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D r�QbHGRSFIH"JEQ+FJImF[pIXsJEF�TU_�D�LOlslSoDB\piLhJEBDQbrSC�F�
-p[FIr�JVo  �BDr&abHEB\R�FIr�t2BDHGQbrSZ-FIr�JVC[� T&_*D�lsHEQhe
p[FICGCEFIC�rSF[FIR>JEQ=Y FkLOoDo\QmpILhJVF[R>LOlslSHEQblsHEB|L JVFIo  9JVQ�JV�SFxHGFICGQbXSHEp[FIC�LithLOBDoDLOYSo\FO�dA"F[t2B\CEBDrsa=F�
-pIF[r�J
lsHEQ2pIFICGC=LOo\oDQ2piLhJEBDQbrsC HEFIz{XSB\HEF[C"L-CEpM�SF[RSXSoDB\rSa+Z-QmRsFIo���SB\pM��BDC�CEX�
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� FIp[JdJV�sF l�FIHK� QbHEZ?LOrSp[F�pM�SLOHVLOp JVF[HEBDCKJVB\pICdQO�sJE�SF�JVLOHEaOF[JdC� 2CGJEFIZ � D JyBDC CKJVBDo\o�XSrSp[oDFiLhHdB �sFOImBDCGJEBDrSa
lSLOHVLOo\oDF[o�lSHEQOabHVLOZ pIQbZ-lSXsJEBDrSavl�FIHG� QOHEZ?LOrSpIF�Z-QmRsFIoDC'LhHEF?LOlSlSHGQblSHEBDLhJVF>� QOH�aOHEBDR^FIr�t2BDHGQbrme
Z-FIr�JECI���yQ?R]LhJEF�rSQ?Z?Q2RSF[o �]LOC"Y�FIF[r�lSHGQbl QOCEFIR � QbH�CEpM�SF[RSXSoDB\rSa�lSLOHVLOo\oDF[o LOlSlSo\BDpILhJVB\QbrSC BDr
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LhC"JV�SF��SF[JEFIHGQbabFIrsB\J  UQO��Y QhJV��p[QbZ?lsXsJMLhJEBDQbr&LOrSR�p[QbZ-Z>XSrSB\piLhJEBDQbr HEF[CEQbXSHGpIF[CI��� �SB\C��kQOH��
lsHEQbl�QbCEF[C>QbrSF?CEXSpM� Z-Q2RSFIo�� QbH�CEpM�SF[RSXSoDB\rSa�T&_*D�LOlSlsoDBDpILhJVB\QbrSC'BDr�pIQbZ-lSXsJVLhJVB\Qbr]LOo`aOHEBDRsCI�
� �sFxl]LOHELOZ?F JVF[HECdQO�SJV�sFkZ-QmRSF[o{piLOlsJEXSHEF�JV�SF[CEFx�sF[JVF[HEQbaOFIrSQbXsC pM�]LOHELOp[JEFIHGBDCGJEBDp[CI�bF[r]LOYSo\BDrSa�F[�|e
�SpIFIr�J�CGpM�SFIRSXsoDFIC�JEQ9Y F QbYsJVLOBDrSF[R}��A�XSFkJVQ=JE�SFxR  2r]LhZ?B\pkY�FI�]Lit2BDQbXsH QO�wabHGBDR>F[r�tmB\HEQbrsZ?F[r{JECI�
JE�SF9Z-QmRSF[o rSF[FIRSCxJEQ4Y F9pILOoDB\YSHVL JVFIR�Y F � QbHEF"JE�SF'LOlSlsoDBDpILhJVB\Qbr-BDCxFOIsF[pIXsJEFIR F � QbH CGJML JVBDp"CEpM�SF e
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F�
-pIBDF[r�JVo� 5pILOoDB\YSHVL JVFIC>JE�SF&lSLOHVLOZ-F[JEFIHGC-Qh�"JV�sFUlSHGQbl�QbCEF[R*Z-QmRSF[ox� QbH�XSCEFUY  5CGJML JVBDp LOrsR
R  mrSLOZ?B\p�abHGBDR�CGpM�SFIRsXSoDF[HECI� D r�LORSRsB\JVB\Qbr}�wJV�SB\C�� QbH��&LOoDCGQ�p[QbZ?Z-FIr�JEC=Qbr�JV�sF>QbYSCGFIHGthLhJEBDQbr
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rsQboDQbaOB|LOCxRsF�HGFIRSF[C�RSF�p[QbZ>XSrsBDpiLhNiPOQ4RSF'o\QbrSa�L>RSB\CGJNQOrSpIBDL4l F[HEZ-B\JVB\HVLOZ z{XSF'pIQOZ?lSXmJMLORSQOHEFIC
o\QmpILOoDB\�iLORsQbC9r]POQ@Lhl F[r]LOC�F[Z XsZ�Z-FICGZ?QUoDQ2piLOo�lSXsRSFICGCEFIZ CEF[H>HEF[XSrSBDRsQbCI�d� QbHEZ?LOrSRSQUXSZ



%

aOHVLOrSRsFUp[QbZ?lsXsJMLORsQbH4l]LOHELOoDF[oDQ@t2BDHGJEX]LOo � n�CECGBDZ �xL�XsJVB\oDBD�ILONiPhQ@RSFUaOHVLOrSRsFIC-z2XSLOr�JVBDRSLORSFIC
RsF HGFIp[XSHECGQbC?p[QbZ-lSXsJMLhpIBDQOr]LOBDC�r]POQ�FICGl F[pIB|LhoDBD�ILORSQbC[��oDQ2piLOo\BD�iLhRSQbC�F[Z oDXsa�LOHEF[C4abFIQOabHVL��SpiL e
Z-FIr�JEF�RSB\CGJEHEBDYsXS~DRSQOC�F�BDr�JEFIHEo\BDa�LhRSQbC�LhJEHVLit �[CkRSF�Z?F[BDQbC�RSF�pIQOZ>XSrSB\piLONIPOQS�{pIQbZ-Q�L �"!��&��� ! ��� �
JEQbHErsQbXme CGF=XSZ?L�LOo JVF[HEr]LhJEB\thL�lSLOHVL>L�pIQbrSCKJVHGXSNiPOQ4RsF=CEB\CGJVF[Z�LhCxRSF9LOo JVQ�l Q2RSFIH pIQbZ-lSXsJVLOpIB\Qhe
rSLOo�� ImBDCKJVFIZ?LOC�FOImBDCGJEFIr�JVF[C F[Z o|LhHEFIC[��FIZ-lSHEF[CVLOC�F XSrsB\tbF[HECGBDR]LORsFIC�CVPOQ'r]L9Z?LOBDQOHEB|L�R]LOC�tOFI�IF[C
CGXSYme XsJVB\oDBD�ILORSQbC[��l]LOCGCVLOrSRsQ�oDQOrSabQbC`l�FIHG~DQ2RSQbC�pIQbZ�l�Q2RSFIH�RSF�lSHEQ2pIF[CECELOZ?F[r�JVQ�Q2pIB\QbCEQ'F�JMLOZ4e
Y �IZ pIQbZ RsBDCEl�QbCGB\JVB tbQbC"RSF-LOHEZ?LO�IF[r]LOZ-FIr�JVQvp[QbZ piLhl]LOpIB\R]LORSF4Q2pIB\QbCVLm����CGCVL�JVF[pIrSQbo\QbabBDLs�
B\rSBDp[B|LOo\Z?F[r�JVF=pM�]LhZ�LORSL-RSF�Z-F[JMLhpIQbZ-lSXsJVLONiPOQ � � ( �dF�HEF[pIFIr�JEFIZ-FIr�JVF>f'HGBDR � � ( ���wZ-QbCGJEHVL e CEF
�sQ &GF?p[QbZ-QUXSZ?LvLOo\JEFIHGr]LhJVB thLvB\r�JVFIHGFICGCVLOr�JVF?l]LOHELULvpIQbZ-lSXsJVLONiPhQURSF?LOo JVQvRSFICGFIZ-l F[rS�SQ@L
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Z-FIr�JEQ�F�F[z{XSBDl]LhZ?F[r{JEQbC"RsF�pIQOoDF[JVL?RSF�R]LORSQOCI��l Q2RSFIZ CGFIH"XmJVBDo\BD�ILORSQbC�RSF�� QbHEZ?L-p[Qbr &GXSr�JVL
lSLOHVL?L�CEQbo\XSNiPhQ�RSF�lSHEQbYsoDFIZ?LOC[��q�CEXRMhHEBDQOC"z{XSF>lSHGFIp[BDCEF[Z RSF>HEF[pIXSHGCEQbC"l]LOHVL?L�CEQOoDXSNIPOQ�RSF
XsZ�lSHEQbYsoDFIZ?Ls�{LOo��IZ RsQbC z{XSF�oD�SF[C�CVPOQ�RSBDCGl Qbrs~\tbF[BDC�oDQ2piLhoDZ-FIr�JVFh�bl Q2RSF[Z�XsJVB\oDBD�ILOH�HGFIpIXsHECEQOC
o\QmpILOoDB\�iLORsQbC=FIZ XSZ�L�QbXmJVHVLvBDrsCGJVB JVXSB\NiPOQs�}abFIQOabHVL��SpiLOZ-FIr�JVF�RSB\CGJVLOr�JVFO�dRSF4� QbHGZ�LvLvHEFIXsrSBDH
l�Q2RSFIH p[QbZ?lsXsJMLOp[BDQbrSLOo}CEX �]pIB\FIr�JVFh�

�`Z)LOZ>YSB\FIr�JVF[C=RSF�p[QbZ-lSXsJMLhNiPOQ+lSLOHVLOo\FIoDL�JE~DlSB\pIQbC[� p[QbZ?Q?CEXSl�FIHGpIQbZ-lSXsJVLORSQbHGFIC=F
p[oDXSCKJVF[HECI�2QbC�HEF[pIXSHGCEQbC�CVPhQ�XSCGX]LOo\Z?F[r{JEF��SQbZ-Qba �IrsFIQbC�F�L'z{X]Lhr{JEBDR]LhRSF�RsF�HGFIp[XSHECGQbCkHGFIz{XSFIHGB e
RsQbC l QbH XsZ�L�LOlSo\BDpILONiPOQ ��rSQOHEZ?LOoDZ-FIr�JVF HEFICGFIHKtOLhR]L�p[QbZ$FJImp[oDXSCGB\t2BDR]LhRSF�LOr�JVFIC R]L�FJImF[pIXSNIPOQ
lSLOHVL QUl�FIHG~DQ2RSQ JEQOJMLho`RSF?FOImFIpIXsNiPOQS��# M XSZ LOZ>YSB\FIr�JVF?f9HEB\R�l�QbCECGXSB�piLOHELOp[JEFIHG~DCGJEBDpILOC�RsB e
� F[HEF[r{JEFIC�z2XsF?RSB �]pIXso\JMLhZ CEX]LvXsJEBDoDB\�iLONIPOQS�4n �SF[JEFIHGQbabFIrsFIBDRSLORSF-RSQbC'lSHEQ2pIF[CECELORSQbHGFIC�F-R]LOC
HGFIRSF[C�RsF�B\r�JVFIHGpIQbrsFJIsPOQS��L4RSBDCKJVHGBDYSXSB\NiPOQ4aOFIQbabHLM��]pIL�RsQbC�F[z{XSBDl]LhZ?F[r{JEQbCI�]l�Q2RSFIrSRsQ-F[CGJVLOH"L
z{XSB\o 	bZ-F[JEHEQbCyRSF RSB\CGJUQhrSpIBDL=XSrSC`RSQbC`QOXsJVHGQbC`F�L9RSBDr]LhZ?B\piL�RSL=RSBDCGl QbrsBDYSB\oDBDRSLORSF�RSQbC`Z-FICEZ-QbC
JEQbHErSLOZ$rSF[pIFICGCNMOHGBDQbCyZ?F[piLOrsBDCEZ-QbC z{XSF�l QOCECEB\YSBDo\B\JEFIZ	Q�p[Qbr�JVHEQOoDF�F Q�abF[HEFIrspIB|LhZ?F[r{JEQ�RsQ"LOZ4e
YsBDFIr�JEFO� D rs� QOHEZ?LONHG2FIC`CGQbYSHEF�QbC�HGFIpIXsHECEQOCI�2pIQbZ-Q9tbFIo\Qmp[BDR]LhRSF RSF�lSHEQ2pIF[CECELOZ?F[r�JVQS�{piLhHEa�L9RSQbC
CGBDCKJVFIZ?LOC[� piLOl]LhpIBDRSLORSF4RSF�LOHGZ�Lh�IFIrSLOZ?F[r�JVQS�}F[r�JVHEF�QbXmJVHVLhCI� CVPhQ rsFIpIF[CECLMOHEBDLOC'l]LOHVL+z{XSF-LOC
LhlSoDB\piLONPGmF[C QbYsJEFIrS�SLOZ Q9Z-FIo\�SQbH RsFICEF[Z?l�FIrs�SQ'l QbCGCE~ tbFIosRSQ9CEB\CGJVF[Z�Lm� D rs� QbHGZ�LhNHG2FIC�CGQbYSHEF�L
FOImFIpIXsNiPOQ+RSLOC"LhlSoDB\piLONPGmF[C�lsHEFIp[BDCELOZ CEF[H"QbYmJVBDRSLOC�l]LOHVL�z{XSF�L'&GXSCGJEFIC�r]L?FOIsF[pIXSNIPOQ+l�QbCECELOZ
CGFIH>� F[B\JVQOC>FIZ�� XSrSNiPhQ@RSF�Z>XSR]LhrSNiLOC�r]LOC4piLhHVLOp JVFIHG~DCKJVBDpILOC>RSQ�LhZ>YSBDF[r�JVF+p[QbZ?Qs�?F[r{JEHVLORSL
FHEhQbX�CELO~DR]L�RSF9rSQ tbQbC HGFIp[XSHECGQbC rSQ-f9HEBDR �2thLOHGB|LONPGmF[Cxr]L>CEQOYSHEF[piLOHGa�LOCxRSQOC HEFIp[XSHECGQbC RSQ�LOZ4e
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RsF�HEFILOoDB\�iLOH JVLOo Z?QbrsB\JVQOHVLOZ-FIr�JVQs�SFICKJMPOQ+F[Z FJImFIp[XSNiPOQ�F[Z RSB\tOFIHECGQbC"p[FIr�JVHGQbC=RSF�l F[CEz{XSB\CVLs�
_`HGQ &GF[JEQbC=RSF�RSFICGFIr�tbQbo t2BDZ-FIr�JVQ�RSF�� FIHEHELOZ-FIr�JMLOC�RSF�aOFIHEF[rSpIBDLOZ-FIr�JVQ+RsF�HEF[pIXSHGCEQbC9RsQvf'HGBDR
p[QbZ-QS� l�QbH�FJImFIZ-lSoDQs�`f9oDQbYSXsC � �b� � F ImXsr5f'HGBDR!��rsabBDrSF � �(" ����RsF�FICGpiLOo\Qbr]LOZ-FIr�JEQ&RSF+HGF e
p[XSHECGQbCI� p[QbZ?Q�n�lSl � F I � � ���dQOX^RsF4pIHEBDLONiPhQ�RSF�LOZ>YSB\FIr�JVF[C9RSFIrsQbZ?B\r]LORSQOC9_%Is�,F _`HGQbYSoDF[Z
I2Qbo\t2BDrsa��`r�t2BDHGQbZ?F[r�JVC G �kp[QbZ?Q!jxLOp JVXSC � � $ ����RsBDCEl�QbrSB\YSBDo\BD�ILOZ � FIHEHELOZ-FIr�JMLOC�FULOlSo\BDpiLhNHG2FIC
z{XSF�� LOp[BDoDB JMLOZ QvXSCEQUF�pIQbr�JVHGQboDF�RSQOC�HGFIpIXsHECEQOC�RSF?LOZ>YsBDFIr�JEFIC�f'HGBDR}��n�l F[CVLOH�RSQbC'RSF[CEFIr2e
tOQbo\t2B\Z?F[r{JEQbC9LOo\piLOrsNiLORSQOCI�}� FIHGHVLOZ-FIr�JVLOC9RSF4XSCGQ aOFIHVLho�z{XSF4l F[HEZ-B\JVLOZ z2XsF-lsHEQbYSo\FIZ?LOC=RSF
rSLhJVXSHGFI�ILOC�RsB\tbF[HECELOC�CEF &ELhZ FJImFIp[XsJMLORsQbC�rsQ+f9HEB\RvLOBDrSRSL�rSPOQ�FJImBDCKJVFIZ � TUXSB JVQbC�RSQbC�_%Is��� C
CEPOQ-�SQ &GF9� FIHGHVLOZ-FIr�JMLhC�F[CEl�FIp[~��]pILOC�lSLOHVL�RSF[JEFIHGZ?B\r]LOR]LOC p[o|LOCGCEF[C�RSF'lSHGQbYSo\FIZ?LOC pIQbZ-QS�Sl�QbH
FOImFIZ-lSoDQS�SL�CGBDZ>Xso|LONIPOQ4RSF9� FIr
	OZ?F[rSQbC � ~DCGBDpIQOC � ( ���

TUXsB\JMLhC�LOlsoDBDpILONHG2FIC�FOIsB\CGJEFIr�JVF[C+�SQ &GFUCVPOQ�FICEp[HEB JMLOC?l]LOHVL�CEF[HEF[Z FOIsF[pIXsJVLOR]LOC�FIZ
LhZ>YSBDF[r�JVFIC"l]LOHVLhoDFIo\QbC�JEHVLORsBDpIB\Qbr]LOB\C�QOX@Z?F[CEZ-Q+FIZ 	�� ,-���&��� � � CEF[abXSrSRSQvpILOHVLOp JVF[HE~DCKJVB\piLOC�FICKe
JNMhJVB\piLOC�RSQbC=HGFIp[XSHECGQbC9RSF>p[QbZ?lsXsJMLONIPOQ+F>p[QbZ>XSrsBDpiLhNiPOQ+RsQbC=Z-FICEZ-QbC[�9n"C=pILOHVLOp JVF[HE~DCKJVB\piLOC
RsQbC9LOZ>YsBDFIr�JEFIC9f9HEB\R�CVPhQ+abFIHELOoDZ-FIr�JEF�RSB\rRQOZ-BDpiLhCI�wRSB\� F[HEF[r{JEFIZ-FIr�JVF�RSQbC=QbXmJVHEQOC=CEB\CGJVF[Z�LhCI�
� FICGJVLORSQ�RSQbC�HEF[pIXSHGCEQbC�RSQ�LOZ>YSB\FIr�JVF�CEQh� HEFIZ Z>XSB\JVLOC�LOo JVFIHELONHG2FIC[�{r]POQ�QO� FIHGFIpIF[rSRSQ �OC�LOlSoDB e
pILONHG2FIC-LOC�Z-FICGZ�LOC�pIQbrSRsBDNHG2FIC-L@piLhR]L@FJImFIp[XSNiPOQs�_yLOHVL�z{XSFvCEFvl�QbCECEL�QOYsJVF[H-Q�Z-FIo\�SQbH
RsFICEF[Z?l�FIrs�SQ!l�QbCECG~\tOFIo FIZ LOZ>YSB\FIr�JVF[C-f'HGBDR}��LOC-LOlSo\BDpILONHG2FIC>rsFIpIF[CECGB\JMLhZ LOR]LOlsJVLONHG2FIC4QOX
L J"�'Z?F[CEZ-Q4CEF[HEFIZ HGFIF[CEpIHGB\JVLOCI�]QbYsCEFIHKthLOrSRSQhe CEF�LOC�piLOHELOp[JEFIHG~DCGJEBDpILOC RSQbC�LOZ>YsBDFIr�JEFIC�f9HEBDR �

� lSHEQ &GF JVQ���LOC� sf9HEB\R � - � ��XSZ RSQbC`F[CG� QbHGNIQbC�R]L9pIQOZ>XSrSB\R]LORSF p[BDFIr�JE~��]pIL'rSL=YSXSCEpIL
RsF>XSZ)LOZ>YSB\FIr�JVF>f'HGBDR&QOrSRSF>LhlSoDB\piLONPGmF[C�RSF�RSB\tOFIHECELOC9r]LhJEXSHEF[�iLOC[� &LM?F[CEp[HEB\JVLOC=F[Z)o\BDrSabXSL e
aOFIZ�j�Ebj���� F-XsJVB\oDBD�ILOrSRSQvL YSBDYsoDBDQhJVFIpILvT&_*DM�yl�QbCGCVLOZ CGFIH�FOImFIpIXmJMLOR]LhC�F �SpIBDF[r�JVFIZ-FIr�JEF
F[Z LOZ>YsBDFIr�JEFIC�f'HGBDRvCEF[Z z{XSF�LOo\JEFIHVLhNHG2FIC CEF &ELOZ rSF[pIFICGCNMOHGB|LOC[�xjkQOZ BDCGCEQS�]L�XsJEBDoDB\�iLONIPOQ>RSF
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rsFIpIF[CECLMOHEB\Q+l]LOHEL-z{XSF�LOlSoDB\piLONPGmF[C�CEF &ELhZ FOImFIpIXmJMLOR]LhC"FIZ LOZ�YSBDF[r{JEFIC"f'HGBDR FICKJUM?F[Z>YSXsJEBDRSQ
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Z-FIr�JEQ"R]LOC JMLhHEF[� LhCyR]L�LOlSo\BDpiLhNiPOQ�CEQbYsHEF�QbC HGFIpIXsHECEQOC RSQ=f'HGBDR}� Z?F[piLOrsBDCEZ-QbC RSF�JVQbo\FIHLQOrSpIBDL�L
� LhoD�]LOC FIr�JVHGF9QbXsJEHEQbC[�sFICKJMPOQ>� QOHGJVF[Z?F[r�JVF=HGFIo|LhpIBDQOr]LORSQbC pIQbZ L4LOlSo\BDpILONiPOQs��A"F[CECVL>� QbHGZ�Lm�sLOC
LhlSoDB\piLONPGmF[C�CEF JVQOHEr]LOZ BDrsRSFIl�FIrSRsFIr�JVF[C R]L'LOHGz{XSB\JEF[JVXsHVL=RSQ�f9HEBDR �bl Q2RSF[rSRSQ'CEF[H�FOImFIpIXmJMLOR]LhC
F[Z XSZ r �SZ-FIHEQUZ�LhBDQbH9RSF-pIQOr �]abXSHELONHG2FIC�RSF?LOZ>YSB\FIr�JVF[C>f9HEB\R}� I2FIHGt2B\NIQbC�Z�LhBDC9YRMOCGBDp[QbCI�
p[QbZ-Q�BDrs� QOHEZ?LONHG2FIC�CEQbYsHEF+HGFIpIXsHECEQOCI��abFIHGFIrSp[B|LOZ-FIr�JVQ&RSF+HEF[pIXSHGCEQbC4F�CEFIaOXSHVLOrsNiLs�!�]pILOZ L
pILOHEaOQ�RSF � � ���#� ��� ������� rSQ�rS~\tOFIo RSF�CGBDCKJVFIZ?L9F 	��*� ��� � ���#� ��� ��� ��� GKpIQOZ?QS�]l�QbH�FJImFIZ-lSo\QS� Q
f9oDQOYSXSC �dQmQbo��{B\J � �m� � z{XSF �'�SQ &GF'XsJEBDo\BD�iLhRSQ>FIZ RSB\tOFIHECGQbC�lSHEQ &GF JVQbC�RSF�LOZ�YSBDF[r{JEFIC�f9HEB\R}�

�`Z�LOZ�YSBDF[r{JEFIC�lSLOHVLOo\FIo\QbCI��L=RsBDCGJEHEB\YSXSBDNIPOQ=R]LhC�JMLOHGF[� LOC�F[r�JVHEF�LOC`XsrSBDR]LhRSFIC`RSF lsHEQhe
p[FICGCVLOZ-FIr�JVQ4RsQ>CEB\CGJVF[Z�L �"pM�]LhZ�LORSL�RSF�FICEpILOoDQOr]LOZ-FIr�JVQS�2CEF[rSRSQ>RsF=FJI2JVHGFIZ?L�B\Z?l�QbHGJNQOrSp[B|L
lSLOHVL4z{XSF9XSZ?L4LOlSo\BDpiLhNiPOQ>CGF &EL4FJImF[pIXsJVLOR]L�rSQ�Z?F[rSQbHkJEFIZ-l Q4l�QbCECG~\tOFIo�� � FICGpiLOo\Qbr]LOZ-FIr�JVQ
RsFxXSZ?L"LOlSo\BDpILONiPOQ�BDr � XSFIrspIB|L�RSBDHGF[JMLhZ?F[r{JEF rsQ"JVF[Z?l�Q"RSFkFJImFIp[XSNiPOQ'R]L�Z?F[CEZ?Ls�hCGFIrSRsQ9z2XsF
XsZ FICGpiLOo\Qbr]LOZ-FIr�JVQ�Z?LOo�HGFiLOo\BD�ILORSQ+l�QmRsF4oDF[thLOH'L�XSZ JVF[Z?l�QvoDQbrSaOQ�RSF4FJImFIp[XSNiPhQS�-_ LOHEL
z{XSF�XSZ FICGpiLOo\Qbr]LOZ-FIr�JVQ F �]pIB\FIr�JVF@l�QbCGCVL CEF[H�HEFiLhoDBD�ILORSQ �@rsFIpIF[CECLMOHEB\Q XsZ Z-QmRSF[oDQ�z2XsF
B\RSFIr�JEB��]z{XSF�LOC pILOHVLOp JVF[HE~DCKJVB\piLOC z{XSF'Z?LOBDCxB\r � XSF[rSpIBDLOZ Q�RSF[CEF[Z?l�FIrS�sQ?RSQ-LOZ�YSBDF[r{JEF9QbrSRSF
L&LOlSoDB\piLONIPOQ&CGFIHLM�FJImFIp[XsJMLORSLs� � LhZ>Y �[ZU� z2XSLOr�JVQ@Z?LOBDC�lSHEF[pIB\CVLOC�� QOHEFIZ�LOC�BDrs� QbHGZ�LhNHG2FIC
CGQbYSHGF�QOC l]LOHNQhZ?F JVHEQOCxRSQ�Z?Q2RSF[oDQS�2Z?F[oD�SQOHEFICkpM�]LOrSp[FIC�FJImBDCKJVBDHEPOQ4RSF9z{XSF'Q�FICGpiLOo\Qbr]LOZ-FIr�JVQ
RSLOC JMLOHGF[� LOC�R]L�LOlSo\BDpILONiPOQ4o\F[tOF�L4XSZ Y QbZ JVF[Z?l�Q�RSF'FJImFIp[XSNiPOQ?R]L-LOlSoDB\piLONIPOQS�

�4ImBDCKJVFIZ RSB\tOFIHECGQbCvZ?Q2RSF[oDQbC?RSF�pIQbZ-lSXsJVLONiPOQ lSLOHVLOo\FIoDLs� TUQmRsFIoDQOC+Z�LhBDC�JEFIcbHGB e
p[QbCI� pIQbZ-Q�Q+Z-Q2RSFIo\Q�_���n9T � �O� � � z{XSF>CEPOQ+Z>XsB\JVQ?XsJVB\oDB\�iLORSQOC�rSL+LOrRMOo\BDCGF�RSF�lSHEQbaOHVLOZ?LOC
lSLOHVLOo\FIo\QbCI��Z?LOC�CVPOQ^BDZ-lSHEcOlSHEB\QbC>l]LOHEL�t MhHEBDQOC4lSHEQbYsoDFIZ?LOC4lSHLMhJVB\pIQbC�l�QbBDC4RsFICEp[QbrSCGBDRSF[HVLOZ
Z�XSB\JVLOC9piLOHELOp[JEFIHG~DCGJEBDpILOC'BDZ-l QbHKJMLOr�JEFIC9RSQbC�LOZ>YsBDFIr�JEFIC'l]LOHELOoDF[oDQbC[�?_dQbH�QbXsJVHGQUoDLORSQS� &LM+� Qhe
HELOZ lSHEQOl QbCKJVQbC Z?Q2RSF[oDQbC�Z�LhBDC�HEFiLhoD~DCKJVB\pIQbC[��pIQbZ-Q>Q�Z-Q2RSFIo\Q�RSF �dL J"�IrspIB|L � ( � � F"Q�Z-QmRSF[oDQ
� Qbab_ � �i�S�2��� �{Z�LhC`z2XsF�p[QbrSCGBDRSF[HVLOZ lSLOHNQOZ-F[JEHEQbC`z{XSF�RSB �]pIXso\JMLhZ L9pIQbrsCGJVHGXSNiPhQ�RSF�F[CEpiLhoDQhe
rSLORSQbHGFIC F=RSF=LOlSoDB\piLONPGmF[CkY]LhCEFiLhR]LOC rSF[CGJVF[C Z?Q2RSF[oDQbC[�`A"F9z{X]LOo\z2XsFIHxZ-QmRsQS�mF[Z LhZ>YSBDF[r�JVFIC
f9HEB\RvLOBDrsR]L4r]POQ�CEF'RSF �]rSBDX XSZ Z-Q2RSFIo\Q4BDRSFILOo}RSF'pIQOZ?lSXmJMLONIPOQ4l]LOHELOoDF[o|Ls�
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XmJVBDo\BD�ILONiPOQ�RSQOC HEF[pIXSHGCEQbCyFkZ-BDrSB\Z?B\�iLOH Q�JVF[Z?l�Q�RSFkFOIsF[pIXSNIPOQ9R]L�LOlSoDB\piLONIPOQS� IsPOQ�lSHEQOl QbCKJVQbC
JVLOZ>Y �IZ � Z?F[piLOrsBDCEZ-QbC}F �]pIB\FIr�JVF[C l]LOHVL pILOoDB\YSHVLONIPOQxRSQOC l]LOHNQhZ?F JVHEQOC}RSQ�Z?Q2RSF[oDQxF[CEl�FIpI~ �]pIQOC
lSLOHVL�CEB\CGJVF[Z�LhC=f9HEB\R}�kn lSHGFIpIB\CVPOQ?RSQ�Z-Q2RSFIo\Q4F�R]L-F �]p[B��[rSpIBDL-R]L-pIQbo\F[JVL-RSQOC�l]LhHNQOZ-F[JEHEQbC
�4tOFIHEB �]piLhR]L�FIZ XSZ f'HGBDR@pIQOZ?lSXmJMLOp[BDQbr]Lho HEFILOo�� � Y�FIrSF � ~DpIB\Q�R]L�XsJVB\oDB\�iLONIPOQ+RSQvZ-QmRSF[oDQ
��LithLOoDBDLORSQ4l�FIoDL�p[QbZ-l]LOHVLhNiPOQ4RSQOC�JEFIZ-l QOC�RsF�FOImFIpIXsNiPOQ?RSF�LhlSoDB\piLONPGmF[CxFICGpiLOo\Qbr]LOR]LhC�p[QbZ
YSLOCEF rSQ"rSQ tOQ=Z?Q2RSF[oDQS� pIQOZ QbCdJEFIZ-l QOCyRSF FJImFIp[XSNiPhQ=R]LOCyZ?F[CEZ?LOCdLOlSoDB\piLONPGmF[C FICEpILOoDQOr]LOR]LOC
p[QbZ Y]LhCEF'FIZ LhY QbHGR]LOabF[rSC JVHELORSBDp[BDQbrSLOBDC[�

� HEF[CGJMLhr{JEF�R]L�RSB\CECGFIHGJVLONiPhQ&FICKJUMvQbHEabLOrSBD�ILORSQvR]LvCEF[abXSBDr�JEF�� QOHEZ?Ls�9Q�jxLhlS~\JEXSoDQ
�4LOlsHEFICGFIr�JML�XSZ?L�t2BDCVPhQ-aOFIHVLho}CEQbYsHEF'LOC pILOHVLOp JVF[HE~DCKJVB\piLOC RSQOC�LOZ>YSB\FIr�JVF[C�f'HGBDR}�mRSQ?f'o\QbYSXSC
�dQ2Qbo �{B\J�F XsZ � � ���#� ��� ��� � YRMOCEB\pIQ4l]LhHVL>LOZ�YSBDF[r{JEFIC�f9HEB\R G �2RSF'LOo\abXSZ?LOC�� FIHEHELOZ-FIr�JMLOCkl]LOHVL
p[QboDF JML�RSFvBDrs� QOHEZ?LONHG2FIC4F[Z LOZ>YSB\FIr�JVF[C-RsBDCGJEHEB\YSXS~DRsQbC4FURsQ�lSHGQ &GF[JEQ!��LOC  sf'HGBDR}� XSZ�� �����
����� �*��� l]LOHVL�Q-RSFICGFIr�tbQbo t2BDZ-FIr�JVQ+F'FOIsF[pIXSNIPOQ+RSF�LOlSo\BDpILONHG2FIC�T&_*DxF[Z LOZ>YSB\FIr�JVF[C=f9HEB\R}�
��QvjxLOlS~ JVXSo\Q ( ��� FIB JML?XsZ�L-HEF[t2B\CVPOQ+aOFIHVLhoyCGQbYSHEF�Z?Q2RSFIo\QbC�RSF�p[QbZ?lsXsJMLONIPOQ+l]LhHVLOo\FIo|L�F �
lsHEQbl�QbCGJEQ�QvZ?Q2RSFIo\Q F�� QOa�_y�}XsZ rSQ tbQvZ-QmRsFIoDQ�RSF4FICGpiLOo\Qbr]LOZ-FIr�JVQ+tOQbo\JVLORSQ�l]LhHVL�LOZ>YsB e
F[r�JVFIC��SF JVFIHGQba �[rSFIQbC[� � jxLOlS~ JVXSo\Q4��RSFICGpIHEF tbF�Q-RsFICEF[r�tbQbo tmB\Z?F[r�JVQ-RSF=JVH��IC�FICKJVHVL J"�IaOB|LOC RSF
pILOoDB\YSHVLhabFIZ RSQbC�l]LOHNQhZ?F JVHEQOC�RSQ@Z-QmRsFIoDQUlSHEQOl QbCKJVQ�FvLhr]LOoDB\CVL QbC>HEF[CEXSo JMLORsQbC>RSQbC�JVFICKJVF[C
RsF tOFIHEB �]piLhNiPOQS���`rSz{X]Lhr{JEQWQbC-HEF[CEXSo JMLORSQOC?RSQWjxLOlS~ JVXSo\Q^��CVPOQ^QbYsJEBDRSQOC?F[Z7HEFIoDLONiPhQ!LOQ
TU_�DKj F eKf��m�dL+tbFIHGCVPOQ l]LORsHVPOQvRSQUT&_*D"lSLOHVLvLOZ>YsBDFIr�JEFIC�f'HGBDR}� Q&jxLhlS~\JEXSoDQ & BDr�tOFICGJEBDa�L
Q4p[QbZ-l QbHKJMLOZ-FIr�JEQ>R]L�tbF[HECEPOQ?T&_*D�e � n9T��sXSZ�L�tOFIHGCVPOQ-LOo JVFIHGr]LhJEB\thL�HGFIpIF[r�JVFIZ-FIr�JEF�LhR]LOlme
JVLOR]L�l]LOHVL"f'HGBDRSC[� �`CKJVF jxLhlS~\JEXSoDQ�JMLOZ�Y �[Z$JVHVLh�kLOo\abXSZ?LOC QbYSCGFIHGthLONPGmF[C�BDZ-l�QbHGJVLOr�JVFIC CGQbYSHEF
Q�pIQbZ-l QOHGJMLhZ?F[r{JEQ�RSF"lSHEQ2pIF[CECEQOC r]LOCktOFIHEC GmF[C � n9T F'j F eKf���R]L>YSB\YSoDB\QOJVF[piL'RSF"JEHEQ2piL�RSF
Z-FIrsCVLOabF[rSCkT&_*D`F�lSHGQbl;GmF�XSZ?L'tOFIHGCVPOQ>RsQ�Z-QmRsFIo|LhRSQbH�LOr]LhoD~\JEBDp[Q=l]LOHEL�L'tbFIHGCVPOQ � n9T�� �
jxLhlS~\JEXSoDQ ">LOlSHGFICEF[r�JML>QbCxHGFICGXSo\JVLORSQbC R]L�thLOoDB\R]LONIPOQ�RsQ>Z?Q2RSF[oDQ�lsHEQbl�QbCGJEQS�2pIQbZ-l]LOHELOrSRSQ>Q
HGFICGXSo\JVLORSQ=RSQ9F[CEpILOoDQbrSLOZ?F[r�JVQ=RSFkXSZ�L�LOlSo\BDpiLhNiPOQ�l]LOHVLhoDFIoDL�HGFiLOo\BD�ILORSQ"p[QbZ Y]LOCEFkrSQ=Z-QmRSF[oDQ
F�� Qba�_!p[QbZ�Q�HGFICGXSo\JVLORSQ�RSQ�F[CEpILOoDQbrSLOZ?F[r�JVQ�HEFiLhoDBD�ILORSQ'pIQOZ Y]LOCGF�rSQ�Z?Q2RSF[oDQ9RSF�o|LhJ �IrSp[B|L
F�rSQ?FICEpILOoDQOr]LORSQbH JEHVLORSB\pIB\Qbr]LOo}RsQ+T&_*DM� ��Q?piLOlS~ JVXSo\Q ��CEPOQ+LOlsHEFICGFIr�JMLhR]LOC=LhC�p[QbrSpIo\XSCLG2FIC
F'RSB\CEp[XsJVB\R]LOC lSHGQbl QOCGJMLhC�lSLOHVL>JVHELOY]LOo\�SQbCx� XsJEXSHEQOC r]L�MhHEFiLm�
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�`CGJEF>piLhlS~\JEXSoDQ-LOlSHGFICGFIr�JML+XSZ?L�RSFICGpIHEB\NiPOQ�R]LOC�� XsrSpIB\Qbr]LOo\BDR]LORsFIC RSF � � ���#� ��� �������
f9HEB\R}�kB\rSpIo\XSCEB tbFvRSQ � � ���#� ��� ����� YRMOCEB\pIQ!f'o\QbYSXSC �dQmQOo �{B\JI� IsPOQ�LOlSHGFICGFIr�JMLORsQbC�JMLhZ>Y �[Z
QOC�Z-FIpILOrSBDCGZ?QOC�RsF�pIQOoDF[JVL RsF�BDrm� QbHEZ?LONHG2FIC9CGQbYSHGF�HEF[pIXSHGCEQbC�RSF+LhZ>YSBDF[r�JVFIC�RSB\CGJVHGBDYSXs~DRSQbC[�
��F[J�� QbH��  WL JV�SF[H�ImFIHKt2BDpIF F �! I&GyF�TUF JMLOp[QbZ?lsXsJVB\rSa9A"B\CEpIQ tOFIH� LI  2CGJEFIZ F T&A I+GyRsQ�f'o\Qhe
YsXSC �mF�Q � ��������� �*��� ��LhC� sf'HGBDR}�2XSZ?L'� F[HEHELOZ?F[r�JML'l]LOHVL�FJImFIp[XSNiPhQ>F �]p[BDF[r{JEF"RSF"LOlSo\BDpiLhNHG2FIC
TU_�DkFIZ LOZ�YSBDF[r{JEFIC�f9HEB\R}�
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f9HEB\RSCxCVPhQ-�sQ &GF9XSZ?L4LOo\JEFIHErSLhJVB tOL't2B MitbF[o l]LOHVL4L4p[QbZ?lsXsJMLONIPOQ4RSF'LOo JVQ>RsFICEF[Z?l�F e
rs�SQS� jkQOZ LitOLhrSNIQbC�r]LOC�JVF[pIrSQOoDQbabBDLOCxRSF�HEF[RSFIC�RSF'oDQbrsa�L4RSBDCKJUQOrSp[B|Ls�sQbrSRSF�LOC tbF[oDQ2pIBDRSLORSFIC
RsF�p[QbZ>XSrSB\piLONIPOQ�LOXSZ-FIr�JMLhHVLOZ CGBDabrsB��]pILhJVB tOLhZ?F[r{JEFO�OJEQbHErsQbXme CGF�l QbCGCE~ tbFIo�L'BDr�JVF[HEo\BDa�LONIPOQ=RSF
HGFIp[XSHECGQbCxpIQOZ?lSXmJMLOp[BDQbr]LhBDC�abFIQOabHVL��SpiLOZ-FIr�JVF�RSBDCKJVHGBDYSXS~\RSQbC�CEF[Z z{XSF"QbCxLhJEHVLOCGQbCkrSLOCkp[QbZ>Xme
rsBDpiLhNHG2FIC JVQbHGrSFIZ CEFIX XSCGQ?lSHGQbBDYsB\JVB tbQS�

_dQmRSF[Z?QOC p[o|LOCGCEB��SpiLOH`QbC LOZ>YsBDFIr�JEFIC f'HGBDR�FIZ JEH �[C�pILhJVF[abQbHGB|LOC�FIZ � XSrSNiPhQ�RSQ'JVB\l Q
RsF�CGFIHKtmB\NIQ-QO� FIHGFIp[BDRSQS�

•
K � � �*� 	��*� % ,5� �5	��
�*! ��� �	( ImBDCKJVFIZ?LOCdz{XSFkJ"�[Z XSZ�L�piLOlSLOpIB\R]LORSF pIQbZ-lSXsJVLOpIB\Qbr]LOo{LOaOHEF e
a�LOR]L�Z>XSB JVQ-Z�LOB\QbHxRSQ?z{XSF�RSF�z{X]LOo\z2XsFIH"XsZ�L�R]LOC�Z Mhz2XsBDr]LOC�z{XSF�� LO�IF[Z l]LOHGJEF�RsQ
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lSHEcblsHEBDQ�CGBDCGJEFIZ?Ls��A"F[l F[rSRSFIrsRSQ+RSF'pIQOZ?Q-LOC�LOlSo\BDpILONHG2FIC XsJEBDo\BD�iLhZ F[CECVL�piLhl]LOpIB\R]LORSF
LOabHEF[a�LOR]Lm�=Q<f9HEB\R�pIQbZ-lSXsJVLOpIB\Qbr]LOo=l�Q2RSF�CEFIH lSHGQ &GF[JVLORSQ*lSLOHVL ��,�%���� 	��*� % ,5� � � 35�
��� ����� � �(,�� ��� QbX 	��*� % , �
� � 35� �5� ��� ��� � �5� �*,��*�'% , � F LOo\JVL^thLO�iPhQ G �;q�Z f'HGBDRl]LOHVL
CEXSl�FIHGpIQbZ-lSXsJVLONiPOQ4RsBDCGJEHEB\YSXS~DRSL�FJImFIp[XsJML�LOlsoDBDpILONHG2FIC l]LOHELOoDF[o|LOC FIZ RsB\tbF[HECELOC Z Mhz2XsB e
r]LOC�FIZ o\QmpILOBDCkRSBDCKJVBDr�JEQbCxpIQOZ Q�QbY &GF[JEB\tOQ?RSF'HGFIRSXS�[BDH Q�JVF[Z?l�Q4RSF'FJImFIp[XSNiPhQ�RSF[CGJMLhC
LOlSoDB\piLONPGmF[C�F XSZ �SrSB\pIQ�� ��� G �`_yQOHkQbXsJEHEQ�o|LORSQs�2XsZ f9HEB\R?RsF ��� �&� �"�5� �*,	�*�'% ,5� LOoDZ-F &EL
LOXSZ-FIr�JMLOH�L?JVLaIsL�RSF��Sr]LOoDB\�iLONIPOQ-RSF>FJImF[pIXSNIPOQ�RSF�XsZ�L-C �IHGBDF�RSF
� ����� ��n"lSo\BDpILONHG2FIC
z2XsF F[r{tOQbo\tOFIZ Q�FICGJEXSRSQ�RSF�l]LOHNQhZ?F JVHEQOCdlSLOHVL�FJImlSo\QbHVLOH XsZ pIQbr &GXsr{JEQ�RsF p[FIrRMOHGBDQbC RSF
lSHEQ &GF JVQ?pIQbZ-QS�]l�QbH�FJImFIZ-lSoDQs�SJVFICKJVF[C"RSF'tbF[HEB��SpiLONIPOQ�RSF�lSHGQ &GF[JEQ�RSF�lSHEQ2pIF[CECELORSQbHGFICI�
CEFIHGB|LOZ Z�LhBDCxF �]pIB\FIr�JVF[Z?F[r{JEF�FOImFIpIXmJMLORSQOC"FIZ XSZ f9HEBDR�RsFICECGF�JEBDl�Q �

•
K � � �*� �5� �����5�'�	( ImBDCKJVFIZ?LOC4z{XSF�� QbHGrSFIp[FIZ7XSZ?L�BDrs� HEL e F[CGJEHEXsJEXSHVL@l]LOHEL@lSHEQ2pIF[CECVLhH
XSZ�LvabHELOrSRSF?z2XSLOr�JVBDRSLORSF�RsF?R]LhRSQbCI� IsPhQ&XSCELORSQbC�FIZ�LOlSo\BDpiLhNHG2FIC'z{XSF+CEB\r�JVF[JEBD�ILOZ
rSQ tOLhC�B\rs� QbHGZ�LONPGmF[C�L4l]LOHGJEBDH RSF�HEF[l QOCEB\JEcbHEB\QbCxRSF'R]LhRSQbCI�wp[QbZ?Q�YSB\YSoDB\QOJVF[piLOCkRSBDabB JMLOB\C
QbX ����� � � ��� �����*,��'��� RSBDCKJVHEB\YSXS~\R]LOCxr]L4HGFIRSF �

•
K � � �*� �5���'�����'� � � ( I2BDCGJEFIZ?LOC=z{XSF4QO� F[HEF[pIFIZ)CEF[HGt2BDN[QbC9z{XSF>r]POQ�CEPOQ+� QbHGrSFIp[BDRSQbC"l QbH
XSZ�L �SrSB\piL�Z�MOz{XSBDrSL-RSQ�CEBDCKJVF[Z�Ls�"_yQbH�FJImFIZ-lSo\QS� rsFICGJVL+pIoDLOCECGF�RSF�f9HEB\RUCGF>FIrspIQbrme
JVHVLhZ LhlSoDB\piLONPGmF[C�p[Qbo|LhY QbHELhJVB thLOC'z2XsF+CEF?lSHEF[Qmp[XSl]LOZ �`LUlsHEBDrspI~DlsBDQS�dFIZ �]LOYsBDoDB JMLOH9F
BDr�JVF[rSCEB �]piLOH F FIZ�JVF[Z?l�Q@HEFILOo G'BDr�JVF[HVLONPGmF[C4�2XsZ�LOrSLOC>t2B|L�XSZ�FICGl]LONIQ^RSF+JEHVLOY]LhoD�SQ
tmB\HGJEX]LOo��

q�Z�L�t2BDCEPOQ4abF[HVLOo}RsQbC�LOZ>YSB\FIr�JVF[C�f9HEBDR�l�Q2RSF=CEF[H RSF �SrSBDR]L4F[Z z{X]LhJEHEQ�piLOZ?LOR]LhCI�
HGFIp[XSHECGQbCI� � � ���#� ��� ��� � YZMOCEB\pIQS� � � ���#� ��� ��� � RSF�CGFIHKtmB\NIQbC�F�LOlSo\BDpILONHG2FIC[�xpIQbZ-Q LOlsHEFICGFIrme
JVLORSQUr]L&u B\abXSHEL&�m� �b� �"L piLOZ?LOR]L BDrs� F[HEB\QbH9FIrSp[Qbr�JVHELOZ?QOC�QbC�HEF[pIXSHGCEQbC>p[QbZ-lSXsJMLhpIBDQOr]LOBDC[�
p[QbZ-Q�l QbH"FJImFIZ-lSoDQs�"pIQOZ?lSXmJMLORSQOHEFIC[�}BDrm� HVLOF[CGJVHGXsJVXsHVL+RSF4p[QbZ>XSrSB\piLONIPOQS�}Z-FIB\QbC"RsF�LOHEZ?L e
�[FIr]LhZ?F[r{JEQS� I � � � oDQ2piLhBDCI� F[r�JVHEF-QbXsJEHEQbC[�+��L pILOZ�LhR]L�CEXSl�FIHGBDQbH'FICKJMPOQULOC�LOlSo\BDpiLhNHG2FIC9RSQbC
XsCEXRMOHGBDQbC[�xz{XSF&CEPOQ!FOImFIpIXmJMLOR]LhC+XsJVB\oDB\�iLOrSRsQ@QbC�HGFIpIXsHECEQOC�R]L^piLOZ?LOR]L�BDrs� F[HEB\QbHI�*�"LOC?piL e
Z?LOR]LhC+BDr�JVF[HEZ-FIRSB MOHEBDLOCI�kRSFIrSQOZ?B\r]LOR]LOC � � ���#� ��� ��� � �xJVFIZ-QbC+QOC+CEF[HGt2BDN[QbC�z{XSF�LOYSCKJVHVLhFIZ
RSLOC�LhlSoDB\piLONPGmF[C=JVQ2RSQbC�QbC'Z?F[piLOrSB\CEZ-QbC'rSFIp[FICGCNMOHGBDQbC�l]LOHVLvz{XSF?LOC�Z-FICGZ�LhC�CGF &ELOZ FOImFIpIX2e
JVLOR]LOC�F �]p[BDF[r{JEFIZ-FIr�JVF�CEQbYSHGF>QbC�HEFIp[XSCEQOC9RSBDCGl Qbrs~\tbF[BDC[��n piLOZ?LOR]L-RSF � � ���#� ��� ��� � YRMOCGBDpIQ
��HEF[CEl�QbrSCNMitOFIo�l�QbH�a�LOHVLhr{JEBDH�Q+LhpIFICGCEQ�RSB\CGJEHEBDYsXS~DRSQ?LOQbC�HEF[pIXSHGCEQbC"RSQ�f9HEB\R}��n pILOZ�LhR]L?RSF
Z-BDRsRSoDF��xLOHGF�RSF?CGFIHKtmB\NIQbC��?HGFICGl QbrsCNMitbF[okl�QbH�Qh� FIHEF[pIF[H�CGFIHGt2B\NIQbC�z2XsF?J"�[Z pIQbZ-Q QbY &GF[JEB\tOQ
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aplicacoes

