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X6GIf-N%UFX6M�L�LAGIHKN�O�HDGIWZN%hFLVTVO%M�_ e O P LVHKO%UIL+M 4 XRTA? = X6M�fFNFCaT PIe hFXRO�H 4IcK5 HDGIT+M�L+XRN�L)O%UIL�T+X6hFXRTVHKO 5ZPRQ X6G
LAGIHKN�O�HDGIW�T PIe�e _FGIHKT+XRO�H P G-GILVO =�P M@?*C  &()
 (DC X I�c LVWIXRT 5 J�GILVO =�P M@?*C P M'X cKcKP�= X{GIL = GILVO =�P M@?)O P{4 L
4 XRTA? = X6M�fFNFCaT PIe hFXRO�H 4IcK5�P J6L+M c X 5 LVf P G�O P h PRQ O%UIL c LVWIXRT 5 GILVO =�P M@?*@�`aG�O%UIHKN�T+XRN�L�O%UIL�U P N�O'N�HKW�C
GFX c X6GIf-L e'4 LVfFfFLVf-N�HKWIGFX c X6M�L�O =�P fFH J L+M�L+G6O'N�HKWIGFX c N�O%UFXRO'X6M�L e _ c O�HDh c LAGILVfrC� &()
 (DC"O%M�X6GIN e HKO�O�LVf
N�H e _ c O%X6GIL P _IN cK5-P J6L+M�O%UIL�N%X e L0TVUFX6GFGIL c HDG-O%UIL0N%X e L 4 X6GIf = HKfFO%U�C�O%UIL)U P N�O'N�HKWIGFX c
4 LVHDGIWZO%UIL
N�HKWIGFX c T P M�M�LVN%h P GIfFHDGIW0O P O%UIL c LVWIXRT 5 GILVO =�P M@?*@�E
G c H ?RL'HDG)T P G6J6L+G6O�H P GFX c"e _ c O�HDh c LAGIHDGIW)N�TVL+GFX6M�H P N+C
U P�= LVJ6L+MVC6O%UIL 4 XRTA? = X6M�fFNFCaT PIe hFXRO�H 4 H c HKO 5 M�LVkF_IHDM�L e L+G6O�H e h P N�LVN
X�fFHKN�O P M�O�H P G0T P GIN�O%M�XRHDG6O 4 LVO = LVL+G
O%UIL�U P N�O
X6GIf�T PIe h P N�HKO�L�N�HKWIGFX c N+@

A P CaT+X cKc LVf�U 5F4 M�HKf'HDG�C 4 X6GIf P G�CaTVUFX6GFGIL c fFHKW6HKO%X c X6_IfFH P�4 M P XRfFT+XRN�O�HDGIW�Y g
�
?�^�� �IC�D6� � HKN X6G
LAGFX e C
h c L PRQ N%_ITVU�X e _ c O�H e LVfFHDX
X6hFh c HKT+XRO�H P G = UIL+M�L P GIL e X 5 L e h cKPR5 HDG QlP M e XRO�H P G
L e'4 LVfFfFHDGIW e LVO%U P fFN
O P04 XRTA? = X6M�fFNFCaT PIe hFXRO�H 4IcK5 _FhIWIM�XRfFL
O%UIL�LAGIHKN�O�HDGIW0T PIe�e L+M�TVHDX c 4 M P XRfFT+XRN�O�M�XRfFH P N 5 N�O�L e @�`aG)O%UIHKN
X6hFh c HKT+XRO�H P G P GIL =�P _ c f c H ?RL'O P N�H e _ c O%X6GIL P _IN cK5 O%M�X6GIN e HKO
X'fFHKW6HKO%X c N�HKWIGFX c
= HKO%U�LAGIHKN�O�HDGIW)X6GFX cKP W
Y � S X6GIf � P M�� S ^ T PIe�e L+M�TVHDX cr4 M P XRfFT+XRN�O�M�XRfFH P�= HKO%U P _IO�HDG6O�L+M Q L+M�HDGIW = HKO%U0T P G6J6L+G6O�H P GFX c X6GFX cKP W
M�LVTVL+hIO�H P G�@ b UI_IN+CRO%UIL�X6GFX cKP W
N�HKWIGFX c HKN O%UIL�U P N�O N�HKWIGFX c CIX6GIf'O%UIL�fFHKW6HKO%X c N�HKWIGFX c HKN�O%UIL = XRO�L+M e X6M@?*@
AIHDGITVL�O%UIL�L e'4 LVfFfFHDGIW�f P LVN�G P O�fFLVWIM�XRfFL�O%UIL�U P N�O
N�HKWIGFX c O PIP)e _ITVU�C"T P G6J6L+G6O�H P GFX c X6GFX cKP W{M�L'C
TVLVHKJ6L+M�N�T+X6G'fFL e'P f*_ c XRO�L�O%UIL�X6GFX cKP W'U P N�O"N�HKWIGFX c @�`aG�XRfFfFHKO�H P G�CFGILAGIOFCaW6L+GIL+M�XRO�H P G'fFHKW6HKO%X c M�LVTVLVHKJ6L+M�N
T+X6G�fFLVT P fFL0O%UIL0fFHKW6HKO%X c N�HKWIGFX c L e'4 LVfFfFLVf = HKO%UIHDG�O%UIL�X6GFX cKP W)N�HKWIGFX c @ b UIHKN�L e'4 LVfFfFLVf-fFHKW6HKO%X c
N�HKWIGFX cre X 504 L�X cKc�P M�hFX6M�O PRQ X�fFHKW6HKO%X c X6_IfFH P N�HKWIGFX c C*X6G�L+GFUFX6GITVL e L+G6O�N�HKWIGFX c _IN�LVf�O P M�L j GIL
O%UIL
X6GFX cKP W�N�HKWIGFX c C P M
N%_FhFh c L e L+G6O%X c HDG QlP M e XRO�H P G{N%_ITVU�XRN
N�O%XRO�H P G)HKfFL+G6O�H j T+XRO�H P G�@ S{P M�L'W6L+GIL+M�X cKcK5 C
O%UIL�U P N�O�N�HKWIGFX c HDG�O%UILVN�L�U 5F4 M�HKf-O%M�X6GIN e HKN�N�H P G�N 5 N�O�L e N�T P _ c f 4 L0N PIe L P O%UIL+M
O 5 hFL PRQ X6GFX cKP W
N�HKWIGFX c N%_ITVUZXRN�JIHKfFL P � ]<D ��P M
LVJ6L+GZX�fFHKW6HKO%X c = X+J6L QlP M e @�� P M
LAGFX e h c L6C�X�fFHKW6HKO%X c hFXRW6L+M
N�HKWIGFX c
T P _ c f 4 L�L e'4 LVfFfFLVf = HKO%UIHDG)X'fFHKW6HKO%X c TVL cKc _ c X6M
O�L c L+hFU P GIL�N�HKWIGFX c @

�
_IO PIe XRO�LVf e'P GIHKO P M�HDGIW PRQ XRHDM�h c X 5)PRQ XRfFJ6L+M�O�HKN�L e L+G6O�N P G)T PIe�e L+M�TVHDX c M�XRfFH P)4 M P XRfFT+XRN�O�N
HKN
P GIL j GFX c LAGFX e h c L PRQ X�fFHKW6HKO%X c#= XRO�L+M e X6M@?6HDGIW)X6hFh c HKT+XRO�H P G�@0�
fFJ6L+M�O�HKN�L+M�N�T+X6G{L e'4 LVfZX�fFHKW6HKO%X c
= XRO�L+M e X6M@? = HKO%UIHDG�O%UILVHDM'XRfFN'X6GIf�T P _FG6O�O%UIL0GI_ e'4 L+M PRQ O�H e LVN'O%UIL = XRO�L+M e X6M@? P TVT+_FM�N�f*_FM�HDGIW
X{W6HKJ6L+G 4 M P XRfFT+XRN�O0hFL+M�H P frC�O%UI_IN�L+GIN%_FM�HDGIW-O%UFXRO�O%UILVHDM�XRfFN�X6M�L)h c X 5 LVf XRN PRQ O�L+G-XRN0hFM PIe HKN�LVfr@
�
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`aG{O%UIHKN
T+XRN�L6CrU P�= LVJ6L+MVC*O%UIL = XRO�L+M e X6M@?0HKN
L e'4 LVfFfFLVf = HKO%UIHDG{O%UIL 4 XRN�L 4 X6GIf{N P _FM�TVL'N�HKWIGFX c Y O%UIL
XRfFJ6L+M�O�HKN�L e L+G6O%^VC = UIL+M�L+XRN�HDG0O%UIL 4 X6GIf = HKfFO%U�CaT P GIN�L+M�JIHDGIW�U 5F4 M�HKf�O%M�X6GIN e HKN�N�H P G0X6hFh c HKT+XRO�H P GIN
fFHKNFC
T+_IN�N�LVfZX 4FP J6L6C*O%UIL'fFHKW6HKO%X c N�HKWIGFX c�e X 5)4 L�L e'4 LVfFfFLVf�HDG{LVHKO%UIL+M
O%UIL 4 XRN�L 4 X6GIf�N P _FM�TVL'N�HKWIGFX c"P M
O%UIL�hFXRN�N 4 X6GIf e'P f*_ c XRO�LVf)N�HKWIGFX c YlX'hFXRN�N 4 X6GIf)� S N�HKWIGFX c C QlP M�LAGFX e h c L+^V@
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� c X6M�W6L�GI_ e'4 L+M PRQ HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIW-X c W P M�HKO%U e N�UFX+J6L 4 LVL+G-hFM P h P N�LVf � �6�IC
D�DFCr]*[ � HDG
O%UIHKN�N�O�H cKc L e L+M�W6HDGIW j L c fr@0�
N = H cKc�4 L0fFLVJ6L cKP hFLVfZHDGZAILVT6@"�F@ ]*C P GIL�T+X6G{T c XRN�N�H Ql5 O%UILVN�L e LVO%U P fFN
XRTVT P M�fFHDGIW-O P-= UILVO%UIL+M P M�G P O0O%UIL�U P N�O0N�HKWIGFX c HDG6O�L+M Q L+M�LVN = HKO%U P GIL � N)X 4 H c HKO 5 O P M�LVT P J6L+M�O%UIL
L e'4 LVfFfFLVf = XRO�L+M e X6M@?*@ �#N�H e h c L�LAGFX e h c L PRQ XZU P N�OFCaHDG6O�L+M Q L+M�L+GITVL�M�LFB�LVTVO�HDGIW e LVO%U P f HKN�O%UIL
kF_FX6G6O�H I XRO�H P G�C�X6GIf<C�hFL+M�O%_FM 4 XRO�H P G e LVO%U P f PRQ � ]<D � C = UIHKTVU e X 5�4 L�JIHKL = LVf�XRN X
O 5 hFL PRQ W6L+GIL+M�X c H I LVf
cKP�= C 4 HKORY N%^ e'P f*_ c XRO�H P G Y �r? S ^V@ b UILVN�L��r? S�e LVO%U P fFN
M�X6GIW6L Q M PIe N�H e h c L0M�L+h c XRTVL e L+G6O PRQ O%UIL
c L+XRN�OrN�HKWIGIH j T+X6G6O 4 HKORY N%^ PRQ O%UIL�hIH GIL c N PRQ X6G
H e XRW6L = HKO%U
X 4 HDGFX6M 5 M�L+hFM�LVN�L+G6O%XRO�H P G PRQ O%UIL = XRO�L+M e X6M@?
O P
e'P M�L N P hFUIHKN�O�HKT+XRO�LVf e LVO%U P fFN"N%_ITVU'XRNrO%UIL P GIL�HDG � ]<D � O%UFXRO"HDG6J P6c J6L�O%M�X6GIN QlP M e XRO�H P G PRQ O%UIL�U P N�O
N�HKWIGFX c"4 L QlP M�L
kF_FX6G6O�H I XRO�H P G�X6GIf{XRf�B�_IN�O e L+G6O PRQ O%UIL
kF_FX6G6O�H I XRO�H P G�N�O�L+h0N�H I LVN+@�� P N�OFCaHDG6O�L+M Q L+M�L+GITVL
G P G�C�M�LFB�LVTVO�HDGIW e LVO%U P fFN�HDGIT c _IfFL c HDGIL+X6M�T c XRN�N�LVN PRQ�e LVO%U P fFN�N%_ITVU�XRN�N%hFM�L+XRf<CaN%hFLVTVO%M�_ e e LVO%U P fFN+C
= UIHKTVU{L e'4 LVf{HDG QlP M e XRO�H P G 465)c HDGIL+X6M cK5 T PIe'4 HDGIHDGIW)O%UIL�U P N�O
N�HKWIGFX c#= HKO%U{X�N e X cKc hIN�L+_If P C�G P HKN�L
N�HKWIGFX c O%UFXRO
HKN e'P f*_ c XRO�LVf 465 O%UIL�L e'4 LVfFfFLVfZN�HKWIGFX c @�� c O%U P _IWIU{O%UILVN�L e LVO%U P fFN'UFX+J6L�M�LVTVLVHKJ6LVf
T P GIN�HKfFL+M�X 4Ic L�XRO�O�L+G6O�H P G�HDG�O%UIL c HKO�L+M�XRO%_FM�L � ]*C�[+�FCF�6�FC>D6�ICF]6]FCF]I� � CFO%UILVN�L e LVO%U P fFN
X6M�L c H e HKO�LVf 465
U P N�OFCaN�HKWIGFX c HDG6O�L+M Q L+M�L+GITVL = UIL+G)O%UIL0U P N�O
N�HKWIGFX c HKN'G P O ?IG P�= G{XRO
O%UIL'fFLVT P fFL+MVC"XRN
HKN
O 5 hIHKT+X c HDG
e X6G 5�PRQ O%UIL
X6hFh c HKT+XRO�H P GIN e L+G6O�H P GILVf�X 4FP J6L6@"`aG6O%_IHKO�HKJ6L cK5 CFO%UIL
U P N�O�N�HKWIGFX c HDG0X
N%hFM�L+XRf�N%hFLVTVO%M�_ e
N 5 N�O�L e HKN'X6G)XRfFfFHKO�HKJ6L�HDG6O�L+M Q L+M�L+GITVL�O%UFXRO
HKN PRQ O�L+G e _ITVU c X6M�W6L+MVC*f*_IL�O P fFHKN�O P M�O�H P G)T P GIN�O%M�XRHDG6O�N+C
O%UFX6G0O%UIL�hIN�L+_If P C�G P HKN�L'N�HKWIGFX c T+X6M�M 5 HDGIW�O%UIL�L e'4 LVfFfFLVf)HDG QlP M e XRO�H P G�@

`aG0O%UIHKN�O%UILVN�HKN = L
LAGFX e HDGIL�HDG QlP M e XRO�H P G0L e'4 LVfFfFHDGIW�hFM PI4Ic L e N Q M PIe O%UIL�UIHKWIUILVN�O+C e'P N�O Q _FG�C
f*X e L+G6O%X c�c LVJ6L c @{?�XRN�LVf P G j M�N�O'hFM�HDGITVHDh c LVN = L0X6M�M�HKJ6L0XRO'X)W6L+GIL+M�X c T c XRN�N PRQ U P N�OFCaHDG6O�L+M Q L+M�L+GITVL
M�LFB�LVTVO�HDGIWZL e'4 LVfFfFHDGIW e LVO%U P fFN�T+X cKc LVf kF_FX6G6O�H I XRO�H P G-HDGIfFLAG e'P f*_ c XRO�H P G Y�K
` S ^'O%UFXRO0hFL+M QlP M e
hFM P JRX 4IcK5)4 LVO�O�L+M�O%UFX6G0O%UIL e LVO%U P fFN e L+G6O�H P GILVf{X 4FP J6L�HDG)X = HKfFL'JRX6M�HKLVO 5�PRQ fFH J L+M�L+G6O
T P G6O�LAGIO�N+@
� L�X c N P LAGFX e HDGIL�O%UIL Q _FGIf*X e L+G6O%X c hFL+M QlP M e X6GITVL c H e HKO�N PRQ HDG QlP M e XRO�H P G0L e'4 LVfFfFHDGIW e LVO%U P fFN+@

� L 4 LVW6HDG P _FM
fFHKN�T+_IN�N�H P G�HDG�i�UFX6h�@r� 465 fFLVJ6L cKP hIHDGIW QlP M e X c e XRO%UIL e XRO�HKT+X c e'P fFL c N PRQ O%UIL
HDG QlP M e XRO�H P G-L e'4 LVfFfFHDGIW X6hFh c HKT+XRO�H P GIN)fFHKN�T+_IN�N�LVf X 4FP J6L6@ `aG hFX6M�O�HKT+_ c X6MVC P GIL)T+X6G-JIHKL = HDG QlP M�C
e XRO�H P G�L e'4 LVfFfFHDGIW)LVHKO%UIL+M
XRN
fFHKN�O P M�O�H P G�CaT P GIN�O%M�XRHDGILVf e _ c O�HDh c LAGIHDGIW P M�XRN
T PIe�e _FGIHKT+XRO�H P G P J6L+M
�
� � ���
����
�������� �6�



��(�� #�
�� � B��rB�i b�	 � � `ai g�`aA b�	 `a?�E b ` � � i�� m���� � #
(
	 (�� #�
��� )�

X{N%_FhFL+M�CaTVUFX6GFGIL c3= HKO%UZN�HKfFL)HDG QlP M e XRO�H P GZO%UFXRO'HKN ?IG P�= G-XRO'O%UIL�L+GIT P fFL+MV@-g
L+hFL+GIfFHDGIW P GZO%UIL
T P G6O�LAGIO+C P GIL
JIHKL =�e X 504 L e'P M�L
T P G6J6L+GIHKL+G6O�O%UFX6G0O%UIL P O%UIL+MVC*X6GIf = L
fFLVJ6L cKP h e XRO%UIL e XRO�HKT+X cKcK5
LVkF_IHKJRX c L+G6O e'P fFL c N Q M PIe 4FP O%U PRQ O%UILVN�L�hFL+M�N%hFLVTVO�HKJ6LVN+@ � L'X c N P fFLVJ6L cKP h{X Q M�X e L =�P M@?'HDG = UIHKTVU
O%UIL0hFL+M QlP M e X6GITVL PRQ X6G{HDG QlP M e XRO�H P G)L e'4 LVfFfFHDGIW e LVO%U P f e X 5{4 L�TVUFX6M�XRTVO�L+M�H I LVf 4 XRN�LVf P G{HKO�N
XRTVUIHKLVJRX 4Ic L�M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N�O%M�XRfFL'C P�J N�X6GIf�fFHKN�T+_IN�N
U P�= hFM�LVJIH P _IN cK5 hFM P h P N�LVf0fFHKW6HKO%X c
= XRO�L+M e X6M@?6HDGIW�X c W P M�HKO%U e N j O�HDG6O P O%UIHKN Q M�X e L =�P M@?*@

b UIL Q M�X e L =�P M@? = L
fFLVJ6L cKP h0HDG)i�UFX6h�@F� c L+XRfFN�kF_IHKO�L�GFXRO%_FM�X cKcK5 O P O%UIL K
` S T c XRN�N PRQ L e'4 LVf<C
fFHDGIW e LVO%U P fFN HDG6O%M P f*_ITVLVf�HDG�i�UFX6h�@�DF@ `aG�K
` S HDG QlP M e XRO�H P G�L e'4 LVfFfFHDGIW*C6L+XRTVU�kF_FX6G6O�H I L+M = HKO%UIHDG
X6G0L+GIN�L e'4Ic L PRQ kF_FX6G6O�H I L+M�N�HKN
XRN�N P TVHDXRO�LVf = HKO%U�X6G�HDGIfFLAG�@ b UIL = XRO�L+M e X6M@? e'P f*_ c XRO�LVN
X6G0HDGIfFLAG
N�LVkF_IL+GITVL6CFX6GIf�O%UIL
XRN�N P TVHDXRO�LVf�kF_FX6G6O�H I L+M�N�LVkF_IL+GITVL
HKN�_IN�LVf�O P kF_FX6G6O�H I L�O%UIL
U P N�O N�HKWIGFX c C� &()
 (DC6O%UIL
U P N�O�N�HKWIGFX c HKN e X6hFhFLVf{O P X�N�LVkF_IL+GITVL PRQ M�LVT P GIN�O%M�_ITVO�H P G{h P HDG6O�N+@�? 5 L+GIN%_FM�HDGIW�O%UFXRO�O%UIL�N�LVO�N PRQ
M�LVT P GIN�O%M�_ITVO�H P G�h P HDG6O�N PRQ O%UIL�fFH J L+M�L+G6O
kF_FX6G6O�H I L+M�N�HDG{O%UIL'L+GIN�L e'4Ic L�X6M�L�G P G�CaHDG6O�L+M�N�LVTVO�HDGIW*C P GIL
PI4 O%XRHDGIN�X'U P N�OFCaHDG6O�L+M Q L+M�L+GITVL'M�LFB�LVTVO�H P G0hFM P hFL+M�O 5 @ � c N P CFXRN�fFHKN�T+_IN�N�LVf)HDG e'P M�L
fFLVO%XRH c HDG�i�UFX6h�@>DFC
K
` S�e LVO%U P fFN�X6M�L�T P G6J6L+GIHKL+G6O Q M PIe X6G'L+GIW6HDGILVL+M�HDGIW�hFL+M�N%hFLVTVO�HKJ6L 4 LVT+X6_IN�L P GIL
T+X6G�L+XRN�H cK5 O%M�XRfFL'C
P�J M�XRO�L6CIfFHKN�O P M�O�H P G�C�X6GIf{M PI4 _IN�O%GILVN�N 465 XRf�B�_IN�O�HDGIW�X Q L = N 5 N�O�L e hFX6M�X e LVO�L+M�N+@ � HDGFX cKcK5 C = L�X c N P
fFLVN�T+M�H 4 L'N P CaT+X cKc LVf)fFHKN�O P M�O�H P G0T PIe hFL+GIN%XRO�H P G�C = UIHKTVU�HKN
X'O 5 hFL PRQ h P N�OFCakF_FX6G6O�H I XRO�H P G�hFM P TVLVN�N�HDGIW
O%UFXRO�hFM P JIHKfFLVN
L+GFUFX6GITVLVf�M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N
hFL+M QlP M e X6GITVL6@

��P O P G cK5 HKN�O%UIL�K
` S N�O%M�_ITVO%_FM�L�T P G6J6L+GIHKL+G6O Q M PIe X6GZL+GIW6HDGILVL+M�HDGIW hFL+M�N%hFLVTVO�HKJ6L6C 4 _IO�N%_ITVU
X)N�O%M�_ITVO%_FM�L)X c N P UFXRN�X{O%UIL P M�LVO�HKT+X c�4 XRN�HKN Q M PIe X6G�HDG QlP M e XRO�H P G�CaO%UIL P M�LVO�HKT{hFL+M�N%hFLVTVO�HKJ6L6C�XRN = L
fFHKN�T+_IN�N�HDG�i�UFX6h�@I]*@ `aG0O%UIHKN�TVUFX6hIO�L+MVC = L
LAGFX e HDGIL
O%UIL Q _FGIf*X e L+G6O%X c M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N
hFL+M QlP M e X6GITVL c H e HKO�N+C  &()
 (DC*T+X6hFXRTVHKO 5 C PRQ HDG QlP M e XRO�H P G)L e'4 LVfFfFHDGIW e LVO%U P fFN
HDG)W6L+GIL+M�X c X6GIf{N%U P�=
O%UFXRO P GIL'T+X6G�XRTVUIHKLVJ6L�T+X6hFXRTVHKO 5 XRWIXRHDGIN�O�X6G 5�j GILVfZXRO�O%XRTA? = HKO%U�X0O 5 hFL PRQCI UIHKfFfFL+G?J�K
` S @ � L
X c N P fFHKN�T+_IN�N
T P GIfFHKO�H P GIN�_FGIfFL+M = UIHKTVU�fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�LVf�K
` S T+X6G�XRTVUIHKLVJ6L�T+X6hFXRTVHKO 5 @

`aG
W6L+GIL+M�X c CRO%U P _IWIU�C P GIL�XRTVUIHKLVJ6LVN T+X6hFXRTVHKO 5
P G cK5 XRN 5Fe hIO P O�HKT+X cKcK5 = HKO%U cKP GIW
N�HKWIGFX c6c L+GIW6O%UIN+CRN P
= L�fFLVJ6L cKP h�hFM�XRTVO�HKT+X c H e h c L e L+G6O%XRO�H P GIN PRQ K
` S T+X cKc LVf'fFHKO%UIL+M e'P f*_ c XRO�H P G
HDG'i�UFX6h�@+�F@ b UIL K
` S
kF_FX6G6O�H I L+M L+GIN�L e'4Ic LVN�HDG�X
fFHKO%UIL+M e'P f*_ c XRO�H P G�N 5 N�O�L e X6M�L�fFHKO%UIL+M�LVf0kF_FX6G6O�H I L+M�N+CIX6GIf e'P f*_ c XRO�HDGIW
O%UIL{kF_FX6G6O�H I XRO�H P G HDGIfFLAG HKN�LVkF_IHKJRX c L+G6O{O P-e'P f*_ c XRO�HDGIW O%UIL)fFHKO%UIL+M�N�HKWIGFX c @ AF_ITVU X�N�O%M�_ITVO%_FM�L
X cKcKP�= N QlP M�H e h c L e L+G6O%XRO�H P GIN = HKO%U cKP�= T PIe hF_IO%XRO�H P GFX c T PIe h c LAGIHKO 5 C*LVN%hFLVTVHDX cKcK5 H Q O%UIL�kF_FX6G6O�H I L+M�N
X6M�L�_FGIH QlP M e CFN�T+X c X6M�kF_FX6G6O�H I L+M�N+@ � L'X c N P fFHKN�T+_IN�N
N%hFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P G�HDG)O%UIHKN
TVUFX6hIO�L+MVCIX QlP M e�PRQ fFHKO%UIL+M e'P f*_ c XRO�H P G0O%UFXRO T+X6G�L+XRN�H cK504 L
N%U P�= G'O P�P _IO%hFL+M QlP M e 4FP O%U�N P CaT+X cKc LVf
X e h c HKO%_IfFL'C e'P f*_ c XRO�H P G{N%hFM�L+XRf<CaN%hFLVTVO%M�_ e e LVO%U P fFN
X6GIf�W6L+GIL+M�X c H I LVf �r? S3e LVO%U P fFN+@

