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

� ��! " #���$� � �������	 � ��%&��� �� #��	'� � ! (�)�+*,! (�
%

���
� "��	!��	'�

-/.

0�132546287:9<;/=>7:9

?�@BA�CEDGFHDJILKNM�O�FQPGPGCSR�PUTVPUANCXWZY\[EK�]HP_^`T\a

@BA�CXbcTd]H]eCSf\C"T\ahgji�f\Fei�CECSkGFHi�f

FHi)l:Y\kmPUFnY+]>WoK�]Hpo]H]eO�CSiqPrT\asPGA�Cut(CEv�K�FekwCSO�CSiqPUD#axTdkyPUANCXzJCEfdkGCEC{T\a

| Y\DwPGCSk#T\asgji�fdFeiNCSCSkwFei�f

Wh]eTdkwFeRoYX?yPU]nY+i�PGFe[{}(i�FH~\CSkGDwFHP_^

� TL[SY�t�Y+PGTdi��oWs]eTdkwFeRoY

?�K�fdKNDwP��\�d�N�



�S���X���J���J�
�y�{�X���������'�������$�J�������$�������������s� �E�y�¡���{�X�����
�¢��£)�J���¤� �E�����������(�¦¥V��� �"£§�$�"���/�����E���

Mq^

¨ K�FHO�FHi�f�ILTdiNf

@BA�FHD�PGA�CSDwFeD�©cY\DJª�kwCSªoY+kGCSR�K�iNR�CSk�PGA�C�RNFekGCE[EPGFeTdi¤T+a3PUA�CX[«Y\i�RNFeRoY+PGC\¬D�PUANCSDGFHD"Y\RN~®FHDGTdkE� zJkE¯
@sY\fdA�F | ¯q°"A�TdDwA�fdT\a±PUYdY\kS�dzJCSªoY\kmPUO�CSiqP3T\a�bcTdO�ª�KNPGCSkjIL[EFeCEi�[SC(Y\i�R�gji�fdFHi�CSCEkGFHi�f��qY\iNR�A�Y\D
M²CSCEi�Y\ª�ª�kwT¡~\CSR³Mq^�PUA�C´O�CSO�MµCEkGD�T+ajA�FeD�DGK�ª²CSkm~LFHDGTdkm^
[ETdO�O�FQPGPUCEC\¯#¶·P�©cY\D"DwK�M�O�FHPGPGCSR�PUT
PGA�C"a¸Y\[SK�]QP_^$T\as@BA�CXbcTd]H]eCSf\CJT\asg�iNfdFei�CECSkwFei�f�Y\i�R�©cY\D(Y\[S[ECSªNPGCSR�Fei)ªoY\kmPUFnY+]µaxK�]Qpo]e]HO�CEi�PrT\a
PGA�C{kGCSv�K�FHkGCEO�CEi�PGDBaxTdkyPUA�C{R�CEfdkGCECXT+a | Y+DwPUCEk#T\a:gji�fdFHi�CSCEkGFHi�f�¯

IN}(ljgrt�¹�¶mI�º"t/»¼bBº |¤| ¶_@B@Bg�g#½

@BANCSDGFHD�?�RN~®FeDwTdk

bcAoY+FekGO�Y\i��NzJCSªoY+kwPUO�CSiqP(T\a
bcTdO�ª�KNPGCSk�IL[EFeCSiN[SCuY\i�R�gji�fdFeiNCSCSkwFei�f

zJCSY\i��ZbcTd]H]eCEfdC"T\asg�iNfdFei�CECSkwFei�f

¹�Fe[SC"ljkwT¡~\TdDwP z"Y+PGC

FeF



 ��¾ 	'��¿ ���
%À��� �
	��, 

¶/©rTdK�]HR�]HFeÁ+CcPUTJPGAoY\i�Á´OX^VY\RN~®FHDGTdkE��zJkS¯h@sY\fdANF | ¯q°"A�TdDwA�fdT\a±PUYdY\kE�\©#A�TuDGª²CSiqP�]eT\PGD

T\ajPGFeO�C�Tdi�Y\RL~LFHDGFHi�f�O�C�Fei³O�^�kGCEDGC«Y+kG[¦A�©cTdkwÁZ¯�¶(DGFeiN[SCSkwCS]Q^¤Y\ªNª�kGCE[SFnYÂPUCVA�FHO�axTdk�fdFH~®FeiNf

O�CVPUA�C�Tdª�ª²TdkwPGK�i�FHP_^
PUT)©cTdkwÁ³©#FHPUAÃA�FHO�¯ ¨ FeD{FHi�DGª�FHkUY+PGFeTdi �/ªNkGT\axTdKNi�R�Á�i�T�©#]HCSR�fdC+�h©#FeDwC

PGA�TdK�fdAqPGD�Y\iNR�Á�Fei�R�fdK�FHRoY\i�[EC�©rCSkwC`T\acfdkGCSY+P�ANCS]eª�PUT�[STdO�ª�]HCEPUCVPGA�FeD"PUANCSDGFHDS¯�¶�©cY\iqPuPUT

PGAoY\i�Á`zJkS¯:gjR�KoY+kGR�T�WoCSkwioY\i�RNCSÄ{Y\i�R)zJkE¯ | Y\kmPUFei$°�¯�ILTd]HTdO�T\i�axTdkcY\fdkGCECSFHi�f´PUT´DwCSkm~dC{Tdi

O�^`PUA�CEDGFeD#[ETdO�O�FHPwPUCEC"Y\i�R)kGC�~®FeCE©#FHi�f�O�^$PGA�CSDwFeDS¯

ILªµCE[SFeY\]hPUA�Y\i�Á�D"PUT�zJkS¯�t#TdM²CSkwPXI®Ä«Y\M²T�¯ ¨ FeD"ª�kwCE~®FeTdKNDukwCSDwC«Y\kw[¦A�O�Y\R�C´PUANC�©rTdkwÁ

ª²TdDGDwFeM�]HC\¯3¶rK�DGCER�PGA�C{DUY\O�C{RoY+P¦YVDwCEP#PUAoYÂP�ANCuKNDGCSR�Fei)A�FHDy©cT\kGÁZ¯

¶yR�CSCEª�]H^�Y+ª�ª�kGCE[SFeY+PUC�Å A�FH©rCSF�Æ�K��µ°{CEAoY\i¤ÇuY\T�Y\iNR¤È�Y+CSCSOÉILCE]eFQ^qY�Fei�A�CS]Hª�Fei�f�O�C

K�DwC$ÊÌËU@ g Æ"Y\i�R�kGC�~LFHCE©#FHi�f
O�^³PGA�CSDwFeDE¯
I®ªµCE[SFnY+]jPGAoY\i�Á�DuPUT¤°"CEAoY\iÍÇ{Y\T)axTdkXANCSk{©cTdkwÁ³PUT

~\CSkGFQa±^�DGT\O�C{Y\]HfdTdkwFHPUANO�DrFeO�ª�]eCEO�CEi�PGCSR�FHi
I | ?Jth@&M�^$K�DGFHi�f�Y\i�FHi�R�CEªµCEi�R�CSiqP�ª�kGT\fdkUY\O�¯

¶3Y\O¢~dCEkw^�fdkGY+PUC�axK�]oPUT�OX^V©#FHaxC\�d»JFµÊ>FHK��®Y\i�R`OX^�ª�Y\kGCEi�PGDcFHi$bcA�FHioY"axTdkrªNkGT�~®FeR�FHi�f

O�CJ©#FHPGA)PGA�C{DwPGkGTdi�f\CSDwP�O�TdkUY\]µDGK�ªNªµTdkmP«¯

FHFeF



��¥����X���$���

?�KNPUA�T\kS½ ¨ K�FeO�Fei�fVILTdi�f

@BFQPU]eC+½ ¶_O�ª�]eCEO�CEiqP¦Y+PGFeTdi³T\ay?Î@BANkGCSCÐÏmÇ"kGTdKNªÑbc]nY+DGDGFQpo[«YÂPUFeT\i | TLR�CE]
}(DGFeiNf`byY+DGC�Ï � Y\DwCSR¤t#C«Y+DGTdi�FHi�f

¶_i�DmPUFQPUKNPGFeTdi�½ Wh]HTdkGFHRoY�?yPG]nY\iqPUFH[{}�i�FQ~dCEkGDGFQP_^

@BA�CEDGFHD�?�RN~®FeDGT\kS½ zJkE¯�@hY+fdA�F | ¯Z°"A�TdDwA�fdT\a±PUYdY\k

zJCEfdkGCEC\½ | Y+DwPUCEk#T\ahgji�f\Fei�CECSkGFHi�f

»�CSY\kS½ �\�\�N�

t(CE]eFnY+M�Fe]HFHP_^´FHDyM²CS[ST\O�FHi�fVY�~dCEkw^�FHO�ª²TdkmP¦Y\iqPBY+i�R�[STdO�ª²CEPUFQPUFQ~dC�a¸Y+[EPUT\kcaxTdkyDwT\a±P_©yY+kGC

ª�kwTLRNK�[EPGDS¯uILT\a±P_©cY\kwC´v�KoY\]eFQP_^�O�T®R�CS]HD�M�Y\DGCERÃT\i¤DGT\a±P_©cY\kwCVO�C�PUkGFH[SD�ª�kGT�~®FeR�C´Y`Dw^®DwPGCSO�Y+PUFH[

