>U<
RT:hp;>
F;Gh>
p;>SRTXKLEC�8;IKFHG2_�p6iBC)JhC�F RE<;�BJ2CTªWXK>Ui�L�>ZRbJ=i,>(¢2^2XKC�IKF&FHG2>Z<"R�<HG2>SiBIK8;>U<eF;XKP`MEª�>ZRTXKpHCS^28;>"p;>
JBF]i2RbF�R�a�CE8 _�C2iBI�´=>Ui�o�>
8Hp;IKC�J2p�ªWG2If<HG
F;8(R�<H��F;Gh>Z<(CEJ`FH>
JBF;p�CTa$FHG2>]CEJB{£tuC`Rb8�i�<
RE<HG2>SRTJ=i,>
pHF;IK_�RbF;>]RO^uC�pHIKF;IKC�J2IKJ2LOFHI�_�>WCTa�³
>
8HC,a�C�8 RbJBP)8H>U�E:2>
p;FWFHG=RTF�<
RTJ�t=>�p�RTFHIKpq´=>Ui
®£RbFOX�>|RTp;FO^=Rb8;FHI�RbXKX�P2¯9a�8HC�_+FHG2>«<"R�<HG2>�@,lWG2>,8;>
pH:2XKF;IKJ2L
RTXKLEC�8;IKFHG2_�pWRT8H>«iB>"J2C�FH>UiDRTp��2���6� /;�(� /*´¬���
�%/£�p�T�2�f���ÛÚÝÜßÞe�Y�E�(�2�áà�&6��J��
©&���(� /6®£k2[9j�l]Àg¯WRbJ=i��W���(���2���6� /;�e�H/�´¬���e�æ/£���b�2�f�B�âÚÝÜßÞe�Y�E�(�2�áà�&6��J��¦©&���(� /6®�sOk2[&j�l]À6¯
@

¸�y



ã ã
 FCFSä ä
 C-LOOK (LBN)å å
 SPTFæ æ
 SPCTFç ç
 ASPTF(6)è è
 ASPCTF(6)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

é é é é
é
é
é

é

ê ê ê ê ê
ê

ê

ë ë ë ë ë
ë
ë

ë

ì ì ì ì ì ì
ì

ì

ì

í í í í í
í
í
í

î î î î î î î
î

î

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

ï ï
 FCFSð ð
 C-LOOK (LBN)ñ ñ
 SPTFò ò
 SPCTFó ó
 ASPTF(6)ô ô
 ASPCTF(6)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0.0

|�2.5

|�5.0

|�7.5

|�10.0

|�12.5

|�15.0
|�17.5

|�20.0

 Trace Scaling FactorÌ

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n

õ õ
õ
õ
õ
õ õ õ

ö ö ö ö
ö
ö

ö

÷ ÷ ÷ ÷ ÷ ÷
÷

÷

ø ø ø ø ø ø ø
ø ø

ù ù ù ù
ù
ù ù

ù

ú ú ú ú
ú
ú
ú
ú
ú

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:h8;>�xUwh­gÀh:2XKX�{�¶�J2CTªWXK>UiBLE>]s�X�LEC�8HI�FHG2_Å[©>
8qa�CE8;_3RTJ=<(>O:2pHIKJ2L�F;G2>�� �"�f����l68�RE<(>

¸2x



û û
 FCFSü ü
 C-LOOK (LBN)ý ý
 SPTFþ þ
 SPCTFÿ ÿ
 ASPTF(6)� �
 ASPCTF(6)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

� � � �
�

�

�

� � � �
�

�
�

�

�

� � � � �
�

�

� � � � �
�

�

�

� � � �
�

�

� � � � �
�

�

�

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

� �
 FCFS� �
 C-LOOK (LBN)	 	
 SPTF
 

 SPCTF� �
 ASPTF(6)� �
 ASPCTF(6)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0.0

|�2.5

|�5.0

|�7.5

|�10.0

|�12.5

|�15.0
|�17.5

|�20.0

 Trace Scaling FactorÌ

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n


 
 





 





� � �

�

�

� � �

� � ���� � �

�

�

� � �� � �
�

�

�

� �

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À$IKLE:28;>�xUzh­&À2:hX�X�{;¶�J2CTªWXK>UiBL�>Ws�XKL�C�8HIKF;G2_ [©>
8�a�C�8H_�RbJ=<(>O:2p;IKJ2L,F;Gh>2�=�����b��l68�R�<e>

¸�}



� �
 FCFS� �
 C-LOOK (LBN)� �
 SPTF� �
 SPCTF� �
 ASPTF(6)� �
 ASPCTF(6)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

� � � � �
�

�

�

� � � �
�

�

�

�

� � � � �
�

�

�

�

� � � � �
�
�

�

�

� � � � �
�

�

�

� � � � �
�
�

�

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

  
 FCFS! !
 C-LOOK (LBN)" "
 SPTF# #
 SPCTF$ $
 ASPTF(6)% %
 ASPCTF(6)

|ÿ
0.125�

|ÿ
0.250�

|ÿ
0.500�

|ÿ
1.000�

|ÿ
2.000�

|ÿ
4.000�

|�0.25

|�0.50

|�1.00

|�2.00

|�4.00

|�8.00

|�16.00

|�32.00
|�64.00

|�128.00

 Trace Scaling Factor�

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

L
E

!

& &
&

&
&

&
& &

'
'

'
'

'
'
' '

(
(

(

(

( (
(
(
(

)
)

)

)

) )
)

)
)

*
*

*

*

*
*
* *

+
+

+

+

+
+
+
+ +

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©I�LE:28;>S}Ey2­6À2:2XKX�{;¶]JhCTªWX�>|iBL�>�s]XKL�CE8;IKF;G2_Å[©>
8�a�C�8H_�RTJu<(>O:2p;IKJ2L�FHG2>��O��� �"!W�$#�lg8(R�<(>

¸�¸



, ,
 FCFS- -
 C-LOOK (LBN). .
 SPTF/ /
 SPCTF0 0
 ASPTF(6)1 1
 ASPCTF(6)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

2 2 2 2 2
2 2
2

2

3 3 3 3 3 3 3
3
3

3

3

4 4 4 4 4 4 4 4 4 4
4

4

4

5 5 5 5 5 5 5 5 5 5
5
5
5

5

6 6 6 6 6 6 6 6 6
6
6

6

7 7 7 7 7 7 7 7 7 7
7
7
7

7

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

8 8
 FCFS9 9
 C-LOOK (LBN): :
 SPTF; ;
 SPCTF< <
 ASPTF(6)= =
 ASPCTF(6)

|ÿ
0.125�

|ÿ
0.250�

|ÿ
0.500�

|ÿ
1.000�

|ÿ
2.000�

|ÿ
4.000�

|�0.25

|�0.50

|�1.00

|�2.00

|�4.00

|�8.00

|�16.00

|�32.00

|�64.00
|�128.00

|�256.00

|�512.00

 Trace Scaling Factor�

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

L
E

!

> >

>
>

>
> >
> >

? ? ?
?

?
?
? ?

? ? ?

@ @ @ @ @
@
@ @

@
@
@

@

A A A A A A
A

A
A

A
A A

A

A

B B B B B
B B

B
B
B
B B

C C C C C C
C C

C
C

C
C
C C

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:h8;>S}2xE­gÀh:2XKX�{�¶�J2CTªWXK>UiBLE>]s�X�LEC�8HI�FHG2_Å[©>
8qa�CE8;_3RTJ=<(>O:2pHIKJ2L�F;G2>��§�"�%�'&(��l68�RE<(>

¸Tv



D D
 FCFSE E
 C-LOOK (LBN)F F
 SPTFG G
 SPCTFH H
 ASPTF(6)I I
 ASPCTF(6)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

J J J J

J

J

K K K K K K

K

K

K

L L L L L L
L
L

L

L

M M M M M M M

M

M

N N N N N N N

N

N

N

O O O O O O O
O
O

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

P P
 FCFSQ Q
 C-LOOK (LBN)R R
 SPTFS S
 SPCTFT T
 ASPTF(6)U U
 ASPCTF(6)

|.
0.125/

|.
0.2500

|.
0.5001

|.
1.0002

|.
2.0002

|.
4.0002

|30.25

|30.50

|31.00

|32.00

|34.00

|38.00

|316.00
|332.00

|364.00

 Trace Scaling Factor4

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

LE
!

V

V
V

V

V V

W
W

W
W

W W W W

X
X

X
X

X
X

X

Y
Y

Y
Y

Y
Y

Y

Y
Y

Z
Z

Z
Z

Z
Z

Z

Z Z Z

[
[

[
[

[
[ [ [ [

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:28H>n}E}2­6À2:hX�X�{;¶�J2CTªWXK>UiBL�>�s]XKL�CE8;IKF;Gh_ [©>
8�a�C�8H_�RbJ=<(>O:2p;IKJ2L�FHG2>�)*�����E�&l68(R�<(>

¸�ì



\ \
 FCFS] ]
 C-LOOK (LBN)^ ^
 SPTF_ _
 SPCTF` `
 ASPTF(6)a a
 ASPCTF(6)

|�
0.125É

|�
0.250Ê

|�
0.500Ë

|�
1.000
� |�

2.000
� |�

4.000
�|�0

|�50

|�100

|�150

|�200

|�250

 Trace Scaling FactorÌ

 A
vg

 R
es

po
ns

e 
Ti

m
e 

(m
s)

b b b b
b

b

c c c c c
c

c

c

c

d d d d d
d

d

d

e e e e e e

e

e
e

f f f f f f
f

f

g g g g g g
g

g
g

g

®qR�¯�s]oE>
8�RbL�>SQW>"p;^uC�J2pH>SlWIK_�>

h h
 FCFSi i
 C-LOOK (LBN)j j
 SPTFk k
 SPCTFl l
 ASPTF(6)m m
 ASPCTF(6)

|ÿ
0.125�

|ÿ
0.250�

|ÿ
0.500�

|ÿ
1.000�

|ÿ
2.000�

|ÿ
4.000�

|�0.25

|�0.50

|�1.00

|�2.00

|�4.00

|�8.00

|�16.00

|�32.00

|�64.00
|�128.00

|�256.00

|�512.00

 Trace Scaling Factor�

 S
qu

ar
ed

 C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n 

- L
O

G
 S

C
A

L
E

!