� Q O�L+M�UFX+JIHDGIW�HDG6O%M P f*_ITVLVf�X'W6L+GIL+M�X c�Q M�X e L =�P M@?'HDG = UIHKTVU�O P X6GFX cK5<I L�fFHKW6HKO%X c
= XRO�L+M e X6M@?6HDGIW
�
� � ���
����
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hFM PI4Ic L e N�X6GIf UFX+JIHDGIWZhFM�LVN�L+G6O�LVf N PIe L)G P J6L c L e'4 LVfFfFHDGIW e LVO%U P fFN+C�HDG O%UIL)M�L e XRHDGIHDGIW-TVUFX6h�C
O�L+M�N = L�X6hFh cK5 O%UIL Q M�X e L =�P M@?�O P hFX6M�O�HKT+_ c X6M
N�TVL+GFX6M�H P N PRQ HDG6O�L+M�LVN�O+C�N�O%X6M�O�HDGIW = HKO%U�X�fFHKN�T+_IN�N�H P G
PRQ
�
X6_IN�N�HDX6G�N�TVL+GFX6M�H P N�HDG-i�UFX6h�@ dF@ ��L+M�L6C = L�fFL+M�HKJ6L�HDG QlP M e XRO�H P G�L e'4 LVfFfFHDGIWZT+X6hFXRTVHKO�HKLVN QlP M�

X6_IN�N�HDX6G-U P N�O�N�HKWIGFX c N�X6GIf-XRfFfFHKO�HKJ6L
�
X6_IN�N�HDX6GZG P HKN�L�TVUFX6GFGIL c N+C = UIHKTVU e X 5Z4 L�W PIP f e'P fFL c N

QlP M�_FGIHDG6O�L+G6O�H P GFX c fFLVWIM�XRf*XRO�H P GIN�O P O%UIL
T PIe h P N�HKO�L
N�HKWIGFX c @��
_FM�M�LVN%_ c O�N
X6hFh cK5 O P X6M 4 HKO%M�X6M 5 U P N�O
T P JRX6M�HDX6GITVL e XRO%M�HKTVLVN�X6GIf-X6M 4 HKO%M�X6M 5 G P HKN�L0T P JRX6M�HDX6GITVL e XRO%M�HKTVLVN+C X6GIf-UIL+GITVL6C�X6hFh cK5 O P X c X6M�W6L
GI_ e'4 L+M PRQ�e _ c O�H e LVfFHDX)X6hFh c HKT+XRO�H P G{N�TVL+GFX6M�H P N+CrXRN
fFHKN�T+_IN�N�LVf�HDG{AILVT6@rdF@ �F@��
GIL PRQ O%UIL e'P M�L�HDG�C
O�L+M�LVN�O�HDGIW�M�LVN%_ c O�N�HDG0O%UIHKN�TVUFX6hIO�L+M�HKN�O%UFXRO P GIL
T+X6G�L e'4 LVf)XRO�X'M�XRO�L PRQ X 4FP _IO
[ � D 4 � N�hFL+M���L+M�O I
PRQ U P N�O�N�HKWIGFX cr4 X6GIf = HKfFO%U�hFL+M�f*?-f*M P h�HDG)M�LVTVLVHKJ6LVf)U P N�O�N�HKWIGFX c CaO P C�G P HKN�L�M�XRO�H P YlA ��	 ^�X6GIf�O%UFXRO
O%UIHKN�T+X6hFXRTVHKO 5 HKN�HDGIfFL+hFL+GIfFL+G6O PRQ(= UILVO%UIL+M P M�G P O O%UIL
U P N�O N�HKWIGFX c HKN�X+JRXRH c X 4Ic L
f*_FM�HDGIW = XRO�L+M e X6M@?
fFLVT P fFHDGIW*@��
N = L�X c N P fFHKN�T+_IN�N�HDG-AILVT6@�dF@ �FC M�LVN%_ c O�N'HDGZO%UIHKN�TVUFX6hIO�L+M'UFX+J6L�H e h P M�O%X6G6O'T P GFGILVT'C
O�H P GIN�O P O%UIL�hFM PI4Ic L e�PRQ T PIe�e _FGIHKT+XRO�HDGIW P J6L+M 4 M P XRfFT+XRN�O�TVUFX6GFGIL c N+CFLVJ6L+G�HDG)G P G�C = XRO�L+M e X6M@?6HDGIW
T P G6O�LAGIO�N+@ � L�T P GIT c _IfFL0O%UIL�TVUFX6hIO�L+M = HKO%U�X0fFHKN�T+_IN�N�H P G PRQ O%UIL�WIX6hIN
O P T+X6hFXRTVHKO 5{PRQ K
` S X6GIf
N%hFM�L+XRf{N%hFLVTVO%M�_ e#e LVO%U P fFN
X6GIf{N%U P�= O%UFXRO
N%hFM�L+XRf)N%hFLVTVO%M�_ e#e LVO%U P fFN
W6L+GIL+M�X cKcK5 UFX+J6L'X c X6M�W6L
WIX6h�C<K
` S e LVO%U P fFN�UFX+J6L
X
N e X cKc WIX6h�CIX6GIf0fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�LVfHK
` S Y g�i�CFK
` S ^ e LVO%U P fFN
UFX+J6L�G P WIX6h�C� &()
 (DCFT+X6hFXRTVHKO 5 C�XRTVUIHKLVJIHDGIW�g�i�CFK
` S e LVO%U P fFN�LAGIHKN�O
HDG�O%UIL

�
X6_IN�N�HDX6G0T+XRN�L6@

� L QlP T+_IN P G)HDG6O�L+G6O�H P GFX c XRO�O%XRTA?6N
HDGZi�UFX6h�@��FCrT P GIN�HKfFL+M�HDGIW 4FP O%U�XRO�O%XRTA?6N P G{N 5 N�O�L e N�hFM P C
O�LVTVO�LVf 465 X)hFM�HKJRXRO�LH?RL 5 X6GIf =�P M�N�OFCaT+XRN�L�XRO�O%XRTA?6N+C = UIL+M�L�O%UIL�XRO�O%XRTA?RL+M e X 5 ?IG P�= LVJ6L+M 5 O%UIHDGIW
X 4FP _IO�O%UIL�L e'4 LVfFfFHDGIW)X6GIf)fFLVT P fFHDGIW)hFM P TVLVN�N�LVN+C*HDGIT c _IfFHDGIW{X6G 5 ?RL 5 N+@��I_IN�O
XRN
HDG�O%UIL

�
X6_IN�N�HDX6G

T+XRN�L6C6HDG�O%UIL
T+XRN�L PRQ N�kF_FX6M�LVf�L+M�M P M fFHKN�O P M�O�H P G�CaT P GIN�O%M�XRHDGILVf�XRO�O%XRTA?6N P G�hFM�HKJRXRO�L'CF?RL 5 N 5 N�O�L e N+C P GIL
T+X6GZXRTVUIHKLVJ6L�T+X6hFXRTVHKO 5�= HKO%UZg�i�CFK
` S @ `aG�O%UIL)G P CF?RL 5 N�TVL+GFX6M�H P N+C�K
` S e LVO%U P fFN0X6M�L0hFM P JRX 4IcK5
4 LVO�O�L+M�O%UFX6G0N%hFM�L+XRf<CaN%hFLVTVO%M�_ e X6GIf)W6L+GIL+M�X c H I LVf �r? S e LVO%U P fFN+@

brP N%_FhFh c L e L+G6O P _FM
X6GFX cK5 O�HKT+X c M�LVN%_ c O�N+C = L�hFM�LVN�L+G6O
N�H e _ c XRO�H P G�M�LVN%_ c O�N�HDG�i�UFX6h�@ � QlP M
XRf<C
fFHKO�HKJ6L

�
X6_IN�N�HDX6G)G P HKN�L�TVUFX6GFGIL c N
X6GIf QlP M�� m B

�
T PIe hFM�LVN�N�H P G�TVUFX6GFGIL c N+@ � L�X c N P hFM P JIHKfFL�N PIe L

N%X e h c L'U P N�O+CFT PIe h P N�HKO�L6C*X6GIf)TVUFX6GFGIL c"P _IO%hF_IO�H e XRW6LVN
HDG�O%UIHKN
TVUFX6hIO�L+M�X6GIf)fFL e'P GIN�O%M�XRO�L�hFM�XRT'C
O�HKT+X cKcK5 XRTVUIHKLVJRX 4Ic L'WIXRHDGIN Q M PIe L+M�M P M�T P M�M�LVTVO�H P G�T P fFHDGIW�X6GIf�fFHKN�O P M�O�H P G�T PIe hFL+GIN%XRO�H P G�@

� L'T P GIT c _IfFL0O%UIL�O%UILVN�HKN�HDGZi�UFX6h�@r\FC = UIL+M�L = L�X c N P fFHKN�T+_IN�N�N PIe L�h P N�N�H 4Ic L�fFHDM�LVTVO�H P GIN QlP M
Q _IO%_FM�L =�P M@?*@
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� GFXRO%_FM�X c N�O%X6M�O�HDGIW�h P HDG6O
HDG)O%UIL'fFHKN�T+_IN�N�H P G PRQ HDG QlP M e XRO�H P G�L e'4 LVfFfFHDGIW)N 5 N�O�L e N
HKN
O P fFLVJ6L cKP h
e XRO%UIL e XRO�HKT+X c�e'P fFL c N0O%UFXRO'N%_IHKO%X 4IcK5 fFLVN�T+M�H 4 L)HDG QlP M e XRO�H P GZL e'4 LVfFfFHDGIW X6hFh c HKT+XRO�H P GIN0N%_ITVU-XRN
O%U P N�L�fFHKN�T+_IN�N�LVf HDG i�UFX6h�@
[6@ AF_ITVU e'P fFL c N Q XRTVH c HKO%XRO�L{XZhFM�LVTVHKN�L)T P GIN�HKfFL+M�XRO�H P G PRQ O%UIL)HKN�N%_ILVN
HDG6J P6c J6LVf{HDG�O%UIL�fFLVN�HKWIG{X6GIf{hFL+M QlP M e X6GITVL
LVJRX c _FXRO�H P G PRQ HDG QlP M e XRO�H P G�L e'4 LVfFfFHDGIW�N 5 N�O�L e N+@ � L
hFM�LVN�L+G6O
O =�P�e XRO%UIL e XRO�HKT+X cKcK5 LVkF_IHKJRX c L+G6O e'P fFL c N�HDG�O%UIHKN
TVUFX6hIO�L+M Q M PIe O =�P fFH J L+M�L+G6O�hFL+M�N%hFLVT'C
O�HKJ6LVN+@ � L0T P GIT c _IfFL�O%UIL0TVUFX6hIO�L+M = HKO%UZX)fFHKN�T+_IN�N�H P G PRQ T c XRN�N�LVN PRQ L e'4 LVfFfFHDGIW e LVO%U P fFN+@ b UIL
M�L+XRfFL+M�HKN
M�L Q L+M�M�LVf�O P �
hFh�@F� QlP M�G P O%XRO�H P GFX c T P G6J6L+G6O�H P GIN
_IN�LVf)O%UFM P _IWIU P _IO�O%UIHKN�O%UILVN�HKN+@
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�
_FM j M�N�O e'P fFL c HKN0H cKc _IN�O%M�XRO�LVf HDG � HKW*@��&C%[6@ � L{UFX+J6L)N PIe L)U P N�O0N�HKWIGFX c J6LVTVO P M��	����� HDG
= UIHKTVU = L = HKN%U)O P L e'4 LVf�N PIe L'HDG QlP M e XRO�H P G��0@ b UIHKN'U P N�O
N�HKWIGFX c T P _ c f 4 L�X0J6LVTVO P M PRQ hIH GIL c

m

y
s(x,m)x

s
DEC m

∧

n ≡ y−s

Channel

� HKWI_FM�L��&C%[6�
�
L+GIL+M�X c HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIW�hFM PI4Ic L e#e'P fFL c @
�
G)HDG6O�LVW6L+M e LVN�N%XRW6L�� HKN
L e C

4 LVfFfFLVf{HDG�O%UIL�U P N�O�N�HKWIGFX c J6LVTVO P M��0_IN�HDGIW�N PIe L
L e'4 LVfFfFHDGIW Q _FGITVO�H P G E Y������'^V@*��hFL+M�O%_FM 4 XRO�H P G
J6LVTVO P M��)T P M�M�_FhIO�N
O%UIL�T PIe h P N�HKO�L�N�HKWIGFX c! @ b UIL�fFLVT P fFL+M
LAGIO%M�XRTVO�N�X6G{LVN�O�H e XRO�L#"� PRQ � Q M PIe
O%UIL�G P HKN 5 TVUFX6GFGIL crP _IO%hF_IO%$�@
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JRX c _ILVN+C*X6_IfFH P N%X e h c LVN+C P M�N%hFLVLVTVU�N%X e h c LVN+C QlP M LAGFX e h c L6@ � c O�L+M�GFXRO�HKJ6L cK5 C �'T P _ c f 4 L�X
J6LVTVO P M PRQ
T P L'E0TVHKL+G6O�N Q M PIe X c HDGIL+X6M O%M�X6GIN QlP M e PRQ O%UIL�U P N�O N�HKWIGFX c C6N%_ITVU'XRN"O%UIL�g
HKN�T+M�LVO�L
i P N�HDGIL b M�X6GIN QlP M e
Y g�i b ^ P M�O%UIL'g
HKN�T+M�LVO�L'� P _FM�HKL+M b M�X6GIN QlP M e Y g
� b ^VC P M Q M PIe N PIe L'G P G�C c HDGIL+X6M
O%M�X6GIN QlP M e @ � L
L e hFUFXRN�H I L�O%UIL P _FM Q M�X e L =�P M@?'HKN�W6L+GIL+M�X c L+G P _IWIU�O P XRTVT PIe�e'P f*XRO�L�X6G 5 M�L+hFM�LVN�L+G6O%XRO�H P G PRQ O%UIL
U P N�O�N�HKWIGFX c O%UFXRO�HDG6J P6c J6LVN
M�L+X c GI_ e'4 L+M�N+@

� L = HKN%U)O P L e'4 LVf�XRO
X0M�XRO�L PRQ ��� 4 HKO�N�hFL+M
fFH e L+GIN�H P G Y 4 HKO�N
hFL+M
U P N�O
N�HKWIGFX c N%X e h c L+^�N P
= L
T+X6G0O%UIHDG>? PRQ � XRN
X6G0HDG6O�LVW6L+MVC = UIL+M�L

�#���r[ �%� ������� �%� �	��

� � Yl�F@D[+^

b UIL�HDG6O�LVW6L+M�� T+X6G�M�L+hFM�LVN�L+G6O+C QlP MrLAGFX e h c L6CRO%UIL = XRO�L+M e X6M@? P MrfFHKW6HKO%X cIj GIW6L+M�hFM�HDG6O HDG'X�T P h 5 M�HKWIU6O
X6hFh c HKT+XRO�H P G�C�X6G�X6_IO%UIL+G6O�HKT+XRO�H P G�N�HKWIGFX c C X�T P J6L+M�O e LVN�N%XRW6L6C P M
X�fFHKW6HKO%X c N�HKWIGFX c T PIe�e _FGIHKT+XRO�LVf
_IN�HDGIW{X6G)LAGIHKN�O�HDGIW{X6GFX cKP W0T PIe�e _FGIHKT+XRO�H P G{N 5 N�O�L e @
�
WIXRHDG�C P _FM e'P fFL c X6hFh c HKLVN�O P X6G 5 O 5 hFL PRQ
fFHKW6HKO%X c L e'4 LVfFfFLVf'N�HKWIGFX c CRHDGIT c _IfFHDGIW PRQ T P _FM�N�L�X�fFHKW6HKO�H I LVf�J6L+M�N�H P G PRQ X6G�X6GFX cKP W�N�HKWIGFX c @"� c O%U P _IWIU
= L QlP T+_IN�HDG�O%UIHKN�O%UILVN�HKN P G�O%UIL
fFHKW6HKO%X c T+XRN�L�N�HDGITVL
HKO�HKN�O%UIL P GIL PRQ HDG6O�L+M�LVN�O�HDG e'P N�O�X6hFh c HKT+XRO�H P GIN+C
e X6G 5�PRQ O%UIL0L e'4 LVfFfFHDGIW X c W P M�HKO%U e N'T P GIN�HKfFL+M�LVf HDG c XRO�L+M'TVUFX6hIO�L+M�N'T+X6G-X c N PZ4 L�LAGIO�L+GIfFLVf O P
HDGIT c _IfFL�L e'4 LVfFfFHDGIW PRQ X6GFX cKP W�f*XRO%X�XRN = L cKc C�XRN�fFHKN�T+_IN�N�LVf{HDG)AILVT6@*�F@ DF@

b UILVN�L)L e'4 LVfFfFHDGIW X c W P M�HKO%U e N�L e'4 LVf �#HDG O%UIL)U P N�O�N�HKWIGFX c � 465 e X6hFhIHDGIW ��X6GIf �ZO P
X)T PIe h P N�HKO�L0N�HKWIGFX c J6LVTVO P M  �����/_IN�HDGIW�N PIe L�L e'4 LVfFfFHDGIW Q _FGITVO�H P G E Y������'^V@��
N'LAGFh c XRHDGILVf
HDG i�UFX6h�@�[6C O%UIL�L e'4 LVfFfFHDGIW e _IN�O 4 L�f P GIL�N%_ITVU-O%UFXRO�X6G 5 fFLVWIM�XRf*XRO�H P GIN�O P O%UIL)U P N�O'N�HKWIGFX c
X6M�L0XRTVTVL+hIO%X 4Ic L6@ b UIHKN�fFLVWIM�XRf*XRO�H P G{HKN e L+XRN%_FM�LVfZkF_FX6G6O�HKO%XRO�HKJ6L cK5Z465 N PIe L�fFHKN�O P M�O�H P G Q _FGITVO�H P G
4 LVO = LVL+G�O%UIL'U P N�O
X6GIf)T PIe h P N�HKO�L'N�HKWIGFX c N+@�� P M�LAGFX e h c L6C�O =�P T P G6J6L+GIHKL+G6O
fFHKN�O P M�O�H P G e L+XRN%_FM�LVN
O%UFXRO�X6M�L�X e L+GFX 4Ic L�O P X6GFX cK5 N�HKN
X6M�L
O%UIL = L cKc CF?IG P�= G�N�kF_FX6M�LVf�L+M�M P M�fFHKN�O P M�O�H P G e L+XRN%_FM�L

�{Y  � �I^�� [
���  	� � ��� � Yl�F@ �6^

X6GIf�O%UIL = LVHKWIU6O�LVf�N�kF_FX6M�LVf�L+M�M P M�fFHKN�O P M�O�H P G e L+XRN%_FM�L

�{Y  � �I^�� [
� Y  	� �I^�����Y  	� �I^�� Yl�F@ D6^

= UIL+M�L�� HKN'N PIe L = LVHKWIU6O�HDGIW e XRO%M�H G�@0� c N P C"O%UIL0LAGFhFLVTVO%XRO�H P GIN���� PRQ O%UILVN�L0fFHKN�O P M�O�H P GIN�O%X�?RL+G
P J6L+M�X�hFM PI4 X 4 H c HKO 5 fFHKN�O%M�H 4 _IO�H P G PRQ O%UIL�U P N�O�N�HKWIGFX c X6GIf � P M�O%UIL�L e'4 LVfFfFLVf)HDG QlP M e XRO�H P G)X6M�L 5 LVO
X6G P O%UIL+M�N�LVO PRQ fFHKN�O P M�O�H P G e L+XRN%_FM�LVN+@
�
� � ���
����
�������� �R]
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� Q O�L+M
O%UIL�L e'4 LVfFfFHDGIW*C"O%UIL�T PIe h P N�HKO�L�N�HKWIGFX c! HKN�O 5 hIHKT+X cKcK5 N%_ 4 B�LVTVO�LVf�O P X0JRX6M�HKLVO 5{PRQ N�HKW�C
GFX c T P M�M�_FhIO�HDGIW e X6GIHDhF_ c XRO�H P GIN)N%_ITVU XRN cKP N�N 5 T PIe hFM�LVN�N�H P G�C
XRfFfFHKO�H P G PRQ M�X6GIf PIe G P HKN�L6C
X6GIf
M�LVN%X e h c HDGIW*C�XRN = L cKc XRN�fFL c H 4 L+M�XRO�L�XRO�O�L e hIO�N'O P M�L e'P J6L�O%UIL�L e'4 LVfFfFLVf HDG QlP M e XRO�H P G�@ b UILVN�L
e X6GIHDhF_ c XRO�H P GIN P TVT+_FM
HDGIN�HKfFL�N PIe L'TVUFX6GFGIL c C = UIHKTVUZhFM P f*_ITVLVN�X6G P _IO%hF_IO
J6LVTVO P M�$�� � � @0� P M
T P G6J6L+GIHKL+GITVL6C = L0fFL j GIL)X�hFL+M�O%_FM 4 XRO�H P GZJ6LVTVO P M
O P�4 L�O%UIL�fFH J L+M�L+GITVL�� �� $ �  @ b UI_IN+C�O%UIHKN
e'P fFL c HKN'N%_�E0TVHKL+G6O cK5 W6L+GIL+M�X c O P HDGIT c _IfFL 4FP O%UZM�X6GIf PIe X6GIfZfFLVO�L+M e HDGIHKN�O�HKT{hFL+M�O%_FM 4 XRO�H P GZJ6LVT'C
O P M�N�X6GIf 4FP O%U{N�HKWIGFX c CaHDGIfFL+hFL+GFfFL+G6O�X6GIf�N�HKWIGFX c CafFL+hFL+GIfFL+G6O0hFL+M�O%_FM 4 XRO�H P G�J6LVTVO P M�N+@ � L0M�LVN�O%M�HKTVO
XRO�O�L+G6O�H P G{O P T+XRN�LVN = UIL+M�L�O%UIL�fFLVWIM�XRf*XRO�H P GIN'T+X6_IN�LVf 465 O%UIL0TVUFX6GFGIL c X6M�L0G P O�O PIP)c X6M�W6L QlP M�XRO
c L+XRN�O�O =�P M�L+XRN P GIN+@"� HDM�N�O+C6H Q#= L
X cKcKP�= X6M 4 HKO%M�X6M 5 fFLVWIM�XRf*XRO�H P GIN+C QlP M�LAGFX e h c L6C = UIL+M�L
O%UIL
TVUFX6GFGIL c
P _IO%hF_IO�HKN�O P O%X cKcK5 HDGIfFL+hFL+GIfFL+G6O PRQ O%UIL�TVUFX6GFGIL c HDGFhF_IO+CFO%UIL+G�T c L+X6M cK50P GIL�T+X6GFG P O�U P hFL
O P M�L c HDX 4IcK5
LAGIO%M�XRTVO
O%UIL'L e'4 LVfFfFLVf�HDG QlP M e XRO�H P G Q M PIe O%UIL'TVUFX6GFGIL c P _IO%hF_IO+@
AILVT P GIfrC�HDG e'P N�O
X6hFh c HKT+XRO�H P GIN
P G cK5 O%UIHKN 4FP _FGIfFLVf-fFLVWIM�XRf*XRO�H P G{TVUFX6GFGIL c T+XRN�L�HKN PRQ HDG6O�L+M�LVN�O+@0� P M
LAGFX e h c L6C HKO'HKN PRQ G P JRX c _IL
QlP M'X6G-XRO�O%XRTA?RL+M
O P M�L e'P J6L�X)T P h 5 M�HKWIU6OFC�hFM P O�LVTVO�HDGIW = XRO�L+M e X6M@? Q M PIe X6GZH e XRW6L�H Q O%UIL�H e XRW6L
HKO�N�L c Q HKN�fFLVN�O%M PR5 LVf�HDG0O%UIL
hFM P TVLVN�N+@�`aG�AILVT6@F�F@ DFC = L
W6HKJ6L
N PIe L
LAGFX e h c LVN PRQ TVUFX6GFGIL cre'P fFL c N
X6GIf
T P M�M�LVN%h P GIfFHDGIW0fFLVWIM�XRf*XRO�H P G e L+XRN%_FM�LVN�O%UFXRO = H cKc 4 L PRQ HDG6O�L+M�LVN�O
HDG�O%UIHKN�O%UILVN�HKN+@

��fFLVT P fFL+M
LAGIO%M�XRTVO�N+C P M QlP M e N
X6G)LVN�O�H e XRO�L�"� PRQ C*O%UIL'L e'4 LVfFfFLVf{HDG QlP M e XRO�H P G�� 4 XRN�LVf P G
O%UIL)TVUFX6GFGIL c�P _IO%hF_IO $�@ � L QlP T+_IN0HDG-O%UIHKN0O%UILVN�HKN P G-O%UIL I U P N�OFC 4Ic HDGIf#J-T+XRN�L6C = UIL+M�L ��HKN�G P O
X+JRXRH c X 4Ic L)O P O%UIL�fFLVT P fFL+MV@�`aGZN PIe L�X6hFh c HKT+XRO�H P GIN0O%UIL0fFLVT P fFL+M'T+X6GZX c N P�PI4 N�L+M�J6L0O%UIL P M�HKW6HDGFX c
U P N�O�N�HKWIGFX c �*@ � L
T PIe�e L+G6O P G�O%UILVN�L c LVN�N�O 5 hIHKT+X c I ?IG P�= G�C�U P N�O J
T+XRN�LVN�O%UFM P _IWIU P _IO�O%UIHKN�O%UILVN�HKN+C
= UIL+M�L�X6hFhFM P hFM�HDXRO�L6@ b UIL
fFLVT P fFL+M�HKfFL+X cKcK5 T+X6G�M�L c HDX 4IcK5�� LAGIO%M�XRTVO�O%UIL
L e'4 LVfFfFLVf)HDG QlP M e XRO�H P G�XRN
cKP GIWZXRN'O%UIL�TVUFX6GFGIL c fFLVWIM�XRf*XRO�H P GIN0X6M�L�G P O'O PIP N�LVJ6L+M�L6@ b UI_IN+C O%UIL�O P6c L+M�X 4Ic L�N�LVJ6L+M�HKO 5ZPRQ O%UIL
fFLVWIM�XRf*XRO�H P GIN�HKN
X e L+XRN%_FM�L PRQ O%UIL�M PI4 _IN�O%GILVN�N PRQ X6G0HDG QlP M e XRO�H P G0L e'4 LVfFfFHDGIW�N 5 N�O�L e @