Y\iNR`DG[EFeCEi�PGFHpo[(©yY«^�PUTXR�CEPGCS[EPcDGT\a±P_©cY\kwC�a¸Y\K�]QPUD�C«Y\kw]H^�Y\iNR�PUTXFeO�ª�kGT�~\C�DwT\a±P_©yY+kGCJkwCS]eFeY\M�FH]eFHP_^\¯

bc]eY\DGDwFHpo[SY+PUFHTdi6O�TLR�CE]eD�axTdk$DwT\a±P_©yY+kGC³v�KoY\]HFHP_^,K�DGK�Y\]e]Q^�[E]nY\DwDGFQa±^<TdMNDGCSkm~+Y+PUFHTdi�D$K�DwFei�f�P_©cT

fdkwTdK�ª�DE¯´@BA�FHDJPUA�CEDGFeD"ªNkGCSDwCSiqPUDXY$i�C�©ÒY\]HfdTdkGFQPUA�OÓaxTdk�[S]nY+DGDGFQpo[«YÂPUFeT\i¤K�DGFHi�f�PUA�kwCSC�fdkwTdK�ª�DE�

F5¯ÔC+¯H�®@BA�kGCEC�ÏÕÇ{kwTdK�ª)bc]eY\DGDwFHpo[SY+PUFHTdi | T®R�CE]µK�DwFei�fVbyY\DGC � Y\DGCER)t(CSY\DGT\i�Fei�fN¯:@BA�CJMoY+DGFe[�FeR�CSY

M²CSA�FHi�R<PGA�C¤Y\]HfdTdkwFHPUANOÖFeD�PUA�Y+P$FQP`K�DwCSD`PGA�C
[ETdO�O�TdiN]H^ÑK�DwCSR6P_©rT+Ï_f\kGTdK�ª�[S]eY\DGDwFHpo[SY+PUFHTdi

O�CEPGA�TLR´PGA�kGCECBPUFeO�CSDE¯s@BANFeDjY\]HfdTdkGFQPUA�O�[SY\i�MµCyFHO�ªN]eCSO�CSiqPGCSR´©#FHPGAVT\PUANCSk:PUCE[¦A�i�FHv®KNCSDjDGK�[¦A

Y\Dr]eTdf\FeDwPGFe[#kGCEfdkGCEDGDwFeTdi��L[S]eY\DGDwFHpo[SY+PUFHTdi�PGkGCECJO�T®R�CE]eDS��C�PU[\¯3@BANFeDr©rTdkwÁ�[ETdO�ª�Y\kGCEDcFHPGDcv�KoY\]HFHP_^

©#FQPUA�PGA�C)zJFeDw[SkGFHO�FHioY\iqP{?�i�Y\]H^®DGFHD´O�CEPUANTLR�¯�×�C`p�i�RÑPUAoY+P�TdK�k´iNCE©ÎO�C�PUA�T®RÑª²CSkwaxT\kGO�D

O´KN[¦A�MµC�PGPUCEkcPUA�Y\i�zJFeDw[SkwFeO�FeioY\iqP�?�i�Y\]H^®DGFHDS¯h×�C"Y\]HDGT´DwA�T�©ØPUAoY+PrPUA�CJY\R�R�FQPUFeT\i`T\aÙTdM�ÚwCS[EPmÏ

TdkwFeCEi�PGCSR�DGT\a±P_©cY\kwCXO�C«Y\DwK�kGCED(^®FHCS]eRNCSR�Y�O�T®R�CS]�PGAoY+P�YVª�kUY\[�PUFQPUFeT\i�CSkBO�Y«^)Y\[EPGKoY\]H]H^�ª�kGC�axCSk

T�~dCEk(PGA�C{DGFHO�ª�]HCSkyªNkGT®[SCSRNK�kUY\]>O�C«Y+DGK�kwCSD#O�T®R�CE]8¯

FH~



ÛoÜ�ÝVÞ$ß�àUá\â"ã3äæåEàXá\ç²ß`ÝVÞ$ß�àUá\âußqá\èdé+ê�ë·àEâ



� �<	����
	��, 

�y��¥V�j�X�íìuìXìuìXìuìuìXìuìXì{ìuìXìuìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì î�ï¸ï
�y���)���$�X�ðìXìuìXìuìuìXìuìXì{ìuìXìuìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì ï±ñ

ò �'��£��"�j�S�³�ó���J������£¤���B�$�`ô ìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì ò

�d¯Q� byY\DwC�Ï � Y\DGCut#C«Y\DwTdi�FeiNf ìXìuìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì �
�d¯õ� b � t�bc]eY\DGDwFHpo[SY+PUFHTdi ìuìXìuìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì ö
�d¯ ö ILFHO�FH]nY\kwFHP_^�WoK�i�[�PUFHTdi�D ìXìuìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì ÷
�d¯ ÷ z"Y+PUY�bc]eK�DmPUCSkwFei�f ìXì{ìuìXìuìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì ø
�d¯õù bc]nY+DGDGFQpo[«YÂPUFeT\i$©#FHPUA)@BA�kwCSC�Ç{kwTdK�ª�D ìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì ú
�d¯ ø I®PUY+PUFHDwPUFH[«Y\] | T®R�CS]HFei�f | C�PUA�T®R�Td]HTdf\^ ìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì � ÷
�d¯õû zJFeDw[SkwFeO�FeioY\iqP | T®R�CS]HFei�f ìuìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì �¡ù
�d¯ ú I®PGCSªq©#FeDwC | T®R�CE]/ILCS]HCS[EPGFeTdi ìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì �d�
�d¯Ôü g3~+Y\]eKoYÂPUFeT\i$T\a | TLR�CE]eD ìXìuìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì � ö

¥´�E¥V�����$�$���$���)ô ìXìuìXì{ìuìXìuìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì ý²þ

~



�`Ø*,���� 

òZÿxò �����������	��
������
,���	
���� ��
������c������
��`����� ��! ìXìuì{ìXìuìuìXì �d�

òZÿ ý �����������	��
���#"��	�$�Ã����
��� ��
����$�B�����	
��$����� ��! ìuì{ìXìuìuìXì �d�

òZÿ&% �����������	��
������
,���	
���� ��
������c������
��`����� ��! ìXìuì{ìXìuìuìXì �¡û

òZÿ(' �����������	��
���#"��	�$�Ã����
��� ��
����$�B�����	
��$����� ��! ìuì{ìXìuìuìXì �¡û

~®F



�$�����&���� 

òZÿxò �#")�¤�yï+*���	�,
��-#.�/ �0�1��!2!Sï43657�98«ï+
:;��ï48<"��="��	�$���>�	
���?!¢ìuìXì ���

òZÿ ý �#")�Ã�@�$:)�A�	�B�y�C:�8<�A�	�D��57�E
��F-#.�/ �=�1��!G!Eï13?57�98�ï1
:;��ï18G"��="��	���
���	
����?!óìuìXìuìXì{ìuìXìuìuìXìuìXìuìuìXì{ìuìXìuìXìuìuìXìuìXìuì{ìXìuìuìXì �¡�

òZÿ&% �#")�
�H:�8G�$�	�D�B57�E
��-#.�/ �=�+�B!G!Sï43657��8�ï1
�:;��ï48<"Ø�="��	�$�Ã�>�	
���6! ì � ö

~®FeF



�JILKNM�O9P�QSR
� ��%&���V��	'� � �¤���'��%��<�$�Ø�UT

¶_i�PUANFeD)[¦AoY\ªNPGCSkE�J©cC�FeiqPUkwTLR�KN[SC³PUA�CÃO�CEPUANTLR�D�T\aVbyY\DGCÐÏ � Y\DwCSR�t#C«Y+DGTdi�FHi�f�Y\i�R

R�FHDG[EkGFeO�Fei�Y\iqPJY\i�Y\]H^®DGFHD�©#A�FH[¦A¤©cCEkGCVK�DwCSR�Fei
TdK�kJ[SY\DGCVDmPUK�RN^\¯{¶·P{Y\]eDwT$fdFQ~dCSDJY\i¤T�~dCEkw~®FeC�©

T\asª�kwFei�[EFeª�]HCJ[STdO�ª²Tdi�CSiqPGD�Y+ioY\]H^®DwFeD#Y\i�REV#Ï8PUCSDmP«¯
òZÿxò �=��!2�d�U¥���!2�³�>�$��!H
�:/ï1:)*

byY\DGCÐÏ � Y\DwCSR³t#C«Y+DGTdi�FHi�fXW -#.�/=Y FHD(Y�O�TLR�CE]eFHi�f´PUCE[¦A�i�Fev�K�CuPUAoYÂP�DwCSCSÁ�D�PGT$Y\iNDw©rCSk
i�C�©Òv�K�CSDmPUFHTdi�D{Mq^�FeR�CEi�PGFHa±^®FeiNf�DGFeO�Fe]eY\k�Zw[«Y\DwCSD\[�axkGT\OÉPUANC�ª�Y\DwPS¯ -#.�/ FeD{Y�ªoY\kmP{T\acPGA�C