n

n
n

n
n

n

o
o o o

o o o o o
o

p
p

p p
p

p

p p

q
q q q

q
q

q

q q

r
r r r

r r
r

r r

s
s s s

s s s s s
s

s

®�tu¯Wk2�E:=RT8H>Ui3j�C`>5k�<(IK>
JBF]CTa6¨ RT8HIfRTF;IKCEJ

À©IKL�:28H>S}�¸2­6Àh:2XKX {;¶�J2CTªWXK>UiBLE>]s]XKLEC�8;IKFHG2_Å[$>"8qa�CE8;_�RbJ=<(>O:2pHI�JhL�F;G2>�!Ã�,+-�.� /$l68�RE<(>

¸�õ



lWG2>)k2[dl]À�{qt=Rbp;>Ui�RTXKL�CE8;IKF;Gh_�p�G=R|o�>OtuC�F;G�R,p;IKL�J2I�´§<"RTJBFZREiBo�RTJBF�RbL�>SRTJui�i�I�p(R�iBo�RbJBF�RTLE>OCTo�>
8Oj9{�?©µZµO¶,@ulWG2>)REiBo�RTJBF�RbL�>
IKpOF;G2>�C�tBoBI�CE:2pOIK_�^28HCTo�>
_�>
JBF�I�J�^uC�p;IKFHI�CEJ2IKJ2L�i�>
XfR|P
^28;>|iBIf<(F;IKC�J±RE<
<(:28(R�<(P±i�:2>�F;C3F;Gh>�I�Ju<(XK:2p;IKC�J�CTaW8;CEF�RbF;IKC�J=RbX&XfRTFH>
J=<(P�IKJB{
a�CE8;_�RbF;IKC�J©@6sÂa�:2XKX$8HC�F�RbF;IKC�J�a�CE8]RTJ
Ä][ jW}�}TvBy,p;>
8HIK>
pSiBIKp;��F(RT�E>
pZRb^2^28;C|¢2IK_�RbF;>
XKP3x�xO_�pUM2>|��:hI�o�RbXK>
JBFWF;C�R,p;>">
�
CTa&CToE>
8ZìEì�y
<(PBXKIKJ=iB>
8HpZCE8Z}0��²ÆCTa&F;G2>,_�R�¢2I�_,:2_ p;>
>
��iBIKp;F�RbJ=<(>�@SÀhC�8WJhC�JB{q:2J2I�a�CE8;_ ª CE8;�BXKC`R�i�pO®�ªWIKF;G
pHG2C�8HF;>
8SR|oE>
8�RbL�>SpH>
>
��iBIKpHF�RTJu<(>
p�¯"M
F;Gh>�8;C�F(RTFHI�CEJ=RTX9X�RbF;>
Ju<(P i�>
XfR|P
8;>
^h8;>
pH>
JBF;p�RbJ�>"o�>
J�X�Rb8;LE>
8Oa�8(R�<(FHI�CEJ�CbaÃFHG2>�FHC�F(RTX&^uC�pHI�FHIKC�J2IKJ2L3iB>
XfR|P`@�lWG2>�iBIKp�REiBo�RTJBF�RbL�>,IKp
F;GuRTFWF;Gh>
p;>)RbXKL�C�8HIKF;G2_�pgGuR|o�>OJ2C,I�JhG2>
8;>"J`FWthI�RbpWF;CTªWRT8(iBp pH>
8;oBIf<(IKJ2L�pH>U�E:2>
JBF;IfRTX©8;>UREiBpWIKJ
RTp�<e>
J=iBIKJ2L�CE8�iB>
8|@&[©>
J=iBIKJ2L�8H>U�E:2>
p;FHp
RT8H>)pH>
XK>U<(FH>UiDt=Rbp;>Ui�CEJ
F;Gh>
IK8S^28;>|iBIf<(F;>Ui�^uC�pHIKF;IKC�J2IKJ2L3iB>
XfR|PBM=JhC�FOF;G2>"I�8S?©7 Y C�8S<(PBXKIKJ=iB>
8|@�c6o�>
J�ªWG2>
J±<"R�<HG2>,�`JhCTªWX�>|iBL�>,IKp
IKJ=<(CE8;^uC�8�RbF;>Ui M�C�J2XKP3p;:ht2p;>
FHp)CbaÃR�pH>U�E:2>
JBF;IfRbX&p;FH8;>URb_ _�R|P�t=>�pH>
8;oBIf<(>Ui KHIKJ
C�8(iB>
8U@ M3s]pSR�8;>
pH:2XKFUM©F;G2>,^28;>ea�>
F�<HG2IKJ2L
<
RE<HG2>�IKp
XK>
p;pO>(¦�>U<(FHIKo�>
XKP�:2F;IKXKIK³
>Ui3tBP
k2[6l]À {qt=RTpH>UiDRTXKL�CE8;IKF;Gh_�pU@�l&RTthX�>,ì�XKIKp;F;pOFHG2>«<"R�<HG2>,G2IKFZ^u>
8(<(>
JBF�RbL�>
pOa¤C�8Op;CE_�>Op�Rb_�^2XK>S^uC�IKJBF;p|@
YWCEF;>�F;G=RbF)j9{�?©µOµZ¶+RbXKªÃR|PBpO>(¢2G2IKt2IKF;p�R3G2IKL�Gh>
8)<
RE<;Gh>�G2IKFS8(RTF;>EM RTp,RTXKX&p;>|��:h>
JBF;IfRTXWpHF;8;>|RT_�p,RT8;>�^28;C2<(>"p;p;>|i±IKJ±R3XKCEL�If<
RTXKXKP
RTp(<(>
J=i�I�JhL�_�RTJhJ2>
8U@

lg8(R�<(> k2<
RbX�> j9{�?©µZµO¶ k2[&j�l]À sZk2[&j�l]À9®qõ�¯ kh[6l]À sZk2[6l]À9®qõ�¯
ÀuR�<(FHC�8 ®q?$7�Y]¯

j�>
XKXKC xE@éy xEx�@éì�² x�xE@éì�² xEx�@éì�² xEx�@é}�² xEx�@é}�²
k�J=RT�E> xE@é}�ì }hx�@éw�² }2xE@é}�² }hx�@é}�² x��2@ v`² x��2@ v`²
s�I�8�{�Q�p;o }h@éì x|ì2@éy�² x
vu@é}�² x"v=@KxU² x|¸2@é}�² x|¸2@KxU²
k2<(I�{£l]k }h@éì }Eõ2@éz�² }�ìh@ v`² }Eì2@é¸�² }E¸2@éy�² }E}2@éì�²
µ�8(iB>
8 xE@éy x��2@éõ�² xUõh@é}�² x|õ2@éy�² xEx�@éy�² x|y2@éz�²
Q�>
^uC�8;F xE@éy x"v=@éì�² x�xE@à��² xEx�@éõ�² x|y2@é}�² z2@éõ�²

l&RTthX�>Oì2­&µ�JB{qt=CBRT8(i�\�IKp;��jWRE<HG2>)ÄWIKFWQ]RbF;>
p�a�C�8Wk2[6l]À {qt=RTpH>Ui3s]XKLEC�8;IKFHG2_�p

lWG2IKp6F;8�REiB>({qCT¦�R�¦§>U<eF;p�CTo�>
8(RTXKX�^u>
8qa¤C�8;_3RTJ=<e> FHCni�I ¦�>
8H>
JBF iB>
LE8;>
>
p9a�CE8$>URE<;G�Cba=F;Gh>Wp;I�¢SF;8�RE<(>
p|@ ÀhC�8?� �"�f�%�TMTFHG2>Ãkh[6l]À {£t=Rbp;>Ui
RTXKLEC�8;IKFHG2_�p6RT8;>]<eX�>|RT8;XKP,p;:2^u>
8HI�CE8 FHCOF;G2>�p;>
>
�E{q8;>Ui�:=<(IKJ2L�RTXKL�CE8;IKF;G2_�p$pHF;:=iBIK>Ui�IKJ)FHG2IKp&8;>
^uC�8HFU@�jWR�<HG2>W�BJ2CTªWXK>UiBLE>O®�Iq@ >�@KM�k2[&j�l]À
RTJui�sZkh[&j�l]À9®£õ�¯H¯&IKJ=<e8;>URbp;>
p�^=>
8�a�C�8H_�RbJ=<(>ZRbJ�R�i2i�I�FHIKC�J=RbX§ì�{ex|ì�²¬:hJ=iB>
8WFHG2>]XfRT8HL�>
pHFWp�<
RbXKI�JhLOa£R�<eF;C�8HpU@6°qJ�>(¢2^=>
8HIK_�>
JBF;p�:2pHI�JhL
F;Gh>SC�FHG2>
8�´=o�>OFH8�R�<e>
pUM�FHG2>)<(CE_�^=Rb8;IKp;CEJ3I�pWJhC�FZRbp]<(XK>URTJ©@]À2CE8WF;G2>"p;>,F;8�RE<(>
p|M$k2[6l]À�RTJui�sOk2[6l]À9®£õE¯�p�RTFH:28�RbF;>S_�C�8H>n�E:2If<H�BXKP
F;GuRTJ±j9{;?$µOµO¶)@6ÄWCTª�>
oE>
8UM6FHG2>
PDiBC
^28HCTo`IfiB>�pH:2^u>
8;IKC�8,^u>
8qa�CE8;_3RTJ=<(>,a¤C�8Op;CE_�>,p;:2tB{qp�RbF;:28(RTFHI�CEJ±ª�C�8H�`XKCBR�iBp|@�À2CE8S>(¢=RT_�^2XK>�M
´=LE:28;>�}E¸�R�pHG2CTªWpSFHG=RTF�a�CE84!W�"+��6� /qM$k2[dl]À�RTJ=i~sZkh[6l]À9®£õ�¯�RT8;>�pHIKL�J2I�´§<
RbJBF;XKP�®�:2^�F;CDxUwE²�¯�t=>
FHF;>
8,F;GuRTJDj9{�?©µZµO¶ÆIKJ
F;G2>
y2@ vb{�yh@ z�8�RbJ2L�>,CTa�p�<
RbX�IKJ2L�a£R�<eF;C�8HpU@SÀhC�8Ok2[&j�l]À�RbJ=i3sZkh[&j�l]À9®£õ�¯"M�p�RbF;:28(RTFHI�CEJ i�C`>"pZJhC�F]C2<
<e:28)RTpO�E:2If<;�BXKPB@]°qJ=<eC�8;^uC�8(RTFHI�JhL
<
RE<;Gh>S�BJ2CTªWXK>UiBL�>�ªWIfiB>
J2p�F;G2>OªWIKJ=iBCTª�ªWGh>
8;>)kh[6l]À {£t=Rbp;>Ui~RTXKL�CE8;IKF;G2_�p&RT8;>�p;:2^u>
8;IKCE8WF;C�j9{;?$µOµO¶)@h°qJ3F;G2>S<
Rbp;>SCbaY�§�"�%�'&(�=M
tuC�F;G
RbX�LEC�8HI�FHG2_�p9^28;CToBIfiB>]IKJ=<e8;>URbp;>Ui~^=>"8qa�CE8;_�RbJ=<(>�a�C�8]RbX�X�p(<
RTXKIKJ2L�a£R�<eF;C�8HpWp;FH:=iBIK>Ui�@
s]XKF;GhC�:2LEGSsZk2[9j�l]À&®qõ�¯©RTXKªÃR|PBp�G=Rbp$tu>
F;FH>
86p;F(RT8;o�RbF;IKC�JO8H>
p;IKp;F(RTJ=<e>WF;G=RbJ)k2[&j�l]À�M
FHG2>�8;>
XfRTFHIKo�>6^=>"8qa�CE8;_�RbJ=<(>W®qRTp©_�>URbp;:28H>Ui