Transferencia de
Informacoes

Informacoes 
sobre recursos

Basico

Middleware

Recursos

Aplicacoes

Servicos

Sist. de armazenamentoRedes de comunicacaoHosts

Fisicas Economicas Simulacoes

Escalonadores Tolerancia a Falhas

Seguranca

uyBDabXSHEL��m� �b���=B\CVPOQ�abF[HVLOo}RsF�XsZ LOZ>YSB\FIr�JVF�f9HEB\R}�

� LhpIBDo\B\JVLOHkL�FJImF[pIXSNIPOQ�R]LhC�LhlSoDB\piLONPGmF[CxrSQ?LOZ>YSB\FIr�JVF�f9HEB\R}�

nxJEX]LOoDZ-FIr�JEF�FJImB\CGJVF?XSZ r �SZ-FIHEQ&RSF�lSHGQ &GF[JEQbC�RsF�l�FICEz{XSB\CVL&lSLOHVL Q&RSF[CEFIr�tOQbo\t2B e
Z-FIr�JEQURSF�� FIHGHVLOZ-FIr�JVLOC'F?CGFIHGt2B\NIQbC�RSF � � ���#� ��� ����� l]LOHVL LOZ>YsBDFIr�JEFIC�f'HGBDR � � - ���?n"o\abXSrSC
RsFICEF[r�tbQbo tbFIZ CEF[HGt2BDN[QbC>YRMOCGBDp[QbCI�ypIQbZ-QUQ@f'o\QbYSXSC �dQmQbo��{B\J � �2� � ��FIrSz{X]Lhr{JEQ�QbXsJEHEQbC[� p[QbZ?Q
jkQOrSRSQbH � ( � �]F � F[abBDQbr � ( " � ��QO� F[HEFIp[FIZ CGFIHKtmB\NIQbC�RSF aOFIHEF[rSpIBDLOZ-FIr�JVQ9RSF�HGFIpIXsHECEQOC�JVLOBDC pIQbZ-QS�
RsBDCGJEHEB\YSXSBDNIPOQ9RSF!&GQbYSC[�2aOFIHEF[rSpIBDLOZ-FIr�JVQ'RSF�piLOHGa�Ls��F[r{JEHEF�QbXsJEHEQbC[�`�4IsB\CGJEFIZ JMLhZ>Y �[Z QbC�pM�]L e
Z?LORSQOC?LhZ>YSBDF[r�JVFIC�RSF CEQOoDXSNIPOQ�RsFUlSHGQbYSo\FIZ?LOCI��pIQbZ-Q�QWjxLhp[JVXsC � �#$ ��FU��B\Z?HGQmR EOf � �b� �
z{XSF'l�FIHGZ?B JVFIZ L4XSCGXRMOHEB\QbCI�sr]POQ4FICGl F[pIBDLOoDB\�iLORSQOCkrSQ�XSCGQ-RsF'LOZ>YSB\FIr�JVF[C�f'HGBDR}�2FJImFIp[XsJMLhHEFIZ
LhlSoDB\piLONPGmF[CxFICGl F[pI~��SpiLOC�pIQbZ-QS�Sl�QbH FOIsF[Z?lsoDQS�SCGBDZ>Xso|LONPGmF[Cxl]LOHELOZ?F JVHGBD�iLhR]LOCI�

�`r�JVHGF4QbC=CEF[HGt2BDN[QbC=QO� F[HEF[pIBDRsQbC=l�FIoDQ � � ���#� ��� ��� � YZMOCEB\pIQ+RSF�XSZ LhZ>YSBDF[r�JVF�f9HEB\R}�
l�Q2RSFIZ-QbC RSF[CGJMLhpiLOH�LOo\abXSrSC p[QbZ?Qs�Sl QOH FJImFIZ-lSoDQs�

• � �����'� � � �5� �"! � �*� � � ��� ��� �'���(� � �'� � ��	�,5� �'�'� �5� K ��� � ( �`CGJEF@CEFIHKt2BDNIQ JEFIZ p[QbZ-Q
QbY &GF[JEB\tOQ�lSHEB\rSpIB\l]LOoyL�pIF[r{JEHVLOo\BD�ILONiPOQ�R]LOC=B\rs� QbHEZ?LONPGmF[C"CEQOYSHEF>QOC=HEF[pIXSHGCEQbC'RSQ f9HEB\R}�
� LOpIB\oDB\JVLOrSRSQ�L-QbYsJEFIrSNIPOQ+RSF�BDrs� QOHEZ?LONHG2FIC�LhJEX]LOoDB\�iLORSLOC�RSQbC�HEFIp[XSHECGQbC9LhJEB\tOQbCI� � C"HGF e
pIXSHGCEQbC=l�Q2RSFIZ CEF[H=RSF�� LOYsHEBDpILOr�JVF[C"RSB � FIHEF[r�JVFIC"F>XsJVB\oDB\�iLOHGFIZ CGBDCGJEFIZ?LOC"QOl F[HVLOp[BDQbr]LhBDC
RSB\� F[HEFIr�JEFICI�]CGFIrSRsQ?rSF[pIF[CECNMhHEBDQ-XSZ Z-FIpILOrSB\CEZ-Q4RSF'pIQbo\F[JML>o\QmpILOo z{XSF'B\r{JEFIHEL'&EL4pIQbZ Q
CEBDCKJVF[Z�Ls��pIQOoDF[JVLOrSRSQ�LOC"B\rs� QbHGZ�LONPGmF[C�F�FIr�t2B|LhrSRSQhe LOC"l]LhHVL�XSZ abF[HEF[rSpIBDLORSQbH�pIFIr�JEHVLOo
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HEFICGl QOrSCNMitbF[oxl�FIoDQ�LOHEZ?LO�IF[r]LOZ-FIr�JVQs�&A"F[CECEL@� QOHEZ?Ls� LhC>BDrs� QOHEZ?LONHG2FIC'lSHGQ tOFIrSB\FIr�JVF[C
RSF�HGFIp[XSHECGQbC"F�CEB\CGJVF[Z�LhC�Qbl�FIHELOpIB\Qbr]LOB\C �SF[JEFIHGQba �IrsFIQbC[� l�QmRSF[Z CEF[H"QbYmJVBDRSLOC�pIFIr�JEHVLOo\B e
�iLOR]LhZ?F[r{JEFO�

• � � ��, ����! � � � �5	������'� �5�'� � ��	�, � �'�'�	( � XmJVHEQ^LOCGl F[p[JEQ^�sF[JVF[HEQba �IrSF[Q�RSQOC�LOZ>YSB\FIr�JVF[C
f'HGBDR �?FIZ HEF[o|LONIPOQ �UCEFIaOXSHVLOrsNiLs��jxLOR]L&QbHGa�LOrSB\�iLONIPOQ l]LOHGJEBDp[BDl]LOr�JEF?RSQ�LOZ>YSB\FIr�JVF
BDZ-lSoDF[Z?F[r{JVL�l Qbo\~\JEBDpiLhC=lSHEcOlSHEBDLOC�RsF�CEF[abXSHELOrSNiL F+LOp[FICGCEQ@LOQOC�HGFIpIXsHECEQOCI�U�"POQURSF[tOF
CEFIH�rSF[pIF[CECNMhHEBDQ?LOQbC�XSCGXRMOHGBDQbC F'CEF[HGt2BDN[QbC�RSF'XSZ LOZ�YSBDF[r{JEF�f'HGBDR�CELOY F[H�BDrs� QbHGZ�LhNHG2FIC
RSFxCEF[abXSHELOrSNiL9l]LhHVL"pILOR]L=HEF[pIXSHGCEQ'RSQ'LOZ�YSBDF[r{JEFO�yn"CECGBDZ �OZ-FIpILOrSBDCGZ?QOC RSF CGFIabXSHELOrSNIL
pIFIr�JEHVLOo\BD�iLhRSQbC�CVPOQ+rsFIpIF[CECLMOHEB\QbC=l]LOHEL?z{XSF>Q�LOpIF[CECGQvLOQbC"HGFIp[XSHECGQbC=CEF &EL?� FIB JVQ?RSF�Z?L e
rSFIB\HVL?CGBDZ-lSoDB �]piLhR]Ls�Sl�FIHGZ?B JVBDrsRSQ�L?LOXsJEFIr�JVB\piLONIPOQ �SrsBDpiL-RSQbC�XSCEXRMhHEBDQOC"FIZ JEQmRSQOC�QbC
HEFIp[XSHECGQbC�RSQ?f'HGBDR}�

• � � �'	�� � 35� �5� � ��	�,5���'�'�	( � XSCEQ'F[� F JVB tbQ�RSF�LOoDaOXSZ HGFIpIXsHECEQ�FIZ LOZ>YSB\FIr�JVF[C f'HGBDR4l�QmRSF
CEFIH'LhoDabQ?Y]LOCGJVLOr�JVF MOHGRSXSQ�l]LhHVL+Q�XSCGXRMOHEB\Q+QbX@QbXmJVHEQOC=CEF[HGt2BDN[QbCI��n"C9pILOHVLOp JVF[HE~DCKJVB\piLOC
�SF[JEFIHEQOa �IrSFILOC�RSQbC�HGFIp[XSHECGQbC�l Q2RSFIZ oDF thLOH �=rSF[pIFICGCEB\R]LORSF�RSFxZ-FIpILOrSB\CEZ-QbC�RSB � FIHEF[r�JVFIC
RSF!LhpIFICGCEQ�LhQbCvZ?F[CEZ-QbCI� n�p[HEBDLONiPOQ RSF^lSHEQ2pIF[CECGQbCI�'l�QbHvFJImFIZ-lSoDQs�=l Q2RSF@thLOHEBDLOH
RSFIl�FIrSRsFIrSRSQRSQ CEBDCKJVF[Z�L Qbl�FIHELOpIB\Qbr]LOo=XmJVBDo\BD�ILORSQS��IsPOQ rSFIp[FICECLMOHEB\QbCvZ?F[piLOrsBDCEZ-QbC
z2XsF4LOYSCKJVHVLhB|LOZ LOC�l]LOHKJVBDp[XSo|LhHEBDRSLORSFIC�RSF�piLORSL�HEF[pIXSHGCEQ+RSQOC=XSCEXZMOHEB\QbCI�w� LO�IF[rSRSQ+p[QbZ
z2XsF'L�� QbHEZ?L�RSF'LOp[FICGCEQ�CEF &EL �srSBDpIL�l]LOHEL�JVQ2RSQbCxQbCxJEBDl�QbCkRsF9HEFIp[XSHECGQbC RSQ-LOZ>YsBDFIr�JEFO�

n�Z>YSBDF[r�JVFIC"f9HEBDRvCEPOQ-JVLOZ>Y �IZ RSBDrRQhZ?B\pIQbC[�SQbX CEF &ELm�]HEFIp[XSHECGQbC"l�Q2RSFIZ RsFIB IsLOH�RSF
F[CGJVLOH�RSB\CEl�QbrS~\tOFIB\C QbX4l]LhCECVLhHEFIZ L �]pILOH�RSB\CEl�QbrS~\tOFIB\C�l]LOHEL"Q9LOZ>YsBDFIr�JEF LOQ=o\QbrSabQ�RSQ=JVF[Z?l�QS�
q�Z HEFIp[XSHECGQ�l�FIHGJEFIrSp[FIr�JVF+LUXSZ?L RsF[JVF[HEZ-BDr]LhR]L QOHEa�LOrsBD�iLhNiPOQ l Q2RSF-CEF[H�HEF[z{XSBDCGB\JMLhRSQUl�QbH
LhoDabXSZ XSCEXRMhHEBDQ-R]L-Z?F[CEZ?L-F�FICKJVF�CGFIH�BDrSRSB\CEl�QbrSB\YSBDo\BD�iLhRSQ>LOQ�LOZ>YSB\FIr�JVF�f9HEB\RUl�QbH�XSZ LORme
Z-BDrsCGJVHELORSQbH-CEF[Z z{XSFUCEF &ELWrSFIp[FICECLMOHEBDLWL!p[QbZ>XSrSB\piLONIPOQWLhQbC�XSCGXRMOHGBDQbC?z2XsF�l QOH-tOFIr�JVXSHEL
Q@F[CGJEF &ELOZ XsJVB\oDBD�ILOrSRSQs��_yQbH>QOXsJVHGQ@o|LORSQs�`XSZ HGFIp[XSHECGQ�p[QbZ?Qs��l QOH>FJImFIZ-lSo\QS�`XSZ CGXSl�FIHKe
p[QbZ-lSXsJMLhRSQbH9z{XSF-r]POQ FICGJVLitOL LOr�JVF[HEB\QbHEZ-FIr�JVF4RsBDCEl�QbrS~ tbF[o�� l Q2RSF4CGFIH�RSBDCGl QbrsBDYSB\oDBD�ILORSQ?FIZ
RsF[JVF[HEZ-BDr]LhRSQ�Z-QbZ-FIr�JVQs�{LOo\JEFIHVLhrSRSQ'CEB\abBDrSB �]piL JVB\thLOZ-FIr�JEF LOC�piLOHELOp[JEFIHE~\CGJEBDpiLhC�RsQ>LOZ>YsBDFIr�JEFO�
n�C�p[Qbr �]abXsHVLONPGmF[C+RSQbC?HEFIp[XSHECGQbC+RSQWf'HGBDRl Q2RSFIZ JVLOZ>Y �IZ CEQh� HEFIH�LOo\JEFIHELONHG2FIC[�xpIQbZ-QWL
lsHEQ tbQ2piLORSLvl�QbH=XsZ�L�thLOHGB|LONIPOQ+r]L+pILOHEa�L�RSQOC=Z?F[CEZ-QbC9l�FIo|L?FJImFIp[XSNiPOQ QbX�FIrspIFIHGHVLOZ-FIr�JEQ
RsF�QOXsJVHGQbC�lSHEQ2pIF[CECEQOCI�wQbX LhJVXSLOoDB\�iLONIPOQ>QbXvJVHGQmpIL�RsF�YsBDYSo\BDQOJEFIpiLhCxRSF �'� � ��� ��� � �
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�`CECELOCxpILOHVLOp JVF[HE~DCKJVB\piLOC�abF[HVLOZ�L�rSFIp[FICGCEBDRSLORSF"RsF�Z-FIpILOrSBDCGZ?QOC�RsF"L'&GXsCGJVF[Ckr]L�FJImF e
p[XSNiPhQ�R]LOC�LOlSo\BDpILONHG2FIC[�x_`HEQbYsoDFIZ?LOC�Q2piLOCGBDQbr]LhRSQbC�l QOH�� LOo\�]LOC RSF�HEF[pIXSHGCEQbC�RSXSHVLhr{JEF�L-FJImF e
p[XSNiPhQ�RSF�LOlsoDBDpILONHG2FIC RSF[tOFIZ CEF[H�p[Qbr�JVQbHGr]LORSQOC�l�FIo\Q'lSHEcblsHEBDQ'LhZ>YSBDF[r�JVFO��lSLOHVL9z{XSF�r]POQ'CEF &EL
rsFIpIF[CECLMOHEBDL�L�HGFIFOIsF[pIXSNIPOQ>RSF�JVQ2R]L�L�LhlSoDB\piLONIPOQS�dn"l�cbC Q�BDrs~DpIB\Q9R]L�FOImFIpIXsNiPOQ>RsF�XSZ?L�LOlSoDB e
pILONiPhQS� XSZ rsQ tOQ�HEF[pIXSHGCEQURSF�Z?LOBDQOH=l Q2RSF[H�p[QbZ?lsXsJMLOp[BDQbrSLOo`QbX!p[QbZ Z-FIrSQbH'pILOHEa�L l Q2RSF
CGFIH`RSB\CEl�QbrSB\YSBDo\BD�iLhRSQS� CEF[rSRSQ'BDr�JVF[HEF[CECVLhr{JEF�L=HEFiLhoDQ2piLONIPOQ=RSF l]LhHGJVFkRSQbC`lSHGQmp[FICECGQbC`R]L'LOlSo\BDpIL e
NIPOQ�l]LOHEL>FICGJEF'rSQ tbQ-HEFIp[XSHECGQS�]RSB\Z?B\r2XsBDrSRSQ e CEF�LOCGCEBDZ Q4JVFIZ-l�Q4RSF9FJImFIp[XSNiPhQ?R]L�LOlsoDBDpILONiPhQS�
n�oDabXsrSC RSQbC�Z-FIpiLhrSBDCGZ?QbC rsFIpIF[CECLMOHEB\QbC�BDrSp[oDXSF[ZU�

• � �*� ������! 	�� �$� � �����#�*�	( � C"HEFIp[XSHECGQbC=RSF�XSZ LhZ>YSBDF[r�JVF�f9HEB\R&FICKJMPOQs� r]L+Z?LOBDQOHEB|L4R]LhC
tbFI�[FIC[�sCEQOY-Q�pIQOr{JEHEQbo\F RSQbC�LORsZ?B\rSBDCKJVHVLhRSQbHEF[C�F�XSCEXZMOHEB\QbC`RSF�piLORSL'QOHEa�LOrsBD�iLhNiPOQ9F�r]POQ
CEQbY5pIQOr{JEHEQbo\F�RSQ@XSCGXRMOHEB\Q�z2XsF�FJImFIp[XsJML�L@LOlSoDB\piLONIPOQS���`Z CEB\CGJEFIZ?LOC>JVHELORSBDp[BDQbrSLOBDC[�
z2XsFIZ FOImFIpIXmJML-LOC LOlSo\BDpILONHG2FIC l Q2RSF"� LOp[BDo\Z?F[r{JEF"RSF JVF[p[JMLhHk� LOoD�SLOCxrSQbCkHEFIp[XSHECGQbC�pIQbZ4e
lSXsJMLhpIBDQOr]LOBDC F�JVQbZ?LOH LOCdRSF tmB\R]LOCyLONHG2FICdl]LOHEL�p[QbHEHGBDabB\H}Q"lSHGQbYSo\FIZ?Ls�yTUXSB\JVLOC CEQbo\XSNHG2FIC
RSF�JVQOoDFIHLQOrSp[B|L L&� LOoD�]LhC &LM&RsF �]rSB\R]LOC>lSLOHVL�LhZ>YSBDF[r�JVFIC�l]LOHELOoDF[oDQbC'JVHELORSBDp[BDQbrSLOBDC'r]POQ
l Q2RSFIZ CGFIH`LOlsoDBDpILOR]LOCdL=LhZ>YSBDF[r�JVFIC�f'HGBDR}�y��Q tOQbC�Z-FIpiLhrSBDCGZ?QbCdZ?LOBDCdpIQbZ-lSo\FJImQbCdz2XsF
LhJVF[rSR]LOZ �OC�FJImBDa �IrSp[B|LOC�abFIHELOR]LOC�l F[o|LOC�piLhHVLOp JVFIHG~DCKJVBDpILOC�RSBDrRQhZ?B\piLOC9F?RSBDCKJVHEB\YSXS~\R]LOC
RSQbC�LOZ>YSB\FIr�JVF[C�f'HGBDR�RSF tbFIZ CGFIH�RSF[CEFIr�tOQbo\t2BDRsQbCI�

• � �'	���� �*! ������!������������� �
	��� ���"!���� �
	�� �5�0�
����� � �*�	( � lSHEQOYSoDF[Z�L>RSF�FICGpiLOo\Qbr]LOZ-FIr�JEQ
RSF�JMLOHGF[� LOC�r]POQ �vXSZ?L�MhHEFiL�rSQ thL^CGXSHEaOBDR]L@pIQOZ7QbC-LOZ>YSB\FIr�JVF[C�f9HEB\R}� � F[CEpiLhoDQhe
r]LOZ-FIr�JVQWRsF@XSZ�L�LOlSo\BDpiLhNiPOQ�RSF[JEFIHEZ-BDrSL!FIZ z{X]LOo"HGFIp[XSHECGQ p[QbZ-lSXsJMLhpIBDQOr]LOo�piLORSL
JMLOHGF[� L�RSL�LOlsoDBDpILONiPhQ�CGFIHNM�FJImFIp[XsJMLhR]L�JVF[rSRSQ>p[QbZ-Q�QbY &GF[JVB tbQ�Z?B\rSBDZ-BD�ILOH Q�JVFIZ-l�Q�RSF
FJImFIp[XSNiPOQ&R]L&LOlsoDBDpILONiPhQS���`Z LOZ�YSBDF[r{JEFIC'JVHELORSBDp[BDQbrSLOBDC[� rSQbHEZ?LOo\Z?F[r{JEFO� CGQbZ?F[r�JVF�Q
FICEpILOoDQOr]LOZ-FIr�JVQ9F[CGJUM JVBDp[Q � HEFILOoDB\�iLORSQs�OXSZ?L"tbF[��z{XSF�LhC`piLOHELOp[JEFIHE~\CGJEBDpiLhC�RSQbC`HGFIpIXsHECEQOC
r]POQ�CEF�LOo\JEFIHELOZ RSXsHVLOr�JVF�L�FJImFIp[XSNiPhQ�R]L�LOlSo\BDpILONiPOQs�$# M-F[Z LOZ>YsBDFIr�JEFIC�RSBDrZQOZ?B\pIQbC[�
pIQbZ-Q�Q+f'HGBDR}��RSXSHELOr�JVF>L?FJImFIp[XSNiPOQ�RSLOC=LOlsoDBDpILONHG2FIC�JMLhZ>Y �[Z CVPOQ?rSFIp[FICECLMOHEB\QbC=Z-F e
piLOrSB\CEZ-QbC`RSF�HEF e F[CEpiLhoDQbr]LhZ?F[r{JEQ'l]LOHVL9z{XSF�L'&GXSCKJVFIC�CEF &ELOZ � F[B\JVQOCI��FIZ � XSrSNiPhQ�R]L9RSB\CKe
l QbrsBDYSB\oDBDRSLORSF�RSF9l Q2RSF[H pIQbZ-lSXsJVLOpIB\Qbr]LOo �mRSF9Z-Q2RSQ�L4CEF=JVF[r�JMLOH�Z-BDrSB\Z?�ILOH Q>JEFIZ-l Q
RSF'FJImFIp[XSNiPOQ?R]LOC�LOlSo\BDpILONHG2FIC[�
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	�� ��� ���	( �yLOr�JVQ�QbC`Z-FIpiLhrSBDCGZ?QbC`RsF�JEQboDF[HNQOrspIB|L
L9� LhoD�]LOC`F�RSF�F[CEpiLhoDQbr]LhZ?F[r{JEQ'rSFIp[FICECGB\JVLOZ�RSF�BDrs� QbHGZ�LhNHG2FIC�CGQbYSHEF�LOC�LOlsoDBDpILONHG2FIC z2XsF
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FICGJVPOQ@CEF[rSRSQ@FOIsF[pIXsJVLOR]LOC�F+CGQbYSHGF+QbC>HGFIpIXsHECEQOC4RSBDCGl Qbrs~\tbF[BDC[��l]LOHEL&z{XSF�CEX]LhC4LONHG2FIC
RSF9L'&GXSCKJVF9l�QbCECELOZ CEFIH FOImFIpIXmJMLOR]LhCI� TUFIpILOrSB\CEZ-QbCxRSF=Z-QbrSB JVQbHELOZ-FIr�JVQ�RSF=FJImF[pIXSNIPOQ
RSF[tOFIZ pIQbo\F[JVLOH BDrs� QOHEZ?LONHG2FIC CGQbYSHEF�L�FJImFIp[XSNiPhQ+R]LOC�LOlSo\BDpILONHG2FIC F'RSB\CEl�QbrSBDYsBDoDB\�+M e o|LOC
l]LOHVL4z{XSF�QbC QbXsJEHEQbC�Z-FIpILOrSBDCGZ?QOC LOC�XsJVB\oDB\�IFIZ �

�4ImBDCKJVFIZ B\r �SZ?F[HVLOCvB\rSBDp[B|LhJEB\thLOC�RsF^p[QbrSCKJVHEXsNiPOQRSF�CEBDCKJVF[Z�LOCvl]LhHVL5CEQbo\XSNiPOQ5RSF
lsHEQbYSo\FIZ?LOCxQbXvFOIsF[pIXSNIPOQ-RSF'LOlSo\BDpiLhNHG2FICxF[Z LOZ>YsBDFIr�JEFIC�f9HEBDR�RsF9Z�LOrsFIBDHEL�Z?LOBDC��%MOpIB\o���n�o e
aOXSZ�LhC CEQbo\XSNHG2FIC lSHGQbl;GmF[Z CEF[HGt2BDN[QbC�z2XsF�L JVFIrsRSFIZ L4XSZ �SrSBDp[Q4JVBDl�Q4RSF9lSHGQbYSo\FIZ?L>pIQbZ-QS�
l�QbH`FOIsF[Z?lsoDQ9Q���B\Z?HGQmR EOf � �b� �]z{XSF � XSZ�LOZ>YsBDFIr�JEFxl]LOHEL'CGBDZ>Xso|LONPGmF[C�l]LOHELOZ?F JVHGBD�iLhR]LOC�RSF
lsHEQbYSo\FIZ?LOC�pIBDF[r�JV~��SpIQbC[� � XmJVHEQOC QO� F[HEF[pIFIZ LOl�FIr]LhCk� FIHGHVLOZ-FIr�JMLhC RSF"FICEpILOoDQOr]LOZ-FIr�JVQ�pIQbZ-QS�
l�QbH�FJImFIZ-lSoDQs�`Q�n"lSl�� FHI � � ���@n�Z>YSBDF[r�JVFIC�z2XsFvLhJVF[rSR]LOZ L&z{X]LOo\z2XsFIH�JEBDl�Q�RSF+p[o|LOCGCEF+RSF
LhlSoDB\piLONPGmF[CI��� LOpIB\oDB JMLOrSRsQ�L�FJImFIp[XSNiPOQ4RsF=LOlSo\BDpILONHG2FIC�RSFICGFIr�tbQOo\t2BDR]LhCxl]LOHEL�LOZ>YsBDFIr�JEFIC JEHVLORsB e
p[BDQbrSLOBDC[�sLOB\rSR]L>CEPOQ4XSZ RsFICVL �]QS� � C�LOZ>YSB\FIr�JVF[C�f9HEBDR+LOBDrSRSL�FICKJMPOQ�oDQOrSabF"RsF9l Q2RSFIHGFIZ CEFIH
XmJVBDo\BD�ILORSQbC�l QbH9l�FICGCEQ�LhC�z{XSF�r]POQ RSF JVFIrs�]LOZ XSZ abHVLOrsRSF�RSQbZ-~DrSB\Q�RSF4� FIHGHVLOZ-FIr�JVLOC'l]LOHVL
CGQboDXsNiPOQvR]LOC'RSB �]pIXsoDR]LORsFIC'BDZ-l QOCGJMLhCI�4n l QOlSXSo|LhHEBD�ILONiPhQ�RSQvXSCEQURSF-LOZ>YSB\FIr�JVF[C�f9HEB\R@RSF e
l�FIrsRSF"R]L'pIQOrSCGJEHEXSNIPOQ�RSF"LOZ>YSB\FIr�JVF[C�QbrSRSF�LOC�piLOHELOp[JEFIHE~\CGJEBDpiLhC�F�LOC�RSB��SpIXSo\R]LORSF[C B\Z?l�QbCGJVLOC
l�QbH F[CECEF[C�JEBDl�QbCxRSF�LOZ>YsBDFIr�JEFIC�CEF &ELOZ LOYSCKJVHELO~DRSQOC l]LOHVL�QbC XSCGXRMOHGBDQbC[�
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� f9oDQbYSXsC �dQmQOo �{B\J tbF[HECEPOQ��m� �S� ( � �O��� �kXSZ l]LOp[QOJVF RSFkCGFIHGt2B\NIQbCyYRMOCEB\pIQbCyl]LOHEL9f'HGBDR
z{XSF4HGF �SrsF>XSZ pIQbr &GXsr{JEQ�RSF�� F[HEHVLhZ?F[r{JVLOC=z{XSF>RsBDCEl�QbrSB\YSBDo\BD�ILOZ Z-FIpILOrSBDCGZ?QOC"RSF>p[Qbr�JVHGQboDF
RsQbC�HGFIp[XSHECGQbC�RSQUCEB\CGJVF[Z�Lm�dHGFiLOo\BD�ILOrSRSQv� XSrSNPGmF[C�p[QbZ?Qs��p[QboDF JMLvF�LOHGZ�Lh�IFIrSLOZ?F[r�JVQvRSF�B\rme
� QOHEZ?LONHG2FIC�CEQOYSHEF�QbC�HEF[pIXSHGCEQbC�RSQ?CGBDCKJVFIZ?Ls�]Z-FIpILOrSBDCGZ?Q�RSF�CEF[abXSHELOrSNiL-pIQbZ LhXsJVF[r{JEBDpILONiPOQ
�srSBDpIL?F�p[HEBDLONiPOQ-RSF�lSHEQ2pIF[CECEQOCI�=�`CKJVFIC"CEFIHKt2BDNIQOC=CVPOQ?rSQbHGZ�LOo\Z?F[r�JVF'XsJVB\oDB\�iLORSQOC l QbH�QbXsJEHVLOC
� F[HEHELOZ?F[r�JMLOC=lSLOHVL�B\Z?lsoDFIZ-FIr�JVLONiPOQ?RSF4LOZ�YSBDF[r{JEFIC=RsF>CEQbo\XSNiPhQ+RSF>lSHGQbYSo\FIZ?LOC"Z?LOBDC�pIQbZ4e
lsoDFJImQbC[��n"o\abXSZ?LOC9tbFIHGCLG2FIC�RSF�o\BDrSabXSLOabFIrsC9l]LOHVL lSHEQOabHVLOZ?LONIPOQvl]LOHVLhoDFIoDL�pIQbZ-Q�j�EOj�� �>�
u]QbHKJVHELOr�F #bLithL &LM�CGF>FIrSp[Qbr�JVHELOZ RSB\CEl�QbrSB\YSBDo\BD�iLhR]LOC l]LOHEL�Q+RSF[CEF[r{tOQbo\t2B\Z?F[r{JEQvRSF4LOlSo\BDpIL e
NPGmF[C�l]LhHVL^LOZ>YSB\FIr�JVF[C+f9HEB\R XmJVBDo\BD�ILOrSRSQ�QbC-CEF[HGt2BDN[QbC?RsQ f9oDQbYSXsC �dQ2Qbo �{B\JI�*q�Z�L@tbF[HECEPOQ
RSL>YSBDYSo\BDQOJEFIpIL�RSF"JEHEQ2piL>RSF"Z?F[rSCVLOaOFIrSC�T&_*D � ( & � RSFIrSQOZ?B\r]LOR]L4TU_�DKj F eKf�� � ( ( �}XmJVBDo\BD�IL�QbC
CGFIHKtmB\NIQbC�RSF�p[QbZ>XSrsBDpiLhNiPOQ?RSQ�f9oDQbYsXSC��dQ2Qbo �{B\J�lSLOHVL�B\Z?lsoDFIZ-FIr�JVLOH�L?p[QbZ>XSrSB\piLONIPOQ-FIr�JVHGF
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QOC�lsHEQ2pIFICGCEQbC[�

� l]LOp[QOJVF?RSF�CGFIHKtmB\NIQbC>f'o\QbYSXSC �dQmQbo��{B\J �?p[QbZ-l QbCKJVQUlSHEB\rSpIB\l]LOoDZ-FIr�JEF-l�FIo\QbC�CEF e
aOXSBDr�JVF[C�Z?c2RSXSo\QbCI��Q�Z-cmRSXsoDQ^T&A I���Q�Z-cmRsXSoDQ^f'��n=T FvQ�Z-cmRSXsoDQ^f D!I � � Z-cmRsXSoDQ
f D!I � �#" � F�f9HEB\R.ImF[pIXSHGB\J  D rs� HVLhCGJVHGXSp[JEXSHEFHG QO� F[HEFIp[F=CEF[HGt2BDN[QbCxl]LhHVL�abLOHVLOr�JEBDH L�CEF[abXSHVLhrSNiL�RsQ
CGBDCKJVFIZ?L+LhJEHVLit �[C=RSF>XsZ)Z-FIpILOrSBDCGZ?Q?RSF4LOXmJVFIr�JEBDpiLhNiPOQ+aOoDQbY]Lho�� � CEBDCKJVF[Z�L ��Y]LOCEFILORSQ+rSL
B\rs� HVLhFICGJEHEXsJEXSHVL@l
�sYSoDB\piL@RSF pM�]LitbFIC9F _`XSYSo\BDp �9F  	D rm� HVLOCKJVHEXsp[JVXsHEF�e�_ � D!G>l]LOHEL�� QOHErSF[pIFIH
B\RSFIr�JEB��]pILONiPOQ �SrSB\piL-l]LOHVL�JVQ2RSQbC�QbC�HEFIp[XSHECGQbC"RsQ�f9HEBDR F ���'���"� �wXSCEXZMOHEB\QbCI�wF[JEp G � CGFIrSRSQ�z2XsF
pILOR]L HEFIp[XSHECGQ@l QOCECEXsB XSZ p[FIHKJVB��SpiLORSQUlSHEcOlSHEB\QS���=X]LOrSRSQUXSZ HEF[pIXSHGCEQ�rSF[pIF[CECEB JML&XmJVBDo\BD�ILOH
QOXsJVHGQWHEF[pIXSHGCEQS��LOZ>Y�QbC�lsHEFIp[BDCELOZ CGF@LOXsJEFIr�JVB\piLOH[��BDCGJEQ �O��QbC�RSQbBDC?lSHEF[pIB\CVLOZ tbF[HEB��SpiLOH�L
B\RSFIr�JEBDR]LORsF XsZ7RSQ!QbXmJVHEQ�LOr�JVF[C?z{XSF&L^QOl F[HVLONIPOQ�l�QbCGCVL�CGFIH-FJImFIp[XsJMLhR]Ls� � C?p[FIHKJVB��SpiL e
RsQbC CVPOQ4YSLOCEFILORSQbC rSQ4� QbHGZ�L JVQ�RsF9pIFIHKJVB �]piLONIPOQ��>� & ��->F9rsQbCxlSHGQOJVQ2pIQbo\QbCkRsF9pIQbZ>XsrSBDpILONiPOQ
I&I � E�� � I F ImF[pIXSHGF ImQmp �hF[J � L  bF[HAE �dHVLOrSCGl QOHGJ�� L  bF[HAImFIp[XSHEB J  &G �sCGFIabXsBDrSRSQ�LhCkFICGl F[pIB �]piL e
NPGmF[C'R]L�n=_*D9f I+I	F�f9FIrSF[HEB\p ImFIp[XSHEB J  ?ImFIHKt2BDpIFHG ���=X]LOrsRSQvXSZ XSCGXRMOHGBDQvRSFICGF &ELvFJImFIp[XsJMLhH
XsZ � ��� FIZ XSZ ���'��� RSQ-LOZ>YsBDFIr�JEF�f9HEB\R}�SF[oDF9lSHGFIpIB\CVL�pIHGB|LOH XSZ % ��� ��� RSF'XSCEXRMhHEBDQs�Sz{XSF��
XsZ lsHEQ2pIFICGCEQ4HGFICEl�QbrSCLMitbFIo l F[o|L�LOXsJVF[r�JVBDpILONiPhQ�pIQOZ JEQmRsQbCkQbC�HEF[pIXSHGCEQbCxL�CEF[HEFIZ XsJEBDoDB\�iLORsQbC
rSL�FJImFIp[XSNiPOQ�RSF � ����� � S rsFIpIF[CECLMOHEB\Q�JVLOZ>Y �IZ z{XSF�Q�XSCGXRMOHGBDQ&JEFIrS�]L@LhXsJVQbHGBD�ILONiPOQ&l]LOHVL
FOImFIpIXmJMLOH � ����� rSQ^HEFIp[XSHECGQS� n)LhXsJVQbHGBD�ILONiPOQ �vR]LhR]L^l�FIo\Q^LORSZ-BDrSB\CGJVHELORSQbH�RSQ�CEB JVFvQbrSRSF
CGF�F[rSpIQbr�JEHVL�Q+HGFIp[XSHECGQS�}LhJEHVLit �[C"RSF�XSZ LOHEz{XSB tbQ?pM�]LOZ?LORSQ ��� � ��� ��%�./� � ��LOHGZ�LO�[FIr]LhRSQ?rsQ
lsHEcblSHGBDQ-HEF[pIXSHGCEQS� � LhHEz{XSB\tOQ?B\RSFIr�JEB��]pIL-JVQ2RSQbC�QbC�XSCGXRMOHEB\QbC�RSQ�f9HEB\Rvz2XsF�J"�[Z LOpIF[CECGQ�LOXme
JEQbHEB\�iLORsQ&LOQUHEF[pIXSHGCEQS� �`oDF-HEF[o|LOp[BDQbr]L�pILOR]L&XSCGXRMOHGBDQ aboDQbYSLOo`RSQ@f9HEB\R!L XSZ?L p[Qbr�JML&o\QmpILOo
z{XSF�RSF �]rSF�LOC�l F[HEZ-BDCGCLG2FIC RSQ-XSCEXZMOHEB\Q-aOoDQbY]Lho rSQ�HEF[pIXSHGCEQS�

� Z-cmRsXSoDQUf'��n=T � �#����F�f9HEBDR^��FICGQbXSHEp[F�n�oDQ2piLhJEBDQbr�T&LOrSLOabFIH G'RsQ@f9oDQbYSXsC �dQhe
QOo �{B\JI� ��HGFICGl QbrsCNMitbF[o l F[o|L&LhoDQ2piLONIPOQ&RSF?HEF[pIXSHGCEQbC4F[Z XSZ�LOZ�YSBDF[r{JEF�f9HEB\R}����FICGJEF+piLhCEQS�
RsF[t2BDRSQ �9�SF[JEFIHGQbabFIrsFIBDRSLORSF�RSQbC�HEF[pIXSHGCEQbC�RSQ�LOZ>YSB\FIr�JVFh��FICGJVL'JVLOHEF � L�CGF JVQbHGr]L�p[QbZ-lSoDB\piLOR]Lm�
l�QbB\Cyl]LhHVL�piLOR]L�HEFIp[XSHECGQ=RSB � FIHEF[r�JVF�RSQ9LOZ>YsBDFIr�JEF FOIsB\CGJEFIZ Z?F[piLOrsBDCEZ-QbC lSHGcblSHEB\QbC RSFxLhpIFICGCEQS�
� f9oDQbYsXSC �dQ2Qbo �{B\J RSF �]rSF=XSZ?L�o\BDrSaOX]LOabF[Z�l]LORSHEPOQ>RSF"LOpIF[CECEQ-L�HGFIp[XSHECGQbCI�SpM�SLOZ�LhR]L>��I �
F ��F[CEQbXsHEpIF�Iml�FIpIB �]piL JVBDQOr � LOrSaOX]LOabFHG ��LhJVHELit �IC"R]L-z{X]LhoyQ?XSCEXRMhHEBDQ-FICGl F[pIB �]piL�QOC�HGFIpIXsHECEQOC
z{XSF?RSFICGF &ELUJEFIH�LOpIF[CECGQS� � Z?c2RSXSo\Q�f'��n=T �?HEF[CEl�QbrSCNMitOFIokl�QbH�HEF[pIFIY�FIH�XSZ l�FIRSB\RSQ&RSF
LhpIFICGCEQ�L�XSZ HGFIpIXsHECEQs� F[CEl�FIpIB �]piLhRSQ+r]L�oDB\rSabX]LOaOFIZ ��I �`�wF�F[r�JMPOQ?Z�LOl�F+M e oDQ4lSLOHVL-LOoDaOXSZ
Z-FIpILOrSB\CEZ-Q4oDQ2piLOo RSF�LOoDQ2piLONIPOQ4pIQOZ?QS�sl QbH FOImFIZ-lSoDQS�SuwQOH���QOX�� Q�LhR � F[tbF[oDF[HI��n n=_*DkZ-che
RsXSoDQ�f'��n9T l�QbCECGXSBkJMLhZ>Y �[Z � XSrSNHG2FIC4lSLOHVL�pILOrSpIF[o|LOZ-FIr�JEQ�F+Z-QbrSB\JEQbHVLhZ?F[r{JEQ&RSF � �����
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F[Z FJImF[pIXSNIPOQS�

� f9oDQOYSXSC �dQmQOo �{B\J"QO� FIHGFIpIF4JVLOZ>Y �IZ CGFIHKtmB\NIQbC'p[QbZ?QvQUf I�Dgu ��_�F?f I�D!I+I F�� �
CGFIHKtmB\NIQ>fMI�Dgu ��_Wl F[HEZ-B\JVF�z{XSF�XSCEXZMOHEB\QbC RsQ4f9HEBDR�z{XSF�l QbCGCEX]LhZ�XSZ�pIF[HGJVB �]piLhRSQ�HGFIpIQOrS�SF e
p[BDRSQ�� LONiLhZ L�JVHELOrSCG� F[H �[rSpIBDL�RSF"LOHEz{XSB tbQbC RSF"XSZ HGFIpIXsHECEQ�l]LOHVL�QbXsJEHEQ�RsQ�f'HGBDR}� � CEF[HGt2BDN[Q
f I�D!I+I�F	l�FIHGZ?B JVF z{XSF�QbC�XSCEXRMhHEBDQOC�RsQ>f9HEB\R?LhpIFICGCEF[Z HGFIZ-QOJMLhZ?F[r{JEF�QbC�HEFIp[XSHECGQbCkRsQ>f9HEB\R}�
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�`Z LOZ>YSB\FIr�JVF[C f9HEBDR �mLhCECEB\Z pIQbZ-Q�F[Z z{X]LhoDz{XSFIHkCEBDCKJVF[Z�L�RSF"p[QbZ?lsXsJMLONIPOQS�2CEF[Z�e
lsHEF>CGF>YSXSCGpiL�LhJEBDrSabB\H�Q+Z?F[oD�SQOH�RsFICEF[Z?l�FIrs�SQvl QbCGCE~ tbFIoyRSQbC�CEBDCKJVF[Z�LOC[�"n RSZ-BDrsBDCGJEHVLORsQbHEF[CI�
lsHEQbabHELOZ?LORSQbHGFICI�wXSCGXRMOHGBDQbC[� F[CEpiLhoDQbr]LhRSQbHEF[C�RsF�lSHGQmp[FICECGQbCI� FICGpiLOo\Qbr]LORSQOHEFIC�RSF>LhlSoDB\piLONPGmF[C�F
Z-FIpILOrSB\CEZ-QbC�RSF JVQOoDFIHLQOrSp[B|L=L"� LOo\�]LOC[��FIr�JVHGF�QOXsJVHGQbCI��rSF[pIF[CECEB JMLOZ JVQbZ?LOH�RSF[pIB\CLG2FIC`RSF � QbHGZ�L
LvCEF-QbYsJEFIH�CEF[Z?lSHGF?Q Z-FIoD�sQbH9RSFICGFIZ-l F[rS�SQUl QbCGCE~ tbFIo �+_dQbHGJVLOr�JVQS�dCVPOQUrSFIp[FICGCNMOHGB|LOC�BDrs� QOHKe
Z?LONPGmF[C�CGQbYSHEF�QbC�CEB\CGJVF[Z�LhC�p[QbZ?Qs�]l QbH�FJImF[Z?lSo\QS�wFICGl]LONIQ?oDB tmHGF'FIZ RSBDCGpIQS�wz{X]LOr�JEBDR]LORsF�RSF
Z-FIZ-cbHGB|L�RSBDCGl Qbrs~\tbF[o��wpiLhHEa�L�RsQbC"lSHGQmp[FICGCVLORSQOHEFIC[�}JVF[Z?l�Q�RSF�pIQbZ>XsrSBDpILONiPOQ?FIr�JVHGF>FIz{XSB\l]L e
Z-FIr�JEQbCI�SF[r�JVHEF9QOXsJVHELOCI�ml]LOHVL>z{XSF9CGF=l�QbCECEL4JEQbZ?LOH Z-FIRsBDR]LOCkpIQbZ Q4BDr�JVXsB\JVQ�RSF=Z?LaImBDZ-BD�ILOH
Q�RSF[CEF[Z?l�FIrS�sQ�F'Z?B\rSBDZ-BD�ILOH�Q?XsCEQ�RSQbC�HEF[pIXSHGCEQbC�RSQbC�CGBDCGJEFIZ?LOCI�

�4ImBDCKJVFIZ)RSB\tOFIHGCVLOC=� QbHGZ�LhC"RSF>CGF>QbYsJEFIH=B\rs� QbHGZ�LONPGmF[C�CGQbYSHGF�LOC=piLhHVLOp JVFIHG~DCKJVBDpILOC"F
Q�RSF[CEFIZ-l�FIrS�SQ�RSF�CEBDCKJVF[Z�LOC�p[QbZ?lsXsJMLOp[BDQbrSLOBDC[��TUF[piLOrsBDCEZ-QbC�Z?LOBDC`CGBDZ-lSoDF[C`CVPOQ�RSBDCGl QOrSBDYSB e
o\BD�ILORSQbCxl�FIoDL>Z�LhBDQbHGB|L'R]LOC�oDB\rSabX]LOaOFIrSCxRsF9lSHEQbaOHVLOZ?LONiPhQS�`�`Z ���Sl�QbHxFOImFIZ-lSoDQS�sl Q2RSFIZ-QbC
XmJVBDo\BD�ILOHdL"� XSrSNiPhQ �5��� ���'��� ! �������� l]LhHVL=CEFkQbYsJVF[H�Q9rSQbZ-FkRsQ ���'��� QbrsRSFxXSZ?L"RSF JVFIHGZ?B\r]LOR]L
LhlSoDB\piLONIPOQ ��FJImFIp[XsJMLORSLs� � XsJVHELOC"B\rs� QbHGZ�LONPGmF[C�JVLOZ>Y �IZ l�QmRsFIZ CEFIH�QbYsJEBDR]LOC"L�l]LOHKJVB\H�RsQ
CGBDCKJVFIZ?L=Qbl�FIHELOpIB\Qbr]LOomR]L9Z MOz{XSB\r]Ls�bp[QbZ-Q9rSQ9piLOCGQ�RsQ9CEBDCKJVF[Z�L=Qbl�FIHELOpIB\Qbr]LOo����������'��QbrSRSF
B\rs� QbHGZ�LONPGmF[C'CEQbYSHGF�LUpILOHEabLURSQ�CGBDCKJVFIZ?Ls�yz2XSLOr�JVBDRSLORSF�RsF�Z-FIZ-cbHEBDL RSB\CEl�QbrS~ tbFIo �yz{X]Lhr{JEB e
RSLORSF"RsF"lSHGQmp[FICECGQbCkF[Z FJImFIp[XSNiPOQs�SFIr�JVHGF"QbXmJVHVLhC l�QmRsFIZ CEF[HkQbYsJEBDR]LhC L�l]LOHKJVBDH�RSF"LOHEz{XSB tbQbC
F�� % � �'	 � � �(������� � G�z{XSF�CVPOQ�abF[HVLORsQbC�l F[oDQ4lSHGcblSHEB\Q�CEBDCKJVF[Z�L4Qbl�FIHELOpIB\Qbr]LOo �

�`Z>Y�QbHVLvZ>XSB JMLOC9B\rs� QbHGZ�LONPGmF[C=l�QbCECELOZ CEF[H�QbYmJVBDRSLOC'RSF4� QbHEZ?L�CEBDZ-lSo\FICI� QOXsJVHELOCI�
p[QbZ-Q ��Q@piLOCGQ^RSLOC4HEF � FIHEF[r�JVFIC-L@CEB\CGJEFIZ?LOC>RSF�p[QbZ>XSrSB\piLONIPOQ@r]POQ@CEPOQ�RSBDCGl QOrSBDYSB\oDB\�iLOR]LhC
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l�FIo\QbC CEB\CGJEFIZ?LOCxYRMOCGBDp[QbCI� � XsJEHVL4z{XSFICKJMPOQ-BDZ-l QOHGJMLhr{JEF �'L4�SF JVFIHGQbabF[rSFIB\R]LORSF9RSQOC�CGBDCKJVFIZ?LOC
z{XSF"RSB��]p[XSo\JVL�Q�LOpIF[CECGQ�L�BDrm� QbHEZ?LONHG2FIC[��CEF[rSRSQ4rSF[pIFICGCNMOHGBDQbC Z?F[piLOrsBDCEZ-QbC�F"lSHGQmp[FIRSB\Z?F[r�JVQbC
RsB\� FIHGFIrSp[B|LORsQbCxl]LOHEL>CEF'QbYsJEFIHxB\rs� QbHGZ�LONPGmF[CkB\abX]LOB\CkRSF9CGBDCGJEFIZ?LOC RSB � FIHEF[r�JVFIC[����FICGCEF'CEF[r�JVBDRsQ
� QOHVLOZ lSHEQbl�QbCKJVQbC�Z-FIpiLhrSBDCGZ?QbCkRSF'pIQbo\F[JML4F'RSB\CGJVHGBDYSXsBDNiPhQ4RSF'BDrs� QbHGZ�LhNHG2FICxCGQbYSHEF'HGFIpIXsHECEQOC
p[QbZ-lSXsJMLhpIBDQOr]LOBDC�Z?LOBDC4p[QbZ-lSoDFOIsQOC?p[QbZ?Qs�xl QOH?FOIsF[Z?lsoDQS� QW�! I � �b� �"F Q T&A�I � � " ��RsQ
f9oDQOYSXSC��dQ2Qbo �{B\JI� z{XSF4p[QboDF JMLOZ F>� QbHGrSFIp[FIZ B\rs� QbHGZ�LONPGmF[C�CGQbYSHGF4QbC=HEF[pIXSHGCEQbC'RSF4CGBDCKJVFIZ?LOC
RsBDCGJEHEB\YSXS~DRsQbC��SF[JEFIHEQOa �IrSF[QbCI��n CGFIabXsBDHI��XSZ HEF[CEXSZ-Q+CGQbYSHEF�FICGCEFIC"Z?F[piLOrSB\CEZ-QbC F CEB\CGJEFIZ?LOC G
��LOlsHEFICGFIr�JMLhRSQS�wRSFICKJMLOpILOrSRSQ e CEF'CGX]LOC�lSHEB\rSpIB\l]LOBDCkpiLOHELOp[JEFIHE~\CGJEBDpiLhCI�
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� Z?c2RSXSo\QvT&A I � �#" � �4HGFICGl QbrsCNMitbF[o�l�FIo\Q�CEF[HGt2BDN[Q RsF-B\rs� QbHGZ�LONPGmF[C"CGQbYSHEF�QbC9HGF e
p[XSHECGQbC>RSB\CEl�QbrS~ tbFIB\C�rsQ&CEB\CGJEFIZ?Ls�vn"C�B\rs� QbHGZ�LONPGmF[C'CEQbYSHGF�QbC�HEF[pIXSHGCEQbC>CEPOQ@LOHGZ�Lh�IFIrSLOR]LOC
F[Z XSZ Y]LOrspIQ�RSF4R]LhRSQbC=RSB\CGJEHEBDYsXS~DRSQ?Y]LOCGFiLORSQvrSQ�lsHEQOJEQmp[QboDQ�LOY F[HGJEQ�RSF4LOp[FICECGQ L+R]LORSQbC
F ��%���! � � ��� G � � T&A I^F[CGJNM F[CGJVHGXsJVXsHVLORSQ RSF4� QbHGZ�L+�SB\FIHLMOHEz{XSB\piLs� CGFIrSRSQUpIQbZ-l�QbCGJEQ l�QbH
lsHEQ tbF[RSQbHEF[C RSF"B\rs� QbHGZ�LONPGmF[C�F Dg_`C G�z{XSF"HEQ2R]LOZ FIZ piLhR]L�HEF[pIXSHGCEQ4RSQ4f'HGBDR�F�� QbHErsFIpIF[Z B\rme
� QOHEZ?LONHG2FIC�FICGl F[pI~��SpiLOC CEQbYSHGF=QbC�HEF[pIXSHGCEQbC[��n�CkB\rs� QbHEZ?LONPGmF[C�p[QboDF JMLORSLOC CEPOQ>F[r{t2BDLOR]LOC l]LOHVL
XsZ p[FIr�JVHELOoDB\�iLORsQbH�F[Z piLOR]L-HEF[pIXSHGCEQS� RSFIrSQOZ?B\r]LORSQ�f'HGBDR&��F[CEQbXSHGpIFMD rs� QbHEZ?LhJEBDQbr ImFIHKt2BDpIF
F f��/D!I+G �mz{XSF9LhHEZ?LO�IF[r]L�FICKJMLOCkBDrs� QbHGZ�LhNHG2FICI� q�Z?L�JVF[HEp[FIBDHEL�FICKJVHGXsJVXSHEL>RSFIrsQbZ?B\r]LOR]L�f'HGBDR
D rsRSFJI D rs� QOHEZ?LhJVB\Qbr ImFIHKt2BDpIF F�f D D!I&GkHEFIp[FIY�F�B\rs� QbHGZ�LONPGmF[C HEF[CEXSZ-BDR]LhC RSQbC�f��/D!I�pIFIr�JEHVLOo\B e
�ILOrSRSQ-BDrm� QbHEZ?LONHG2FICkCEQbYSHGF9JVQ2RSQbC QbC�HEF[pIXSHGCEQbC�RSB\CEl�QbrS~\tOFIB\C rSQ?f'HGBDR}�

n�C BDrm� QbHEZ?LONHG2FIC RSB\CEl�QbrSB\YSBDo\BD�iLhR]LOC}l�FIo\Q=T&A�I �hZ-QbCKJVHVLhR]LOCdr]L"u B\abXSHEL"�m� ��CEPOQS�hFIZ
CGX]L?Z?LOB\QbHEBDLs�mF[CGJNMhJVB\piLOC�pIQOZ?QS��z{X]LOr�JEBDR]LORsF�JEQOJMLOo RSF�Z-FIZ-cbHGB|Ls�2tbFIo\Qmp[BDR]LhRSF'RSQ?lsHEQ2pIFICGCVL e
RsQbHI�`CGBDCGJEFIZ?L&Qbl�FIHELOpIB\Qbr]LOo�BDrsCGJMLho|LORSQs� FIr�JEHEF�QbXsJEHVLOC[�@n"o\abXSZ?LOC�B\rs� QbHGZ�LONPGmF[C�RsBDrRQOZ-BDpILOC
p[QbZ-QS�{L9piLOHGa�L9RSQbC ���'��� � F�z{X]LOr�JEBDR]LORsF�RsF�Z-FIZ-cbHGB|L"o\B\t2HEFxCEPOQ'JMLOZ>Y �IZ RSBDCGl QOrSBDYSB\oDB\�iLOR]LhC
F JVB\lSBDpILOZ?F[r�JVF�BDrs� QOHEZ?LONHG2FIC`z{XSF�l Q2RSFIZ�CGFIH QbYsJVB\R]LOC`� LOp[BDoDZ-FIr�JEF�L JVHVLit �ICkRsF�pM�]LhZ�LORSLOC RsQ
CGBDCKJVFIZ?L G �"n"o��IZ RSQ+CGBDCKJVFIZ?L�T&A�I&QO� FIHGFIpIF[H=l�QbXSpiLhC=BDrs� QOHEZ?LONHG2FIC�RSBDrZQOZ?B\piLOC[�wFICECELOC9r]POQ
HGF[JEHVLhJVLOZ RsF=Z�LhrSFIB\HVL�F �]pIB\FIr�JVF'L>pILOHVLhp[JVF[HE~\CGJVB\piL�RSBDrRQhZ?B\piL�RsQbC LOZ>YsBDFIr�JEFIC�f9HEB\R}��jxLOHELOp e
JEFIHG~DCGJEBDpILOC RsF�B\Z?lSo\FIZ-FIr�JMLhNiPOQ'RSQ�CEBDCKJVF[Z�Ls�{p[QbZ?Q�Q�lsHEQOJEQmp[QboDQ�XsJVB\oDB\�iLORSQs�bz{XSF"l�QbCECGXSB�XSZ�L
oDLhJ"�[rSpIBDL�CEB\abrSB �]piLOr�JEF � �h� � �sF=JMLhZ>Y �[Z Q4l F[HE~DQ2RSQ>F[r�JVHEF'LhC LhJVXSLOoDB\�iLONPGmF[CkR]LOCkBDrs� QbHGZ�LhNHG2FIC
l�QbHdl]LOHKJVFkRsQbC Dg_`C/F � ! � �*� � �����
�*! � � � �'� �5��� � G �hz{XSF �k� F[B\JVL�l�QbHdl]LORSHEPOQ9L�pILOR]L9�h��Z-BDr{XsJVQOCI�
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JEQbHErSLOZ LOC�BDrs� QOHEZ?LONHG2FIC9RSB\CEl�QbrSB\YSBDo\BD�iLhR]LOC"l�FIo\QUCGBDCKJVFIZ?LUT&A I^l�QbXSp[Q&F �]pIB\FIr�JVF[C�l]LOHEL Q
lsHEQ2pIFICGCEQ?RSF'FICEpILOoDQOr]LOZ-FIr�JVQ�RSF�LOlSo\BDpILONHG2FIC[�

u BDabXsHVL��m� �m��A=LORsQbC � QbHErSF[pIB\RSQbC�l F[oDQ-T&A�I l]LOHEL4Q�f9HEB\RvpIQbZ-lSXsJVLOpIB\Qbr]LOo}f'HGBDR]��BDQS�

������� � ���3$��?�*)���� ��� $	���B) ���B)���5��3� �
��� � �

� �! I � �b� � ��XSZ CEBDCKJVF[Z�L�z2XsF"� QbHErsFIpIF"BDrs� QbHGZ�LhNHG2FIC�CEQbYsHEF=HGFIpIXsHECEQOCxRSBDCKJVHGBDYSXS~ e
RsQbCxHEF � FIHGFIr�JVF[C�LhQ>l F[HEp[FIr�JVX]Lho}R]L>piLhl]LOpIB\R]LORSF�RSF=lSHGQmp[FICGCVLOZ-FIr�JVQ�RSB\CEl�QbrS~ tbFIo�rSQbC ���'���"� F
p[QbZ HGFIoDLONiPOQ8�+pILOl]LOp[BDR]LhRSF>RSF�pIQOZ>XSrSB\piLONIPOQ+FIr�JEHEF�piLORSL+l]LOH9RSF ���'���"� �}lSHGBDrSp[BDl]LOo\Z?F[r�JVF
lSLOHVL=XsJEBDo\BD�iLhNiPOQ�l QOH�FICGpiLOo\Qbr]LORSQOHEFIC`RsF LOlSo\BDpiLhNHG2FICI� � �  I�BDZ-lSoDF[Z?F[r�JML�XsZ Z-FIpiLhrSBDCGZ?Q
RsF�p[QboDF JML4F'RSF�lsHEF[t2B\CVPOQ�� XsJVXsHVL�R]LOC�BDrs� QOHEZ?LONHG2FICxCGQbYSHGF�QbC�HGFIpIXsHECEQOCI�xn BDZ-lSo\FIZ-FIr�JMLONIPOQ
CGFIabXsF�XSZ�L�F[CGJEHEXsJEXSHVL@Z-QmRSXso|LOH F u B\abXSHEL��m� ( G�QbrsRSF�CEF+JEFIZ�XSZ Z-cmRsXSoDQUCEFIrsCEQbHGB|LOo z2XsF
Z-QbrSB JVQbHEL@QbC�HGFIpIXsHECEQOC�pIQOoDF[JVLOrSRSQ�BDrs� QOHEZ?LONHG2FIC4CGQbYSHEF&L�l�FIHK� QbHEZ?LOrSp[FUz{XSF�QOC?HGFIpIXsHECEQOC
l�Q2RSFIZ�RSBDCGl QOrSBDYSB\oDB\�iLOH=lSLOHVL@LOC�LOlSo\BDpiLhNHG2FICI� XSZ Z-c2RSXSoDQ RSF+lsHEF[t2B\CVPOQ@z{XSF�� Lh��L&lSHGF[t2B e
CEPOQ�R]LhC�pIQOrSRSBDNPGmF[C�� XsJEXSHVLOC�RSQbC�HEFIp[XSHECGQbC>F+XsZ�Z-c2RSXSoDQ RSB tmXsoDa�LONIPOQ z2XsF+RSBDCGCEF[Z?B\r]L&LOC
B\rs� QbHGZ�LONPGmF[CxFIZ t MhHEBDQOCx� QbHEZ?LhJVQOCI�
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� Z-c2RSXSoDQ"CEFIrsCEQbHGB|LOo ��pIQOZ?l�QbCGJEQ'l QbH`XsZ pIQbr'&GXSr�JVQ�RSF�CEFIrsCEQbHGFIC�z2XsF�HGQmR]LhZ rSQbC
���'���"� RSQ9LOZ>YsBDFIr�JEF RSB\CGJEHEBDYsXS~DRSQ�F CVPOQ�HEFICGl QOrSCNMitbF[BDC�l�FIoDL�p[QboDF JML�RSLOCyB\rs� QbHGZ�LONPGmF[C CEQbYSHGFkQbC
HGFIp[XSHECGQbCyl�FIHKJVF[rSpIF[r{JEFIC`LhQ�LhZ>YSBDF[r�JVFO� � C CEFIrsCEQbHGFIC CEPOQ�pIo|LhCECEB �]piLhRSQbC FIZ lSLOCECGB\tbQOCdF LhJEB\tbQOCI�
� C�l]LOCGCEB tbQbC�pIQOoDF[JVLOZ BDrs� QbHGZ�LhNHG2FICxFOIsF[pIXsJVLOrSRSQ-XsJEBDoDB JUMOHGBDQbC�FJI2JEFIHErsQbC�pIQbZ-Q4l QOH FJImFIZ-lSoDQ
Q�pIQbZ?LOrSRSQ �'����� ��� RSQ4o\BDr{X�I-F=lSHGQmp[FICGCVLOrSRsQ4CEX]L>CELO~DR]L�QbYsJEFIrSRSQ�LhCxBDrs� QOHEZ?LONHG2FIC�pIQOZ?Q4L
pILOHEabL-R]L-jx_�q F�L�z{X]LOr�JVB\R]LORSF'RSF'Z-FIZ-cbHEBDL>RSBDCGl QOrS~\tOFIo�� # M�QbC�CEF[rSCEQOHEFIC�LhJEB\tbQOC�Z-FIRsFIZ
FOImlSoDB\pIB\JVLOZ-FIr�JVF&LWRSBDCGl QbrsBDYSB\oDBDRSLORSFvRSQ F C G�HEF[pIXSHGCEQ F C G�z{XSF�Z-QbrSB\JEQbHVL+F Z G �;n Z-FIRsBDR]L �
HGFiLOo\BD�ILOR]L!l�QbH�FJIml�FIHGBDZ-FIr�JVQbCvz{XSF@tbF[HEB �]piLOZ L l F[HG� QbHGZ�LOrspIF@RSQbC�HGFIp[XSHECGQbCI�9p[QbZ?Q l�QbH
FOImFIZ-lSoDQS� L�Z?F[RSBDR]L@R]L�piLhl]LOpIB\R]LORSFvRSFvp[QbZ>XSrSB\piLONIPOQ�RSBDCGl QOrS~\tOFIo FIr�JEHEF RSQbBDC4lSLOHEF[C?RSF
���'���"� RSQ�CEB\CGJVF[Z�L ��RSF[CEF[Z?l�FIrS�SLOR]L'l QbH`XsZ lSHEQOabHVLOZ?L=z{XSF�HEFILOoDB\�iL9L9pIQbZ�XSrSBDpILONiPhQ9FIr�JVHGF
QOC ���'���"� F'QbYsJEFIZ LOC�B\rs� QbHEZ?LONPGmF[CI�

� Z-cmRSXsoDQ�RsF�lSHGF[t2BDCEPOQ+XSCEL�tmB\r�JVF>F�z2XSLhJVHGQ�LOoDaOQbHEB JVZ-QbC l]LOHEL?JVF[r{JVLOH9LOr�JEFIpIB\l]LOH
� XsJVX]LhNHG2FIC-r]L@l F[HG� QbHGZ�LOrspIFvRSQbC�HEF[pIXSHGCEQbC[� � C?LOoDaOQbHEB JVZ-QbC�XmJVBDo\BD�ILOZ QOC-RSLORSQbC�pIQOoDF[JVL e
RsQbC"l�FIo\QbC�CGFIrSCGQbHEF[C=FO� LhJVHELit �IC"RSF�lSHGQmp[FICGCEQbC=F[CGJVLhJV~\CGJVB\pIQbC[�]� QbHErSF[pIF[Z)XSZ thLOo\QbH�FICGJEBDZ?LORSQ
lSLOHVL-L-RsBDCEl�QbrSB\YSBDo\BDR]LhRSF�RsQ�HEF[pIXSHGCEQ?rSQ-� XmJVXSHGQS� n�oDabXsrSC�RSQbC�LOoDaOQbHEB JVZ-QbCkB\Z?lSo\FIZ-FIr�JMLhRSQbC
� QOHErSF[pIFIZ B\rs� QbHEZ?LONPGmF[C Y]LOCEFILOR]LOC�r]L?Z �IRsB|L�RSQbC�tOLhoDQbHGFIC�Z?F[RSBDRsQbCI�wrSQ �So\JEBDZ-Q>tOLhoDQbH Z-F e
RsBDRSQS�wF[r{JEHEF�QbXsJVHGQbCI� n CEF[oDF[NiPOQ?RSF�z{X]LOodLOo\abQbHGB\JVZ-Q ��XsJVB\oDBD�ILORSQ4r]L-RSF[JEFIHGZ?B\r]LONiPhQ?RSF�XSZ
thLOo\QbH'l]LOHEL�LURSB\CEl�QbrSB\YSBDo\BDR]LORsF4RSQ&HGFIpIXsHECEQs� �?� FIB JML pIQbZ Y]LOCGF+r]L lSHEF[pIBDCEPOQ�RSF?piLORSL&XSZ
RsQbC9LOo\abQbHEB JVZ-QbCI��_ LhHVL�L�RSF JVF[HEZ-BDr]LONIPOQ+R]L?lSHEF[pIBDCEPOQ�RSQbC=LOoDabQOHEB\JEZ?QOCI�]z{X]LOrSRsQ XsZ)rSQ tOQ
thLOo\QbH �kpIQbo\F[JMLhRSQ9l F[oDQ=Z-c2RSXSoDQ�CEF[rSCEQbHGB|LOo �OCGFIX4thLOoDQbH � pIQbZ-l]LOHELORSQ=p[QbZ QbC�thLOoDQbHGFICyQbYsJVB\RSQbC
L JVHVLit �IC'RSQbC'LOo\abQbHGB\JVZ-QbC[� � LOo\abQbHEB JVZ-Q?z{XSF4� QbHGrSFIp[FIH9XSZ)tOLhoDQbH�Z�LOB\C=lSHGc!ImB\Z?Q+RsQvthLOo\QbH
p[QboDF JMLORsQS�SZ?LOBDCxlsHEFIp[BDCGQS� �'FIr�JMPOQ�XsJEBDo\BD�iLhRSQ>r]LOC�lSHGF[t2BDC GmF[C�� XmJVXSHELOCI�

n�C�BDrs� QOHEZ?LONHG2FIC CEPOQ=RSB\CEl�QbrSBDYsBDoDB\�iLORSLOC t2B|L�BDr�JVF[HG� LOp[Fkr]L  !QbHGoDR  �BDRSF  !F[Y}��q�Z�L
RSLOC�lSHEF[Qmp[XSl]LONPGmF[C�RSQ5CEB\CGJVF[Z�L�RSF@BDrs� QOHEZ?LONHG2FIC?RSQ5�! I �@pIQOZ HEF[o|LONIPOQ LWl�QbCECG~\tOFIBDC
lsHEQbYSo\FIZ?LOCxRSF9l�FIHK� QbHEZ?LOrSp[F=l�QbHxpIQOr{JVL4RSF9CEQbYsHEFIpILOHEabLOCI� � C R]LORSQOC CVPOQ-LOHGZ�LO�[FIr]LhRSQbCxRSF
� QOHEZ?L-RSB\CGJEHEBDYsXS~DR]L>F[Z piLOR]L ���'��� z{XSF>LOHGZ�Lh�IFIrSL-XSZ?L�pIcblSBDL-RsQ �So JVBDZ-Q4FICKJMLORsQ+R]L?HGFIRSF
F'XSZ?L4lSHEF t2BDCVPhQ-lSLOHVL4XSZ lSLOCECGQ �4� HEF[r{JEFO�

�`Z>Y�QbHVL4Q�CEB\CGJEFIZ?L4�! I�JVF[rS�]L-L�lsHEFIQ2pIXsl]LONiPhQ-RsF�p[QboDF JMLOHxLOC BDrs� QOHEZ?LONHG2FICxHGF e
oDLhJVB thLOCT�?HEFIRsF4RSF>pIQOZ>XSrSB\piLONIPOQ+z{XSF>B\r{JEFIHGoDBDabL-QbC ���'��� � XmJVBDo\BD�ILOrSRSQ-Z?F[piLOrsBDCEZ-QbC�Q�Z�LhBDC
lsHEc+ImBDZ-Q?l�QbCECG~\tOFIodR]LOC=LhlSoDB\piLONPGmF[CI��LOBDrsR]L?LhCECEB\Z r]POQ�CEPOQ�XmJVBDo\BD�ILORSQbC�QbC�Z?F[piLOrsBDCEZ-QbC�BDZ4e
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lsoDFIZ-FIr�JVLORSQbCyl F[o|LOCyYSBDYSo\BDQOJEFIpILOC RSFk� XSrSNPGmF[C�RSF pIQbZ>XsrSBDpILONiPOQ"XsJVB\oDBD�ILOR]LOC l�FIoDLOC LhlSoDB\piLONPGmF[CI�
� BDRSFILOosRsQ9l Qbr�JEQ�RsFxtmB\CGJVL=RSF FICGpiLOo\Qbr]LOZ-FIr�JVQ � z{XSF CGF�XmJVBDo\BD�[F l]LhHVL'L=pIQbo\F[JVL=RSF BDrs� QOHEZ?L e
NPGmF[C'RSQvCEBDCKJVF[Z�L�QbC9Z-FICGZ?QbC9Z-FIpILOrSB\CEZ-QbC=z{X]L L LhlSoDB\piLONIPOQ�XsJVB\oDB\�iL?lSLOHVL�pIQOZ>XSrSB\piLONIPOQS�
q�Z�L+QOXsJVHELvpILOHVLhp[JVF[HE~\CGJVB\piL+RSQvCGBDCGJEFIZ?L��! I �4z{XSF-LOl F[r]LOC'BDrm� QbHEZ?LONHG2FIC�RSF�o|LhJ �IrSp[B|L�F
�"�5� �*,	�*�'% ,5� R]L4HEF[RSF'CVPOQ-pIQOoDF[JVLOR]LOC[�

����� � ����� &���	�

n�C�pILOHVLOp JVF[HEBDCKJVB\piLOC9RSQOC�LhZ>YSBDF[r�JVFIC�f9HEB\R�JEQbHErSLOHVLOZ)FICGCVL7MhHEFiL�RSF-l�FICEz{XSB\CVLvXSZ
rsQ tOQ!RSF[CVL��SQ!l]LOHEL@Q�RSF[CEF[r{tOQbo\t2B\Z?F[r{JEQ!RSF�� F[HEHVLhZ?F[r{JVLOC�F&LhlSoDB\piLONPGmF[CI�5u]FIHGHVLOZ-FIr�JMLhC-F
J �Ip[rSBDpILOC�XsJVB\oDBD�ILOR]LOC�FIZ7LhZ>YSBDF[r�JVFIC�l]LhHVLOo\FIoDQOC�JVHELORSBDp[BDQbrSLOBDC�r]POQ^LhJVF[rSRSF[Z �OC�rSQ thLOC�piL e
HELOp[JEFIHG~DCGJEBDpILOC?B\Z?l�QbCKJMLOC[�xCEF[rSRSQ rSF[pIFICGCNMOHGBDQ QWRsFICEF[r�tbQbo tmB\Z?F[r�JVQWRSF&rSQ tOLhC?� FIHGHVLOZ-FIr�JVLOCI�
J �Ip[rSBDpILOC�F+Z-Q2RSFIo\QbC'pIQbZ-lSXsJVLOpIB\Qbr]LOB\C�z{XSF�piLOlsJEXSHEF[Z LhC�piLhHVLOp JVFIHG~DCKJVBDpILOC�RSQbC>LhZ>YSBDF[r�JVFIC
f9HEB\R}�

� CGXSpIF[CECEQ&RSF?z{X]LhoDz{XSFIH'CGBDCGJEFIZ?L RsFIl�FIrSRSFh� lSHGBDrSp[BDl]LhoDZ-FIr�JVFh� RSF?CGX]L � LhpIBDo\BDR]LhRSF
RsF�XsCEQS��p[XSCGJEQ�CELhJVB\CG� LhJEcbHEB\QS�OCGFIabXSHELOrSNIL�F p[Qbr �wLOYsBDoDB\R]LORSFh�yn p[HEF[RSB\JVL e CGF�z{XSF�l]LhHVL9Q9CEXSp[FICGCEQ
RsQbC`LOZ>YsBDFIr�JEFIC�f9HEBDR �OZ-FIpiLhrSBDCGZ?QbCyz{XSF l QOlSXSo|LhHEBD�[FIZ FxJEQbHErSF[Z �%MhpIBDo2Q9CEF[X�XSCEQ9CEPOQ9rSFIp[FICge
CLMOHEB\QbCI�sl F[HEZ-B\JVB\rSRSQ>z{XSF�Q�pIXSCKJVQ-RSF'RSFIr�tOQbo\t2BDZ-FIr�JEQ-RsF�LhlSoDB\piLONPGmF[Cxz{XSF�l�QbCGCVLOZ XsCEXs� HGXSBDH
RsF�JVQ2RSQ?Q�l�QmRSF[H�Qh� FIHEF[pIB\RSQ�r]PhQ�CEF�JVQbHGrSF�lsHEQbB\YSB\JEB\tbQs� TUF[piLOrSB\CEZ-QbC"z{XSF�a�LOHELOr�JMLOZ L-CEF e
aOXSHVLOrsNiL&F�L&pIQbr �wLOYSB\oDBDRSLORSF�RSQ�f9HEB\R^JVLOZ>Y �IZ CVPOQ&rSFIp[FICECLMOHEB\QbCI� RSF[tOFIrSRSQ^LOYsCGJVHELOBDH�RSQbC
XsCEXRMOHGBDQbCxJEQmRSLOC�LOC�RSB��]p[XSoDRSLORSFIC B\Z?l�QbCKJMLOCxl�FIoDLOC piLhHVLOp JVFIHG~DCKJVBDpILOC RSQ�f'HGBDR}�

� lSHEQ'&GF[JVQ>��LhC� sf'HGBDR � - � lSHEQbl;G2F=L�p[QbrSCGJEHEXSNIPOQ4RSF=XsZ � ��������� �*��� RSF"RsFICEF[r�tbQbo e
t2B\Z?F[r{JEQ�RsFxLOlSo\BDpILONHG2FIC l]LhHVLOo\FIo|LhC l]LOHVL�LOZ>YSB\FIr�JVF[C�f9HEB\R'z2XsFkCEF &EL�l�QbHGJNMitbFIo3F B\rSRSF[l F[rSRSFIr�JEF
RsF�XSZ � � ���#� ��� ��� � F[CEl�FIpI~ �]pIQ G �wRSF'�%MOpIB\o XsJVB\oDBD�ILONiPhQS�SF �SpIBDF[r�JVF�F�p[QbZ Y]LOB ISL�BDr�JEHEXSCEPOQS�kn
lsHEBDrspIBDlSLOo�piLOHELOp[JEFIHG~DCGJEBDpIL�RSF[CECGF � ��������� �*� � �kL�piLOlSLOpIB\R]LORSF�RSFO�OL�l]LhHGJVB\H RSF XsZ�L�LOlSo\BDpiLhNiPOQ
lSLOHVLOo\FIoDLs� abFIHELOH'LOXsJEQbZ?LhJVB\piLOZ-FIr�JVF4XsZ�LvLOlSo\BDpILONiPOQ�pILOl]LO�h�yl�QbH'CEB�CGcS�yRsF-CGFIH�FJImFIp[XsJMLhR]L
F �]pIB\FIr�JVF[Z?F[r�JVFxF[Z f9HEB\RSCdpIQbZ-lSXsJVLOpIB\Qbr]LOB\CI� oDB tmHELOrSRSQ�Q=lSHGQbabHELOZ�LhRSQbH RSF[CGJML"JVLOHEF � L�RSB � ~Dp[BDo��

n�C�LhlSoDB\piLONPGmF[C"BDr�JEFIHEF[CECELOR]LOC'r]POQvCEPOQ LOl F[r]LOC'LOz{XSF[o|LOC9l�FIHK� FIB JMLOZ-FIr�JVF�l]LOHVLhoDFIoDLOC
QOX&pIQOZ piLOHELOp[JEFIHE~\CGJEBDpiLhC�B\r{JEFIHGFICECELOr�JVF[C9LOQbC�LOZ>YSB\FIr�JVF[C=f9HEB\RUp[QbZ-Q?abHELOr{XSo|LhHEBDRSLORSF9abHGQbCECEL
F l QOXSpiLvpIQbZ�XSrSBDpILONiPhQ G �4n�lSoDB\piLONPGmF[C9lSHNMhJEBDpILOC9F�RSF?p[XSrS�SQ abF[HVLOo�JVLOr�JVQvpIB\FIr�JV~ �]piLOC'p[QbZ?Q
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JVLOZ>Y �IZ p[QbZ-FIHEp[B|LOB\C�CVPhQ�LOo tbQbC�lSHGBDrSp[BDl]LhBDC�RSQ � ��������� �*��� �{LOXSZ-FIr�JMLOrsRSQ�CGX]L�LOYSHVLhrSa �IrspIB|L
RsF"XSCGQS��IsPOQ�pIQbrsCEBDRsFIHVLhR]LOC LOlSoDB\piLONPGmF[C�RSFICGFIr�tbQbo t2BDR]LOC JVFIrsRSQ�p[QbZ?Q�Y]LOCGF=L�lSo|LhJVLh� QbHGZ�L=RSF
JEHEQ2piL�RSF-Z?F[rSCVLhabFIrSC'Fh�yF[Z l]LOHKJVBDp[XSo|LhHI�}lSHGQbabHELOZ�LhC�j�Ebj���� XsJVB\oDB\�iLOrSRsQvLvB\r�JVFIHK� LOpIF�RSF
JEHEQ2piL�RSF�Z?F[rSCVLhabFIrSC T&_*D � ( & � �hl�QbH CGFIHd�SQ &GF L�CGQboDXsNiPOQ�Z�LhBDC}p[QbZ>XSZ rSQ�RSF[CEFIr�tOQbo\t2BDZ-FIr�JEQ
RsF�LhlSoDB\piLONPGmF[C pIBDF[r�JV~��SpiLOC[�

n � LOpIB\oDBDRSLORSF+RSFUXSCEQ!RSQ � ��������� �*��� LORmt �IZ RSQ^� LhJVQ^RSF&z{XSFUQ!lSHGQbabHELOZ�LhRSQbH
l�Q2RSFIHLM^p[QbrSpIF[r�JVHVLhH?CGFIXSC-FICK� QbHEN[QbC?CGQbZ-FIr�JVF r]L�FJImlSoDQOHVLONIPOQ�RSQ�lSLOHVLOo\FIo\BDCEZ-Q�R]L^LOlSo\BDpIL e
NIPOQS�`n abF[HVLONIPOQ�R]L�LOlSo\BDpiLhNiPOQ4F'L4FJImF[pIXSNIPOQ�F �]pIB\FIr�JVF'R]L4Z-FICEZ?L>XsJEBDoDB\�iLOrsRSQ>QbC HGFIpIXsHECEQOC
RsBDCEl�QbrS~ tbF[BDC rSQ?f9HEBDR �]pILOZ L4piLhHEabQ�RSQ � ��������� �*� � �

n Z?LOBDQOHEB|L'RSQbCklSHEQ &GF JVQbC RsF � � ���#� ��� ������� LORSQOJVLOZ XSZ�L�tmB\CVPOQ4p[FIr�JVHELOR]L4rSQbC HGF e
p[XSHECGQbCI�}u BDabXsHVL-�m� � F L G � QOrSRSF�XsZ I2BDCGJEFIZ?L?RSF>f'F[HEF[rSpIBDLOZ?F[r�JVQ�RsF>��FIpIXsHECEQOCJF ISf'��G JEFIZ
p[QbZ-Q"XSZ RSF CEFIXsC�QbY &GF JVB\tOQbC abLOHVLOr�JEBDH XSZ?L�XsJEBDo\BD�iLhNiPOQ�F �SpIBDF[r�JVFxRSQOC HEF[pIXSHGCEQbCyY]LOCGFiLOrSRsQhe CGF
rsQUZ-QbrSB JVQbHELOZ?F[r�JVQ�F?LOrRMOo\BDCEF4RsF?B\rs� QbHEZ?LONPGmF[C9FICEl�FIp[~��]pILOC�RSQ&CGBDCGJEFIZ?Ls�?��Z LhZ>YSBDF[r�JVFIC
f9HEB\R}� RSF[t2B\RSQ=L�CEX]LOCdpiLhHVLOp JVFIHG~DCKJVBDpILOCI� XSZ?L�LhY QbHGR]LOabF[Z QbrSRSF�QbCyL'&GXSCKJVFICyl QOCECVLhZ CGFIH � FIB JVQbC
F[Z�piLORSL�LOlsoDBDpILONiPhQS��Y]LOCGFiLOrSRsQhe CGF�F[Z�BDrs� QbHGZ�LhNHG2FIC`FICGl F[pI~ �]piLOC RSF�piLORSL�XSZ?L9RSFIoDLOCI�2l Q2RSF
CGFIH Z?LOBDC�BDr�JEFIHEF[CECELOr�JVFO� � � ��������� �*� � ��LOC  sf'HGBDR}�sLORSQOJVL>XSZ�L�tmB\CVPOQ�RSF � � ���#� ��� ��� � p[FIrme
JEHVLORSL�r]L>LOlsoDBDpILONiPhQS�{u BDaOXSHVL��m� � F Y G �mQbrsRSF"Q � � ���#� ��� ��� � QO� F[HEFIp[F=CEF[HGt2BDN[QbCxF�BDrs� QbHGZ�LhNHG2FIC
QOHEBDF[r�JMLOR]LhCyL�piLORSL"LOlSo\BDpILONiPOQ B\rSRSB tmB\RSX]LOo\Z?F[r�JVFO� n XsJEBDoDB\�iLONIPOQ F �SpIBDF[r�JVFkRsQbCyHGFIp[XSHECGQbC ��QbYme
JEBDR]L>RsF=� QbHEZ?L>RSBDCKJVHGBDYSXS~\R]L>LhJEHVLit �[C�R]L4pIQbrSp[QbHEH��IrSp[B|L4FIr�JEHEF�LOC�LOlSo\BDpILONHG2FICxl�FIo\QbCxHGFIpIXsHECEQOC
RsBDCEl�QbrS~ tbF[BDCI�

� lSHEQ'&GF[JVQ'��LOC  sf'HGBDR>CGF pIQbrSp[FIr�JVHEL9rSQ=FICKJVXSRsQ�FkBDZ-lSoDF[Z?F[r{JVLONiPhQ�RSF � FIHEHELOZ-FIr�JMLOC
RsF�F[CEpILOoDQbrSLOZ?F[r�JVQS�2JVQbo\FIHNQhrSpIBDL4L�� LOoD�]LhC F9abFIHGFIrSp[B|LOZ-FIr�JVQ�RSF'LhlSoDB\piLONPGmF[C L4CEFIHGFIZ FOImFIpIX2e
JVLOR]LOC�FIZ LhZ>YSBDF[r�JVFIC4f'HGBDR}��o\F[thLOrSRsQ@FIZ�pIQbrSCGBDRSF[HVLONIPOQ�LOC4pILOHVLOp JVF[HE~DCKJVB\piLOC�l]LOHGJEBDp[XSo|LOHGFIC
RsFICECGFIC�LOZ>YsBDFIr�JEFICI�9jxLOR]L+LOlsoDBDpILONiPhQ+��LOC� sf9HEB\R&JVHELO��F[Z>YSXsJEBDRSQ+F[Z)CGFIX@p[cmRSB\abQ�QOC=CEF[HGt2B e
N[QbC�RSF"abF[HEF[rSpIBDLOZ?F[r�JVQ�R]L�LhlSoDB\piLONIPOQ'rSFIp[FICECLMOHEB\QbCklSLOHVL'z{XSF=L'FJImFIp[XSNiPhQ4CEF &EL�HEFILOoDB\�iLOR]L=RSL
� QOHEZ?L>Z�LOB\CxF �SpIBDF[r�JVF�l QbCGCE~ tbFIo �

� lsHEQbYSo\FIZ?L>RSF�FICEpILOoDQOr]LOZ-FIr�JVQ�RSF9JMLhHEF[� LhC�F[Z CEB\CGJEFIZ?LOC�l]LOHVLhoDFIo\QbCxp[QbrSpIB\CGJEF�rSL
FOImFIpIXsNiPOQ4F �]pIB\FIr�JVF=RsF"XSZ?L�LOlsoDBDpILONiPhQS��QbX�CGF &ELs�mFJImFIp[XsJUM e o|L�r{XSZ Z-FIrsQbH�JEFIZ-l Q�l�QbCECG~\tbF[o��
�`Z XSZ LOZ�YSBDF[r{JEF�lSLOHVLOo\FIo\Q�YSLOCEFILORSQ�F[Z�JVHEQ2piL'RSF�Z?F[rSCVLOaOFIrSC[�sLOo��IZ�RSQOC p[XSCGJEQbCkRSF�pIQbZ4e
lsXsJMLONIPOQ�RsF�pILOR]L�JVLOHEF � Ls�{QbC LhJVHELOCEQbC�RSF[pIQbHGHEFIr�JEFICxRSQ�FIr�t2BDQ�F"HGFIpIF[YSBDZ-FIr�JEQ�RSF�Z?F[rSCVLhabFIrSC
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F[r�JVHEF�pILOR]L+JMLOHGF[� L+JMLhZ>Y �[Z)RsF[tbF[Z CEF[H�o\F[thLORSQOC=FIZ p[QbrSCGBDRSF[HVLONIPOQS�>n�CECEB\ZU� Z?Q2RSFIo\QbC=RSF
p[QbZ-lSXsJMLhNiPOQ-z{XSF�pILOlsJEXSHEF[Z JEQmRSLOC�LOC�pILOHVLhp[JVF[HE~\CGJVB\piLOC�RSQ?CEB\CGJVF[Z�L�LOo tbQ-RSF[tOFIZ CEF[H"LOCGCEXme
Z-BDRsQbC l]LOHEL�z{XSF�Q-FICEpILOoDQOr]LOZ-FIr�JVQ-lSHEQ2RSXS�[BDRSQ�CGF &EL�F �]p[BDFIr�JEFO� � lSHEQbYsoDFIZ?L>RSF�FICGpiLOo\Qbr]LOH
JVLOHEF � LOC FIZ LOZ>YSB\FIr�JVF[Cxl]LOHELOoDF[oDQbC �9pIQbrsCEBDRsFIHVLhRSQ��"_ e p[QbZ-lSoDF JVQS�mCEFIrsRSQ�rSFIp[FICECLMOHEBDL�L4LORSQhe
NIPOQ�RSF9�SF[XSHE~\CGJVB\piLOCkl]LOHVL>z{XSF'F[CEpiLhoDQbr]LhZ?F[r{JEQbC z{X]LOCGF9cOJVB\Z?QbC CEF &ELOZ RSF JVFIHGZ?B\r]LORSQOC L>XSZ
JEFIZ-l Q�CVLhJEBDCG� L JVcbHGBDQS� � lSHGQ &GF[JEQ���LOC� sf9HEBDR+JEFIZ pIQbZ-Q4XSZ RSF9CEF[XSC QbY &GF JVB tbQbC Q>RsFICEF[r�tbQbo e
t2B\Z?F[r{JEQ9RSFx�SF[XSHE~\CGJEBDpiLhC�Fx� FIHGHVLOZ-FIr�JMLhC�RSF FICGpiLOo\Qbr]LOZ-FIr�JEQ9RSF LOlSo\BDpILONHG2FICyl]LOHVL9LhZ>YSBDF[r�JVFIC
f9HEB\R}� Q�z{XSF ��XSZ�L-JMLOHGF[� L�LOB\rSR]L�Z?LOBDC�pIQOZ?lSo\BDpILOR]Ls� � pIQOZ?l�QbHGJVLOZ-FIr�JVQ?RSF�LOlSo\BDpiLhNHG2FIC
HGFiLOB\C"r]PhQ+l Q2RSF�Z>XSB\JVLOC�tbFI�[FIC'CEF[H=RSF JVFIHGZ?B\r]LORSQ?FICKJMLhJEBDpiLhZ?F[r{JEFO� abFIHELOrSRSQvL�rsFIpIF[CECGBDR]LORsF
RsF�Z-FIpILOrSBDCGZ?QOC�z{XSF�l QOCECVLhZ � LO�IF[H"L'&GXsCGJVF[C=r]L�FJImFIp[XSNiPhQ�R]L?LhlSoDB\piLONIPOQ�RSBDr]LhZ?B\piLOZ-FIr�JVFh�
n�CECGBDZ � Q�lSHGQbYSoDF[Z�L�RsFUF[CEpiLhoDQbr]LhZ?F[r{JEQ�RSF�JMLOHGF[� LOC�rSQ^LOZ>YsBDFIr�JEFU��LOC  sf'HGBDR ��JVHVL JMLORSQ
RsF4RSX]LOC'Z?LOrSFIB\HVLOC[��n _`HGBDZ-FIBDHEL �4QvZ-FIpiLhrSBDCGZ?Q+RsF4FICEpILOoDQOr]LOZ-FIr�JVQ�F[CGJUM JVBDp[QS� z{XSF4t2BDCVL
RsF[JVF[HEZ-BDr]LhH�Q'Z?F[oD�SQbH FICEpILOoDQOr]LOZ-FIr�JVQ'l�QbCECG~\tbF[o]l]LOHEL'XsZ pIQbr'&GXSr�JVQ�BDrSB\pIB|LhomRSF�HGFIpIXsHECEQOC�RsQ
f9HEB\R}� n�CGFIabXsrSR]L ��Q'Z-FIpILOrSBDCGZ?Q9RsF�F[CEpILOoDQbrSLOZ?F[r�JVQ'RSBDrZQOZ?B\pIQ=z{XSFh�2JEFIZ p[QbZ-Q9QbY &GF[JEB\tOQ
lsHEQbZ-Q tbFIH�L'&GXSCKJVF[C>rSQ FICEpILOoDQOr]LOZ-FIr�JVQUR]L&LOlsoDBDpILONiPhQ RsXSHVLOr�JEF+LvFJImFIp[XSNiPOQs��Y]LOCGFiLOrSRsQhe CGF
F[Z B\rs� QbHEZ?LONPGmF[C�B\rSBDp[B|LOB\C�lsHEQ2RSXS�IB\R]LOC>l�FIo\Q&F[CEpiLhoDQbr]LhZ?F[r{JEQ@FICKJUMhJEBDpIQ&F�FIZ�BDrs� QbHGZ�LhNHG2FIC
RsBDrRQOZ-BDpILOCxCGQbYSHEF'Q�pIQOZ?l�QbHGJVLOZ-FIr�JVQ4R]L�FJImF[pIXSNIPOQ�R]L�LOlsoDBDpILONiPhQS�

n�o��IZ�RSLOC`� XSrSpIB\Qbr]LOo\BDR]LhRSFIC`YRMhCEBDpILOC�RSF�FICEpILOoDQOr]LOZ-FIr�JVQS�{Q � ��������� �*� � ��LOC� sf9HEBDR
rsFIpIF[CECGB\JML JMLhZ>Y �[Z RSF�XSZ pIQbr'&GXSr�JVQ RSF�QbXsJVHELOC+� XSrSp[BDQbrSLOoDB\R]LORSF[CI��pIQbZ-QS�WCGFIHKtmB\NIQbCvRSF
Z-Q2RSFIoDLOabFIZ RSQ�CGBDCKJVFIZ?L�Lho\tbQs�2Z-QbrSB JVQbHELOZ-FIr�JVQ9R]L�FJImFIp[XSNiPhQ4R]L�LhlSoDB\piLONIPOQS��FIr�JEHEF"QOXsJVHELOCI�
��L�uyBDabXSHEL��m� & �OLhlSHEF[CEFIr�JVLOZ?QOCyQbC l]LhCECEQOCyRSF�pIHGB|LONIPOQ�RSF�XSZ�L�LOlsoDBDpILONiPhQ���LhC� sf'HGBDR�L�lSLOHGJEBDH
RsF-XsZ�LvLOlSo\BDpILONiPOQ�RsQUXSCGXRMOHGBDQS� � XsCEXRMOHGBDQvl�QmRSF4FOImFIpIXmJMLOH'JMLOr�JEQUlSHGQbabHELOZ�LhC=Y]LOCGFiLORSQOC
F[Z f9n=A�C�F�f9HNM �]pIQ�n pI~Dp[oDB\pIQ�A"BDHGFIpIB\Qbr]LORsQ G RsFkZ-QmRSF[oDQbCdRSF lSHEQbaOHVLOZ?LOCdl]LOHVLhoDFIo\QbC JVF[cbHEB\pIQbC
p[QbZ-QS� RSB|LOZ?LOr�JVFh� � QbH��{CI�"&GQbB\rSC FIr�JVHGF QOXsJVHGQbCI� XSCELORSQbCdl]LOHEL JEFICKJVFICdRSF�FICGpiLOo\Qbr]LOZ-FIr�JVQ �hp[QbZ?Q
JVLOZ>Y �IZ RSF�LOlSo\BDpILONHG2FIC�HEFiLhBDC'T&_*DM� l]LhHVL�LOC=z{X]LhBDC'L+HEF[lSHEF[CEF[r{JVLONiPhQ�f9n=A R]L�Z-FICGZ�L �
p[QbrSCKJVHEXs~DR]LMF l�QbH FIrsz2XSLOr�JVQ�LOBDrSRSL�Z?LOr{X]LOo\Z?F[r�JVF G �d��Q�piLOCGQ�RSF f9n=A"C#F f'HLM��]pIQOC n pI~Dp[oDB\pIQbC
A�BDHEF[pIB\Qbr]LORSQOC G�JEFIcbHGBDp[QbCI�2Q>pIQOr �]abXSHELORSQbHk��LOC� sf9HEBDR�abFIHEL�XSZ pIc2RSBDaOQ4T&_*D �'&LM�rSQ>pILOCEQ4RSF
XsZ�L@LOlsoDBDpILONiPhQ�RSQ�XSCEXZMOHEB\QS��Q^p[Qbr �]aOXSHVLORsQbH4abFIHEL@Q^f'n"A HGF[� F[HEFIr�JEF7�@Z-FICEZ?Ls��n"o��[Z
RSL HGFIlSHGFICEF[r�JMLONIPOQ@f9n=A�R]L LOlSo\BDpiLhNiPOQS� Q p[Qbr �]aOXSHVLORsQbH���LhC� sf'HGBDR�abF[HVLvXSZ Z-QmRSF[oDQ+RSL
LhHEz{XSB\JEF[JEXSHVL RSQ&CGBDCGJEFIZ?L�f9HEB\R^QOrSRSF+LULOlSo\BDpiLhNiPOQvCEF[HNM&FOImFIpIXmJMLOR]L�z{XSF �?lSLOCECELORSQ &GXSr�JEQ
p[QbZ Q9f9n=A5l]LOHEL�Q�FICGpiLOo\Qbr]LORSQOHyF[CGJUM JVBDp[QS�y��CKJVF FICEpILOoDQOr]LORSQbH abF[HVL�XSZ LOHEz{XSB tbQ���I �+l]LOHVL
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LhoDQ2piLONIPOQ>RSQbC lsHEQ2pIFICGCEQbC�R]L4LhlSoDB\piLONIPOQ4LOQbCkHEFIp[XSHEQOC RSQ?f'HGBDR+F=� QbHGrSFIp[F9BDrs� QOHEZ?LONHG2FIC l]LOHVL
XsZ lSH � e p[QbZ?lsBDo|LhRSQbH�z{XSF�HEF e F[CGJVHGXsJVXsHVL�Q'lSHGQbabHELOZ�Lm�bl QOH�FOImFIZ-lSoDQS��HGFIlSo\BDpILOrSRSQ'lSHGQmp[FICECGQbCI�
� LOZ>YSB\FIr�JVF���LOC  sf'HGBDR�l F[HEZ-B\JEF�JMLOZ�Y �[Z z{XSF�QvXSCEXRMhHEBDQ�FOImFIpIXmJVF?L LhlSoDB\piLONIPOQ�rSQUf'HGBDR
CGFIZ z{XSF&CGF &EL!HGFiLOo\BD�iLhRSQ�XsZ F[CEpILOoDQbrSLOZ?F[r�JVQS����FICGJEF�piLhCEQ L^RSBDCKJVHEB\YSXSB\NiPOQ^R]LOC�JMLOHGF[� LOC
RSL�LOlSoDB\piLONIPOQ �4HGFiLOo\BD�ILOR]L?l�FIo\Q�lSHEcOlSHEB\QvT&_*D�RsF�� QbHEZ?L�HGQbXSrSRme HEQbYsBDr�CGFIZ CGF4lSHEF[Qmp[XSl]LOH
p[QbZ L4F �]pIB��IrSp[B|L>R]L>FOIsF[pIXSNIPOQS� _ LOHEL4z2XsF�L4LhlSoDB\piLONIPOQ>CEF &EL4FJImFIp[XsJMLORSL-RSF9Z?LOrSF[BDHEL�Z�LhBDC
F �]pIB\FIr�JVFh� ��rSF[pIF[CECNMhHEBDQ z{XSF�CEF4� LONILvXsZ FICGpiLOo\Qbr]LOZ-FIr�JVQvR]L�Z-FICGZ�L � Qbl�FIHELONiPhQ z{XSF-r]POQ
l�Q2RSFxCEF[H`HEFILOoDB\�iLOR]L�RSFxZ?LOrSF[BDHVL�F �]p[BDF[r{JEF CEF[Z z{XSF CEFxJEFIrS�SL=XSZ Z-QmRsFIoDQ�RSQ9CEB\CGJEFIZ?L=LOo\tOQS�
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n XsJVB\oDB\�iLONIPOQ4RSF�LOZ>YSB\FIr�JVF[C=f9HEB\R rSPOQ ��CEB\Z?lSo\FIC[� � B\lSBDpILOZ?F[r�JVF'Q�XSCGXRMOHGBDQ-RSF[tOF
F[CEp[QboD�SF[H+QbC?HEFIp[XSHECGQbCvLOlSHGQblSHGB|LORSQOC?rSQOC�z{X]LOB\C+LWLOlsoDBDpILONiPhQ�CGFIHNMWFOImFIpIXmJMLOR]Lm��FUHEFiLhoDBD�ILOH
LWRsBDCGJEHEB\YSXSBDNIPOQWR]LhC+JMLOHGF[� LOC�rSQOC�Z?F[CEZ-QbCI� _ LOHEL BDCECGQS��FIoDF&RSF[tOF�p[QbrS�SF[pIFIHvQbC�CGFIHKtmB\NIQbC
FUQbC+p[QbZ�LhrSRSQbC-RSBDCGl QOrSBDYSB\oDB\�iLORSQOC4l F[oDQWLhZ>YSBDF[r�JVF@f9HEB\RlSLOHVLWL^HEFILOoDB\�iLONIPOQ!R]LhC�F[JVLOl]LOC
rsFIpIF[CECLMOHEBDLOC��+FJImFIp[XSNiPOQ R]LvLOlSo\BDpILONiPOQs��q�Z�L?Z�LOrsFIBDHEL�RSF4CGBDZ-lSoDB �]piLOH�l]LOHEL+QvXSCEXRMhHEBDQvL
XmJVBDo\BD�ILONiPOQ�RSF�LhZ>YSBDF[r�JVFIC�f9HEB\R}���-L p[HEB|LhNiPOQ�RSF-BDr�JEFIHG� LhpIFIC'abHLM��]pILOCI�dpM�]LOZ?LOR]LOC9l�QbHKJMLOB\CI�
L JVHVLit �ICkRSLOC z{X]LhBDC�QbC�XSCEXRMhHEBDQOC�B\r�JVFIHELOabF[Z Z�LhBDC�� LOp[BDoDZ-FIr�JEFO��q�Z l�QbHGJVLOo]RSBDCGl QOrSBDYSB\oDB\�iL=LOQ
XsCEXRMOHGBDQ�QbCkCGFIHKtmB\NIQbC RSQ�LOZ>YSB\FIr�JVF"f'HGBDR}�{l�FIHGZ?B JVBDrsRSQ9z{XSF"QbC�Z-FICEZ-QbC�CEXSYsZ?F JMLOZ JVLOHEF � LOCI�
JEHVLOrsC��]HELOZ LOHGz2XsB\tbQOC�F'QbYmJVFIrs�]LOZ B\rs� QbHEZ?LONPGmF[CxCEQbYsHEF'Q-LOZ>YSB\FIr�JVFh�

jkQbZ-Q5l]LOHKJVF�RSFICKJVF�JVHELOY]LOo\�SQS� � QbB9BDZ-lSo\FIZ-FIr�JMLORsQWXSZ p[Qbr &GXSr�JVQ RSF �'	�� ��% � � F
lsHEQbabHELOZ?LOC=l]LOHEL+� LOpIB\oDB\JVLOH�L�FICEp[QboD�SLvRsF-HGFIp[XSHECGQbC'F�LvFOImFIpIXsNiPOQURSF�LOlSo\BDpiLhNHG2FIC'T&_*D�FIZ
LhZ>YSBDF[r�JVFIC f'HGBDR}�mY]LOCEFILORSQbC rsQ-f'o\QbYSXSC �yQ2Qbo �{B Ji� � C �'	�� ��% �"� F=lSHGQbabHVLhZ�LOC RSFICGFIr�tbQOo\t2BDRSQOC
CEPOQ=XsJEBDo\BD�iLhRSQbC l F[oDQ"_yQbHKJMLOom��LOC� sf9HEBDR �bu B\abXSHVL��m� "s�bz{XSF �xXSZ?L�� FIHGHVLOZ-FIr�JVL�l]LOHEL=L�p[HEBDLONiPOQ
RsFxLOlSo\BDpILONHG2FIC � �'������� � � � ��� � �]LOYsBDoDB JMLORSLOC L"LOZ�YSBDF[r{JEFIC f'HGBDR}�d��FICGJVL"CEF[NiPOQ �kLOlsHEFICGFIr�JMLhR]L
XsZ�L>t2BDCEPOQ�abFIHELOo}RSF[CECEF[C �'	�� ��% �"� F�lsHEQbabHELOZ?LOC F9JMLOZ>Y �IZ RSQ�l QOHGJMLho ��LOC� sf9HEBDR �

D rSB\pIBDLOoDZ-FIr�JVFh� JVFIZ4e CGF p[QbZ-Q�� l Qbr�JEQ�RSF�l]LOHKJVB\R]L��`Q�XSCEQ�RSF�XSZ LOHEz{XSB tbQ�F pM�]LOZ?LORSQ
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RSL?LOlsoDBDpILONiPhQS�

����� � �%� � ! � � � 
 ����� � � ���

�`CGJEF"pILOlS~\JEXSoDQ=� F[��XsZ�L'LOY�QbHERSLOabFIZ R]LOC�lSHEB\rSpIB\l]LOBDC piLOHELOp[JEFIHE~\CGJEBDpiLhC�RsQbCkLhZ>YSBDF[rme
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System
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Static Grid
Scheduler
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Grid Access
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JEF[JEXSHVLOo}tOQbo\JVLORSQ�l]LOHEL4Q-F[CEpILOoDQbrSLOZ?F[r�JVQ�RSF�LOlSo\BDpiLhNHG2FICxl]LhHVLOo\FIo|LhCxFIZ LhZ>YSBDF[r�JVFIC�f9HEB\R}�

� �	� � $ �� � � � ��� �
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l�QbCGCVL�CEFIH�HEFILOoDB\�iLORSLs�sXSZ Z?Q2RSFIo\Q4R]L-LOHEz{XSB JVF[JEXSHVL4R]L�Z�MOz{XSBDr]L4Lho\tbQ�RSF tbF�CEFIH�LORsQOJMLORsQ-F
QOC�lSLOHNQOZ-F[JEHEQbC`RsQ�Z-QmRsFIoDQ9HGF[� F[HEFIr�JEFIC �9Z�MOz{XSBDrSL'p[QbrS�SF[pIB\RSQbCI�{l�FIHGZ?B JVBDrsRSQ9z{XSF�L�Z-FIo\�SQbH
RsBDCGJEHEB\YSXSBDNIPOQ4R]LOC JVLOHEF � LOC l QOCECVL�CEF[H�RSF[JEFIHEZ-BDrSLOR]L4RSF9� QbHEZ?L>Z?LOBDCxlsHEFIp[BDCEL�l�QbCGCE~\tOFIo �

q�Z Z-Q2RSFIo\Q�LOHGz{XSB\JEF[JVXsHVLOo BDRsFIr�JVB �]piL-z2XSLOBDC�piLOHELOp[JEFIHE~\CGJEBDpiLhC�RSQ �#����� � ����� �wp[QbZ?Q
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l�QbH�FJImF[Z?lSo\Q-JEFIZ-l Q�RSF�LOp[FICECGQ���Z?F[Z?cbHGB|L>R]LhC�XsrSBDR]LhRSFIC�RSF�lSHEQ2pIF[CECVLhZ?F[r{JEQ�F�o|LhJ �IrSp[B|L
rSL�HGFIRSF'RSF'B\r{JEFIHGpIQbrSFOIsPOQS�]RSF tbFIZ CGFIH�pIQOrSCEB\RSFIHELOR]LOC�rSQ�RSF[CEFIr�tOQbo\t2BDZ-FIr�JEQ?RSF'LhlSoDB\piLONPGmF[CI�
_yLOHVLvL+FOIsF[pIXSNIPOQ F �]p[BDFIr�JEF4RSF�LOlSo\BDpiLhNHG2FIC"F[Z LOZ�YSBDF[r{JEFIC9l]LhHVLOo\FIoDQOCI� ��rSFIp[FICECLMOHEB\Qvz2XsF-Q
RsFICEF[r�tbQbo tbFIRsQbH4XsJVB\oDB\�IF4XSZ Z-QmRSF[oDQ z{XSF+LOYsCGJVHELOB|LvpIQOZ�QUZ MEIsB\Z?QvRSF?lSHEF[pIB\CVPOQ�l�QbCGCE~\tOFIo
LhC�pILOHVLOp JVF[HE~DCKJVB\piLOC�R]L�LhHEz{XSB\JEF[JEXSHVL-LOo\tOQ�z{XSF�BDr � XsFIrSp[B|LOHEPOQ�L-FJImFIp[XSNiPhQ+R]L�LhlSoDB\piLONIPOQS�kn
XmJVBDo\BD�ILONiPOQ�RSF'XSZ Z-QmRSF[oDQ>B\r]LORSF[z{X]LORSQ-l QOH l]LOHGJEF9RSQ-RSFICGFIr�tbQbo tbF[RSQbH"RSL-LhlSoDB\piLONIPOQ4l Q2RSF
o\F[thLOH�L4HEF[CEXSo JMLORsQbC�BDrSRSF[CEF &LM tOFIB\C�z{X]LhrSRSQ?L?LOlsoDBDpILONiPhQ�� QbH FJImF[pIXsJVLOR]Ls�

��L YSXsCEpiLvR]L�pIQOrSCGJEHEXSNIPOQURsF-XsZ�L�Z�MOz{XSBDr]L+lSLOHVLOo\FIoDL�BDRSFILOo�� RSB\tOFIHECELOC'CEQbo\XSNHG2FIC
LhHEz{XSB\JEF[JEXSHVLOB\C�J �IZ CEBDRsQ�LORSQOJVLOR]LOC[�}RSB � FIHEB\rSRSQ?XSZ�LhC=R]LOC=QOXsJVHELOC"F[Z LOCGl F[p[JVQOC=pIQbZ-Q+Z-F e
pILOrSB\CEZ-QbC�RsF?Z-FIZ-cbHEBDL�QbX�JEBDl�QURSF?BDr�JVF[HEp[QbrSFJIsPOQ&FIr�JVHGF�QbC�lSHEQ2pIF[CECELORSQbHGFICI�&�`Z � XSrSNiPhQ
RsFICECEL�RSB tbF[HECEB\R]LORSF�RSF�LOHGz2XsB\JVF JVXSHELOC�FJImBDCKJVF[r{JEFIC[�mt MOHEB\QbC`Z-QmRSF[oDQbC`RsF�p[QbZ-lSXsJMLhNiPOQ'l]LOHELOoDF[o|L
JVLOZ>Y �IZ J �IZ CGBDRSQ lSHEQOl QbCKJVQbC[�yCGFIrSRsQ �OC'tbF[�IFIC�FICEl�FIp[~��]p[QbC�l]LOHVLvXSZ?L RsF[JVF[HEZ-BDr]LhR]LvLOHKe
z{XSB JVF JVXSHELs�}pIQOrSCEB\RSFIHELOrSRSQvl]LOHKJVB\pIXSoDLOHEB\R]LORSF[C�z{XSF>JEQbHEr]LhZ L+l�QbHGJVLOYSB\oDBDRSLORSF�RSF�LOlSo\BDpiLhNHG2FIC
RsFICEF[r�tbQbo tmB\R]LOC[�wJEFIrSRsQ?p[QbZ?Q�Y]LhCEF'Q�Z?Q2RSFIo\QS�sXsZ�L>JMLhHEF[� L4r]PhQ�JEHEB tmBDLOo��

A"F[r�JVHEF!QbCvZ?Q2RSFIo\QbCvlSHEQOl QbCKJVQbC[�=FJImB\CGJVF[Z QbCUZ?LOB\C+JVFIcOHEBDp[QbCI�"pIQbZ-QQ Z-QmRSF[oDQ
_���n9T � �O� ���]p[X &GQ�QbY &GF[JVB tbQ ��Q-FICKJVXSRsQ�R]L�l]LOHELOoDF[oDBD�ILONiPhQ4RSF'lSHEQbYsoDFIZ?LOC[�]l F[HEZ-B\JVB\rSRSQ�LOQ
lsHEQ &GF JVBDCKJML LOYSCKJVHVLhBDH'L LOHEz{XSB JVF[JEXSHVLvRSQ CEB\CGJVF[Z�Lm��A"F t2BDRSQ � CGBDZ-lSoDB\pIB\R]LORSF�RSFICGCEF�Z-Q2RSFIo\QS�
LhCEl�FIp[JEQbC�HEFIo\F[thLOr�JVF[CkR]L'Z?LOBDQbHGB|L"RsQbC CGBDCKJVFIZ?LOC�l]LOHELOoDF[oDQbC`CEPOQ�RSFICGpIQbrSCGBDRSF[HVLORsQbCI�2JVQbHGr]LOrSRSQ
B\r]LORSF[z{X]LOR]L@L�CGX]L@XsJVB\oDBD�ILONiPhQUlSHLMhJVB\piL&lSLOHVL�Q@F[CEpiLhoDQbr]LhZ?F[r{JEQ�HEFILOoxRSF+LOlSoDB\piLONPGmF[CI�^�"L
JEFIr�JML JVB\thL RSF?HGFIlSHGFICGFIr�JMLOH�Z?F[oD�SQbH�LOC�piLhHVLOp JVFIHG~DCKJVBDpILOC�R]LOC�RSB\tOFIHECELOC>Z�MOz{XSBDrSLOC'l]LOHVLhoDFIoDLOC
L JVX]LOB\CI��Z?Q2RSF[oDQbC4Z?LOBDC4HGFiLOo\~DCKJVBDp[QbCI��z{XSF pIQbrsCEBDRsFIHVLhZ7RSF�� QbHEZ?L@Z�LOB\C4RSF[JVLOoD�SLOR]L�LOC-piL e
HELOpiL JVFIHG~DCKJVBDpILOC?LOHEz{XSB JVF[JEXSHVLhBDCI� � QbHVLOZ lSHGQbl�QbCGJEQbC � � � �;n)XsJVB\oDBD�ILONiPhQ^RsFICECGFIC�Z-QmRsFIoDQOC-rsQ
RsFICEF[r�tbQbo tmB\Z?F[r�JVQ+RSF�LOlSo\BDpILONHG2FIC�oDF thLs�]r]L?Z?LOB\QbHEBDL�R]LOC�tbFI�[FIC[�}L?Z-FIo\�SQbHGFIC�HEF[CEXSo JMLORSQOC�RSF
FOImFIpIXsNiPOQ^R]LOC�LOlsoDBDpILONHG2FIC�FIZ Z MOz{XSB\r]LOC�LhJVX]LhBDCI�^�`Z>Y�QbHVL�CGF�QbYsJEFIrS�]L@HGFICEXso\JMLhRSQbC>Z-F e
o\�SQbHGFIC�LORsQOJMLOrsRSQWFICGCEF[C�Z?Q2RSFIo\QbCI� CGX]LWZ?LOBDQbH-pIQOZ?lSo\FJImBDRSLORSF oDF[thLWLWXsZ LOXsZ?F[r{JEQWR]LOC
RsB��]p[XSoDR]LhRSFIC rSQ4RsFICEF[r�tbQbo tmB\Z?F[r�JVQ-RSF'LOlSo\BDpiLhNHG2FIC JVLOr�JVQ�rSQ4z{XSF'CEF9HGF[� F[HEF@�4FICGpIHEB JML>p[QbZ?Q
rsQ&FICGpiLOo\Qbr]LOZ-FIr�JEQ&r]L Z MOz{XSB\r]L LOo\tOQS�+n CEFIaOXSBDH[� QbC�lSHEB\rSpIB\l]LOB\C�Z-Q2RSFIo\QbC'LOHEz{XSB JVF JVXSHELOBDC
FOImBDCGJEFIr�JVF[C CVPOQ>LOlSHEF[CEF[r{JVLORSQbC RsF�� QbHGZ�L�HEFICGXSZ-BDR]Ls�2RSF[CGJMLhpiLOrSRsQhe CGF9LOCklsHEBDrspIBDlSLOBDC�piLhHVLOp JVF e
HG~DCKJVBDpILOC RSF'piLhR]L4XSZ F9JMLOZ�Y �[Z LOC�RSB � FIHEF[rSNiLhC�FOImBDCGJEFIr�JVF[C�RsF�XsZ l]LOHEL-Q�QbXsJEHEQS�
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� Z?Q2RSFIo\Q@_���n=T � �O� �x� QbBklsHEQbl�QbCGJEQ�l QbHLI �`u]QbHGJEXSrSF�F�#s�   2oDo\BDFO� F+JVQbHGrSQbXme
CGFUFOI2JVHEF[Z�LhZ?F[r{JEFUp[QbrS�SF[pIB\RSQ�l�FIoDL@CEX]L^CEBDZ-lSo\BDpIB\R]LORSF?RSF XSCEQS�=ImFIX lSHGBDrSp[BDl]LOokQbY &GF[JEB\tOQ
��CGFIH4XSZ Z?Q2RSF[oDQ&CGBDZ-lSoDF[CI� � LhpIBDo\B\JVLOrSRSQUQ@FICGJEXSRSQ�F�Q@RSF[CEFIr�tOQbo\t2BDZ-FIr�JEQ^RsFvLOoDabQOHEB\JEZ?QOC
lSLOHVLOo\FIo\QbCxl�FIHEZ-B\JEBDrSRsQ4z2XsF�Q�lSHGQ &GF[JEBDCGJVL-RSL?LOlsoDBDpILONiPhQ>CEF�pIQbrspIFIr�JEHEF�rSL�lSLOHVLOo\FIo\BD�iLhNiPOQ>RsQ
lsHEQbYSo\FIZ?Ls� �`CECGF>Z-QmRSF[oDQ-pIQbrsCEBDRsFIHVL-z{XSF�Q+r �SZ-FIHGQ�RSF�lSHEQ2pIF[CECELORSQbHGFIC ��BDo\BDZ-B\JMLhRSQ>F�z2XsF
QOC�Z-FICGZ?QbC�Qbl�FIHELOZ RSF�� QbHEZ?L CGBDrSp[HEQbrsBD�iLhR]Ls� � Z-Q2RSFIo\QUp[QbrSCEB\RSFIHELUz{XSF-piLORSLUXSrSB\R]LORSF
RsF�lSHEQ2pIF[CECELOZ?F[r�JVQ �UBDabX]Lho�FUl QOCECEXsB"XSZ?L�Z-FIZ-cbHEBDL^o\QmpILOo���QbrSRsF�HEF[CEBDRsFIZ QbC�RSLORSQbC�L
CGFIHGFIZ lsHEQ2pIFICGCVLORsQbC9F>Q+p[cmRSB\abQ�RsQ�lSHEQbaOHVLOZ?Ls��n pIQbZ�XSrSBDpILONiPhQ+FIr�JVHGF>QbC=lsHEQ2pIFICGCVLORsQbHEF[C
�=� F[B\JVL4LhJVHEL t �IC�RSF'XSZ?L>Z?F[Z?cOHEB|L�aboDQOY]LOo p[QbZ-l]LOHGJEBDo\�]LOR]Ls�{Q�z{XSF'oDF tOL4L>RsFICEp[QbrSCGBDRSF[HVLONIPOQ
RsQ?p[XSCGJEQ?RSF'p[QbZ>XSrSB\piLONIPOQ4FIr�JEHEF�QbC�lSHEQ2pIF[CECVLhRSQbHEF[CI�
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jkQbZ L'p[HEF[CEpIF[r�JVF�XsJVB\oDBD�ILONiPhQ"RSF�Z�MOz{XSBDr]LhC�l]LOHELOoDF[o|LOCypIQbZ Z-FIZ-cbHGB|L�RsBDCGJEHEB\YSXS~DRSLs�
CGXSHEaOBDX�L=rSF[pIFICGCEB\R]LORSF�RSF pIHGB|LONIPOQ=RSF Z-Q2RSFIo\QbC z{XSF�HEF[lSHEF[CEF[r{JVLOCECGFIZ RSF Z?LOrSF[BDHVL�Z�LhBDC lsHEF e
p[BDCEL>L�pIQOZ>XSrSB\piLONIPOQS�`q�Z RSQOCkZ-QmRSF[oDQbC�lSHGQbl QOCGJVQOC � QbB�Q>RSF=oDLhJ"�[rSpIBDL � ( � � z{XSF=XsJEBDoDB\�iL'XSZ
�srSBDp[Q"l]LOHLQOZ-F[JVHGQS� RSFIrsQbZ?B\r]LORSQ�o|L J"�IrspIB|Lm�hl]LhHVL�HEFIlsHEFICGFIr�JMLhH�Q"p[XSCGJEQS�OQbX�LhJVHELOCEQs�OR]L�JVHVLhrSCKe
� F[H �[rSpIBDL+RSF4R]LORSQOCI����FICKJVF�Z-QmRSF[oDQS��Qvl]LOHLQOZ?F JVHGQ �>pIQOrSCEB\RSFIHELORSQ � ImQvF>pIQbrsCGJMLhr{JEF�l]LOHVL
Z-FIrsCVLOabF[rSC�FIr�t2B|LORSLOC4FIr�JVHGF�z{X]LOBDCGz{XSFIH�l]LOHGFIC4RSFvlSHGQmp[FICGCVLORSQOHEFIC[� � Z-Q2RSFIo\Q&pIQOrSCEB\RSFIHEL
JVLOZ>Y �IZ z{XSF>XSZ)lSHEQ2pIF[CECVLhRSQbH=l�QmRsF>FIr�t2B|LOH�t MhHEB|LhC"Z-FIrSCELOabFIrsC=RSBDCKJVB\r{JVLOC=l]LhHVL�RSF[CGJEBDrSQbC
RsB\� FIHGFIr�JVF[C�CGBDZ>Xso\JMLhrSFiLOZ-FIr�JEFO�sp[QbrSp[FIB\JEQ�pM�]LOZ?LORSQ � , � � �
	��*��� �

� ��� � � � � ��� �	�
�

� Z?Q2RSF[oDQ KkXSo �be�I  2rSpM�SHEQOrSQbXSC9_yLOHVLhoDoDF[o#F K�Is_%G � ���s���{� ��RSF���LOoDBDLOr�Ji�wJVFIZ p[QbZ?Q
lsHEQbl�QbCGJVLWCEF[H XsZ Z-QmRSF[oDQWz{XSF�L JVFIrsR]LWJMLOr�JVQ �OC�z2XsFICGJLGmF[C JEFIcbHGBDpILOC+z{X]LOr�JVQ LOC�lsHNMhJEB e
pILOCI� �`CECGFUZ-Q2RSFIo\Q@pIQbrSCGBDRSF[HVL@z{XSFvQbC-LOoDaOQbHEB JVZ-QbC�lSLOHVLOo\FIo\QbC>CVPhQ�QbHGa�LOrSB\�iLORsQbC>FIZ XSZ�L
CGFIz�� �[rSpIBDL+RSF�CGXSl F[HEl]LhCECEQOC=l]LOHELOoDF[oDQbC[��jxLOR]L�CGXSl F[HEl]LhCECEQ ��pIQbZ-l�QbCGJEQ�RSF�JVH �[C�� LOCGFIC[�=�"L
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lsHEBDZ-FIB\HVLs�dXSZ�pIQbr'&GXSr�JVQ@RSF+p[QbZ-lSXsJMLhNHG2FIC�o\QmpILOBDC�F+B\rSRSFIl�FIrsRSFIr�JVF[C4CVPOQ@FOImFIpIXmJMLOR]LhC4FIZ
pILOR]L9lSHGQmp[FICECELORSQbH[���"L=CGFIabXSrsR]L'� LhCEFO��JEQmRSQOC`QbC`lSHEQ2pIF[CECELORSQbHGFIC�z{XSF�rSFIp[FICECGB\JVLOZU�{HGFiLOo\BD�iLhZ
p[QbZ>XSrsBDpiLhNiPOQ�F[r{t2BDLOrSRSQvQbX@HGFIpIF[Y F[rSRSQ BDrs� QOHEZ?LONHG2FIC�l]LOHVL EhRSF>QbXmJVHEQOC9lSHEQ2pIF[CECVLhRSQbHEF[CI�>n
JEFIHGpIFIB\HVL>F �so\JVB\Z�L9� LOCGF �=XSZ?L�CEB\rSpIHGQbrSB\�iLONIPOQ>FIr�JEHEF9QbCxlsHEQ2pIFICGCVLORsQbHEF[C l]LOHVL>z{XSF"XSZ rSQ tOQ
CGXSl�FIHElSLOCECGQ�CEF &EL-FOImFIpIXmJMLORSQs�
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� Z?Q2RSFIo\Q�K�Im_y�SRSF[CEp[HEB\JEQ�LOr�JVF[HEBDQOHEZ-FIr�JVFh�spIQOrSCEB\RSFIHEL>z2XsF'JEQmRSLOC LOCxXsrSBDR]LhRSFIC RSF
lsHEQ2pIFICGCVLOZ-FIr�JEQ-CEPOQ�BDabXSLOBDC[�mQbX�CGF &ELs�sl QbCGCEXSF[Z L>Z-FICEZ?L�pILOl]LOp[BDR]LORsF9RSF9lSHEQ2pIF[CECELOZ?F[r�JVQS�
� Z?Q2RSF[oDQ F�K�Is_ �vXSZ?L�abF[rSFIHELOoDB\�iLONIPOQ�RSQ�Z-QmRSF[oDQ K Is_ lSHGQbl�QbCGJVL�l�QbH��`� � B��}LhrSB ���
���	� � ( � z{XSFvBDrspIQbHGl QbHEL�l]LOHLQOZ?F JVHGQbC4z{XSFvHEF � F[JVF[ZU��RSF�Z?LOrSF[BDHVL�HGFIoDLhJVB tOLm��LOC4RSB\� F[HEF[rSNiLOC
F[r�JVHEF�LOC XSrsBDR]LORsFIC�RSF'lSHEQ2pIF[CECELOZ?F[r�JVQS�
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� Z-QmRsFIoDQ� Qba�_ � �i� ����� QbB]lSHGQbl�QbCGJEQ�JEFIrSRSQ�pIQbZ-Q�lSHEB\rSpIB\l]LOo]Z-QOJVB tOLhNiPOQ'L�LORSQ2NiPOQ
p[HEF[CEpIF[r�JVF=RSF�CGBDCGJEFIZ?LOC�RSF�pIQbZ-lSXsJVLONiPOQ'l]LhHVLOo\FIo|L=YSLOCEFILORSQbC�FIZ�p[QbZ?lsXsJMLORsQbHEF[C�p[QbZ-lSoDF JVQbC
F lSHEQ2pIF[CECELORSQbH[�sZ-FIZ-cbHEBDL�F�l F[HEB\� �[HEB\pIQbC G`B\r�JVFIHGpIQbrsFIp[JVLORSQbCkl QbH�XSZ?L�HGFIRSF=RsF"pIQOZ>XSrSB\piLONIPOQS�
�`CGCEF Z?Q2RSFIo\Q�pIQOrSCEB\RSFIHEL^z{XSF LOC4XSrsBDR]LORsFIC�RSFvlSHEQ2pIF[CECELOZ?F[r�JVQ^CVPOQ�BDrsRSFIl�FIrSRsFIr�JVF[C?FvCEF
p[QbZ>XSrsBDpiLhZ)L JVHVLit �IC=RSF�JVHEQ2piL?RSF�Z-FIrSCELOabF[rSCI�9n pIQbZ>XsrSBDpILONiPOQ?rSFICKJVF4pILOCEQ�LhpIQbr�JVF[pIF4RSF
� QOHEZ?L�rSPOQ"p[QmQbHGRSFIrSLOR]Ls�hRSB\� F[HEFIr�JEFIZ-FIr�JVF�RSQ"Z-Q2RSFIo\Q�K Is_�� QOX�CEF &ELs�OpILOR]L�XSrSBDRSLORSF�RSF lsHEQhe
p[FICGCVLOZ-FIr�JVQ-HEFILOoDB\�iL�CGX]L4pIQbZ�XSrSBDpILONiPhQ4BDrSRSF[l F[rSRSF[r{JEFIZ-FIr�JVF'R]LhC QbXsJVHELOCI� � C l]LhHNQOZ-F[JEHEQbC
RsQ?Z-QmRsFIoDQ�CVPOQ-QbC CEF[abXSB\r{JEFIC[�

��LhJVF[rSp  ��"q�Z oDBDZ-B\JEF9CEXSl�FIHGBDQbH�R]L�oDLhJ"�[rSpIBDL?QbX@L JVHVLhCEQ+rSQ�FIr�t2BDQ�RSF�XSZ�L?Z?F[rSCVLOaOFIZ
p[Qbr�JVF[rSRSQ�XsZ r �SZ?F[HEQ�l�FIz{XSFIrsQ�RSF'Y  {JVFIC[�

"]tbF[HE�SFILOR}����FIlSHGFICGFIr�JML�Q'JVF[Z?l�Q�z2XsF�Q�lSHEQ2pIF[CECELORSQbH�oDF tOL'l]LOHEL�F[r�tmBDLOH�F�HGFIp[FIY�FIH�XSZ�L
Z-FIrsCVLOabF[ZU�sCEFIrsRSQ�z{XSF'RSXSHELOr�JVF'FICKJVF'JVF[Z?l�Q�Q-Z-FICGZ?Q�r]PhQ-l�Q2RSF9HEFILOoDB\�iLOHxQOXsJVHEL4JVLOHEF � Ls�

� LOl}� SQ4B\r�JVFIHKthLOoDQ>RsF=JVFIZ-l�Q4Z?~\rSBDZ-Q�F[r�JVHEF'F[r{t2B\QbC QbXvHEF[pIFIYsBDZ-FIr�JVQbC p[QbrSCGFIpIXmJVB\tOQbCI�
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uyBDabXSHEL ( � �b��jkQbZ>XSrsBDpiLhNiPOQ�CEF[abXSrSRsQ?Z-QmRsFIoDQ�� Qbab_y�

V�HEQ2pIF[CECEQOHECI� � r �SZ-FIHGQ�RSF'lSHEQ2pIF[CECVLhRSQbHEF[C"RSB\CEl�QbrS~ tbFIB\CI�
� C>l]LhHNQOZ-F[JEHEQbC ����"F �RSQ�Z-QmRsFIoDQUFICGl F[pIB��SpiLOZ LOC>piLhHVLOp JVFIHG~DCKJVBDpILOC�RsF+l F[HKe

� QOHEZ?LOrSpIF'R]L�HEF[RSF�RSF�B\r�JVFIHGpIQbrsFJIsPOQ�CGFIZ CGF�LhJEFIH �OC�piLOHELOp[JEFIHG~DCGJEBDpILOC�FICGJEHEXsJEXSHVLhBDC�R]L?HGFIRSF
p[QbZ-Q�l QbH9FOImFIZ-lSoDQS�=L�JEQbl�QboDQbaOB|Ls��QvZ?F[BDQ�RSF4lSHGQbl]LOabLONiPOQ�QOX^QOC�lsHEQOJEQmp[QboDQbC[�}FIr�JEHEF�QbXme
JEHEQbC[��n uyBDabXSHEL ( � �4Z-QbCGJEHVL+QbC=lSLOHNQOZ-F[JEHEQbC"RSF4pIQbZ�XSrSBDpILONiPhQ+RSQvZ?Q2RSF[oDQ�p[QbrSCGBDRSF[HVLOrSRsQ
L pIQbZ�XSrSBDpILONiPhQ&RSQ�lsHEQ2pIFICGCEQ � � l]LOHVL Q ��� � � lsHEQ2pIFICGCEQ � � BDrSB\pIB|L LUlsHEFIlSLOHVLONIPOQ&RSL
Z-FIrsCVLOabF[Z L�CGFIH�FIr�t2B|LORSL�rSQ'JVF[Z?l�Q��m��n"l�cbC�XSZ JVF[Z?l�Q "�L�Z-FIrSCELOabF[Z���F[r�tmBDLOR]L�l]LOHVL

��� ��CEF[rSRSQ+z{XSF�Q�lSHGBDZ-FIBDHGQ4Y  2JEF>R]L-Z?F[rSCVLOaOFIZ pM�SF[a�L�rSQ-JVFIZ-l�Q
o + L

��F�L-Z?F[rSCVLhabFIZ
�SpiL9RSBDCGl QOrS~\tOFIoSl]LhHVL=Q'lSHEQ2pIF[CECGQ ��� rSQ=JEFIZ-l Q o+L+o

� � lSHEQ2pIF[CECEQ � � �]piL9RSB\CEl�QbrS~ tbFIo
lSLOHVL4Q-FIr�t2BDQ�RSF'XSZ?L�lsHEc+ImBDZ?L>Z?F[rSCVLOaOFIZ CGQbZ?F[r�JVF�LOl�cbC�Q�JEFIZ-l Q�� �

� Z-Q2RSFIo\Q�� Qba�_HGFIlSHGFICGFIr�JML-Y F[Z CEB\CGJVF[Z�LhC l]LOHVLhoDFIo\QbCk� QbHGZ�LhRSQbCxl�QbH XSZ?L>pIQbo\F e
NIPOQ�RSF4p[QbZ?lsXsJMLORsQbHEF[C=pIQbrsFIp[JVLORSQbC9l�QbH=HGFIRSF[C9RSF4pIQOZ>XSrSB\piLONIPOQS� p[QbZ-Q+tmB\CGJEQ�l QbH=jkXSoDo\FIH
��� ��� � �i� ���]z{XSF�CVPOQ�Y]LhCGJMLhr{JEF'XsJVB\oDBD�ILORSQbCk�SQ &GF'FIZ RsB|Ls�

� ��� � � � � ��� � ��� & �

� Z?Q2RSFIo\Q � Qba�_�Z?Q2RSF[o|Ls�hpIQbZ Y Q�L9lSHGFIp[BDCVPhQS�bCEQOZ?F[r{JEF�pIQbZ>XsrSBDpILONHG2FIC�rSLOC`z{X]LOBDC
QvJMLhZ�LOrs�SQvRSF�Z?F[rSCVLOaOFIrSC�CEF &EL l�FIz{XSF[rSQS�dBDrs� F[HEBDQOHEFIC'LvXSZ thLOo\QbH9lSHGFIRSF JVFIHGZ?B\r]LORSQ:F

ω
G �

��FICKJVF�pILOCEQS� lSLOHVL^Z?F[rSCVLOaOFIrSC?RSFUJVLOZ�LhrS�SQ^Z�LOB\QbH�RSQ!z{XSF
ω
�xL!Z-FICGZ�L@JVF[Z z{XSF&CEFIH
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t

u B\abXSHVL ( � �m��jkQOZ>XSrSB\piLONIPOQ4CEF[abXSrSRSQ?Z?Q2RSF[oDQ�� Qba{f'_y�

CGXSY�RSB\t2BDRSL�F[Z Z-FIrSCELOabFIrsC�RSF9JVLOZ�LhrS�SQ4rSQ-Z MEIsB\Z?Q�BDabX]Lho}L
ω
� � Z-QmRSF[oDQ�� Qba{f'_ � ��� �

XsZ�L+FOImJEFIrSCEPOQ CEBDZ-lSo\FIC"RsQ Z-Q2RSFIo\Q � Qba�_	QbrSRSF4Q+JVLOZ�LhrS�SQ�R]L+Z-FIrSCELOabF[Z r]POQ�lsHEFIp[BDCEL
CGFIH l F[z2XsFIrSQS�2JMLOr�JEQ�Z-FIrSCELOabFIrsCkRSF�JMLOZ?LOrS�SQOC�Z-FIrsQbHEF[CkQbX?BDabX]LhBDC�L

ω
�{p[QbZ?Q�Z?F[rSCVLhabFIrSC

Z?LOB\QbHEF[C CVPOQ�JVHELhJMLORSLOC l F[oDQ-Z?Q2RSF[oDQS��_yLOHVL�Z?F[rSCVLhabFIrSC�RSF'JMLhZ�LOrs�SQ�Z?F[rSQbH RSQ-z{XSF
ω
�]Q

Z-Q2RSFIo\Q � Qba{f'_!� LO�=Q>Z-FICGZ?Q�JVHELhJMLOZ-FIr�JEQ�� FIB JVQ�l�FIo\Q>Z-QmRSF[oDQ	� Qba�_y�mQbX+CGF &ELs�mQ>FIr�t2BDQ4RSF
XsZ�L�Z?F[rSCVLOaOFIZ FIr�JVHGF=RSQbB\C lSHGQmp[FICGCEQbC o\F[thL

o + L + o
��_ LOHEL�Z?F[rSCVLhabFIrSCkZ�LOB\QbHEF[C�RSQ>z{XSF

ω
�sQ?Z-QmRsFIoDQ4p[QbrSCGBDRSF[HVL�XSZ QbXsJEHEQ�l]LOHLQOZ-F[JVHGQ�RSFIrSQOZ?B\r]LORSQ � z{XSF�HEFIlsHEFICGFIr�JML?Q�JEFIZ-l Q
rsFIpIF[CECLMOHEB\Q�l]LOHELUQ&F[r�tmB\Q&RSF?piLORSL&Y  2JEF�R]L Z?F[rSCVLhabFIZ �UjkQbZ?Qvt2BDCKJVQ&rSL&u B\abXSHVL ( � �m� Q
JEFIZ-l Q-rSF[pIFICGCNMOHGBDQ-l]LOHEL-Q-FIr�t2BDQ?RSF'XSZ�L�Z-FIrSCELOabFIZ abHVLOrsRSF.F Z�LhBDQbHxz{XSF

ω
G �]CGFIabXsrSRSQ�Q

Z-Q2RSFIo\Q � Qba{f'_ �
o + (k − 1) ∗G + L + o

�mQbrsRSF
k
�"Q�r �sZ?F[HEQ4RSF=Y  {JVF[C R]L�Z-FIrSCELOabF[ZU�

� ��� � � � � ��� � ��� & � �

�`Z>Y�QbHVL^Q!Z-QmRsFIoDQ � Qba{f'_ JVHELhJVF Z-FIrSCELOabFIrsC�RSFvJMLOZ?LOrS�sQbC?o\QbrSabQOC F Z�LhBDQbHGFIC
z{XSF

ω
G �On�o e � L ��BDo2LOrsR-TUQbHEB JV� � � �SQbYSCGFIHKtOLhHVLOZ z{XSF XSZ lSHGQmp[FICECGQ'RSFkCGBDrSp[HEQbrSB\�iLONIPOQ=Q2pIQbHGHEF

Lhr{JEFIC`RSQ9F[r�tmB\Q9RSF Z-FIrSCELOabFIrsC`oDQbrSabLOCI�hz2XSLOrSRSQ'CEFkXsJVB\oDBD�IL�YSB\YSoDB\QOJVF[piLOCdRSF p[QbZ>XSrSB\piLONIPOQ=RSF
Lho\JVQ�rS~ tbF[o�� � Z?Q2RSFIo\Q lSHEQOl QbCKJVQ�l QbHdu]XSZ-BD�SB��OQ�D rSQ ��� ��� � RSFIrSQOZ?B\r]LORSQ�� Qba{f'_#I � ����� �hJEFIZ
p[QbZ-Q QOY &GF[JEB\tbQvJVHELhJMLhH'LvCGBDrSp[HEQbrsBD�iLhNiPOQvFIr�JEHEF-QbC9lSHEQ2pIF[CECGQbC�F[r{tOQbo\t2B\RSQbC'r]L+JVHELOrSCEZ-BDCGCVPOQ
RsF�Z-FIrSCELOabFIrsC>abHVLhrSRSFIC[� � Z-QmRsFIoDQ pIQOrSCEB\RSFIHEL&RSQbB\C�l]LOHLQOZ-F[JVHGQbC�FJI2JVHEL F:]�F �;G'z{XSF+CEF
HGF[� F[HEFIZ)HEF[CEl�FIp[JEB\thLOZ-FIr�JVF>LOQ+pIQOZ?lSHGBDZ-FIr�JVQ�L�l]LOHKJVB\H"RSQ+z{X]Lho�L+Z-FIrSCELOabFIZ �>z{XSF[YSHVLORSL
F[Z l]LOpIQhJVFIC?F&LhQ�JMLhZ�LOrs�SQ�RSF&Z-FIrSCELOabF[Z L�l]LOHKJVB\H-RsQ!z{X]LOo�L^CGBDrSp[HEQbrsBD�iLhNiPOQ�Qmp[QbHEHGFO�
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k <= s s < k <= S k > S
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Pr
L

u B\abXSHEL ( � ( ��jkQbZ>XSrSB\piLONIPOQ4CEF[abXSrSRsQ�Z-QmRSF[oDQ�� Qba�f�_%I �

��L+u B\abXSHVL ( � ( � l�QmRsFIZ-QbC�tOFIHEB �]piLhH"z{XSF4Q+Z-QmRsFIoDQ � Qba{f'_#I�JVHELhJML+L?pIQbZ>XsrSBDpILONiPOQ�l]LOHVL
Z-FIrsCVLOabF[rSC=RSF�JMLOZ?LOrS�sQ

k ≤ s
p[QbZ?Q?rSQ+Z-QmRsFIoDQ � Qba�_d� _yLOHVL?Z?F[rSCVLOaOFIrSC=RsF�JMLOZ?LOrS�sQ

s < k ≤ S
L4p[QbZ>XSrSB\piLONIPOQ �9JVHELhJMLORSL>pIQbZ-Q4rSQ�Z?Q2RSF[oDQ�� Qba{f'_y�S���sl]LOHVL4Z-FIrSCELOabF[rSC�RSF

JVLOZ?LOrS�SQ
k > S

�]Q�Z?Q2RSFIo\Q4pIQbrsCEBDRsFIHVL�z{XSF�Qmp[QbHEHGF9XSZ�L4CGBDrSp[HEQbrSB\�iLONIPOQ�FIr�JVHGF�Q�lSHGQmp[FICGCEQ
z{XSFvF[r{t2BDL�F�Q@lsHEQ2pIFICGCEQ^z{XSF�HEF[pIFIY�F L@Z?F[rSCVLOaOFIZ ��LOr�JVFIC�RSQ@F[r�tmB\QS�!n�CECGBDZ ��Q�JEFIZ-l Q
RsF�pIQOZ>XSrSB\piLONIPOQ&rSF[CGJEF+piLOCGQ ��RSLORSQ�l�QbHI�

T1 + T2 + T3 + T4 + T5
�yQbrSRSF

T4 + T5
HGFIlSHGFICGFIr�JMLOZ Q4JVF[Z?l�Q�a�LOCKJVQ�l F[o|L>CGBDrSp[HEQbrSB\�iLONIPOQS�

� ��� � � � � ��� ��%� �#��������� � � � � � ! ��$ �	������� � � � �� � � ! � � �

� � � � � �%! � � ��� ����

�`CGJEF�Z-QmRsFIoDQs�]lSHEQbl�QbCKJVQ-l QbH�n�� �yLOZ LOrSR�j"�  WLOrsa � �S� � �wJEHVLhJVL-QOC�l]LhHNQOZ-F[JEHEQbC
RsF�p[QbZ>XSrSB\piLONIPOQ'pIQbZ-Q9� XSrSNPGmF[C RSQ�JMLOZ?LOrS�sQ�RSL�Z-FIrSCELOabF[ZU��p[QbrSCEB\RSFIHELOrSRSQ�JVH��IC`� LOCEF[C rsQ
lsHEQ2pIFICGCEQ4RSF"pIQbZ>XsrSBDpILONiPOQs�y� LOCGF"RSF=F[r�tmB\QS�m� LhCEF"RsF"JVHELOrSCG� F[H �[rSpIBDL�F�� LOCGF=RSF�HEFIp[FIYSB\Z?F[r�JVQS�
� C�l]LOHLQOZ-F[JVHGQbC pIQOrSCEB\RSFIHELORSQbC�l�FIoDQ4Z-Q2RSFIo\Q4CVPOQ-QbC CEF[abXSB\r{JEFIC[�

��cAImF'HEF � FIHEF�LOQ�r �SZ-FIHGQ?RSF'lSHGQmp[FICGCVLORSQOHEFIC�RSB\CEl�QbrS~\tOFIB\C �

Os

F u�LhCEF>RSF�FIr�t2BDQ G ���`CKJVF��>XsZ)F tbFIr�JEQ CG~DrSp[HEQbrsQ+BDrSB\pIBDLORSQ-l F[oDQ+lSHGQmp[FICGCEQ�z{XSF>F[r{t2BDL
L�Z-FIrsCVLOabF[ZU� QbrSRSF �+p[QbrSCGBDRSF[HVLORSQ@p[QbZ-Q�Q�JVF[Z?l�Q�l]LOHEL�lSHEF[l]LOHGQ@R]L&Z-FIrSCELOabFIZ Z�LhBDC
QUJVFIZ-l�Q�RSF+B\r{JEFIHELONiPOQ&pIQbZ L&BDr�JEFIHG� LhpIF�RsF+HEF[RSFO�^�`CGJVL&� LOCEF �+Z?Q2RSF[o|LOR]L l F[o|Lv� XSrSNiPhQ
o\BDrSFILOH

Os(m) = ks + τsm
�wQbrSRsF

ks

��Q-pIXsCGJVQ�RSF�B\rSBDp[B|LOo\BD�ILONiPOQs�
m
��Q?JMLhZ�LOrs�SQ�R]L

Z-FIrsCVLOabF[Z F
τs

��L>JVLaIsL�RsF'JEHVLOrsCG� FIH��IrSp[B|L�RSF'R]LORSQOC�RSL�Z-FIZ-cbHGB|Ls�

gs

F�f'LOl^RSF�F[r�tmB\Q G ����F[lSHEF[CEF[r{JVL&Q&B\r�JVFIHKthLOoDQvRSF�JVF[Z?l�QUrsFIpIF[CECLMOHEB\Q&l]LOHELUz{XSF?QURSB\CKe



%�� �
	 & " $�b�Y " ��� "��$V ��WZ\EW b#]+_ WZY " � W � b � � " b � � \(� $�] % �

l�QbCGB\JVB tbQ+RsF-HGFIRSF4l�QbCGCVL�FIr�t2B|LOH9QOXsJVHEL+Z?F[rSCVLOaOFIZ Lhl cbC�JVFIH=JEFIHGZ?B\r]LORSQ+XsZ FIr�t2BDQs�>�`CGJEF
lSLOHNQOZ-F[JEHEQ��9RsF �]rSB\RSQ4pIQOZ?QS�

gs(m) = g1 + τ1m
�sQbrSRSF

g1

�=Q4p[XSCGJEQ-RsF9BDrSB\pIB|LhoDBD�ILONiPhQ
RSL�JEHVLOrSCK� FIH��IrSp[B|L4RSQbC�R]LORsQbC�F

τ1

��L4oDLOHEabXsHVL>RSF'Y]LOrsR]L-RsBDCEl�QbrS~ tbF[o��

��F uwLOCGF RsFvJEHVLOrsCG� FIH��IrSp[B|L G ���`CGJEF lSLOHNQOZ-F[JEHEQ@HGFIlSHGFICEF[r�JML�Q@JEFIZ-l Q�a�LOCKJVQ@l�FIoDL�HGFIRSF
lSLOHVL�JEHVLOrsCEl�QbHGJVLOH QbCyR]LORSQOC�R]L"Z-FIZ-cbHEBDL�RsQ=lSHEQ2pIF[CECGQ'� QOr{JEFkl]LhHVL=L"Z-FIZ-cbHGB|L�RSQ=lSHGQmp[FICECGQ
RsFICGJEBDrSQs�"�`oDF�FIrSpILOlSCGXSo|L�RsB\� FIHGFIr�JVF[C9LOCGl F[p[JVQOC=RSQbC�pIQbZ-l QOrSFIr�JVF[C"R]L?HEFIRsF>pIQbZ-QS�xoDLOHEaOXSHVL
RsF�Y]LhrSR]Ls�wJVQbl�Qbo\QbabB|L>RSL-HGFIRSF�F�Q?lSHEQOJEQmp[QboDQ�RSF�pIQOZ>XSrSB\piLONIPOQS�xn � LOCEF�RSF'JVHELOrSCG� F[H �[rSpIBDL
��Z-QmRSF[o|LORSL�l�FIoDL�� XsrSNiPOQ

L(m, p) = l(p) + τ1(m, p)m
�]CEQbY&pIQbrSRsBDNiPhQ?RSF�Q�o\BDr ��RSF

p[QbZ>XSrsBDpiLhNiPOQ�FICKJMLOH�o\B\t2HEF=RsF�p[QbrSabF[CGJEBDQbr]LhZ?F[r{JEQS�

gr

F f�Lhl�RSF�HEFIp[FIYSB\Z?F[r�JVQ G �`��F[lSHEF[CEF[r{JVL>Q�B\r{JEFIHKtOLhoDQ�RSF�JEFIZ-l Q�Z?~\rSBDZ-Q9FIr�JVHGF=RSQbB\C HGF e
p[FIYSB\Z?F[r�JVQbC p[QbrSCEF[pIXsJEB\tOQbCI�yn Z?Q2RSFIoDLOabF[Z	RsFICGJEF�l]LOHNQhZ?F JVHEQ ��� F[B\JVLxl F[o|L � XSrsNiPOQ

gr(m) =

g2 + τ2m
�}QOrSRSF

g2

�>Q+p[XSCGJEQvRSF>BDrsBDpIBDLOoDB\�iLONIPOQ4RSQ�HGFIpIF[YSBDZ-FIr�JEQ�RSQbC=R]LhRSQbC=F
τ2

l Q2RSF
CGFIH�pIQOrSCEB\RSFIHELORSQ-Q-Z-FICGZ?Q�z{XSF

τ1

�

Or

F uwLOCEF?RSF+HGFIpIF[YSBDZ-FIr�JEQ G �-�`CGJEF+l]LOHLQOZ?F JVHGQUJVHELhJMLUR]L&CEQOYSHEF[piLOHGa�L&RSQ �'� � � � ��� � rsQ
JEHVLhJVLOZ-FIr�JVQ9RSFkZ?F[rSCVLOaOFIrSC�HEF[pIF[YSBDR]LhCI� � Z?Q2RSF[oDQ"p[QbrSCGBDRSF[HVL9z{XSF FICGCVL9� LOCEF � Z?LOrSB\lSXSoDLOR]L
l�QbH�XSZ lSHEQ2pIF[CECEQ�RsQ ����� ! ��� RSQ+CGBDCGJEFIZ?L�r]POQ?FIr�tbQOo\tbF[rSRSQvQ+lSHGQmp[FICGCEQ+R]L�LOlSoDB\piLONIPOQ-z2XsF
HGFIp[FIY�F�L+Z?F[rSCVLOaOFIZ � � Z-QmRsFIoDQ?FJImlSHGFICECEL Q�lSLOHNQOZ-F[JEHEQ+l�FIoDL?� XSrSNIPOQ

Or(m) = kr +

τrm
��QbrSRsF

kr

HEF[lSHEF[CEF[r{JVL@Q�pIXSCKJVQ�Z-~DrsBDZ-Q RSL&Qbl�FIHVLhNiPOQUF
τr

HEF[lSHEF[CEFIr�JVL�QUpIXSCKJVQ@RSF
Z-Q t2BDZ-FIr�JMLONIPOQ4RSF'R]LORsQbC�r]L-Z-FIZ-cbHGB|Ls�

�`CGJEF�Z?Q2RSFIo\Q"JVHELhJML9QbC`lSLOHNQOZ-F[JEHEQbC RSF pIQbZ�XSrSBDpILONiPhQ9pIQbZ-Q=� XSrSNPGmF[C�RsQ'JVLOZ?LOrS�SQ
RSL�Z-FIrSCELOabFIZ Z?LOC�r]POQ�p[QbrSCGBDRSF[HVL>L��SF[JEFIHEQOabFIrSF[BDR]LhRSF"R]LhCkXSrSB\R]LORSF[CkRSF�lSHEQ2pIF[CECELOZ?F[r�JVQS�
rSPOQ5CEFIrsRSQCGX �]p[BDFIr�JEF^lSLOHVLWZ-QmRsFIo|LhH�RSF�Z?LOrSFIB\HVL!F �]pIB\FIr�JVF^LOlsoDBDpILONHG2FIC�FIZ LhZ>YSBDF[r�JVFIC
f9HEB\R}�

� �	��� � � � � � � � � ��� � � � �� �%����� ����$ ��! �%$ � � �%! &'��	���

A"F[r�JVHEF�JVQ2RSQbC`QbC�Z-QmRsFIoDQOC�LOlSHEF[CEF[r{JVLORSQbC[�mQ�Z-QmRSF[oDQ � Qba�_ � �i� �wF�CEFIXsC thLOHEBDLOr�JVF[CI�
� Qba�f�_ � � � � � QOa{f�_%I � ��� ���wF�Q?Z-Q2RSFIo\Q-HGFiLOo\~DCKJVBDp[Q � �s� ���wCEPOQ�QbC�z{XSF�Z?F[oD�SQbH HGFIlSHGFICGFIr�JMLOZ
LhC4piLOHELOp[JEFIHE~\CGJEBDpiLhC>R]LOC-LOHGz2XsB\JVF JVXSHELOC>l]LhHVLOo\FIo|LhC>RSF�Z-FIZ-cbHEBDLURSB\CGJVHGBDYSXs~DR]L&F[Z XSCGQ^�sQ &GFO�
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�`Z>Y�QbHEL�QbC�LOZ�YSBDF[r{JEFIC f9HEBDR�l�QbCECGX]LOZ�pILOHVLOp JVF[HE~DCKJVB\piLOC�RSF�CEB\CGJVF[Z�LhC�p[QbZ�Z-FIZ-cbHEBDL"RSBDCKJVHGB e
YsXS~DR]L>F=L>pIQbZ>XsrSBDpILONiPOQ�Qmp[QbHEHEL4LhJVHEL t �IC RSF=JEHEQ2piL>RSF"Z?F[rSCVLOaOFIrSC[�]QbXsJVHELOCxpILOHVLOp JVF[HE~DCKJVB\piLOC
LhRSBDp[BDQbr]LhBDC p[QbZ-QS�bl�QbH`FJImFIZ-lSo\QS�{L9�SF[JEFIHEQOabFIrSF[BDR]LhRSF�R]LOC`XSrSB\R]LORSF[C�RSF lSHEQ2pIF[CECELOZ?F[r�JVQ�F�Q
p[QbZ-l]LOHGJEBDo\�]LOZ-FIr�JVQ�R]L9HEFIRsF RSF BDr�JVF[HEp[QbrSFJIsPOQ�FIr�JEHEF FICGCVLOC�XSrSB\R]LORSF[CI�bJEQbHEr]LhZ L=XsJEBDoDB\�iLONIPOQ
RsQbC�Z-Q2RSFIo\QbC�LOlSHEF[CEF[r{JVLORSQbC�r]POQ?Z>XSB\JEQ-LOlSHEQOlSHEBDLOR]L�l]LOHVL�FICGCEF[C9LOZ>YSB\FIr�JVF[CI� � C�Z?Q2RSFIo\QbC
� Qbab_y��� Qba{f'_*F� Qba{f'_#I��]pIQbrSCGBDRSF[HVLOZ B\abX]LOB\CkJVQ2R]LOC�LOC�XSrSB\R]LORSF[C�RsF�lsHEQ2pIFICGCVLOZ-FIr�JEQS� L
oDLhJ"�[rSpIBDLs�}L+CGQbYSHGFIpiLhHEa�L�RSF4F[r{t2B\Q�F�L+CEQbYSHGFIpILOHEa�L�RSF4HGFIp[FIYSB\Z?F[r{JEQ�l]LOHEL�L+pIQbZ>XsrSBDpILONiPOQ
F[r�JVHEFUz{X]LOBDCGz{XSFIH?l]LOHEF[C?RsFUXSrsBDR]LORsFIC�RsFUlSHGQmp[FICGCVLOZ-FIr�JVQs� # M�Q^Z?Q2RSFIo\Q�lSHEQbl�QbCKJVQ!l�QbH
 !LOrSas�`r]POQ@pIQOrSCEB\RSFIHEL@L&�SF[JEFIHGQbabFIrsFIBDRSLORSF�RSQbC�l]LOHNQhZ?F JVHEQOC>l]LOHEL&XSrSB\R]LORSF[C4RSF+lSHGQmp[FICKe
CELOZ-FIr�JVQ+RsB\� FIHGFIr�JVF[CI�9n�C=piLOHELOp[JEFIHG~DCGJEBDpILOC"RSF[CECGFIC'Z?Q2RSF[oDQbC�QbC�JEQbHErSLOZ Z�LOB\C"LhR]LOlsJVLORSQbC9L
CGBDCKJVFIZ?LOC �SQOZ?Qba �IrSF[QbCI�]Q�z{XSF�r]POQ �'Q-pILOCEQ-RSF'CEB\CGJEFIZ?LOC�f'HGBDR}�

� Z?Q2RSFIo\Q�F�� Qbab_�lSHGQbl QOCGJVQ�rsFICGJEF-JEHVLOYSLOoD�SQ�Y]LOCEF[B|L e CEF4rSQvZ-QmRsFIoDQ � QOa�_	F4rsQ
Z-Q2RSFIo\Q4RSF  !LOrSas�SpIQbrsCEBDRsFIHVLhrSRSQ?LOC�pILOHVLhp[JVF[HE~\CGJVB\piLOC �sF[JVF[HEQba �IrSFILOC�RsQbC"LhZ>YSBDF[r�JVFIC�f9HEB\R}�
� QbY &GF JVB tbQ+RSQ�Z-Q2RSFIo\Q �>pILOlsJVXsHVLOH"LOC=piLhHVLOp JVFIHG~DCKJVBDpILOC"RsQbC=HEF[pIXSHGCEQbC'RSF�CEBDCKJVF[Z�LOC�RSBDCKJVHGB e
YsXS~DRSQOC �SF[JEFIHEQOa �IrSF[QbC�F9r]POQ4RSF JMLOo\�SFIC�R]L4LhHEz{XSB\JEF[JEXSHVL>JMLhBDCxp[QbZ?Q�JVQbl�QboDQOabB|LOC RSF9HEF[RSFIC�RSF
B\r�JVFIHGpIQbrsFJIsPOQS��piLOHELOp[JEFIHG~DCGJEBDpILOC�F[CEl�FIp[~��]pILOC=RSQbC ���'��� � �wF[r{JEHEF>QOXsJVHELOCI� � C"l]LhHNQOZ-F[JEHEQbC�CVPhQ
QOCxZ?F[CEZ-QbCxlSHGQbl�QbCGJEQbCxrSQ4Z-QmRsFIoDQ � Qba�_y�mCEF[rSRSQ�pIQbrsCEBDRsFIHVLhR]L4LOl�FIr]LOCxL>l QbCGCEB\YSBDo\BDR]LORsF�RSF
thLOHGB|LONIPOQ4RSQbC Z-FICGZ?QOCxFIZ � XsrSNiPOQ�RSQ4JVLOZ�LhrS�SQ4R]LOC Z-FIrsCVLOabF[rSC�F9RSF'z{X]LOBDC XsrSBDR]LhRSFIC RSF
lsHEQ2pIFICGCVLOZ-FIr�JEQ?CGF�p[QbZ>XSrSB\piLOZ �sp[QbZ-Q>tmB\CGJEQ�L4CEF[abXSB\HI�

V-�wHEF[� F[HEF e CEF �OC�XSrSB\R]LORSF[C�RSF�lSHGQmp[FICECELOZ-FIr�JVQS��CEF[rSRSQ?pIQbrSCGBDRSF[HVLORsQ�Q-r �sZ?F[HEQ-RSF�XsrSB e
RSLORSFIC�lSHGFICGFIr�JVF[CI� ���

pi � � XSZ � LhJEQbH�z{XSF�HEF[lSHEF[CEF[r{JVL�Q'abHELOX�RSF RSB\� F[HEF[rSNiL9R]L9piLhl]LOpIB\R]LORSF
RsF�lsHEQ2pIFICGCVLOZ-FIr�JEQ?R]LhC�XsrSBDR]LhRSFIC[�]RSFIrSQOZ?B\r]LORSQ-uwLhJVQOHxRSF�F�F JVFIHGQbabF[rSFIB\R]LORSF �

����� �
pi, pj � �`HGF[� FIHGF e CEF�LOQ-LhJVHELOCEQ�rSQ-FIr�t2BDQ�RSF'XSZ?L4Z?F[rSCVLhabFIZ RsF'JVLOZ?LOrS�SQ � RSF

XsZ�L+XSrsBDR]LORsF-RsF4lSHEQ2pIF[CECVLhZ?F[r{JEQ
pi

L�QbXmJVHVL
pj

�4n�oDLhJ"�[rSpIBDL+rSFICGCEF-Z?Q2RSFIo\Q �4RSF �]rSBDRSL
F[r�JVHEF�piLhR]L4l]LOH�RSF'XSrSB\R]LORSF9RSF'lSHGQmp[FICGCVLOZ-FIr�JVQ �

� ]���� �
pi � � HEFIlsHEFICGFIr�JML?L>z{X]LOr�JVB\R]LORSF'RSF=JEFIZ-l Q4z{XSF�L4XSrSB\R]LORSF=RsF�lsHEQ2pIFICGCVLOZ-FIr�JEQ

pi

a�LOCKJML?lSLOHVL�lsHEFIlSLOHVLOH�F�F[r{t2BDLOH"XSZ?L?Z-FIrsCVLOabF[Z RSF�JMLhZ�LOrs�SQ � ��CEF[rSRSQ�z{XSF>RSXsHVLOr�JVF
F[CECGF�JEFIZ-l Q-L4XSrSB\R]LORSF'r]POQ�l�QmRsF9HEFiLhoDBD�ILOHxrSF[rS�{XSZ QbXsJEHEQ�lSHGQmp[FICECELOZ-FIr�JVQ �

� \���� �
pj � �`HEF[lSHEF[CEFIr�JVL-L>z{X]Lhr{JEBDR]LhRSF=RSF=JEFIZ-l Q>z{XSF'L�XSrSBDRSLORSF=RSF9lsHEQ2pIFICGCVLOZ-FIr�JEQ
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Or(m)

P0

P1

Os(m)

L(m)

t

t

u BDaOXSHVL ( � �S��jkQbZ�XSrSBDpILONiPhQ-CGFIabXsrSRSQ�Z-Q2RSFIo\Q�F�� Qba�_d�

pj

a�LOCKJML4l]LOHEL>HEFIp[FIY�FIH�XSZ?L4Z?F[rSCVLOaOFIZ RsF'JVLOZ?LOrS�SQ � ��A"XsHVLOr�JVF'F[CECEF9JEFIZ-l Q4JMLhZ>Y �[Z
L4XSrsBDR]LORsF�rSPOQ�l Q2RSF9HEFILOoDB\�iLOHkrSFIrS�{XSZ QOXsJVHGQ-lsHEQ2pIFICGCVLOZ-FIr�JEQS�

� CklSLOHNQOZ-F[JEHEQbC�RSF�pIQbZ�XSrSBDpILONiPhQ�RSQ�Z?Q2RSFIo\Q�F�� Qba�_ CVPhQ�pIQOrSCEB\RSFIHELORSQbC�� XSrSNHG2FIC
RsQ=JMLOZ?LOrS�SQ�R]L=Z-FIrSCELOabFIZ FxRSQOC�lSHEQ2pIF[CECELORSQbHGFIC`FIr�tOQbo\t2BDRsQbCI� � JEFIZ-l Q=RsFxFIr�t2BDQ9RSFkXSZ�L
Z-FIrsCVLOabF[Z RSF'JMLOZ?LOrS�SQ � F[r{JEHEF�RSQbB\C�lsHEQ2pIFICGCEQbC�rSQbC�lSHGQmp[FICECELORSQbHGFIC

pi

F
pj

�'RSF �]rSBDRsQ
p[QbZ-Q

Os(m, pi) + L(m, pi, pj) + Or(m, pj)
�Sp[QbZ?Q�l Q2RSF=CGFIH t2BDCGJEQ4r]L4u B\abXSHVL ( � �

� Z?Q2RSFIo\Q F�o\Qba�_ lSHEQOl QbCKJVQ@r]PhQ�JEFIZ pIQbZ-Q@QbY &GF JVB\tOQ�CEFIHKt2BDH4RSF�Z-QmRsFIoDQ&l]LOHVL
LhrRMOoDB\CEFvRSF RSFICGFIZ-l F[rS�SQWF CEB\Z CEF[HGt2BDH-RSFUZ?Q2RSFIo\Q�RSFUF[CEpILOoDQbrSLOZ?F[r�JVQ^l]LOHVL�LOlSo\BDpiLhNHG2FIC
TU_�DkFIZ LOZ�YSBDF[r{JEFIC �SF JVF[HEQba �[rSFIQOCI�wpIQbZ-Q �'Q-pILOCEQ-RSQbC�LOZ�YSBDF[r{JEFIC�f9HEB\R}�

� �	��� � �%� ��! � � � 
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��FICGJEF piLOls~\JVXsoDQ�� QOHVLOZ LOlSHGFICGFIr�JMLORsQbC t MOHEB\QbC Z-Q2RSFIo\QbCylsHEQbl�QbCGJEQbC lSLOHVL=LhZ>YSBDF[r�JVFIC
lSLOHVLOo\FIo\QbCI�}CGFIrSRsQ&z{XSF�QbC'Z?F[CEZ-QbC9r]POQvl�QbCECGXSFIZ pILOHVLhp[JVF[HE~\CGJVB\piLOC"z2XsF-JEQbHErSF[Z CEF[XSC�XSCEQbC
F �]pIB\FIr�JVF[C�rsQ?z{XSF�CEF�HEF � FIHEF�LOQ�F[CEpiLhoDQbr]LhZ?F[r{JEQ?RsF�LhlSoDB\piLONPGmF[C�T&_*DkFIZ LhZ>YSBDF[r�JVFIC�f9HEB\R}�
� Z?Q2RSF[oDQ�F�� QOa�_^� QbBslSHEQbl�QbCKJVQ'l]LOHEL"JMLOo �SZU��CGFIrSRSQ�Z-QbCGJEHVLORSQs�brSQbC`pILOlS~\JEXSoDQOC�CEF[abXSBDr�JEFICI�
CGX]L4tOLhoDBDRSLONiPOQ�F�XsCEQ-rSQ?F[CEpILOoDQbrSLOZ?F[r�JVQ�RSF�LOlSo\BDpiLhNHG2FIC�T&_*D l]LOHVL-LOZ>YsBDFIr�JEFIC�f9HEBDR �
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�`CGJVF9pILOlS~ JVXSo\Q4LOlSHGFICEF[r�JML>JVH��IC Z-FIpiLhrSBDCGZ?QbC RSF9piLhoDBDYsHVLOabF[Z RSQbC l]LOHLQOZ-F[JVHGQbCkRsQ
Z-Q2RSFIo\Q F�� Qba�_!lSHGQbl�QbCGJEQ�rSQ�jxLOlS~ JVXSo\Q ( ���`CGJEFIC Z?F[piLOrSB\CEZ-QbCI��RsFIrSQbZ-BDrSLORSQbC�Z-QmRSF[o|LORsQhe
HGFIC[�hpILOlsJVXsHVLOZ�QbC}thLOoDQbHGFIC}HGF[� F[HEFIr�JEFICdLOQbC l]LhHNQOZ-F[JEHEQbC}RsQ�Z-Q2RSFIo\Q F�o\Qba�_d�IRSB\CEl�QbrSBDYsBDoDB\�iLOrsRSQhe
QOC�L4CGBDCGJEFIZ?LOC FICGpiLOo\Qbr]LORsQbHEF[C�RsF'JVLOHEF � LOCxtbQOo\JMLhRSQbC�l]LOHEL�Q-LOZ�YSBDF[r{JEF�f'HGBDR�F[CEpIQOoD�SB\RSQS�`n"C
RsX]LOC�lSHEB\Z?F[BDHELOC�tOFIHEC GmF[C?CEPOQ^LOlSo\BDpiLhNHG2FIC�RsBDCGJEHEB\YSXS~DRSLOCI��BDZ-lSo\FIZ-FIr�JMLORSLOC�XsJEBDo\BD�iLhrSRSQhe CEF+L
YsBDYSo\BDQOJEFIpiL�RsFvJEHEQ2piL�RSFvZ?F[rSCVLhabFIrSC�T&_*DM��l]LOHEL�Z-FIRsBDH4QbC4thLOoDQOHEFIC�RSQOC-lSLOHNQOZ-F[JEHEQbC4RsQ
Z-Q2RSFIo\QS� n JVF[HEp[FIBDHELs�wZ?F[rSQbC�BDr�JEHEXSCGB\thLs�]Y]LOCGFIBDL e CGF�F[Z Z � JVQ2RSQbC�LOr]LOo\~\JEBDpIQOCxl]LOHEL�L�RSF[JEFIHKe
Z-BDrSLONiPOQ4RsQbC tOLhoDQbHGFICI�
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D rs� QOHEZ?LONHG2FIC-HEF � FIHEF[r�JVFIC�LOQ^RSFICGFIZ-l F[rS�SQWRSF pIQOZ?l�QbrSF[r{JEFIC?RSFUCGBDCKJVFIZ?LOC-pIQbZ4e
lsXsJMLOp[BDQbrSLOBDC[�kpIQOZ?Q!L^tbF[oDQ2pIB\R]LORSF RSF&lsHEQ2pIFICGCVLOZ-FIr�JEQ F&LOC?piLOHELOp[JEFIHG~DCGJEBDpILOC?RSL!HEF[RSF&RSF
B\r�JVFIHGpIQbrsFJIsPOQS�dCVPOQ FICGl F[pIB �]piLORSLOC�l�FIo\Q�lSHEcOlSHEB\Qv� LhYSHEB\piLOr�JVF�RSQOC�F[z{XSBDl]LhZ?F[r{JEQbCI�-�`Z CEB\CKe
JEFIZ?LOC�QbrSRSFUQbC�HEF[pIXSHGCEQbC?CVPOQ�pIQbZ-l]LOHKJVBDo\�]LORSQOC>FIr�JVHGFUt MOHGB|LOC-LOlSo\BDpILONHG2FIC F QbX*XSCGXRMOHGBDQbC G �
aOFIHVLhoDZ-FIr�JVF�FICECELOC=B\rs� QbHEZ?LONPGmF[C�CGQbYSHEF�Q+RSFICGFIZ-l F[rS�SQ�r]PhQ+HEF[lSHEF[CEFIr�JVLOZ LOC"piLOHELOp[JEFIHE~\CGJEB e
pILOC�HEFiLhBDC`RSQbC�CEB\CGJEFIZ?LOC`l QOH�CGFIHGFIZ�RSF �]rSBDRSLOC p[QbZ-Q�CGFIrSRsQ�QbC`thLOoDQOHEFIC�RSF�RSF[CEF[Z?l�FIrS�sQ�CEQOY
p[QbrSRSB\NHG2FIC�BDRSFILOBDC[�xA"F[CECEL?� QbHEZ?Ls�wLOC�BDrm� QbHEZ?LONHG2FIC HGF[� F[HEFIr�JEFIC9LOQ-RSF[CEFIZ-l�FIrS�SQ�RSF[tOFIZ CEFIH
QOYsJVB\R]LOC�LhJEHVLit �[C RSF�lSHGQmp[FICECGQbC�RSF�Z?Q2RSFIoDLOabF[ZU�bz{XSF�l�QmRsFIZ CGFIH�HEFiLhoDBD�ILORSQbC`RsF�� QOHEZ?L9LOr]L e



� � ���� �!\�" $������ " % �

o\~\JEBDpiLm�sQbrSRsF�F[z{X]LONHG2FIC�CVPOQ-XsJEBDoDB\�iLORSLOCkl]LhHVL�FJImlSHEF[CECELOH"XSZ?L4RSF[JEFIHGZ?B\r]LOR]L4piLhHVLOp JVFIHG~DCKJVBDpILs�
QOX@LhJVHELit �IC"RSF ����! 	��5� �����'� �wQbrSRSF�QbC"RSLORSQbC�CVPOQ+Z-FIRsBDRSQbC�rSQ+lsHEcblSHGBDQ-CEB\CGJVF[Z�Lm� � C"lsHEQhe
p[FICGCEQbC�LOr]LhoD~\JEBDp[QbC�CVPOQS�mr]L�Z?LOBDQOHEB|L'R]LOC tbFI�[FIC[�]Z�LOB\C p[QbZ-lSoDFOIsQOCkF=RSF9RsB\� ~Dp[BDo]RSF �]rSB\NiPOQS� # M
QOC Z � JVQ2RSQbCxRSF ����! 	��5� �����'� CVPOQ�Z?LOBDC CEBDZ-lSo\FICxF9o\F[thLOZ L>XSZ�L>Z-FIo\�SQbH lSHEF[pIBDCEPOQ �Sl�QbH��IZ
CEPOQ9Z?LOBDCyBDr�JVHGXSCEB tbQbC[�bl Q2RSF[rSRSQ9BDr�JEFIHG� F[HEB\H r]L=l�FIHK� QbHEZ?LOrSp[FxRSQ9CEB\CGJEFIZ?L"z{X]LOrSRSQ�LOlsoDBDpILORSQbC[�

�4ImBDCKJVFIZ;Z?F[piLOrSB\CEZ-QbC}p[QbZ?Q Q��  I � �b�S�i� & ��F`Q RSQ�T&A I9RSQ�f'o\QbYSXSC �yQ2Qbo��2B J � �#" ���
&LM�Z?F[rSpIB\Qbr]LORSQOCyrSQ9jxLOlS~\JEXSoDQ"�m�blSLOHVL�pIQbo\F[JML�RSFxB\rs� QbHEZ?LONPGmF[CdCGQbYSHGF L"piLhl]LOpIB\R]LORSF RSFklsHEQhe
p[FICGCVLOZ-FIr�JVQ"RSBDCGl Qbrs~\tbF[o{FIZ HEF[pIXSHGCEQbCypIQbZ-lSXsJVLOpIB\Qbr]LOB\C F CGQbYSHGFkL�o|LhJ �IrSp[B|L RSF�pIQbZ>XsrSBDpILONiPOQ
F[r�JVHEF�QbC�Z-FICEZ-QbC[��_yQOH �IZ �{FICGCEFIC Z?F[piLOrsBDCEZ-QbC`RSF�p[QboDF JML9r]POQ�LhJVF[rSRSF[Z�l QbH`p[QbZ-lSoDF JVQ'LOQbC
HGFIz{XSB\CEB\JEQbC RSQ4Z-QmRsFIoDQDF�� Qba�_d�Sl QOBDCxr]PhQ4BDrs� QbHGZ�LhZ JEQmRsQbC QbC l]LOHLQOZ-F[JVHGQbCxz{XSF'Q4Z-QmRSF[oDQ
p[QbrSCGBDRSF[HVLs� � �! I ��l�QbH`FOIsF[Z?lsoDQS��r]PhQ�RsF[JVF[HEZ-BDr]L9l]LhHNQOZ-F[JEHEQbC`p[QbZ?Q'LhC�CGQbYSHGFIpiLhHEa�LOC�RSF
F[r�tmB\Q�F�RSF�HGFIpIF[YSBDZ-FIr�JEQS� # M?Q+T&A I � FIZ CEXSL�pIQbr �]abXSHELONiPOQ?l]LORSHEPOQ�RsF�BDrsCGJMLho|LONIPOQS�]r]POQ
RsBDCEl�QbrSB\YSBDo\BD�IL�rSFIrs�2XsZ�L�BDrs� QOHEZ?LONiPOQ4HGF[� F[HEFIr�JEFD��pIQbZ>XsrSBDpILONiPOQs� � XsJEHEQ�� LhJVQ�BDZ-l�QbHGJVLOr�JVF
� z{XSFxZ-FICEZ-Q"B\rs� QbHGZ�LONPGmF[Cyp[QbZ-Q=L"oDLhJ"�[rSpIBDL�RSFkpIQbZ>XsrSBDpILONiPOQ�RSBDCGl QOrSBDYSB\oDB\�iLOR]Lxl�FIo\Q=�  I

rSPOQ'CVPOQ'QbYsJEBDR]LhC`L9l]LOHGJEBDHyRSQbC�Z?F[piLOrsBDCEZ-QbC�RsF pIQbZ>XsrSBDpILONiPOQ9XmJVBDo\BD�ILORSQbCyl F[o|LOC`LhlSoDB\piLONPGmF[CI�
� �! I�p[QboDF JML�B\rs� QbHGZ�LONPGmF[C RsF=o|LhJ �IrSp[B|L�F"o|LOHGabXSHVL�RSF=Y]LhrSR]L>XsJEBDoDB\�iLOrsRSQ�lSLOpIQOJEFIC rSQ4rs~ e
tOFIo ( RSQ�Z-Q2RSFIo\Q � I D � ( � � � l�QmRsFIrSRSQ^HEF[CEXSo JMLOH�F[Z BDrs� QOHEZ?LONHG2FIC4B\Z?lSHGFIp[BDCVLhC4RSQ�l�Qbr�JVQ
RsFvt2B\CGJML@R]L�LOlsoDBDpILONiPhQ�F�RSQ^lSHEQ2pIF[CECEQ^RSF�F[CEpiLhoDQbr]LhZ?F[r{JEQS� ��FICGJEFvpiLOCGQS� Q�B\RSFiLOo ��z2XsF
QOC=tOLhoDQbHGFIC9RSQbC9lSLOHNQOZ-F[JEHEQbC"CEF &ELhZ QbYsJEBDRSQbC=LhJVHEL t �IC�RSF4Z-FIpiLhrSBDCGZ?QbC"RSF�pIQbZ>XsrSBDpILONiPOQ�Q
Z?LOB\C�lSHGc+IsB\Z?Q�l QbCGCE~ tbFIoyRSQbC=Z-FIpILOrSB\CEZ-QbC"XsJEBDo\BD�iLhRSQbC�l F[o|L+LhlSoDB\piLONIPOQS�wz{XSF4rSQbHGZ�LOo\Z?F[r�JVF
XmJVBDo\BD�ILOZ l]LOpIQhJVFIC�FIZ rS~\tOFIBDC B\abX]LOB\CxQbX CEXSl�FIHGBDQbHGFIC�LOQ�rS~ tbFIo �s�

� Z?F[piLOrsBDCEZ-Q�RsF9Z?Q2RSFIoDLOabF[Z�lSHEQbl�QbCKJVQ4rSF[CGJML>RsBDCECGFIHKJMLONIPOQ>JVF[Z p[QbZ?Q�QbY &GF[JEB\tOQ
L'pIQOoDF[JVL9RSQbC�l]LOHLQOZ?F JVHGQbC`RSQ'Z?Q2RSF[oDQ@F�� Qbab_y��l]LOHEL9Q�F[CEpiLhoDQbr]LhZ?F[r{JEQ'RSF�LOlSoDB\piLONPGmF[C�T&_*D
F[Z LOZ>YSB\FIr�JVF[C�f9HEB\R}� ��FICKJVF JEHVLOYSLOoD�SQ�� QbHELOZ BDZ-lSoDF[Z?F[r�JMLOR]LhC}JVH �[CytOFIHEC GmF[C�RSQ�Z?Q2RSFIoDLORSQbH[�
jxLhR]L�tbF[HECEPOQWl�QbCECGXSB"Z-FIo\�SQbHEBDLOC4rSQWz{XSFUCEF�HGF[� F[HEF �^z{X]LOoDB\R]LORSF RSQbC-thLOoDQbHGFIC-pIQbo\F[JVLORSQbC
QOX ��BDr�JEHEXSCEPOQUaOFIHVLhR]L�l F[oDQvZ?Q2RSF[o|LORSQOH"rSQ CEB\CGJVF[Z�L f9HEB\R^QOrSRSF�QvZ?F[CEZ-Q���FOIsF[pIXsJVLORSQS�
n lSHEB\Z?F[BDHVLvtbF[HECVPhQ�� QOBkRSF[CEFIr�tOQbo\t2BDRSL�RsF�� QbHEZ?L�L�CGF+QbYsJEFIH4QbC>lSLOHNQOZ-F[JEHEQbC�RSQ@Z-QmRSF[oDQ
lSLOHVL4XSZ JVLOZ?LOrS�SQ�RSF'Z-FIrSCELOabFIZ � QbHErSF[pIB\RSQS�SCGFIZ lSHGFIQ2pIXSl]LhNiPOQ-pIQbZ Q-RsFICEF[Z?l�FIrs�SQ?RsQ
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� � � ��� 4 ����5���"#$������ ���������������;�

_yLOHVL�JVQ2R]LOC-LOC4tbF[HECLG2FIC?RSQ!Z-Q2RSFIoDLORSQbH[��Q^CEB\CGJEFIZ?L�HGFIp[FIY�F&pIQOZ?Q�FIr�JEHVLOR]L^XSZ
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�`CKJVF LOHEz{XSB tbQS��p[QbZ?Q@rsQ@FJImFIZ-lSoDQ@RSL^uyBDabXSHEL&�S� �b�`pIQOr{J �IZ F[Z pILOR]L@oDB\rS�]L&Q@rSQOZ?F+RsQ
���'��� FO� piLhCEQvCEF &ELvrsFIpIF[CECLMOHEB\QS� Q pILOZ-BDrS�SQ�QbrSRSF�CEF�F[rSpIQbr�JEHVLOZ QOC'LOHEz{XSB tbQbC9FOIsF[pIXsJNMitbFIB\C
RsQWZ?Q2RSF[o|LORSQOH F CEF�rsQ ���'��� QWFJImFIp[XsJUMitOFIo9r]POQ �]piLWrsQWZ?F[CEZ-Q!pILOZ?B\rS�SQ^FIZ z{XSF �]pIL
rsQ ���'��� QbrSRSF�Q�Z-QmRSF[o|LORsQbHxthLOByCGFIH�BDrSB\pIB|LhRSQ G �kn Q �]r]LOodRSQ?lSHEQ2pIF[CECEQ�RsF�Z-QmRSF[o|LOaOFIZ QbC
HGFICGXSo\JVLORSQbC�CEPOQ'LOlSHGFICGFIr�JMLORsQbC�FIZ XSZ LOHGz{XSB\tOQ9RSFxCVLh~DR]Ls�OpIQbZ-Q �xB\oDXSCKJVHVLhRSQ"r]L9uyBDabXSHEL"�S� �m�
QOrSRSF'JVFIZ-QbC r]L�lSHGBDZ-FIBDHEL>oDB\rS�]L>Q-r �sZ?F[HEQ-RSF ���'��� � Z-QmRSF[o|LORsQbCI�SF[Z CEF[abXSB\R]L-XsZ�L4oDB\rS�]L
lSLOHVL-piLOR]L ���'��� pIQOr{JEFIrSRsQS�xQ?� L JVQbH�RSF��SF[JEFIHGQbabFIrsFIBDRSLORSF � RSQ ���'��� �wQ?rSQbZ-F�RsQ ���'��� � L
CGQbYSHGFIpiLhHEa�L�RsF�FIr�t2BDQs� L�CGQbYSHGFIpiLhHEa�L�RsF�HEF[pIF[YSBDZ-FIr�JVQs� Q?CEBDCKJVF[Z�L-Qbl F[HVLOp[BDQbrSLOo RSQ ���'��� � F
l�QbH �So JVBDZ-QxQ�piLOZ-BDrs�SQ�QbrSRSF�QbCdLOHEz{XSB tbQbC FOIsF[pIXsJNMitbFIB\C�RSQ�Z?Q2RSF[o|LORSQOH}FICKJMPOQ"LOHEZ?LO�IF[r]LORSQOCI�
n�l cOC�LOC'o\BDrS�]LhC9RSQbC ���'��� � �dXSZ?L�Z�LhJEHEB\�4pIQbr�JVF[rSRSQ&LOC'o|LhJ �IrSp[B|LOC9RSF-pIQOZ>XSrSB\piLONIPOQvFIr�JVHGF
pILOR]L�l]LOH RSF'�SQOCGJVC�Z-QmRsFIo|LhRSQbC ��LOlSHGFICGFIr�JMLORSLs�

n�CGFIabXSB\H`CVPOQ�LOlsHEFICGFIr�JMLhR]LOC�LOC�tbF[HEC GmF[C�RsQ�Z-Q2RSFIoDLORSQbHyFIZ RsF[JMLhoD�SF[C`F QbC`HEF[CEXSo JML e
RsQbC RSQbCkJEFICKJVFIC�QbYmJVBDRsQbCxR]L4LOlsoDBDpILONiPhQ�RSQbC Z-FICGZ?QOCxFIZ XSZ LhZ>YSBDF[r�JVF'f9HEB\R}� � LOZ>YSB\FIr�JVF
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uyoDXSZ-BDrSF[rSCEF.F q�u�u*G � A"F[l]LOHGJVLOZ-FIr�JVQ�RSFLD rm� QbHEZ�MhJVB\piL-R]L�_yQbr�JE~��]pIL�q�rSB tbFIHGCEB\R]LORSF�jxL JVche
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RsF�p[QboDF JML4R]LOC�BDrs� QOHEZ?LONHG2FIC &LM�lSHGQbl QOCGJVQOC�F[Z QbXsJEHEQbC JVHELOY]LOo\�SQbC HGFIo|LhpIBDQOr]LORSQbC[� � ��- � �]XSZ�L
tOFI��z2XsF"Q�QbY &GF[JEB\tOQ�FIHEL�Q�FICKJVXSRsQ>R]L�LOlSoDB\piLOYsBDoDB\R]LORSF R]L�J �Ip[rSBDpIL�RSF�pIQOoDF[JVL�RsF�l]LhHNQOZ-F[JEHEQbC
RsQ Z-Q2RSFIo\Q � Qba�_�XmJVBDo\BD�ILOrSRSQ�L�YSB\YSoDB\QOJVF[piL�RsF>JVHEQ2piL�RSF�Z-FIrSCELOabF[rSC�T&_*DM� uwQOHVLOZ � FIB JVQbC
Lhl F[r]LOC�L'&GXSCGJEFIC�r]LOC"B\Z?lsoDFIZ-FIr�JVLONHG2FIC l]LhHVL-LOR]LOlsJVLONiPhQ+LOQ?LOZ>YSB\FIr�JVF�f9HEB\RUF �-� QbHGZ�L4RSF
p[QboDF JML4lSHGF[JVF[rSRSB\R]Ls�

n$Z-Q2RSFIoDLOabFIZ�rsFICECEL�tbF[HECVPhQ �=HEFILOoDB\�iLOR]L'l�QbHkXSZ?L>LOlsoDBDpILONiPhQ�l]LhHVLOo\FIo|L'QbrSRsF=XSZ
lsHEQ2pIFICGCEQ �=FOIsF[pIXsJVLORSQ�FIZ piLhR]L ���'��� RSQ-f'HGBDR}� q�Z RSQbCxlsHEQ2pIFICGCEQbC F[Z FOIsF[pIXSNIPOQ�FIZ XSZ
RsQbC ���'���"� RSQ ���"��� RSQ-XSCEXZMOHEB\QS� ��F[oDF[B\JVQ�p[Qbr�JVHEQOo|LORSQOH R]L?Z-QmRsFIo|LhabFIZ �%ImX]LOC�� XSrSNPGmF[C�CEPOQS�
o\FIB JVXSHEL�RsQbC"LhHEz{XSB\tOQbC�RSF�F[r�JVHVLhR]Ls�wpIQbr�JEHEQbo\F�RSQ-lSHGQmp[FICECGQ+RSF�Z?Q2RSF[o|LOabF[ZU�mRSF[JEFIHGZ?B\r]LOrSRSQ
z{X]Lho l]LhH�RsF ���'���"� � LOHLMUL Z?Q2RSF[o|LOabF[Z L piLOR]L BDrSCKJMLOr�JEFO� HGFIp[FIYSB\Z?F[r{JEQ&RSQOC�l]LhHNQOZ-F[JEHEQbC
p[QboDF JMLORsQbC9l F[oDQbC9QOXsJVHGQbC'lSHEQ2pIF[CECEQOCI�dF�� QOHEZ?LhJMLONIPOQ�RSQ LOHGz2XsB\tbQ RSF�CVLh~DR]Ls�4jxLOR]LvXSZ RSQbC
QOXsJVHGQbC�lSHGQmp[FICECGQbC$� HEF[CEl�QbrSCNMitOFIo]l�FIo|L=Z-Q2RSFIoDLOabFIZ R]L=pILOl]LOp[BDR]LhRSFxRSF lSHGQmp[FICGCVLOZ-FIr�JVQ'RSB\CKe
l�QbrS~ tbF[o rSQ4CGFIX HEFICGl F[p[JEB\tbQ ���'��� F9l F[o|L�Z-Q2RSFIoDLOabFIZ�RSL>pIQbZ>XsrSBDpILONiPOQ4p[QbZ piLOR]L>XsZ RSQbC
QOXsJVHGQbC ���'��� � RsQ!f9HEB\R}�WA�XSHVLOr�JEFUL�Z-Q2RSFIoDLOabFIZ ��Q�lSHGQmp[FICECGQ�p[QmQOHERSF[r]LORSQbH4F[r�tmBDL@XSZ�L
Z-FIrsCVLOabF[Z LOQ4l]LhH RSF'lSHEQ2pIF[CECEQOC�p[QmQbHGRSFIrSLORSQbC RSB\�IF[rSRSQ�z{XSF'QbC�Z?F[CEZ-QbCx� LOHVPhQ�L�Z-FIRsBDR]L
RsQbC�lSLOHNQOZ-F[JEHEQbC[��q�Z RSQbC�lSHEQ2pIF[CECGQbC�RSQ l]LOH�HEF[pIF[Y F-XSZ?L Z-FIrSCELOabF[Z RSBD�[FIrSRSQ z{XSF�F[oDF
B\rSBDp[B|LOHLM'L�Z?F[RSBDRSL�RSQbCkl]LOHNQhZ?F JVHEQOC F9L�BDrs� QbHGZ�LhNiPOQ'RSF=z{X]Lho �"Q�BDRSF[r{JEB��]pILORSQbH�F HELOr ��G�RsQ
lsHEQ2pIFICGCEQvz{XSF>HGFICEl�QbrSRsFIHNM8��Z-FIRsBDR]Ls� � QOXsJVHGQ+lSHEQ2pIF[CECGQ HGFIp[FIY�F>XSZ?L�Z?F[rSCVLhabFIZ BDrs� QOHKe
Z?LOrSRsQ"z{XSFkF[oDF�� LOHNM�Q=FICGl F[oD�]LhZ?F[r{JEQLF RSF[tOQboDXSNIPOQ=R]LhC Z-FIrSCELOabFIrsC HEF[pIF[YSBDR]LhC GdRsQ"lSHGQmp[FICECGQ
RsF�Z-FIRsBDR]L>HGFiLOo\BD�iLhRSQ>l�FIoDQ4lsHEBDZ-FIB\HEQS��jxLOR]L4l]LOH RsF�lsHEQ2pIFICGCEQbC�HGFiLOo\BD�iL4L>Z-Q2RSFIoDLOabFIZ RSQbC
lSLOHNQOZ-F[JEHEQbC[��JVHEQ2piLhrSRSQ�BDrs� QbHGZ�LhNHG2FIC`FIr�JEHEF"CGB�� � C�thLOoDQOHEFIC�Z-FIRSB\RSQbC�CVPhQ�FIr�t2B|LhRSQbC LOQ�lsHEQhe
p[FICGCEQ^pIQ2QbHERSF[r]LORSQOH4z2XsF HGFIp[FIY�F QOC4l]LOHNQhZ?F JVHEQOC4pIQbo\F[JMLhRSQbC � FICGCVL�F[JMLhl]L@R]L@Z?Q2RSFIoDLOabF[Z
CGFIHLM-Z-FIo\�SQbHxRSF JMLOo\�]LOR]L4Z?LOBDCxL�RsB|LOr�JVF'r]L4RSF[CEp[HEBDNIPOQ-R]L4Z?Q2RSFIoDLOabF[Z R]L�pIQOZ>XSrSB\piLONIPOQS�
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jxLORSL�lSHEQ2pIF[CECGQ>R]L�LhlSoDB\piLONIPOQS�{pIQbrsCEFIz{XSF[r�JVFIZ-FIr�JEF9piLOR]L ���'��� RSQ4f9HEB\R}�{HEFiLhoDBD�IL�L
Z-FIRsBDR]L'RSQbC�l]LOHLQOZ?F JVHGQbC

n − 1
tOFI�IF[CI�Sp[QbrSCGBDRSF[HVLOrSRsQ�z{XSF"F[oDF�r]POQ'� LO��L�Z-FIRSB\R]L'F�rSF[Z Q

F[CEl�FIo\�]LOZ-FIr�JVQ?pIQbZ FIo\F�Z-FICGZ?QS��A�FICECEL�� QbHEZ?Ls�wpIQOZ?Q-CVPOQ
n
lSHEQ2pIF[CECEQOCI�}CEPOQ�rSF[pIF[CECNMhHEB|LhC

XsZ JVQOJVLOo RSF
n2

− n
Qbl�FIHELONHG2FIC�RSF�Z-QmRSF[o|LOaOFIZ FIr�JVHGF�l]LhHEFIC�RSF'lSHGQmp[FICECGQbCI� � lSHGQmp[FICGCEQ

p[QmQOHERSF[r]LORSQbHyl F[HEZ-B\JEF z{XSF�L"Z-Q2RSFIoDLOabFIZ;CEF &EL=HGFiLOo\BD�ILOR]L�F[r�JVHEFxLOl F[r]LOC�XsZ lSLOH�RSF ���'��� � L
pILOR]L"B\rSCGJVLOr�JVFh�bRSFk� QbHGZ�L�L�a�LhHVLOr�JVB\Hyz{XSFkQbC�l]LOHLQOZ-F[JVHGQbCdpIQbo\F[JMLhRSQbC rSPOQ=CEQh� HVLOZ BDr � X �IrspIB|L
RSLvZ-Q2RSFIoDLOabFIZ FIr�JEHEF-QbXsJVHGQbC9l]LOHGFIC[�dQvz{XSF-l Q2RSF[HEB|L+Q2pIQOHEHEF[H9CEF�QvCEB\CGJVF[Z�L�l�FIHGZ?B JVBDCGCEF4L
Z-Q2RSFIoDLOabFIZ F[r{JEHEF�Z?LOBDC�RsF XSZ l]LhH`RSF ���'��� � LhQ�Z-FICGZ?Q=JEFIZ-l Qs�yn Q �]r]LhoSRSQ'lSHEQ2pIF[CECGQ�RSF
Z-FIRsBDR]L>F[r{JEHEF'JVQ2RSQbC QbC�l]LhHEFIC�RSF ���'���"� �SQbC�l]LOHLQOZ?F JVHGQbC pIQbo\F[JVLORSQbC CEPOQ�abHVLithLORSQbC�F[Z XSZ
LhHEz{XSB\tOQ+RSF>CELO~DRSLs� p[QbZ-Q+Z?QOCGJVHELORSQ?r]L+u B\abXSHVL-�S� �m�"n u BDabXsHVL?�s� ( Z-QbCKJVHVL-XSZ FJImFIZ-lSoDQ
RSL-p[QbZ>XSrSB\piLONIPOQ4abF[HVLOR]L4l�FIo\Q-Z-Q2RSFIoDLORSQbH[�

Site 1H0

H1

H2

H0
H1 H2

H3

H0

H1

Site 0

Site 2

u B\abXSHVL>�s� ( ��T QmRSF[o|LOaOFIZ RSL�p[QbZ>XSrsBDpiLhNiPOQ�FIr�JEHEF'JVQ2RSQbC QbC��SQbCKJVC[�
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n Z?Q2RSFIoDLOabF[Z R]LUpILOl]LOp[BDR]LORsF�RSF?lSHEQ2pIF[CECVLhZ?F[r{JEQ@RSBDCGl QOrS~\tOFIo�r2XsZ ���'��� �+HGF e
LhoDBD�ILOR]LULhJVHEL t �IC�R]L�Z-FIRSB\R]L&RSQ�JEFIZ-l Q&a�LOCGJEQ@l F[oDQ ���'��� l]LOHEL�FJImFIp[XsJMLOH4XsZ JVHGFIpM�SQ�RSF
p[cmRsBDabQS� � JVHGFIpM�SQ^� QbBxFICGpIQbo\�SBDRsQ^CGFIabXsrSRSQ^Q�p[HEB\J �IHGBDQ@RSFvCEB\Z?lsoDBDp[BDR]LhRSFO��QOrSRSF Q^z{XSF CEF
YsXSCEp[QbX � QOB XSZ JEHEF[pM�SQ�RSF9pIc2RSBDaOQ4z2XsF9lSHEQ2RSXS�[BDCECGF'XSZ�L>pILOHEabL>rSQ�lSHEQ2pIF[CECVLhRSQbH RSQ ���'��� F
z{XSF�� QbCECGF=Q�Z?LOBDC�CEB\Z?lsoDFIC�l�QbCECG~\tbF[o�� � JEHEFIpM�sQ>FICGpIQbo\�SBDRSQ�BDrSB\pIBDLOoDZ-FIr�JVFh��HEFILOoDB\�iL'XSZ�L�C �[HEBDF
RsF�QOl F[HVLONPGmF[C�Z?LhJEFIZ�MhJVB\piLOC RSF'BDrSp[HEFIZ-FIr�JEQ?RSF'XSZ?L�thLOHEB MitbFIo RsQ�JEBDl�Q�BDr�JVF[BDHEQ4CGBDZ-lSoDF[CI�

� JVFIZ-l�Q+QbYsJEBDRSQ�R]L+FOImFIpIXsNiPOQ RSQ+JVHGFIpM�SQ RSF4p[cmRSB\abQ �4F[r{JVPOQ�rSQbHGZ�LhoDBD�ILORSQ?FIZ
� XsrSNiPOQ�RSQ@r �SZ-FIHGQ@RSF�HEF[l F JVB\NHG2FIC4HEFILOoDB\�iLORSLOCI� � � LhJVQbH�QbYsJVB\RSQS��RsFIrSQbZ-BDrSLORSQ&� LhJEQbH>RSF
�sF[JVF[HEQbaOFIrSF[BDR]LORsF�F �9G RSQOC ���'���"� � FJImlSHGFICECEL�JVLOr�JVQ�LOC piLOHELOp[JEFIHG~DCGJEBDpILOC}FICKJUMhJEBDpILOC#F tbF[oDQ2pIB\R]LORSF
RSL5jx_�q��xtbF[oDQ2pIBDRSLORSF�RSF�LOpIF[CECEQLWZ-FIZ-cbHEBDLs�xF[JEp G�p[QbZ?Q5LhC+piLOHELOp[JEFIHG~DCGJEBDpILOC+RSF@pILOHEa�L
F r �SZ?F[HEQ RSF�lSHEQ2pIF[CECGQbC�L JVB\tOQbCI� XsJEBDo\BD�iLhNiPOQ�R]L jx_�q�� F JVp G9RSQbC ���'���"� �-A"FICGCVL � QOHEZ?Ls� XSZ
���'��� z{XSF>JVF[rS�]L+XSZ lSHGQmp[FICECELORSQbH9Z?LOB\C"oDF[r�JVQ+QbX@z{XSF�FICGJEF &EL�pIQOZ)XSZ?L�pILOHEa�L?Z�LOB\C=LOo JML
JEFIHLM�XsZ � LhJEQbH>Z?LOBDQbH�RSQ�z{XSFvXSZ ���'��� pIQbZ lSHEQ2pIF[CECELORSQbH4Z?LOBDC�HNMOlSB\RSQ�QbX5p[QbZ pILOHEa�L
Z-FIrsQbHI�

_dQbH4Z?QhJVB\tOQbC>RSF+thLOo\BDR]LhNiPOQS� Q^Z-Q2RSFIoDLORSQbH�piLOlsJEXSHVLm��JVLOZ>Y �IZ �`BDZ-FIRSBDLhJMLhZ?F[r{JEF
Lhr{JEFIC=RsF�RSF JVFIHGZ?B\r]LOH�Q�� LhJEQbH�RsF��SF JVFIHGQbabF[rSFIB\R]LORSF>RsF�piLhR]L ���'��� �}LOo\abXSZ?LOC�BDrs� QbHGZ�LhNHG2FIC
RsQ^CGBDCKJVFIZ?L�t2B|L�CEB\CGJEFIZ?L�QOl F[HVLOp[BDQbr]LhokRSQ ���'��� ��r �SZ?F[HEQ�RSFvlSHGQmp[FICECGQbC?LhJVB tbQbC[��pILOHEabL�F
l�FIHGpIF[r{JEX]LOo�oDB tmHGF RSQ�lsHEQ2pIFICGCVLORsQbHI�`�`CGCEFICkl]LOHNQhZ?F JVHEQOC�CEPOQ�QbYsJVB\RSQbC�LhJEHVLit �[CkRSF�oDF[B\JVXsHVLOC`RSF
LhHEz{XSB\tOQbC�RSQ-CEBDCKJVF[Z�L>o\BDr{X�I �SpIQOZ?Q +� �P)/�.+�� )&�2&����� F'R]L4CVLO~\R]L4RSQ-pIQbZ?LOrSRSQ � � ���%��� �

� � ��� � � ��� 0�� $������ �������������������;� ��� �3�*'��%� 5�������� ��� '�)+���3��� � ���

����"#$�����5!� 'M�%"	� �����

� C=JVF[CGJEFIC9l]LOHEL?tbF[HEB �]piLONIPOQ�R]L+lSHGFIp[BDCVPhQ�RSQ�Z?F[piLOrsBDCEZ-Q�RsF>Z?Q2RSF[o|LOabF[Z RSQ�� L e
JEQbH RSF9�SF JVF[HEQbabF[rSFIB\R]LORSF9� QbHELOZ �sBDrsBDpIBDLOoDZ-FIr�JEFO�{HEFILOoDB\�iLORSQOCxFIZ XsZ LOZ>YSB\FIr�JVF"pIQbr�JVHGQbo|LhRSQS�
Z?LOr�JVF[rSRSQ-QbC ���'��� � p[QbZ piLhHEa�L4�IF[HEQ?RSXSHVLhr{JEF�L-Z-QmRsFIo|LhabFIZ � � C � LhJVQbHGFIC�QbYsJEBDRSQOCI�wLOlSHGF e
CGFIr�JMLhRSQbC�r]L �yLOY�FIoDL��S� �m� HEF JVHELhJMLOZ LOC?RSB\� F[HEF[rSNiLOC�FIr�JVHGF�QbC ���'���"� RsQWl QOr{JEQWRSF&t2B\CGJML
RsF?CGX]LOC�piLOHELOp[JEFIHE~\CGJEBDpiLhC9FICGJNMhJVB\piLOC F tOFIo\Qmp[BDR]LORsF4R]L p[lSX}�yz2XSLOr�JVBDRSLORSF�RSF-Z?F[Z?cbHGB|Ls� F[JVpHG �
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n�o��[Z RSQ@� LhJEQ@RSF�z{XSFvQ�� L JVQbH>p[QbrSCGFIabXSFvHGF � F JVBDH4Q@RsFICEF[Z?l�FIrs�SQ�p[QbZ Y�Q�L�lSHGFIpIB\CVPOQs� �
JVLOZ>Y �IZ HEQbYSXsCGJVQ��OC thLOHEBDLONHG2FICxJE~DlSB\piLOCkRSQ4JVFIZ-l�Q-RsF�FOImFIpIXsNiPOQ?FIZ XSZ?L4Z Mhz2XsBDr]Ls�

I/JEKUL ��Y"TU�qY ��Y"`�k�o�]�\�Y S�W�TUVEk&�&S�n�f0] �^TUW oFY{LMJET/IKXe(jEj j x x�jEj sE�KXe(j^x j x x�jEj sE�KXe(jEs j x x�jEj sE�KXe(j"| j x x�jEj sE�} W�e^]�~�Y"~FJ j x x�jEj |qjV�Y } h j x x�jEj |qsKXe5x�t j x x�jEj sE�KXe5x1� j x x�jEj sE�e0x�� j x x�jEj �Ete�sEj j x x�jEj �Ete�s^x j x x�jEj �Ete�sEs j x x�jEj �Et
� LhY F[o|L>�S� �m��uwLhJVQbHGFIC�TUQ2RSF[o|LORSQOC pIQbZ pILOHEabL-�m�

u]QbHELOZ � F[B\JVQOCI�bJMLhZ>Y �[ZU�hJVFICKJVF[C p[QbZ piLhHEa�L9rSQbC ���'���"� ��CEF[rSRSQ�z{XSF�LOo\abXSrSC�JEBDrS�SLOZ
pILOHEabL�abF[HVLOR]L�l QOHyQbXmJVHEQOCyXSCGXRMOHGBDQbCdFJImFIp[XsJMLhrSRSQ9QbXsJEHEQbCylSHEQOabHVLOZ?LOC F�QbXsJVHGQbCyJEB\tOFIHVLhZ XSZ�L
pILOHEabL � IsL"abF[HVLORSL"RSFkZ?LOrSF[BDHEL�p[Qbr�JVHEQOo|LOR]Lm� ��QbC ���'���"� p[QbZ piLOHGa�L�p[Qbr�JVHGQbo|LORSLs�bL�tOLhHEB|LhNiPOQ
� QOB]QbYsJVB\R]L9FJImFIp[XsJMLhrSRSQhe CEF"F[Z�piLORSL ���'��� XsZ�r �sZ?F[HEQ�RSF�B\rSCGJNQOrSp[B|LOC`RSF�XSZ lsHEQ2pIFICGCEQ�z2XsF
p[QbrSCGQbZ?F?JVFIZ-l�Q&R]L@jx_�q���RSFIrsQbZ?B\r]LORSQ % � �'	������'� 	��*!#��,5� � �5�*� �&�`Z LOoDaOXSrSC�RsQbC ���'���"�
QOrSRSF�rSPOQ-� QOHVLOZ FOIsF[pIXsJVLOR]LOC"BDrSCKJUQOrSp[B|LOC�RSQ % � �'	������'� 	��*!#��, � � �5�*� �]QbXsJEHEQbC�lSHGQmp[FICECGQbC=RSF
XsCEXRMOHGBDQbC F[CGJVL thLOZ;CEFIrsRSQ�FOImFIpIXmJMLORSQOCdrsQ�Z-QbZ-FIr�JVQ RSL�Z-Q2RSFIoDLOabFIZ �Ip[QbZ-Q l QbH FOImFIZ-lSoDQ QbC
���'���"� r}�#-s�2rw�O�s�{rw�2�"F"r]�b�m� � C�� LhJVQbHGFIC�QbYsJEBDRSQbC[�2LOlSHEF[CEF[r{JVLORSQbCkr]L �yLOY�FIo|L��S� ( �{Z?QbCKJVHELOZ
L+CGFIrSCGBDYSB\oDB\R]LORSF�RSQvCEB\CGJVF[Z�L?RSF4Z?Q2RSF[o|LOabF[Z JMLOZ�Y �[Z �OC"piLOHELOp[JEFIHE~\CGJEBDpiLhC=RSBDrZQOZ?B\piLOC�RSQbC
���'���"� F r �SZ-FIHGQRsF^lsHEQ2pIFICGCEQbC[�=piLhHEa�Ls��F[JEp G �"QbrSRSF�l�QmRSF[Z?QOC+tbFIHGB��]pILOHvQ LOXSZ-FIr�JVQ5RSQbC
� L JVQbHGFIC�RSF'�SF[JEFIHGQbabFIrsFIBDRSLORSF'FIZ � XsrSNiPOQ-R]L4piLhHEa�Ls�

I�JEKML �&Y"TM�qY �/h^`�kS�TUJ3V4W4KXKMJEK*��JEe(KXh^`b]�Z(JETMW4K ��Y"`�k�o�]�\�Y S�W4TUVEk&�&S�n f.] �3TUW oFY{LMJETdIKMe�jEj ��� �^x s � j tEtKMe�j^x |�� wE� | w j xExExKMe�jEs x�j�� |qs y � j sEjEjKMe�j"| x�s�� sEw x�j xEx j sEwEj} W4e(]�~�Y"~FJ s�� sEj j � j �"|V�Y } h x�� j^x j s j x�jEjKMe0x�t j j x x�jEj sE�KMe0x1� j j x x�jEj sE�e0x�� s�� sE� j � j x�sEje�sEj s�� jq� j | j x�s^xe�s^x s�� j"| j | j x�sEse�sEs s�� jEj j | j x�sEs
�yLOY F[o|L4�S� ( ��uwLhJVQOHEFIC�T QmRSF[o|LORsQbC pIQbZ piLOHGa�L4RSB\� F[HEFIr�JEF�RsF��m�

��L �yLOY�FIoDL+�S� ( �}l]LOHEL+QbC ���'��� � pIQbZ)piLOHGa�L+pIQbr�JEHEQboDLOR]L F lsHEQ2pIFICGCEQbC'p[QbrSCEXsZ?B\RSQhe
HGFIC G ��l Q2RSF[Z?QbC�QbYSCEF[HGthLOH4z{XSF�QbC>thLOo\QbHEF[C>HEF � FIHGFIr�JVF[C?LhQ�JMLOZ?LOrS�SQ&R]L �]o|L&RsF�lSHEQ2pIF[CECEQOC
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L JVB\tOQbC�CEF[Z?lSHGF"LhlSHEF[CEFIr�JVL�XSZ�lSHGQmp[FICGCEQ>L'Z?LOBDC�RsQ�z{XSF�Q�r �SZ-FIHGQ�RsF�lSHGQmp[FICGCEQbC pIQbrSCGXSZ-B e
RsQbHEF[CI�`�`CECGFxQbXsJEHEQ=lsHEQ2pIFICGCEQ'LhJEB\tOQ �xQ=lsHEQ2pIFICGCEQ9HGF[� FIHGFIr�JVFxLOQ=Z-QmRSF[o|LORsQbHI� XSZ?L�tbF[�xz{XSFxQbC
thLOo\QbHEF[CxLOlsHEFICGFIr�JMLhRSQbCx� QbHELOZ pIQbo\F[JMLhRSQbC LhJEHVLit �[C RSQ>Z-QmRsFIo|LhRSQbHI� ��Q>pILOCEQ4RSL#� LOY�FIoDL��S� �m�
JVLOZ>Y �IZ tbF[HEB��SpiLOZ-QbC z{XSF'Q>JMLOZ?LOrS�sQ>R]L��]o|L��9BDabX]Lho}L>XSZ �sQbXvCGF &ELs�]Lhl F[r]LOC Q4lSHGQmp[FICECGQ
RsQ?Z-QmRsFIo|LhRSQbHkCGF'FIrSp[Qbr�JVHVLithL?F[Z FJImF[pIXSNIPOQS�

_dQmRSF[Z?QOC�QOYSCEF[HGthLOH�JMLOZ>Y �IZ �srSL �yLOY�FIo|L4�S� ( �Sz{XSF�QbC thLOoDQOHEFIC RsQ-� LhJEQbH RSF'�SF JVF e
HGQbabF[rSFIB\R]LORSF�LOXsZ?F[r{JVLOZ l]LOHVL+pILOR]L ���'��� lsHEQbl�QbHEp[BDQbrSLOoDZ-FIr�JVF�LOQ�r �SZ-FIHGQ RsF4lSHEQ2pIF[CECEQOC
L JVB\tOQbC�p[QbrSp[QbHEHGFIrSRSQ!l F[oDQWlSHGQmp[FICGCVLORSQOHI�$_dQbH�FOImFIZ-lSoDQS� rsQWpiLOCGQWRSQ ���'��� CGr]���m��Q!r �me
Z-FIHGQ@RSF�lSHGQmp[FICECGQbC-FIZ FOImFIpIXsNiPOQS� pIQbrsCEBDRsFIHVLhrSRSQ�Q@lSHEQ2pIF[CECGQ�Z-QmRsFIo|LhRSQbHI� ��BDabX]LhoxL -s�
Q@z{XSFvHGFICEXso\JML�F[Z XSZ�� LhJVQOH�RSF��SF JVF[HEQbabF[rSFIB\R]LORSF�B\abX]LOokL��O���m�^�`CGJEF�tOLhoDQbH[��piLOo\pIXSoDLORSQ
Z�XSo\JEBDlSo\BDpiLhrSRSQhe CEF�Q r �SZ-FIHEQ!RSF�lSHGQmp[FICECGQbCvLhJEB\tbQOC F - G-l�FIoDQ�� LhJVQbH?RSF��SF JVF[HEQbabF[rSFIB\R]LORSF
Z-Q2RSFIoDLORSQ�CEF[Z pILOHEabL F � ( G � ��Y F[Z lSHEc+ImBDZ-Q-RSQ-thLOo\QbH�HEFILOo QbYsJVB\RSQ�z{XSF�� QbB RSF��O�b�m�x�`CGJEF
LhCECEXsr{JEQ�CGFIHNM�rSQ thLOZ-FIr�JVF�LOY�QbHERSLORSQ4r]L�CEXSYsCEFINIPOQ��s� �S� �b�

� � ��� � ���������������;� ���,�3�%� 0�"�5!� ��132��

_yLOHVL�L�Z-QmRSF[o|LOaOFIZ RSL�pIQOZ>XSrSB\piLONIPOQ�rsFICGJVL�lSHGBDZ-FIB\HVL=tbF[HECVPhQ�RSQ�Z?Q2RSFIoDLORSQbH[�b� QbB
XmJVBDo\BD�ILORSQ9XSZ LOo\abQbHEB JVZ-Q=Y]LOCGFiLORsQ�rSQ�CEBDCKJVF[Z�L'RSF"Z-Q2RSFIoDLOabFIZ RSF�l]LOHNQhZ?F JVHEQOC�RsQ�Z-QmRSF[oDQ
� Qbab_lSHGQbl QOCGJVQ�l�QbH � �SB\oDQ��9BDF[oDZ?LOrSr ������� � ��-����]p[QbZ LhoDabXSZ?LOC Lho\JVF[HVLONPGmF[CxBDr�JEHEQ2RSXS�IB\R]LOC
lSLOHVL z2XsF?QUZ?F[CEZ-QUl�QbCECELUCGFIH�XmJVBDo\BD�ILORSQ�l]LOHELUZ-QmRsFIo|LhH9z2XSLOoDz{XSF[H�l]LhH�RSF-lSHGQmp[FICECGQbC�RSL
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#�� � � , � � #���VW�812�8�M�2��/ 7E� + �D�'"\/2���F���i� 187 @ ��/6�2"Q + �B� / 5 + 1 @ � /I/'! "O�8Q + � @ � ���8���'��/ ;
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'f� aA������� ; m  � 4�"���	� 12� �S! "\�8���'12�$�2�����"�#��%�)'j� 5 + �S! "#	�\� ����� 5 � �S! "*�$"��'����A"O�O��� 16�2��1
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/6��1 6 @ ��/��'"O�	�O/2�8�S! "/2�8G + �����2� ;
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deS�xBS�Z�\���<���>� � ��Z�]hd\t&YNS�S#�BZ��\xBU$�

��S�xB��Sra\UbU p �k"DZoU�UP] �`U���t\"DaeSrU)'�UP��t�Y�S�Zo��Z�]hS p a�Z ?�� %����	x`Z ��U�deS�x�SrS���teS�x`aeS�xjSr]gU p �
�BS���UP]�a\U�x`UPY�Z�x p Z\y%! teS p a\ZgSb]hU p ��S���U�]k|�a�� � � U�� SwS�Zcd\x`Z&�PU��`�BZT�\���&�'�>� � UP�`YBU�Sbx`U��PU#�_U
�PZ�]gd\t�YNS p a\ZjSj�BZ��\xBUP�vS�x`� Sja\U xBUP��U#��"F]gU p Y�ZlU UP] �BU���t\"FaeSlU p �k"WSjSl]gU p �BS���UP] a\U ��Z�VDY�SjS�Z
d�xBZk��U��`�BZT�U� � �&� �'� � �PZ�]gd\t�YNS p a\ZgSc�BZ �\x`U���S�xB� Swa\U#U p �k"FZ�y � d\xBZk��UP�B�`ZP�U� � �&� �'��S�ZwxBUP��U&�
�_U�x5S�]hU p ��S���U�] a\U ��Z�VDY�Sj�PZ�]hd�t�YNS Sj�BZ �\x`U���S�xB� S a�U xBUP��U'�\"F]gU p Y�Z�U Z�(I� � 3_�*)��<� 4+)R���U�
, ! '�'C��y � d�����S#�PZ�]gd\t�YNS q m�Z#aeS��	�`Z �\x`U��vS�xB� S���Uia\Z�! '�' Z�d�xBZk��U��`�BZ�U� � �&� �'�ix`U��PU#�_Ula�Z
d�xBZk��U��`�BZT�\���<���>���Bt\S��i�BZ �\x`U���S�xB� S��n��Z�]gd\t�Y�S�aeS�� U�U p YNm�ZgSbVWS�Y$# p ��"WS�d�Zka\U��BUPxn�vS�VD��t\VFS�aeS
d_U�VFSjU)'�d�xBU��`��m�Z

[L(m, measure, mirror) = ((RTT (m, measure, mirror)−

Os(m, measure, mirror) − Or(m, mirror, measure) − Os(m, mirror,
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measure) − Or(m, measure, mirror))/2)]
y

Or(    )m

Or(    )m

tempo

measure

mirror

(a)  (c)

(d)

MPI−Probe

Os(    )m

Os(    )m

MPI−Probe

(b)

�T"F��t\x�S��\y � � ? 7�Y�Zka\Zwd\" p ����d_Z p �\y

��������� � �����	��
���	�����	������������������� �	�����������	��� ��!�"��

� ](7�Y�Zka\Z�a\U.-�"FUPVF]hS p t�YB"FVF"DuvS � deS�xBS�Z[U p �&"DZ aeS���]gU p �BS���U p ��a�t\x�S p YBUcZ[d�xBZ��
�PU��`�BZ a\U[]gZ&a\UPVWS���U�] a\S ��Z�]bt p "D�vS q m�Z � Z ��Z�]rS p a\Z ? ��%

�
� U p a , ��y � �`YBU ��Z�]rS p a\Z 7

a�"DY�Z ��VFZk�kt�UvS p Y�U � d�Z�"F� Zgd\xBZk��UP�B�`Zh�,t\U#U p �k"WSwSc]gU p �BS���U�] S���teS�x`aeSct\]hSb]hU p ��S���U�] a\U
�PZ p #ex`]rS q m�Zoa�UbxBUP��U#��"F]gU p Y�Zod_Z�xjdeS�x`YBUba\Zoa�U��`YB" p S�Y 6�x`"FZ � S p Y�UP� a\UbVD" �_U�x�S�xjZod�xBZk��U��`��S��
a�Z�x�y���S���UPxB�Bm�Z/%3%�a\Z[]hZka\UPVWS�a\Z�x��sZ�"5�PZ p �B"Da\U�xBS�aeS�YNS�] ��7P] S�t�Y�"DVF"Fu�S q m�Zoa\Z[��Z�]hS p a\Z
a�UbU p �k"FZoa�Ub]hU p ��S���U p ��a\U��sZ�x`]rS p m�Z �\VDZ&�,t\U�S p Y�U�?�� %

�
%��`U p a , ��y � �`YBUb��Z�]rS p a\Z p m�Z

S���teS�x`aeShZgxBUP��U#��"F]gU p Y�ZhaeSh]gU p �BS���UP] d_U�VDZha�U��`YB" p S�Y 6�x`"FZ � ]hS��l�B"F]gd\VDU��B]gU p YBU�a�U�VFUP� SrS
t�]�Z�t�YBxBZbd�xBZk��U��`�BZgS��st p\q m�Zca\U�U p �k"FS�x � VF" �_U�xBS p a\Z�Zbd\xBZk��UP�B�`Zg�,t\U�x`UvS�VD"FuPZ�t�Sb� � S�]hS�aeS
d\S�x�Sg��Z p Y�" p teS�xiU('&U��Pt�YNS p a\Z\y � ��'TS���UPVWS��I�\y�� )&� �\y�� +wUB�\y�� � S�d\x`U��BU p YNS�] Z��i��S�VFZ�x`U��iZ � �
YB"Fa\Z��cdeS�x�SfS VWS�Y$# p ��"WS � Sf�`Z �\x`U��vS�xB� S a\U U p �k"FZfU[S �BZ ��xBU���S�xB��Sfa�U[x`U��PU#�\"D]hU p YBZ � deS�x�S
� 6�x`"FZ��#YNS�]rS p � Z���a\Ur]gU p �BS���UP] � t�Y�"DVF"Fu�S p a\Z����BUcY�S p Y�Z Z ��Z�]hS p a\Z ?�� %

�
� U p a , ���PZ�]hZ

Z �PZ�]rS p a\Z9?�� %
�
%��BU p a , ��y � 'TS��_U�VFS[�\y�� ) S�d\xBUP�BU p Y�S[Z�� ��S�VFZ�x`U���deS�xBS So��Z�]bt p "F��S q m�Z

x`UvS�VD"Fu�S�aeSwU p Y�x`Ubt\] ]hUP�B]gZ6+	� �-,�� S5'^S��_U�VFSF�\y�� +rS�d\xBUP�BU p Y�SoZ��j��S�VDZ�xBUP��deS�xBSrSr�PZ�]bt p " �
��S q m�ZbxBU�S�VF"DuvS�aeS�U p Y�x`U a\Z�"D� +	� �-,�� aeS .?�,� U�S '^S���UPVWS%�\y�� � S�d\x`U��BU p YNSbZ�����S�VFZ�x`U�� d\S�x�SbS
�PZ�]bt p "F�vS q m�ZwxBU�S�VF"DuvS�a\SbU p Y�x`U�t�] � Z���Yja\S&.X�,� U#Z�t�Y�x`ZwaeS ��.	4%� !i"FZ\y

4 Z�]gdeS�xBS p a\Z�Z���aeS�a�Z�� a\S���'TS��_U�VFS��c�\y�� )&� �\y�� +�UX�\y�� �b� xBU��sU�xBU p Y�U�� S�Z���Z�]hS p a\Z
? ��%

�
� U p a , ��]gZka\U�VFS�a\Z��j��Z�] Sr��U�x`��m�Z %3%la�Z[]gZka\U�VFS�a\Z�x � �PZ�] Z���aeS�a\Z���a\S�� 'TS���UPVWS��
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���� * 0
	9
���� ����
�� �����/�������� � ��!�� #$��% � � ��!�� ' 
)�(
!�� ��������������� � ��!�� #$��%&� � ��!�� '�
�(
)!��

*,+�� ��
)�/0 *
µ
�/0 *

µ
�/0 *

µ
��0 *

µ
��0 *

µ
��0 *

µ
��0

J.K �B4 ��J�G I.K I ���B4 ����~ H�I ~
H�I�� �B4 ��J�J I�~ ~ ���B4 �0Q.G H�H ~
I���J H�JB4 J�~�I I.K ~ ���B4 �0Q�� HsK ~
�BH�I H��B4 ��J�J I�� ~ ���B4 �0Q`H H�~ K

H�4 G�I.K J�~B4 I���� ~�~ ~ ���B4 ����G H�� K
IB4 G.K0� H���GB4 G���I ~.K K ���B4 �0Q.G H�� K
K�4 G���J ���B4 ����I ~�� J ���B4 �0Q.G H�� J
�B49H���I ���B4 �.K�Q ~�~ � H�H�JB4 J�I�� I�G H�I
H�JB4 ~��.K ���B4 ��~�J K0~ H�I H�HsK�4 ��JBH H�H H�J
~�IB4 Q.J�� ���B4 ��G�J JBH I.K ���B4 ���BH H�~ I�J
J��B4 ��~�J ���B4 ����G ��� �0Q ���B4 ��~�� H�~ J�G
H�~BH�4 G0Q.� ���B4 Q.G0Q HRQ�Q H�~�~ ���B4 ��J�G I�~ H�I��
I�J�IB49HsK�K ���B4 ����� H����B4 J�J�� ~�~�I I����B4 JBH�I ~�I ~���~
��I.K�4 I���� J�GB4 I�I.K K0J��B49H�J0Q QCK�H K ���B4 I���G ~�� QCK�K

H�4 G.K0�B4 �0Q.J ��~B4 K0IBH �����B4 GBHsK H�4 K0��~ H�49H�H�IB49H�H�J ~�� H�4 K0JBH
IB4 G��0Q`49H���I ���B4 ����G IB4 I�I��B4 G�~�� IB4 �0Q.I IB4 ~�I0Q`4 ����J ~0Q IB4 �0Q.I
K�49H��.K�4 ~�G.K ���B4 ����I K�4 �����B49H�H�� �B4 Q.G�� K�4 Q.��IB4 ��J�~ K�Q �B4 Q.I�G
�B4 ~����B4 J�G�� ���B4 ����� �B4 ~�~�JB4 ���BH H�H�4 K0~�� �B4 K0J.K�4 ~�J�� ��G H�H�4 K0I0Q
H�JB4 Q�Q�Q`4 IBH�J J�GB4 I�I0Q H��B4 Q`HRQ`4 G�J�� I�IB4 ����� H��B4 ��G0Q`49H��BH �0Q I�IB4 ��J��
~�~B4 ���.K�4 K0~�I J�~B4 ��G0Q ~0Q`4 Q�QCK�4 ����~ K0�B4 J0Q.G ~0Q`4 ��~BH�4 K�Q.~ �BH K0JB4 �.K0~
J0Q`49H�G��B4 ��J.K ��~B4 ~0Q.� Q.�B4 ��J�GB4 ����� H�I.K�4 K�H�� Q.�B4 Q`HsK�4 Q���~ J�� H���GB4 G�I�G

'^S��_U�VFSC�\y�� ) � ?[Z&a\UPVWS���U�] aeSi��Z�]bt p "D�vS q m�Zjd_U�VFS ��U�x`��m�Z	% % a�Z ? Zka\UPVWS�a\Z�x t���S p a�Z � U p a , �
U %��`U p a , � p Zg]gU��`]hZ � Z��`Yvy

��y ��� �\y � Ud��y��=� � x`U��`d�UP�PY�")��S�]hU p Y�U � ]hZka\UPVWS�a\Z�� ��Z�] Si��U�xB�Bm�Z	%�a\Zl]hZka\U�VFS�a\Z�x � Z �\�`U�x���S�]hZ��
�,t\U�Z�� ��S�VFZ�x`U�� deS�x�ScS��BZ �\x`U���S�xB� Sba�U�U p �k"FZ	� 	 U�S��BZ �\x`U���S�xB� Sca\U�xBU��PU#�\"D]hU p Y�Z	� � ��m�Z
]hS�"D� Z�t ]hU p Z��iU��,t\")��S�VFU p YBU�� � ]hZ���Y�xBS p a\Zc�,t\U�Zw]hUP�vS p "D�B]gZca\U�]gZ&a\UPVWS���U�] deS�x�ScUP�B�BUP�
d\S�x�1�]gUPYBxBZ�� p S���U�x`��m�Z %3%	a\Zb]gZ&a\UPVWS�a�Z�x�d�Z��`�Bt\" S�]gU��`]rS�d\xBUP��"F�Bm�ZbUP] x`U�VWS q m�Z 1���UPxB�Bm�Z
%na�Z�]hZka\U�VFS�a\Z�xPy � a\")�sU�xBU p\q ShU p Y�x`UbZ�����S�VDZ�xBUP�jaeShVWS�Y # p �P"WS	
 � d_Zka\U��`U�x�U)'&d\VF"D�vS�aeShU�]
�st p\q m�ZjaeSja�"D�sU�x`U p\q Sj�`t�Y�"DV p Sj�`teS�a\U(# p " q m�Z , U U p YNm�Z p Z�� ]hUP�vS p "D�B]gZ�� a\U�a\UPYBU�xB]g" p S q m�Z���y
�lZ ]&7PYBZ&a�Z[a�U -�"DU�VF]hS p � t�Y�"DVF"Fu�S�a\Z p S ��U�xB�Bm�Z/%ja\Z[]hZka\U�VFS�a\Z�x � S VWS�Y # p �P"WS07gZ YBU�]gd�Z
U p Y�xBUrZ " p �F��"DZ a�UrU p �k"FZ S�Y$7rS � � UP� S�aeS a\Z d\xB"D]hUP"Fx`Z �\")Y p Z a\U���Y�" p Z , �BU p a\Z �vS�VD��t\VFS�aeS
UP] �st p\q m�Z�a�Z 6 � 4 �M��y �jZ�]&7PY�Zka\Zhd\xBZ�d_Z���Y�Z p Sg��U�x`��m�Z %3%na\Z�]hZka\UPVWS�a\Z�xjShVWS�Y # p �P"WS(7
ZbYBU�]gd�ZcU p Y�xBU#Z�#e] aeSb�BZ��\xBUP�vS�x`� Sca\U�U p �k"FZwU�Zc" p �F��"DZ�aeSc�`Z �\xBUP�vS�x`� Sba\U�x`U���U'�\"F]gU p YBZ
, �BU p a\Zw�vS�VD��t\VFS�aeS�UP] �st p\q m�Zca�Z !iZ�t p a '^x`"Fd0'n"D]hU , ! '�'C� U a\S��n�BZ ��xBU���S�xB��S��na\U U p �k"DZ
Uwa\UgxBUP��U'�\"F]gU p Y�Z���y��jUP�`Y�U �\V)Y�"F]gZo��S��BZ � ��Z�]hZ Z ��Z�]hS p a�Z[a�UhU p �k"DZ 7 �\VDZ&�,t\U�S p Y�U � S��
�`Z �\x`U��vS�xB� S�� S�t\]gU p YNS�] a\U��sZ�xB]hShVF" p UvS�xj�PZ�] ZoS�t\]gU p Y�Z�a\ZhYNS�]hS p�� ZhaeSo]gU p �BS���U�] �
]hS p Y�U p a\ZhScVWS�Y # p �P"WSbd\xBS�Y�"D�vS�]gU p Y�U��PZ p ��YNS p Y�U�y

� �\�`U�x`��S p a\Z Z��oaeS�a�Z��oaeS��5'TS��_U�VFS��U��y�� + UL�\y�� �&� xBU��sU�xBU p Y�U��[S YBU���Y�U�� a\U ��Z��
]�t p "F��S q m�ZcU p Y�x`U � Z��`YB�na\"D�sUPxBU p YBU��it�Y�"DVF"DuvS p a�Z�Zw��Z�]hS p a�Z ?�� %

�
� U p a � ��U�xB"A#e�vS�]hZ�� �kt�U

Z��b��S�VFZ�x`U��bdeS�x�SfS �BZ ��xBU���S�xB��Sfa�U�U p �k"FZ�� 	 U[S �BZ �\x`U���S�xB� S a\U�x`U��PU#�\"D]hU p YBZ�� � Y #�]
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���� ����
�� ������������� � � ��!�� # ��%&� � ��!�� '�
)� 
)!�� �&���/�������� � ��!�� #$��% � � ��!�� ' 
)�(
!��

*,+�� �/
)��0 *
µ
��0 *

µ
��0 *

µ
�/0 *

µ
�/0 *

µ
�/0 *

µ
�/0

J.K I.K�Q H�� H H��0Q J H
H�I�� I��BH H�� I H���� Q H
I���J I���~ H�� I H��0Q Q H
�BH�I IBH�� H�� ~ I.K�H J H

H�4 G�I.K K�Q�Q H�� I ~BH�I J ~
IB4 G.K0� K0��� I�I I K0��J Q I
K�4 G���J Q.~�I I�J K J�I�J J K
�B49H���I H�4 G�G.K ~BH K ����� � �
H�JB4 ~��.K H�4 ���0Q ~�JBH Q H�4 J��.K Q �
~�IB4 Q.J�� IB4 �.K0� K ��I HRQ ~B4 G�~�I � HRQ
J��B4 ��~�J ~B4 J�I�G IB4 ����� K0� �B4 ��~�J H�I K �
H�~BH�4 G0Q.� K�4 Q.I�G JB4 Q���G H���J H�H�4 K0~�G H�� H���G
I�J�IB49HsK�K K�4 G��0Q H��B4 J�J�I ~�J.K I�IB4 �.K�Q I0Q ~.K �
��I.K�4 I���� K�4 ~��BH K0GB4 ~���J Q���� K�K�4 ����� ~.K Q.��G

H�4 G.K0�B4 �0Q.J K�4 K0��G �.K�4 �0Q�Q H�4 ��~�~ ���B4 ~���~ ~�� H�4 K0J��
IB4 G��0Q`49H���I K�4 J�J�~ HRQCK�4 K�Q.~ IB4 ��J�G HRQ.�B4 ��~.K ~�J IB4 �.K0G
K�49H��.K�4 ~�G.K K�4 ~.K0~ ~���IB4 ��G�~ �B4 �.K�K ~���JB4 �BH�� ~0Q �B4 ��J��
�B4 ~����B4 J�G�� K�4 I.K0J Q.G��B4 ����� H�H�4 ��J0Q Q`H�~B4 ��G�� K0I H�H�4 JBH��
H�JB4 Q�Q�Q`4 IBH�J K�49H�J�~ H�4 K�Q.�B4 J�J.K I�~B4 Q.J.K H�4 K0�.K�4 J�J0Q K0J I�~B49H�J.K
~�~B4 ���.K�4 K0~�I K�4 I0Q�� IB4 ��~�GB4 G�J.K K0�B49H�J�G IB4 ��G�JB4 ~�I�� K�Q K0JB4 ���.K
J0Q`49H�G��B4 ��J.K K�4 JBH�� �B4 ��J��B4 G���� �.K�4 I�G�J �B4 �BH�~B4 I�J�G K0� HsK�H�4 �BH��

'^S��_U�VFSC�\y�� + � ?[Z&a\UPVWS���U�] aeSi��Z�]bt p "D�vS q m�Zjd_U�VFS ��U�x`��m�Z	% % a�Z ? Zka\UPVWS�a\Z�x t���S p a�Z � U p a , �
U %��`U p a , �iU p Y�xBU � Z��`Y��la\")�sU�xBU p Y�U��Py

Z�]gU��`]hZr��Z�]gd�Z�x`YNS�]hU p YBZra\Z�����S�VFZ�x`U��l��S�VFZ�x`U���Z���Y�"Da\Z�� deS�x�Sr]gU�a\"DaeS��jU p Y�x`Ucd\xBZk��UP�B�BZ��
�`U p a�ZrU('&UP��t�Y�S�a\Z�� p t\] ]gU��B]gZ0+	� �-,R� �&"D�`YBZ p S '^S��_U�VWS\�\y�� ) y

� �\�`U�x`��S p a\ZhUP] �vS�aeSct\]rScaeS���'TS��_U�VFS��t�\y�� +bUE�\y�� �&� ��U�xB"A#e�vS�]hZ��n�,t\U#Z�� ��S�VDZ��
x`U���aeS�VFS�Y$# p ��"FS 
 � deS�xBS#Y�S�]hS p�� Z���a\Ul]gU p �BS���U�] " p �sU�x`"FZ�x`U���S�+ � - �0/,Y�UP� � �PZ p �`"Fa\UPx�S p a�Z
Z �PZ�]hS p a\Z�?�� %

�
� U p a � YBU�] t\] ��S�VDZ�x�aeS ]gU��`]rS Z�xBa\UP] a\Z��b��S�VDZ�xBUP�bZ ��YB"Fa\Z��bt�Y�"DVF" �

u�S p a\Z Z ��Z�]rS p a\Z�?�� %
�
%��BU p a y �TS�xBS YNS�]rS p � Z��ga\U ]gU p �BS���UP] ]hS�"DZ�xBUP�ga�Z �,t\U + �

-98 /,YBU�� � Z�� ��S�VDZ�xBUP� ]gZ&a\UPVWS�a�Z���t�YB"FVD"FuvS p a\ZrZ �PZ�]rS p a\Z9?�� %
�
� U p a �Bm�Z�a\"D�sUPxBU p YBU��#a\Z��

��S�VDZ�xBUP�j]gZka\U�VFS�a\Z��ld�UPVFZh��Z�]hS p a\Z@?�� %
�
%��BU p a d_Z�"D� � Zr��Z�]rS p a\Z ?�� %

�
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L <sE�79MN+.M�% Q`H J�� Q`H Q`H Q.I QCK Q.� Q.J Q�Q
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'FE�H�J ��	 H�� HRQ H�� ��� ��� I�G I�G H��
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� ��I �BH �BH ��� K�K � � K0� K0J
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ENIBH K � ��G K � ��~ ��I K0� K0J K0� K�Q
ENI�I ��I �BH K0� K � K � K � �BH K � ��G
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ENI�I H�~�� H�~.K H�~�~ H�~�� H�~�J H�~0Q H�~�~ H�~�I H�~BH
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: '�� 1&IB} 1kG� Q`H IBH I�G I�G
@ � 1kIB} 1kG� JB4 G.K�K �B4 �.K0� JB49H�I�J JB49H�I�J
: - � 1kGB} 1&I� I��BH �.K J�G J�G
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�PZ�]bt p "F�vS q m�Z[U p Y�x`Uhd�xBZk��U��`�BZ���aeS6.�� � UhU p Y�xBUgd\x`Z&�PU��B�`Z���a\S .�� � U ��. 4 � ��Z�] �eS��BU
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'^S��_U�VFS �\y  ) ��4 Z�]gdeS�xBS q m�ZcU p Y�xBU�YBU�]gd�Zba�U�U)'&U���t q m�ZgaeScS�d\VD"F��S q m�Z�U�ZbY�U�]gd_ZwSwd\S�x`YB"Fx
a�Z��ideS�x�1�]hU�Y�xBZ��n]hZka\U�VFS�a\Z�� � t�YB"FVD"FuvS p a\ZcSb��UPxB�Bm�Z5%3% , S � a\Z ? Zka\U�VFS�a\Z�xPy

S p S�V �)Y�"D��Z�d\S�x�S a\U�Y�UPxB]g" p S q m�Z�a\Z��	��S�VDZ�xBUP�5a\Z��	deS�x�1�]gUPYBxBZ��5a�Z�]gZka\U�VDZ 2 = Z��
� , VFS�Y$# p ��"FS �
�`Z �\x`U��vS�xB� Swa\U#U p �k"FZgU��BZ ��xBU���S�xB��Sga\U#x`U���U'�\"F]gU p YBZ � y

� � ��S�VFZ�xBU�� a\Z�� deS�x�1�]gUPYBxBZ�� a�Zc]hZka\U�VDZ��Bm�ZcU���Y�"F]hS�a\Z�� ��Z�] �eS��`U�U�] U��,teS q 5&UP�
d�xBZ�d_Z��`Y�S�� p S����BU q 5kU����`U���t\" p Y�U��Py � U���Y�"D]rS�YB"D��S 7��sU�")YNSr�PZ�] �eS��`UcU�]���S�VFZ�x`U�� � a\U p Z�]g" �
p S�a\Z��94 � �����
-,�� ��� � � � ��� � � � ��� � �,t\Uh��m�Z a\UPYBU�xB]g" p S�a\Z���t\]hS � p "D�vS ��U�uhdeS�xBS �vS�aeS +���� ,

a�Z@8�xB"Da � t�YB"FVD"FuvS p a\ZcSb��UPxB�Bm�Z5%3% , S � a\Zw]gZ&a�U�VWS�a\Z�x�y � �iU��,teS q 5&UP�jt&Y�"FVD"Fu�S�]�" p �sZ�x`]rS q 5kU��
Z���Y�"DaeS��ga\Z �B"D�`YBU�]hS Z�d_U�xBS���"DZ p S�V � ��Z�]hZ d�Z�xhU('&U�]gd\VDZ S ��S�xB� S U Z Y�S�]hS p�� Z aeS�#eVFS �
U p Y�xBUwZ�t&Y�xBZ���y � ��UPxB��m�Z %3% , � � a�Z�]hZka\U�VFS�a\Z�x�7bt�YB"FVF"DuvS�a\SrSo�vS�aeS�U��B��S�VFZ p S�]gU p Y�Z � deS�x�S
��S�u�U�xgS *`t��`Y�UP� p Z�� 4 � �����
-,�� ��� � � � ��� � � � ��� U a�UPY�UPxB]g" p S�xcZ ��S�VDZ�xcS�d\x`Z"'�"D]rS�a\ZfdeS�x�S Z��
d\S�x�1�]gUPYBxBZ��Py � ��S�VDZ�x Z ��YB"Fa\Zwx`U�d\x`U��BU p YNSrS��l��S�x�S��PY�UPx��D�`Y�"D�vS��iS�Y�teS�"D� a\ZgxBUP��t\x`�BZ\y
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'^S��_U�VFS �\y  + ��4 Z�]gdeS�xBS q m�ZcU p Y�xBU�YBU�]gd�Zba�U�U)'&U���t q m�ZgaeScS�d\VD"F��S q m�Z�U�ZbY�U�]gd_ZwSwd\S�x`YB"Fx
a�Z��ideS�x�1�]hU�Y�xBZ��n]hZka\U�VFS�a\Z�� � t�YB"FVD"FuvS p a\ZcSb��UPxB�Bm�Z5%3% , � � a\Z ? Zka\U�VFS�a\Z�xPy

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

�lU��B�BS���UPxB��m�Z a\Z ]gZ&a�U�VWS�a\Z�x � Zl��S�VFZ�x xBU��sU�x`U p Y�U 1��vS�d\S���"DaeS�a\U�a\U d�xBZk��U��`��S�]gU p YBZ
a�U���S�aeS0+���� , 7#a\UPYBU�x`]h" p S�a\Zct�YB"FVD"FuvS p a\Zbt\]hScaeS��iU��,teS q 5kU��jS�d\xBUP�BU p Y�S�aeS��jS��eS�"A'&Z , �\y�� �
��y  U��\y : � y �	�`��S��cUP�kt\S q 5kU��bY #�] Z Z � *`U�Y�"D��Z a\UoUP�`YB"F]hS�x�Z d�Zka\U�x���Z�]gd\t�Y�S���"DZ p S�V�a\"D� �
d_Z p �)��UPV ,

HEstimado

� U�]��vS�aeS6+���� , a\Z 8�xB"Fa � S *`t\�`Y�S p a\Z�Zr��S�Y�Z�xla\U � U�Y�UPxBZ���U p U�"DaeS�a\U
��S�VF" �\x�S�a\Z ,

HCalibrado

� y � S *`t\�`YBU 7��sUP"DY�Zh��Z�] �eS��`UbU�] �vS�x�S���Y�U�x �F��Y�"F��S����PZ�VFU�YNS�a\S��ja�Z
d�x��d\x`"FZb�`"F��Y�U�]hSbZ�d_U�xBS���"DZ p S�V_a\Z5+���� , y '^x3#��nU��,teS q 5kU��na\")�sU�xBU p Y�U��n�,t\U#S p S�VF"D��S�]�]bt�aeS p �
q S�� p S��i�vS�x�S���Y�U�x �F��Y�"F��S��na\Z�� +���� , �#�sZ�x�S�]�d\x`Z�d�Z��`YNS�� p U��`YBU�YBx�S��\S�V � Z �

HEstimado = HCalibrado ∗ (
TamFilaAtual

TamFilaPadrao
)

, �\y�� �

HEstimado = HCalibrado ∗ CargaAtual
, �\y  �

HEstimado = HCalibrado ∗ (
TempoParede

TempoCPU
)

, �\y : �

• ����� ����� ��� 	���� ) � ��� � � � � � � � � �57hS��,teS p Y�"DaeS�a\Uga\Uwd\xBZk��UP�B�`Z����,t\UgU���YNSv��S�] U�]
U('&U��Pt q m�Zr�kt\S p a\ZhZ

HCalibrado

a\Z +���� , �sZ�"{a\U�Y�U�x`]h" p S�a\Z � U�Z ) � ��� � � �"! , � � � 7
Sw�,teS p YB"FaeS�a\U�S�Y�teS�V a\U#d\xBZk��UP�B�`Z��jUP] U('&UP��t q m�Z p Z0+���� , y

• ����� ����� �#� 	%$&�(' � � 6 �"! , � � � 7#Zc��S�VFZ�x S�Y�teS�V ��Z�VDUPY�S�a\ZwdeS�xBSgSc��S�xB� Sca\Z +���� , y

• ����� ����� �)� 	+*�� ) 
 � 4�� � � � 
 � 
 7iZ#Y�UP]hd_Z Y�Z�Y�S�Ve�,t\UiVFU���S�deS�x�S#U('&U��Pt�YNS�x�t\] YBxBUP� � Z
a\U ���ka\"D��Z p Z5+���� , � U Z�) 
 � 4�� ' ��, 7 ZbYBU�]gd�Z�a\U 4 ��. t�Y�"DVF"DuvS�a\Z�deS�xBS�U('&U��Pt�YNS�x
ZwYBxBUP� � Zra\U#�-�&a\"D��Z\y
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� ��'^S��_U�VWS�� �\y  �&� �\y �� U��\y  � ]gZ���Y�x�S�]�Z��ixBUP�Bt\V)YNS�a�Z��iZ ��Y�"Da\Z��iS�YBx�Sv� 7P�ja\Sg]gZ��
a�U�VWS���U�] t�Y�"DVF"Fu�S p a\ZrS����	�,teS q 5kU����\y�� � ��y  U�\y :�� x`U��Bd_U���Y�")��S�]hU p YBU�y �^Zka\U�]gZ�� ��UPxB"A#e�vS�x
p S '^S��_U�VWS��\y  �&� �PZ�]gZ#�k"D�`Y�Z�d_Z�x � � ) �C� �,t\UjS�]gZka\U�VFS���U�] S p S�V �DYB"F��S�d�Zka\U p m�Z�S�d�xBU��`U p YNS�x
�_Z S�d\xBUP��"F�Bm�Z�UP] S�VF��t p � ��S��BZ���y � � ��S�VDZ�xBUP����S�VF�Pt\VWS�a\Z�� , �XS�Y�Z�x �	��Y�"F]hS�a\Z � d\S�x�S�Z�� � Z��`Y��
���������e������
 U ���,
�� �Bm�Z �eS��`Y�S p Y�U#a\")�sU�xBU p Y�U��ia\Z��i��S�VDZ�xBUP�nZ ��YB"Fa\Z��iS�Y�x�Sv� 7��laeSc]hZka\U�VFS���UP]
t&Y�"FVD"Fu�S p a\ZcSc��UPxB�Bm�Z(%3% a\Zw]gZ&a�U�VWS�a\Z�x , �_S�Y�Z�x ?[U�a\"Da\Z � y
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'DENG�G H I�J ~ Q.� �.K K�K�} K�K
'DENGBH H I�J I ��I K0G ~�GB} G�G
'DENG�I H I�J H I�J I�� K�} G�G
'DENG.K H I�J H I�J I�� K�} G�G
L <sE�79MN+.M�% H K0G H K0G K0G GB} G�G
>�+ L)O H K0I H K0I K0I GB} G�G
'DE�H�J H I�J I ��I ~�� ~�~B} ~�~
'DE�HRQ H I�J H I�J I�� K�} G�G
EPH�� H K0I J I���I I�IBH HsK�} G�I
'DENI�G H K0I J I���I I�I�I H�~B} �BH
'DENIBH H K0I J I���I I�I.K H�IB} ��G
'DENI�I H K0I J I���I I�I�~ H�~B} G�G
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'FE�G�G GB} G�G I�J IB}9H�H ��� �.K H�} �BH
'FE�GBH GB} G�G I�J H�} G�� I0Q K0G � K0�B}9HsK
'FE�G�I GB} G�G I�J GB} G�� I�J I�� K�} G�G
'FE�G.K GB} G�G I�J GB} G0Q I�J I�� K�} G�G
L <�EB79MN+.M�% GB} G�G K0G GB} G�J K0G K0G GB} G�G
>�+ L)O GB} G�G K0I GB}9H�~ K0I K0I GB} G�G
'FEPH�J GB} G�G I�J H�}9H�G I�� ~�� � ~.K�} K0�
'FEPHRQ GB} G�G I�J GB} G�J I�J I�� K�} G�G
E�H�� GB} G�G K0I �B} G�� IBH�~ I�IBH � ~B} Q.�
ENI�G GB} G�G K0I �B}9H�I IBH�� I�I�I � ~B} I��
ENIBH GB} G�G K0I �B} G�� IBH�I I�I.K � K�} I.K
ENI�I GB} G�G K0I �B} G�J IBH�I I�I�~ � �B}9H��

'TS��_U�VFS�\y  � ���XS�Y�Z�x`U�� ? Zka\UPVWS�a\Z�� ��p S�VD"DYB"F�vS�]hU p YBU��PZ�] S �	�kt\S q m�Z �\y  y

� t�YB"FVDuvS q m�Z aeS��	�,teS q m�Z��\y��n�,t\Un�`U �eS��BUP"WS p Z Y�S�]hS p�� Z a\S #eVWS d_Z&a�U � �PZ�]hZ 7nZ
��S��BZ�a\Z�� +���� , ��� p ����Ul� p � � � VFU���S�x�S�t�]rS�d\x`UP�k"F�Bm�Z �eS��`YNS p YBUjUPxBxBS�aeS�y %��`�BZ�S���Z p YBU���Uld_U�VFZ
��S�Y�Zwa\U��,t\U�1��n��UPu�U�� � d\xBZk��UP�B�BZ��jUP] U('&U��Pt q m�Z � �kt�U p m�Zw��Z p �`Z�]gU�]�a�U�]hS��B"FS�aeS�]gU p Y�U�Z
d�xBZk��U��`��S�a�Z�x a\Z +���� ,R� d�Zka\U�]�UPVFUP��S�x�Z p �\]gU�x`Zba\U d�xBZk��U��`�BZ�� S�Y�")��Z����BUP] �,t\U Zk��Z�xBx�S�t\]
S�t\]hU p Y�Zwa\Zgt\�BZga\Zwd\xBZk��UP�B�BS�a\Z�xPy
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'FE�G�G I�J K�4 �BH��B4 Q.G�J IB4 Q���GB4 G�G�G K0� �.K �WH��B} ��G
'FE�GBH I�J ~B4 J.K�K�49HsK � IB4 ��G�GB4 G�G�G ~.K K0G �WHRQ`} J.K
'FE�G�I I�J IB4 Q���GB4 J�I�� IB4 Q���GB4 G�G�G I�J I�J GB} G�G
'FE�G.K I�J IB4 Q��BH�4 K0G�� IB4 Q���GB4 G�G�G I�J I�J GB} G�G
L <�EB79MN+.M�% K0G ~B4 ��G�JB4 ~BH�I ~B4 K0��GB4 G�G�G K�H K0G IB} ��G
>�+ L)O K0I K�4 G�I�JB4 Q�Q.~ ~B4 �BH�GB4 G�G�G K�K K0I K�} Q.J
'FEPH�J I�J ~B4 ��~�~B4 G���� IB4 ��G�GB4 G�G�G ~�J ~�� � �B} ~�~
'FEPHRQ I�J IB4 Q����B4 ~0Q�Q IB4 ��G�GB4 G�G�G I�J I�� K�} G�G
E�H�� K0I I.K�49H�G��B4 ����~ K�4 K ��GB4 G�G�G I�I�� I�IBH H�} �BH
ENI�G K0I I�~B4 J�J.K�4 K0��G K�4 ��I�GB4 G�G�G I�I�G I�I�I �FH�} G�G
ENIBH K0I I�~B4 ��G�JB4 ~BHRQ K�4 �BH�GB4 G�G�G I�I�~ I�I.K � GB} ��G
ENI�I K0I I�IB4 J���GB4 G�J�� K�4 K�K0GB4 G�G�G IBH�� I�I�~ � ~B} Q.I

'TS��_U�VFS�\y  � ���XS�Y�Z�x`U�� ? Zka\UPVWS�a\Z�� ��p S�VD"DYB"F�vS�]hU p YBU��PZ�] S �	�kt\S q m�Z �\y : y

� '^S��_U�VWS �\y  � ]hZ��`Y�xBS��,t\UiS t�YB"FVF"DuvS q m�ZlaeS��	�kt\S q m�Z��\y  �,t\Un�`U �eS��BUP"WS p Z ��S�VDZ�x
a\S#��S�xB��S � xBU�Y�Z�x p S�a\Z�d_U�VDZ��B"F��Y�UP]rS Z�d_U�xBS���"DZ p S�V&a\Z +���� ,R� �,t\U�7iZ�]gU��`]hZ�a\"D�Bd_Z p " �\"FVD"FuvS�a\Z
d_U�VDZ ? % � a\Z 8#VDZ �\t\��' Z&Z�V �,"DY � d\x`Z&a�t\u�d\x`UP�k"F� 5&UP� p m�Z�]bt\"DYBZ�d�xBU��P"F�BS�� U�] S�VD��t p � �vS��`Z���y
%��`�BZod_Zka\U��`U�xjU('&d\VF"D�vS�a�Zrd_U�VFZw��S�YBZra\U��,t\UbZh��S�VDZ�xnaeSr��S�xB��Sg�`U�x�]gU�a�"Fa\ZgU�] �st p\q m�Zra�Z
Y�S�]hS p�� Zw]&7�a\"DZga\ShVF"D�`Y�Sba\U�d�xBZk��U��`�BZ���S�Y�")��Z��ia\Zh�B"D�`Y�UP]rS&y � Z&a\UP]hZ��l��U�xB"A#e�vS�x �Xp Zg�vS��`Z
a�Z +���� , � p � � � �,t\UhZ��#��S�VDZ�xBUP�#a\Z UPxBx`Z[�sZ�xBS�] d\x �"'�"D]hZ���deS�x�S[S d\xBU��&"D��m�Z �sU�")YNS S�YBx�Sv� 7P�
a\S�� ���,teS q 5kU�� �\y�� � �\y  y

� �wxBUP�Bt\V)YNS�a\Z��hS�d\xBUP�BU p Y�S�a\Z�� p S�� '^S��_U�VWS���\y  �&� �\y  � U �\y �� ]gZ��`YBx�S�] �,t\U S
t&Y�"FVD"Fu�S q m�Zna\SlUP�kt\S q m�Z �\y : d\x`Z&a�t\u ��p Sl]hS�"DZ�xB"FS aeS�� ��UPu�U�� � xBUP�Bt\V)YNS�a�Z��^�PZ�] UPxBxBZ��^]gU p Z�xBU��
, � � � �

%
� ��� �

%
U )k� :

%
a�U�UPxBx`Zha\Zc��S�VDZ�xnS��\�`Z�VFt&Y�ZwaeSw](7Pa\"WS � xBUP�Bd_U��PYB"D��S�]gU p Y�U � y