[ETdO�ªNKNP¦Y+PGFeTdi�Y\]µFHiqPUCS]H]eFHfdCSi�[EC�poCE]eR�axT®[SK�DwFei�f�Tdi)Y\KLPUTdO�Y+PUFHi�f´kwC«Y\DwTdi�FeiNf�ªNkGT®[SCSDwDGCEDS¯j×ØA�CSi

Y\ªNª�]eFHCSR`PGT�DwT\a±P_©cY\kGC"kwCS]eFeY\M�FH]eFHP_^\�dPUA�CJ©rTdkwÁ®FHi�f�Aq^Lª²T\PGA�CSDwFeDBT\a/TdK�k#Y+ª�ª�kGTdY\[¦A)FeDS½:Y´O�T®R�K�]HC

[EK�kGkwCSiqPU]Q^�K�i�R�CEkcR�C�~dCS]HTdª�O�CSiqPrFeDjª�kGT\MoY\M�]Q^´a¸Y\K�]QPwÏ_ªNkGTdi�C+�qFHa�YuO�TLRNK�]eCy©#FQPUA�DGFeO�Fe]eY\k:ª�kwTLR®Ï

K�[�P#Y\i�R`ª�kGT®[SCEDGDBY+PwPUkwFeM�KNPGCSDrFei$Y+i$C«Y\kw]eFHCSk�kGCS]HC«Y\DwC�©cY\Dca¸Y\KN]HPwÏ·ª�kGT\i�C\¯:¶·Prpoi�R�DcDGTd]HKNPUFHTdi�DjPUT

i�C�©!ª�kwTdM�]HCSO�DyMoY\DwCSR�Tdi)ªoY\DwP#C^]LªµCEkGFeCEi�[SC+�okGCEª�kGCEDGCSiqPGCSR¤Mq^_Zm[«Y\DwCSD`[�Fei)YaZw[SY\DGC{]HFeM�kGY\kw^�[�¯
g�Y\[¦A�O�T®R�K�]HC"FeD(Y�Zm[«Y\DwC2[�T\a:DwT\a±P_©yY+kGCuR�CE~\CS]eT\ª�O�CEiqP«¯y@BA�Cu[«Y+DGCu]eFeMNkUY\km^�Y\i�R)PUANC�Y\DwDGT®[SF Ï
Y+PGCSR�kGC�PUkGFHCE~+Y\]>Y+i�R�RNCS[SFHDGFHTdi)kGK�]HCSD#[STdiNDwPUFQPUKNPGCuY -#.�/ O�T®R�CS]5¯jWZY\K�]HPmÏ_ª�kwTdi�C�©cY\D(R�CEp�i�CSR

Mq^)YVPUA�kwCSDwA�Td]eR)Tdi)PUANCui�K�O�MµCEk(T+asa¸Y\KN]HPUDBRNFeDG[ET�~dCSkwCSR�R�K�kGFHi�f�FeiqPUCEfdkUYÂPUFeT\i)Y\i�R)PUCSDmPUFHi�f�¯

�



¶_i�TdK�k/DwPGK�RN^\�\©cC�axTL[EK�DhT\i�[S]eY\DGDwFHpo[SY+PUFHTdi{ª�kGT\M�]eCEO�D/FeiuDGT\a±P_©cY\kwCcv�KoY\]HFHP_^"O�TLRNCS]eFHi�f�¯

ILKNª�ªµT\DGC(C«Y\[¦A�[«Y\DwC�FHiVPUA�C#]eFHM�kUY+kw^XAoY\D�Á®iNT¡©#i`Y+PGPGkGFHM�KNPUCEDjY\i�R�[S]eY\DGDjO�CSO´M²CSkwDGA�FHª�¯3Ç"FH~\CSi

Y([«Y\DwCr©#FHPGA�K�iNÁ®iNT¡©#iV[E]nY\DwDS�Â©cCrª�kGCER�Fe[�P:FHPGDÙ[S]nY+DGDsPGT�M²CrPGA�CcDGY\O�CcY\DÙPUANCc[S]eY\DGD/T\a�PGA�CcO�TdDmP

DwFeO�Fe]nY+k�[«Y\DwCrFHiXPGA�Cr]HFeM�kGY\kw^\��©#A�CSkwCcDGFHO�FH]nY\kwFHP_^�FeDÙR�C�poi�CSR�Fei{PUCSkwO�D/T\ao[SY\DGCcY+PGPGkGFHM�KNPUCEDS¯hºJK�k

DmPUK�RN^
Y\ª�ªN]eFeCED�PGA�FeD�Y\ª�ª�kwTqY\[¦A¤PGT$[S]eY\DGDwFHpo[SY+PUFHTdi�T+ajDGT\a±P_©cY\kGC�O�T®R�K�]HCSD�Y\D{Ç"kGCSCEi��²»�CE]e]HT¡©{�

Y\iNR
t#CSR��ZY+[S[ST\kGR�FHi�fVPUTVPUA�C{kwFeDGÁ�T\a/a¸Y\K�]HP#ªNkGTdi�C+¯

¶_i�ª�kwFei�[EFeª�]HC\� -#.�/ A�Y\D�DwCE~\CSkUY+]hY\RL~\Y+i�PUY\fdCED�T�~dCEk�DmP¦Y+PGFeDmPUFe[SY\]�[E]nY\DwDGFHp�[«Y+PGFeTdi�PUCE[¦ALÏ

i�FHv�K�CSDE¯

b -#.�/ [SY\i�MµC�R�CSDwFefdi�CER$PUTVY+]eCSkmPyK�DwCSkwDy©#A�CSi�Y�i�C�© [«Y\DwC"FeDcT\KNPUDwFeR�C(PUA�CJM²TdK�iNR�DyT\a
[EK�kGkwCSiqP�CC]LªµCEkGFHCSi�[EC\¯

b ºJi�[EC�PGA�C
O�TdDmP�DwFeO�Fe]eY\k´[«Y+DGC
A�Y\D�M²CSCEi6DGCE]eCE[EPUCER�axkwTdO PUA�C�]eFHM�kUY+kw^d�rFHPGD�RNCEP¦Y+Fe]eCER

RNCSDG[EkGFHªNPUFHTdi)[«Y\i�A�CS]Hª)Tdi�C{FeiqPUCEkGª�kwCEP#PUANCXY+KNPUTdO�Y+PGCSR)[S]eY\DGDwFHpo[SY+PUFHTdi�¯

b -#.�/ Dw^®DmPUCSO�D3[«Y+i�Y\R�RVi�C�©<[SY\DGCED:PUT�PGA�CB]eFHM�kUY\km^uY\i�RVkwCSO�T¡~\CyTdM�DwTd]eC�PUCy[SY\DGCED:axkGTdO
PGA�CB]eFHM�kUY+kw^d¯/@BA�K�DS�LYJ[«Y+DGC�Ï·MoY\DwCSR�kGC«Y+DGTdi�FHi�f{[«Y\iVPUY\Á\C(Y\RN~+Y\iqPUY\fdCyT\aµi�C�©6Tdk:kwCE~®FeDwCSR

FHiNaxTdkwO`Y+PGFeTdi`Y\D#FHP#M²CS[ETdO�CED(Y�~+Y\FH]nY\MN]eC\¯

b -#.�/ FeDXDG[SY\]nY\MN]eC�PUT
~\CSkw^ ]nY\kwfdC�[SY\DGC`]eFeMNkUY\kwFeCSDE�:Y\iNRÑFeD´Y+O�CEioY\M�]HC�PGT¤[STdiN[SK�kwkGCSiqP

kwCEPGkGFeC�~+Y\] PUCE[¦A�i�FHv®KNCSDS¯

�



òZÿ ý ��¥´� �=�+�B!G!Sï43657��8�ï1
�:
?í[SY\DGC$[ETdi�DwFeDwPGD´T\a#Y+]e]jY«~+Y\Fe]eY\M�]eC�FHiNaxTdkGO�Y+PGFeTdi³Tdi Y�O�TLR�KN]eC\¯)@BA�FHD�FHi�[S]HK�R�CSDuFHPGD

bc]eY\DGD�Y\i�R³Y\]H]>O�CSY\DGKNkGCSO�CSiqPGDS¯"I®K�ª�ª�]HCSO�CSiqP¦Y\km^�FeiNaxTdkwO`YÂPUFeT\i�Tdi
PUANC�O�TLR�KN]eC\¬D(R�CE~\CS]eT\ªLÏ

O�CSiqPBA�FHDwPGTdkw^�O`Y«^�Y\]HDGT´M²C"Fei�[E]eK�RNCSR`axTdkrA�K�O`Y+i�FeiqPUCEkGª�kwCEP¦YÂPUFeT\i�¯:¶_i�TdK�kcDwPUKNRN^d��PGA�CJ[«Y+DGC

]HFeM�kGY\kw^)[ETdi�DGFHDwPGD"T\a3PUA�Cdcfehg(RoY+PUY`DGC�P«��A�Y�~®FHi�f@i�O�TLRNK�]eCEDS¯J@BA�CV[SY\DGC�]eFeMNkUY\km^)kGCSªNkGCSDwCSiqPUD
PGA�C�ªoY\DwPuC^]Nª²CSkwFeCEi�[SCEDXT\a�PUANC�RNCE~dCE]eTdªNO�CEi�PXTdkwfqY\i�FHÄ«Y+PGFeTdi�¯�Ê>CEP 57j M²C�PGA�CV~dCE[EPUT\kXT\acY+PmÏ
PGkGFeMNKNPUCEDrT\a PUA�C�k�l(mJO�TLRNK�]eC#Fei�PUANC�[«Y+DGC�]HFeM�kGY\kw^\��Y\i�R�]eCEPon^prqyM²C�PUANCts7l(m"Y+PwPUkwFeM�KNPGC�T+a PUA�Y+P
O�TLRNK�]eC+¯