tBP)R|o�>"8�RTLE>W8;>
pH^=CEJ2p;>�F;IK_�>"p�¯©CTa�F;G2>"p;>]Fqª�CSRTXKL�CE8;IKF;Gh_�p$IKp&iB>
^u>
J=i�>
JBF CEJ�F;G2>WIKJ=iBIKoBIfiB:=RbX`ª�C�8H�BX�CBR�i�@ °qJ)pHC�_�>W<
Rbp;>
p|MBF;G2>]RbL�IKJ2L
a£RE<(F;CE8n<"RTJ
IK_�^h8;CTo�>OtuC�FHG�pHF�RT8Ho�RTFHI�CEJ
8;>"p;IKp;F(RTJ=<(>�RbJ=i3^u>
8qa¤C�8;_3RTJ=<e>)tBP3_�RbI�JBF(RTIKJ2IKJ2LSFHG2>)CE8�iB>"8;IKJ2L3CTa pH>U�E:2>
JBF;IfRbXg8H>U�E:2>
pHF;pUM
^28HCTo`IfiB>|i�FHG2>
P�ª >
8H>SIKp;pH:2>Ui§KHI�J�C�8(iB>
8�M�CToE>
8]R,8;>"X�RbF;IKo�>"X�P�pHG2C�8HFW^=>"8;IKC2i3CTa6F;IK_�>�@
AD>&tu>
XKI�>"o�>�F;G=RbFgRW_�C2iBI�´=>Ui�o�>
8Hp;IKC�J�CTa=sOk2[&j�l]À�ªWG2If<HGSp;^u>U<(I�´§<
RbXKX�P�p�<HG2>UiB:hX�>"p&p;>U�E:2>"J`FHIfRTXB8;>U�E:2>"p;F;p9I�J,RTp�<e>
J=iBIKJ2LOXKC�LEI�<"RTX

C�8(iB>
8�ªWI�XKXuIKJ=<(8;>|RTp;>�^=>
8�a�C�8H_�RbJ=<(>Ot=>"P�C�Jui�j9{;?$µOµO¶ IKJ�RTXKX$<
Rbp;>
p|@&lWG2IKpW8H>
^28;>"p;>
JBF;pSRbJ2C�FHG2>
8]IKFH>
_¿a�CE8�a�:2F;:h8;>O8;>
pH>URT8(<HG$@

¸I�



t Ï�;B:]�r¤A>]�7@�;B:��±�w:?=+Î*>���>]��R öø;9��V

r3C2iB>
8HJ�iBIKp;�SiB8;IKoE>
p6G=R|o�>&pH>
o�>"8�RTX�a�>URTFH:28;>"p&ªWG2If<HG)<
RTJ�R|¦�>U<(F6FHG2>ÃRbt2IKXKI�FqP�CTa§i�I�pH�Op�<HG2>UiB:hX�IKJ2LSRbX�LEC�8HI�FHG2_�puF;CO^28HC2iB:=<(>�L�CBC2i
p�<HG2>|iB:2XK>
pU@�mWpHI�JhLSp;FH8;C�JhL�XKPE{£o�RbX�Ifi2RbF;>Uinp;IK_�:2XfRTFHI�CEJ$M
ª�>WG=R|oE>W8;>({q>(¢=RT_�I�Jh>UiS^uC�^h:2XfRT8&p(<;Gh>UiB:2XKIKJ2L)RbX�LEC�8HI�FHG2_�p©F;CSiB>
FH>
8;_�IKJ2>WF;G2>
IK_�^uC�8HF�RTJu<(>�CbaZp;CE_�>�CTaZFHG2>
pH>3a�>URbF;:28H>
pU@ÂkBPBJ`FHG2>
FHI�<�ª�C�8H�`XKCBR�iBp,ª >"8;>
:2pH>Ui�FHC RbX�XKCTªÅ<(CE_�^=Rb8;IKp;CEJ2p)ªWIKFHGÉ^h8;>
oBIKC�:2p�ª�C�8H��@
c©¢2F;>"J2p;IKo�>�F;8�RE<(>
p�L`RTFHG2>
8H>Ui�a�8HC�_ÅpHI ¢
iBI�¦§>"8;>
JBFW>
JBoBIK8;C�Jh_�>
JBF;pWª�>
8H>Z:hp;>Ui3FHC�8;>
^h8;>
pH>
JBFZ_�C�8H>�K;8H>URTXKIKp;FHIf< M)ª�C�8H�BX�CBR�iBp|@
À2>|RTF;:h8;>
p�p;:=<HG3RTp&³
CEJ2>Ui�8;>U<(CE8�iBIKJ2LuMBF;8(R�<H�2Á�<(PBXKIKJ=iB>
8&pH��>
ªSM2RbJ=i�iB>(a¤>U<(F�8;>URbX�XKC2<
RbF;IKC�J,p;>
8Ho�>�F;C)<(CE_�^2XKIf<
RbF;>�F;G2>�F;8�RbJ2p;XfRbF;IKC�J

CTa�X�CEL�If<
RbX$t2XKC2<H�
JB:2_�t=>"8;p]IKJBF;C3^2GBPBp;If<
RbX6_�>UiBIfR,XKC2<
RTFHIKC�J2p|@Os]XKF;G2CE:2L�G~a�:2XKX©_�RT^h^2IKJ2L��BJ2CTªWXK>UiBL�>,IKp]8H>U�E:2IK8;>Ui~a�CE8OF;G2>,_�CEp;F
<(CE_�^2XK>(¢�p(<;Gh>UiB:2XKIKJ2L�RTXKLEC�8;IKFHG2_�pW®¤>�@ L=@KM2k2[6l]À6¯"M2C�:h8W8;>
pH:2XKF;pOIKJ=iBIf<
RTFH>OF;G=RbFWI�FW^h8;C2iB:=<(>"p]XKIKF;F;XK>OC�8WJhC�^=>
8�a�C�8H_�RbJ=<(>OIK_�^28HCTo�>({
_�>"J`F�®�XK>
p;pWFHG=RTJ3}�²�¯da�C�8�p;>">
�E{£8H>UiB:=<(IKJ2L3RTXKL�CE8;IKF;Gh_�pU@uAD>�G=R|o�>�p;G2CTªWJ�F;G=RbFÃRbJ�RT^h^28;CE^28;IfRTFH>Z?©7 YÃ{£t=Rbp;>Ui3RbX�LEC�8HI�FHG2_Å<
RTJ�t=>
<HG2C�pH>
J3a�CE8 >|R�<HG
CTa6F;G2>�p;I�¢�^28;C2iB:u<(F;IKC�J3ª�C�8H�`XKCBR�iBp�>(¢=RT_�I�Jh>Ui�@
j9{�?©µOµZ¶,MBRTJ�RTXKL�CE8;IKF;Gh_ýªWG2If<HG«RbXKªÃR|PBp6p�<HG2>Ui�:2XK>
p 8H>U�E:2>
pHF;pWIKJ)XKCEL�If<
RTXKXKPZRbp�<(>"J=iBIKJ2LSCE8�iB>
8|MBt=>"p;F�>(¢2^2XKC�IKF;p6F;Gh>W^28;>(a¤>
F�<HG2IKJ2L