��� ��� � 
 ������� ������� ����� ��� � ��� �	��
�"�

� ]hZka\UPVWS���UP] a�Z��ideS�x�1�]hU�Y�xBZ��la�U��PZ�]bt p "F�vS q m�Z 7#�sU�"DY�Sct�Y�"DVF"Fu�S p a\Z����BUj�st p\q 5kU��
�,t\Uga\U�Y�U�x`]h" p S�] Z�� ��S�VFZ�x`U���a\Uw��S�aeS deS�x�1�]hU�Y�xBZ a\Uw�PZ�]bt p "D�vS q m�Z�a\Z[]hZka\UPVFZ 2 = Z�� �^y
% U�d_U p a\U p a\Z a\Z �	� ,�
 Z p a\U[�BU VDZ&��S�VF"DuvS�] Z��gd\x`Z&�PU��B�BS�a\Z�x`U��o�,t\U[U���YNm�Z U('&U��Pt�YNS p a\Z Z��
d�xBZk��U��`�BZ����,t\Uh�`Uh�PZ�]bt p "F�vS�] � �PZ p *`t p Y�Z���a\")�sU�x`U p Y�UP��a\UwUP�kt\S q 5kU�����m�Z[t�Y�"DVF"DuvS�a\Z���y � m�Z
a�UPY�UPxB]g" p S�a\Z��#��Z p *`t p Y�Z���a\UhUP�,teS q 5kU���deS�xBS ��Z�]bt p "D�vS q m�Z U�] t\] ]gU��B]gZ �	� ,�
 UgdeS�x�S
�PZ�]bt p "F�vS q m�Z U p Y�xBU �	� ,�
 �ia\")�sU�x`U p Y�UP��y � Z�x5U('&UP]hd\VDZ ��p Z���S��BZ�a�Z#S�] �\"DU p Y�U a\U Y�UP�`Y�UP�	Z p a\U
U)'&"F�`YBU�] YBx #����	� ,�
 ��a\"F��Y�" p YBZ�� � ��m�Zga\U # p "Fa\Z��l�`U�"D�n��Z p *`t p YBZ��la\U#U��,teS q 5&UP��y

4 S�a\S �st p�q m�Z d�Zka\U Y�UPxf��Z�]gZ deS�x�1�]hU�Y�xBZ Z YNS�]hS p�� Z aeS ]gU p ��S���UP] ,
m
� �

U���Z�t Z d\xBZk��UP�B�BS�a\Z�xfa\U Z�x`"F��UP] ,
pi

� U���Z�t Z d�xBZk��U��`��S�a�Z�xfa\U a\U���Y�" p Z ,
pj

� y � �"6�V �



��� � � ������ ���� ���*������� 	 ��  ���

�Pt\VFZ a�Zf��S�VDZ�xcS�YBteS�V a�U�t\] deS�x1�]gUPY�x`Z a\U ��Z�]bt p "D�vS q m�Z d�UPVFZ ]gZ&a�U�VWS�a\Z�xbS p S�V �)Y�"D��Z/7

�sUP"DYBZ�a\U�Y�UPxB]g" p S p a\Z����`Uj" p "F�P"WS�VD]hU p Y�U �,teS�V_��Z p *`t p Y�Zba�U�U��,teS q 5kU�� a�UP��U��BU�x t�Y�"DVF"DuvS�a\Z � U�]
�st p\q m�Z aeS VFZk�vS�VF"Fu�S q m�Z[a�Z���d\x`Z&�PU��`��S�a\Z�xBU��cU p ��Z�V)�&"Da\Z�� p S ��Z�]bt p "D�vS q m�Z\y���] �BUP��t\"DaeS �
t&Y�"FVD"Fu�S p a\Z��.�BUcZ YB"Fd_Z a�UrdeS�x1�]gUPY�x`Z a�Ur��Z�]bt p "D�vS q m�Z a�U��BU�*BS�a\Z UgZ YNS�]rS p � Z a\S ]gU p �
�BS���UP] � a�UPY�UPxB]g" p S ���BU��,teS�V{U��,teS q m�Zha�UP��UPx76w�BUPxlt&Y�"FVD"Fu�S�aeS�U#U p Y�m�Zw�vS�VD��t\VFS����`U Zg��S�VDZ�x a�Z
d\S�x�1�]gUPYBxBZ\y

� ��U��,teS q 5&UP���,t\Uc]gZka\U�VFS�] S����st p\q 5&UP��a\Uc�"6�VF��t�VFZoa\Z���deS�x�1�]hU�Y�xBZ���a\Uc�PZ�]bt �
p "F�vS q m�Zg�sZ�x�S�]�U�VWS���Z�xBS�aeS��lSgdeS�x`YB"FxiaeShS p 6�VD"F�BU#a\Z�����x 6 #e��Z��jx`UP�sU�x`U p Y�UP��S�Z��i��S�VFZ�xBU��la\Z��
d\S�x�1�]gUPYBxBZ�� � Z ��Y�"Da\Z�� S�Y�xBSv� 7�� aeS�t�YB"FVD"FuvS q m�Z�aeS#��UPxB��m�Z % % , � � a\Z�]hZka\UPVWS�a\Z�x�y �XZ�x�S�] x`UvS��
VD"Fu�S�aeS��5�PZ�]bt p "F�vS q 5kU��	��Z�] YNS�]rS p � Z��	a\Un]gU p �BS���UP] ��S�xB"FS p a\Z�a\U �v����U�] �v��� ��/,YBU���S�Y$7
t�] YNS�]hS p�� Z[] 6
'&"F]gZo"D��teS�V	S  y �����&y ����� ��/,YBU���y � �BU���t\"Fx��Bm�Z S�d\xBUP�BU p Y�S�aeS���S��#U��,teS��
q 5&UP��deS�x�S Z �"6�VD��t\VDZ a\Z���d\S�x�1�]gUPYBxBZ��#a\Uh��Z�]�t p "F��S q m�Z a\Z ]hZka\UPVFZ 2 = Z��
� � d\S�x�S �vS�a\S
�	� ,�
 d_U�x`YBU p �PU p Y�U�S�Z 8#x`"Fa�U)'�d_U�x`"F]gU p YNS�V Z p a\U��sZ�xBS�]�x`UvS�VD"Fu�S�a\Z��nZ�� YBU���Y�U��Py

��� ����� � 	 ����� ����
	����� ���

� �st p\q m�Z�deS�x�Sja�UPY�UPxB]g" p S q m�ZiaeSlVWS�Y # p �P"WS � �,teS p a�Z Sj�PZ�]bt p "F�vS q m�ZlZ&�PZ�xBx`U�U p Y�x`U
a�Z�"F� d\x`Z&�PU��B�`Z��T�`"DYBteS�a\Z�� UP] +���� , � d�UPx`YBU p �PU p Y�UP�	S�Z��	� ,�
 .�� � � �sZ�" a\U�Y�U�x`]h" p S�aeSi��Z�]��eS��BU
p S S p 6�VD"F�BUha\Z ��x 6 #e�PZ aeS �T"F��t\x�S �\y�� � � Z p a\Urd�Zka\U�]gZ���Z �\�BUPx`��S�xct\] ��Z�]hd_Z�x`Y�S�]gU p Y�Z
VD" p U�S�xr�Pt *`Z ��x�S�a\"FU p YBU aeS x`UPYNS�7 "D��teS�V�S � � � � + ) y � �B�B"D] � S VWS�Y$# p ��"WS deS�x�S �,teS�VF�,t\U�x
Y�S�]hS p�� Z�a\Ui]gU p �BS���UP] d_Z&a\Un�`U�x�a\U�Y�U�x`]h" p S�aeS d_U�VFS U��,teS q m�Z

latencia(m, pi, pj) =

0, 0865 ∗ (m − 64) + 314
y � ��Z�t�Y�xBS�� �PZ p �`Y�S p Y�UP��a\SoU��,teS q m�Z���m�Z�Z���Y�"DaeS�� S�Y�xBS=� 7��

a�U�]gU�a\"DaeS�� � Z p a\U�Zw��S�VFZ�x : � �g�`U�x`UP�sUPxBU 1gVFS�Y$# p ��"FSwd\S�x�SbYNS�]rS p � Zwa\U�]gU p ��S���UP] "F��t\S�V
S.+ � �0/,Y�UP� � Z ��Y�"Da\Zct�YB"FVF"DuvS p a\Z����`U�Sb��UPxB��m�Z(%3% , � � a\Zw]gZ&a\UPVWS�a�Z�x�y

� �st p\q m�Z deS�xBS ��6�VF�Pt\VFZ aeS �BZ �\x`U���S�xB� S a\U U p �&"DZ �sZ�"ia\U�Y�UPxB]g" p S�a\S �PZ�] �eS��BU
p S S p 6�VF"F�`U a\Z ��x 6 #e��Z aeS��^"F��t\xBS ��y��  y �jU���Y�U �vS��`Z � Z �\�`U�x`��S�]gZ��g�,t\U Z ��x76 #e�PZ YBU�]
t�]���Z�]hd_Z�x`Y�S�]gU p Y�ZbVD" p U�S�x�U���xBUP�B�PU p Y�U�deS�xBS�YNS�]hS p�� Z�� a\U�]gU p �BS���U p �n" p �sUPxB"DZ�xBUP� S � ��
� �0/,Y�UP� � U�deS�xBScY�S�]hS p�� Z�� a\U�]hU p ��S���U p �n�`t\d_U�xB"DZ�xBUP� � YBU�]�t�]���Z�]hd_Z�x`Y�S�]gU p Y�ZbVD" p U�S�x U
�PZ p ��YNS p Y�U�y � �B�`"F] � S �st p\q m�Z deS�x�S S �BZ��\xBUP�vS�x`� S a\UhU p �k"FZ 7h]gZ&a�U�VWS�aeS�d�Z�x�U��,teS q 5kU�� �
�Pt *BS�t�Y�"DVF"DuvS q m�Zoa\Uwt\]hSoZ�tfZ�t�YBx�S�a\U�d_U p a\Uha�Z Y�S�]hS p�� Z�aeS�]gU p �BS���UP] y � �#U��,teS q 5&UP�
�Bm�Z �
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Latencia

�^"F��t\xBS �\y�� ��� = S�Y$# p ��"FS�� deS�x�S Y�S�]rS p�� Zia\U�]hU p ��S���U p � ��S�xB"FS�a\Z��{Z �&Y�"Fa\S��{aeSi��Z�]bt p "F��S q m�Z
U p Y�xBU +���� , ��a\Z��	� ,�
 ��a\Z 8#x`"Fa�!i"FZ�y

Os(m, pi) =

{

0, 0001 ∗ (m − 64) + 14
'D<

m < 131.072

37
'F<

m >= 131.072
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�^"F��t\xBS �\y��  � �	�,teS q 5kU��ldeS�xBSc�"6�VD��t\VDZca\Zg��S�VDZ�x aeSc�`Z �\xBUP�vS�x`� Swa\U#U p �k"FZ p Z��	� ,�
 .�� � y

�^S�x�SfS �BZ��\xBUP�vS�x`� S a\U�xBUP��U'�\"F]gU p Y�ZfS �st p\q m�Z �sZ�" a\UPYBU�x`]h" p S�aeS �PZ�] �eS��BU p S
S p 6�VF"D�BU�a\Z��j��x 6 #e�PZ��iaeS �^"F��t\xBS�\y�� : y �lU���Y�U��vS��`Z � Z �\�BUPx`��S�]gZ��i�,t\U�Zg��x 6 #e��ZwY�UP] a\teS��
��S�"A'�S��#��Z�] �PZ�]hd_Z�x�YNS�]gU p Y�Z���a�"D�sU�x`U p Y�UP��y �^S�x�S[]hU p ��S���U p ��a\UgY�S�]hS p�� Z[" p �sUPxB"DZ�x#S2+ �

- �0/,Y�UP� � Z��r��x76 #e�PZ��hY #�] t\] ��Z�]hd_Z�x`Y�S�]gU p Y�Z �,teS�a\x 6�Y�"D��Z U deS�xBS ]gU p �BS���U p �ra\U[YNS��
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]hS p�� Z���]hS�"DZ�xBUP���kt�U@+ �2- �0/,Y�UP��YBU�] ��Z�]gd_Z�x`Y�S�]hU p Y�Z VF" p UvS�x�Uh��x`U��B�PU p Y�U�y � �B�`"F] � S��
UP�,teS q 5kU��ldeS�xBSc�BZ �\x`U���S�xB� Swa\U#xBUP��U'�\"F]gU p Y�Zw�Bm�Z �

Or(m, pj) =

{

4, 637 ∗ 10−9
∗ m2 + 1, 023 ∗ 10−3

∗ m + 1,9829
'D<

m < 65536

0,00165 ∗ (m − 65536) + 86
'F<

m >= 65536
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�T"D��t\x�S ��y�� : � ���,teS q 5kU��ldeS�x�Sc��6�VF�Pt\VFZcaeSw�BZ��\xBUP�vS�x`� Sca\U#xBU��PU#�\"D]hU p Y�Z p Zw�B"DYBU .�� � y

��� ����� � 	 ����� ���	.�������  	 � 	��� �

�jp S�VF"D��S p a\Z Z��b��x76 #e�PZ��bZ �&Y�"Fa�Z�� p Z���Y�UP�`Y�UP�wa\Uo��Z�]bt p "D�vS q m�Z deS�xBS Z��ba�U�]hS�"F�
�	� ,�
 � � xBU�VFS���"DZ p S�a�Z�� p Z � d�# p a\"F�PU ��� Z��\�BUPx`��S�]gZ�� �,t\UjZ��PZ�]hd_Z�x�YNS�]gU p Y�Z 7jZ�]gU��B]gZ�U�]
x`U�VFS q m�Z�S�Z �	� ,�
 aeS .�� � y �lU��`YBU��vS��`Z � �`Z�]gU p Y�U Z�� ��S�VFZ�xBU�� aeS�� ��Z p ��YNS p YBU��n��m�ZcS�VDYBU�xBS�a\Z��
UP] �st p\q m�Z a\U a\"D�sUPxBU p�q S�� p S��c��U�VFZk��"DaeS�a\UP�waeS��wxBUPa\U��Py � � 'TS��_U�VFS�� �\y : � � �\y : � U ��y : 
]gZ���Y�x�S�] S��iU��,teS q 5kU��ldeS�x�ScZ��ia\UP]rS�"F� �	� ,�
 ��d�UPx`Y�U p ��U p Y�U���S�Z 8#x`"Fa�!i"FZ�y

������� �	� O + ��	 %
������� ;�?�*

latencia(m,pi, pj) = 0, 0860 ∗ (m − 64) + 192

��������
 79E�<s-)/�7:+ latencia(m,pi, pj) = 0, 0116 ∗ (m − 64) + 230

<sE�(D-)< ?k6�6 < 
 79E�<s-D/�7:+
latencia(m,pi, pj) = 1, 1337 ∗ (m − 64) + 1123

<sE�(D-)< ?k6�6 <X;�?\*
latencia(m,pi, pj) = 1, 6275 ∗ (m − 64) + 4680

<sE�(D-)< 
 79EB<�-)/�7:+ <X;�?\* latencia(m,pi, pj) = 1, 6275 ∗ (m − 64) + 4680

'^S��_U�VWS�\y : � � �	�,teS q 5&UP�jd\S�x�ScZw�"6�VD��t\VDZcaeScVWS�Y # p �P"WScdeS�xBScZ��na\U�]hS�"D� �	� ,�
 ��a\Z 8�xB"Fa�!l"DZ\y
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������� �	� O + ��	 %
������� ;�?\* Os(m, pi) = 0, 0003 ∗ (m − 64) + 17

��� �������������
Os(m, pi) = 56

����� �������������

��������
 79E�<s-D/�7:+ Os(m, pi) = 0, 00005 ∗ (m − 64) + 11
��� �������������

Os(m, pi) = 32
����� �������������

<sE�(D-D<_?k6�6 < 
 79E�<s-D/�7:+ Os(m, pi) = 0, 0001 ∗ (m − 64) + 13
��� �������������

Os(m, pi) = 31
����� �������������

<sE�(D-D<_?k6�6 <X;�?\*
Os(m, pi) = 0, 000046 ∗ (m − 64) + 15

��� �������������
Os(m, pi) = 33

����� �������������

<sE�(D-D< 
 79EB<�-)/�7:+ <e;�?\* Os(m, pi) = 0, 000046 ∗ (m − 64) + 15
��� �������������

Os(m, pi) = 33
����� �������������

'^S��_U�VFS �\y : ��� ���,teS q 5kU�� deS�x�ShZh�"6�VD��t\VDZha\S � Z ��xBU���S�xB��Sha\U � p �k"FZrdeS�x�SgZ��la\U�]hS�"F���	� ,�
 �
a�Z@8�xB"Da�!l"DZ\y

������� �	� O + ��	 %
������� ;�?\*

Or(m, pj) = 1, 0434 ∗ 10−8
∗ m2 + 1, 023 ∗ 10−3

∗ m + 3, 9829
��� �����
���

Or(m, pj) = 0, 00293 ∗ (m − 65536) + 152
����� �����
���

��������
 79E�<s-D/�7:+ Or(m, pj) = 4, 637 ∗ 10−9
∗ m2 + 1,023 ∗ 10−3

∗ m + 2, 9829
��� �����
���

Or(m, pj) = 0, 00185 ∗ (m − 65536) + 93
����� �����
���

<sE�(D-D<_?k6�6n< 
 79E�<s-D/�7:+ Or(m, pj) = 1, 159 ∗ 10−8
∗ m2 + 1,023 ∗ 10−3

∗ m + 2, 9829
��� �����
���

Or(m, pj) = 0, 00200 ∗ (m − 65536) + 111
����� �����
���

<sE�(D-D<_?k6�6n<\;�?\*
Or(m, pj) = 1, 739 ∗ 10−8

∗ m2 + 1,023 ∗ 10−3
∗ m + 4, 9829

��� �����
���

Or(m, pj) = 0, 00304 ∗ (m − 65536) + 131
����� �����
���

<sE�(D-D< 
 79EB<�-)/�7:+ <X;�?�* Or(m, pj) = 1, 739 ∗ 10−8
∗ m2 + 1,023 ∗ 10−3

∗ m + 4, 9829
��� �����
���

Or(m, pj) = 0, 00304 ∗ (m − 65536) + 131
����� �����
���

'^S��_U�VFS���y :  � �	�,teS q 5&UP� deS�x�S#Z���6�VF�Pt\VFZ�a\S � Z��\xBUP�vS�x`� S�a\U !iU��PU#�\"D]hU p Y�Z#deS�xBS#Z���a�U�]hS�"F�
�	� ,�
 ��a\Z 8#x`"Fa�!i"FZ�y

��� ����� � ������� 	 ����� ��� � ������� ������� ��� �	��� ��� ��� ��
 "��

� ��'^S��_U�VWS�� �\y :�:�� �\y : �wU��\y : ) ]gZ���Y�x�S�]�Z��ixBUP�Bt\V)YNS�a�Z��iZ ��Y�"Da\Z��iS�YBx�Sv� 7P�ja\Sg]gZ��
a�U�VWS���U�] S p S�V �DYB"F�vS � t�YB"FVD"FuvS p a\ZhS�� �st p\q 5&UP�#S�d\xBUP�BU p Y�S�aeS�� p So�`t��\�`U q m�Z S p YBU�xB"DZ�x � deS�x�SoZ
�	� ,�
 .�� � y � ����S�VDZ�xBUP��a\Z��bdeS�x1�]hU�Y�x`Z�����S�VF�Pt\VWS�a\Z�� � U p �PZ p Y�xBS�a\Z�� p S ��Z�VDt p S : aeS���YNS��
�_U�VFS�� � �sZ�x�S�] �PZ�VFU�YNS�a�Z���t&Y�"FVD"Fu�S p a\Z[S ��U�xB�Bm�Z % % , � � a\Z ]gZ&a\UPVWS�a�Z�x�y � Z&a\UP]hZ�����UPxB"A#e�vS�x
Y�S�] � 7�] � ��Z�]hZ �k"D�`Y�Z �PZ�] ��� � � � ) �R� �kt�U S d\xBUP��"F�Bm�Z aeS���" p �sZ�x`]rS q 5kU�����S�VF�Pt\VWS�aeS��bS
d\S�x`YB"Fx aeSw]gZ&a\UPVWS���U�] S p S�V �DY�"D�vS , p Sw��Z�VDt p S : � �\p U�]��BU�]gd\x`U 7#]bt�"DY�Z �_Z S�y
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J.K ~BHsK ~BHsK GB}9H�~
H�I�� I���J ~�I�G �WH�H�} �0Q
I���J ~�~�� ~�~BH IB} K0I
�BH�I K�H�� ~���~ H��B} JBH

H�4 G�I.K K0��~ ~��0Q H�IB} ~BH
IB4 G.K0� �0Q`H K0��J HsK�} ���
K�4 G���J Q.G�J J�J�~ JB}9H��
�B49H���I H�49H���� H�4 GBHRQ HsK�}9HRQ
H�JB4 ~��.K H�4 �.K�Q H�4 Q.I�J JB} ���
~�IB4 Q.J�� ~B49H�J�~ ~B49HsK0~ GB} J�I
J��B4 ��~�J �B4 ��J�� �B4 �0Q�Q � GB} IBH
H�~BH�4 G0Q.I H�H�4 ���.K H�H�4 J.K0J � GB} K0�
I�J�IB49HsK�K I�IB4 J���I I�IB4 ���.K �WH�} K�Q
��I.K�4 I���� K�K�4 ���BH K0�B4 J���� �WH�} �BH

H�4 G.K0�B4 �0Q.J ���B4 ��I0Q �BH�4 GBH�G �WH�} J�J
IB4 G��0Q`49H���I HRQ.�B4 J��BH H��BH�4 Q`H�I �WH�} Q`H
K�49H��.K�4 ~�G.K ~���JB4 Q.��J ~�J�~B49H�H�J �WH�} Q�Q
�B4 ~����B4 J�G�� Q`H�~B4 I���J Q.I��B4 ��I�~ �WH�} Q�Q
H�JB4 Q�Q�Q`4 IBH�J H�4 K0I�JB4 K�K0� H�4 K0�BH�4 ��~�� �WH�} Q.J
~�~B4 ���.K�4 K0~�I IB4 �.K0GB4 IBH�� IB4 ��G�IB4 Q.J0Q H�} I0Q
J0Q`49H�G��B4 ��J.K �B4 Q���IB4 G���J �B4 ��G��B4 I�I�� � GB} I�~

'^S��_U�VWS ��y :�: � ? Z&a�U�VWS���U�]�S p S�V �DY�"D�vS�a\SwVFS�Y$# p ��"FS�y
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�"���������	����"�� ������� � 	 � �	� ��� � ������� ������

� ��UPxB"�#\�vS q m�Zoa\Z��ldeS�x1�]gUPY�x`Z��i]hZka\UPVWS�a\Z��i�sZ�" �sU�"DY�Sga�U�]hS p U�"Dx�Sc"F��teS�V�1g��U�x`"�# �
��S q m�Z�aeS�����U�x`� 5kU�� %^U�%3%Ta\Z�]gZ&a\UPVWS�a�Z�x � t&Y�"FVD"Fu�S p a\Z�S#]gU��B]hS#S�d\VD"F�vS q m�Z\y 4 S�aeS#d\x`Z&�PU��B�`Z
U)'&U���t&YNSwt\]rS��vS�x`� Sba\U�YBx�S��eS�V � Zba�teS�� ��UPu�UP�l]hS�"DZ�x a�Zc�kt�U�Sbt&Y�"FVD"Fu�S�aeS#d�UPVFZb]gZ&a�U�VWS�a\Z�x
d\S�x�S[a\UPYBU�xB]g" p S�x�Z[��S�Y�Z�x�a�U � U�Y�U�x`Z���U p U�"DaeS�a\UhUrZ Y�S�]hS p�� Z aeS���]gU p ��S���U p ��U p �&"FS�aeS��
7r"F��teS�V S  y � � � y�� )  �0/,Y�UP��y � ����S�VDZ�xBUP��a\Z���deS�x�1�]hU�Y�xBZ����sZ�xBS�] Z ��YB"Fa\Z���t�Y�"DVF"DuvS p a�Z S��
UP�,teS q 5kU��bS�d\xBUP�BU p Y�S�aeS�� � ��Z�]gZ d_Z&a�Uh�`U�x��k"F��Y�Z p S '^S���UPVWS �\y : +�y � deS�x�Y�"Fx�a\Z�����S�VFZ�x`U��
��S�VF�Pt\VWS�a\Z�� � d_Zka\U�]gZ��5UP�`Y�"D]rS�x5Z�YBU�]gd�Z�a�UlU)'&U���t q m�Z�aeS#S�d\VF"D�vS q m�Z � �PZ�]gZ�d�Zka\Ui�BUPx��k"D�`Y�Z
p S('^S���UPVWS �\y : �&� deS�xBShZg�vS��`Zra\U�U('&U��Pt q m�ZoaeSrS�d\VF"D�vS q m�ZcU�] +���� , ��a\S5.�� � U�U�] +���� , �

a\S(.�� � U#aeS ��.	4�y

� ��Z�]gdeS�xBS q m�Z�U p Y�x`UjZ#Y�UP]hd_Z#d\xBU��&"D�`YBZ�UlZ�Y�U�]gd_Z�a\UiU)'�UP��t q m�Zbx`UvS�VeaeS�S�d\VD"F��S��
q m�Z � S�d�xBU��`U p YNS�a\Z�� p S&'^S��_U�VWS�\y : ��� ]gZ���Y�x�Sc�,t\U�d�Zka\UP]hZ��i� � UP� S�x � SwdeS�x�Y�"Dx a\Z��i��S�VFZ�x`U��
]gZka\U�VFS�a\Z�� � Sbt\]���S�VFZ�x"�eS��`YNS p YBU�d\x�"'&"F]gZcS�Z�Y�U�]gd_Zba\U�U('&UP��t q m�Z\y � �B"D]hd�VF"�#\�vS q m�Z�a�Z
]gU���S p "D�B]gZ a\U ]hZka\UPVWS���UP] p m�Z xBUPa\t\u �Bt �\�`Y�S p ��"FS�VF]gU p YBU S d\xBUP��"F�Bm�Zfa\Z��cdeS�x�1�]gUPYBxBZ��
]gZka\U�VFS�a\Z��Py
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J.K HsK HsK GB} G
H�I�� H�~ HsK � Q`} Q
I���J HRQ HsK H��B} J
�BH�I H�� HsK Q`} Q

H�4 G�I.K H�~ HsK � �B} I
IB4 G.K0� H�~ HsK �WH�IB}9H
K�4 G���J H�~ HsK �WH�H�} K
�B49H�I�� HsK H�� � �B} I
H�JB4 ~��.K I�G H�� I��B} �
~�IB4 Q.J�� H�J H�J � GB} J
J��B4 ��~�J H�� H�� GB} G
H�~BH�4 G0Q.I IBH I�I ��K�} Q
I�J�IB49HsK�K ~.K ~0Q �WH�GB}9H
��I.K�4 I���� ~�� ~0Q � JB} ~

H�4 G.K0�B4 �0Q.J ~0Q ~0Q GB} �
IB4 G��0Q`49H���I ~�� ~0Q H�} J
K�49H��.K�4 ~�G.K ~0Q ~0Q GB} G
�B4 ~����B4 J�G�� ~�J ~0Q � IB} I
H�JB4 Q�Q�Q`4 IBH�J ~�J ~0Q � ~B} K
~�~B4 ���.K�4 K0~�I K�K ~0Q H��B} �
J0Q`49H�G��B4 ��J.K ~�� ~0Q K�}9H
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�jp S�VF"D��S p a\ZjZ��^x`U��Bt�VDYNS�a\Z��Ta�Z�� YBU���Y�U��TaeS�� ��U�x`� 5kU���� U���� a\Z�]gZ&a�U�VWS�a\Z�x � S�d�xBU��`U p �
Y�S�a\Z�� p S��T�`U q 5&UP��S p Y�U�x`"FZ�x`U�� � ��UPxB"�#\�vS�]gZ��5�,t\U Z��5deS�x1�]hU�Y�x`Z��^a�U ��Z�]�t p "F��S q m�Z , VFS�Y�� p ��"FS �
�`Z �\x`U��vS�xB� S�a�UjU p �k"DZbU��`Z �\xBUP�vS�x`� S�a�U�xBUP��U'�\"F]gU p Y�Z � �Bm�Z��`U p � �D��UP"F�nS�Z�YNS�]rS p � Z�a\S�]gU p �
�BS���UP] UgYNS�] ��7P] a\Z��������#�,t\UrU p �&"FS �Tp Z �vS��BZ aeS[�BZ ��xBU���S�xB��S a\UrU p �&"DZ � a\Z ���������kt�U
x`U��PU#�_U �	p Z ��S��BZ aeS �`Z �\xBUP�vS�x`� S a\UhxBUP��U#��"F]gU p Y�Z � Uha\Z��������#�,t\UoU p �k"FS Ura\Z �������#�kt�U
x`U��PU#�_U �Tp Z ��S��BZ[aeS VWS�Y�� p �P"WS�y �eZ�xBS�] x`UvS�VD"FuvS�a\Z��#S�VD��t p � YBU��`YBU���deS�xBS ��U�xB"A#e�vS�x��,teS�V�" p �
�\t!� p �P"WSfS �vS�x`� S ��UPx�S�aeS d_U�VFS U('&U��Pt q m�Z a\U Z�t�YBxBZ��cd�xBZk��U��`�BZ�� p Z��"������� �[U)'�UPxB�PU �`Z �\xBU
Z�����S�VFZ�x`U��la\Z�� d\S�x�1�]gUPYBxBZ��Py �^S�x�S�Srx`UvS�VD"Fu�S q m�Zga\Z��jY�U���Y�UP� �sZ�x�S�]�t�YB"FVD"FuvS�a\Z��ia\Z�"D�#������� �
a\S%$�� � a�Uc]hUP�B]hS�����S�x�S���Y�UPx��F��Y�"D�vS�� � �BU p a\Z �,t\Uca\Z�"D��d\x`Z&�PU��`�BZ����sZ�xBS�]�U('&U��Pt�YNS�a�Z��#U�]
��S�aeS&��������d\xBZka\t\uP" p a\Z[t\]hS��vS�x`� S[�PZ p Y�x`Z�VWS�a\S�y��	] �BUP��t\"DaeS � Z d\x`Z���x�S�]rSo]gZ&a�U�VWS�a\Z�x
a�U��PZ�]bt p "D�vS q m�ZwdeS�xBSwY�S�]rS p�� Z��n��S�xB"FS�a\Z��na�U�]gU p �BS���U p �l�sZ�"{U('&U��Pt�YNS�a�Zoa\U�u#��UPu�UP��y � �
'^S��_U�VFS�� �\y :���� �\y � ��U �\y � �lS�d\x`U��`U p YNS�]�Z��	��S�VDZ�xBUP�	](7Pa\"FZ��	a�Z�� d\S�x�1�]gUPYBxBZ��	Z���Y�"Da\Z�����Z�] �

d\S�x�S�a�Z�� ��Z�] Z�����S�VFZ�x`U�� Z ��Y�"Da\Z�� d�UPVFZb]gU��`]hZ�YBU���Y�U �`U p a\ZwU)'�UP��t�Y�S�a\Zw�BUP] �,t\U p U p�� t\]
d�xBZk��U��`�BZhU('kY�xBSgUP�`Y�")��UP�B�BU��BU p a\ZhU('&U��Pt�YNS�a�Z p Z��(������� ��y

�jS)'TS��_U�VFS �\y : ��� ��UPxB"�#\�vS�]gZ��5�,t\U Z��^��S�VFZ�xBU��^aeS��`Z �\xBUP�vS�x`� S a\U U p �&"DZ deS�xBS�]gU p �
�BS���U p �na\U�Y�S�]rS p�� Z�� ��S�x`"WS�a�Z�� p m�Zc�BZ��sx`U���S�xB"FS q m�Zb�B"D� p "�#\�vS�YB"D��S��,teS p a\ZwZ���������� ��U p ��Z�V �
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J.K ~ K � ~�~B} ~�~
H�I�� ~ K � ~�~B} ~�~
I���J ~ K � ~�~B} ~�~
�BH�I ~ K � ~�~B} ~�~

H�4 G�I.K K K GB} G�G
IB4 G.K0� K K GB} G�G
K�4 G���J H�H H�I �WH�H�} J��
�B49H���I H�J HRQ �)Q`} �
H�JB4 ~��.K H�� HRQ Q`} ��~
~�IB4 Q.J�� ~�� K0~ � �B}9HsK
J��B4 ��~�J ��J ��J GB} G�G
H�~BH�4 G0Q.I IBH�H H��.K �B}9HRQ
I�J�IB49HsK�K K0�BH K�H�G �B} G�G
��I.K�4 I���� ��IBH �.K0~ �B} K0J

H�4 G.K0�B4 �0Q.J H�4 ��I�~ H�4 Q.G�� JB} ~�I
IB4 G��0Q`49H���I ~B4 J�G�� ~B4 K0~�� K�} Q.~
K�49H��.K�4 ~�G.K Q`49H���G JB4 ����� ~B} ��I
�B4 ~����B4 J�G�� HsK�4 I�I�G H�~B4 �BH�� IB} ��I
H�JB4 Q�Q�Q`4 IBH�J I��B4 I���G I0Q`4 J�J�G IB} I�~
~�~B4 ���.K�4 K0~�I ��JB4 K0I�� ���B4 ~.K0~ H�} ��I
J0Q`49H�G��B4 ��J.K H�H�IB4 K �0Q H�H�GB4 Q.G0Q H�} ���
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6 O E � +.% ?k626 ?&626 � ;�?�*
: ' � 1kGB} 1eH�� ~0Q ~�~
@ � 1kGB} 1eH�� GB} G���J���G�� ��IB4 G��0Q`49H���I ��J.K ����~BHsK H�} J�I0Q.��G���� IB4 G��0Q`49H���I ��J.K ����K�4 J���G
: - � 1kIB} 1eH�� GB} G�GBH�J���� ��IB4 G��0Q`49H���I ��J��B4 ��~�J������J GB} G�G�I�G�G���� IB4 G��0Q`49H���I ��J��B4 ��~�J���gH�H�H
: ' � 1eH�} 1kI� ~0Q ~�~
@ � 1eH�} 1kI� GB} G���J���G�� ��IB4 G��0Q`49H���I ��J.K ����~BHsK H�} J�I0Q.��G���� IB4 G��0Q`49H���I ��J.K ����K�4 J���G
: - � 1eH�} 1kG� GB} G�GBH�J���� ��IB4 G��0Q`49H���I ��J��B4 ��~�J������J GB} G�G�I�G�G���� IB4 G��0Q`49H���I ��J��B4 ��~�J���gH�H�H
: ' � 1kIB} 1eH�� ~0Q ~0Q
@ � 1kIB} 1eH�� GB} G���J���G�� ��IB4 G��0Q`49H���I ��J.K ����~BHsK H�} G���J���G���� IB4 G��0Q`49H���I ��J.K ����~BHsK
: - � 1kIB} 1eH�� GB} G�GBH�J���� ��IB4 G��0Q`49H���I ��J��B4 ��~�J������J GB} G�G�~�G.K���� IB4 G��0Q`49H���I ��J��B4 ��~�J���gH�~BH
;�-D%�>X1&G �B4 G���GB4 G�G�G�� �DH�GB4 ~0Q`H�4 �.K � ;.�B49H�H�GB4 G�G�G� �B4 G���GB4 G�G�G����)H�GB4 ~0Q`H�4 �.K � ;.�B49H�H�GB4 G�G�G�
;�-D%�>X1XH �B4 G���GB4 G�G�G�� �DH�GB4 ~0Q`H�4 �.K � ;.�B49H�H�GB4 G�G�G� �B4 G���GB4 G�G�G����)H�GB4 ~0Q`H�4 �.K � ;.�B49H�H�GB4 G�G�G�
;�-D%�>X1&I �B49H�G�GB4 G�G�G�� �DH�GB4 ~0Q`H�4 �.K � ;.�B49H�H�GB4 G�G�G� �B4 G���GB4 G�G�G����)H�GB4 ~0Q`H�4 �.K � ;.�B49H�H�GB4 G�G�G�
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� d_U�VFS ��UPxB�Bm�Z
S p S�V �)Y�"D�vS�a\Zw]gZ&a�U�VWS�a\Z�x�y

�k"Da\Z�� p Z�d\x`Z&�PU��B�`Zca\U��PZ�]bt p "F�vS q m�Z , ?����
�
���BU p a � �BUjU p �PZ p Y�xBS�] �PZ�]�Z�t�YBxBZ�� d\xBZk��UP�B�BZ��

UP]�U('&U��Pt q m�Z�y � �l��S�xB"WS q 5kU��lZ �\�BUPx`��S�aeS�� Z&�PZ�xBx`U�] d_Z�x��`U�x`U�] Z��l��S�VDZ�xBUP��aeSg�BZ ��xBU���S�xB��S
a�U U p �k"FZ ]bt\")Y�Zfd�UP�,t\U p Z��oZ p a\U � p UP�`Y�U �vS��`Z � �,teS�VD�,t\U�xhd�UP�kt�U p S ��S�x`"WS q m�Zfa\t\xBS p Y�U S
U)'&U���t q m�Zha\Zh�PZ�]hS p a\Zca\U#U p �k"DZhaeSw]gU p �BS���U�] �BU�xBU �eUPYBU p Zg��S�VDZ�x Z ��YB"Fa\Z�y

� � ��S�VFZ�x`U���aeS �BZ��\xBUP�vS�x`� S a�U x`U���U'�\"F]gU p YBZ d�x�S�YB"F�vS�]hU p YBU �BZ��sx`U�] d_Z�t\��S Z�t
p U p�� t\]hSc" p �et�� p �P"WSbaeSc�vS�xB� Sb��UPx�S�a\S p Z��(������� ��U p ��Z�V)�&"Da\Z�� p Zwd\x`Z&�PU��`�BZwa\U#��Z�]�t p "F��S��
q m�Z � �PZ�]hZ d_Z&a�Uc�BU�x#Z ���BU�x���S�a\Z p S%'TS���UPVWS �\y � ��y ��S�xB"WS q 5kU���]hS�"F� �`"F� p "�#e��S�Y�")��S��j�sZ�xBS�]
Z��\�BUPx`��S�aeS��rdeS�x�S ]hU p ��S���U p �oa�U YNS�]rS p � Z��r]hS�"DZ�xBUP�g�PZ�]gZ d�Zka\U[�BUPxoZ �\�`U�x`��S�a�Z deS�x�S
]gU p ��S���UP] a\U�YNS�]rS p � Z :  ? �0/,Y�U��jU�+ � ? �0/kYBU��Py
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 (F+.- (&(D793{<\1kG G G
;�-)%�>� 1kG� H�GB4 ~�~BH�4 ���.K H�GB4 ~�~BH�4 ���.K
: ' � 1kGB} 1eH�� ~0Q ~��
@ � 1kGB} 1eH�� H��BH�4 Q`H�I ~B4 K�HRQ`4 J��BH
: - � 1XH�} 1kG� ~B4 K0~�� ~B4 K0~��
;�-)%�>� 1eH�� H�GB4 ~�~BH�4 ���.K H�GB4 ~�~BH�4 ���.K
: ' � 1eH�} 1kI� ~0Q ~��
@ � 1eH�} 1kI� H��BH�4 Q`H�I ~B4 K�HRQ`4 J��BH
: - � 1&IB} 1eH�� ~B4 K0~�� JB4 ~�G0Q
;�-)%�>� 1kI� H�GB4 ~��BH�4 J��BH H�GB4 ~�~BH�4 ���.K
: ' � 1kIB} 1kG� ~0Q ~��
@ � 1kIB} 1kG� H��BH�4 Q`H�I H��BH�4 Q`H�I
: - � 1&GB} 1kI� ~B4 K0~�� JB4 ~�G0Q

6279E�79'�� (F793{<�1&G ~BH�4 �.K �B4 J�I�� ~��B4 G�I0Q`4 �BH��
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µ
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µ
'	� ��-D-)%��

%
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?&626 � ?&626 ~BH�4 K0G��B4 Q.~.K ~BH�4 �.K �B4 J�I��
0.45?&626 � ;�?�* ~0Q`4 �BHsK�4 Q.J�J ~��B4 G�I0Q`4 �BH��
0.56
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a�Z��ideS�x�1�]hU�Y�xBZ��n]hZka\U�VFS�a\Z�� � t�YB"FVD"FuvS p a\ZcSb��UPxB�Bm�Z �jp S�V �)Y�"D�vS�a\Z ? Zka\UPVWS�a\Z�x�y

� �5Y�UP�`YBU���]hZ��`Y�xBS�x�S�] �,t\UlS VFS�Y�� p ��"FS � aeS ]hS p UP"FxBS��,t\U �sZ�"���S�VF�Pt\VWS�aeS � �`Z��sxBUn�PZ p �
�`"Fa\UPx76v��Ug" p �et!� p ��"WS�aeS���S�xB� S p Z�� ������� �g�,t\UgU��`Y�m�Z �BUg��Z�]�t p "F��S p a\Z�y ��m�Z��sZ�"	d_Z��`���D��U�V
p U��`YBUgYBx�S��\S�V � Zr"Fa\U p YB"�#e��S�x#S��#�vS�t\��S��#a\UP�B�BS[" p �et!� p ��"FS � �BU p a\Z p U��PU��B� 6�xB"FS[t�]rS�" p ��U��`YB" �
��S q m�Zw]hS�"F� S�d\xBZ��st p aeS�a\S�y
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�lU��`YBU ��S�d��)Y�t\VDZ �sZ�x�S�] S�d�xBU��`U p YNS�aeS�� Y�x��P�{��U�x`� 5kU�� deS�xBSnt\] ]gU���S p "F�`]hZna�U	��Z�VDUPYNS
a�Z��jd\S�x�1�]gUPYBxBZ��na�Zr]gZ&a\UPVFZ = Z��
� y � �i��UPxB� 5kU���S�d\x`U��BU p YNS�aeS���a\")�sU�xBUP] t\]hS��iaeS��iZ�t�YBx�S��
UP] �st p\q m�Z�aeS#" p YBxBt\�Bm�Z���U�x�S�aeS�d_U�VFS#U)'&U���t q m�Zba\S�� ]gU��`]rS���UP]�t\]�S�] �\"DU p Y�U 8�xB"Da , t\]
��S�Y�Z�xb"D]hd_Z�x�YNS p Y�UhU�] S�] �\"FU p Y�U�����Z�]gdeS�x�Y�"FV � S�a\Z�����Z�] Z�t�YBx�S��wS�d\VF"D�vS q 5&UP�bU�t\�Bt�6�xB"DZ�� �
Ucd_U�VDZ���]gU���S p "D�B]gZ���a\Uc�PZ�VFU�YNSoS�a\Z�YNS�a\Z�� UP] �vS�aeSot\]hS�y � Z ��YBU p\q m�Z a\Z�� deS�x�1�]gUPYBxBZ��
a�Z ]gZ&a�U�VFZ � a�U[�sZ�x`]rS U(#e��"DU p Y�U � 7 a�U[U)'kY�xBUP]rS "F]gd�Z�x`Y�1 p ��"FS deS�xBS �,t\U[U��`�vS�VDZ p S�a\Z�xBU��
d_Z��`��S�] x`UvS�VD"Fu�S�xTZ#U��`�vS�VDZ p S�]gU p YBZ�a�UjS�d\VF"D�vS q 5&UP��y � d\x � '&"D]hZ���S�d��DYBt\VFZ#S���Z�x`aeS�S��`d�UP�PY�Z��
"D]hd_Z�x�YNS p Y�UP�{�BZ ��xBU�a\"D�sUPxBU p\q S�� U p ��Z p YBx�S�aeS�� p Si"F]gd\VDU�]gU p YNS q m�Z ?������ = � ? aeS �\" �\VF"DZ�Y�UP�vS
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12+.354 �5<sE�'W+./�<s3 ������(F<s'�� 
 % ��4���E0A`79% 'F<s3r>�+.-)/0+��
µ
'�� 
 % ��4 ��E�A`79% >s%�3h>R+.-)/0+ �

µ
'	�

J.K H�~ H�~
H�I�� H�I H��
I���J H�~ H�~
�BH�I H�I H�~

H�4 G�I.K H�I HRQ
IB4 G.K0� H�H H��
K�4 G���J HsK H�~
�B49H�I�� H�~ H��
H�JB4 ~��.K HsK H��
~�IB4 Q.J�� H�� H�J
J��B4 ��~�J HRQ HRQ
H�~BH�4 G0Q.I IBH I.K
I�J�IB49HsK�K I�� ~�G
��I.K�4 I���� ~�� ~�I

H�4 G.K0�B4 �0Q.J ��J ~0Q
IB4 G��0Q`49H���I ~�� I��
K�49H��.K�4 ~�G.K ��J ~�I
�B4 ~����B4 J�G�� K�H I��
H�JB4 Q�Q�Q`4 IBH�J K�H ~0Q
~�~B4 ���.K�4 K0~�I I0Q ~��
J0Q`49H�G��B4 ��J.K ��~ K �

'^S���UPVWS�\y : � ��� p �\t!� p �P"WSwa\U#�vS�x`� Sca\U#d\xBZk��UP�B�BS�]hU p Y�Z p Sc�BZ �\x`U���S�xB� Swa\U#U p �k"FZ�y

? ������Z�] x`U�VFS q m�Z 1 "F]gd\VFUP]hU p YNS q m�Z ? ���2432 � 8  y �	] �st p\q m�Z a�U��B�BS��ca\")�sU�xBU p\q S��bt\]
]gZka\U�VDZwS p S�V �DY�"D��Z�YNS�] � 7�] 7�d\xBZ�d_Z���Y�ZgdeS�x�SwSb��UPxB�Bm�Z ?������ = � ? y
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µ
'�� 
 % ��4 �,<s>s< �P4�>s%�3r>�+.-)/0+��

µ
'	�

J.K ~ K
H�I�� ~ K
I���J ~ K
�BH�I K K

H�4 G�I.K K K
IB4 G.K0� � K
K�4 G���J H�I HsK
�B49H���I H�H H�I
H�JB4 ~��.K HRQ H��
~�IB4 Q.J�� ~�J ~��
J��B4 ��~�J �0Q ��~
H�~BH�4 G0Q.I IBHRQ I�G0Q
I�J�IB49HsK�K K0��G K0J.K
��I.K�4 I���� ��~�J �.K0G

H�4 G.K0�B4 �0Q.J H�4 ��I�G H�4 ��~��
IB4 G��0Q`49H���I ~B4 ���0Q ~B4 ����I
K�49H��.K�4 ~�G.K Q`4 G�J�� Q`4 I�G��
�B4 ~����B4 J�G�� HsK�4 Q.��G HsK�4 I�~�J
H�JB4 Q�Q�Q`4 IBH�J I��B4 �0Q.G I��B4 K0I�J
~�~B4 ���.K�4 K0~�I ���B49H���� �0Q`4 ~�I��
J0Q`49H�G��B4 ��J.K H�I�GB49HsK0~ I�I�GB4 ���0Q

'^S���UPVWS�\y � � ��� p �\t!� p �P"WSwa\U#�vS�x`� Sca\U#d\xBZk��UP�B�BS�]hU p Y�Z p Sc�BZ �\x`U���S�xB� Swa\U#xBUP��U'�\"F]gU p Y�Z�y
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µ
'�� @v+C( �sE�>s7:+ >s%�3r>�+.-)/0+��

µ
'��

J.K I�G�I ~BH�4 I�~��
H�I�� I�GBH ~�IB4 ����J
I���J I�GBH �B4 J���J
�BH�I I�J0Q I0Q��

H�4 G�I.K ~0Q`H �B4 QCK�H
IB4 G.K0� K�K0J K�K�H
K�4 G���J J.K0~ I�GB4 �0Q`H
�B49H���I H�4 G�IBH JB4 Q.��J
H�JB4 ~��.K H�4 J���� I�IB4 G����
~�IB4 Q.J�� ~B4 G���� H�IB4 I�~�G
J��B4 ��~�J �B4 �BH�~ ��~B4 ~�~��
H�~BH�4 G0Q.I H�H�4 K0J�G ���B4 �0Q��
I�J�IB49HsK�K I�IB4 �0Q`H HsK0GB4 ����I
��I.K�4 I���� K�K�4 ��~�I ~�I��B4 J��BH

H�4 G.K0�B4 �0Q.J H�~.K�4 I�I�J K�Q��B49H�J�G
IB4 G��0Q`49H���I HRQ.�B4 ��I�J H�49H��.K�4 J��BH
K�49H��.K�4 ~�G.K ~���JB4 �BH�J IB4 I�J�IB4 J���I
�B4 ~����B4 J�G�� Q`H�~B4 G��0Q K�4 ~�J�IB4 �BH�~
H�JB4 Q�Q�Q`4 IBH�J H�4 K0J��B4 ���BH H�GB49H�J�GB4 J���G
~�~B4 ���.K�4 K0~�I IB4 ��~��B4 K�Q�� I�GB4 ����~B4 GBH��
J0Q`49H�G��B4 ��J.K �B4 ��~0Q`4 ����G ~��B4 ���0Q`4 ~�IBH

'TS��_U�VFS�\y � ����� p �et!� p ��"FSga�U���S�xB��Swa�U�d�xBZk��U��`��S�]gU p YBZ p SwVWS�Y�� p ��"WS&y



� �������	��
� �

������
� ������
����	����� ������� �

��� ��
��� �����	�� "!�� # $ ��� % &

� deS�x�Y�"Dx aeSo��UPxB��m�Z('&y �oU�] a\"WS p YBUcaeS�"F]gd\VFUP]hU p Y�S q m�Z*) �,+ a\Z + ��� , S�Y�teS�V �
]gU p YBU��BU p a\Zba�U��BU p ��Z�V)�&"Da\Z p S $ p ")��U�x`�B"DaeS�a\Uja\U(� p a�"WS p S � ��$ � � � �sZ�"X" p ��VFt.-Fa\Z�Z��`t\d�Z�x`Y�U
d\S�x�S U0/&U��Pt q m�Z a\UrS�d\VF"D�vS q21 UP��deS�x�S�VFU�VFS�� + ��� p t\]43�xB"Fa ��Z�]hd\t&YNS��P"FZ p S�V5�,t\Urt�YB"FVD"FuvSoZ
3�VFZ��\t\� ' ZkZ�V65,"DY�y �	�`YBU��vS�d.-DY�t�VFZ S�d�xBU��`U p YNS t�] ]gZ&a\UPVFZ S p S�V7-DY�"D��Z a\Z + �����8) �9+ deS�x�S
d\S�x`YBUga�Z S�] �\"FU p YBU:3#x`"Fa a\UwY�UP�`Y�Uwt�YB"FVD"FuvS�a\Z , �`Z�]hU p Y�UwZ�� p ����a\Z�� �	� � 
 � $�� � U:;&" p UPx �
��"WSrd_Z��B�`t\U�] U��`��So��UPxB��m�Z�" p ��YNS�VFS�aeS � y � � UP�,teS q<1 U�� �sZ�x�S�] Z ��YB"FaeS���SrdeS�x�Y�"Dx�aeS�S p>= VF"D�BU
a�Z��#xBU��`t\VDY�S�a\Z���a\S�����Z�]�t p "F��S q<1 U���U p Y�xBU%������� �ga\Z�� �	� � 
 �gt�Y�"DVF"Fu�S p a\ZoS���U�x`��m�Z�'&y ��y ��a�Z
+ �����8) �,+ y
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	 � � @ �HB>I �	� JLK ����� � � ����' !��

�lZ a�U��BU p ��Z�V)�&"D]hU p Y�Z aeS �sUPxBxBS�]hU p YNS a\Uf]gZ&a\UPVWS���U�] � �BU�]gd\x`Uf�sZ�"�Y�Z�]hS�a\Z Z
�Pt\"Fa\S�a\Z d\S�x�Sf�,t\U p U p�� t\]hS a\UP��"F�Bm�Z x`U���Y�xB" p ��"D�B�BU S �sUPxBxBS�]hU p YNS S t\]hS "D]hd�VFU�]gU p Y�S��
q m�Z U��Bd_U��2-7Me��S a\U + ���Ny � �`�B"D] � Z ]gZka\U�VFS�a\Z�xbd_Zka\U�x`"WS �BUPxh�PZ�]hd�"FVWS�a\Z deS�xBS �,teS�VF�,t\U�x
"D]hd�VFU�]gU p Y�S q m�Z�a�U + ����a\"F�`d�Z p -D��UPV	U�] t\]43�xB"Da � d_Z�x#U0/&U�]gd\VFZ � Y�S p Y�Z[deS�xBS So��UPxB�Bm�Z
+ ���ONQP �O3SRo��Z�]gZ�deS�xBS�S���U�x`��m�Z + �����T) �,+ y ��S�xBU�S�VF"DuvS q m�Zoa\Z�� Y�U���Y�UP���sZ�"^Z �\�`U�x`��S�a\S
t�]rSfa\"D�sUPxBU p\q Sf"F]gd�Z�x`YNS p YBU�U p Y�x`U S��ga�teS��g"F]gd\VFUP]hU p Y�S q<1 U��cUP] �B")Y�teS q21 UP�wZ p a\U[]rS�"F�
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a�U�t\]rS Y�S�xBU���S aeS ]gU��B]hS S�d�VF"F��S q m�Z ��U0/&U��Pt�YNS�aeS p t�]rS ]gU��`]rS t p "FaeS�a�Uoa\U�d\x`Z&�PU�� �
�BS�]gU p Y�Z\y��TS�x�So]gU p �BS���U p ��U p �k"WS�aeS���U p Y�x`UbYNS�x`UP��S���U /�UP��t�Y�S�aeS�� p So]gU��`]rSht p "Fa\S�a\U � S
Y�S�xBU���S�a�U��`YB" p Z Me��S�S���teS�xBa\S p a\Z�S�]gU p ��S���UP] U p �k"WS�aeS�d_U�VFS�Y�S�xBU���S�a\UjZ�xB"F��U�] � a\U2M p " p a�Z
t�]rSgZ�xBa\UP]�a\U�U /�UP��t q m�Z�U p YBxBUbS�] �eS��Py N Z p �B"Da\U�xBS p a\Z�Sg"F]gd\VFUP]hU p YNS q m�Z + ���ONQP �O3SR �
U p �,teS p Y�Z[So]gU p �BS���UP] U p �k"FS�aeS p m�Z�� � U�� S"!hY�S�xBU���Soa\U���Y�" p Z � U���YNSod\x`U��P"F��S � a\UbY�UP]hd_Z��
UP] Y�UP]hd_Z�� � ��U�xB" Me�vS�xg�`U S ]gU p �BS���UP] * = UP�`Y = a\"D�Bd_Z p -)��U�V p Z+��t$# UPxwa\U xBU��PU#�\"D]hU p Y�Z\y
�	�`��S���UPxB" Me�vS q S�Zb" p$% t\U p ��"FS p Z�Y�U�]gd_Z�a\UjU0/&U��Pt q m�Zca\S�� Y�S�xBU���S�� �,t\U UP�`Y�m�Zb�BU p a\ZbU /&U���t �
Y�S�aeS�� p Sb]gU��B]hS�t p "FaeS�a\U�a\U�d\xBZk��UP�B��S�]hU p YBZcaeS�Y�S�xBU���S�a\U���Y�" p Z � t\]rS���U�u��kt�U���Z�]gd�U�Y�U
d_U�VDZ��Tx`U��Pt\xB�`Z��	a\Z � S�x`a$& S�xBU �PZ�]gZ �BU �sZ��`�BU t�]rS�Z�t�Y�xBS S�d\VD"F�vS q m�ZjxBZkaeS p a\Z p Z ��������y �	�`YBU
��S�Y�Z p m�Zo�sZ�"TZ �\�BUPx`��S�a\Z p S�"F]gd\VDU�]gU p YNS q m�Z + �����8) �9+ � Z p a�UwS�Y�S�xBU���S�U�] UP�Bd_U�x�S p m�Z
" p$% t\U p ��"FS p ZcY�U�]gd_Zga�U�U /&U���t q m�ZhaeSwY�S�xBU���Sc�kt�U�U p �&"FShSc]gU p �BS���UP] y

$l]rS���U�xB" Me�vS q m�Z�a\Z�U /&d�Z���Y�Z�S��P"F]hSj�sZ�",�sU�"DY�S�S�Y�xBSv�'���	a\S U0/&U��Pt q m�Z�a\Z��-�&a\"D��Z a\U
S�d\VF"D�vS q21 UP� Y�UP�`Y�U � xBUPd\xBUP�BU p Y�S�aeS�� p S �T"D��t\x�S � y�� � ��t *`Z��nxBU��`t\VDY�S�a\Z��na�ZwYBU�]gd�Zca�U���Z�]gd\t �
Y�S q m�Z , �`U�]���Z p �B"Da\U�xBS�x �PZ�]bt p "D�vS q m�Z � a\Uj�vS�aeS#YNS�x`UP��S�d�Zka\U�]��`U�x ��U�x`"7Me��S�a\Z�� p S '^S��_U�VWS
� y���y �jZ�� a�Z�"F� d\xB"D]hUP"FxBZ�����S��BZ�� � S���YNS�x`UP��S���'i��U)' R��sZ�xBS�]�U0/&U��Pt�YNS�aeS�� YNS p YBZcU�] t p "DaeS��
a�U�� a\U�d\xBZk��UP�B��S�]hU p YBZoa\"D�`Y�" p YNS�� � �T"D��t\xBS � y�� , S � � ��Z�]gZ p t\]hSh]gU��`]rSgt p "Fa\S�a\U � �T"F��t\x�S
� y�� , � � y
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T1

T2

P0

P1

P2

T0

T1

T2

P1

P0

(a) (b)

T0

T1 T2

P0

(c)

�T"F��t\x�S � y���� � d\VF"D�vS q m�ZcdeS�xBSwYBU��`Y�S�xiS��i"F]gd\VDU�]gU p YNS q21 UP� + ���Ny

� �gxBU��`t\VDY�S�a\Z��hS�d\x`U��`U p YNS�a�Z�� p S�'TS���UPVWS � y�� � ]gZ��`YBx�S�] �,t\U � deS�xBS Z �vS��`Z a\S
U /&U���t q m�Z �PZ�]hd�"FVWS�aeS deS�x�S S ��U�xB�Bm�Z + ���ONQP �T3 R � Z Y�UP]hd_Z a�U U0/&UP��t q m�Z aeS��wYNS�x`UP��S��
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12+.-)< � + 6279/�4��B49H���+�� 6�79/�4��B49H�� ��� 6�79/�4��B49H�� +�� 6279/�4��B49H�� ���
1kG J����B4 J�G�G H�4 I���JB4 ����I J���~B4 Q.J�� J����.K�K0J
1eH J���JB49H���I J��.K�4 J��.K J��BH�49H�G.K J����.K�H��
1kI J��BH�4 ~���� ����JB4 I�~0Q J����B4 J�G�G J���G�I���G

'^S��_U�VFS � y�����' U�]gd�Z�� a\U U0/&UP��t q m�Z , U�]
µs
� a\Z�� d\x`Z&�PU��`�BZ��naeScS�d\VF"D�vS q m�Z�aeS �^"F��t\xBS � y���y

'i�oU ' R � �,teS p a\Z�U0/&UP��t�Y�S�aeS���UP] t\] ]gU��B]gZrd�xBZk��U��`��S�a�Z�x � �Bm�ZoUPVFUP��S�a�Z�� ��Z�] x`U�VFS q m�Z
S�Z�� YBU�]gd�Z�� aeS�� ]gU��`]rS�� YNS�xBUP��S�� �,teS p a�ZcU0/&U��Pt�YNS�a\S��nU�] d\xBZk��UP�B�BS�a\Z�x`U�� a\"D�`YB" p Y�Z��Py����B�`Z
]gZ���Y�x�S �,t\Unt�]rS�Y�S�xBU���S " p$% t�U p �P"WS p Z YBU�]gd�Z�a\UnU /&U���t q m�Z�a\UnZ�t�YBx�S��,teS p a�Z�U /&U���t&YNS�aeS��
UP]�t\] ]gU��`]hZhd\xBZk��UP�B�BS�a\Z�x � ]gU��B]gZr�,t\U�t\]hShaeS��jYNS�x`UP��S��lU���Y�U*BS�S�d�U p S�� S���teS�x`aeS p a\Z
]gU p ��S���UP] y � = �PZ�] xBUPVWS q m�Z !#U0/&UP��t q m�ZbaeS�]hUP�B]hS�S�d�VF"F��S q m�Z��PZ�]gd\"FVFS�aeS deS�xBS�S���UPxB�Bm�Z
+ �����8) �,+ � Z��jYBU�]gd�Z��la\UbU /&U���t q m�Z�aeS��jYNS�xBUP��S��('i�rU ' R p m�Zo�`UbS�V)Y�UPx�S�] �,teS p a\Zo��m�Z
U /&U���t&YNS�a\Z�� UP] t\] ]gU��B]gZ �������5Z�tgU�] ������� �la\")�sU�x`U p Y�UP� � Z�tw�BU*BS � S Y�S�xBU���S��,t\UlS���t\S�xBaeS
]gU p ��S���UP] p m�Zb" p % t\U p ��"WS�Z�Y�UP]hd_Z�a\U�U0/&U��Pt q m�ZwaeS�Y�S�xBU���S��,t\U�x`UvS�VD"FuvS�d\xBZk��UP�B�BS�]hU p Y�Z\y
� �T"F��t�x�S � y�� , � � ]gZ���Y�x�S! hd\xBZk��UP�B�BZ�� � ��t *`Z���Y�UP]hd_Z�� a\U���Z�]gd\t�Y�S q m�Z��Bm�Z�U�]�Y�Z�x p Z�a\U
� �`U���t p a\Z�� � �BU p a\Z U /&U���t&YNS�a\Z�� p t\] ]hUP�B]gZ �������Ry �lZ + �����8) �,+ � Z[YBU�]gd�Z Y�Z�YNS�V	a\U
U /&U���t q m�Z��sZ�"\a\U ��� �`U���t p a\Z���U p Z + ���ONQP �O3SR ��� �BUP��t p a\Z�� � Z�tw�BU*BS � Z��5Y�x��P��d\xBZk��UP�B�BZ��
�PZ p �PZ�xBx`U�x�S�] d�UPVWS#"�$ � a\Z �������Ry

�	�`YBU x`U��`t\VDY�S�a\Z Y�UP] t\] "F]gdeS��PYBZ d\xBZ��st p a\Z p ZfU��`�vS�VDZ p S�]gU p YBZ a\U d\xBZk��UP�B�BZ��
+ ���Ny !�t\S p a\Z S ��U�x`��m�Z + ���ONQP �O3SR , Z deS�a\x�m�Z U�] 3#x`"Fa\�h��Z�]gd\t�Y�S���"DZ p S�"D� � � t�Y�"DVF" �
u�S�aeS �Tp m�Z a�UP��UPxB"FS �BUPxcS�VFZk�vS�a\Z ]hS�"D��a�Urt\] d\x`Z&�PU��B�`Z d�Z�x�x`U���t�xB�BZ , p S d�x = YB"F�vS[a\"D� -D��"DV
a�U�U��k"DYNS�x � � Z�t � Z��iU��`�vS�VDZ p S�a\Z�xBU��ia\U���UP] ��Z p �`"Fa\UPx�S�xiUP�`YNSw��Z p ��Z�x`x�� p ��"FS , S�t\]gU p YNS p a\ZrS
�PZ�]gd\VFU /�"DaeS�a\U�a�Z��i]hUP�B]gZ��n�B"D� p "7M\�vS�YB"D��S�]gU p Y�U � y

�&% F � ')(!*,+.-�/�*10 (2- �3'40 	 � � �5-�6578' �9- G:*5;=<�78' � @?>>BHI � �

�eZ�xBS�] x`UvS�VD"Fu�S�a\Z���Y�U���Y�UP�ga�U[��S�VF" �\x�S���U�] a\Z��cd\S�xA@�]gUPYBxBZ���a\Zf]hZka\UPVFZ(P ){Z��
�
Y�S�] ����] t&Y�"FVD"Fu�S p a\Z#S���UPxB��m�Z ��� , � � a\Z�]gZka\U�VFS�a\Z�x5�PZ�]gd\"FVFS�aeS ��Z�] S#��U�x`��m�Z + �����8) �,+ y
� ��YBU���Y�U��j�sZ�x�S�]�U /�UP��t�Y�S�a\Z��#S�d�U p S���U p ��Z�V)��U p a\Z ������� �ba\Z�� �	� � 
 � $�� � U ;&" p UPxB��"FS � a\U&�
�k"Da\Z S�Z ��S�YBZ a\U �,t\UfS ��UPxB�Bm�Z + �����T) �,+ ,CB y � y ' � p Z�� ������� �faeS ��$9N%��Dl"DZ p m�Z Y���]
�`t\d_Z�x`YBU�d\S�x�SwZ 3�VFZ��\t\� ' Z&Z�V75,"DYvy �jZ��lxBUP�Bt\V)YNS�a\Z�� � S�d\x`U��`U p YNS�a�Z�� p S���'^S��_U�VFS�� � y RcU � y � �
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Z��\�BUPx`��S�]gZ���a\"D�sUPxBU p\q S����PZ�] x`U�VWS q m�Z S�Z���xBU��`t\VDY�S�a\Z���Z���Y�"Da\Z�� �PZ�] So��UPxB�Bm�Z �PZ�]gd\"FVFS�aeS
t&Y�"FVD"Fu�S p a\ZbZ + ���ONQP �T3 R

����������� �	�
������������������ �	�
������� ���
���������
 ������������� ���������� "!#� ���$��&%'��()� ���$��&*+�, -�,$�� �)���.���� "!/� ���$�� %0��(1� ���$�� *2�, 3��$��
J.K I.K H�G H K H�� I
H�I�� I.K H�H ~ K H�� ~
I���J I�~ H�H ~ K I�~ I
�BH�I I0Q H�I H K H�� H

H�4 G�I.K ~�G H�G I K H�� ~
IB4 G.K0� I0Q H�H ~ K I�� K
K�4 G���J ~�J HRQ HsK I I�I H�G
�B49H���I ~�� HRQ H�H I I�� �
H�JB4 ~��.K J�~ ~�J I�G H�G ~�J H�~
~�IB4 Q.J�� ��I �BH K0I H�I ��J ~�G
J��B4 ��~�J H�J�I ��� Q.~ � H�GBH J��
H�~BH�4 G0Q.� � ~���I K0J�J K0J�� �WH���G IBH K0I��
I�J�IB49HsK�K �)QCK0I Q.��J Q.�0Q �)Q.~�� I�~ Q ��G
��I.K�4 I���� �WH�4 K0~�J H�4 ~��.K H�4 ~���G �)Q ��I I0Q H�4 ����I

H�4 G.K0�B4 �0Q.J � IB4 Q.��� IB4 J�~�~ IB4 J�~�I �WH�4 ��~0Q I�J IB4 �.K�K
IB4 G��0Q`49H���I � �B4 �.K0� �B4 J�~�G �B4 ���BH � ~B49H�G�J I�� �B4 K�K0I
K�49H��.K�4 ~�G.K �WH�GB4 Q.~�~ H�GB4 ����~ H�GB4 �.K0� � JB4 I���� I�� H�GB4 Q.J�J
�B4 ~����B4 J�G�� � IBH�4 G0Q � IBH�4 �BH�I IBH�4 K0JBH �WHsK�4 G���~ I�� IBH�4 J0Q.I
H�JB4 Q�Q�Q`4 IBH�J � K�H�4 Q.J�G K0~B49HRQCK K0~B49H�I�� � I��B4 ��~0Q I�� K��B4 ~�~�~
~�~B4 ���.K�4 K0~�I � ��~B4 ����� ���B4 ~0Q.J ���B4 ~�I�~ � ��JB4 ��I�J I�� �0Q`4 ��G�J
J0Q`49H�G��B4 ��J.K �WH�J��B49H�H�� HRQ.IB4 GBH�~ HRQ`H�4 ��J�I �WH�H�JB4 IBH�� I�� H����B4 �.K��

'^S��_U�VFS � y R � + Zka\U�VFS���U�] aeS ��Z�]bt p "D�vS q m�Z � d_U�VWS ��U�x`��m�Z�����a\Z + Zka\U�VFS�a\Z�xb�PZ�]gd\"FVFS�aeS
�PZ�] + �����8) �9+ �ep Zg]hUP�B]gZ � Z��`Y�y

�jS('TS���UPVWS � y RiZ �\�BUPx`��S�]gZ�� � deS�x�SlZ���S��BZ�a\Zj��Z�]hS p a�Z + ���
4
;&U p agU ]hU p ��S���U p �

a�UwY�S�]hS p�� Z��`t\d�UPxB"DZ�x�S B �65 �87,YBU�� � �,t\UgS��BZ �\x`U���S�xB� S�a\UcU p �&"DZ �cd�x�S�YB"F�vS�]hU p YBUc"F��t\S�V
! �BZ��\xBUP�vS�x`� S a\UgxBUP��U'�\"F]gU p Y�Z�y"���B�`Z S��PZ p Y�UP��Urd_U�VDZ���S�Y�Z[a\Ug�kt�UhZ[d\xBZ�Y�Zk��Z�VDZ[t&Y�"FVD"Fu�S�a\Z
d_U�VDZ + �����T) �9+ deS�x�S ]hU p ��S���U p ���`t\d�UPxB"DZ�xBUP�oS B �95 ��7,Y�UP� � �\VFZk�,t\UvS p YBU � VFU���S p a\Z S
t�]rS �`Z �\xBUPd�Z��B" q m�Z �,teS��`Uf��Z�]gd\VFU�YNS U p Y�xBU Z��od\xBZk��UP�B�`Z�� a\U U p �k"FZ U a\U xBU��PU#�\"D]hU p Y�Z\y
���`�BZ U0/&d\VF"D�vS�YNS�] ��UP] � Z��#��S�VFZ�xBU�� p U�� S�YB"D��Z���Z���Y�"Da\Z���deS�xBS S VWS�Y�� p ��"WS��,t\U �^p UP�`YBUr�vS��BZ �
���vS�VD��t\VFS�aeSh�PZ�]gZo�BU p a\Z Sr]gUPY�S�a\Uba\ZhY�U�]gd_Zoa\U DiZ�t p a '^x`"Fd 'n"D]hU , D ' ' � ]gU p Z�� S��
�`Z �\x`U��vS�xB� S��ia\U#U p �k"DZhU#a\U#xBUP��U'�\"F]gU p Y�Z�y

N Z p �B"Fa�U�x�S p a\Zc�,t\U ZbZ��;:`UPYB"D��Z � �BUPx`�k"Fx S�Zbd\x`Z&�PU��B�`Zca\U�UP�B��S�VFZ p S�]hU p Y�Zba\U S�d\VF" �
��S q<1 U�� � S��`"DY�t\S q m�ZbS�d\xBUP�BU p Y�S�aeS p m�Zb�BU�U p �vS�" /�S p Sba\U0M p " q m�Zba\Z�]hZka\U�VDZ �,p m�Zbd_Zka\U p a�Z
�`U�x YBx�S�Y�S�aeSrd_U�VDZ���UP�B�vS�VFZ p S�a\Z�xBUP��y=<�Z�d_Z p Y�Z�a�U��k"F�`Y�Sra\UcUP�B�vS�VFZ p S�]hU p YBZ � p m�Z �bd_Z��B� - �
��U�V �,t\U�U�] t\] ]gU��`]hZ �������na\t\S��lS q<1 U�� , U p �k"DZhU#xBUP��U'�\"F]gU p Y�Z � S���Z p Y�U q S�]�S�Zg]gU��`]hZ
YBU�]gd�Z�y � d�xBZk��U��`��S�a�Z�x a\Z"������� � � Z�x�SbS�YBU p a�U p a\U#S�Zbd\xBZk��UP�B�`Zga\S�YNS�x`UP��S�a�U�U p �k"FZ � � Z�x�S
S�Y�U p a\UbS�Zhd\xBZk��UP�B�`ZoaeShY�S�xBU���Sha\U�xBUP��U#��"F]gU p Y�Z\y �^S�x�Sr�PZ p Y�Z�x p S�xlU��`�BUbd\x`Z �\VDU�]hS � Zr� = V �
�Pt\VFZgaeSg�BZ �\x`U���S�xB� Sga\U�U p �k"FZ � aeShVFS�Y�� p ��"FScU�aeSg�BZ ��xBU���S�xB��Sha\U�xBUP��U#��"F]gU p Y�Zha\UP��U�] �BU�x
x`UvS�VD"Fu�S�a\Z��#a\Uw�sZ�xB]hS a\"D�sUPxBU p YBUh�PZ�] xBUPVWS q m�Z ! ��UPxB��m�Z ��� a�Z ]gZ&a\UPVWS�a�Z�x�y � VFS�Y�� p ��"FS"�
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������� ��� �	�
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 �����
������� ���������� ,!#� ���$��&%'��(1� ���$��&*+�, 3��$��
J.K I.K H�G H
H�I�� I.K H�H ~
I���J I�~ H�H ~
�BH�I I0Q H�I H

H�4 G�I.K ~�G H�G I
IB4 G.K0� I0Q H�H ~
K�4 G���J ~�J HRQ HsK
�B49H���I ~�� HRQ H�H
H�JB4 ~��.K J�~ ~�J I�G
~�IB4 Q.J�� ��I �BH K0I
J��B4 ��~�J H�J�I ��� Q.~
H�~BH�4 G0Q.� G K0J0Q K0J0Q
I�J�IB49HsK�K G Q.�0Q Q.�0Q
��I.K�4 I���� G H�4 ~���I H�4 ~���I

H�4 G.K0�B4 �0Q.J G IB4 J�~�~ IB4 J�~�~
IB4 G��0Q`49H���I G �B4 J�G�� �B4 J�G��
K�49H��.K�4 ~�G.K G H�GB4 �0QCK H�GB4 �0QCK
�B4 ~����B4 J�G�� G IBH�4 K���~ IBH�4 K���~
H�JB4 Q�Q�Q`4 IBH�J G K0~B49H��BH K0~B49H��BH
~�~B4 ���.K�4 K0~�I G ���B4 ~���~ ���B4 ~���~
J0Q`49H�G��B4 ��J.K G HRQ`H�4 ����J HRQ`H�4 ����J

'^S��_U�VFS � y  � + Z&a�U�VWS���U�] aeS �PZ�]bt p "D�vS q m�Z�d_U�VFSj��UPxB�Bm�Z ���{a\Z + Zka\UPVWS�a\Z�x^�PZ�]hd�"FVWS�aeSl�PZ�]
+ �����8) �,+ U p Y�x`U � Z��`Y��ia\")�sU�x`U p Y�UP��y

�PZ p �`"Fa\UPx�S�aeS���deS�x�S�Y�S�]hS p�� Z���a\Uj]hU p ��S���U�] �`t\d�UPxB"DZ�xBUP� S B � 5�� 7,Y�UP� UjS�� �`Z �\x`U��vS�xB� S��
a�UlU p �&"DZ�Una�Ulx`U��PU#�\"D]hU p YBZ��Bm�Z#�vS�VD��t\VFS�aeS��Ta\"D�k"Fa�" p a\Z����BU Z D ' ' d_Z�x	�,teS�Y�x`Z � ��Z�]gZ#d�Zka\U
�`U�x��k"F��Y�Z p Z���U��`�,t\U�]hS���aeS �^"F��t\xBS � y R&y � �`�B"F] � Z�����S�VFZ�xBU���a\Z��#deS�x @�]hU�Y�x`Z���deS�xBS UP�`YBU
]gZka\U�VDZc��m�ZwZ��ixBUPVWS��P"FZ p S�a\Z�� p S '^S��_U�VWS � y  �y

Os

Or

Latencia negativa

x = Os + L + Or

x/2

x/2

L = 0

�T"D��t\x�S � y R � � :`t\�`YBU p Zh]gZka\U�VDZcdeS�x�Sc�PZ�]bt p "D�vS q m�Z p t\] ]gU��B]gZ"��������y

N Z�]gdeS�xBS p a\Z S�� '^S���UPVWS�� � y R � � y �[U � y �&� d_Z&a�U�]gZ�� ��UPxB"7M\�vS�x��,t\UhZ " � � $�� � � ���
��
�� ���[a\Z�����Z�]hS p a�Z���a\UgY�x`Z&��S a\Uo]gU p ��S���U p ��a\S ��UPxB��m�Z + �����T) �,+ �hd\x�S�Y�"F��S�]gU p Y�U
Z[]gU��B]gZ deS�xBS �PZ�]bt p "F�vS q<1 U��#U p Y�x`Uhd�xBZk��U��`�BZ�� p t\] ]hUP�B]gZ ������� � d\x`Z&�PU��B�`Z���U�] ������� �



��� 	 � � �� � ������ ��� �'��� � �  �'� ��� ����� ����
	�� � � ���$� 
 � � ���

����������� �	�
������������������ �	�
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 ������������� ���������� ,!#� ���$��&%'��()� ���$��&*+�, -�,$�� �����.���� "!/� ���$�� %0��(1� ���$�� *2�, 3��$��
J.K H�G�� H�G ~ H�J�~ HsK ~
H�I�� H�H�� H�G ~ HRQ.G H�I ~
I���J H�J�� H�G ~ HRQ`H H�I ~
�BH�I I�~�~ H�G I HRQ.G H�I ~

H�4 G�I.K I���G � I ~�G�G HsK ~
IB4 G.K0� K�H�H H�I ~ K0I�� H�� K
K�4 G���J ����J I�� H�~ ��~�� I�~ H�G
�B49H���I ����~ I�� H�G ��IBH I0Q H�G
H�JB4 ~��.K H�4 �0Q.� K0� IBH H�4 �.K0J K0~ H��
~�IB4 Q.J�� IB4 �0Q.I �0Q ~�~ IB4 ��G�� ��I ~��
J��B4 ��~�J �B4 J�~�� H�~�� �0Q �B4 J�~�� H�~�� Q�Q
H�~BH�4 G0Q.� � ~B4 Q.I0Q ~B4 Q.~BH H�H�4 K���� H�IBH IBH H�H�4 K0J.K
I�J�IB49HsK�K �WH�JB4 ~��BH H�JB4 ��~�G I�IB4 JBH�� H�I�~ IBH I�IB4 J����
��I.K�4 I���� � ~��B4 K��.K ~��B4 Q.��I K�K�4 ����� H���G I�� K�K�4 ��IBH

H�4 G.K0�B4 �0Q.J � ��~B49H���G ��~B49H�J�~ ���B4 K�K0~ �0Q I�� ���B4 K0�BH
IB4 G��0Q`49H���I �WHRQ.IB4 G�I�� HRQ`H�4 J0Q.~ HRQ.�B4 Q�Q.I ��� ~.K HRQ.�B4 ��J.K
K�49H��.K�4 ~�G.K � ~���GB4 ��I�� ~��BH�4 ~�G.K ~��0Q`4 GBH�� ��J ~BH ~���JB4 �����
�B4 ~����B4 J�G�� �)Q.G�JB4 G�I.K Q.G��B4 ��I�G Q`H�~B49HsK0I HRQ.� ~�J Q`H�~B4 G.K0�
H�JB4 Q�Q�Q`4 IBH�J �WH�4 K�H��B4 ~�G�� H�4 K�H��B4 I���G H�4 K0I�JB4 Q`H�� H���� ~�J H�4 K0I�JB4 I���J
~�~B4 ���.K�4 K0~�I � IB4 �.K0�B4 ~BH�H IB4 �.K0JB4 K0~BH IB4 ����IB4 Q.G�~ H�J�� ~�J IB4 ����IB49HsK0~
J0Q`49H�G��B4 ��J.K � �B4 J���JB4 J���G �B4 J���JB4 QCK�� �B4 Q.G�IB4 ��I�~ ��� ~�� �B4 Q.G�~B4 Q�Q.G

'^S��_U�VFS � y � � + Zka\U�VFS���U�] aeS ��Z�]bt p "D�vS q m�Z � d_U�VWS ��U�x`��m�Z�����a\Z + Zka\U�VFS�a\Z�xb�PZ�]gd\"FVFS�aeS
�PZ�] + �����8) �9+ � U p YBxBU � Z��`YB�ia\"D�sUPxBU p YBU���y
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Z��\�BUPx`��S�aeS�� p Z���x = Me�PZ�aeS��T"F��t\x�S � y  � �Bm�Z p UP��UP�B� = xB"WS��Ta\teS��TU��,teS q<1 U���y � d\x`"F]gU�"Dx�SnU��,teS��
q m�Z�]hZka\U�VFS#S��PZ�]bt p "D�vS q m�Z#deS�xBS�]gU p �BS���U p � a\UnY�S�]rS p�� Z�" p �sUPxB"FZ�x	S B � 5 ��7,Y�U�� � Z p a\U�S
VFS�Y�� p ��"FS��PxBUP�B��U�a�Uj�sZ�x`]rS�VF" p UvS�x���Z�] x`U�VFS q m�Z�S�Z�Y�S�]hS p�� Z�aeS�]gU p �BS���U�][y �^S�x�S�]gU p ��S��
��U p �ia\U Y�S�]rS p�� Zb�`t\d�UPxB"DZ�xiS B � 5 ��7kYBU�� � SbVFS�Y�� p ��"FS�YNS�] � �P] YBU�]�t�]���Z�]hd_Z�x`Y�S�]gU p Y�Z
VD" p U�S�x�y �^Z�x ��] � Z���xBS�a\"FU p Y�UlaeS�x`UPYNS�Y�UP] ��S�VFZ�x p UP� S�YB"D��Z � UlZ�����S�VFZ�x`U���aeS���VWS�Y�� p �P"WS���]gU&�
a�"FaeS��T��m�Z p UP� S�YB"D��Z���y �	�B�`Un��S�VFZ�x p U�� S�Y�"D��Z��BUna\U���UlS�Z ��S�YBZ a\UnZk��Z�x`xBUPx5t\]hS �BZ �\x`U�d_Z��B" q m�Z
a\Sr�BZ ��xBU���S�xB��Sra\U�U p �&"DZo��Z�] Sg�BZ ��xBU���S�xB��Sra\U�x`U��PU#�\"D]hU p YBZoUbSgVWS�Y�� p �P"WSw�BUPx �vS�VD��t\VFS�aeS
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L(m, pi, pj) =

{

0, 0940 ∗ (m − 64) + 115
'F<

m < 65.536

−0, 085 ∗ (m − 65536) − 410
'F<

m >= 65.536
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 � � �Bm�ZgZ ��Y�"DaeS��id_U�VWSwS p>= VF"D�BU�a\Z��
��x = Me�PZ���S�d\x`U��BU p YNS�a\Z�� p Z � d_U p a\"F�PU �jy N Z�] U0/&�PU��B�Bm�Z�a\S��PZ�]bt p "D�vS q m�Z�U p YBxBUld\xBZk��UP�B�BZ��
U /&U���t&YNS�a\Z���UP] t\] ]gU��`]hZ ������� � Z �\�`U�x���S�]hZ����,t\UwZ��PZ�]hd_Z�x�YNS�]gU p Y�Z�d\S�x�SoZ���a�U�]hS�"F�
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 aeS $�� � y �lU��`YBUj��S��BZ � �BZ�]gU p Y�UiZ��5��S�VDZ�xBUP�	aeS��	�PZ p � �
Y�S p Y�UP�l�Bm�ZhS�VDYBU�x�S�a\Z�� UP]��st p\q m�Zwa\U#a\"D�sUPxBU p�q S�� p S�� ��U�VDZ&�P"FaeS�a�U��iaeS��nx`U�a\UP��y � � 'TS���UPVWS��
� y B � � y 'bU � y��c]hZ���Y�xBS�] S��iUP�kt\S q<1 U��ldeS�xBSwZ��la�U�]hS�"F� �	� � 
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L(m, pi, pj) = 0, 0022 ∗ (m − 64) + 24
��� ��� �������
���

0
��� ����� �������
���
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 79E�<s-D/�7:+ L(m, pi, pj) = 0, 0110 ∗ (m − 64) + 100
��� ��� � ���������

L(m, pi, pj) = 0, 0110 ∗ (m − 65.536) − 605
��� ����� �������
���

<sE�(D-D<�?&626 < 
 79E�<s-D/�7:+ L(m, pi, pj) = 1, 0844 ∗ (m − 64) + 100
��� ��� � ���������

L(m, pi, pj) = −1, 369 ∗ (m − 65.536) − 664
�
� ����� �������
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'TS���UPVWS � y B � �	�kt\S q<1 U��ldeS�xBSwZw� = VF�Pt\VFZcaeSwVWS�Y�� p ��"WSbd\S�x�S + �����T) �9+ y
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Os(m, pj) = 4, 6373 ∗ 10−8
∗ m2 + 1,364 ∗ 10−3

∗ m + 9
��� �������
���

Os(m, pi) = 0, 0850 ∗ (m − 65.536) − 174
����� �������
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 79E�<s-)/�7:+ Os(m, pj) = 5, 8 ∗ 10−10
∗ m2 + 1, 705 ∗ 10−3

∗ m + 7
��� �������
���

Os(m, pi) = 0, 0096 ∗ (m − 65.536) − 123
����� �������
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<sE0(F-)<_?&626 < 
 79E�<s-)/�7:+ Os(m, pj) = 1, 1593 ∗ 10−8
∗ m2 + 1,705 ∗ 10−3

∗ m + 9
��� �������
���

Os(m, pi) = 1, 508 ∗ (m − 65.536) − 97
����� �������
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'^S��_U�VFS � y ' � �	�,teS q21 UP�rdeS�xBS Zf� = VF�Pt\VFZfaeSf�BZ ��xBU���S�xB��S a\U[U p �k"FZ deS�xBS + ���
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Or(m, pj) = 1, 4492 ∗ 10−8
∗ m2 + 6, 479 ∗ 10−4

∗ m + 2
��� �������
���

Or(m, pj) = 0, 00255 ∗ (m − 65536) + 300
����� �������
���
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 79E�<s-D/�7:+ Or(m, pj) = 5, 217 ∗ 10−9
∗ m2 + 1, 006 ∗ 10−3

∗ m + 2
��� �������
���

Or(m, pj) = 0, 00961 ∗ (m − 65536) + 1000
����� �������
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 79EB<�-)/�7:+ Or(m, pj) = 1, 159 ∗ 10−8
∗ m2 + 6, 479 ∗ 10−4

∗ m + 2,
��� � ���������

Or(m, pj) = 1, 508 ∗ (m − 65536) + 73415
����� �������
���

'^S��_U�VFS � y�� � �	�,teS q21 UP��deS�xBSrZ�� = VD��t\VDZraeSo�`Z �\x`U��vS�xB� Soa\U�xBU��PU#�\"D]hU p Y�Z�deS�xBSrZ�� a�U�]hS�"F�
�	� � 
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q m�Z�a\Sl��UPxB�Bm�Z�S p S�V6-DYB"F��SnS�d\xBUP�BU p Y�S�aeS p Z,N S�d>-)Y�t\VDZ �\y N S�aeSjd\x`Z&�PU��`�BZ U /�UP��t�Y�S t\]hSl��S�xB� S
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a�U�YBx�S��eS�V � Zwa\teS��l��U�u�UP� ]hS�"FZ�x a\Zr�,t\U�Sgt&Y�"FVD"Fu�S�aeSbd_U�VFZg]gZ&a\UPVWS�a�Z�x deS�xBSga�UPY�UPxB]g" p S�xlZ
��S�Y�Z�xla\U � UPY�UPxBZ���U p UP"FaeS�a�UbU � ZhYNS�]rS p � ZraeS���]gU p �BS���U p ��U p �k"WS�aeS�� ��"F��teS�V S*R&y ��� '&y�� � R
��7,Y�UP��y � ��Y�UP�`Y�UP� �sZ�x�S�] x`UvS�VD"FuvS�a\Z��l��Z p �`"Fa\UPx�S p a\Z�d\xBZk��UP�B�`Z����BU p a\Z U0/&U��Pt�YNS�a\Z�� p Z��	� � 

$�� � UrY�S�] ����] ��Z p �B"Da\U�xBS p a\Z d�xBZk��U��`�BZ�� p Z�� �	� � 
 � $�� � U*;&" p U�x`��"WS&y � ����S�VDZ�xBUP��a\Z��
d\S�xA@�]gUPYBxBZ�� �sZ�x�S�] Z���Y�"Da\Z��nt�YB"FVF"DuvS p a\ZcS��lU��,teS q21 UP��S�d\xBUP�BU p Y�S�aeS��l��Z�]gZwd�Zka\U#�BUPxl�k"D�`Y�Z
p S '^S��_U�VWS � y���y
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 79E�<s-D/�7:+
� 'C� 1kGB} 1XHC� GB} G��.K�Q ��� IB4 G��0Q`49H���I ��J��B4 ��~�J����wH�~�� H�} ��G���G�� ��IB4 G��0Q`49H���I ��J��B4 ��~�J����4�0Q
@ � 1&GB} 1eHC� � GB} G�����G�� ��IB4 G��0Q`49H���I ��J��B4 ��~�J�� ��K�H�G �WH�} ~�J�� ����IB4 G��0Q`49H���I ��J��B4 ��~�J�����J�J.K
� -�� 1eH�} 1kG�� GB} G��.K������ IB4 G��0Q`49H���I ��J��B4 ��~�J�����J�G�G�J H�4 ��G0Q ������� IB4 G��0Q`49H���I ��J��B4 ��~�J�����Q.~B4 K�H��
� 'C� 1eH�} 1&I�� GB} G��.K�Q ��� IB4 G��0Q`49H���I ��J��B4 ��~�J����wH�~�� H�} ��G���G�� ��IB4 G��0Q`49H���I ��J��B4 ��~�J����4�0Q
@ � 1XH�} 1kI�� � GB} G�����G�� ��IB4 G��0Q`49H���I ��J��B4 ��~�J�� ��K�H�G �WH�} ~�J�� ����IB4 G��0Q`49H���I ��J��B4 ��~�J�����J�J.K
� -�� 1kIB} 1eHC� GB} G��.K������ IB4 G��0Q`49H���I ��J��B4 ��~�J�����J�G�G�J H�4 ��G0Q ������� IB4 G��0Q`49H���I ��J��B4 ��~�J�����Q.~B4 K�H��
� 'C� 1kIB} 1&G�� GB} G��.K�Q ��� IB4 G��0Q`49H���I ��J��B4 ��~�J����wH�~�� ��� IB4 G��0Q`49H���I �����
@ � 1&IB} 1kG�� � GB} ����G � ��IB4 G��0Q`49H���I ��J��B4 ��~�J�� ��K�H�G � GB} ����G ����IB4 G��0Q`49H���I ��J��B4 ��~�J�����K�H�G
� -�� 1kGB} 1kI�� GB} G��.K������ IB4 G��0Q`49H���I ��J��B4 ��~�J�����J�G�G�J GB} G��.K���� ��IB4 G��0Q`49H���I ��J��B4 ��~�J�����J�G�G�J
;�-)%`>X1kG �B4 G���GB4 G�G�G����)H�GB49H�I��B4 J�I�J��.�B49H�H�GB4 G�G�G�� �B4 G���GB4 G�G�G����)H�GB49H�I��B4 J�I�J��.�B49H�H�GB4 G�G�G��
;�-)%`>X1eH �B4 G���GB4 G�G�G����)H�GB49H�I��B4 J�I�J��.�B49H�H�GB4 G�G�G�� �B4 G���GB4 G�G�G����)H�GB49H�I��B4 J�I�J��.�B49H�H�GB4 G�G�G��
;�-)%`>X1kI �B4 G���GB4 G�G�G����)H�GB49H�I��B4 J�I�J��.�B49H�H�GB4 G�G�G�� �B4 G���GB4 G�G�G����)H�GB49H�I��B4 J�I�J��.�B49H�H�GB4 G�G�G��

'^S��_U�VFS � y�� � N = VF��t�VFZca\Z��n��S�VDZ�xBUP�na\Z��ideS�x @�]hU�Y�x`Z��na\Zw]hZka\UPVFZ P ){Z�� � d_U�VWSb��U�xB�Bm�ZhS p S��
V7-DYB"F�vS�a\Zw]hZka\U�VFS�a\Z�x deS�x�S + �����8) �9+ y

� d\S�x`YB"Fx�a�Z�����S�VFZ�xBU��j�vS�VD��t\VFS�a\Z�� � d_Z&a�U�]gZ���UP�`Y�"D]rS�xjZoYBU�]gd�Zoa�UbU0/&U��Pt q m�Z[a\S
S�d\VF"D�vS q m�Z � ��Z�]hZ#d_Z&a\Ui�`U�x��&"D�`YBZ p S 'TS���UPVWS � y��=� � deS�xBS�Z��vS��`Z�a\UlU0/&UP��t q m�ZbaeS�S�d\VD"F�vS q m�Z
UP] ������� � aeS�$�� � U[U�] ������� � a\S $�� � U�;&" p U�x`��"WS�y � ��Z�]gdeS�xBS q m�Z U p YBxBU[Z YBU�]gd�Z
d�xBUP�k"D�`Y�Z U Z YBU�]gd�Z a\U U0/&UP��t q m�Z x`UvS�VjaeS S�d\VD"F��S q m�Z � S�d\xBUP�BU p Y�S�a\Z�� p S '^S��_U�VFS � y�� � �
]gZ���Y�x�S �,t\Uod_Z&a�U�]gZ��#� � U�� S�x � S[deS�x`YB"Fx#a\Z��#��S�VFZ�xBU���]gZ&a\UPVWS�a�Z�� � S t�] ��S�VDZ�x �eS���YNS p Y�U
d�x� /&"F]gZwS�ZcY�U�]gd_Zga�U�U /&U���t q m�Z\y

�&%�� � *1<
	20 ' (!' � -� 
��	9+ '

�lU��`YBU �vS�d>-DYBt\VFZ �sZ�xBS�] S�d\x`U��`U p YNS�a\S�� a\")�sU�xBU p\q S�� �PZ�] xBU�VFS q m�Z S�Z ��Z�]hd_Z�x`Y�S��
]gU p YBZbaeS��PZ�]bt p "F�vS q m�Z�U�] S�d\VD"F�vS q<1 U���"F]gd\VFUP]hU p Y�S�aeS��	t&Y�"FVD"Fu�S p a\Z�S���U�xB�Bm�Z + �����T) �9+
U + ���ONQP �O3SR&y � d\x`" p �P"FdeS�V,a\")�sU�x`U p\q S�Z&�PZ�xBx`U UP] �`"DY�t\S q<1 U��^Z p a\U Z��Td\x`Z&�PU��B�`Z��	xBU��sU�x`U p Y�UP�
!��lY�S�xBU���S��ja�U�U p �k"DZhU�a\U�xBU��PU#�\"D]hU p Y�Zr�`U�U p ��Z p YBx�S�] UP] t\] ]hUP�B]gZ � Z��`Y�y �	] �st p\q m�Z
a�U��B�BS��wa\"D�sUPxBU p\q S��cU��PZ�] Z Z��;:`UPYB"D��Zfa\U�]gZka\U�VFS�x�Zf�PZ�]rS p a\Z + ���

4
;&U p a � t�]rS p Z=��Z
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µ
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µ
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 (W+.- (&(D793{<\1kG G G
;�-D%�>�� 1kG�� H�GB4 G����B4 ���.K H�GB4 G����B4 ���.K
� '�� 1kGB} 1eHC� HRQ.IB49H�~�~ ~B4 G�J�~B4 QCK0G
@ � 1kGB} 1eHC� �WHRQ.~B4 G�I.K � IB4 Q.�BH�4 ����G
� -�� 1XH�} 1kG�� HRQ.�B4 K��0Q HRQ.�B4 K��0Q
;�-D%�>�� 1eHC� H�GB4 G����B4 ���.K H�GB4 G����B4 ���.K
� '�� 1eH�} 1kI�� HRQ.IB49H�~�~ ~B4 G�J�~B4 QCK0G
@ � 1eH�} 1kI�� �WHRQ.~B4 G�I.K � IB4 Q.�BH�4 ����G
� -�� 1&IB} 1eHC� HRQ.�B4 K��0Q ~B49H�~�JB4 �����
;�-D%�>�� 1kI�� H�GB4 G����B4 ���.K H�GB4 G����B4 ���.K
� '�� 1kIB} 1kG�� HRQ.IB49H�~�~ HRQ.IB49H�~�~
@ � 1kIB} 1kG�� �WHRQ.~B4 G�I.K �WHRQ.~B4 G�I.K
� -�� 1&GB} 1kI�� HRQ.�B4 K��0Q ~B49H�~�JB4 �����
6279E�79' � (D793{<�1kG ~�GB4 Q ���B4 Q�Q.G ~0Q`4 I���IB49H�H�J

'^S��_U�VFS � y��v� ���5��Z�VFt q m�Z a\Z Y�UP]hd_Z a\U U /&U���t q m�Z U���Y�"F]hS�a\Z � ��Z�] ��Z�]bt p "F��S q m�Z U p Y�x`U
d�xBZk��U��`�BZ��laeS $�� � U#U p YBxBU�d\xBZk��UP�B�`Z��ja\S $�� � U ;&" p UPxB��"FS�y

1=<s3{M�% ���`<s> O��
	 % �
µ
' � 1=<s3{M�% ��')(F793 +.|�%��

µ
' � ��-D-)%=�

%
�

?&626 � ?&626 ~�GB4 G���~B4 �BH�J ~�GB4 Q ���B4 Q�Q.G
2, 29?&626 � ;�?�* ~�JB4 K0I.K�4 I�G�G ~0Q`4 I���IB49H�H�J
2, 30

'^S��_U�VFS � y�� ��� N Z�]gdeS�xBS q m�ZcU p Y�xBU�YBU�]gd�Zba�U�U /&U���t q m�ZgaeScS�d\VD"F��S q m�Z�U�ZbY�U�]gd_ZwSwd\S�x`YB"Fx
a�Z���d\S�xA@�]gUPYBxBZ��#]gZ&a�U�VWS�a\Z�� � t&Y�"FVD"Fu�S p a\Z[S���U�x`��m�Z S p S�V7-DYB"F�vSoa�Z ]gZ&a�U�VWS�a\Z�x�deS�xBS + �����
) �9+ y

]gZka\U�VDZrS p S�V6-)Y�"F�PZg�sZ�" d�xBZ�d_Z��`YBZ\y��eZ�xBS�] S�d\x`U��BU p YNS�a\Z���YNS�] � �P] � Z���x`U��`t\VDY�S�a\Z�� a�Z��jYBU�� �
YBU��na\U ��S�VD"FaeS q m�Z�a\Z p Z=��Zw]hZka\UPVFZ\y �jZcd\x � /&"D]hZc��S�d>-DYBt\VFZ��BUPx = " p ��UP�`YB"F� S�a\ScSb�kt\S�VF"DaeS�a\U
a�Zh]gZ&a�U�VFZ�d\xBZ�d_Z���Y�Zw��Z�]gZwt\] ]gZ&a�U�VFZca�U�UP�B��S�VFZ p S�]hU p Y�Z\y
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�lU��`YBU��vS�d.-DY�t�VFZ[��m�ZfS�d�xBU��`U p YNS�a\Z��cZ���Y�U���Y�UP�cUrZ��bx`U��`t\VDY�S�a\Z���aeS ��S�VF"DaeS q m�Z a�Z
]gZka\U�VDZ a\U U��B��S�VFZ p S�]gU p Y�Z�� 
 � � � d\xBZ�d_Z���Y�Z p Z"N S�d>-DYBt\VFZ  �y � �rYBU��`YBU���x`UvS�VD"FuvS�a\Z��
YB"D��U�x�S�] �PZ�]hZ�ZbZ �;:`U�Y�"D��ZwS���Z�]hdeS�x�S q m�Zba\Z�YBU�]gd�Z�a\U U0/&UP��t q m�Zwa\U t\]hSbS�d\VD"F��S q m�Z�deS��
xBS�VFUPVWSiU��`�vS�VDZ p S�aeSj��Z�] �eS��`U p Z ]gZka\U�VDZ�d\x`Z�d�Z��`Y�Z � ��Z�] Z�YBU�]gd�Zja\U U /�UP��t q m�Z�aeS�]gU��`]rS
S�d\VF"D�vS q m�Z U��B��S�VFZ p S�aeS[��Z�] �eS��`UrUP] Z�t�Y�x`Z���]gZka\U�VDZ��#a\UrUP�B�vS�VFZ p S�]hU p YBZ � � � � � � � � �� � �
�sUP"DYBZ d_U�VDZ + ��� , U���Y�xBS�Y �P��"WS ]hS�"F�ct�YB"FVD"FuvS�aeS d_Z�xwt\�Bt = xB"FZ�� ��d\x`Z���xBS�]rS�a\Z�xBUP�c�,t\U U /&U���t �
Y�S�]�S�d\VD"F��S q<1 U�� p UP�B�`U���S�] �\"FU p YBU�� � U�t\] UP�B�vS�VFZ p S�]hU p YBZ �\S��BU�S�a\Z p Zh]gZ&a�U�VFZwVFS�Y�� p ��"FS�y
� �sZk��Z a\UP�`Y�U �vS�d.-DY�t�VFZ � p Z t\�`Z a\Z + �����T) �,+ � a\U��k"Fa\Z S�Z ]hS�V �PZ�]gd�Z�x�YNS�]gU p YBZ a�Z
+ ���ONQP �O3SR �,teS p a\Z d�xBZk��U��`�BZ���a\U�d_U p a\U p Y�UP���Bm�Z U /&U���t&YNS�a\Z�� p Z[]hUP�B]gZ d\xBZk��UP�B��S�a\Z�x�y
� p "F��"FS�VF]gU p YBU �sZ�"e��U�x`"7Me��S�aeSbS�" p$% t!� p �P"WS#aeS�� �BZ �\x`U���S�xB� S�� a\UjU p �k"FZ�Uja\UlxBU��PU#�\"D]hU p Y�Z p Z
UP�B��S�VFZ p S�]hU p Y�Zwa\U�YNS�x`UP��S�� p t\] ]gU��`]hZ � Z��`Yvy
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