WZkwTdO'PGA�C�[SY\DGC�]eFHM�kUY\km^�©rC�©cY\iqPcPGTXC^]LPGkUY\[�PcPGA�C�T\i�C(PGAoY+PrO�T\DwP�[S]HTdDGCE]H^VkwCSDGCEO´M�]HCSD
TdKNk´K�i�[E]nY\DwDGFHp�CSRÑO�TLR�KN]eC\¯
Ê>CEP ñ�u M²C`PUA�C$~\CS[�PUTdk´T+a�YÂPGPUkwFeM�KLPUCSDXT\aBPUANC>e l(m K�i�[E]nY\DwDGFHp�CSR
O�TLRNK�]eC+��Y\i�RwvBxyq�M²C"PUA�CFs l(m Y+PwPUkGFHM�KNPGC"T\asPGAoY+P(O�TLR�KN]eC\¯

ILFei�[EC{TdK�k#RoY+PUY�FHD(DmPUkwFe[EPG]H^�v�KoY+i�PGFHPUY+PUFQ~dC\��©rC{PUA�FHi�Á�T\asDGFeO�Fe]eY\kGFQP_^�Y\D(PGA�CuR�FeDmP¦Y\i�[EC

M²CEP_©rCSCEi,[SY\DGCEDS¯¤bcTdi�DGFHR�CSkXC«Y\[¦AÍYÂPGPUkwFeM�KLPUC�PUT¤M²C`Y�R�FeO�CSi�DwFeTdiÃT\a(Y�O´K�]HPGFQÏ·R�FeO�CSi�DwFeTdi�Y\]

DwªoY\[SC+¯3g�Y\[¦A�[SY\DGC#FHD:kGCEª�kGCEDGCSiqPGCSR$Mq^�Y"ª²TdFeiqP3FHi´PUA�FHD3DGªoY\[EC\�®Y\i�RVPGA�C#K�i�[S]eY\DGDwFHpoCER�O�T®R�K�]HC

Mq^`Y\i�T\PGA�CSkyª²TdFHi�PS¯h×�C�PUA�FHi�Á�T\azZwDwFeO�Fe]nY+kGFHP_^�[uY\DcPGA�CJFHi�~\CSkwDGCJT\aÙPGA�C@ZwRNFeDwPUY\i�[EC2[VM²CEP_©rCSCSi
O�TLRNK�]eCEDS¯>×�Cjª�kwT�~LFHR�CjDGC�~dCSkGY\]�DGFHO�FH]nY\kwFHP_^BaxK�i�[�PUFHTdi�D>PUT#[«Y+]e[SKN]nY+PGCjY#RNFeDwPUY\i�[EC\�	{$x|q¡�ÂM²CEP_©rCSCSi
PGA�C"P¦Y\kwfdCEP#O�TLRNK�]eC ñ�u Y\i�R)CE~\CSkw^�[SY\DGC 5C} Fei�PUA�C{[SY\DGC{]eFHM�kUY+kw^d¯

ö



òZÿ&% � ï1��ï1�1�9�Âï18^�6����:)5~8�ï1
�:)!
ILCE~\CSkUY+]²O�C«Y+DGK�kwCSDjT\aµDGFeO�Fe]eY\kGFQP_^uY\kGC#ª�kwCSDwCSiqPUCER`FeiVPGA�C#]eFHPGCSkGY+PUK�kwCBY\[E[STdkwR�Fei�f"PGTuPGA�C

ª�kwTdM�]HCSOÎR�TdO�Y\Fei��qPGA�C"Y«~+Y\Fe]eY\M�Fe]HFHP_^�T\a/Y+PGPGkGFHM�KNPUC�RoY+PUYN��Y\iNR$©#A�CEPGA�CSkBRoYÂP¦Y�P_^®ªµCED#Y\kGC�[«Y+PmÏ

CEfdTdkGFH[«Y\]5�NR�FHDG[EkGCEPGC\�ZkGCSY\]8�NCEPU[+¯�WZT\kBv®K�Y\iqPUFHPUY+PUFQ~dCuY+PwPUkGFHM�KNPGCSDS�LPUA�C{gjK�[S]HFeR�CSY\i�R�FeDmP¦Y\i�[ECuY\i�R

[EFHP_^qÏ_M�]HTL[¦Á�R�FHDwP¦Y+i�[SCVY+kGC´[ETdO�O�Tdi�]Q^)K�DGCER�¯u@BA�C | Y\AoY+]eTdi�T\M�FeD�R�FeDmP¦Y\i�[ECVAoY\D�PGA�CVY\RL~\Y+iLÏ

PUY\fdC�T+arC^]Lª�]eFH[SFHPG]H^)Y+[S[ST\K�iqPUFeiNf$axTdk�[ETdkGkwCS]nYÂPUFeT\i�D�Y+O�TdiNf�Y+PGPGkGFHM�KNPUCEDS¯J¶·PJDGA�TdKN]eR³M²C´i�T\PGCSR
PGAoY+P3PUANC(kGY«©6O�CEPUkwFe[ED3[STd]H]eCS[�PUCER��qF8¯C\¯Q�dPUA�C#FHi�R�CSª²CSiNR�CSiqP�~\Y+kGFnY+M�]eCEDS��Y\kwCBT\a±PUCEi�O�C«Y\DwK�kGCER�FHi

~+Y\km^LFHi�f{©yY«^®DyY\iNR�[ETdK�]eR�[ST\i�PUY\Fei�Y"©#FeR�C#~+Y\kGFHCEP_^VT\a kUY\iNfdCSDrY\i�R�DG[SY\]eCEDS¯:×ØFHPGA�PGA�FeDjM²CSFHi�f

PGA�CX[SY\DGC+�µFQP(FeD(T\a±PUCEi
M²CSi�C�po[SFeY\]>PUT�pokGDmPJDwPUY\i�RoY+kGR�FHÄSC{PUA�CuO�C�PUkwFe[SDE¯#I®PUY\i�RoY\kwR�FeÄSY+PUFHTdi)FeD(Y

O�CEPGA�TLR³PGAoY+PuY\]H]eT�©#D"Y\]H]:O�C�PUkwFe[SDJPGT)K�DGCVPUANC�DGY\O�C�KNi�FHP"T+acO�C«Y\DwK�kGC+¯�WZT\k"C«Y\[¦AÃO�C�PUkwFe[\�

� x·��PGA�C{DwPUY\i�RoY\kwR�FeÄECSR�O�C�PUkwFe[JFHDB[STdO�ª�KNPGCSR�Y\[S[ETdkGR�FHi�fVPUTVPUANC{axT\]e]eT�©#FHi�f�axTdkwO´K�]nYL½

VNx�� � x� � x� x Wm�d¯Q� Y
� x/FHD#PGA�CuO�CSY\i��²Y\i�R � xsFHDBPUA�CuDwPUY\i�RoY\kwR¤R�C�~LFeY+PUFHTdi)T\ahPGA�C#e l(m O�CEPGkGFe[ � x·¯yI®P¦Y+iLÏ

RoY+kGR�FHÄ«Y+PGFeTdi$FHDyi�T\Pyi�CS[ECSDGDGY\kw^�axT\kBY\]e]µT\aÙPUA�C"DwFeO�Fe]eY\kGFQP_^´axK�i�[�PUFeT\i�DBY«~+Y\Fe]eY\M�]eC+¯h¶_i�a¸Y\[�P«�NPGA�C

| Y+AoY\]eT\i�TdM�FHD�zJFHDwP¦Y+i�[SCXDGFeO�Fe]eY\kGFQP_^`axK�iN[EPUFHTdi
RNTLCEDJi�T\P�kGCSv�K�FHkGC�PGAoY+P�DwP¦Y+i�RoY\kwR�FeÄSY+PUFHTdi
M²C

K�DwCSR�¯�¶_i�TdK�kBDwPGK�RN^\�Z©rC{DGK�ªNªµTdkmP#PUA�C"axTd]H]eT�©#Fei�f�DGFeO�Fe]eY\kGFQP_^VaxK�i�[�PUFeT\i�DS¯

���6!2
�1��8<��£�ï4� �$�	�$:)57��£�ïh!C8<�B:)57��� @BA�FeD�R�FHDwP¦Y+i�[SC(FeD�Y\]HDGTuÁ®iNT¡©#i$Y\DrbcFHP_^qÏ � ]HTL[¦Á
zJFHDwP¦Y+i�[SC�Tdk | Y\iNAoY+PGPUY\iÍzJFeDmP¦Y\iN[SC\¯³¶·P´FeD�[SY\]e[EK�]nYÂPUCSR�M�^�P¦Y\Á�FHi�f
PUANC`©cCEFefdAqPGCSRÍDGK�O�T\a