<
RE<;Gh>,a�C�8�ª CE8;�BXKC`R�i�p]ªWIKF;G
pHIKL�J2I�´§<
RbJBFZ8H>UR�i~p;>|��:h>
JBF;IfRTXKIKFqP`@OÀhC�8O8�RbJ=iBC�_+ª�C�8H�BX�CBR�iBp|M�j9{�?©µZµO¶¿GuRTpOt=>">
JDp;G2CTªWJÔ®�tuC�F;G�IKJ
F;GhI�pOª�C�8H��RTJ=i¡I�J�^28H>
oBI�CE:2pOp;FH:=iBIK>
p�¯nF;C3^28;CToBIfiB>SpHXKI�LEGBF;XKP3I�J�a�>
8;IKCE8]^u>
8qa�CE8;_3RTJ=<(>,F;C3CEF;G2>
8OpH>
>
�E{£8H>UiB:=<eI�JhL�RTXKL�CE8;IKF;Gh_�pO®�>E@ Lu@KM
k2kBl]À�RTJ=i3?©µZµO¶O¯
@�ÀhC�8�´=oE>OCTa&F;G2>�p;I�¢�8H>URTX�{qª CE8;Xfi�FH8�R�<e>
pUM�GhCTª >
oE>
8UMuj9{�?©µOµZ¶¿RE<;GhI�>"o�>
pWFHG2>SG2IKL�Gh>
p;FO<
R�<HG2>SGhI�FW8(RTFH>
pZRbJ=i
XKCTª >"p;F�R|o�>
8(RTL�>�8;>
pH^=CEJ2p;>~F;IK_�>
p|@�°qJÉR�ihiBIKF;IKC�J$M6FHG2>
?$7�Y�{qt=RTpH>Ui�j9{�?©µOµZ¶�RTXKL�CE8;IKF;Gh_ IKp)pHF;8(RTIKL�GBFqa¤C�8;ªWRT8(i±RbJ=iD8H>
XfRTF;IKoE>
XKP
p;IK_�^2XK>WF;C�IK_�^2XK>
_�>
JBFU@
r3C�8H> ^uCTª�>
8qa�:hX`iBIKp;�O<(C�JBFH8;C�XKXK>
8Hpd<"RTJS:2pH>&o�RT8HIfRTJBF;p�Cba�FHG2>WkBG2C�8HF;>
pHF&[$CEp;IKF;IKCEJ2IKJ2L lWIK_�>gÀ©IK8;p;F�®qk2[6l]À6¯$RbX�LEC�8HI�FHG2_�FHCZR�<HG2IK>
oE>

>
oE>
J3G2IKL�G2>
8�^u>
8qa�CE8;_3RTJ=<(>E@$lWG2>O:2pH>OCTa$p;:u<;G
RbX�LEC�8HI�FHG2_�p68H>U�E:2IK8;>
pWFHG2C�8HC�:2LEG��BJ2CTªWXK>UiBLE>WCTagFHG2>Zi�I�pH�rF pW<(:28H8;>
JBF�p;F�RbF;>SRTp�ª�>
XKX
RTp�F;G2>,_�RbJ=RTLE>
_�>"J`F�p�<HG2>"_�>
p�>
_�^2XKCTPE>Ui�t`P3FHG2>«i�I�pH��iB8HIKo�>�´=8;_�ªWRT8H>�@�lWG2>«<eC�_�^h:2F�RbF;IKC�J=RbX$<(C�pHF,®£RTp�IKJ=iBIf<
RTFH>Ui3IKJ=iBIK8H>U<(F;XKP
tBP�C�:289p;IK_�:2XfRTFHI�CEJSF;IK_�>
p�¯&<"RTJ�tu>Oo�>
8HP�G2IKL�G$@©s]XKpHC=MEC�:28�8;>
pH:2XKF;pWIKJ=iBIf<
RbF;>�F;G=RbF IKF&IKpW<(8;IKF;If<
RbX2a¤C�8�p;:=<HG�RbJ�IK_�^hX�>"_�>
JBF�RbF;IKCTJSFHC
8;>|<(C�LEJ2IK³
>SF;Gh>Z>e¢�IKpHF;>
J=<e>)CbagC�J�{£tuC`Rb8�i3iBIKp;�3<
R�<HG2>
pORTJ=i�CE^2F;IK_�IK³
>�a¤C�8�F;G2>
_�@
AD>ZRb8;>Z<e:28;8H>
JBF;XKP�^2:h8;p;:hI�JhL)pH>
o�>
8(RTX6R|o�>
JB:2>
p�CTa$8H>
p;>|RT8�<HG
IKJ�p�<HG2>UiB:hX�IKJ2Lu@&À©I�8Hp;F|MBª >ORT8;>�o�RTXKIfi2RTFHIKJ2LOC�:28�8;>
pH:2XKF;p�a�CE8&C�FHG2>
8

iBIKp;�
iB8HIKo�>
p|@Os]XKF;G2CE:2L�G~ª >�<(C�Jhp;IfiB>
8OF;Gh>«Ä�[ÒjW}E}Tv8�,FHC3t=>�RTJ
>e¢h<e>
XKX�>"J`FO>(¢=Rb_�^2XK>OCTa IKFHp]L�>"J2>
8�RbF;IKC�J�CTaWiBIKp;�BpUMu^uC�p;IKFHI�CEJ2IKJ2L
F;IK_�>
pÃ<eC�JBF;IKJB:2>SFHC�iB>U<(8H>URTpH>�M�t2IKF]iB>
Jhp;IKF;IK>
pO<(C�JBF;IKJB:2>SFHC�IKJ=<(8;>|RTp;>EM§RbJ=i�C�JB{qtuC`RT8(i�^28;C2<(>
pHp;IKJ2L�^=CTª�>
8ZRbJ=i�_�>
_�C�8HP«<(CEJBF;IKJB:2>
F;C~L�8;CTªS@3lWGh>
8;>
RT8H>�RbX�pHC�iBIKp;�DiB8HI�oE>,a�>URbF;:28H>
p�ªWG2If<HGDª >�G=R|o�>�J2CEFSP�>"F)>(¢2^2XKCE8;>Ui�@�r3C�pHF)_�C2iB>
8;JDiBIKp;�Bp�<
RTJ�_�RbI�JBF(RTIKJ
R
�E:2>
:2>�Cba C�:hF;p;F(RTJ=i�I�JhL�8H>U�E:2>
pHF;p,ªWI�FHG2IKJ
F;Gh>
IK8S>
_�tu>Ui2iB>Ui�<(CEJ`FH8;CEX�XK>
8HpU@�k2<HG2>Ui�:2XKI�JhL¡RbXKL�C�8HIKF;G2_�p�a�C�8�p;:=<HGDC�J�{£tuC`Rb8�i���:h>
:2>
p
_�R|P3iBI�¦§>"8SIKJ�J=RbF;:28H>,a�8;CE_+F;G2CEp;>�CE:2F;pHI�i�>�F;G2>�iBIKpH��iB8;IKoE>)^=RE<H��RTL�>E@)°qJDR�ihiBIKF;IKC�J$Mu_�C�p;FOiB8;IKoE>
p)<
RbJ�pHI�LEJ=RTX&<(CE_�^2XK>
FHIKC�J�Rbp
p;CBCEJ RbpZFHG2>,C�JB{qt=CBRT8(i�iBIKpH�¡<"R�<HG2>�G=RbpZ8H>U<(>
IKoE>Ui�F;G2>,ªW8;IKFH>�8;>U�E:2>
pHF)i2RbF�R2@OlWGh>�:2p;>,CTa pH:=<HGvu'�|� /p� ÜB�
�%/;�e� _�R|P�8;>U�E:2IK8H>�J2>
ª
p�<HG2>|iB:2XKIKJ2L�F;>U<HG2JhI��E:2>"p]IKJ3C�8�i�>
8WF;C�_3RTIKJBF�RTIKJ,8;>
XKIfRTthI�XKIKFqP,L�:=Rb8�RTJBFH>
>
pZRbJ=i�>e¦§>U<eF;IKo�>
XKP3:2FHI�XKIK³
>OF;Gh>nR|o�RbIKX�Rbt2XK>]<
R�<HG2>�p;F;CE8�RbL�>�@
À©I�JuRTXKXKP`M6ª�>
tu>
XKI�>"o�>3F;G=RbF�p�<HG2>Ui�:2XKI�JhLÉiB>U<eI�pHIKC�J2p�pHG2C�:2Xfi�tu>
t=RTpH>Ui�CEJÉtuC�FHG�p;:2t2pHPBp;F;>"_ë<;GuRT8�RE<(F;>"8;IKp;FHI�<ep¡RbJ=i�p;PBp;FH>
_�{

XK>
o�>"Xg8H>U�E:2IK8;>
_�>
JBF;p|@Z79P3I�Ju<(C�8H^=CE8�RTFHIKJ2L��BJ2CTªWXK>UiBL�>�CTa FHG2>Sp;PBpHF;>
_�^=>
8�a�C�8H_�RbJ=<(>)<(CEJ2p;>|��:h>
J=<(>
p,CTaWiBI�¦§>
8H>
JBFSiBIKp;��8H>U�E:2>
pHF;pUM
p�<HG2>|iB:2XKIKJ2LÉRbX�LEC�8HI�FHG2_�p�<
RbJ�t=>�C�^hF;IK_�IK³
>UiÔa�CE8�CToE>
8�RbX�XWpHPBp;F;>"_ë^u>
8qa�CE8;_3RTJ=<(>�C N�RTJ2LBz�¸ED;@ýÀhC�8�>(¢=RT_�^2XK>�MWRD8H>U�E:2>
p;F~F;G=RbF
^28H>
o�>
JBFHp)R�<(8HIKF;If<
RTX6^28HC2<(>
p;pna�8;CE_+>(¢2>U<(:2FHI�JhL�pHG2C�:hX�i~tu>)pH>
8;oBIf<(>Ui�tu>(a�CE8;>�R�XKCTª�{£^h8;IKC�8HI�FqP�t=R�<H�BL�8HC�:2Jui38;>U�E:2>"p;FU@�kB:u<;G�L�CBRTXKp
_�:2pHFgtu>WF;>"_�^u>
8;>Ui�ªWIKF;G,>(¦§>|<(F;IKo�>O:2FHIKX�IK³URbF;IKC�J�CTa�F;G2>�p;F;CE8�RbL�>W8;>"p;C�:h8�<(>
p|M28H>
p;:2XKFHI�JhL)IKJ�RS<(C�_�^2XKIf<
RTFH>UiOp;>"F Cba§FH8�R�i�>({£Cb¦§p�ªWG2If<HG
ª�>Z^hX�RbJ�FHC�>(¢2^2XKC�8;>E@