�
GIL =�P _ c f c H ?RL�O P fFLVN�HKWIG�O%UIL
L e'4 LVfFfFHDGIW Q _FGITVO�H P G E Y������'^ X6GIf�T P M�M�LVN%h P GIfFHDGIW0fFLVT P fFL+M�O P
XRTVUIHKLVJ6L0X)UIHKWIUZM�XRO�L6C cKP�= fFHKN�O P M�O�H P G�C"X6GIfZUIHKWIUZM PI4 _IN�O%GILVN�N+@
� P�= LVJ6L+MVC�HDG{W6L+GIL+M�X c O%UILVN�L�O%UFM�LVL
W P X c N0X6M�L)T P G��*HKTVO�HDGIW*@ b UI_IN+C P GIL)LVJRX c _FXRO�LVN�O%UIL{hFL+M QlP M e X6GITVL PRQ O%UIL)L e'4 LVfFfFHDGIW-N 5 N�O�L e HDG
O�L+M e N PRQ HKO�N�XRTVUIHKLVJRX 4Ic L�O%M�XRfFL'C P�J N'X e'P GIW�O%UILVN�L0O%UFM�LVL�hFX6M�X e LVO�L+M�N+@�AF_ITVUZX�TVUFX6M�XRTVO�L+M�H I XRO�H P G
PRQ O%UIL'XRTVUIHKLVJRX 4Ic L�M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N
O%M�XRfFL'C P�J N�HKN
LVkF_IHKJRX c L+G6O�O P X0G P O�H P G PRQ hFM P JRX 4Ic L
M PI4 _IN�O%GILVN�N
XRO
X'W6HKJ6L+G�M�XRO�L�X6GIf�fFHKN�O P M�O�H P G�@
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� HKWI_FM�L)�&C��F��B kF_IHKJRX c L+G6O�N%_FhFL+M�CaTVUFX6GFGIL c
e'P fFL c�QlP M�HDG QlP M e XRO�H P GZL e'4 LVfFfFHDGIW*@ b UIL)T PIe h P N�HKO�L
N�HKWIGFX c HKN'O%UIL0N%_ e PRQ O%UIL�U P N�O�N�HKWIGFX c C = UIHKTVUZHKN'O%UIL0N�O%XRO�L PRQ O%UIL�N%_FhFL+M�CaTVUFX6GFGIL c C�X6GIf-X)U P N�OFC
fFL+hFL+GIfFL+G6O
fFHKN�O P M�O�H P G0N�HKWIGFX c @

� ��� , � ������������	��#2�� �0� � 
 � � �
	'	���� � ���'���

�
G0X c O�L+M�GFXRO�HKJ6L
M�L+hFM�LVN�L+G6O%XRO�H P G PRQ O%UIL e'P fFL c�PRQ � HKW*@I�&C%[�HKN�N%U P�= G�HDG�� HKW*@I�&C��F@ b UIL
O =�P�e'P fFL c N
X6M�L
LVkF_IHKJRX c L+G6O
N�HDGITVL�X6G 5 L e'4 LVfFfFHDGIW Q _FGITVO�H P G E Y������'^ T+X6G 4 L = M�HKO�O�L+G)XRN�O%UIL
N%_ e/PRQ O%UIL�U P N�O
N�HKWIGFX c �0X6GIf)X�U P N�OFCafFL+hFL+GIfFL+G6O
fFHKN�O P M�O�H P G0N�HKWIGFX c % Y������'^VC

E Y������'^ �	� � % Y������'^��

N�H e h cK50465 fFL j GIHDGIW�O%UIL�fFHKN�O P M�O�H P G'N�HKWIGFX c O P�4 L % Y������'^ �� E Y������'^ � �*@ b UI_IN+C P GIL�T+X6G�JIHKL =�� XRN
O%UIL
HDGFhF_IO�O P X'N%_FhFL+M�CaTVUFX6GFGIL c O%UFXRO�T P GIN�HKN�O�N PRQ O%UIL
T+XRN�T+XRfFL PRQ X6G�XRfFfFL+M�X6GIf�O%UIL
O%M�_IL
TVUFX6GFGIL c @
b UIL
U P N�O N�HKWIGFX c �
HKN�X
N�O%XRO�L PRQ O%UIHKN�N%_FhFL+M�CaTVUFX6GFGIL c O%UFXRO"HKN ?IG P�= G'XRO O%UIL�L+GIT P fFL+MV@ b UIL e L+XRN%_FM�L
PRQ fFHKN�O P M�O�H P G �{Y  � �I^ 4 LVO = LVL+G{O%UIL'T PIe h P N�HKO�L0X6GIf�U P N�O
N�HKWIGFX c N e X6hIN P G6O P X�U P N�OFCafFL+hFL+GIfFL+G6O
e L+XRN%_FM�L PRQ O%UIL'N�H I L���Y � � �I^	���{Y�� � � � �I^ PRQ O%UIL'fFHKN�O P M�O�H P G)N�HKWIGFX c�� @
� P M�LAGFX e h c L6CrN�kF_FX6M�LVf
L+M�M P M�fFHKN�O P M�O�H P GZYl�F@ �6^�LVkF_FX c N�O%UIL'h P�= L+M PRQ�� C

[
���  	� � ��� �

[
��� � ��� �

b UIL+M�L QlP M�L6C P GIL
T+X6G0JIHKL = HDG QlP M e XRO�H P G0L e'4 LVfFfFHDGIW�hFM PI4Ic L e N
XRN�h P�= L+M�C c H e HKO�LVf)T PIe�e _FGIHKT+XRO�H P G
P J6L+M�X�N%_FhFL+M�CaTVUFX6GFGIL c#= HKO%U{X�N�O%XRO�L
O%UFXRO
HKN ?IG P�= G)XRO
O%UIL�L+GIT P fFL+MV@ � b UIHKN
JIHKL = T+X6G 4 L'T P G6J6L'C
GIHKL+G6O QlP M"fFLVO�L+M e HDGIHDGIW�XRTVUIHKLVJRX 4Ic L�M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N�O%M�XRfFL'C P�J N PRQ JRX6M�H P _IN�HDG QlP M e XRO�H P G
L e'4 LVfFfFHDGIW)X6GIf�fFLVT P fFHDGIW e LVO%U P fFN+C*XRN = H cKc"4 LVT PIe L'X6hFhFX6M�L+G6O�HDG)i�UFX6h�@F]*@
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b UIL0TVUFX6GFGIL c�e'P fFL c hFM�LVTVHKN�L cK5 fFLVN�T+M�H 4 LVN0O%UIL0fFLVWIM�XRf*XRO�H P GIN�O%UFXRO�T+X6G P TVT+_FM�O P O%UIL0T PIe h P N�HKO�L
N�HKWIGFX c @ ��M PIe O%UIHKN
hFL+M�N%hFLVTVO�HKJ6L6CFO%UIL
TVUFX6GFGIL c HKN c H ?RL�X 4Ic XRTA? 4FP G�CIO P = UIHKTVU P GIL e X 5'P M e X 5 G P O
UFX+J6L
XRTVTVLVN�N = UIL+G QlP M e _ c XRO�HDGIW'X e'P fFL c C*X6GIf�O%UIL PI4 B�LVTVO�HKJ6L PRQ TVUFX6GFGIL c�e'P fFL c HDGIW�HKN�O P fFLVN�T+M�H 4 L
O%UIL�HDGFhF_IO � P _IO%hF_IO'M�L c XRO�H P GIN%UIHDh PRQ O%UIHKN 4Ic XRTA? 4FP G�@'��M PIe X6G�X c O�L+M�GFXRO�HKJ6L'JIHKL = h P HDG6O+C U P�= LVJ6L+MVC
O%UIL
TVUFX6GFGIL c�e'P fFL c T P _ c f�N�H e h cK5 fFLVN�T+M�H 4 L
O%UIL�T c XRN�N PRQ fFLVWIM�XRf*XRO�H P GIN�XRWIXRHDGIN�O = UIHKTVU P GIL = HKN%UILVN
O%UIL0L e'4 LVfFfFL+M0X6GIfZfFLVT P fFL+M�O P{4 L)M PI4 _IN�O+C  &()
 (DC O%UIL0N 5 N�O�L e HKN�fFLVN�HKWIGILVf O P�=�P M@?{XRWIXRHDGIN�O�X cKc
fFLVWIM�XRf*XRO�H P GIN�fFLVN�T+M�H 4 LVf 465 O%UIHKN0hFX6M�O�HKT+_ c X6M e'P fFL c @-� c O%U P _IWIUZO%UIL�fFH J L+M�L+GITVL 4 LVO = LVL+G-O%UILVN�L
O =�P JIHKL = N e X 5�4 L�N%_ 4 O c L6C�HKO
T+X6G 4 L'kF_IHKO�L'H e h P M�O%X6G6O = UIL+G)fFL+X c HDGIW = HKO%U)HDG6O�L+G6O�H P GFX c XRO�O%XRTA?6N
465 X'UI_ e X6G�XRO�O%XRTA?RL+MV@r��M PIe O%UIL j M�N�O�JIHKL = h P HDG6O+C�XRTVT+_FM�XRO�L cK5 fFLVN�T+M�H 4 HDGIW�X cKc fFLVWIM�XRf*XRO�H P GIN�O%UFXRO
X-UI_ e X6G T P _ c f h P N�N�H 4IcK5 T P GITVLVHKJ6L-_IN�HDGIW X�O%M�XRTVO%X 4Ic L e XRO%UIL e XRO�HKT+X c
e'P fFL c T P _ c f 4 L�kF_IHKO�L
fFH E0T+_ c O+CFH Q G P O�H e h P N�N�H 4Ic L6@�� P�= LVJ6L+MVC Q M PIe O%UIL
N�LVT P GIf0JIHKL = h P HDG6O+CFO%UIL
TVUFX6GFGIL cre'P fFL c HKN e'P M�L
c H ?RL0X0fFLVN�HKWIG{N%hFLVTVH j T+XRO�H P G�� I g
LVN�HKWIG�X6G)L e'4 LVfFfFL+M�X6GIf�fFLVT P fFL+M
O%UFXRO
X6M�L�M PI4 _IN�O�XRWIXRHDGIN�O
O%UIL
QlP6cKcKP�= HDGIW�XRO�O%XRTA?6N+@ J

	 LVWIX6M�f c LVN�N PRQ = UIHKTVU-JIHKL = h P HDG6O P GIL{XRf P hIO�N+C HDG-O%UIHKN0O%UILVN�HKN = L�fFLVN�T+M�H 4 L{O%UIL)TVUFX6GFGIL c LVH C
O%UIL+M
hFM PI4 X 4 H c HKN�O�HKT+X cKcK5�P M�fFLVO�L+M e HDGIHKN�O�HKT+X cKcK5 @
`aG�O%UIL'hFM PI4 X 4 H c HKN�O�HKT�T+XRN�L6C = L
N%hFLVTVH Ql5 O%UIL�TVUFX6GFGIL c
HDGFhF_IOFC P _IO%hF_IO'M�L c XRO�H P GIN%UIHDh�HDG�O�L+M e N PRQ O%UIL'T P GIfFHKO�H P GFX c hFM PI4 X 4 H c HKO 5�c X =������ � Y �
	 E ^V@
` e h c HKTVHKO cK5 C
O%UIHKN
N%hFLVTVH j T+XRO�H P G{X c N P fFLVN�T+M�H 4 LVN
O%UIL�T P GIfFHKO�H P GFX c hFM PI4 X 4 H c HKO 5)c X = PRQ O%UIL'hFL+M�O%_FM 4 XRO�H P G�J6LVTVO P M�N
XRWIXRHDGIN�O = UIHKTVU�O%UIL�N 5 N�O�L e�e _IN�O 4 L
M PI4 _IN�O N�HDGITVL ��� � � Y �
	 E ^�� � ��� � Y E � �
	 E ^V@"`aG'O%UIL�fFLVO�L+M e HDGIHKN�O�HKT
T+XRN�L6C P GIL�T+X6G'HDG'W6L+GIL+M�X c fFLVN�T+M�H 4 L
O%UIL�TVUFX6GFGIL c HDGFhF_IOFC P _IO%hF_IO�M�L c XRO�H P GIN%UIHDh�HDG�O�L+M e N PRQ O%UIL�N�LVO PRQ
h P N�N�H 4Ic L P _IO%hF_IO�N
��� �
	 E�� QlP M LVJ6L+M 5 W6HKJ6L+G�HDGFhF_IO+C P M LVkF_IHKJRX c L+G6O cK5 C*HDG�O�L+M e N PRQ O%UIL
N�LVO PRQ fFLVN�HDM�LVf
O P6c L+M�X 4Ic L'hFL+M�O%_FM 4 XRO�H P G�J6LVTVO P M�N���� �
	 E�� QlP M�LVJ6L+M 5 W6HKJ6L+G�HDGFhF_IO+@

A PIe L�LAGFX e h c LVN PRQ*Q X e H c HKLVN PRQ N%_ITVU'TVUFX6GFGIL c*e'P fFL c N�X6M�L�W6HKJ6L+G 4 L cKP�= @ b UILVN�L e'P fFL cIQ X e H c HKLVN
UFX+J6L0hFX6M�X e LVO�L+M�N
O%UFXRO�GFXRO%_FM�X cKcK5 T+X6hIO%_FM�L�O%UIL0N�LVJ6L+M�HKO 5{PRQ O%UIL�XRN�N P TVHDXRO�LVf�N�LVO PRQ hFL+M�O%_FM 4 XRO�H P G
J6LVTVO P M�N+C6X6GIf0O%UI_IN+C6O%UILVN�L
hFX6M�X e LVO�L+M�N�X c N P T P G6J6L+GIHKL+G6O cK5 TVUFX6M�XRTVO�L+M�H I L
O%UIL
M PI4 _IN�O%GILVN�N PRQ L e'4 LVf<C
fFHDGIW e LVO%U P fFN
XRN�fFHKN�T+_IN�N�LVf{HDG)AILVT6@*�F@D[6@

[6@ � ���G����%#� FG%#������� ��!#������� �6$&!&�G�&%#*)E�� � ?RL 5 M�LVkF_IHDM�L e L+G6O�HDG�O%UIL�fFLVN�HKWIG PRQ HDG QlP M e XRO�H P G�C
L e'4 LVfFfFHDGIW-N 5 N�O�L e N�HKN0O%UFXRO�O%UIL)fFLVT P fFL+M e _IN�O 4 L)T+X6hFX 4Ic L PRQ M�L c HDX 4IcK5 LAGIO%M�XRTVO�HDGIWZO%UIL
L e'4 LVfFfFLVf HDG QlP M e XRO�H P G 	 � ' ����! 	 � ��#�
%�� !���	�'� )� ��������
���
���
�' �%��
 !���	���
��6@ b UI_IN+C
HKO�HKN
M�L+XRN P GFX 4Ic L
O P XRN�N%_ e L�O%UFXRO�O%UIL
TVUFX6GFGIL c�P _IO%hF_IO�$'HKN�X Q XRHDM�M�L+hFM�LVN�L+G6O%XRO�H P G PRQ O%UIL P M�HKW6HDGFX c
N�HKWIGFX c @ �
GIL = X 5 O P LAGFhFM�LVN�N O%UIHKN T P GITVL+hIO PRQ I�Q XRHDM M�L+hFM�LVN�L+G6O%XRO�H P G?J
HKN�O P
4FP _FGIf�O%UIL�L+GIL+M�W 5
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PRQ O%UIL'hFL+M�O%_FM 4 XRO�H P G0J6LVTVO P MVC

� $ �  ��� � � � ��� � ��� �� � Yl�F@ ]I^

b UIHKN
TVUFX6GFGIL c�e'P fFL c C = UIHKTVU)fFLVN�T+M�H 4 LVN�X e X�GIH e _ e fFHKN�O P M�O�H P G�� P M e HDGIH e _ e A ��	 T P G�C
N�O%M�XRHDG6O 4 LVO = LVL+G'O%UIL�TVUFX6GFGIL c HDGFhF_IO�X6GIf P _IO%hF_IO+C e X 5'4 L
X6G'X6hFhFM P hFM�HDXRO�L e'P fFL cFQlP MrLVHKO%UIL+M
O%UIL�L J LVTVO PRQ X cKP N�N 5 T PIe hFM�LVN�N�H P G'X c W P M�HKO%U e P M"XRO�O�L e hIO�N 465 X6G�XRTVO�HKJ6L�XRO�O%XRTA?RL+M�O P M�L e'P J6L
O%UIL�L e'4 LVfFfFLVf-N�HKWIGFX c C QlP M
LAGFX e h c L6@ � L0X c N P T P GIN�HKfFL+M'HDG�O%UIHKN'O%UILVN�HKN'O%UIL�hFM PI4 X 4 H c HKN�O�HKT
T P _FG6O�L+M�hFX6M�O�O P O%UIHKN�TVUFX6GFGIL c C = UIL+M�L�� � � � � � � � ��� �� @

�F@ � ���G����%#��$&�&E2��� �G�)E2�2�&�����������6$&!&�G�&%#*)E�� A PIe L�XRO�O%XRTA?RL+M�N e X 58=�P M@? = HKO%U fFHKN�O P M�O�H P G
T P GIN�O%M�XRHDG6O 4 LVO = LVL+G�O%UIL0U P N�O�N�HKWIGFX c C�M�XRO%UIL+M
O%UFX6G{O%UIL0TVUFX6GFGIL c HDGFhF_IO+C X6GIfZO%UIL0TVUFX6GFGIL c
P _IO%hF_IO�N�HDGITVL{O%UIHKN0fFHKN�O P M�O�H P GZHKN0O%UIL e'P N�O�fFHDM�LVTVO e L+XRN%_FM�L PRQ fFLVWIM�XRf*XRO�H P G-O P O%UIL)U P N�O
N�HKWIGFX c @)� P M
LAGFX e h c L6C H Q X6GZXRO�O%XRTA?RL+M
UFXRN'hFX6M�O�HDX c ?IG P�=�c LVfFW6L PRQ O%UIL�U P N�O�N�HKWIGFX c C = UIHKTVU
e X 5 4 L{HDG O%UIL QlP M e PRQ XZhFM PI4 X 4 H c HKO 5 fFHKN�O%M�H 4 _IO�H P G�C
N P O%UFXRO�UIL P M�N%UIL{T+X6G T+X c T+_ c XRO�L
O%UIHKN�fFHKN�O P M�O�H P G�C"O%UIL+G�HKO e X 5�4 L�X6hFhFM P hFM�HDXRO�L�O P{4FP _FGIfZO%UIL�LAGFhFLVTVO�LVf-fFHKN�O P M�O�H P G������
� � �{Y � � �6^ � C = UIL+M�L0O%UIHKN'LAGFhFLVTVO%XRO�H P G�HKN'O%X�?RL+G P J6L+M
O%UIL0T P GIfFHKO�H P GFX c hFM PI4 X 4 H c HKO 5 fFL+GIN�HKO 5
�
	 � � Y >�	 E ^V@

DF@ �1�G�G������H&%5�&�&�)E2%5�6$&!&�G�&%#*)E�� `aG O%UIHKN�T+XRN�L)O%UIL�hFL+M�O%_FM 4 XRO�H P G-J6LVTVO P M �-HKN e'P fFL c LVf XRN
M�X6GIf PIe X6GIf'N�O%XRO�HKN�O�HKT+X cKcK5 HDGIfFL+hFL+GIfFL+G6O PRQ� @"�
G'XRfFfFHKO�HKJ6L = UIHKO�L

�
X6_IN�N�HDX6G'G P HKN�L�Y � �

�
� ^

TVUFX6GFGIL c HKN{X6G LAGFX e h c L PRQ N%_ITVU X-TVUFX6GFGIL c C�X6GIf O%UILZGFXRO%_FM�X c M PI4 _IN�O%GILVN�N e L+XRN%_FM�L�HDG
O%UIHKN)T+XRN�L{HKN)O%UIL e X�GIH e _ e G P HKN�LZJRX6M�HDX6GITVL�� �� N%_ITVU O%UFXRO�O%UILZhFM PI4 X 4 H c HKO 5 PRQ L+M�M P M�HKN
N%_�E0TVHKL+G6O cK5'cKP�= @ b UILVN�L�XRfFfFHKO�HKJ6L
G P HKN�L�TVUFX6GFGIL c�e'P fFL c N e X 5�4 L
X6hFhFM P hFM�HDXRO�L QlP M"N�TVL+GFX6M�H P N
= UIL+M�L P GIL Q XRTVLVN�_FGIHDG6O�L+G6O�H P GFX crP M�HDGITVHKfFL+G6O%X c XRO�O%XRTA?6N+CRN%_ITVU�XRN�O%U P N�L�O%UFXRO�X6M�HKN�L
HDG�U 5F4 M�HKf
O%M�X6GIN e HKN�N�H P G{X6GIf�N PIe L�X6_IO%UIL+G6O�HKT+XRO�H P G�X6hFh c HKT+XRO�H P GIN+@ b UILVN�L e'P fFL c N e X 5 X c N P T+X6hIO%_FM�L
O%UIL
L J LVTVO�N PRQ N PIe L cKP N�N 5 T PIe hFM�LVN�N�H P G�X c W P M�HKO%U e N+C*XRN�fFHKN�T+_IN�N�LVf{HDG��
hFh�@*?
@
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�
GZLAGIO%M�L e L cK5Zc X6M�W6L)GI_ e'4 L+M PRQ L e'4 LVfFfFHDGIW e LVO%U P fFN0UFX+J6L 4 LVL+G-hFM P h P N�LVf-HDG-O%UIL c HKO�L+M�XRO%_FM�L
� �6�IC�D�DFCF]*[ � @ 	 XRO%UIL+M�O%UFX6G�fFHKN�T+_IN�N�HDGIW�O%UIL�H e h c L e L+G6O%XRO�H P GFX c fFLVO%XRH c N PRQ O%UIHKN e�5 M�HDXRf PRQ N%hFLVTVH j T
X c W P M�HKO%U e N+C*HDG)O%UIHKN
N�LVTVO�H P G = L QlP T+_IN P _FM�fFHKN�T+_IN�N�H P G P G�O%UIL�T PIe�e'P G�hFL+M QlP M e X6GITVL'TVUFX6M�XRTVO�L+M�C
HKN�O�HKTVN PRQ"4 M P XRf�T c XRN�N�LVN PRQ e LVO%U P fFN+@ �
GIL
T PIe�e'P G = X 5 O P T c XRN�N�H Ql5 = XRO�L+M e X6M@?6HDGIW'X c W P M�HKO%U e N�HKN
4 XRN�LVf P G�O%UIL�O 5 hFLVN PRQ U P N�O
N�HKWIGFX c N
O%UFXRO
O%UIL'X c W P M�HKO%U e N
X6M�L
fFLVN�HKWIGILVf�O P = XRO�L+M e X6M@?
� �6�ICF]*[ � @
� P�= LVJ6L+MVC*HDG{O%UIHKN�O%UILVN�HKN = L PRQ O�L+G)LAGFX e HDGIL = XRO�L+M e X6M@?6HDGIW�XRO
O%UIL�UIHKWIUILVN�O+C e'P N�O Q _FGIf*X e L+G6O%X c
c LVJ6L c HDG = UIHKTVU{O%UIL0U P N�O�N�HKWIGFX c HKN'JIHKL = LVf�N�H e h cK5 XRN'X0J6LVTVO P M PRQ GI_ e'4 L+M�N+@���O
O%UIHKN c LVJ6L c C O%UIL
4 L+UFX+JIH P M0Y HDG)O�L+M e N PRQ XRTVUIHKLVJRX 4Ic L�M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N
O%M�XRfFL'C P�J N%^ PRQ O =�P X6_IfFH P�= XRO�L+M�C
e X6M@?6HDGIW�X c W P M�HKO%U e N e X 5 G P O
GILVTVLVN�N%X6M�H cK5�4 L e'P M�L�X c H ?RL'O%UFX6G�C�N%X 5 CFO%UIL 4 L+UFX+JIH P M PRQ X6G)X6_IfFH P
= XRO�L+M e X6M@?6HDGIW
X c W P M�HKO%U e X6GIf�X
N�H e H c X6M JIHKfFL P = XRO�L+M e X6M@?6HDGIW�X c W P M�HKO%U e C6X c O%U P _IWIU'O%UIL e L+XRN%_FM�L
PRQ fFHKN�O P M�O�H P G�X6GIf�M PI4 _IN�O%GILVN�N e X 5 C PRQ T P _FM�N�L6C 4 L
fFH J L+M�L+G6O QlP M JIHKfFL P O%UFX6G QlP M�X6_IfFH P @��
_FM�T c XRNFC
N�H j T+XRO�H P G�N 5 N�O�L e CFO%UIL+M�L QlP M�L6CIHKN 4 XRN�LVf P G0O%UIL
O 5 hFLVN PRQ�4 L+UFX+JIH P M�N
O%UFXRO�fFH J L+M�L+G6O = XRO�L+M e X6M@?6HDGIW
N 5 N�O�L e N'LAGFUIH 4 HKO0XRN�X)M�LVN%_ c O PRQ O%UIL�hFM P hFL+M�O�HKLVN PRQ O%UILVHDM�M�LVN%hFLVTVO�HKJ6L�L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN+@�`aG
hFX6M�O�HKT+_ c X6MVC P _FM�O%X�G P G PIe�5'PRQ L e'4 LVfFfFHDGIW e LVO%U P fFN�HDGIT c _IfFLVN
O =�P T c XRN�N�LVN+�
Y�[+^�U P N�OFCaHDG6O�L+M Q L+M�L+GITVL
G P G�C�M�LFB�LVTVO�HDGIW e LVO%U P fFN
X6GIf-Yl�6^�U P N�OFCaHDG6O�L+M Q L+M�L+GITVL'M�LFB�LVTVO�HDGIW e LVO%U P fFN+@