PGA�C)Y\M�DwTd]eKNPGC`~+Y\]eKNC$T\a#PUA�C�RNF&�µCSkGCEi�[SC�FHiÑFei�RNCSª²CSi�R�CEiqPV~\Y+kGFnY+M�]eCED�M²CEP_©rCSCSi,PUA�C�[EK�kGkwCSiqP
[SY\DGCuY\i�R�YVªoY\DmP#[«Y\DwC\¯j@BA�C{K�DwCSk#T\a/PUA�C"O�TLRNCS] ªNkGT�~®FeR�CED#PGA�C"©cCEFefdAqPGDS�ZY\i�R�PGA�C{Y\M�DwTd]eKNPGC

÷



~+Y\]HK�C{FeD#P¦Y\Á+CSi¤M²CS[SY\K�DGCuPUA�CuR�FHkGCS[�PUFHTdi�T+a:PUA�CuR�F�� CEkGCSiN[SCuFei
RNFeDwPUY\i�[ECXFHD(FHkGkwCS]eC�~+Y\iqP«¯y@BA�FHD
R�FHDwPUY\i�[SC�FeDyª�kwFeO�Y\kGFH]H^VKNDGCSR�axTdkcv®K�Y\iqPUFHPUY+PUFQ~dC"YÂPGPUkwFeM�KLPUCSDE¯3@BA�CJaxTd]H]eT�©#Fei�fuFeDrPUA�CJCEv�KoY+PUFHTdi

axTdkB?�M�DGT\]eKNPGCXzJF�� CEkGCEi�[SC{zJFHDwP¦Y+i�[SC+½

{Axyq�� ��p���$� p$�|n�q\p���vBx�p9� Wm�d¯õ� Y
©#A�CSkwC���FHDrPGA�CJi�K�O´M²CSkyT+asFHi�R�CEªµCEi�R�CSiqPB~+Y\kwFnY\M�]HCSDE�NY\iNR � pJFeD�PUA�C�©cCEFefdAqPBT\aÙPGA�Ck l(m Fei�RNCSª²CSi�R�CEiqP�~+Y\kwFnY\M�]HC\¯
�L�?57�xï+�����9:�£�ï+!H8<�9:?57�� @BA�FeD(R�FeDmP¦Y\iN[SC{~LFHCE©#D#PUA�CuFeiNR�CSª²CSi�RNCSiqP�~+Y\kwFnY\M�]HCSD#Y\D(R�F Ï

O�CSi�DwFeTdiNDc©#FHPGA�Fei�Y+i@�`Ï_R�FHO�CEi�DGFHTdioY\]ZDGª�Y\[SC+�N©#FHPGA@��M²CSFHi�f�PGA�C"i�K�O´M²CSkyT\a/FHi�R�CSª²CSiNR�CSiqP

~+Y\kwFnY\M�]HCSDE¯B?'[SKNkGkGCEiqP"[«Y\DwC�FHD�kwCSª�kwCSDGCEiqPUCSR�Y\D�Y`ª²TdFeiqP(©#FHPUANFei)PUA�FHD�DwªoY\[SC+¯�@BA�C�R�FeDmP¦Y\i�[EC

FHD�[SY\]e[EK�]nYÂPUCSRÍMq^ÑP¦Y+Á®FHi�f³PUA�C)©rCSFef\A�PGCSR�R�FeDmP¦Y\i�[EC)MµC�P_©cCECSi�Y�[SK�kwkGCEi�P`[«Y\DwC
Y+i�R<Y�ªoY\DmP

[SY\DGC{©#FHPGA�Fei�PUANFeD#DGªoY+[SC\¯c?�fqY\FHi��NPGA�CXKNDGCSk(T\asPUA�C{O�TLR�CE]>ª�kGT�~®FeRNCSD#PUA�C{©cCEFefdAqPGDS�²Y\i�R)PUA�FHD

R�FHDwPUY\i�[SC{FHD#Y\]eDwT�[ETdO�O�TdiN]H^�K�DGCER�©#A�CEi�PUANCXRoYÂP¦YVDGC�P�[ETdiqP¦Y\FHi�DBv�KoY\iqPUFQP¦Y+PGFH~dCuY+PwPUkwFeM�KNPGCSDE¯

@BA�C{axTd]H]eT�©#Fei�fXFeDyPGA�C{CSv�KoY+PGFeTdi)axTdkBgjK�[S]HFeR�CSY\i�zJFeDmP¦Y\i�[EC\½

{$x|q�� ���� ��p��� � p7W�n�q\pt�JvBx�p YD� Wm�d¯ ö�Y
�S�9")�B�1
:�
�sï+!6£�ï+!H8<�B:)57�� @BANFeD$R�FHDwPUY\i�[SC
O�CSY\DGK�kwC¤FeD$Y\i�Y\]QPUCSkwioY+PGFH~dC�PUT PGA�C

gjK�[E]eFeRNC«Y\i�R�FeDmP¦Y\iN[SC\¯h¶·PcFHD�KNDGCSR�©#A�CSi�PUA�C(Fei�RNCSª²CSi�R�CEiqPr~+Y\kwFnY\M�]HCSD�Y\kwC(ANFefdA�]Q^´[ETdkGkwCS]nYÂPUCSR ¯

| Y+AoY\]eT\i�TdM�FHDjzJFeDwPUY\i�[EC(FHD�Yu~dCEkw^�Y+PwPUkGY\[EPGFH~dC(DGFHO�FH]nY\kwFHP_^{axK�i�[�PUFHTdi�PGTXFHO�ªN]eCSO�CSiqP3M²CS[SY\K�DwC\½

b ¶·P([SY\i)CC]Lª�]eFH[SFQPU]H^`Y\[E[STdK�iqP#axTdkyPGA�CX[ETdkGkwCS]eY+PUFHTdi�Y\O�Tdi�fVPUANCXYÂPGPUkwFeM�KLPUCSDE¯
ù



b @BANCuFHi�R�CEªµCEi�R�CSiqP(~+Y\kGFeY\M�]eCEDyR�T�i�T\P#i�CECSR�PUT�MµC{DmP¦Y\i�R�Y\kGR�FHÄSCER�¯
¶_i�[SY\DGCEDr©#A�CEkGC�PGA�C#~\Y+kGFnY+i�[SCED�T+a PUANC�FHi�R�CSª²CSiNR�CSiqPc~+Y\kwFnY\MN]eCSD3A�Y�~\C�K�iNFHPj~+Y\kGFeY\i�[SCED

Y\iNR´Y\kwC�KNi�[STdkwkGCE]nY+PGCSR��ÂPUA�C | Y\AoY+]eTdi�T\M�FeD>R�FHDwPUY\i�[SC�FeDÙDwFeO�ª�]H^�PUA�C�DGv�KoY\kwCcT\aLPUA�C�gjK�[S]HFeR�CSY\i

zJFHDwP¦Y+i�[SC+¯3@BA�CuaxT\]e]eT�©#FHi�f´FeDyPGA�C{CSv�KoY+PGFeTdi�axTdk | Y\AoY\]HTdi�TdM�FHDyR�FHDwP¦Y+i�[SC+½

{$x|q���W 5C} � ñ�u1Y�� �o� � W 5C} � ñ�u1Y Wm�d¯ ÷�Y
l�kwFeO�C,Wm¬ Y O�C«Y\iND�PUkGY\i�DGª²TdDwC\�rY\i�R,I FeD�PGA�C$~+Y\kGFeY\i�[EC�Ï_[ET�~\Y+kGFnY+i�[SC�O`Y+PGkGF(]�T+a�PGA�C

FHi�R�CSª²CSiNR�CSiqP(~\Y+kGFnY+M�]eCEDyT�~dCSk#PUANCuCEiqPUFekwC"[«Y\DwCX]HFeM�kGY\kw^\¯ � � � FeDBFHPGDBFeiq~dCEkGDwC\¯
òZÿ(' £@�98<�Ñ�=�1�?!H8G�$�Âï1:�*

@BA�CSkwC#Y\kGCyDwCE~\CSkUY+]o[S]nY+DGDGFQpo[«YÂPUFeT\i�O�CEPUANTLR�DsPUAoY+P:[«Y\i�M²CyK�DGCERVPUT"CSiNAoY\i�[ECyPUA�CB[E]nY\DÕÏ

DwFHpo[SY+PUFHTdi�T\ahPGA�C{R�CSª²CSiNR�CSiqP(~\Y+kGFnY+M�]eC~W5D Y Fei�PUA�C{DwT\a±P_©yY+kGCuv®K�Y\]eFQP_^`[E]nY\DwDGFHp�[«Y+PGFeTdi)O�TLR�CE]eDE¯
z"Y+P¦YB[S]HK�DwPGCSkwFei�f(FeDÙDGKN[¦AVY(O�CEPGA�T®R{PGAoY+Ps[«Y\iuM²CrK�DwCSRXFei -=.�/ Y\D/Y\iXCEi�AoY\iN[SCSO�CSiqP

PGT`PUA�CX[S]eY\DGDwFHpo[SY+PUFHTdi
O�TLRNCS]eDE¯�@BANC´[«Y\DwC´]eFHM�kUY+kw^�FHD�ªoY\kmPUFQPUFeT\i�CSR�FeiqPUT`[S]eKNDwPUCEkGD"Y+[S[ST\kGR�FHi�f