¸�w



�§Rxw$R$�<Re:]�rR©�

Cé\�>
J2J=õ0��D)[6@B¾=@u\]>"J2J2IKJ2L=M¡K�c©¦�>U<(FHpOCTa&p�<HG2>Ui�:2XKI�JhL�C�J3´=XK>O_�>"_�C�8HP)CE^=>"8�RTFHIKC�J2pAM=M��¯©zy ´B�n�I+��"�f�B�|{8�b�f�7/m�Y�6J¦+=�0/;�$���Y�T�}u|�$� �
�"�=�(�
Mhs]^28HI�X�xUzEõI�2ME^2^$@2z�{�}hx�@

CéNSRTJhL`z�¸�DZN�@�NSRTJhL�>
8|M2V�@�[gRbF;F|MYKHlWG2>)[68HC2<(>
p;p�{�À©XKCTª r¡C�i�>
Xq­]c©¢=RT_�I�JhI�JhL)°;ÁEµ [©>
8�a�C�8H_�RbJ=<(>Oa�8HC�_ F;G2>�kBPBp;FH>
_�F pO[$CEIKJ`F�CTa
¨]IK>
ª*MuMr�~y������m&(!�y6�w�=M©xUz�zE¸2ME^2^$@uw�õ|{;zI�h@

CéNO>
IKp�w0��DSQS@WNO>
IKp;F|MZk @Ã\ORbJ2IK>
XqM4KHs/j�C�JBF;IKJB:2:2_ CTa«\�IKp;��k2<HG2>|iB:2XKIKJ2L�s]XKL�CE8;IKF;G2_�p�MuMY����� &3�H�b�B�'���5/£�p�T�B� �b�²�Y�.J?+u�0/��E�
��­|� /;�$J��
M=Àh>
t28;:uRT8;P�xUzEwI�2MB^h^$@��I��{�zE}2@

CéNO>
IKp�w0��R�DnQS@2Nn>
IKp;FUMuQS@BQW>
PBJ2CEXfiBpUMucW@2[6IKF;F(RT8�i MBK�\�IKp;��kh<;Gh>UiB:2XKIKJ2L�IKJ�kBPBpHF;>
_+¨¦M=M3´Ã�E��u'�.�$Jº�b�=�(����#��b� ����/q���T�O!Ã�$#|���OÜ&M2r
R|P
xUzEwI�hMB^2^$@2ì�z�{�õEw2@

CéÄ][&zhx D)ÄW>"ªWX�>"F;Fq{;[6R�<H��RT8(i�j�C�_�^uRTJBP`M¦K�Ä�[¿jW}�}Tv7��¸h@éì|{qI�Ju<;G±khjWkB°¤{�}D\�IKp;�±\�8HI�oE>�M&l6>U<HG2JhI�<"RTXZQ�>(a�>
8H>
J=<(>�r
RTJB:=RbX�MuM&\�8�R|a¤F
c&iBIKFHI�CEJ�xEM=\�>U<(>
_�tu>
8Sx|z�z2xE@

CéÄ][&zE}�D)ÄW>"ªWX�>"F;Fq{;[6R�<H��RT8(i±j�CE_�^=RbJ`PBM¦K�Ä][ jW}�}bv`y�kB>
8;IK>
p�¸h@éì|{qI�Ju<;G±khjWkB°¤{�}�\�IKp;�±\�8;IKo�>EM&l6>U<HG2J2If<
RbX]QW>(a�>"8;>
J=<e>�r
RTJB:=RbX%M=M
[6RT8HF]YW:2_�tu>
8]ì�zEõ�y�{�wE¸Tv`õhM�c&iBIKFHI�CEJ�}hMBs]^28HI�X�xUzEz�}2@

C ¾`RE<(C`zhx D)\,@&¾`RE<(C�thp;C�J©M]¾u@ A I�XK�E>
pUM�K�\�IKp;��k2<HG2>UiB:hX�IKJ2L�s]XKL�CE8;IKF;Gh_�p�7 Rbp;>Ui C�JÒQ�C�F(RTF;IKCEJ=RTX][©C�pHIKF;IKC�J�MuM]ÄW>"ªWX�>"F;Fq{;[6R�<H��RT8(i
l6>U<HG2J2If<
RbXgQW>"^=CE8;FUMuÄ][&?§{�jWkh[©{�zhx({��2MBÀ2>"t$@=}Eõ2M�xUzEz2xE@

Cér
<
Y�:=w�õ�D�7�@=r~<
YW:2FHFUM¡K;s]J
c6_�^2IK8;If<
RbX§kBFH:=iBP�CTag¨�RT8;IfRbF;IKC�J2p�IKJ�\�sZk2\Â¨&CEXK:2_�>WsO<(F;IKoBIKFqP8MuMw�����ÃM©xUzEw�õ2ME^2^$@2}0�Tvb{�}Ew�¸2@
Cér3>
8HFH��y�DSs)@6N�@�r3>
8;FH>
J$M�K�kBCE_�>)�E:=RbJ`FHIKF�RTFHIKo�>,F;>U<HG2J2If�E:2>
pna�C�8O´uX�>,C�8HL`RbJ2IK³URTFHI�CEJ�M=M©[6G$@é\,@�lWG2>
pHI�p|M$l6>U<HG2JhI�<"RTXWQW>
^uC�8HF)YWCu@
xUìhM2mS@hCTagA I�p(<(C�Jhp;IKJ
j�C�_�^h:2FU@Bj�>
JBF;>
8|M$x|zI��yh@

CéQ]Rb_�R�zE}�D]¶,@§Q�RT_3RT�B8;IKp;GhJ=RTJ$MB[6@=79IKp;ªWRTp|M§Q�@=¶ORT8H>UiBXfR2M�KHs]J=RbX�PBpHI�p�CTa À©IKX�>�°;Á�µ l68�R�<e>
p]IKJ�j�CE_�_�>"8�<(IfRTX�j�C�_�^2:2FHI�JhL«c6JBoBI�{
8;CEJ2_�>"J`FHp�MuM������ ��y������ &(!�y6�w�=M©xUzEz�}2ME^2^$@3��w�{�zEy2@

CéQW:2>"_�z�¸�DZjO@2QW:2>"_�_�XK>
8|MT¾=@hA�IKXK��>
p|MwK�m]Y�°"éý\�I�pH��sZ<
<e>
p;pS[6RTFHF;>
8HJ2p�MuM����·�7/��E�v�ð���B®�y��SM©xUz�zE¸2@
CéQW:2>"_�zTv.DZjO@2QW:2>"_�_�XK>
8|MT¾=@hA�IKXK��>
p|MwK�r3C2iB>
XKXKIKJ2L)\�IKp;�Bp�MuM�y������²�Y�6J¦+=�0/;�$�
Mur
RT8(<HG x|z�zbv=@

CékB>URb_�õ�õ�DZ[6@2ÄS@2kB>|RT_�RbJ$MBQS@Bs)@2? IKJ=i�MBlS@2?&@BA I�XKpHC�J�KHs]J3RTJ=RbX�PBpHI�p�CTa&RT:B¢2IKXKIfRT8;PE{qp;FHC�8�RbL�>]RE<(F;IKoBIKFqP8MuM~y���� ��­|� /��EJ�{7�b�8�"���T��M
¨&CEX£@2ìhM2YWCu@2¸2M�xUzEõ�õhMB^2^$@�xUìEw|{
x'�Ey2@

CékB>
XKF�zEy�D)rD@2kB>"X�FH³
>
8|M§[6@2j�Gh>
J$M2¾u@2µ�:2p;FH>
8;G2CE:2FUM�K(\]IKpH��k2<HG2>Ui�:2XKI�JhL«Q�>
oBI�pHIKF;>Ui7MuM����f�-/��E�v�r���B®�y��SM$x|z�zEy2ME^2^$@2¸2x|¸|{;¸�}bv=@
C l6>
C�8 ��}�DOlS@$l6>
CE8;>
PBM©lS@$[6IKJ2��>"8;F;CEJ$M¦K;s j�CE_�^=Rb8�RTFHIKo�>Ss�J=RTXKPBp;IKpOCTaZ\�IKp;��kh<;Gh>UiB:2XKIKJ2L�[©C�XKIf<(IK>
pAM=M*�Y�.J4J,�B�2��� ��/q���T������u2/¤���

�����
M2r
RT8(<HG±xUz0��}2ME^2^$@©x'�0�|{
xUwTvu@

¸�z



� Ó*@�¨²>¦¤;�©��@�;B:����6�2�w¨WR���R©�2�

lWG2>,a�CEX�XKCTªWIKJ2L,^=RT8(RT_�>
F;>
8HpSª�>
8;>�:2pH>Ui�F;C
<(CEJB´=LE:28;>�CE:28Op;IK_�:2XfRTFHC�8WF;C3_�C�i�>
X6F;G2>�Ä�[ÒjW}E}Tv8��iBIKp;��i�8;IKo�>�@,lWG2>"P�ª�>
8;>
C�thF�RTIKJ2>|i�a¤8;C�_ÆF;G2>O_�RbJB:Ba£R�<eF;:28H>
8'F p�p;^u>U<(I�´§<
RbF;IKC�J2pORTJ=i�a�8HC�_ i�I�8H>U<(F�_�>URbp;:28H>
_�>
JBFHpU@
l&RTt2XK>Os)@KxS<(CEJ`F(RTIKJ2pWtuC�FHG3´2¢2>Ui
RbJ=i�o�RT8;IfRbt2XK>Z^uRT8�Rb_�>
FH>
8;pW:hp;>Ui3IKJ
<(CEJB´=L�:h8;IKJ2L�CE:28]jW}�}bv8��iBIKpH��_�C2iB>"X£@&Y�C�FH>SF;G=RbF]ª�>