��������� ,-�(�&�
	A��	(�����&�'������	�;>��	��(	�	A��������;<����	#�  !�>��
��#���

� c X6M�W6L'GI_ e'4 L+M PRQ L e'4 LVfFfFHDGIW{X c W P M�HKO%U e N
X6M�L
fFLVN�HKWIGILVf 4 XRN�LVf P G�O%UIL'hFM�L e HKN�L'O%UFXRO�O%UIL'U P N�O
N�HKWIGFX c HKN c H ?RL0X�N P _FM�TVL PRQ G P HKN�L P M�HDG6O�L+M Q L+M�L+GITVL6@ b UIHKN
JIHKL = X6M�HKN�LVN = UIL+G P GIL�GILVW c LVTVO�N
O%UIL Q XRTVO
O%UFXRO�O%UIL0L+GIT P fFL+M�HDG�� HKW*@ �&C��)UFXRN'XRTVTVLVN�N'O P C"X6GIf-UIL+GITVL�T+X6G{LAGFh cKP HKO ?IG P�=�c LVfFW6L PRQ C"O%UIL0U P N�O
N�HKWIGFX c �*@

b UIL
N�H e h c LVN�O PRQ O%UIHKN
T c XRN�N
UFX+J6L�hF_FM�L cK5 XRfFfFHKO�HKJ6L'L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN PRQ O%UIL QlP M e

E Y������'^��	� � � Y �'^�� Yl�F@ �6^

= UIL+M�L � Y �'^
HKN0O 5 hIHKT+X cKcK5 X�hIN�L+_If P C�G P HKN�L{N�LVkF_IL+GITVL6@ B e'4 LVfFfFHDGIW e LVO%U P fFN�HDG-O%UIHKN0T c XRN�N0X6M�L
PRQ O�L+G)M�L Q L+M�M�LVf)O P XRN
N%hFM�L+XRf)N%hFLVTVO%M�_ e#e LVO%U P fFN
X6GIf{N PIe L PRQ O%UIL'L+X6M c HKLVN�O
LAGFX e h c LVN�X6M�L
W6HKJ6L+G
465�b HDM@?RL c C�
�� 	�')( � ]6]FC6]I� � CI?�L+GIfFL+MVC ��
�� 	�')( � ] � CIi P G�C

�� 	�')( �D[V]FC*[+� � CIX6GIf�A e HKO%U0X6GIf0i PIe HKN'?RL 5 � D6� � @

� � ��
;� 4 �!�'�'� �#"������ ��� %!"��'� �	��� 5 � 8 "�/��#
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��M PIe Yl�F@ �6^VC = L�N�LVL)O%UFXRO QlP M'O%UIHKN0T c XRN�N PRQ L e'4 LVfFfFHDGIW e LVO%U P fFN+C�O%UIL)U P N�O0N�HKWIGFX c �ZXRTVO�N
XRN�XRfFfFHKO�HKJ6L)HDG6O�L+M Q L+M�L+GITVL)O%UFXRO'HDGFUIH 4 HKO�N�O%UIL�fFLVT P fFL+M�� N�X 4 H c HKO 5 O P LVN�O�H e XRO�L �0@�i P GIN�LVkF_IL+G6O cK5 C
LVJ6L+G{HDG�O%UIL0X 4 N�L+GITVL PRQ X6G 5 TVUFX6GFGIL c hFL+M�O%_FM 4 XRO�H P GIN)Y � � � ^VC P GIL�T+X6G�_IN%_FX cKcK5 L e'4 LVf P G cK5 X
N e X cKc X e'P _FG6O PRQ HDG QlP M e XRO�H P G�@ b UI_IN+C O%UILVN�L e LVO%U P fFN0X6M�L0_IN�L Q _ c hFM�H e X6M�H cK5-= UIL+GZLVHKO%UIL+M'O%UIL
U P N�O�N�HKWIGFX c HKN
X+JRXRH c X 4Ic L�XRO�O%UIL�fFLVT P fFL+M P M = UIL+G�O%UIL�U P N�O�N�HKWIGFX c HDG6O�L+M Q L+M�L+GITVL'HKN e _ITVU0N e X cKc L+M
O%UFX6G�O%UIL
TVUFX6GFGIL c HDG6O�L+M Q L+M�L+GITVL6@�`aGIfFLVLVfrC�HDG �D[V] � i P G�C 
�� 	�')(DC�XRN�N%_ e L
O%UFXRO%��HKN�X+JRXRH c X 4Ic L�XRO�O%UIL
fFLVT P fFL+MV@

b UIL'U P N�OFCaHDG6O�L+M Q L+M�L+GITVL'C c H e HKO�LVfZhFL+M QlP M e X6GITVL PRQ hF_FM�L cK5 XRfFfFHKO�HKJ6L)Yl�F@ �6^�L e'4 LVfFfFHDGIW e LVO%U P fFN
HKN'L e'4FP fFHKLVf-HDG�� HKW*@"�&CFD)XRN�O%UIL�_FhFhFL+M c H e HKO P G�M�XRO�L PRQ O%UIL0f*XRN%UILVfZT+_FM�J6L6C = UIHKTVUZM�L+hFM�LVN�L+G6O�N
O%UIL
XRTVUIHKLVJRX 4Ic L'M�XRO�L'C�M PI4 _IN�O%GILVN�N�hFL+M QlP M e X6GITVL PRQ U P N�OFCaHDG6O�L+M Q L+M�L+GITVL
G P G�C�M�LFB�LVTVO�HDGIW e LVO%U P fFN+CFXRO�X
j GILVf c LVJ6L c"PRQ L e'4 LVfFfFHDGIW�CaHDGIf*_IT+LVfZfFHKN�O P M�O�H P G�@�� c O%U P _IWIU)O%UIL'GI_ e L+M�HKT+X c JRX c _ILVN P G�O%UIL'X�GILVN PRQ
� HKW*@F�&CFD�T P M�M�LVN%h P GIf0O P O%UIL
T+XRN�L PRQ(= UIHKO�L

�
X6_IN�N�HDX6G�U P N�O�N�HKWIGFX c N
X6GIf)XRfFfFHKO�HKJ6L = UIHKO�L

�
X6_IN�N�HDX6G

G P HKN�L{TVUFX6GFGIL c N+C = UIHKTVU HKN�fFHKN�T+_IN�N�LVf HDG i�UFX6h�@�dFC � O%UIL{_FhFhFL+M)M�XRO�L)O%UFM�LVN%U P6c f PRQ O%UIL)f*XRN%UILVf
T+_FM�J6L�HKN�XRTVO%_FX cKcK5 M�L+hFM�LVN�L+G6O%XRO�HKJ6L PRQ O%UIL�����	�'  ��&	��& ��
 4 L+UFX+JIH P M PRQ U P N�OFCaHDG6O�L+M Q L+M�L+GITVL
G P G�C�M�LFB�LVTVO�HDGIW
e LVO%U P fFN
HDG{W6L+GIL+M�X c @'`aGIfFLVLVfrC"AF_�UFXRN
fFL+M�HKJ6LVfZX0N�H e H c X6M�_FhFhFL+M�M�XRO�L�O%UFM�LVN%U P6c f QlP M�O%UIL'T+XRN�L PRQ
N P CaT+X cKc LVf0h P�= L+M�CaN%hFLVTVO%M�_ e T P GIfFHKO�H P G�CaT PIe h c HDX6G6O�XRfFfFHKO�HKJ6L = XRO�L+M e X6M@?6N"X6GIf � HKL+GIL+M XRO�O%XRTA?6N�� D6\ � @

S X6G 5 L e'4 LVfFfFHDGIW e LVO%U P fFN
LAGFh cKP HKO'TVUFX6M�XRTVO�L+M�HKN�O�HKTVN PRQ UI_ e X6G{hFL+M�TVL+hIO%_FX c N 5 N�O�L e N 465 XRf<C
B�_IN�O�HDGIW'O%UIL�Y N�kF_FX6M�LVf0L+M�M P M�^"fFHKN�O P M�O�H P G 4 LVO = LVL+G��'X6GIf  XRTVT P M�fFHDGIW'O P N PIe L
hFL+M�TVL+hIO%_FX cre'P fFL c @
� UIL+G�O%UIL e'P fFL c HDGIfFHKT+XRO�LVN�O%UFXRO'UI_ e X6GIN'X6M�L c LVN�N c H ?RL cK5 O P hFL+M�TVLVHKJ6L�TVUFX6GIW6LVN�O P �*C"O%UIL0U P N�O
N�HKWIGFX c HKN�X c O�L+M�LVf�X�WIM�L+XRO�L+M
X e'P _FG6O'Y HDG)O�L+M e N PRQ N�kF_FX6M�LVf{L+M�M P M�^�O%UFX6G�HDG{T+XRN�LVN = UIL+G)O%UIL'hFL+M�C
TVL+hIO%_FX c�e'P fFL c HDGIfFHKT+XRO�LVN0O%UFXRO�UI_ e X6GIN�X6M�L e'P M�L c H ?RL cK5 O P hFL+M�TVLVHKJ6L)TVUFX6GIW6LVN+@ �
GIL�T PIe�e'P G
e LVO%U P f QlP M
HDGIT P M�h P M�XRO�HDGIW�O%UILVN�L�hFM�HDGITVHDh c LVN�HKN'O P X e h c HKO%_IfFL'C = LVHKWIU6O�O%UIL�hIN�L+_If P C�G P HKN�L)J6LVTVO P M
� Y �'^ HDGZYl�F@ �6^V@ b UIL'M�LVN%_ c O�HDGIW0L e'4 LVfFfFHDGIW Q _FGITVO�H P G�HKN = LVHKWIU6O�LVf<C�XRfFfFHKO�HKJ6L6�

��� Y������'^���� � �	� � Y��I^�
 � Y �'^�� Yl�F@ d6^

= UIL+M�L0O%UIL0N%_ 4 N�T+M�HDhIO
�
fFL+G P O�LVN'O%UIL�� CaO%U�L c L e L+G6O PRQ O%UIL�T P M�M�LVN%h P GIfFHDGIW�J6LVTVO P MVC� &()
 (DCrO%UIL�� CaO%U
L c L e L+G6O PRQ � Y �'^ HKN = LVHKWIU6O�LVf = HKO%U)X6G�X e h c HKO%_IfFL Q XRTVO P M � � Y��I^V@"�
G0LAGFX e h c L PRQ X6G0L e'4 LVfFfFHDGIW
Q _FGITVO�H P G = HKO%UIHDG-O%UIHKN0T c XRN�N�HKN�hFM P h P N�LVf 465-m"P fFH c TVUI_>?-X6GIf���L+GIW � DR] � C = UIL+M�L�O%UIL{X e h c HKO%_IfFL
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� HKWI_FM�L �&CFDF� K
_FX c HKO%XRO�HKJ6L 4 L+UFX+JIH P M PRQ U P N�OFCaHDG6O�L+M Q L+M�L+GITVL M�LFB�LVTVO�HDGIW Y N P6c HKf�T+_FM�J6L+^�X6GIf/G P G�C
M�LFB�LVTVO�HDGIW Y f*XRN%UILVf T+_FM�J6L+^�L e'4 LVfFfFHDGIW e LVO%U P fFN+@ b UIL)f*XRN%UILVf T+_FM�J6L � N�_FhFhFL+M�M�XRO�L�O%UFM�LVN%U P6c f
XRO cKP�= c LVJ6L c N PRQ M PI4 _IN�O%GILVN�N�Y cKP�= c LVJ6L c N PRQ TVUFX6GFGIL c HDG6O�L+M Q L+M�L+GITVL+^�HDGIfFHKT+XRO�LVN�U P N�OFCaHDG6O�L+M Q L+M�L+GITVL'C
c H e HKO�LVf�hFL+M QlP M e X6GITVL6@

Q XRTVO P M�N � � Y��I^�X6M�L�N�LVO�XRTVT P M�fFHDGIW'O P B�_IN�O�G P O�HKTVL+X 4Ic L�fFH J L+M�L+GITVL�Y � � g�^ c LVJ6L c N�T PIe hF_IO�LVf Q M PIe O%UIL
U P N�O�N�HKWIGFX c @

� N%hFLVTVHDX c N%_ 4 T c XRN�N PRQ�= LVHKWIU6O�LVf<C�XRfFfFHKO�HKJ6L�L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN+C
W6HKJ6L+G HDG �D[V] � C
X6M�HKN�L 465
c LVO�O�HDGIW0O%UIL�X e h c HKO%_IfFL Q XRTVO P M�N 4 L'hFM P h P M�O�H P GFX c O P ��N P O%UFXRO

� � Y��I^�� � � � �

= UIL+M�L � HKN�X'T P GIN�O%X6G6O+@ b UI_IN+C*O%UILVN�L�L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN�UFX+J6L
O%UIL'hFM P hFL+M�O 5 O%UFXRO c X6M�W6L�U P N�O
N�HKWIGFX c N%X e h c LVN�X6M�L�X c O�L+M�LVf e'P M�L�O%UFX6G�N e X cKc U P N�O�N�HKWIGFX c N%X e h c LVN+@ b UIHKN�N%hFLVTVHDX c N%_ 4 T c XRN�N PRQ
L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN
X6M�L�hF_FM�L cK5 XRfFfFHKO�HKJ6L�HDG�O%UIL cKP W�Caf PIe XRHDG�N�HDGITVL

��� Y������'^���� � � � � � 
 � Y �'^���� � Y�[ � � 
 � Y �'^�^

H e h c HKLVN
O%UFXRO
cKP W ��� Y������'^�� cKP W � � � cKP WrY�[ � � 
 � Y �'^�^��

AIHDGITVL�O%UIL cKP W Q _FGITVO�H P G{HKN
HDG6J6L+M�O�H 4Ic L6C"H Q�P GIL�UFXRN
fFH E0T+_ c O 5 HDG�M�LVT P J6L+M�HDGIW � Q M PIe O%UIL'T PIe C
h P N�HKO�L{N�HKWIGFX c HDG O%UIL cKP W�Caf PIe XRHDG f*_IL{O P U P N�O�N�HKWIGFX c HDG6O�L+M Q L+M�L+GITVL6C
O%UIL+G P GIL e _IN�O)X c N P L+G�C
T P _FG6O�L+M�fFH E0T+_ c O 5 HDG{M�LVT P J6L+M�HDGIW � Q M PIe O%UIL�T PIe h P N�HKO�L'N�HKWIGFX c HDG)O%UIL�G P G�C cKP W�Caf PIe XRHDG�@ b UI_IN+C
�
� � ���
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U P N�OFC�hFM P h P M�O�H P GFX c X e h c HKO%_IfFL = LVHKWIU6O�HDGIW X c N P M�LVN%_ c O�N)HDG U P N�O�N�HKWIGFX c HDG6O�L+M Q L+M�L+GITVL6C'X c O%U P _IWIU
O%UIL0hFM PI4 X 4 H c HKO 5 fFHKN�O%M�H 4 _IO�H P GIN PRQ O%UIL0HDG6O�L+M Q L+M�L+GITVL cKP W � � X6GIf PRQ O%UIL = XRO�L+M e X6M@?�hIN�L+_If P C�G P HKN�L
cKP WrY�[ � � 
 � Y �'^�^�X6M�L6C PRQ T P _FM�N�L6C�HDG W6L+GIL+M�X c fFH J L+M�L+G6O0O%UFX6GZO%UIL{hFM PI4 X 4 H c HKO 5 fFHKN�O%M�H 4 _IO�H P GIN PRQ
� � X6GIf 
 � Y �'^V@�� c O%U P _IWIU�HDG{O%UIL e'P M�L�W6L+GIL+M�X c#= LVHKWIU6O�LVf<C�XRfFfFHKO�HKJ6L�T+XRN�L{Yl�F@ d6^VC*O%UIL�L+GIT P fFL+M�HDG
� HKW*@*�&C��'HKN
G P O�HKWIG P M�HDGIW ��N�HDGITVL

��� Y������'^�� � � Y��I^�
 � Y �'^��

HDG{W6L+GIL+M�X c _FG c LVN�N�O%UIL = LVHKWIU6O�HDGIW Q _FGITVO�H P GIN � � Y��I^
X6M�L�LAGFh c HKTVHKO cK5 fFLVN�HKWIGILVf�O P M�LFB�LVTVO�U P N�O
HDG6O�L+M�C
Q L+M�L+GITVL�HDG)XRfFfFHKO�H P G�O P LAGFh cKP HKO�HDGIW)hFL+M�TVL+hIO%_FX c"e'P fFL c N+C�U P N�O�HDG6O�L+M Q L+M�L+GITVL = H cKc N�O�H cKcrc H e HKO�hFL+M QlP M�C
e X6GITVL'X6GIf)O%UI_IN
O%UIHKN
T c XRN�N PRQ N 5 N�O�L e N = H cKc N�O�H cKc LAGFUIH 4 HKO�O%UIL�kF_FX c HKO%XRO�HKJ6L 4 L+UFX+JIH P M
M�L+hFM�LVN�L+G6O�LVf
465 O%UIL�f*XRN%UILVf�T+_FM�J6L�HDG{� HKW*@r�&CFDF@ � L�M�L e X6M@?�O%UFXRO
HDG�hFM P h P N�HDGIW)O%UIL = LVHKWIU6O�LVf<C�XRfFfFHKO�HKJ6L�X6GIf
cKP W�C�XRfFfFHKO�HKJ6L
L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN+C m"P fFH c TVUI_>?0X6GIf ��L+GIW � DR] � X6GIf0i P G�C�
�� 	�')( �D[V] � CIM�LVN%hFLVTVO�HKJ6L cK5 C
= L+M�L'XRTVO%_FX cKcK5 T P GIN�HKfFL+M�HDGIW)O%UIL�T+XRN�L = UIL+M�L�O%UIL'U P N�O�N�HKWIGFX c
= XRN
X+JRXRH c X 4Ic L0XRO�O%UIL�fFLVT P fFL+MVCrX6GIf
UIL+GITVL6C�U P N�O�HDG6O�L+M Q L+M�L+GITVL = XRN�G P O
X6G0HKN�N%_IL6@
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�
X+JIHDGIW�N�LVL+G�O%UIL�HDGFUIL+M�L+G6O c H e HKO%XRO�H P GIN PRQ L e'4 LVfFfFHDGIW e LVO%U P fFN�O%UFXRO�f P G P O�M�LFB�LVTVO�U P N�O�HDG6O�L+M Q L+M�C
L+GITVL 465 LAGFh cKP HKO�HDGIW ?IG P�=�c LVfFW6L PRQ O%UIL�U P N�OrN�HKWIGFX c XRO�O%UIL�L+GIT P fFL+MVC = L fFHKN�T+_IN�N HDG
O%UIHKNrN�LVTVO�H P G
N PIe L
LAGFX e h c LVN PRQ U P N�OFCaHDG6O�L+M Q L+M�L+GITVL)M�LFB�LVTVO�HDGIW e LVO%U P fFN+@{`aG-i�UFX6h�@
D = L0hFM�LVN�L+G6O�X{G P J6L c N%_ 4 T c XRN�N
PRQ N%_ITVUZU P N�OFCaHDG6O�L+M Q L+M�L+GITVL)M�LFB�LVTVO�HDGIW e LVO%U P fFN'T+X cKc LVf kF_FX6G6O�H I XRO�H P GZHDGIfFLAG e'P f*_ c XRO�H P G Y�K
` S ^V@
b UIHKN�K
` S T c XRN�N PRQ L e'4 LVfFfFHDGIW e LVO%U P fFN�LAGFUIH 4 HKO�N�O%UIL
O 5 hFL PRQ 4 L+UFX+JIH P M�H cKc _IN�O%M�XRO�LVf 465 O%UIL
N P6c HKf
T+_FM�J6L'HDG{� HKW*@r�&CFDFC = UIH c L0hFM P JIHKfFHDGIW)L+G P _IWIU{N�O%M�_ITVO%_FM�L'O P X cKcKP�= O%UIL'N 5 N�O�L e fFLVN�HKWIGIL+M
O P L+XRN�H cK5
O%M�XRfFL P�J M�XRO�L6C6fFHKN�O P M�O�H P G�C*X6GIf�M PI4 _IN�O%GILVN�N+C� &()
 (DCIO P�e'P J6L Q M PIe P GIL�h P HDG6O P G�O%UIL
N P6c HKf)T+_FM�J6L PRQ
� HKW*@*�&CFD'O P X6G P O%UIL+MV@

�;%��&%#��!�*)��<6%#�=*��������G���1'(������*�!#�������
A = X6GIN P G�C �rUI_�C"X6GIf b L =�j ? � ]<D � UFX+J6L0hFM P h P N�LVfZX6G)LAGFX e h c L PRQ X)U P N�OFCaHDG6O�L+M Q L+M�L+GITVL0M�LFB�LVTVO�HDGIW
L e'4 LVfFfFHDGIW e LVO%U P f�O%UFXRO P GIL e HKWIU6O�T+X cKc4I W6L+GIL+M�X c H I LVf cKP�= C 4 HKO e'P f*_ c XRO�H P GZY �r? S ^ J*CFX c O%U P _IWIU
A = X6GIN P G�C

�� 	�')(DC6f P G P O�_IN�L�O%UIHKN�O�L+M e LAGFh c HKTVHKO cK5 @ b UIL e LVO%U P f�T P GIN�HKN�O�N PRQ O =�P N�O�L+hIN+��Y�[+^ c HDGIL+X6M
hFM P B�LVTVO�H P G P G6O P X�hIN�L+_If P M�X6GIf PIe fFHDM�LVTVO�H P G{X6GIf-Yl�6^�kF_FX6G6O�H I XRO�H P G�C�X6GIf<C�hFL+M�O%_FM 4 XRO�H P G�CrXRN
H cKc _INFC
O%M�XRO�LVf�HDG'� HKW*@R�&Ca]*@"`aG'O%UIL j M�N�O N�O�L+h�O%UIL�U P N�O N�HKWIGFX c J6LVTVO P M �
HKN�hFM P B�LVTVO�LVf P G6O P X
hIN�L+_If P M�X6GIf PIe
�
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J6LVTVO P M H O P�PI4 O%XRHDG
����	� � H �

b UIL+G�C"HDG QlP M e XRO�H P G�HKN'L e'4 LVfFfFLVf-HDG��� 465 kF_FX6G6O�H I HDGIW�HKO = HKO%U�X{_FGIH QlP M e C"N�T+X c X6M
kF_FX6G6O�H I L+M PRQ
N�O�L+h{N�H I L��#X6GIfZhFL+M�O%_FM 4 HDGIW{O%UIL0M�LVT P GIN�O%M�_ITVO�H P G{h P HDG6O 465 X6G{X e'P _FG6O
O%UFXRO
HKN�fFLVO�L+M e HDGILVf 465
�0@
Y ��P HDG QlP M e XRO�H P G�HKN
L e'4 LVfFfFLVf{HDG)T PIe h P GIL+G6O�N PRQ �0O%UFXRO
X6M�L P M�O%U P W P GFX c O P H @ ^ b UI_IN+C*O%UIL
hFM P B�LVTVO�H P G��� PRQ O%UIL
T PIe h P N�HKO�L�N�HKWIGFX crP G6O P H HKN

�� ���FY���F^ �	� Y �'^��

= UIL+M�L
�FY�� ^*HKN X�_FGIH QlP M e CRN�T+X c X6M�kF_FX6G6O�H I XRO�H P G Q _FGITVO�H P G PRQ N�O�L+h
N�H I L
� X6GIf � Y �'^FHKN X�hFL+M�O%_FM 4 XRO�H P G
JRX c _IL6C�X6GIf�O%UIL�T PIe h P N�HKO�L
N�HKWIGFX c J6LVTVO P M�HKN

 �	� � Y
�� � ��*^ H �

� P M'LAGFX e h c L6C�N%_FhFh P N�L��� c HKLVN)N PIe L = UIL+M�L)HDG O%UIL)N�LVT P GIf kF_FX6G6O�H I XRO�H P G TVL cKc�Q M PIe O%UIL c L Q O0HDG
� HKW*@F�&Ca]0X6GIf = L = HKN%U�O P L e'4 LVf�[ 4 HKO+@ b UIL+G�C��FY���*^�HKN
M�L+hFM�LVN�L+G6O�LVf 465 O%UIL
N P6c HKf)f P O�Y��6^�HDG�O%UFXRO
TVL cKc C � Y �'^ �������R]*C�X6GIf��� = H cKc LVHKO%UIL+M 4 L'O%UIL��
C�h P HDG6O0Y O P L e'4 LVf�X0�&C 4 HKO%^ P M�O%UIL��&C�h P HDG6O0Y O P
L e'4 LVf�X'['C 4 HKO%^�HDG'O%UIL
N%X e L�TVL cKc @�`aG
� ]<D � A = X6GIN P G�C�
�� 	�')(DCIG P O�L�O%UFXRO P GIL
T+X6G'L e'4 LVf e'P M�L�O%UFX6G
[ 4 HKO
HDG{O%UIL��HCafFH e L+GIN�H P GFX c J6LVTVO P M 465 TVU PIP N�HDGIW)XRfFfFHKO�H P GFX c hFM P B�LVTVO�H P G)J6LVTVO P M�N H @ �
GIL'T P _ c f
X c N P CFHKO�N�LVL e N+C*UFX+J6L P G cK5�P GIL�hFM P B�LVTVO�H P G�J6LVTVO P M H C 4 _IO e'P M�L
O%UFX6G�O =�P h P N�N�H 4Ic L�hFL+M�O%_FM 4 XRO�H P G
JRX c _ILVN � Y�[+^�� � Yl�6^�������� � ��� � �	��
��r@