PGT�PUANC³Y\[EPGKoY\]#[S]eY\DGD�T\a{C«Y+[¦A6[«Y\DwC\¯�@BA�C³Y«~dCEkUY\fdC
R�FeDmP¦Y\i�[ECSD�PUT�PGA�C
[E]eK�DmPUCSkwD�Y\kwC�PGA�CSi

[ETdO�ªNKNPUCER�axTdkXPGA�C`[EK�kGkwCSiqP�[«Y+DGC\¯
@BA�C$[SKNkGkGCEiqPV[«Y\DwC\¬DV[S]eY\DGDwFHpo[SY+PUFHTdi�FHD�R�C�PUCEkGO�Fei�CER Mq^

[ETdO�ª�Y\kGFHi�f´PUA�C{kGY+PUFHTVT\asPGA�CSDwC�Y«~\CSkUY+fdC{R�FeDmP¦Y\i�[ECSD#PUTVPUANCu[ETdDwP(kGY+PUFHT�¯

bcTdDwP(kUYÂPUFeT�FHD(RNCEpoi�CER¤Y\D -��C�~-�� � �o©#A�CEkGC -�� FHD#PGA�C{[STdDmP�T+a:Y�@�^®ª²C�¶rO�FHDG[S]eY\DGDwFHpNÏ
[SY+PUFHTdi$TdkrCSkGkwTdkS��Y\i�R -�� � FeD�PUA�C"[ETdDwPBT+a/Y´@�^®ª²C"¶G¶jO�FHDG[E]nY\DwDGFHp�[«Y+PGFeTdi�TdkyCEkGkGT\kS¯3?!@j^®ªµC"¶
O�FeDw[S]nY+DGDGFQpo[«YÂPUFeT\i�FeDy©#A�CEi³Y�O�T®R�CS]>[E]nY\DwDGFHp�CSD(Y�[SY\DGCXY\D#a¸Y\K�]QPwÏ_ªNkGTdi�CJ©#ANCSi
FQP#FeD(Y\[�PUKoY\]H]H^

i�T+Pya¸Y\K�]QPwÏ_ªNkGTdi�C+¯:?!@j^®ªµC{¶G¶jO�FeDw[S]nY+DGDGFQpo[«YÂPUFeT\i`FeDr©#A�CSi�Y´O�TLR�CE] [E]nY\DwDGFHp�CSDBY´[SY\DGCuY\DyiNT\P

ø



a¸Y\KN]HPwÏ·ª�kGT\i�C�©#ANCSiÑFHPXFeD�Y\[EPGKoY\]H]H^³a¸Y\K�]QPwÏ·ª�kGTdiNC,¡�	¢5¯
@BA�C$@j^®ªµC�¶w¶"O�FHDG[E]nY\DwDGFHp�[«Y+PGFeTdi�DuY\kwC
fdCEi�CSkGY\]e]Q^³[ST\i�DGFHR�CSkwCSR O�TdkGC�DwCSkGFHTdK�DuPUAoY\iÃPUA�C�@j^Lª²C$¶JO�FeDw[S]eY\DGDwFHpo[SY+PUFHTdi�D"M²CS[«Y+K�DGC�PUA�C�^

kwCSª�kwCSDGCEiqP�PGA�C)[STdDmP�T+aJkGCE]eCSY\DGFHi�f¤a¸Y\K�]QPwÏ_ªNkGTdi�C`[«Y\DwCSD�FeiqPUT�ª�kwTLR�KN[EPUFHTdi,Y\i�RÑp9]LFeiNfÃa¸Y\KN]HPwÏ
ª�kwTdi�CV[SY\DGCED{Y+a±PUCEkJPUA�C�^¤AoY«~dCVM²CSCEi�kwCS]HC«Y\DwCSR�Y\i�R�R�CEª�]eT�^\CSR�¯X@�^®ª²CV¶�O�FeDw[S]nY+DGDGFQpo[«YÂPUFeT\i�DS�

Tdi³PGA�CVT\PUANCSkJAoY+i�R��>kGCEª�kGCEDGCEi�PuPUANC´©yY\DmPUCER�CC� TdkmPUD"TdiÃY\i�Y\]H^®ÄSFHi�f$]HT¡©yÏ·kGFHDGÁ�O�T®R�K�]HCSDS¯u¶_i
TdKNkhDwPGK�RN^\�d©cCyC^]®PUCSiNR�PGA�CcKNDUY\fdCcT\aZ@�^®ª²Cy¶/Y\i�R´@j^®ªµCB¶w¶>O�FHDG[E]nY\DwDGFHp�[«Y+PGFeTdi�¯>@BANCE^VY+kGCciNT\P
]HFeO�FHPUCER³PUT�PGA�C`RNFeDwPGFei�f\K�FeDwA�PUANC`O�FeDG[E]nY\DwDGFQpo[«Y+PGFeTdi�T\aca¸Y\K�]HPmÏ_ª�kwTdi�C�Y\i�R iNT\PXa¸Y+K�]HPmÏ_ª�kwTdi�C\�

M�KLP(PGT�R�FeDmPUFeiNfdK�FeDwA$PUA�C{CEkGkGT\kGDBaxkGTdO Tdi�C"fdkwTdK�ª)PUT�Y\i�T\PGA�CSkE¯

zJK�kGFHi�f�PGA�C$O�TLR�CE]rRNCE~dCE]eTdªNO�CEi�PS�:PUA�C`K�DGCEkV[«Y\iÑC^]Nª²CSkwFeO�CSiqP�©#FQPUA ~+Y\kwFeTdK�Du[ST\DwP
kGY+PUFHTdDrPGT´kGCSY\[¦A$PUA�CEFekrR�CSDwFekGCER�~\Y+]eK�C(axTdkrPGA�CJO�TLR�CE]8¯ � CS[SY\K�DGC"T\kGfqY\iNFeÄ«YÂPUFeT\i�DrO�Y«^�AoY«~dC{Y

ª�kwCEaxCEkGCSiN[SC"Y\D�PUTu©#A�Fe[¦A`P_^®ª²C�T\a�CSkGkwTdkjPUA�C�^�©rTdK�]HR`]eFHÁ\C#PUTXO�FHi�FeO�FeÄEC\�\©rC�R�FHR`i�T+PyY\DwDGK�O�C

Y�DGª²CS[SFQpo[`CEkGkwTdkXP_^®ª²C�PUT�MµC�O�T\kGC�FeO�ªµTdkmP¦Y\iqPS¯$¶_i�DwPGC«Y\R �:©cC�[¦A�TdDGC�PUA�C�[STdDmP´kUYÂPUFeT)PUA�Y+P

©rTdK�]HRÃªNkGT�~®FeR�CVPUANC�O�TdDmP"MoY\]eY\i�[SCER�@�^®ª²C�¶�Y\i�R�@�^®ª²C�¶w¶�O�FeDw[S]eY\DGDwFHpo[SY+PUFHTdi¤kUYÂPUCSDE¯V@BA�C

[E]nY\DwDGFHp�[«Y+PGFeTdiÑPUCEkGO�Fei�T\]eTdf\^�axTdk�RoY+PUY�[S]HK�DwPGCSkwFei�fÃFeD�Y\D�axTd]e]HT�©#DE¡ �2¢5½�axTdk�Y\i�K�i�[E]nY\DwDGFHp�CSR
[SY\DGC+�9vBx_�®]eC�Po{A£G¤r¥�W+vBx Y MµC(PUA�C�Y«~dCSkGY\fdC�R�FeDmP¦Y\i�[EC(PGTXPGA�C�i�T+Pra¸Y\KN]HPwÏ·ª�kGT\i�C#i�C«Y\kwCSDmPyi�CEFefdA�M²Tdk
[SY\DGCEDS�jY\i�R�]eCEP={�¤D¥�WhvBx Y MµC�PUA�C`Y�~\CSkGY\fdC$R�FHDwPUY\i�[SC�PUT
PGA�C�a¸Y+K�]HPmÏ_ª�kwTdi�C�i�C«Y\kwCSDmP´i�CEFefdA�M²Tdk
[SY\DGCEDS¯

@BA�C"axTd]e]HT¡©#FHi�f´FHDyPUA�C{[S]eY\DGDwFHpo[SY+PUFHTdi�kGKN]eCJaxTdkBRoYÂP¦Y�[S]eKNDwPUCEkGFHi�f�Y\ioY\]Q^LDwFeDE½

-#¦1§�¨�¨ W+vBx Y � ©ªªª«
ªªª¬
çµÜ\ëZå�á\è9 ë+®°¯ZâGÜ+çµà FQa²±`³1´2µ·¶^¸°¹±�º ³+´ µ·¶^¸&¹�»½¼7¾+¾¼7¾
å�á\è9 ë+®°¯ZâGÜ+çµà T\PGA�CSkm©#FeDwC

Wm�d¯õù Y

û



WZT\kJO´K�]QPUFQÏ·[S]eY\DGDwFHpo[SY+PUFHTdi��oPUA�CEkGC�Y\kwC�O�TdkwC�PUAoY+i�P_©rT�O�FHDG[S]eY\DGDwFHpo[SY+PUFHTdi�DE¯ � KNP"©rC