:2pH>nRbJ
Y]jWQÂ¸�ì�ìEyO_�:2XKF;IK^28HC2<(>
p;pHC�8WRTpWFHG2>OG2C�pHFWp;PBp;FH>
_�M2RbJ=i�pHC�_�>�CTa6F;G2>Oo�RTXK:2>"p LEI�oE>
J�<eC�JBF�RbI�J3<(C�_�thI�JuRTF;IKCEJ2p&CTa&iBIKp;��RbJ=i
G2CEp;FWiB>
XfR|PBpU@&ÀhC�8&>(¢=Rb_�^2XK>�MTFHG2>ZihRTF�R�F;8(RTJ2p�a�>
8�8�RbF;>
pWLEI�oE>
J�IKJ�l&RTthX�>�s)@Kx�ª >"8;>]XKIK_�IKFH>UiStBP,F;G2>OG2CEp;F�p;PBp;FH>
_Å8(RTF;Gh>
8WF;G=RbJ�F;G2>
jW}�}bv8�h@
l&RTt2XK>�s,@é}3p;^u>U<(I�´=>
p�F;G2>�XfR|P�C�:hFSCTa]FHG2>
jW}�}Tv7��F p)w3³"C�J2>
p|@Ér¡C�p;F,CTa]FHG2IKp)IKJBa¤C�8;_3RTFHI�CEJ
IKp«R|o�RbIKX�Rbt2XK>)IKJ�F;G2>3iBIKp;�±iB8HI�oE>

p;^u>U<(I�´§<"RTF;IKCEJ2pU@Ds�XKX pH��>
ªÅo�RbXK:2>
p�RT8;>�L�IKo�>"JDI�JDpH>U<(FHC�8;p|@±lWGh>�kB>
Jui2Á�Q�>U<(>
IKo�>
\�IfRTLEJ2C�pHF;If<�k2jWkB°S<(CE_�_�RbJ=iBpOª�>
8;>�:2p;>Ui�FHC
C�thF�RTIKJ�a�:2XKX�XKC�L�If<
RbX�{£FHCT{q^2GBP`pHIf<
RTX2_3RT^2^hI�JhL�p6a�CE8 >|R�<HG
iBIKp;��@6lWG2IKpW^28;CToBIfiB>Ui�:2pWªWIKFHG�F;Gh>SF;G2>�´=8Hp;FWXKC�LEIf<
RTX�pH>U<(F;CE8]IKJ�>|R�<HG3³
C�J2>
®�LEIKo�>
J�IKJ�F;Gh>]F�Rbt2XK>U¯&Rbp&ª >"X�X�RTp�o�>"8;I�a�PBIKJ2LOC�F;Gh>
8 pH^=>|<(I�´§<
RTFHIKC�J2p|@&YWC�FH>]FHG=RTF&FHG2>W´u8;p;FOx'�nF;8�RE<H�`pWRT8H>]8H>
p;>
8Ho�>Ui�a�CE8&IKJBF;>
8HJ=RTXu:2p;>
tBP3F;G2>�iBIKp;��M$RbJ=i
RTXKX©p;^=Rb8;>,F;8�RE<H�`p,RT8;>,^2XfR�<e>Ui
RTFOFHG2>)>"J=i
Cba >URE<;G�³
CEJ2>�@OlWG2>�jW}�}bv8�,:2pH>
pSF;8(R�<H�E{£tuRTp;>|i
pH^=RT8HI�JhL�a¤C�8]tuC�FHG
p;XKIK^2^u>Ui3RTJ=i3iBPBJ=Rb_�If<
RbX�XKPS8H>URTXKXKC2<
RTFH>Ui3iB>(a�>|<(F;p|@
l&RTt2XK>Ss,@ ¸�^28;>"p;>
JBF;p�F;G2>,G2>UREi
pHªWI�F(<HG$M�p;>">
��M$RTJ=i¡p;>
FHF;XKIKJ2L
iB>
XfR|PBp]C�thp;>
8Ho�>Ui¡a�C�8�F;G2>�jW}E}Tv7�2@WlWG2>,8;>"p;:2XKF;IKJ2L�p;>
>"� <(:h8;o�>

IKp�L�IKo�>"J±IKJD´=LE:28;>~s)@Kx�@�lWG2>
pH>
o�RTXK:2>
p�ª�>
8H>�CEt2F�RbIKJ2>Ui�oBI�R~>(¢2F;>"J2p;IKo�>~8;>
^u>
F;IKFHI�CEJ�CTaS^28;>|iB>
F;>"8;_�IKJ2>|i±pH>
>
��iBIKp;F(RTJ=<e>
p�RbJ=i
RT^h^28;CE^28;IfRTFH>O_�C�JhI�FHC�8HI�JhLZCbadk2jWk�°ÃRE<(F;IKoBIKFqP�:2p;IKJ2L�R�XKC�L�If<�RTJ=RbX�PB³
>"8U@6lWG2>Op;>">
�3o�RTXK:2>
p]<(CEJBF;IKJB:2>OF;C,t=>S8H>(´=J2>|i
RTp]REi2iBIKF;IKC�JuRTX
>(¢2^u>
8;IK_�>"J`FHp)RT8H>�^=>"8qa�CE8;_�>|i�@�kB>
>"� iBIKpHF�RTJu<(>
p,L�8;>|RTF;>"8SF;G=RbJ�xUy3<(PBXKIKJ=iB>
8Hp)RT8H>�RT^2^28HC|¢2I�_3RTFH>Ui3tBP�R�Fqª Cb{£^hI�>|<(>�<(:28Ho�>�@�AD>
<
RbJ2J2C�F�iB>
F;>"8;_�IKJ2>WFHG2>W>(¢=R�<eF&CTo�>
8HXfRT^,t=>
Fqª�>
>
J
<(CE_�_3RTJ=i�CTo�>"8;G2>UREi�RTJ=i�p;>">
��IKJ2IKF;IfRTFHI�CEJ$M|t2:2F&pH>
^=Rb8�RTFH>Z<(CE_�_3RTJ=i�CTo�>"8;G2>UREi
RTJui�pH>
>
�3o�RTXK:2>"p G=R|oE>Ot=>
>"J�iB>
FH>
8;_�I�Jh>Ui�ªWG2If<;G3FHC�L�>"F;G2>
8OR�<
<eC�:2JBF�a�CE8 FHG2>SC�thp;>
8Ho�>Ui3tu>
G=R|oBIKC�8|@
l&RTt2XK>Ws)@ vOXKIKp;F;p9o�RT8;IKCE:2p&<(C�JBF;8HC�X�RTJ=i�<eC�_�_�:hJ2If<
RTFHI�CTJOCToE>
8;G2>|R�iBp�_�>URbp;:28H>Ui�a�8HC�_ R�jW}�}Tv7�2@©°qJ�_�CEp;Fg<"RTp;>"pUM2FHG2>
pH>]o�RTXK:2>"p

RT8H>3p;>
J2pHIKF;IKo�>
FHCDF;G2>
RE<(F;IKoBIKFqPDCTaZtuC�FHG�F;G2>�<e:28;8H>
JBF�8;>|��:h>
p;F
RTJuiDF;Gh>
IK_�_�>|iBIfR|F;>
XKP
^28H>
oBIKC�:2p�8H>U�E:2>
p;F|@Âs]XKp;CuM FHG2>
<
R�<HG2>
<(CEJ`FH>
JBF;p�R�¦§>U<eF)FHG2>3C�t2pH>
8;oE>Ui±iB>"X�R|PBp|@�°qJDFHG2>
<
RTpH>�Cba]Fqª C
JhC�JB{qp;>U�E:2>"J`FHIfRTXWªW8;IKFH>�8;>|��:h>
p;FHpUM�F;G2>�p;>U<eC�J=i�ªW8;IKFH>�IKJ=<(:28Hp«RbJ
R�ihiBIKF;IKC�J=RbX iBIKp�<eC�J2J2>|<(F3®�IK_�_�>UiBIfRTFH>
XKP
R|a�FH>
8)8H>U<(>
IKoBIKJ2LDF;Gh>�<(CE_�_�RbJ=i2¯ORTJuiDG=Rbp«iBI�¦�>
8;>"J`F�CToE>
8;Gh>UR�i�iB>
XfR|PBp)FHG=RTJ�R
ªW8HI�FH>
a�CEX�XKCTªWIKJ2L]RO8H>UR�i�8;>U�E:2>"p;F�C�8 ROpH>U�E:2>
JBF;IfRbX=ªW8HI�FH>�@&r3CEp;F&Cba$F;G2>2KH^28;>
^uRT8�RbF;IKC�J<M)iB>
XfR|PBp RT8H>]<
RT:hp;>Ui�t`P,F;Gh>]G2CEp;F&pHP`pHF;>
_Æ8�RTFHG2>
8
F;GuRTJ3F;G2>SiBIKpH��iB8HI�oE>�@
sWa�FH>
8]CEt2F�RbIKJ2IKJ2L)FHG2>)Rbt=CToE>Z^uRT8�Rb_�>
FH>
8Wo�RTXK:2>"p�a�C�8WFHG2>)jW}�}bv8�hM�CE:28]_�C�i�>
X=pHF;IKXKXgiB>"o`IfRbF;>Ui�tBP�R,pH_�RTXKX�RT_�C�:2JBF9a�8;CE_ÅF;G2>