� L'G P O�HKTVL�O%UFXRO
X cKc U P N�O
N�HKWIGFX c JRX c _ILVN���{O%UFXRO e X6h P G6O P X0W6HKJ6L+G�� h P HDG6O = UIL+G�X0�&C 4 HKO
HKN
L e'4 LVfFfFLVf-X c N P)e X6h P G6O P O%UIL'N%X e L���h P HDG6O = UIL+G{X�['C 4 HKO
HKN�L e'4 LVfFfFLVfr@��
N'X�M�LVN%_ c O PRQ O%UIHKN
T P GIfFHKO�H P G�C P GIL�T+X6G c X 4 L c O%UIL ��X6GIf��
h P HDG6O�N = HKO%U 4 HKO c X 4 L c N�N%_ITVU�O%UFXRO"O%UIL�L e'4 LVfFfFHDGIW Q _FGITVO�H P G
HKN LVkF_IHKJRX c L+G6O�O P
cKP�= C 4 HKO e'P f*_ c XRO�H P G�@�AFhFLVTVH j T+X cKcK5 CFO%UIHKN kF_FX6G6O�H I XRO�H P G�C�X6GIf<C�hFL+M�O%_FM 4 XRO�H P G0hFM P TVLVN�N
HKN
LVkF_IHKJRX c L+G6O
O P O%UIL QlP6cKcKP�= HDGIW*�
[6@�K
_FX6G6O�H I L	�� = HKO%U X{kF_FX6G6O�H I L+M PRQ N�O�L+hZN�H I L!���6� = U P N�L)M�LVT P GIN�O%M�_ITVO�H P G h P HDG6O�N)X6M�L�O%UIL
_FGIH P G PRQ O%UIL
N�LVO PRQ � h P HDG6O�N
X6GIf�N�LVO PRQ ��h P HDG6O�N+@ b UILVN�L�M�LVT P GIN�O%M�_ITVO�H P G0h P HDG6O�N
UFX+J6L 4 HKO
c X 4 L c N
XRN�N%U P�= G0HDG�� HKW*@*�&Ca]*@

�F@ S{P f*_ c XRO�L�YlM�L+h c XRTVL+^�O%UIL c L+XRN�O�N�HKWIGIH j T+X6G6O 4 HKO�HDG0O%UIL 4 HKO c X 4 L c(= HKO%U0O%UIL = XRO�L+M e X6M@? 4 HKO�O P
X6M�M�HKJ6L'XRO
X�T PIe h P N�HKO�L�N�HKWIGFX c 4 HKO c X 4 L c @
AILVO
O%UIL�T PIe h P N�HKO�L'N�HKWIGFX c hFM P B�LVTVO�H P G�JRX c _IL��� O P
O%UIL�M�LVT P GIN�O%M�_ITVO�H P G�h P HDG6O = HKO%U�O%UIHKN�T PIe h P N�HKO�L�N�HKWIGFX c"4 HKO c X 4 L c @
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� HKWI_FM�L'�&Ca]*��B kF_IHKJRX c L+GITVL PRQ kF_FX6G6O�H I XRO�H P G�C�X6GIf<C�hFL+M�O%_FM 4 XRO�H P G)O P'cKP�= C 4 HKO e'P f*_ c XRO�H P G�@�K
_FX6G6O�H I C
HDGIW = HKO%U�N�O�L+h
N�H I L � X6GIf�hFL+M�O%_FM 4 HDGIW
O%UIL�M�LVT P GIN�O%M�_ITVO�H P G�h P HDG6O HKN LVkF_IHKJRX c L+G6O�O P kF_FX6G6O�H I HDGIW = HKO%U
N�O�L+h0N�H I L����6�'X6GIf e'P f*_ c XRO�HDGIW0O%UIL c L+XRN�O
N�HKWIGIH j T+X6G6O 4 HKO+@�`aG�W6L+GIL+M�X c CFO%UIL�fFL j GIHDGIW�hFM P hFL+M�O 50PRQ
cKP�= C 4 HKO e'P f*_ c XRO�H P G0HKN�O%UFXRO�O%UIL
L e'4 LVfFfFHDGIW0HDG6O�L+M�JRX c N QlP M �-h P HDG6O�N
X6GIf��'h P HDG6O�N�X6M�L
O%UIL
N%X e L6@

b UI_IN+C�O%UIL'kF_FX6G6O�H I XRO�H P G�C�X6GIf<C�hFL+M�O%_FM 4 XRO�H P G�L e'4 LVfFfFHDGIW e LVO%U P f{HDG � ]<D � HKN cKP�= C 4 HKO e'P f*_ c XRO�H P G
PRQ O%UIL
kF_FX6G6O�H I XRO�H P G PRQ ��"@

�
G L+X6M c HKL+M�hFX6hFL+M � ]I� �'465 A = X6GIN P G�C 
���	�')(DC�W6HKJ6LVN�X6G P O%UIL+M0LAGFX e h c L PRQ W6L+GIL+M�X c H I LVf cKP�= C
4 HKO e'P f*_ c XRO�H P G�C = UIL+M�L�XZf*XRO%X 4 HKO)HKN{M�L+hFL+XRO�LVf cK5 L e'4 LVfFfFLVf HDG O%UIL{g�i b T P L'E0TVHKL+G6O�N PRQ X
4IcKP TA? M�XRO%UIL+M�O%UFX6G HDG O%UIL�hFM P B�LVTVO�H P GIN P G6O P hIN�L+_If P M�X6GIf PIe fFHDM�LVTVO�H P GIN+@ �
GIL{T+X6G JIHKL = O%UIL
g�i b�4 XRN�HKN�J6LVTVO P M�N+C*O%UIL+G�C"XRN
O%UIL0hFM P B�LVTVO�H P G)J6LVTVO P M�N H HDG�O%UIL'fFHKN�T+_IN�N�H P GZX 4FP J6L6@ b UIL0XRTVO%_FX c
L e'4 LVfFfFHDGIW P TVT+_FM�N�O%UFM P _IWIU0kF_FX6G6O�H I XRO�H P G)X6GIf{hFL+M�O%_FM 4 XRO�H P G�C = UIHKTVU = L�G P�= M�LVT P WIGIH I L'XRN cKP�= C
4 HKO e'P f*_ c XRO�H P G�@

A PIe L
hFL P h c L e X 5 hFM�L Q L+M�O P _IN�L
O%UIL
O�L+M e I�cKP�= C 4 HKO e'P f*_ c XRO�H P G?J P G cK5 O P M�L Q L+M�O P O%UIL e'P f<C
_ c XRO�H P G PRQ O%UIL c L+XRN�O
N�HKWIGIH j T+X6G6O 4 HKO�N PRQ hIH GIL c JRX c _ILVN
O%UFXRO
X6M�L'X c M�L+XRf 5 kF_FX6G6O�H I LVfrC QlP M�LAGFX e h c L6C
= UIL+G�O%UIL
U P N�O�N�HKWIGFX c HKN�X6G �&C 4 HKO�WIM�X 5 N�T+X c L�H e XRW6L6@ b UIHKN�T P M�M�LVN%h P GIfFN�O P O%UIL
N%hFLVTVHDX c T+XRN�L = UIL+G
O%UIL'J6LVTVO P M�N H X6M�L I N�O%X6GIf*X6M�f 4 XRN�HKN J�J6LVTVO P M�N+C  &()
 (DC H HKN'X�T P6c _ e G PRQ O%UIL'HKfFL+G6O�HKO 5{e XRO%M�H G�CrX6GIf
� � �F@ brP L e hFUFXRN�H I L�O%UFXRO�O%UIL
kF_FX6G6O�H I XRO�H P G e X 5�P TVT+_FM�HDG)X6G 5 f PIe XRHDG�C*G P O
B�_IN�O�HDG�O%UIL
hIH GIL c
f PIe XRHDG�C"X6GIf{O%UFXRO P GIL e X 5 XRf�B�_IN�O
O%UIL'N�O�L+h{N�H I L�� O P X6G 5 fFLVN�HDM�LVf�JRX c _IL6C = L�_IN�LVf�O%UIL'O�L+M e
I W6L+GIL+M�X c H I LVf��r? S J'X 4FP J6L = UIL+G j M�N�O HDG6O%M P f*_ITVHDGIW'O%UIL�O�LVTVUFGIHKkF_IL PRQ A = X6GIN P G�C�
�� 	�')(D@ � P�= LVJ6L+MVC
HDG{O%UIHKN�O%UILVN�HKN�O%UIL'O�L+M e �r? S C�LVJ6L+G = HKO%U P _IO
O%UIL =�P M�f I W6L+GIL+M�X c H I LVf#J{HDG Q M P G6O PRQ HKO+C"M�L Q L+M�N
O P
cKP�= C 4 HKO e'P f*_ c XRO�H P G�HDG�HKO�N e'P N�O�W6L+GIL+M�X c N�L+GIN�L6@

`aG-W6L+GIL+M�X c C cKP�= C 4 HKO e'P f*_ c XRO�H P G T+X6G 4 L{fFL j GILVf 465 HKO�N 
�� � 
����� ���!  ����&
�� ��	�' �VC = UIL+M�L)O%UIL
L e'4 LVfFfFHDGIW)HDG6O�L+M�JRX c�� ��Y E�� ^ PRQ X�T PIe h P N�HKO�L'N�HKWIGFX c JRX c _IL E�� HKN
O%UIL'N�LVO PRQ U P N�O
N�HKWIGFX c JRX c _ILVN��
O%UFXRO e X6h P G6O P E�� = UIL+G�L e'4 LVfFfFHDGIW �0C� &()
 (DC

� ��Y E�� ^ � � � 	 E Y�������^ � E���� �
�
� � ���
����
�������� DR]



��(�� #�
�� � B��rB�i b�	 � � `ai g�`aA b�	 `a?�E b ` � � i�� m���� � #
(
	 (�� #�
��� )�

� P�= C 4 HKO e'P f*_ c XRO�H P G�L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN�UFX+J6L�O%UIL
fFL j GIHDGIW0hFM P hFL+M�O 5 O%UFXRO�O%UIL
N�LVO PRQ L e'4 LVf<C
fFHDGIW{HDG6O�L+M�JRX c N�T P M�M�LVN%h P GIfFHDGIW{O P X�W6HKJ6L+G�JRX c _IL PRQ � X6M�L�O%UIL�N%X e L�XRN�O%UIL�N�LVO PRQ L e'4 LVfFfFHDGIW
HDG6O�L+M�JRX c N
T P M�M�LVN%h P GIfFHDGIW0O P X cKcrP O%UIL+M�JRX c _ILVN PRQ �0C� &()
 (DC

� � � Y E � ^ 	 E � � � � � � � ��� Y E � ^ 	 E � � ��� � � ��� �������r[ ������� �%� �	��
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= UIL+M�L � � HKN O%UIL�N�LVO PRQ X cKc h P N�N�H 4Ic L�T PIe h P N�HKO�L�N�HKWIGFX c JRX c _ILVN = UIL+G�� � ��@ b UIHKN�h P HDG6O HKN"fFHKN�T+_IN�N�LVf
HDG e'P M�L�fFLVO%XRH c HDG{i�UFX6h�@
D�X6GIf)H cKc _IN�O%M�XRO�LVf�HDG)� HKW*@(D&CFDF@�� P M
G P�= C = L'M�LVO%_FM�G P _FM
XRO�O�L+G6O�H P G�O P
O%UIL
N%hFLVTVHDX c T+XRN�L PRQ �r? S = HKO%U�_FGIH QlP M e CFN�T+X c X6M�kF_FX6G6O�H I XRO�H P G0N%U P�= G0HDG�� HKW*@*�&Ca]*@

?�LVT+X6_IN�L�O%UIL	��X6GIf���h P HDG6O�N�HDG-� HKW*@��&Ca]�X6M�L�N�L+hFX6M�XRO�LVf 465 N PIe L�G P G I L+M P fFHKN�O%X6GITVL6C = L
N�LVL'O%UFXRO�O%UILVN�L��r? S3e LVO%U P fFN
f P C�HDG Q XRTVO+C*M�LFB�LVTVO�U P N�OFCaN�HKWIGFX c HDG6O�L+M Q L+M�L+GITVL6@ b UIL�U P N�O
N�HKWIGFX c ��
fFLVO�L+M e HDGILVN
O%UIL�hFX6M�O�HKT+_ c X6M�� P M �0h P HDG6O
O%UFXRO�HKN
TVU P N�L+G{XRN
O%UIL�T PIe h P N�HKO�L'N�HKWIGFX c JRX c _IL��� C 4 _IO
f P LVN
G P O�HDGFUIH 4 HKO
O%UIL
fFLVT P fFL+M�� N�X 4 H c HKO 5 O P fFLVO�L+M e HDGIL = UILVO%UIL+M �� HKN
X�� h P HDG6O P M�X��'h P HDG6O
X6GIfrC
UIL+GITVL6C*O P fFLVO�L+M e HDGIL = UILVO%UIL+M�O%UIL
L e'4 LVfFfFLVf 4 HKO
HKN
X��&C 4 HKO P M
['C 4 HKO+@

� P�= LVJ6L+MVC �r? S e LVO%U P fFN�UFX+J6L�O%UIL�fFL j GIHDGIW0hFM P hFL+M�O 5 O%UFXRO O%UIL�L e'4 LVfFfFHDGIW'HDG6O�L+M�JRX c N QlP M"O%UIL
�-h P HDG6O�N�X6GIf���h P HDG6O�N�X6M�L�O%UIL�N%X e L6@ b UIHKN�T P GIfFHKO�H P G0HKN�X6G�_FGFGILVTVLVN�N%X6M 5 T P GIN�O%M�XRHDG6O P G'O%UIL
L e C
4 LVfFfFHDGIW Q _FGITVO�H P G E Y������'^V@*�
N = H cKcr4 LVT PIe L
X6hFhFX6M�L+G6O�O%UFM P _IWIU P _IO O%UIHKN�O%UILVN�HKN+C 465 M�L e'P JIHDGIW�O%UIHKN
T P GIN�O%M�XRHDG6O+C P GIL�T+X6G j GIf�L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN�O%UFXRO M�LVN%_ c O HDG 4 LVO�O�L+M M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N
hFL+M QlP M e X6GITVL
O%UFX6G0O%UFXRO PI4 O%XRHDGFX 4Ic L 465 �r? S @

� �&����$&%#�1$&�&E2��� �,���2%#��/A%#��%�����% ��%��2%#�����,�&-�'(%?��$&���
�
G P O%UIL+M0U P N�OFCaHDG6O�L+M Q L+M�L+GITVL�M�LFB�LVTVO�HDGIW e LVO%U P f HKN�fFHKN�T cKP N�LVf HDG XZM�LVTVL+G6O cK5 HKN�N%_ILVf hFXRO�L+G6O � ]?� � @
`aGIN�O�L+XRf PRQ L e'4 LVfFfFHDGIWZHDG QlP M e XRO�H P G{HDGZO%UIL0kF_FX6G6O�H I XRO�H P G c LVJ6L c N+C HDG QlP M e XRO�H P G�HKN'L e'4 LVfFfFLVf-HDG
O%UIL0GI_ e'4 L+M PRQ U P N�O
N�HKWIGFX c I hFL+X�?6N J)O%UFXRO c HKL = HKO%UIHDGZX�W6HKJ6L+G�X e h c HKO%_IfFL 4 X6GIfr@0� P M
LAGFX e h c L6C
O P L e'4 LVf{X0['C 4 HKO+C P GIL e X 5�QlP M�TVL
O%UIL
T PIe h P N�HKO�L
N�HKWIGFX c O P UFX+J6L
LAGFXRTVO cK5 O =�P hFL+X�?6N = HKO%UIHDG�O%UIL
X e h c HKO%_IfFL 4 X6GIfr@ brP L e'4 LVf0X��&C 4 HKO+CIO%UIL
GI_ e'4 L+M PRQ hFL+X�?6N�HKN�N�LVO�O P�c LVN�N�O%UFX6G'O =�P @"i c L+X6M cK5 CIO%UIL
U P N�O
N�HKWIGFX c f P LVN�G P O�HDGFUIH 4 HKO'O%UIL�fFLVT P fFL+M�� N
X 4 H c HKO 5 O P fFLVO�L+M e HDGIL�U P�= e X6G 5 T PIe h P N�HKO�L�N�HKWIGFX c
hFL+X�?6N c HKL = HKO%UIHDG)O%UIL�X e h c HKO%_IfFL 4 X6GIfr@ b UIL�U P N�O
N�HKWIGFX c f P LVN+CrU P�= LVJ6L+MVC*X J LVTVO
O%UIL�X e'P _FG6O PRQ
L e'4 LVfFfFHDGIW�CaHDGIf*_ITVL+f fFHKN�O P M�O�H P G�O%UFXRO e _IN�O 4 L0HDGIT+_FM�M�LVf-O P�PI4 O%XRHDGZX�T PIe h P N�HKO�L�N�HKWIGFX c = HKO%U�X
W6HKJ6L+G�GI_ e'4 L+M PRQ hFL+X�?6N'HDG{O%UIL0X e h c HKO%_IfFL 4 X6GIfr@0� P M
LAGFX e h c L6C"N%_FhFh P N�L0O%UIL0U P N�O
N�HKWIGFX c UFXRN
X c X6M�W6L�GI_ e'4 L+M PRQ hFL+X�?6N
HDG{O%UIL'X e h c HKO%_IfFL 4 X6GIfr@�` Q�P GIL'O%M�HKLVN
O P�QlP M�TVL'O%UIL'GI_ e'4 L+M PRQ hFL+X�?6N
HDG-O%UIL 4 X6GIf-O P�4 L c LVN�N0O%UFX6G�O =�P HDG P M�fFL+M�O P L e'4 LVf X��&C 4 HKO+C�O%UIL+GZO%UIL�fFHKN�O P M�O�H P G 4 LVO = LVL+G
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O%UIL�M�LVN%_ c O�HDGIW0T PIe h P N�HKO�L
N�HKWIGFX c X6GIf)U P N�O�N�HKWIGFX cre X 504 L�kF_IHKO�L�N�HKWIGIH j T+X6G6O+@ b UI_IN+CFLVJ6L+G0O%U P _IWIU
O%UIHKN e LVO%U P f-M�LFB�LVTVO�N�U P N�OFCaHDG6O�L+M Q L+M�L+GITVL6C HKO'HKN�G P O'T c L+X6M�O%UFXRO�HKO'LAGFUIH 4 HKO�N0O%UIL�fFLVN�HDM�LVf 4 L+UFX+JIH P M
H cKc _IN�O%M�XRO�LVf 465 O%UIL0N P6c HKf T+_FM�J6L0HDGZ� HKW*@ �&CFDF@{� P M
LAGFX e h c L6C�O P XRTVUIHKLVJ6L�X{UIHKWIU-M�XRO�L = UIL+GZO%UIL
TVUFX6GFGIL c G P HKN�L�HKN cKP�= C P GIL�GILVLVfFN�O P XRN�N�HKWIG{XRO c L+XRN�O P GIL�GI_ e'4 L+M PRQ N�HKWIGFX c hFL+X�?6N�O P M�L+hFM�LVN�L+G6O
� ��[6CIX6G P O%UIL+M�GI_ e'4 L+M PRQ N�HKWIGFX c hFL+X�?6N�O P M�L+hFM�LVN�L+G6O � � �FCIX6G P O%UIL+M�GI_ e'4 L+M PRQ N�HKWIGFX c hFL+X�?6N
O P M�L+hFM�LVN�L+G6O�N�� � DFCrLVO�T6@ b UI_IN+C P GIL'T P _ c f-h P O�L+G6O�HDX cKcK5Z4 L0M�LVkF_IHDM�LVfZO P X c O�L+M
O%UIL�GI_ e'4 L+M PRQ
U P N�O�N�HKWIGFX c hFL+X�?6N�O P'4 L�XRN cKP�= XRN
[ P M�XRN�UIHKWIU�XRN�� �	��
 @ `lO�HKN�_FGIT c L+X6M = UILVO%UIL+M P M�G P O P GIL
T+X6G
X c O�L+M
O%UIL0GI_ e'4 L+M PRQ U P N�O
N�HKWIGFX c hFL+X�?6N = HKO%UIHDG�O%UIL�X e h c HKO%_IfFL 4 X6GIf 465 N%_ITVU�X c X6M�W6L0X e'P _FG6O
= HKO%U P _IO�HDGIT+_FM�M�HDGIW�O PIP�e _ITVU�fFHKN�O P M�O�H P G�@

9;�&!&������<6!#�������=�,����%?>='(������*�!#�������
�
N P GIL�T+X6G�N�LVL6C I%4FP O�O PIe C�_Fh?J�X6hFhFM P XRTVUILVN"O P fFHKW6HKO%X c�= XRO�L+M e X6M@?6HDGIW
X 4FP _FGIf�HDG'O%UIL c HKO�L+M�XRO%_FM�L�HDG
O%UIL�N�L+GIN�L�O%UFXRO e _ITVU PRQ O%UIL c HKO�L+M�XRO%_FM�L�HKN fFLVJ P O�LVf'O P O%UIL�hFM�LVN�L+G6O%XRO�H P G�X6GIf'LVJRX c _FXRO�H P G PRQ N%hFLVTVH j T
H e h c L e L+G6O%XRO�H P GIN PRQ X c W P M�HKO%U e N+@��
GIL'f*M�X =
4 XRTA? PRQ O%UIHKN
X6hFhFM P XRTVU0HKN
O%UFXRO 465 M�LVN�O%M�HKTVO�HDGIW P GIL � N
XRO�O�L+G6O�H P G
O P X�hFX6M�O�HKT+_ c X6M X c W P M�HKO%U e C P GIL H e h P N�LVN TVL+M�O%XRHDG
H e h c HKTVHKO�N�O%M�_ITVO%_FM�L�X6GIf�T P GIN�O%M�XRHDG6O�N P G
O%UIL
L e'4 LVfFfFHDGIW Q _FGITVO�H P G)X6GIf)fFLVT P fFL+MVC*X6GIf PRQ O�L+G0O%UILVN�L
T P GIN�O%M�XRHDG6O�N
X6M�L�G P O P G cK5 _FGFGILVTVLVN�N%X6M 5
4 _IO�X c N P{e X 5{c L+XRf-O P N%_ 4FP hIO�H e X c hFL+M QlP M e X6GITVL6@�� P M
LAGFX e h c L6C H Q
P GIL�M�LVN�O%M�HKTVO�N'XRO�O�L+G6O�H P G�O P
X6G)L e'4 LVfFfFHDGIW Q _FGITVO�H P G{O%UFXRO�UFX6hFhFL+GIN�O P)4 L cKP GIW{O P O%UIL'T c XRN�N PRQ hF_FM�L cK5 XRfFfFHKO�HKJ6L�L e'4 LVfFfFHDGIW
Q _FGITVO�H P GIN
Yl�F@ �6^VCRO%UIL+G�U P N�O HDG6O�L+M Q L+M�L+GITVL = H cKc HDGFUIL+M�L+G6O cK5�c H e HKO�hFL+M QlP M e X6GITVL6CIXRN�fFHKN�T+_IN�N�LVf�X 4FP J6L6@
AIH e H c X6M cK5 CIH Q�P GIL�H e h c L e L+G6O�N�X e LVO%U P f�O%UFXRO"T+X6G 4 L�T c XRN�N�H j LVf0XRN"X cKP�= C 4 HKO e'P f*_ c XRO�H P G e LVO%U P frC
O%UIL+G P GIL�UFXRN
H e h c HKTVHKO cD5 H e h P N�LVf�O%UIL'T P GIN�O%M�XRHDG6O
O%UFXRO
O%UIL'L e'4 LVfFfFHDGIW)HDG6O�L+M�JRX c N'X6M�L�HDG6JRX6M�HDX6G6O
= HKO%U)M�LVN%hFLVTVO�O P O%UIL = XRO�L+M e X6M@?'JRX c _IL6@

`aG�O%UIL'GILAGIO
TVUFX6hIO�L+MVC = L
O%X�?RL'X I O P h�Caf P�= G?J0X6hFhFM P XRTVU�C = UIL+M�L = L
LAGFX e HDGIL = XRO�L+M e X6M@?6HDGIW
Q M PIe O%UIL�UIHKWIUILVN�O+C e'P N�O Q _FGIf*X e L+G6O%X c�c LVJ6L c @�?�XRN�LVf P G j M�N�O�hFM�HDGITVHDh c LVN = L
H e h P N�L P G cK5 L+G P _IWIU
N�O%M�_ITVO%_FM�L'XRN
GILVTVLVN�N%X6M 5 O P _FGIfFL+M�N�O%X6GIf�X6GIf)T P G6O%M P6c M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N 4 L+UFX+JIH P MV@ b UIL
M�LVN%_ c O
HKN'X�W6L+GIL+M�X c T c XRN�N PRQ U P N�OFCaHDG6O�L+M Q L+M�L+GITVL�M�LFB�LVTVO�HDGIW)L e'4 LVfFfFHDGIW e LVO%U P fFN
T+X cKc LVfZkF_FX6G6O�H I X&C
O�H P GZHDGIfFLAG e'P f*_ c XRO�H P G�@Z�
N = L0N%U P�= HDG i�UFX6h�@"]*C = L�HDGIT+_FM�G P�cKP N�N PRQ
P hIO�H e X c HKO 5�Q M PIe X6G
HDG QlP M e XRO�H P G�CaO%UIL P M�LVO�HKT'hFL+M�N%hFLVTVO�HKJ6L 465 M�LVN�O%M�HKTVO�HDGIW0XRO�O�L+G6O�H P G0O P O%UIHKN�T c XRN�N+@
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� UIL+G P GIL
T P GIN�HKfFL+M�N
O%UIL�fFLVN�HKWIG PRQ X6G0HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIW�N 5 N�O�L e Q M PIe X j M�N�O
hFM�HDGITVHDh c LVN
h P HDG6O PRQ JIHKL = C�N P CaT+X cKc LVf kF_FX6G6O�H I XRO�H P GZHDGIfFLAG e'P f*_ c XRO�H P G Y�K
` S ^ � dFC�� �
e LVO%U P fFN�X6M�HKN�L�kF_IHKO�L
GFXRO%_FM�X cKcK5 CIXRN = L�LAGFh c XRHDG'HDG�O%UIHKN TVUFX6hIO�L+MV@ �
GIL�T+X6G
LAGFh cKP HKO O%UIL�N�O%M�_ITVO%_FM�L PRQ O%UILVN�L K
` S#e LVO%U P fFN
O P T P G6J6L+GIHKL+G6O cK5 O%M�XRfFL P�J M�XRO�L6C�fFHKN�O P M�O�H P G�CrX6GIf�M PI4 _IN�O%GILVN�N+@
��_FM�O%UIL+M e'P M�L6CrXRN = L'N%UFX cKc N�LVL'HDG
c XRO�L+M�TVUFX6hIO�L+M�N+C�O%UIL�K
` S T c XRN�N0HKN 4 M P XRf L+G P _IWIU-O P HDGIT c _IfFL�J6L+M 5 W PIP frC�X6GIf HDG N PIe L�T+XRN�LVN
P hIO�H e X c C
L e'4 LVfFfFL+M�N)X6GIf fFLVT P fFL+M�N+C� &()
 (DC�O%UIL+M�L{LAGIHKN�O�K
` S e LVO%U P fFN�O%UFXRO�XRTVUIHKLVJ6L�O%UIL 4 LVN�O
h P N�N�H 4Ic L�M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N�O%M�XRfFL'C P�J N PRQ X6G 5 Y�K
` S#P M G P G�CFK
` S ^ e LVO%U P fr@ � L�fFLVJ P O�L
O%UIL�M�LVN�O PRQ O%UIHKN�TVUFX6hIO�L+M�O P fFLVN�T+M�H 4 HDGIW�O%UIL 4 XRN�HKT'hFM�HDGITVHDh c LVN 4 L+UIHDGIf�K
` S @