[SY\i
CSY\DGFH]H^$kwCE©#kwFHPUC{PUANCu[E]nY\DwDGFQpo[«Y+PGFeTdi)kwK�]eCED�Y\[E[STdkwR�FeiNf�PGT�PGA�CuMoY\DGFH[{FeR�CSYN¯�×�Cu]eFeDmPUCER�PGA�C

[ETdkGkwCSDGª²Tdi�RNFei�f�kGK�]HCSDuFeiÃi�CC]®PXDGCS[�PUFHTdi�¯�¶_i�T\K�kX[SY\DGC�DwPGK�RN^d�/PUA�C�[ST\DwPwÏ·kUY+PGFeT�kUY\iNfdCSD{axkGTdO
�N¯Q��PGT
�d¯Ô��©#FHPGA¤Y`DmPUCEª³T\a��N¯Ô�qùL¯(@BA�FeD�[«Y\i¤M²C�CSY\DGFH]H^�[¦AoY\iNfdCSR³K�DwFei�f�TdK�kJI | ?Jts@¿W¸@BA�C
ILT+a±P_©yY\kwC | C«Y\DwK�kGCEO�CEiqP�?�ioY\]H^®DwFeD(Y\i�R�t#CS]eFeY\M�FH]eFHP_^�@/T®Td]eÁ�FHP Y ¡ � ö ¢5¯
òZÿ þ �=�1��!G!Sï43?57�98�ï1
:;��ï48<"Ø�#"��	�$�Ã���	
����?!

zJkS¯3°"A�TdDwA�fdT\a±PUYdY\kG¡Ôû�� ú ¢µR�CE~\CS]HTdªµCER�Y´i�CE©�Y\]HfdTdkGFQPUA�OÒM�Y\DGCER�T\i`PUA�CJY\MµT�~\C\¯ ¨ CEkGC

©rC�[«Y\]H]sPUANCVi�CE©¢Y\]efdT\kGFHPGA�O Y\D"@BA�kwCSCÐÏmÇ"kGTdK�ª�bc]eY\DGDwFHpo[SY+PUFHTdi | T®R�CS]3}(DGFHi�f�byY\DGCÐÏ � Y\DwCSR

t#C«Y\DwTdi�FHi�f�¯ @BA�FHD�i�CE© Y\]efdT\kGFHPGA�O§K�DGCED�PGA�C�PUkGY\R�FHPGFeTdi�Y\]rO�CEPGA�T®R,T+a�P_©rT�f\kGTdK�ªND´PUA�kwCSC

PGFeO�CSDS¯yWhFekwDwP�Y\[S[ETdkGR�FHi�f�PUT�PGA�C�i�K�O�MµCEk�T\aha¸Y\K�]HPGDS�ZA�CXªoY\kwPGFHPGFeTdi�CER�PUA�CX[«Y\DwC�]eFHM�kUY+kw^�FHi�PGT

PGA�kGCEC´fdkGT\K�ª�DS�>Ç{kwCSCSi �µ»�CS]H]eT�©�Y\i�R�t#CSR ¯J@BA�C´axTd]H]eT�©#Fei�fVaxTdKNkJDwPGCSª�D"R�CEDG[EkGFeM²CSR¤PGA�FeD�i�CE©

Y\]HfdTdkwFHPUANO�¯

��8<�A� ò � bcTdO�ª�KNPGCXPUANC�R�FHDwP¦Y+i�[SCuT\a3CSY\[¦A³O�T®R�K�]HC{T\a:PUANC�K�i�[E]nY\DwDGFQpoCSR�[«Y\DwCSD�©#FQPUA
Y\]H]µ[SY\DGCEDBFei`PGA�C{Ç"kGCECSi)Y\i�R$t(CER�fdkGTdKNª�DyK�DwFei�f�Y�DwFeO�Fe]eY\kGFQP_^�axK�i�[�PUFHTdi�¯3?�[E[STdkwR�FeiNf�PUT´PGA�C

R�FHDwPUY\i�[SCEDS�o©rCXªoY+kGDGC{PUANCXK�iN[S]nY+DGDGFQpoCSR�[«Y+DGCSD�FeiqPUTVP_©rT`ªoY+kwPUDE�oioY\O�CSR�@sCEDwPmÏ_¶BY\iNR�@/CSDmPwÏ_¶w¶¦¯

@BA�Cu[S]eY\DGDwFHpo[SY+PUFHTdi�kGKN]eC"FeD#Y+D#axT\]e]eT�©#FHi�f�½

-#¦1§�¨�¨ W+vBx Y � ©ªªª«
ªªª¬
À�Á~Â<Â i FHa ±�Ã�Ä°Å±\Æ�Ç Ä°ÄÈºÉ»Ê¼ Ã Æ¼ Æ Ã/ Â { T\PGA�CSkm©#FeDGC

Wm�d¯ ø�Y

ú



©#A�CSkwC�{�Ë9ÌDÍ�Íh£`Y+i�R²{$Î�Í ± kwCSª�kwCSDGCEiqP"PUA�CVY«~\CSkUY+fdC´R�FHDwP¦Y+i�[SC�PGT`PUANC´fdkGT\K�ª¤T\arÇ"kGCECSi
Y\iNR
t#CSR�¯ - ËBÎ³FHDBPUA�C{[ST\DwP(T\as@�^®ª²C Çut�CSkGkwTdkS� - Î9ËÃFHDyPUA�C{[ETdDwP(T\as@�^®ª²C tBÇ CEkGkGT\kS¯

��8<�A�:ý�� bcTdO�ª�KNPGC#PGA�C�RNFeDwPUY\i�[EC�T\a C«Y\[¦A`O�T®R�K�]HCSDjT\a PGA�C(@sCEDwPwÏ·¶3RoY+PUYuDwCEPc©#FQPUA�Y\]e]
[SY\DGCED�FHi)PGA�C�Ç{kwCSCSi�Y\i�R�»�CS]H]eT�© fdkGT\K�ª�D(K�DGFHi�fVPUA�C{DUY+O�C{DGFHO�FH]nY\kwFHP_^VaxK�iN[EPUFHTdi�Y\D ��8<�A� ò ¯
?�[S[ST\kGR�FHi�f�PGT�PUA�C�R�FeDmP¦Y\iN[SCSDE�/©rC�ªoY\kGDwC�PGA�C�@sCEDwPmÏ_¶JRoYÂP¦Y)DGCEPuFHi�PGT�P_©rT�ªoY\kwPGDS�ÙPUA�C�@/CSDmPwÏ

Ç"kGCECSi�fdkGTdKNª�Y+i�R�PGA�C{@sCEDwPmÏ8»�CS]H]eT�©{�{fdkGT\K�ª�¯3@BA�Cu[S]eY\DGDwFHpo[SY+PUFHTdi�kGK�]HC"FeD#Y\DBaxTd]H]eT�©#FeiNf�½

-�¦1§9¨�¨ WhvBx Y � ©ªªª«
ªªª¬
À#Á�Â<Â i FHa ± ÏAÄ°Ð|Ð|Ñ+Ò±\Æ�Ç Ä°ÄÈº »½¼ Ï Æ¼ Æ ÏÓ Â ¦1¦+Ô � T\PGA�CSkm©#FeDGC

Wm�d¯õû Y
©#A�CSkwCF{�Ë9ÌDÍhÍ�£JY\i�RÕ{�Ö�Í�×·×yØDÙ$kwCSª�kwCSDwCSiqPcPGA�C#Y«~dCSkGY\fdC#R�FHDwP¦Y+i�[SCBPUT"PGA�C#fdkGTdKNª�T+a>Ç"kGCECSi

Y\iNR)»�CE]e]eT�©{¯ - ËBÖ�FeDyPGA�C{[STdDmP�T+ah@j^®ªµC »{Ç CSkwkGTdkE� - ËBÖ�FeDyPGA�C{[STdDmP(T\ah@j^®ªµC Ç�»ÀCSkwkGTdkE¯

��8<�A� % � bcT\O�ª�KLPUCcPGA�CyR�FHDwP¦Y+i�[SCyT+aZC«Y\[¦A�O�TLR�KN]eCSDsT\aoPUANCy@sCEDwPmÏ_¶G¶/RoY+PUY�DGC�P3©#FHPGAVY\]e]
[SY\DGCED"Fei
PGA�CX»�CS]H]eT�©ÀY\i�R¤t(CER³fdkGTdKNª�DJK�DwFei�f`PGA�C´DGY\O�C�DGFeO�Fe]eY\kGFQP_^`axK�iN[EPUFHTdi�¯J?�[S[ETdkGR�FHi�f

PGT`PUA�CXR�FeDmP¦Y\iN[SCSDE� ©rC´ªoY\kwDGC�PGA�C�@/CSDmPwÏ_¶w¶#RoY+P¦Y�DGCEPJFeiqPUT�P_©cT�ªoY+kwPUDE� @/CSDmPwÏÕt#CSR³f\kGTdK�ª¤Y\i�R

@/CSDmPwÏ8»�CE]e]HT¡©��´fdkwTdK�ª�¯3@BANCX[E]nY\DwDGFHp�[«Y+PGFeTdi�kwK�]eC"FHD#Y\DBaxTd]e]HT¡©#FHi�f�½