C�thp;>
8Ho�>Ui~t=>"G=R|oBI�CE8U@W79P�R�ihiBIKJ2L�R�i2i�I�FHIKC�J=RbX�ªW8;IKF;>SCToE>
8;Gh>UR�i
i�>
XfR|P`p|M2ª�>Sª�>
8;>)Rbt2XK>OF;C�pHIKL�J2I�´§<
RbJBF;XKP�8;>Ui�:=<(>�F;GhI�p]i�>
oBI�RbF;IKC�J©@
s]XKFHG2C�:2LEG�ª >
<
RbJ2J2C�F3RTFHF;8;IKt2:hF;>3F;G2>"p;>DiB>
XfR|PBp�F;C±RTJBP�iBC2<(:2_�>"J`FH>Ui�^2Gh>
J2C�_�>
J=RhM&F;Gh>3´=J=RbXW_�C2iB>
X]<(XKCEp;>
XKP±_3RTF(<;Gh>
p�F;G2>
C�thp;>
8Ho�>Ui3R�<eF;IKoBI�FqP,CTa6F;G2>OÄ][�jW}�}bv8�Si�I�pH�«i�8;IKo�>�@6l&Rbt2XK>Ws)@éìSXKIKp;FHp FHG2>ZREi2iBIKF;IKCEJ=RTX2CToE>
8;Gh>UR�i3iB>
XfR|PBpWR�i2iB>|i�F;C,C�:h8 _�C�i�>
Xq@�°qJ
F;Gh>ZXfRbp;FWFqª�C�F�RTthX�>�>
JBF;8HI�>"pUMuF;G2>SiB>"X�R|P�IKpÃiB>"^=>
JuiB>
JBFOC�J3F;G2>O8H>U�E:2>
p;FOpHI�³">)®��S¯
@
À©I�LE:28;>"p)s,@ }�{£s,@éì�<eC�_�^uRT8;>,F;Gh>�8;>"p;^uC�J2pH>�FHIK_�>�iBIKp;F;8HIKt2:2F;IKCEJ2pOa�CE8Oa�C�:h8ZFqPB^2If<
RbX o�RbXKI�ihRTF;IKCEJ
8;:2JhpS:2p;IKJ2L~C�:28S_�C2iB>
X RbJ=i

F;Gh>nRE<(F;:uRTXu>(¢2^=>
8HIK_�>
JBF�RbX�p;PBp;FH>
_�@©lWG2>Oª�C�8;�BXKC`REiBp <(CEJ2p;IKpHF;>Ui�CTa&z�ìE²ý8(RTJ=i�C�_¿8;>UREiBpUMuz�ìE²ý8(RTJ=i�C�_¿ªW8;IKF;>"pUM=zEì�² p;>|��:h>
JBF;IfRTX
8;>|R�iBp)RbJ=i�z�ì�² p;>U�E:2>"J`FHIfRTX&ªW8HI�FH>
pUM©8;>"p;^u>U<(F;IKoE>
XKP`@�lWGh>�iB>
_�>"8;IKFW´=LE:28;>"p�®qiB>(´=J2>|i�t`P�C Q�:2>
_3zTvEDÃRTpOF;Gh>�8;CBC�FO_�>|RTJ
p(��:uRT8;>
G2CE8;IK³
C�JBF(RTX=iBIKpHF�RTJu<(>]tu>
Fqª�>
>
J�FHG2>WFqª�C)iBIKp;FH8;IKt2:2FHI�CEJ«<e:28;oE>
p�¯�RT8H>]y2@ v`¸E²3M�y2@éì�}E²3MBx�@éì�wE²3M�RbJ=i,y2@éz�zE²¬CTa�F;Gh>]R|o�>
8(RTL�>W8H>
p;^uC�Jhp;>
F;IK_�>
pOa�CE8S>UR�<HG�8;:2J$M98;>
pH^=>|<(F;IKo�>"X�PB@�lWG2>�XfRb8;L�>"p;F,CTa]F;Gh>
p;>�a�CE:28)<(CE8;8;>"p;^uC�J=iBp�F;C�R~ª�C�8;�BXKC`REi
Cba]_�CEp;F;XKP
pH>U�E:2>
JBF;IfRbXW8;>UREiBpUM
ªWG2If<HG�Rb8;>O:2p;:uRTXKXKP)p(RTF;IKp�´=>Ui�tBP�F;G2>O^28H>(a�>
F(<;GhI�JhL�<
R�<HG2>)RbJ=i�FHGB:2p GuR|o�>Oo�>
8HP�XKCTªÒR|o�>
8(RTLE>]8;>"p;^uC�J2pH>SF;IK_�>"pU@9®�lWG2>O8;CBCEF _�>URTJ
p��E:=Rb8;>�iBI�¦§>"8;>
J=<e>�t=>
Fqª�>
>
J�F;Gh>)Fqª�C�iBIKp;FH8;IKt2:2FHI�CEJ2p]ªWRTp�C�J2XKP3y2@éyI�Ew,_�pUMhF;G2>�X�CTª�>
pHF]CTaWRTXKXua�C�:h8]8;:hJ2pU@é¯3lWG2>�iB>
_�>
8;IKF�´=LE:28;>
J2>
oE>
8]>e¢h<e>
>UiB>Ui�x�@ézE²ýCba&F;G2>SR|o�>"8�RTLE>O8;>
pH^=CEJ2p;>,F;IK_�>�a¤C�8]RTJBP�o�RbX�Ifi2RbF;IKC�J�8H:2J$@

v`y



j�CEJ2p;F(RTJBF;p ¨ RTXK:2>
QWCEF�RTFHIKC�J=RbX§kB^u>
>Ui ìbv`y�y,Q][9r
jWRE<HG2>SkBIK³
> }Eì�õ,¶O7

Q�>UR�i3\ORTF(RSl68�RbJ2pqa¤>
8 ¸h@ yhxZr~7 Ábp
AD8;IKF;>O\ZRbF�R,l68�RbJ2pqa¤>
8 }h@ �bv«r~7 Ábp
QW>UREi�l68(RTJ2p�a�>
8]\�IKp�<(CEJ2J2>U<(F YWC

¨ RT8HI�Rbt2XK>
p ¨ RTXK:2>
jWRE<HG2>SkB>
L�_�>
JBF;p }
QW>UREi�A±RTF;>"8;_�Rb8;� ��ì,²
AD8HI�FH>]A±RbF;>
8H_�RT8H� ��ì,²
[68H>(a�>
F(<HG�r3IKJ2IK_�:2_ y)¶O7
[68;>(a¤>
F�<HG�r
R�¢2I�_�:h_ õbv�¶O7

l&Rbt2XK>Zs,@Kx�­6[gRb8�Rb_�>
FH>
8;p�a�CE8 _�C2iB>
XKIKJ2LSF;Gh>)Ä][�jW}�}bv8��C�J�F;G2>)Y�jWQÒ¸Eì�ìEySpHP`pHF;>
_�@

êuCEJ2> À©I�8Hp;F ?©RTpHF kB>U<eF;C�8Hp À©I�8Hp;F]? C�L�If<
RbX l68�RE<H� j�PBX Q�>
p;>
8Ho�>Ui kB^=RT8H>
j�P`X j�P`X ^=>"8]l68�RE<;� k�>U<(F;CE8 kB�E>
ª k���>
ª lg8(R�<H�Bp l68�RE<;�Bp

x y ì�ì�w z�õ y x
v ¸E} x�� ¸E}�ì
} ì�ì�z ��õ�y z�} x
v xU¸ ¸Ey y x|¸�y
¸ ��õ2x z�y2x w�w ��¸ xU¸ }Ez y õ�ì
v z�y�} xUy�ìhx wTv w�y xU} }Ew y ��w
ì xUy�ìE} x�xUzE¸ w�y ì�} xU} }0� y ì�}
õ x�xUzbv xUì2x|z ��} y x�x }bv y x|yTv
� xUì�}Ey x'��zE¸ õTv ¸�} xUy }E} y ��w
w x'��zbv }�y�ìEy ì�õ ¸�y z x|z y õ�ì

l&RTthX�>�s)@é}2­6êuC�Jh>Sp;^u>U<(I�´§<
RbF;IKC�JhpWa�CE8 FHG2>)Ä][�jW}E}Tv8�h@

v=x



kB>">
�
\]IKpHF�RTJu<(>,®£<(PBXKIKJ=iB>
8Hp�¯ \]>"X�R|P3®¤_�p(¯
y�®£ÄW>|R�i
kBªWIKF(<;Gu¯ y2@éw�z

x }2@éõ�z
} ¸2@ v`w
¸ ¸2@éõ2x
v ¸2@à��w
ì v=@éyI�
õ v=@ v`ì
� v=@é¸�}
w v=@ v`ì
z v=@éõ�}
xUy v=@à��z

xUy �¢¡¤£�¸�yEy ¸2èéwhx¦¥�y2èé¸E¸¨§ ¡
©«ª¨ª �¬¡ ­�®¯­¨°�¥±ª�®¯ª¨ª¨°«²¨¡

³�´¶µ¸·¶¹»º�¹}·�·¶¼¸µ¸½�¾ ª�¿¯À¨°

Á�Â�Ã�¼¸¹ÅÄÆ¿¯©�Ç�º�¹È¹}É|ÊËÂ�´ÌÂ�Í|¹}·�¹}´¶Î�ÏÑÐ«´�Í|Ð�Ò�¹}¼¸µ¸½�¾»·�Ó�¹»Ô�Õ×Ö�Ø¨Ø�Ù~­�¿

|Ú
0
Û |Ú

250Ü |Ú
500
Û |Ú

750Ü |Ú
1000
Û |Ú

1250Ü |Ú
1500
Û |Ú

1750Ü |Ú
2000
Û|Ý0

|Ý2

|Ý4

|Ý6

|Ý8

|Ý10

|Ý12

|Ý14

|Ý16

|Ý18

|Ý20

|Ý22

 Seek Distance (cyl)

 S
ee

k 
T

im
e 

(m
s)