� ��� � ����� ��� �r�%	 � � �'�����

`aG0i�UFX6h�@I�FC = L
T P GIN�HKfFL+M�LVf�O%UIL�L e'4 LVfFfFHDGIW Q _FGITVO�H P G E Y������'^�O P'4 L
X Q _FGITVO�H P G PRQ O =�P JRX6M�HDX 4Ic LVN+C
O%UIL�U P N�O�N�HKWIGFX c X6GIfZO%UIL�L e'4 LVfFfFLVf-HDG QlP M e XRO�H P G�@ � P�= LVJ6L+MVC = L�T+X6GZX c N P JIHKL = E Y������'^�O P{4 L
XZT P6cKc LVTVO�H P G P M0L+GIN�L e'4Ic L PRQ�Q _FGITVO�H P GIN PRQ �*C�HDGIfFLAGILVf 465 �0@ � L{fFL+G P O�L�O%UIL Q _FGITVO�H P GIN)HDG
O%UIHKN'L+GIN�L e'4Ic L�XRN E Y��	���'^�O P L e hFUFXRN�H I L�O%UIHKN�JIHKL = @��
N P GIL�T+X6G{N�LVL Q M PIe Yl�F@D[+^VC�O%UIL0M�XRO�L ���
fFLVO�L+M e HDGILVN
O%UIL�GI_ e'4 L+M PRQ h P N�N�H 4Ic L'JRX c _ILVN QlP M%�0CFX6GIf)UIL+GITVL6C*O%UIL�GI_ e'4 L+M PRQ"Q _FGITVO�H P GIN
HDG�O%UIL
L+GIN�L e'4Ic L6@-` Q O%UIL�L e'4 LVfFfFHDGIW�CaHDGIf*_ITVLVf fFHKN�O P M�O�H P GZHKN�O P{4 L�N e X cKc C�O%UIL+GZL+XRTVU Q _FGITVO�H P G-HDGZO%UIL
L+GIN�L e'4Ic L e _IN�O 4 L�T cKP N�L�O P X6G0HKfFL+G6O�HKO 50Q _FGITVO�H P G�HDG�N PIe L
N�L+GIN�L�N P O%UFXRO
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� HKWI_FM�L�D&C%[6��B e'4 LVfFfFHDGIW Q _FGITVO�H P GIN = HKO%UZHDG6O�L+M�N�LVTVO�HDGIWZM�X6GIW6LVN+@ b UIL)h P HDG6O � � 4 L cKP GIW6N0O P O%UILM�X6GIW6LVN PRQ"4FP O%U�T P G6O�HDGI_ P _IN�L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN+@ b UI_IN+C6LVJ6L+G = HKO%U0G P hFL+M�O%_FM 4 XRO�H P GIN�Y � � � � ^O%UIL�fFLVT P fFL+M�T+X6GFG P O�fFHKN�O�HDGIWI_IHKN%U 4 LVO = LVL+G � ��['YlX6GIf
� ��� � ^�X6GIf � � �0YlX6GIf
� ��� � ^V@ E�N�HDGIWfFHKN�T P G6O�HDGI_ P _IN Q _FGITVO�H P GIN
X cKcKP�= N P GIL
O P0e X�?RL
O%UIL'M�X6GIW6LVN�G P G�CaHDG6O�L+M�N�LVTVO�HDGIW*@

b UFXRO�O%UIL
N 5 N�O�L e GILVLVfFN
O P04 L'M PI4 _IN�O�O P hFL+M�O%_FM 4 XRO�H P GIN
N%_IW6W6LVN�O�N�O%UFXRO�O%UIL'h P HDG6O�N
HDG�O%UIL�M�X6GIW6L
PRQ
P GIL Q _FGITVO�H P G-HDG-O%UIL)L+GIN�L e'4Ic L)N%U P _ c f 4 L I�Q X6M'X = X 5 J{HDG-N PIe L�N�L+GIN�L Q M PIe O%UIL)h P HDG6O�N0HDG
O%UIL�M�X6GIW6L PRQ X6G 5�P O%UIL+M Q _FGITVO�H P G�@
� P M�LAGFX e h c L6C P GIL e HKWIU6O
fFLVN�HDM�L�XRO
O%UIL'J6L+M 5)c L+XRN�O
O%UFXRO
O%UIL
M�X6GIW6LVN 4 L�G P G�CaHDG6O�L+M�N�LVTVO�HDGIW*@ �
O%UIL+M = HKN�L6C�LVJ6L+G-HDG O%UIL�X 4 N�L+GITVL PRQ X6G 5 hFL+M�O%_FM 4 XRO�H P GIN+C�O%UIL+M�L
= H cKc�4 L�N PIe L)JRX c _ILVN PRQ E Q M PIe = UIHKTVU P GIL = H cKc G P O 4 L�X 4Ic L�O P _FGIHKkF_IL cK5 fFLVO�L+M e HDGIL �0C�XRN
H cKc _IN�O%M�XRO�LVf{HDG�� HKW*@�D&C%[6@ b UIHKN
G P G�CaHDG6O�L+M�N�LVTVO�H P G{hFM P hFL+M�O 5 X cKP GIW = HKO%U�O%UIL�X6hFhFM P GIH e XRO�L'CaHKfFL+G6O�HKO 5
hFM P hFL+M�O 5 Y�DF@D[+^VC = UIHKTVU�N%_IW6W6LVN�O�N
O%UFXRO�O%UIL0M�X6GIW6LVN PRQ L+XRTVU PRQ O%UIL Q _FGITVO�H P GIN I T P J6L+M J�O%UIL�N%hFXRTVL
PRQ h P N�N�H 4Ic L-Y P M�XRO c L+XRN�O�UIHKWIU cK5 hFM PI4 X 4Ic L+^'U P N�O'N�HKWIGFX c JRX c _ILVN��*C"N%_IW6W6LVN�O�N�O%UFXRO�O%UIL Q _FGITVO�H P GIN
4 L�fFHKN�T P G6O�HDGI_ P _IN+@HK
_FX6G6O�H I L+M�N�X6M�L3B�_IN�O�N%_ITVU�X�T c XRN�N PRQ fFHKN�T P G6O�HDGI_ P _IN+C X6hFhFM P GIH e XRO�L'CaHKfFL+G6O�HKO 5
Q _FGITVO�H P GIN+@ b UIL+G�C I kF_FX6G6O�H I XRO�H P G0HDGIfFLAG e'P f*_ c XRO�H P GZY�K
` S ^ J0M�L Q L+M�N�O P L e'4 LVfFfFHDGIW�HDG QlP M e XRO�H P G
465{j M�N�O e'P f*_ c XRO�HDGIW-X6G�HDGIfFLAG P M�N�LVkF_IL+GITVL PRQ HDGIfFHKTVLVN = HKO%UZO%UIL0L e'4 LVfFfFLVf HDG QlP M e XRO�H P G-X6GIf
O%UIL+G�kF_FX6G6O�H I HDGIW0O%UIL�U P N�O�N�HKWIGFX c(= HKO%U0O%UIL'XRN�N P TVHDXRO�LVf�kF_FX6G6O�H I L+M P M�N�LVkF_IL+GITVL PRQ kF_FX6G6O�H I L+M�N+@

� HKW*@#D&C���H cKc _IN�O%M�XRO�LVN0O%UIHKN K
` S HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIW-O�LVTVUFGIHKkF_IL6@Z`aGZO%UIHKN�LAGFX e h c L6C P GIL
4 HKO�HKN0O PZ4 L{L e'4 LVfFfFLVf N P O%UFXRO � � �I[ �%� � @ b UI_IN+C = L)M�LVkF_IHDM�L{O =�P kF_FX6G6O�H I L+M�N+C�X6GIf O%UILVHDM
T P M�M�LVN%h P GIfFHDGIW0N�LVO�N PRQ M�LVT P GIN�O%M�_ITVO�H P G�h P HDG6O�N
HDG � � X6M�L�M�L+hFM�LVN�L+G6O�LVf�HDG�� HKW*@�D&C�� = HKO%U	� � N
X6GIf
� � N+@Z` Q � � [6C QlP M'LAGFX e h c L6C�O%UIL)U P N�O�N�HKWIGFX c HKN�kF_FX6G6O�H I LVf = HKO%UZO%UIL	�
CakF_FX6G6O�H I L+MVC� &()
 (DC  HKN
TVU P N�L+G0O P'4 L
O%UIL��ZT cKP N�LVN�O�O P �*@ ` Q � � �FC �'HKN�kF_FX6G6O�H I LVf = HKO%U0O%UIL��&CakF_FX6G6O�H I L+MV@���L+M�L6C = L
N�LVL
O%UIL�G P G�CaHDG6O�L+M�N�LVTVO�HDGIW{GFXRO%_FM�L PRQ O%UIL�M�X6GIW6LVN PRQ O%UIL'O =�P kF_FX6G6O�H I L+M�N�XRN�G P � h P HDG6O�HKN
O%UIL'N%X e L
XRN'X6G 5 �)h P HDG6O+@ b UIHKN'G P G�CaHDG6O�L+M�N�LVTVO�H P G-hFM P hFL+M�O 5)c L+XRfFN'O P U P N�OFCaN�HKWIGFX c HDG6O�L+M Q L+M�L+GITVL�M�LFB�LVTVO�H P G�@
�
N��)JRX6M�HKLVN+C O%UIL�T PIe h P N�HKO�L0N�HKWIGFX c JRX c _IL  JRX6M�HKLVN Q M PIe P GIL�� h P HDG6O)Y � �#[+^
O P X6G P O%UIL+M P M
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dmin

� HKWI_FM�L D&C��F�
K
_FX6G6O�H I XRO�H P G0HDGIfFLAG e'P f*_ c XRO�H P G QlP M HDG QlP M e XRO�H P G�L e'4 LVfFfFHDGIW*@ b UIL
h P HDG6O�N e X6M@?RLVf
= HKO%U�� � N�X6GIf	� � N 4 L cKP GIW�O P O =�P fFH J L+M�L+G6O'kF_FX6G6O�H I L+M�N+C L+XRTVU = HKO%U�HKO�N�XRN�N P TVHDXRO�LVfZHDGIfFLAG�@ b UIL
e HDGIH e _ e fFHKN�O%X6GITVL � ��� � e L+XRN%_FM�LVN�O%UIL�M PI4 _IN�O%GILVN�N�O P hFL+M�O%_FM 4 XRO�H P GIN+C
X6GIf O%UIL{N�H I LVN PRQ O%UIL
kF_FX6G6O�H I XRO�H P G�TVL cKc N+C P GIL PRQ�= UIHKTVU)HKN
N%U P�= G0HDG)O%UIL j WI_FM�L6C*fFLVO�L+M e HDGIL'O%UIL�fFHKN�O P M�O�H P G�@�` Q ��� [6C
O%UIL'U P N�O�N�HKWIGFX c HKN
kF_FX6G6O�H I LVf)O P O%UIL'GIL+X6M�LVN�O���@�` Q ��� �FC*O%UIL�U P N�O
N�HKWIGFX c HKN
kF_FX6G6O�H I LVf{O P O%UIL
GIL+X6M�LVN�O �F@
Q M PIe�P GIL ��h P HDG6O�Y � � �6^�O P X6G P O%UIL+MVC 4 _IO
HKO
GILVJ6L+M�JRX6M�HKLVN 4 LVO = LVL+G)X�� h P HDG6O
X6GIf{X���h P HDG6O+@
b UI_IN+CRLVJ6L+G = HKO%U�X6G
HDG j GIHKO�L
L+GIL+M�W 5 U P N�O"N�HKWIGFX c C P GIL�T+X6G�fFLVO�L+M e HDGIL�� H Q TVUFX6GFGIL c hFL+M�O%_FM 4 XRO�H P GIN
X6M�L�G P O�O PIP N�LVJ6L+M�L6@ � L�X c N P N�LVL0O%UIL0fFHKN�T P G6O�HDGI_ P _IN0GFXRO%_FM�L PRQ O%UIL0kF_FX6G6O�H I L+M�N+@ b UIL0f*XRN%UILVf
h P6cK5 W P GZM�L+hFM�LVN�L+G6O�N�O%UIL�kF_FX6G6O�H I XRO�H P G�TVL cKc QlP M
O%UIL!� HDG�HKO�N�HDG6O�L+M�H P MV@0�
N = L e'P J6L�XRT+M P N�N�O%UIL
TVL cKc�4FP _FGIf*X6M 5�Q M PIe HKO�N
HDG6O�L+M�H P M
O P HKO�N
LAGIO�L+M�H P MVC�O%UIL�T P M�M�LVN%h P GIfFHDGIW)JRX c _IL PRQ O%UIL'kF_FX6G6O�H I XRO�H P G
Q _FGITVO�H P G B�_ e hIN Q M PIe O%UIL��-HDG0O%UIL
TVL cKc HDG6O�L+M�H P M�O P X��ZHDG�O%UIL
TVL cKc LAGIO�L+M�H P MV@ b UIL��-h P HDG6O�N
X6GIf
�0h P HDG6O�N�X6M�L 4FP O%U)kF_FX6G6O�H I L+M
M�LVT P GIN�O%M�_ITVO�H P G)h P HDG6O�N�X6GIf{N�HKWIGFX c T P GIN�O�L cKc XRO�H P G�h P HDG6O�N+C ��X6GIf = L
e X 5 JIHKL = fFLVN�HKWIG PRQ K
` S N 5 N�O�L e N�XRN�O%UIL
N�H e _ c O%X6GIL P _IN�fFLVN�HKWIG PRQ X6G�L+GIN�L e'4Ic L PRQ N P _FM�TVL�T P fFLVN
Y kF_FX6G6O�H I L+M�N%^�X6GIf�TVUFX6GFGIL c T P fFLVN'Y N�HKWIGFX c T P GIN�O�L cKc XRO�H P GIN%^V@

b UIL�N�O%M�_ITVO%_FM�L PRQ K
` S N 5 N�O�L e N�HKN�T P G6J6L+GIHKL+G6O Q M PIe X6G'L+GIW6HDGILVL+M�HDGIW0hFL+M�N%hFLVTVO�HKJ6L
N�HDGITVL�hFM P h�C
L+M�O�HKLVN PRQ O%UIL�kF_FX6G6O�H I L+M
L+GIN�L e'4Ic L0T+X6G 4 L�T P GFGILVTVO�LVf�O P O%UIL0hFL+M QlP M e X6GITVL�hFX6M�X e LVO�L+M�N PRQ M�XRO�L6C
fFHKN�O P M�O�H P G�C"X6GIfZM PI4 _IN�O%GILVN�N+@'� P M
LAGFX e h c L6C XRN�G P O�LVfZX 4FP J6L'O%UIL0GI_ e'4 L+M PRQ kF_FX6G6O�H I L+M�N�HDG�O%UIL
L+GIN�L e'4Ic L�fFLVO�L+M e HDGILVN�O%UIL�HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIW'M�XRO�L6@ b UIL�N�H I LVN�X6GIf'N%UFX6hFLVN PRQ O%UIL�kF_FX6G6O�H I X&C
O�H P G'TVL cKc N�fFLVO�L+M e HDGIL
O%UIL�L e'4 LVfFfFHDGIW�CaHDGIf*_ITVL+f)fFHKN�O P M�O�H P G�CIX cKc*PRQ
= UIHKTVU0X6M�HKN�LVN Q M PIe kF_FX6G6O�H I XRO�H P G
L+M�M P MV@"� HDGFX cKcK5 C QlP M e X6G 5 T c XRN�N�LVN PRQ TVUFX6GFGIL c N+CFO%UIL e HDGIH e _ e fFHKN�O%X6GITVL � ��� � 4 LVO = LVL+G0O%UIL
N�LVO�N PRQ
M�LVT P GIN�O%M�_ITVO�H P G�h P HDG6O�N PRQ fFH J L+M�L+G6O�kF_FX6G6O�H I L+M�N
HDG�O%UIL'L+GIN�L e'4Ic L�fFLVO�L+M e HDGILVN'O%UIL�M PI4 _IN�O%GILVN�N PRQ
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O%UIL
L e'4 LVfFfFHDGIW*@ � L
fFL j GIL�O%UIL e HDGIH e _ e fFHKN�O%X6GITVL�O P�4 L

� ��� � �� e HDG� ��� ����� ���	 � e HDG��

� � 
�� � � E Y > � � �a^ � E Y > � ���F^ � � Y�DF@ �6^

� c O�L+M�GFXRO�HKJ6L cK5 CFH Q O%UIL
U P N�O�N�HKWIGFX c HKN�?IG P�= G0XRO�O%UIL
fFLVT P fFL+MVC*XRN�HKN�O%UIL
T+XRN�L
HDG0N PIe L
X6hFh c HKT+XRO�H P GIN
PRQ HDG6O�L+M�LVN�O+C6O%UIL+G�O%UIL�M�L c LVJRX6G6O e HDGIH e _ e fFHKN�O%X6GITVL e X 5�4 L e'P M�L�X6hFhFM P hFM�HDXRO�L cK5 fFL j GILVf0XRN"LVHKO%UIL+M

� ��� � Y > ^ �� e HDG� ��� ����� ���	 � � E Y > � �a^ � E Y > ���F^ � � Y�DF@ D6^

P M

� ��� � �� e HDG
 e HDG� ��� ����� ���	 � � E Y > � �a^ � E Y > ���F^ � � Y�DF@ ]I^

b UIL�H e h P M�O%X6G6O
fFHKN�O�HDGITVO�H P G 4 LVO = LVL+G{O%UIL�fFL j GIHKO�H P G PRQ Y�DF@ �6^
X6GIf�O%UIL'fFL j GIHKO�H P GIN PRQ Y�DF@ D6^
X6GIf
Y�DF@ ]I^*HKN O%UFXROrHDG�O%UIL�T+XRN�L PRQ Y�DF@ D6^�X6GIf�Y�DF@ ]I^�O%UIL�fFLVT P fFL+M
?IG P�= N > X6GIfrCRO%UI_IN+CRGILVLVfFN O P fFLVTVHKfFL P G cK5
X e'P GIW�O%UIL
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X6hFhFM P GIH e XRO�L'CaHKfFL+G6O�HKO 5�Q _FGITVO�H P GIN�f P G P O
N%UFX6M�L�O%UIL'N%X e L'L e'4 LVfFfFHDGIW{HDG6O�L+M�JRX c N'X6GIf{O%UI_IN e'P M�L
T cKP N�L cK5 X6hFhFM P GIH e XRO�L�O%UIL�HKfFL+G6O�HKO 5'Q _FGITVO�H P G�O%UFX6G'f P O%UIL��r? S X6hFhFM P GIH e XRO�L'CaHKfFL+G6O�HKO 5'Q _FGITVO�H P GIN+@
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M PI4 _IN�O%GILVN�N�hFL+M QlP M e X6GITVL'HDG e X6G 5 H e h P M�O%X6G6O
T+XRN�LVN+C"XRN
fFHKN�T+_IN�N�LVfZHDG�i�UFX6hIN+@�]*C�dFCrX6GIf �F@ � L
LAGFh c XRHDG)O%UIL 4 XRN�HKT'hFM�HDGITVHDh c LVN 4 L+UIHDGIf{fFHKN�O P M�O�H P G�T PIe hFL+GIN%XRO�H P G0HDG)O%UIHKN�N�LVTVO�H P G�@

�
NrLAGFh c XRHDGILVf�X 4FP J6L6CVHDGIT+M�L+XRN�HDGIW
O%UIL e HDGIH e _ e fFHKN�O%X6GITVL 4 LVO = LVL+G
kF_FX6G6O�H I L+M�N c L+XRfFN"O P WIM�L+XRO�L+M
M PI4 _IN�O%GILVN�N�O P TVUFX6GFGIL c hFL+M�O%_FM 4 XRO�H P GIN+@ � P M�X j GILVf)M�XRO�L
X6GIf)X�W6HKJ6L+G0kF_FX6G6O�H I L+M�L+GIN�L e'4Ic L6CFN�T+X c C
HDGIW � X cKc kF_FX6G6O�H I L+M�N 465 � � [�HDGIT+M�L+XRN�LVN � ���� � 465 X Q XRTVO P M PRQ [ � � � @�� P�= LVJ6L+MVCFO%UIL'L e'4 LVfFfFHDGIW�CHDGIf*_ITVLVf�fFHKN�O P M�O�H P G{X c N P HDGIT+M�L+XRN�LVN 465 X Q XRTVO P M PRQ [ � � � @��
fFfFHDGIW 4 XRTA?�X Q M�XRTVO�H P G�[ � � PRQ O%UILkF_FX6G6O�H I XRO�H P G�L+M�M P M
O P O%UIL�kF_FX6G6O�H I XRO�H P G�JRX c _IL)M�L e'P J6LVN+C P M
T PIe hFL+GIN%XRO�LVN QlP MVCrO%UIHKN�XRfFfFHKO�H P GFX c
fFHKN�O P M�O�H P G�@ b UIL'M�LVN%_ c O�HDGIW0L e'4 LVfFfFHDGIW Q _FGITVO�H P G�HKN

E Y������'^ ����Y��	��� � ��� � ^ � Y�[ � � ^ � � � ��Y��	��� � ��� � ^ � � Y�DF@D[+�6^

= UIL+M�L���Y��	��� � ��� � ^"HKN
O%UIL � CaO%U�kF_FX6G6O�H I L+M PRQ X6G0L+GIN�L e'4Ic L = U P N�L�M�LVT P GIN�O%M�_ITVO�H P G)h P HDG6O�N
UFX+J6L
4 LVL+G�N�T+X c LVf 465 � N P O%UFXRO�O =�P M�LVT P GIN�O%M�_ITVO�H P G�h P HDG6O�N�N�L+hFX6M�XRO�LVf 465 X
fFHKN�O%X6GITVL � 4 L QlP M�L
N�T+X c HDGIW
X6M�L'N�L+hFX6M�XRO�LVf 465 X0fFHKN�O%X6GITVL���� � X Q O�L+M
N�T+X c HDGIW*@ b UIL j M�N�O
O�L+M e HDG Y�DF@D[+�6^�M�L+hFM�LVN�L+G6O�N�G P M e X c
K
` S L e'4 LVfFfFHDGIW*@ � L�M�L Q L+M�O P O%UIL
N�LVT P GIf)O�L+M e XRN�O%UIL�fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�H P G�O�L+M e @

b�5 hIHKT+X cKcK5 CrO%UIL�hFM PI4 X 4 H c HKO 5 fFL+GIN�HKO 5�Q _FGITVO�H P GIN PRQ O%UIL'kF_FX6G6O�H I XRO�H P G)L+M�M P M QlP M
X cKc kF_FX6G6O�H I L+M�N
HDG)O%UIL K
` S L+GIN�L e'4Ic L�X6M�L
N�H e H c X6MV@ b UIL+M�L QlP M�L6CFO%UIL�fFHKN�O P M�O�H P G�T PIe hFL+GIN%XRO�H P G)O�L+M e HDG-Y�DF@D[+�6^ HKN
N�O%XRO�HKN�O�HKT+X cKcK5 HDGIfFL+hFL+GIfFL+G6O P M"GIL+X6M cK5 N�O%XRO�HKN�O�HKT+X cKcK5 HDGIfFL+hFL+GIfFL+G6O PRQ � X6GIf'T+X6G 4 L�O%M�L+XRO�LVf'XRN G P HKN�L
P M"HDG6O�L+M Q L+M�L+GITVL�f*_FM�HDGIW'fFLVT P fFHDGIW*@ b UI_IN+C6fFLVT+M�L+XRN�HDGIW � c L+XRfFN�O P WIM�L+XRO�L+M e HDGIH e _ e fFHKN�O%X6GITVL6C 4 _IO
QlP M�X j GILVfZL e'4 LVfFfFHDGIW�CaHDGIf*_ITVL+f fFHKN�O P M�O�H P G�C"O%UIL�fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�H P G�HDG6O�L+M Q L+M�L+GITVL�XRO�O%UIL
fFLVT P fFL+M�HDGIT+M�L+XRN�LVN+@��
GIL P hIO�H e X c HKO 5 T+M�HKO�L+M�H P G QlP M"TVU PIP N�HDGIW � HKN�O P�e X�GIH e H I L�X I N�HKWIGFX c CaO P C�G P HKN�L
M�XRO�H P YlA ��	 ^ J0XRO�O%UIL�fFLVTVHKN�H P G)fFLVJIHKTVL6C