-�¦+§�¨�¨ WhvBx Y � ©ªªª«
ªªª¬
Ó Â ¦1¦+Ô � FHa ±�Ã�Ä°Å± ÏAÄ°Ð|Ð|Ñ+Ò »�¼ Ã<Ï¼ Ï$Ã/ Â { T\PGA�CSkm©#FeDGC

Wm�d¯ ú�Y
©#A�CSkwC�{�ÖÍD×Ú×yØDÙ¤Y+i�RÉ{�Î�Í ± kGCEª�kGCEDGCSiqP#PUANC{Y�~\CSkGY\fdC{R�FeDmP¦Y\iN[SC�PGT�PGA�C"fdkwTdK�ª�T\a>»�CS]H]eT�©

Y\iNR
t#CSR�¯ - Î�Ö FeDyPGA�C{[STdDmP(T\ah@j^®ªµC tÙ»ÀCSkGkwTdkS� - ÖÎ³FHDyPUA�C{[ST\DwP�T\ah@j^®ªµC »{t!CSkwkGTdkE¯

ü



Test Data Set

Fit Data Set

Green Yellow Red

Model_GY Model_GR Model_YR

Test-I Test-II
Green Yell

ow-I
Yellow
-II

Red

�yï1*����	� òZÿxò ���="��³�yï1*���	�,
�z-=.0/Ó�=�1��!G!Sï43?57�98�ï1
:Û��ï48<"��#"��	�$�Ã���	
����?!
��8<�A� ' � ?yP�]nY\DmP«��©rC�fdC�P�@/CSDmPwÏ5»�CS]e]HT�©!fdkwTdK�ª�M�^�[ETdO´M�FHi�Fei�f�@/CSDmPwÏ8»�CE]e]HT¡©{�ufdkwTdK�ª

Y\iNR`@/CSDwPmÏ8»�CE]e]eT�©��JfdkwTdK�ª�¯:@BA�K�D�©cC�AoY«~dC([S]eY\DGDwFHpoCER�PUANC(PGCSDwPrRoY+PUYuDwCEPrFeiqPUT"PGA�kGCEC�fdkwTdK�ª�DE½

@/CSDmPwÏmÇ"kGCECSi��Z@/CSDmPwÏ8»�CE]e]HT¡©&Y\i�R)@/CSDmPwÏÕt#CSR ¯

WhFefdKNkGC´�d¯Q�{DGA�T�©#D(PUA�C{FeRNC«Y´T\asPUA�FHD#Y\]efdT\kGFHPGA�O�¯

@BA�CSDwCuPGA�kGCECuf\kGTdK�ªND([SY\i�]eC«Y+R)PGT�DGF�]�O�FHDG[S]eY\DGDwFHpo[SY+PUFHTdi�DE¯
b @j^®ªµC Çut{½�? Ç{kwCSCEi�O�TLRNK�]eCJFHDB[S]eY\DGDwFHpoCER
Y\D(t#CSR�¯

���



�t�9�)�1� òZÿxò �����)�Ü���9���Ý
���#�0
,�>�	
��� �S
����$�y�����	
�������� ��!
�@5~8<���B� �#�	���/ï+5~8<���<�`ïh!CÞØ���	
����

�$ï+!HÞØ�>�	
��� ¨ FHfdA Ê>T�©
ÊÙT�© ����� �
� ß
¨ FefdA ß ����� �
���

�t�9�)�+� ò²ÿ ý����������Ü�9���Ý
���#"��	�$�Ã���	
���� ��
������c������
��$����� ��!
�@5~8<���B� �#�	���/ï+5~8<���<�`ïh!CÞØ���	
����

�`ïh!CÞØ���	
���� ¨ FefdA | CSR�FHK�O Ê>T�©
Ê>T�© ����� � ò ����� ��ý ß

| CSR�FHK�O ����� � % ß ����� � '
¨ FHfdA ß ����� ��þ ����� �áà

b @j^®ªµC ÇJ»´½o?ÀÇ{kwCSCSi�O�TLR�KN]eCJFHD([E]nY\DwDGFQpoCSR�Y\Dy»�CS]H]eT�©{¯

b @j^®ªµC »{t{½o?�»�CE]e]HT¡© O�TLRNK�]eCJFHDB[S]eY\DGDwFHpoCER
Y\D(t#CSR�¯
b @j^®ªµC »uÇV½o?&»�CS]e]HT�©&O�TLRNK�]eCJFHDB[S]eY\DGDwFHpoCER
Y\D�Ç"kGCECSi�¯
b @j^®ªµC t/»V½o?Àt#CSR)O�T®R�K�]HC"FeDB[E]nY\DwDGFHp�CSR�Y\Dy»�CS]H]eT�©{¯

b @j^®ªµC tBÇ�½o?�t#CSR�O�TLR�KN]eCJFHDB[S]nY+DGDGFQpoCSR�Y\D�Ç"kGCSCEi�¯
@hY\MN]eCFâ�â{DGKNO�O�Y\kGFHÄSCEDhPUA�CcO�FHDG[S]eY\DGDwFHpo[SY+PUFHTdi�DE¯/@BANFeD3i�C�©6Y\]HfdTdkwFHPUANO�AoY\D:M²CSCEi�FHO�Ï

ª�]HCSO�CSiqPUCER´K�DwFei�fJb�ã#ã�Y\iNRVY\R�R�CERVY\DhY�i�C�©,axCSY+PUKNkGCrPGT"I | ?Jth@ ~\CSkGDwFeTdiV�L¯õ�L¯:WhFHfdK�kGC#�d¯õ�
Y\iNR
WhFHfdK�kwC´�d¯ ö DwA�T�©!PUANCuKNDGCSk�Ç{}�¶�fdCSi�CEkUY\]ÙY+i�R�PUY\M)ªoY\fdC{FHi�PGCSkma¸Y\[SCED(FHi�I | ?Jts@"¯

�d�



�yï1*���	� òZÿ ý����="�� �@�$:��$�	�B�Í�C:�8<�A�	�D��57�ä
�;-#.�/ �=�1��!G!Sï43?57�98�ï1
: ��ï48<" �="��	���
����
���6!

�¡�



�yï1*���	� òZÿ&% �`�#")�
�H:�8G�$�	�D�B57�E
��-#.�/Ó�0�1��!2!Sï43657�98«ï+
:;��ï48<"��="��	�$���>�	
���?!

� ö



òZÿ à �f8<�98�ï+!H8«ïh57�9�B��
����$�xï1:)*Í���A8<"�
���
��1
*��
¶_i PUA�FHD´DGCE[EPUFHTdi��3©rC�R�FeDw[SK�DwD�PGA�C$O�CEPGA�TLRNTd]eTdf+^�T+a�zJFHDG[EkGFeO�Fei�Y\iqPX?�ioY\]Q^LDwFeDE¯Ã×�C

©#FH]e] [ETdO�ªoY\kGCJPGA�FeD#O�CEPGA�TLR�©#FQPUA�byY\DGCÐÏ � Y+DGCSR
t(CSY\DGT\i�Fei�f�bc]eY\DGDwFHpo[SY+PUFHTdi�¯

@BA�C�O�C«Y\DwK�kGCEO�CEiqP�T\ahDGT\a±P_©cY\kwC�FeD(M²CS[ST\O�FHi�f`Y+i
CSDmP¦Y\MN]eFeDwA�CSR�R�FeDw[SFHª�]eFHi�C"Fei�O`Y+i�^

DwT\a±P_©yY+kGC�TdkGfqY+i�FeÄSY+PUFHTdi�DS¯�@�^®ª�FH[«Y\]H]H^d��©rC�Y+PGPGCSO�ªNP"PUT�ª�kwCSR�FH[EP"PUANC�v�KoY+]eFHP_^
T\aBY�DwT\a±P_©yY+kGC

Dm^LDmPUCEO MoY\DwCSR³Tdi
DGTdO�CXv�KoY+i�PGFHpZY+M�]eCXO�CSY\DGK�kwCSDE¯�@BA�CEDGCVO�C«Y\DwK�kGCEDJ[«Y\i�PUA�CEi¤MµC�K�DGCER�Y\D

FHi�ª�KNP(PUT�Y�ª�kGCER�Fe[�PUFH~\C�Tdk([S]eY\DGDwFHpo[SY+PUFHTdi
O�T®R�CS]5¯�}(DGFHi�f�PGA�CSDwC´O�T®R�CE]eDS�ZPUANC�R�C�~dCS]HTdª�O�CSiqP

ª�kwTL[ECSDwDy[«Y\i�M²C�O�T®R�FHpoCER�PGT´A�CS]Hª$FeO�ª�kwT¡~\C�PGA�C�v�KoY\]HFHP_^�T\a�PGA�CJDm^LDmPUCEO Fei`Y�O�Y\i�i�CEkrPUA�Y+P

FHDBkGCSª²C«YÂP¦Y\M�]HC{Y\[SkwTdDGD(DGFHO�FH]nY\k�CSiq~®FekwTdi�O�CSiqPUDE¯
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O�TLRNCS]8�(DGFHi�[SC³CSY\[¦A&O�C«Y+DGK�kwCSO�CSiqP�Y\DGDwCSDwDGCSD¤YÍª�Y\kwPGFe[SKN]nY\k�M�KNP�DGTdO�CEPGFeO�CSD�T�~dCEkG]eY\ª�ª�FHi�f
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a¸Y+K�]HPGD([SY\i
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