Þßµà¾«á�´¶¹�Äâ¿àã«Ç¦ÔÅÕ×Ö�Ø¨Ø�Ù�­ÆäÅµ¸Î¶É�äÅ´¶µ¸å¨¹�º�¹}¹}ÉvÖ�á�´�å¨¹

Ù~Ø



æ å«¹}´¶Ó�¹çÂ¨ÒväÅ¹}Î�è�´¶µ¸Ê�·�µàÐ«½ ä�¹È¼éÂçê�ëìÍ|Î�í
îï¹ðÂ¨Ò�Ö�Ð«Í|Í|Â�½ñÒòë�Ô�µ¸·Ìí ª�¿¯²¨°«©»ÍóÎ
îï¹ðÂ¨Ò�Ö�Ð«Í|Í|Â�½ñÒòë�ô�µ¸Î¶ÎÌí ª�¿¯°¨°«õ»ÍóÎ
³�´�µ¸·¶¹öÖ�Ð«Í|Í�Â�½ËÒ÷ëøº�¹çùòÐ¨´�ÄïÏÑ·¶¹È´öî�¹çÂ¨Ò�í ª�¿¯õ¨Ø�ÙÆÍóÎ
³�´�µ¸·¶¹öÖ�Ð«Í|Í�Â�½ËÒ÷ëøúïÐ¨½�û¶º�¹ðù÷³�´¶µ¸·¶¹ðí ª�¿¯À�Ù�Ø»ÍóÎ
îï¹ðÂ¨Ò�äÅµ¸ÎÌè�Ð«½�½�¹ðè�·�Õ�´¶¹}ÊñÂ�´ÌÂ�·¶µ¸Ð¨½üëÑÄ�Ïì·¶¹}´�îï¹ðÂ¨Ò�í ª�¿¯ª¨Ø«©»ÍóÎ
îï¹ðÂ¨Ò�äÅµ¸ÎÌè�Ð«½�½�¹ðè�·�Õ�´¶¹}ÊñÂ�´ÌÂ�·¶µ¸Ð¨½üëÑÄ�Ïì·¶¹}´�³�´�µà·�¹ðí ª�¿¯ª�Ù�À»ÍóÎ
³�´�µ¸·¶¹öäÅµ¸ÎÌè�Ð¨½�½�¹çè�·öÕ�´�¹}ÊËÂ�´ÌÂ�·�µ¸Ð¨½ýëøº�¹çù|Ð«´�Ä�ÏÑ·�¹}´�î�¹çÂ¨Ò�í ª�¿¸ãðÀ«À»ÍóÎ
³�´�µ¸·¶¹öäÅµ¸ÎÌè�Ð¨½�½�¹çè�·öÕ�´�¹}ÊËÂ�´ÌÂ�·�µ¸Ð¨½ýëøúïÐ¨½�û¶º�¹ðù÷³�´¶µ¸·¶¹ðí ª�¿¯ª�Ù�À»ÍóÎ
³�´�µ¸·¶¹öäÅµ¸ÎÌè�Ð¨½�½�¹çè�·öäÅá�´�Â�·¶µ¸Ð«½vëøúïÐ¨½�û¶º�¹ðù÷³�´¶µ¸·¶¹çí ª�¿ Ù~Ø«²»ÍóÎ
ä�Â�·ÌÂâÕ�ÓËÂ�Î�¹ÆÕ�´�¹}ÊËÂ�´�Â�·�µàÐ«½ ª�¿¯ª¨Ø«°»ÍóÎ
îï¹ðÂ¨Ò�Ö�Ð«Í|Ê�¼¸¹}·�µàÐ«½ ª�¿¯ª¨°«­»ÍóÎ
³�´�µ¸·¶¹öÖ�Ð«Í|Ê�¼¸¹}·�µ¸Ð¨½ ª�¿¯ª¨°«ª»ÍóÎ
Þßµ¸´¶Î�·�î�¹}Î�¹}¼¸¹ðè�· ª�¿¸ãðÀ«Ø»ÍóÎ
ºþ¹ðè�Ð¨½ñÒvî�¹}Î�¹}¼¸¹ðè�· ëøú�Ð«½�û¶º�¹ðùò³�´�µ¸·¶¹}Î æ ½�¼¸ê�í ª�¿¸ãðØ«²»ÍóÎ

Á�Â�Ã�¼¸¹ÅÄÆ¿ ÙËÇ æ å¨¹È´¶Ó�¹ðÂ«ÒvÒ�¹}¼�Âçê�Î�ÏÑÐ¨´�ÍóÐþÒþ¹}¼¸µà½�¾»·¶Ó�¹»ÔÅÕ¬Ö�Ø«Ø�Ù�­»Ð«½�·�Ó�¹»ú�Ö�îÿ©«°¨°¨ª Î¶ê�Î�·¶¹}Íý¿

æ å¨¹}´�Ó�¹ðÂ«ÒväÅ¹}ÎÌè�´�µ¸Ê�·¶µ¸Ð¨½ ��Â�¼¸á�¹
î�¹çè�Ð¨½�½�¹ðè�·öÕ ´¶¹}ÊËÂ�´ÌÂ�·¶µ¸Ð¨½�Ä�Ïì·¶¹}´�ô�¹ðÒ�µ�Ââ³�´¶µ¸·�¹öÖ�Ð¨ÍóÊ�¼¸¹}·¶¹ ª�¿¯°�Ù~ª�ÍóÎ
ô�µ¸½�µ¸Íòá�Í Á�µàÍó¹���¹�ÏÑÐ«´¶¹»ô�¹ðÒ�µ�Ââ³�´�µà·�¹»ëìÄ�ÏÑ·�¹}´öÖ�Ð«Í|Í�Â�½ËÒ�í ª�¿¯À«ª¨ª�ÍóÎ
ô�µ¸½�µ¸Íòá�Í���¼¸Ð�è�É~Î�îï¹ðè�¹}µ¸å«¹ðÒ���¹�ÏÑÐ¨´�¹Æô�¹ðÒþµéÂ ³�´¶µ¸·�¹Æë�� �¬Ù�°¨í ô�µ¸½xë�ãðª�� � í
ô�µ¸½�µ¸Íòá�Í���¼¸Ð�è�É~Î�îï¹ðè�¹}µ¸å«¹ðÒ���¹�ÏÑÐ¨´�¹Æô�¹ðÒþµéÂ ³�´¶µ¸·�¹Æë����¬Ù�°¨í ãç°

Á�Â�Ã�¼¸¹ÅÄÆ¿¯°�ÇßÄöÒ�Òþµà·�µ¸Ð¨½ËÂ�¼
	�´¶µ¸·¶¹�Ð�å¨¹È´¶Ó�¹ðÂ«Ò�Ò�¹}¼�Âçê�Î�ÏÑÐ¨´�Í|Ð�Ò�¹}¼¸µ¸½�¾»·�Ó�¹ÆÔÅÕ¬Ö�Ø«Ø�Ù�­�¿

Ù~©



 Actual
 Simulation

|�
0
� |�

5

 |�

10
� |�

15

 |�

20
� |�

25

 |�

30
� |�

35

 |�

40
� |�

45

 |�

50
�|�0.00

|�0.25

|�0.50

|�0.75

|�1.00

 Response Time Distribution (ms)

Þßµ¸¾¨á�´�¹ÆÄâ¿ Ø�Ç���Â�¼¸µ�Ò�Â�·�µ¸Ð¨½|³�Ð«´¶É�¼¸Ð~Â«Ò�îï¹}Î¶ÊñÐ¨½�Î¶¹òÁ�µ¸Í|¹�ä�µ¸Î�·¶´¶µ¸Ã�á�·¶µ¸Ð¨½�Î��������������6á������! "�#�!$&%('*),+��-'/.���021�354768�-'/�9+����! �����$5�&%;:��=< ��>�á
? ���"���!$&%('�)A@&02B5áDC�CE68�F%;�!$���+G'/+�+&%;H�'�)�<  "�!%AIJ��+�6E@JK

 Actual
 Simulation

|�
0
� |�

5

 |�

10
� |�

15

 |�

20
� |�

25

 |�

30
� |�

35

 |�

40
� |�

45

 |�

50
�|�0.00

|�0.25

|�0.50

|�0.75

|�1.00

 Response Time Distribution (ms)

Þßµ¸¾¨á�´�¹vÄÆ¿¯©�ÇL��Â�¼¸µéÒ�Â�·¶µ¸Ð«½�³�Ð¨´¶É�¼¸Ð~Â«Ò±îï¹}Î¶ÊñÐ¨½�Î�¹�Á�µ¸Í|¹�äÅµ¸Î¶·�´¶µ¸Ã�á�·�µ¸Ð¨½�ÎM�������N�����6á������! "�#�!$&%('*)POQ+&%;$�����0R1�354S68�-'-�7+����! "�#��$=�&%;:��
< ��> ? �������!$&%('�)A@&02B5áDC�CT68�F%;�!$���+G'/+�+&%;H�'*),<  "�!%AIJ��+�6T@JK

Ù¨Ù



 Actual
 Simulation

|�
0
� |�

5

 |�

10
� |�

15

 |�

20
� |�

25

 |�

30
� |�

35

 |�

40
� |�

45

 |�

50
�|�0.00

|�0.25

|�0.50

|�0.75

|�1.00

 Response Time Distribution (ms)

Þßµ¸¾¨á�´�¹öÄâ¿ ÙËÇU��Â�¼¸µ�Ò�Â�·�µ¸Ð¨½â³�Ð¨´¶É�¼¸Ð~Â«Òòî�¹}Î�ÊËÐ«½�Î¶¹ Á�µàÍó¹�äÅµàÎ�·¶´�µàÃ�á�·¶µ¸Ð¨½�ÎT�������V�����! "�#�!$&%('*)W+��-'-."��0X1�354L68�-'-�=+����! �����$Q�&%;:��P< �#> ? �������6á
$&%('*)A@�0YB5áDC�CE68�F%;�!$���+G'/+�+&%;H�'�)Q<  ��Z%AI[��+�6E@[K

 Actual
 Simulation

|�
0
� |�

5

 |�

10
� |�

15

 |�

20
� |�

25

 |�

30
� |�

35

 |�

40
� |�

45

 |�

50
�|�0.00

|�0.25

|�0.50

|�0.75

|�1.00

 Response Time Distribution (ms)

Þßµ¸¾¨á�´�¹�ÄÆ¿¯°�Ç
��Â�¼¸µ�Ò�Â�·¶µ¸Ð¨½â³�Ð¨´�É~¼¸Ð�Â¨Òâî�¹}Î�ÊËÐ«½�Î¶¹ÅÁ�µàÍó¹�äÅµ¸Î¶·�´¶µ¸Ã�á�·�µ¸Ð¨½�ÎE�������\�����! ����!$&%('*)WOQ+&%;$�����0]1�354�68�-'-��+��#�! "����$^�&%;:��8< �#> ? �������6á
$&%('*)A@�0YB5áDC�CE68�F%;�!$���+G'/+�+&%;H�'�)Q<  ��Z%AI[��+�6E@[K

Ù~°