A ��	 Y � ^ � � � � � � �Y�[ � � ^ � ���� 	 � � ��
� � � �Y�[ � � ^ � ��� � � � � ��

�

= UIL+M�L�O%UIHKN�A ��	 HKN�fFL j GILVf XRN�O%UIL)M�XRO�H PZ4 LVO = LVL+GZO%UIL�N�kF_FX6M�LVf e HDGIH e _ e fFHKN�O%X6GITVL 4 LVO = LVL+G
kF_FX6G6O�H I L+M�N�X6GIf�O%UIL�O P O%X c HDG6O�L+M Q L+M�L+GITVL
L+GIL+M�W 5
Q M PIe�4FP O%U'fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�H P G�HDG6O�L+M Q L+M�L+GITVL
X6GIf{TVUFX6GFGIL c HDG6O�L+M Q L+M�L+GITVL6@���L+M�L6C � � HKN�O%UIL e HDGIH e _ e fFHKN�O%X6GITVL = UIL+G � �/[�X6GIf�HKN�X0TVUFX6M�XRT'C
O�L+M�HKN�O�HKT PRQ O%UIL
hFX6M�O�HKT+_ c X6M�kF_FX6G6O�H I L+M�L+GIN�L e'4Ic L6@��
GIL
T+X6G�L+XRN�H cK5 J6L+M�H Ql5 O%UFXRO�O%UIL P hIO�H e X c N�T+X c HDGIW
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hFX6M�X e LVO�L+M � O%UFXRO e X�GIH e H I LVN
O%UIHKN
A ��	 HKN

� ����� � g ��	
g ��	 � [ � Y�DF@D[6[+^

= UIL+M�L
g ��	 HKN�O%UIL'Y L e'4 LVfFfFHDGIW�CaHDGIf*_ITVL+f*^�fFHKN�O P M�O�H P G�CaO P C�G P HKN�L�M�XRO�H P ����� � �� @�AF_ITVU0X�TVU P HKTVL PRQ �X c N P�e X�GIH e H I LVN O%UIL�HDG QlP M e XRO�H P G�CaO%UIL P M�LVO�HKT+X cKcK5 XRTVUIHKLVJRX 4Ic L
M�XRO�L = UIL+G�O%UIL�TVUFX6GFGIL c HKN�X6G'XRfFfFHKO�HKJ6L�
X6_IN�N�HDX6G�G P HKN�L
TVUFX6GFGIL c X6GIf�O%UIL�U P N�O�N�HKWIGFX c �'HKN

�
X6_IN�N�HDX6G�CFXRN�fFHKN�T+_IN�N�LVf)HDG)i�UFX6h�@FdF@ � HDGFX cKcK5 C

XRN fFHKN�T+_IN�N�LVf0HDG0i�UFX6h�@6�FC P GIL�T+X6G'XRN 5Fe hIO P O�HKT+X cKcK5 XRTVUIHKLVJ6L�T+X6hFXRTVHKO 5�= HKO%U'O%UIHKN�TVU P HKTVL PRQ � HDG�O%UIL
UIHKWIU�C j fFL c HKO 5{c H e HKO PRQ N e X cKc L e'4 LVfFfFHDGIW�CaHDGIf*_ITVLVfZfFHKN�O P M�O�H P G�X6GIf)N e X cKc hFL+M�O%_FM 4 XRO�H P G0L+GIL+M�W 5 @
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`aG O%UIHKN0TVUFX6hIO�L+M = L)T P GIN�HKfFL+M Q M PIe X6G-HDG QlP M e XRO�H P G-O%UIL P M�LVO�HKT�hFL+M�N%hFLVTVO�HKJ6L{O%UIL 4 LVN�O�h P N�N�H 4Ic L
M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N�hFL+M QlP M e X6GITVL�O%UFXRO P GIL�T P _ c f0U P hFL�O P XRTVUIHKLVJ6L = HKO%U'X6G 5 HDG QlP M e XRO�H P G
L e'4 LVfFfFHDGIW'N 5 N�O�L e @ �
_FM�X6GFX cK5 N�HKN c L+XRfFN�O P HDGIN�HKWIU6O�N�X 4FP _IO N PIe L
hFM P hFL+M�O�HKLVN�X6GIf�TVUFX6M�XRTVO�L+M�HKN�O�HKTVN
PRQ W PIP f{HDG QlP M e XRO�H P G{L e'4 LVfFfFHDGIW e LVO%U P fFN+C  &()
 (DC e LVO%U P fFN
O%UFXRO�XRTVUIHKLVJ6L0hFL+M QlP M e X6GITVL�T cKP N�L�O P
O%UIL�HDG QlP M e XRO�H P G�CaO%UIL P M�LVO�HKT c H e HKO�N+@�`aG'hFX6M�O�HKT+_ c X6MVCIX
T+X6G P GIHKT+X c�I UIHKfFfFL+G K
` S J
N�O%M�_ITVO%_FM�L�L e L+M�W6LVN
QlP M
HDG QlP M e XRO�H P G�L e'4 LVfFfFHDGIW�O%UFXRO
T P GIN�HKN�O�N PRQ Y�[+^�hFM�L+hFM P TVLVN�N�HDGIW PRQ O%UIL0U P N�O�N�HKWIGFX c C
Yl�6^ K
` S
L e'4 LVfFfFHDGIW*CIX6GIf�Y�D6^rh P N�O%hFM P TVLVN�N�HDGIW PRQ O%UIL�kF_FX6G6O�H I LVf�U P N�O"N�HKWIGFX c O P�QlP M e O%UIL�T PIe h P N�HKO�L�N�HKWIGFX c @
�
GIL�HDGIT+_FM�N�G P
cKP N�N PRQ*P hIO�H e X c HKO 5�465 M�LVN�O%M�HKTVO�HDGIW P GIL � N�XRO�O�L+G6O�H P G�O P O%UIHKN�N�H e h c L�N�O%M�_ITVO%_FM�L6@"� c N P C
= L
fFL+M�HKJ6L'N%_�E0TVHKL+G6O
T P GIfFHKO�H P GIN�_FGIfFL+M = UIHKTVU P G cK5 fFHKN�O P M�O�H P G�T PIe hFL+GIN%XRO�H P G)h P N�O%hFM P TVLVN�N�HDGIW0HKN
M�LVkF_IHDM�LVfr@0�
N = L�fFHKN�T+_IN�N�HDGZi�UFX6hIN+@rd)X6GIf �FC�O%UILVN�L�T P GIfFHKO�H P GIN�X6M�L�N%XRO�HKN j LVf�HDG{O%UIL QlP6cKcKP�= HDGIW
O%UFM�LVL�H e h P M�O%X6G6O�T+XRN�LVN+�
Y�[+^�X6G�XRfFfFHKO�HKJ6L

�
X6_IN�N�HDX6G)G P HKN�L�TVUFX6GFGIL c X6GIf)X

�
X6_IN�N�HDX6G�U P N�O�N�HKWIGFX c C

Yl�6^rN�kF_FX6M�LVf'L+M�M P M"fFHKN�O P M�O�H P G�CaT P GIN�O%M�XRHDGILVf0XRO�O%XRTA?6N X6GIf�X
�
X6_IN�N�HDX6G'U P N�O"N�HKWIGFX c CIX6GIf{Y�D6^rN�kF_FX6M�LVf

L+M�M P M�fFHKN�O P M�O�H P G�CaT P GIN�O%M�XRHDGILVfZXRO�O%XRTA?6N+CFX0G P G�C
�
X6_IN�N�HDX6G{U P N�O�N�HKWIGFX c CrX6GIf{XRN 5Fe hIO P O�HKT+X cKcK5 N e X cKc

L e'4 LVfFfFHDGIW�CaHDGIf*_ITVL+f�fFHKN�O P M�O�H P G�X6GIf{XRO�O%XRTA?RL+M�� N�fFHKN�O P M�O�H P G�@
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b UIL{N%_FhFL+M�CaTVUFX6GFGIL c�e'P fFL c
PRQ AILVT6@��F@ �ZX6GIf � HKW*@��&C�� Q XRTVH c HKO%XRO�LVN P _FM�X6GFX cK5 N�HKN+C  &()
 (DC = L)JIHKL =
HDG QlP M e XRO�H P G)L e'4 LVfFfFHDGIW�XRN
O%UIL'O%M�X6GIN e HKN�N�H P G PRQ X�U P N�OFCafFL+hFL+GIfFL+G6O�fFHKN�O P M�O�H P G{N�HKWIGFX c���P J6L+M
X
N%_FhFL+M�CaTVUFX6GFGIL c
= HKO%U'N�HKfFL
HDG QlP M e XRO�H P G P M N�O%XRO�L��
O%UFXRO HKN ?IG P�= G�XRO O%UIL�L+GIT P fFL+MV@�`aG'O%UIHKN�TVUFX6hIO�L+M
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= L�X c N P XRN�N%_ e L�X'N�kF_FX6M�LVf�L+M�M P M�fFHKN�O P M�O�H P G0T P GIN�O%M�XRHDG6O

[
�
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X6GIf)X e L e'P M 5Ic LVN�N
TVUFX6GFGIL c(= HKO%U�?IG P�= G0hFM PI4 X 4 H c HKO 5 fFL+GIN�HKO 50Q _FGITVO�H P GZYlhFf Q ^

� ��� � Y �
	 E ^�� ��
� 	 � ��� � � Y�� � 	 ��� ^��

= UIL+M�L�� � X6GIf ��� X6M�L
O%UIL � CaO%U�T PIe h P GIL+G6O�N PRQ � X6GIf E CFM�LVN%hFLVTVO�HKJ6L cK5 @ ��b UIL+G�CIO%UIL
N%_FhFL+M�CaTVUFX6GFGIL c
HKN
X c N P0e L e'P M 5Ic LVN�N
X6GIf{UFXRN
hFM PI4 X 4 H c HKO 5�c X =

����� � � 	+Y �
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b UIL
T+X6hFXRTVHKO 5 �D[&D �"PRQ O%UIHKN�N%_FhFL+M�CaTVUFX6GFGIL c HKN
O%UIL�M�L c HDX 4Ic L'HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIW�M�XRO�L ���ZO%UFXRO
HKN
XRN 5Fe hIO P O�HKT+X cKcK5 XRTVUIHKLVJRX 4Ic L = HKO%U cKP GIW0N�HKWIGFX crc L+GIW6O%UIN��Z@

`aG'G P G�C = XRO�L+M e X6M@?6HDGIW
T P G6O�LAGIO�N
�
L c � Q X6GIf�X6GIf m HDGIN'?RL+M �D[+\ � X6GIf
��LVLVWIX6M�f�X6GIf0B c

�
X e X c � �F[ �

UFX+J6L
fFLVO�L+M e HDGILVf�O%UIL
T+X6hFXRTVHKO 5�PRQ N%_ITVU�X�TVUFX6GFGIL c HDG0O%UIL
T+XRN�L PRQ X'M�X6GIf PIe N�O%XRO�L�J6LVTVO P M!� = HKO%U
HDGIfFL+hFL+GIfFL+G6O'X6GIf)HKfFL+G6O�HKT+X cKcK5 fFHKN�O%M�H 4 _IO�LVf Y HKHKf*^�T PIe h P GIL+G6O�N = UIL+G�O%UIL�L+GIT P fFL+M�N�LVLVN
O%UIL�L+G6O�HDM�L
N�O%XRO�L
J6LVTVO P M 4 L QlP M�L
TVU PIP N�HDGIW0O%UIL
TVUFX6GFGIL c HDGFhF_IO � @�`aG�O%UIHKN�T+XRN�L�O%UIL
T+X6hFXRTVHKO 5 HKN

� � e X�G
��
�� ��� � ��� � � � � ��� Y�� � � ^ � � Y�� ���*^�� Y ]*@D[+^

= UIL+M�L � Y�� � � ^"fFL+G P O�LVN e _IO%_FX c HDG QlP M e XRO�H P G0X6GIf��'HKN�X6G0X6_<GIH c HDX6M 5 M�X6GIf PIe JRX6M�HDX 4Ic L6@�`aG0O%UIL
T+XRN�L
PRQ
= XRO�L+M e X6M@?6HDGIW*CRO%UIL e X�GIH e H I XRO�H P G)Y ]*@D[+^"HKN�N%_ 4 B�LVTVO O P X
fFHKN�O P M�O�H P G'T P GIN�O%M�XRHDG6O � � � � � � ���%@"�QlP M e X c hFM PIPRQ"PRQ O%UIL
LAGIO�L+GIN�H P G PRQ Y ]*@D[+^"O P HDGIT c _IfFL�O%UIL
fFHKN�O P M�O�H P G�T P GIN�O%M�XRHDG6O�UFXRN 4 LVL+G0W6HKJ6L+G 465
?�X6M�M P G � �FC<D � @ �
O%UIL+M�N � \FC<D6� � X6M�L =�P M@?6HDGIW P G�LAGIO�L+GIfFHDGIW P M�UFX+J6L�LAGIO�L+GIfFLVf�O%UILVN�L
M�LVN%_ c O�N�O P O%UIL
T+XRN�L = UIL+M�L
O%UIL�TVUFX6GFGIL c�c X = ��� � � Y�� 	 � ^ HKN�G P O j GILVf 4 _IO�M�XRO%UIL+M HKN�TVU P N�L+G 465 X6G0XRO�O%XRTA?RL+M"N%_ 4 B�LVTVO
O P X
fFHKN�O P M�O�H P G�T P GIN�O%M�XRHDG6O+@r� M�L c XRO�LVf�HDG QlP M e XRO�H P G�CaO%UIL P M�LVO�HKT QlP M e _ c XRO�H P G'T+X6G 4 L QlP _FGIf0HDG
� DF[ � @

�
N = L�N%UFX cKc N�LVL)HDG-O%UIL)GILAGIO0N�LVTVO�H P G�C P GIL = X 5 O P HDG6O�L+M�hFM�LVO{Y ]*@D[+^�HKN0O%UFXRO � Y�� � � ^�HKN0O%UIL
O P O%X c GI_ e'4 L+M PRQ�4 HKO�N'hFL+M�U P N�O�N�HKWIGFX c N%X e h c L�O%UFXRO
T+X6G 4 L�O%M�X6GIN e HKO�O�LVf�O%UFM P _IWIU)O%UIL�TVUFX6GFGIL c
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O%UIL�T+X6hFXRTVHKO 5
Y ]*@D[+^�T+X6GFG P O�LAGITVLVLVf��-Y � 	 �*^V�

� Y�� � � ^ � � Y�� ���*^ � �-Y��6^ � �-Y�� 	 � ^ � �-Y��6^ � �-Y�� 	 �*^
� �-Y�� 	 �*^ � �-Y�� 	 � ^
� �-Y�� 	 �*^ � �-Y�� 	 � ���*^
� � Y�� � � 	 �*^
� �-Y � 	 �*^ � �-Y � 	 � ���*^
� �-Y � 	 �*^�� Y ]*@ d6^

b UIL�O%UIHDM�f c HDGIL QlP6cKcKP�= N"N�HDGITVL�T P GIfFHKO�H P GIHDGIW�fFLVT+M�L+XRN�LVN"L+G6O%M P h 5 @ b UIL j GFX c6c HDGIL�X6M�HKN�LVN"N�HDGITVL�L+G6O%M P h 5
HKN'G P GFGILVWIXRO�HKJ6L6@ b UI_IN+C = L'N�LVL�O%UFXRO K
` S HKN P hIO�H e X c HDG{O%UIL0G P HKN�L'C Q M�LVL�T+XRN�L0X6GIfZXRTVUIHKLVJ6LVN�O%UIL
�
� � ���
����
�������� �6�
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T+X6hFXRTVHKO 5

�
��� � ��� � ��� ��� � e X�G

� ��� � � � � � � �-Y � 	 �*^�� Y ]*@ �6^

= UIL+M�L = L�UFX+J6L�M�L+h c XRTVLVf'X e X�GIH e H I XRO�H P G P J6L+M ��� � 
 Y�� 	 � ^ Y �-Y � 	 �*^*fFL+hFL+GIfFN P G cK5
P G ��� � 
 Y�� 	 � ^ � 
 Y � ^
X6GIf � 
 Y � ^
HKN�W6HKJ6L+G�@ ^ = HKO%U�X6G)LVkF_IHKJRX c L+G6O e X�GIH e H I XRO�H P G P J6L+M � 	 � 
 Y � 	 � ^ � ��� � 
 Y � � � 	 � ^
N�HDGITVL

� � � ��� � � @

����� 	 	���� 	�
 � �
�*� � �����

`aG�N PIe L�HDG QlP M e XRO�H P G
L e'4 LVfFfFHDGIW'X6hFh c HKT+XRO�H P GIN�O%UIL�U P N�OrN�HKWIGFX c*e X 5
4 L�X+JRXRH c X 4Ic L
XROrO%UIL�fFLVT P fFL+MVC
X6GIf P GIL e X 5 JIHKL = O%UIL�?IG P�= G�C�U P N�O"HDG QlP M e XRO�H P G�L e'4 LVfFfFHDGIW'hFM PI4Ic L e XRN P GIL PRQ T PIe�e _FGIHKT+XRO�H P G
= HKO%U'N�HKfFL�HDG QlP M e XRO�H P G ?IG P�= G 4FP O%U'XRO O%UIL�L+GIT P fFL+M�X6GIf�fFLVT P fFL+MVCIX
N�TVL+GFX6M�H P
QlP M = UIHKTVU���LVLVWIX6M�f
X6GIf)B c

�
X e X c UFX+J6L
fFLVO�L+M e HDGILVf)O%UIL
T+X6hFXRTVHKO 5 O P�4 L � �F[ �

��

���
� � � e X�G

� ��� � � � � � ��� Y � � � 	 �*^�� Y ]*@ �6^

�
GITVL�XRWIXRHDG�C P GIL'T+X6G)XRTVUIHKLVJ6L�O%UIHKN
T+X6hFXRTVHKO 5H= HKO%U�K
` S HDG{O%UIL � Caf PIe XRHDG�C�LAGITVL+hIO
O%UFXRO
O%UIL
O P O%X c GI_ e'4 L+M PRQ T P fFL =�P M�fFN 
�HKN�� � � � � � � � � 
 � � ��� HDGIN�O�L+XRf PRQ � � � � � � � � � � ��� X6GIf�fFLVT P fFHDGIW�HDG6J P6c J6LVN
j GIfFHDGIW{X � O%UFXRO
HKN B P HDG6O cK5 O 5 hIHKT+X c
= HKO%U)O%UIL�hFXRHDM�Y���� $F^�M�XRO%UIL+M�O%UFX6G = HKO%U P G cK5 $�@�Y b UIL+M�L'X6M�L
N�O�H cKc � � � � � � � 
 ������� T P fFL =�P M�fFN
hFL+M�kF_FX6G6O�H I L+MV@ ^ b UI_IN+CFO%UIL�XRTVUIHKLVJRX 4Ic L�M�XRO�L
HKN

� Y�� � � ���*^ � � Y�� ���*^ � ��� � � Y�� ���*^ � � Y�� � � 	 �*^ � � Y�� ���*^ � ���
� �-Y � 	 �*^ � �-Y � 	 � ���*^ � ���
� �-Y � 	 �*^ � �-Y � 	 � ��� � � ^ � ���
� �-Y � 	 �*^ � �-Y � 	 � � � ^ � ���
� � Y � � � 	 �*^ � �����

= UIL+M�L0O%UIL j M�N�O c HDGIL QlP6cKcKP�= N Q M PIe O%UIL0TVUFXRHDGZM�_ c L QlP M e _IO%_FX c HDG QlP M e XRO�H P G �D[&DIC AILVT6@ �F@ � � CrO%UIL
O%UIHDM�f c HDGIL�N�HDGITVL � HKN'X�fFLVO�L+M e HDGIHKN�O�HKT Q _FGITVO�H P G PRQ ��X6GIf �FCrX6GIf{O%UIL QlP _FM�O%U c HDGIL Q M PIe O%UIL Q XRTVO
O%UFXRO ��� Y�� � � ^�� � QlP M e N
X S X6M@? P J'TVUFXRHDG�@

b UI_IN+C = L{N�LVL�O%UFXRO = HKO%U O%UIL�X6hFhFM P hFM�HDXRO�L�TVU P HKTVL PRQ f PIe XRHDG�C P M0LVkF_IHKJRX c L+G6O cK5�= HKO%U O%UIL
X6hFhFM P hFM�HDXRO�L�hFM�L+hFM P TVLVN�N�HDGIW{X6GIf�h P N�O%hFM P TVLVN�N�HDGIW*C
K
` S HKN P hIO�H e X c HDG{O%UIL'N�L+GIN�L'O%UFXRO
T+X6hFXRTVHKO 5 C
�
� � ���
����
�������� ��D
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XRTVUIHKLVJIHDGIW�K
` S N 5 N�O�L e N�LAGIHKN�O+@
`aG)O%UIL'GILAGIO
TVUFX6hIO�L+M = L�fFHKN�T+_IN�N�hFM�XRTVO�HKT+X c H e h c L e L+G6O%XRO�H P GIN PRQ
K
` S = HKO%U�M�L+XRN P GFX 4Ic L�fFL c X 5 X6GIf)T PIe h c LAGIHKO 5 @
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?�L QlP M�L = L
fFHKN�T+_IN�N
hFM�XRTVO�HKT+X c H e h c L e L+G6O%XRO�H P GIN+C�U P�= LVJ6L+MVC = L
fFL+M�HKJ6L
HDG�O%UIHKN�N�LVTVO�H P G�X'GILVTVLVN�N%X6M 5
X6GIf�N%_�E0TVHKL+G6O'T P GIfFHKO�H P G QlP M
O%UIL0LVkF_IHKJRX c L+GITVL PRQ O%UIL�U P N�OFC 4Ic HDGIf-X6GIf8?IG P�= G�C�U P N�O
T+X6hFXRTVHKO�HKLVN+@ �
� UIL+G O%UIHKN�T P GIfFHKO�H P G HKN)N%XRO�HKN j LVfrC�HDG QlP M e XRO�H P G L e'4 LVfFfFHDGIW e LVO%U P fFN0LAGIHKN�O)O%UFXRO0T PIe h c LVO�L cK5
M�LFB�LVTVO
U P N�O�HDG6O�L+M Q L+M�L+GITVL�N�HDGITVL'G P'cKP N�N�HDG)M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N
hFL+M QlP M e X6GITVL�M�LVN%_ c O�N Q M PIe
G P O
UFX+JIHDGIW�O%UIL'U P N�O�N�HKWIGFX c XRO�O%UIL
fFLVT P fFL+MV@

brP fFL+M�HKJ6L'O%UIHKN
LVkF_IHKJRX c L+GITVL0T P GIfFHKO�H P G�C = L = M�HKO�L�O%UIL QlP6cKcKP�= HDGIW�LVkF_FX c HKO�HKLVN�X6GIf{HDGILVkF_FX c HKO�HKLVN+C
= UIL+M�L0X cKc�e _IO%_FX c HDG QlP M e XRO�H P GIN�X6GIf�L+G6O%M P h 5 LAGFhFM�LVN�N�H P GIN�X6M�L = HKO%U�M�LVN%hFLVTVO'O P O%UIL"#�� ��� � � '  ����
T+X6hFXRTVHKO 5 C�XRTVUIHKLVJIHDGIW�fFHKN�O%M�H 4 _IO�H P G�C*O%UIL e X�GIH e H I HDGIW0fFHKN�O%M�H 4 _IO�H P G)HDGZY ]*@D[+^V�

��

���
� � � � Y � � � 	 �*^ Y ]*@ \6^

� � Y�� � � 	 �*^ Y ]*@D[+�6^
� �-Y�� 	 �*^ � �-Y�� 	 � ���*^
� �-Y�� 	 �*^ � �-Y�� 	 � ^ Y ]*@D[6[+^
� �-Y��6^ � �-Y�� 	 � ^ � � �-Y��6^ � �-Y�� 	 �*^ �
� � Y�� � � ^ � � Y�� ���*^
� ��� � ��� ���	� � �	
 �

b UIL j M�N�O c HDGIL QlP6cKcKP�= N Q M PIe Y ]*@ �6^
X6GIf�O%UIL0N�LVT P GIf Q M PIe O%UIL�g�XRO%X m M P TVLVN�N�HDGIW�`aGILVkF_FX c HKO 5 �D[&DIC
AILVT6@R�F@ � � N�HDGITVL ��� � � � HKN X S X6M@? P J�TVUFXRHDG
W6HKJ6L+G �r@ b UIL QlP _FM�O%U c HDGIL�X6M�HKN�LVN"N�HDGITVL�T P GIfFHKO�H P GIHDGIW
GILVJ6L+M�HDGIT+M�L+XRN�LVN�L+G6O%M P h 5 @ b UIL j GFX c�c HDGIL'X6M�HKN�LVN�N�HDGITVL�X cKc"e _IO%_FX c HDG QlP M e XRO�H P GIN
X6M�L = HKO%U0M�LVN%hFLVTVO
O P O%UIL e X�GIH e H I HDGIW�fFHKN�O%M�H 4 _IO�H P G{HDG-Y ]*@D[+^V@ b UI_IN+C = L PI4 O%XRHDG)O%UIL PI4 JIH P _IN
M�LVN%_ c O
O%UFXRO�O%UIL'U P N�OFC
4Ic HDGIf{T+X6hFXRTVHKO 5 T+X6GFG P O 4 L�WIM�L+XRO�L+M�O%UFX6G0O%UIL ?IG P�= G�C�U P N�O�T+X6hFXRTVHKO 5 @

� L�X6M�M�HKJ6L�XRO
T P GIfFHKO�H P GIN QlP M
LVkF_IHKJRX c L+GITVL PRQ O%UIL'O =�P T+X6hFXRTVHKO�HKLVN 465)j GIfFHDGIW{GILVTVLVN�N%X6M 5 X6GIf
N%_�E0TVHKL+G6O�T P GIfFHKO�H P GIN QlP M�O%UIL
HDGILVkF_FX c HKO�HKLVN�Y ]*@ \6^VC�Y ]*@D[+�6^VC6X6GIfZY ]*@D[6[+^ O P U P6c f = HKO%U0LVkF_FX c HKO 5 @ b UIL
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g�XRO%X m M P TVLVN�N�HDGIW�`aGILVkF_FX c HKO 5 Y ]*@D[+�6^�U P6c fFN = HKO%U0LVkF_FX c HKO 5 H Q X6GIf P G cK5 H Q

� Y � � � 	 � ���*^�� �
� Y ]*@D[+�6^

b UIHKN�T P GIfFHKO�H P G'HKN�X c = X 5 N N%XRO�HKN j LVf'N�HDGITVL�O%UIL e X�GIH e H I HDGIW'fFHKN�O%M�H 4 _IO�H P G'HDG)Y ]*@D[+^rUFXRN O%UIL�hFM P hFL+M�O 5
O%UFXRO � HKN
X�fFLVO�L+M e HDGIHKN�O�HKT Q _FGITVO�H P G PRQ Y�� ���*^ �D[+\ � @ b UIL�LAGFhFM�LVN�N�H P GZY ]*@ \6^�U P6c fFN = HKO%U�LVkF_FX c HKO 5 H Q
X6GIf P G cK5 H Q O%UIL
T P GIfFHKO�H P GFX c hFf Q

� 	 � 
 Y � 	 � ^ � � � � � � 	 � 
 Y�� � � 	 � ^

T P M�M�LVN%h P GIfFHDGIW{O P O%UIL e X�GIH e H I HDGIW{fFHKN�O%M�H 4 _IO�H P GZHDG Y ]*@D[+^�HKN'X c N P O%UIL e X�GIH e H I HDGIW{fFHKN�O%M�H 4 _IO�H P G
HDG-Y ]*@ �6^V@ b UIL j GFX c HDGILVkF_FX c HKO 5 Y ]*@D[6[+^�U P6c fFN = HKO%U)LVkF_FX c HKO 5 H Q X6GIf P G cK5 H Q �-Y�� 	 � ���*^ � �-Y�� 	 � ^VC
P M�LVkF_IHKJRX c L+G6O cK5 H Q X6GIf P G cK5 H Q �)X6GIf �0X6M�L
T P GIfFHKO�H P GFX cKcK5 HDGIfFL+hFL+GIfFL+G6O�W6HKJ6L+G � C

� Y������ 	 � ^�� �
� Y ]*@D[&D6^

�
GZHDG6O%_IHKO�HKJ6L{HDG6O�L+M�hFM�LVO%XRO�H P G QlP M'O%UIHKN0T P GIfFHKO�H P G-HKN0O%UFXRO'H Q O%UIHKN�T P GIfFHKO�H P G U P6c fFN+C PI4 N�L+M�JIHDGIW��
f P LVN�G P O W6HKJ6L
X6G 5�e'P M�L�HDG QlP M e XRO�H P G'O%UFX6G'O%UFXRO PI4 O%XRHDGILVf Q M PIe�PI4 N�L+M�JIHDGIW $'X cKP GIL
X 4FP _IO = UIHKTVU
T P fFL =�P M�f�
 = XRN�TVU P N�L+G 465 O%UIL
L+GIT P fFL+MV@�AIHDGITVL'O%UIL�fFLVT P fFL+M�LVN�O�H e XRO�LVN�� 465 fFLVO�L+M e HDGIHDGIW�O%UIL
T P fFL 4FPIP ?�O P�= UIHKTVU�
 4 L cKP GIW6N+C*H Q Y ]*@D[&D6^ U P6c fFN+CFO%UIL+G0O%UIL
fFLVT P fFL+M�� N
B PI4 HKN
G P O e XRfFL
X6G 5 L+XRN�HKL+M
H Q HKO�HKN
X cKcKP�= LVf�O P�PI4 N�L+M�J6L
O%UIL�U P N�O�N�HKWIGFX c �r@
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�
HKL = HDGIW{X6G)L e'4 LVfFfFHDGIW Q _FGITVO�H P G�XRN
X6G)L+GIN�L e'4Ic L PRQ X6hFhFM P GIH e XRO�L�HKfFL+G6O�HKO 5)Q _FGITVO�H P GIN'X6GIf�M�L'C
N�O%M�HKTVO�HDGIW�O%UILVN�L�X6hFhFM P GIH e XRO�L
HKfFL+G6O�HKO 50Q _FGITVO�H P GIN�O P�4 L�kF_FX6G6O�H I L+M�N c L+XRfFN
O P X'T P G6J6L+GIHKL+G6O�N�O%M�_IT'C
O%_FM�L�HDG = UIHKTVU P GIL
T+X6G�XRTVUIHKLVJ6L
M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N�O%M�XRfFL'C P�J N 465 XRf�B�_IN�O�HDGIW'O%UIL
GI_ e'4 L+M
PRQ kF_FX6G6O�H I L+M�N+CrO%UIL'kF_FX6G6O�H I XRO�H P G{TVL cKc N+C X6GIf�O%UIL e HDGIH e _ e fFHKN�O%X6GITVL6C"XRN
fFHKN�T+_IN�N�LVfZHDGZi�UFX6h�@(DF@
b UIHKN�N�O%M�_ITVO%_FM�L�M�LVf*_ITVLVN�O%UIL0HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIWZN 5 N�O�L e fFLVN�HKWIG-hFM PI4Ic L e O P{P GIL PRQ T P G�C
N�O%M�_ITVO�HDGIW�X6G0L+GIN�L e'4Ic L PRQ kF_FX6G6O�H I L+M
M�LVT P GIN�O%M�_ITVO�H P G)h P HDG6O�N
O%UFXRO
X c N P'QlP M e X�W PIP f�N�HKWIGFX c T P G�C
N�O�L cKc XRO�H P G�@ ��_FM�O%UIL+M e'P M�L6C�XRN'fFHKN�T+_IN�N�LVf HDG i�UFX6h�@ ]�H e h P N�HDGIW-N%_ITVUZN�O%M�_ITVO%_FM�L)GILVLVf G P O c L+XRf
O P X6G 5�cKP N�N PRQ
P hIO�H e X c HKO 5 hFM P JIHKfFLVf P GIL)TVU PIP N�LVN�O%UIL)hFM P hFL+M'f PIe XRHDG QlP M'kF_FX6G6O�H I XRO�H P G-X6GIfrC
XRN = L'fFHKN�T+_IN�N'HDGZi�UFX6hIN+@rd)X6GIf �FC = UIL+GZ_IN�LVf�HDG�T P G&B�_FGITVO�H P G = HKO%U{fFHKN�O P M�O�H P G{T PIe hFL+GIN%XRO�H P G
YlAILVT6@�DF@ D6^VCRN%_ITVU�N�O%M�_ITVO%_FM�L
GILVLVf0G P O�M�LVN%_ c O�HDG�X6G 5�cKP N�N PRQ�P hIO�H e X c HKO 5 HDG'TVL+M�O%XRHDG'H e h P M�O%X6G6O T+XRN�LVN
LVJ6L+G = UIL+G0kF_FX6G6O�H I HDGIW0HDG�O%UIL�T PIe h P N�HKO�L'CaN�HKWIGFX c f PIe XRHDG�@

` e h P N�HDGIW'XRfFfFHKO�H P GFX c N�O%M�_ITVO%_FM�L P G'O%UIL�kF_FX6G6O�H I L+M L+GIN�L e'4Ic LVN�O%UIL e N�L c J6LVN c L+XRfFN�O P XRfFfFHKO�H P GFX c
HDGIN�HKWIU6O�N'HDG6O P O%UIL0fFLVN�HKWIG�C hFL+M QlP M e X6GITVL0LVJRX c _FXRO�H P G�C�X6GIf�H e h c L e L+G6O%XRO�H P G PRQ K
` S L e'4 LVfFfFHDGIW
e LVO%U P fFN+CFhFX6M�O�HKT+_ c X6M cK5 = UIL+G P GIL
HKN�T P GITVL+M�GILVf = HKO%U cKP�= CaT PIe h c LAGIHKO 5 H e h c L e L+G6O%XRO�H P GIN+@�� T P G�C
J6L+GIHKL+G6O�N�O%M�_ITVO%_FM�L�O P T P GIN�HKfFL+M�HKN�O%UFXRO PRQ N P CaT+X cKc LVf0fFHKO%UIL+M�LVf0kF_FX6G6O�H I L+M�N � ��DIC6]I\ � C = UIHKTVU�UFX+J6L�O%UIL
hFM P hFL+M�O 5 O%UFXRO�O%UIL
kF_FX6G6O�H I XRO�H P G�TVL cKc N
X6GIf�M�LVT P GIN�O%M�_ITVO�H P G0h P HDG6O�N PRQ X6G 5 W6HKJ6L+G�kF_FX6G6O�H I L+M�HDG0O%UIL
L+GIN�L e'4Ic L
X6M�L�N%UIH Q O�LVf�J6L+M�N�H P GIN PRQ O%UIL�kF_FX6G6O�H I XRO�H P G�TVL cKc N�X6GIf�M�LVT P GIN�O%M�_ITVO�H P G'h P HDG6O�N PRQ X6G 5
P O%UIL+M
kF_FX6G6O�H I L+M
HDG�O%UIL�L+GIN�L e'4Ic L6@�`aG�G P G�C = XRO�L+M e X6M@?6HDGIW�T P G6O�LAGIO�N+C�O%UIL�N%UIH Q O�N�O 5 hIHKT+X cKcK5 T P M�M�LVN%h P GIf
O P hIN�L+_If P M�X6GIf PIe J6LVTVO P M�N
T+X cKc LVf-fFHKO%UIL+M
J6LVTVO P M�N+@'� P M
HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIWZhF_FM�h P N�LVN+C"O%UIL
fFHKO%UIL+M�J6LVTVO P M�T+X6G 4 L e'P f*_ c XRO�LVf = HKO%U-O%UIL0L e'4 LVfFfFLVf N�HKWIGFX c C� &()
 (DC L+XRTVU-h P N�N�H 4Ic L{L e'4 LVfFfFLVf
N�HKWIGFX cre X6hIN�_FGIHKkF_IL cK5�P G6O P X
fFH J L+M�L+G6O�fFHKO%UIL+M�J6LVTVO P M � Y �'^V@ b UIL
U P N�O�N�HKWIGFX c HKN�kF_FX6G6O�H I LVf = HKO%U
�
� � ���
����
�������� �6�
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O%UIL0M�LVN%_ c O�HDGIW�fFHKO%UIL+M�LVfZkF_FX6G6O�H I L+M�O P0QlP M e O%UIL�T PIe h P N�HKO�L0N�HKWIGFX c @)AFhFLVTVH j T+X cKcK5 C = L�N�O%X6M�O = HKO%U
N PIe L 4 XRN�L
kF_FX6G6O�H I L+M ��Y�� ^VCIX6GIf)O%UIL
L e'4 LVfFfFHDGIW Q _FGITVO�H P G�HKN

E Y��	���'^ ����Y�� � � Y �'^�^ � � Y �'^��

� L'T+X cKc O%UIHKN
O 5 hFL PRQ HDG QlP M e XRO�H P G)L e'4 LVfFfFHDGIW I fFHKO%UIL+M e'P f*_ c XRO�H P G?J*@ � L'fFHKN�T+_IN�N
N�LVJ6L+M�X c"cKP�= C
T PIe h c LAGIHKO 5 M�L+X c H I XRO�H P GIN PRQ N%_ITVU�fFHKO%UIL+M e'P f*_ c XRO�H P G e LVO%U P fFN�HDG�O%UIL�M�LVN�O PRQ O%UIHKN
TVUFX6hIO�L+MV@
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i P fFLVf 4 HDGFX6M 5 fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%U)_FGIH QlP M e C�N�T+X c X6M�kF_FX6G6O�H I XRO�H P G�HKN P GIL�N%_ITVU)M�L+X c H I XRO�H P G�@
Yl? 5 N�T+X c X6M0kF_FX6G6O�H I XRO�H P G�C = L e L+X6G O%UFXRO0O%UILZUIHKWIU fFH e L+GIN�H P GFX c'4 XRN�L{kF_FX6G6O�H I L+M ��Y�� ^'HKN)O%UIL
i�X6M�O�LVN�HDX6G hFM P f*_ITVO PRQ N�T+X c X6M�kF_FX6G6O�H I L+M�N+@ ^ � L{XRN�N%_ e L)O%UFXRO)[ ��� � ��� � [6@ b UIL)fFHKO%UIL+M
J6LVTVO P M�N�HDG)X'T P fFLVf 4 HDGFX6M 5 fFHKO%UIL+M e'P f*_ c XRO�H P G�N 5 N�O�L e X6M�L
T P GIN�O%M�_ITVO�LVf�HDG�O%UIL QlP6cKcKP�= HDGIW = X 5 �

� b UIL�� ����HDG QlP M e XRO�H P G 4 HKO�N ��� � ��� � ������� ��� �	��
 � M�L+hFM�LVN�L+G6O�HDGIW�O%UIL
L e'4 LVfFfFLVf e LVN�N%XRW6L��X6M�L�L+M�M P M�T P M�M�LVTVO�H P G-T P fFLVf _IN�HDGIW-X�M�XRO�L'C�� � ���	��T P fFL)O P�PI4 O%XRHDG X{T P fFLVf 4 HKO0N�LVkF_IL+GITVL
�	
 � ��
 � ����������
 � ��� � C = UIL+M�L 
�� [

��� Y�� � ���	��^��
Yl`aG�O%UIL�_FGIT P fFLVf{T+XRN�L6C�
 � ��� � X6GIf�� � ���	� � [6@ ^ � L�fFHKJIHKfFL�O%UIL�U P N�O�N�HKWIGFX c ��HDG6O P ����

G P G�C P J6L+M c X6hFhIHDGIW 4IcKP TA?6N PRQ"c L+GIW6O%U�
 X6GIf�L e'4 LVf�O%UIL � CaO%U0T P fFLVf 4 HKO�
 � HDG0O%UIL � CaO%U 4IcKP TA?*C
XRN�fFLVN�T+M�H 4 LVf 4 L cKP�= @

� b =�P�c L+GIW6O%U�C�
)fFHKO%UIL+MrN�LVkF_IL+GITVLVN � � � �%� � X6GIf � � � �+[ � X6GIf P GIL c L+GIW6O%U�C�
{N�LVkF_IL+GITVL PRQ _FGIH QlP M e C
N�T+X c X6M�kF_FX6G6O�H I L+M�N = HKO%U�N�O�L+h0N�H I LVN�� � ������� � � � X6M�L
T P GIN�O%M�_ITVO�LVf = HKO%U0O%UIL
T P GIN�O%M�XRHDG6O

� � � �+[ � �
��� �� � � � �%� � � ��� �6� � � � � �%� ��� �
� � � �%� �
� ��� �6� � � � � �%� � � � ������[ ������� ��
%�

b UIHKN�T P GIN�O%M�XRHDG6O L+GIN%_FM�LVN�O%UFXRO O%UIL�O =�P T P M�M�LVN%h P GIfFHDGIW�

CafFH e L+GIN�H P GFX c fFHKO%UIL+M�LVf0kF_FX6G6O�H I L+M�N
X6M�L'O%UIL e X�GIH e _ e h P N�N�H 4Ic L0fFHKN�O%X6GITVL Q M PIe L+XRTVU P O%UIL+MV@�� P M
LAGFX e h c L6C"X�hIN�L+_If P M�X6GIf PIe
N�LVkF_IL+GITVL PRQ ����� �R])X6GIf�HKO�N'GILVWIXRO�HKJ6L�N%XRO�HKN Ql5 O%UIHKN�T P GIN�O%M�XRHDG6O+@��
GIL�T P _ c f-X c O�L+M�GFXRO�HKJ6L cK5
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� HKWI_FM�L��&C%[6�rB e'4 LVfFfFL+M QlP M�T P fFLVf 4 HDGFX6M 5 fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%U�_FGIH QlP M e C+N�T+X c X6MrkF_FX6G6O�H I XRO�H P G�@
b UIL P G cK5 M�LVkF_IHDM�LVf{T PIe hF_IO%XRO�H P G 4 L 56P GIf)O%UFXRO PRQ O%UIL QlP M = X6M�f�L+M�M P M�T P M�M�LVTVO�H P GZY ��B�i�^�T P fFL�HKN
P GIL�XRfFfFHKO�H P G�C P GIL�N�T+X c X6M�kF_FX6G6O�H I XRO�H P G�C*X6GIf P GIL�N%_ 4 O%M�XRTVO�H P G�hFL+M
U P N�O�N�HKWIGFX c N%X e h c L6@

TVU PIP N�L � � � �%� � hIN�L+_If P M�X6GIf PIe'cK5 = HKO%U'X
_FGIH QlP M e fFHKN�O%M�H 4 _IO�H P G P J6L+M�� � ��� �6� � ��� �6� � @ � � c N P C
O%UIL
O =�P fFHKO%UIL+M�N�LVkF_IL+GITVLVN
GILVLVf{G P O 4 L�O%UIL
N%X e L QlP M�L+XRTVU c L+GIW6O%U�C�
 4IcKP TA?*@

� b UIL � CaO%U 4IcKP TA? PRQ ��HKN�kF_FX6G6O�H I LVf = HKO%U'O%UIL
fFHKO%UIL+M�LVf�kF_FX6G6O�H I L+M�_IN�HDGIW'O%UIL�fFHKO%UIL+M�N�LVkF_IL+GITVL
� � � ��
 � � @

��������� � �( ����#���������(	��
�3;>�( ������������A�

� 4IcKP TA?
fFHDXRWIM�X e PRQ*P GIL�H e h c L e L+G6O%XRO�H P G PRQ O%UIL�X 4FP J6L�L e'4 LVfFfFHDGIW'hFM P TVLVN�N HKN N%U P�= G
HDG'� HKW*@R�&C%[6C
= UIL+M�L = L�_IN�L�O%UIL�N�LVkF_IL+GITVL
G P O%XRO�H P G � � � � O P fFL+G P O�L�O%UIL���CaO%U'L c L e L+G6O PRQ O%UIL
U P N�O N�HKWIGFX c J6LVTVO P M
�*@ b UIL
XRTVO%_FX c L e'4 LVfFfFHDGIW PRQ O%UIL�T P fFLVf 4 HKO�N 
 � M�LVkF_IHDM�LVN P G cK5 O =�P XRfFfFL+M�N�X6GIf0X�_FGIH QlP M e C6N�T+X c X6M
kF_FX6G6O�H I L+MV@

�
G{H e h c L e L+G6O%XRO�H P G PRQ O%UIL�T P M�M�LVN%h P GIfFHDGIW e HDGIH e _ e fFHKN�O%X6GITVL0fFLVT P fFL+M�Y�DF@ �6^�HKN'N%U P�= G)HDG
� HKW*@ �&C��F@ �
GIL�T+X6G�L+XRN�H cK5Zj GIf-O%UIL�GIL+X6M�LVN�O�M�LVT P GIN�O%M�_ITVO�H P GZN�LVkF_IL+GITVL PRQ L+XRTVU�kF_FX6G6O�H I L+M)Y O%UIL
�&CakF_FX6G6O�H I L+M)X6GIf O%UIL-['CakF_FX6G6O�H I L+M�^�O P O%UILZM�LVTVLVHKJ6LVf N�LVkF_IL+GITVL � � � � _IN�HDGIW X Q L = XRfFfFL+M�N{X6GIf
N�T+X c X6M0kF_FX6G6O�H I L+M�N+@�� P M0UFX6M�f<CafFLVTVHKN�H P G QlP M = X6M�f L+M�M P M0T P M�M�LVTVO�H P G�Y ��B�i�^�fFLVT P fFHDGIW*C P GIL�T+X6G
e X�?RL
fFLVTVHKN�H P GIN P G0L+XRTVU0T P fFLVf 4 HKO 
 � _IN�HDGIW0O%UIL�M�_ c L6�

"
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y[k] ⊕ q(⋅) ⊕
−

d[k,0]
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−
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� HKWI_FM�L��&C��F�"g
LVT P fFL+M QlP M�T P fFLVf 4 HDGFX6M 5 fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%U�_FGIH QlP M e CFN�T+X c X6M�kF_FX6G6O�H I XRO�H P G�@
b UIL
fFHKN�O%X6GITVLVN 4 LVO = LVL+G0O%UIL�M�LVTVLVHKJ6LVf)N�LVkF_IL+GITVL � � � � X6GIf)O%UIL�GIL+X6M�LVN�O�kF_FX6G6O�H I L+M
M�LVT P GIN�O%M�_ITVO�H P GN�LVkF_IL+GITVLVN � � � � �%� � X6GIf � � � � �+[ ��Q M PIe L+XRTVU0kF_FX6G6O�H I L+M
X6M�L�_IN�LVf QlP M�LVHKO%UIL+M�N PRQ OFCafFLVTVHKN�H P G P M�UFX6M�f<C
fFLVTVHKN�H P G QlP M = X6M�f0L+M�M P M�T P M�M�LVTVO�H P GZY ��B�i�^�fFLVT P fFHDGIW*@

b UIL+G�C6O%UIL���B�i-fFLVT P fFL+M T+X6G'W6L+GIL+M�XRO�L�O%UIL�fFLVT P fFLVf0HDG QlP M e XRO�H P G 4 HKO�N�LVkF_IL+GITVL�� "� � ������� � "� �	��
 �
Q M PIe O%UIL
LVN�O�H e XRO�LVN PRQ O%UIL
T P fFLVf 4 HKO�N���"
 � ������� � "
 � ��� � @ � c O�L+M�GFXRO�HKJ6L cK5 C P GIL
T+X6G0_IN�L
O%UIL e LVO%M�HKTVN

e LVO%M�HKTFY � ���l^�� � �
�� 	 � � � � � � � � Y � � � � � � � � � ��� � ^ � � ����[ ������� � ����
%� ��� � �+[ �

QlP M�N PRQ OFCafFLVTVHKN�H P G)fFLVT P fFHDGIW*@
� P M�LAGFX e h c L6C P GIL�T+X6G)_IN�L�O%UILVN�L e LVO%M�HKTVN
XRN 4 M�X6GITVU e LVO%M�HKTVN QlP M�X
e HDGIH e _ e N�kF_FX6M�LVf{B�_IT c HKfFL+X6G)fFHKN�O%X6GITVL �
HKO�L+M 4 HrfFLVT P fFL+M � �6d � @

������� � 	 ��	��� �� �����&���
	�;>�

�
G 5 O =�P fFHKN�O�HDGITVO�T P fFLVf 4 HKO�N�LVkF_IL+GITVLVN�fFH J L+M�HDG�XRO c L+XRN�O � �
h c XRTVLVN+C = UIL+M�L � �

HKN�O%UIL e HDGIH e _ e
�
X e�e HDGIW�fFHKN�O%X6GITVL PRQ O%UIL�L+M�M P M"T P M�M�LVTVO�H P G�T P fFL6@ � P M"L+XRTVU PRQ O%UILVN�L � �

4IcKP TA?6N+C6O%UIL
M�LVT P GIN�O%M�_IT'C
O�H P G)h P HDG6O�N PRQ O%UIL�T P M�M�LVN%h P GIfFHDGIW�kF_FX6G6O�H I L+M�N�X6M�L�N%UIH Q O�LVf{M�L c XRO�HKJ6L'O P L+XRTVU P O%UIL+M 465 ����� �6�'HDG
O%UIL ��CaO%U0fFH e L+GIN�H P G�@ b UI_IN+CIO%UIL
N�kF_FX6M�L PRQ O%UIL e HDGIH e _ e fFHKN�O%X6GITVL0Y�DF@ �6^ P J6L+M�X cKc � fFH e L+GIN�H P GIN
�
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= UIL+M�L�� ��HKN PRQ O�L+G�M�L Q L+M�M�LVf�O P XRN�O%UIL
WIXRHDG PRQ O%UIL�L+M�M P M�T P M�M�LVTVO�H P G0T P fFL6C
� � �� � �

Y�� � ���	��^�� Yl�F@ �6^

` Q O%UIL�kF_FX6G6O�H I XRO�H P G'TVL cKc N�X6M�L�N%_�E0TVHKL+G6O cK5 N e X cKc N%_ITVU�O%UFXRO"O%UIL�U P N�O"N�HKWIGFX c T+X6G 4 L e'P fFL c LVf0XRN
_FGIH QlP M e'cK5 fFHKN�O%M�H 4 _IO�LVf = HKO%UIHDG)L+XRTVU�TVL cKc C�O%UIL'LAGFhFLVTVO�LVf{N�kF_FX6M�LVf)L+M�M P M�fFHKN�O P M�O�H P G PRQ X0_FGIH QlP M e C
N�T+X c X6M�kF_FX6G6O�H I L+M = HKO%U0N�O�L+h�N�H I L����
HKN

[
��� �

��� � �
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� � ��[+� �
b UI_IN+CFO%UIL P J6L+M�X cKc X+J6L+M�XRW6L
LAGFhFLVTVO�LVf{fFHKN�O P M�O�H P G�Yl�F@ �6^�HKN

� � � [
[+��
 � � � �� � Yl�F@ D6^

i PIe'4 HDGIHDGIW�Yl�F@D[+^�X6GIfZYl�F@ D6^ 5 HKL c fFN
O%UIL�fFHKN�O P M�O�H P G�C�G P M e X c H I LVf{N�kF_FX6M�LVf e HDGIH e _ e fFHKN�O%X6GITVL6C

� ���� � �	� � ���� �� � � D
� �
��� � Yl�F@ ]I^

= UIHKTVU�T+X6G 4 L�_IN�LVf�O P TVUFX6M�XRTVO�L+M�H I L�O%UIL�XRTVUIHKLVJRX 4Ic L
hFL+M QlP M e X6GITVL PRQ hFX6M�O�HKT+_ c X6M#K
` S M�L+X c H I XRO�H P GIN+C
XRN�HKN
f P GIL
HDG c XRO�L+M�TVUFX6hIO�L+M�N+@

� ��� 2 ���r������
R�*�r�
	����+���"! ����� � � � � ��� �����������
	

AFhFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P G�YlA b g S ^�HKN�X'N%hFLVTVHDX c T+XRN�L PRQ T P fFLVf 4 HDGFX6M 5 fFHKO%UIL+M e'P f<C
_ c XRO�H P G�@-A PIe L�XRfFJRX6G6O%XRW6LVN PRQ A b g S P J6L+M P O%UIL+M QlP M e N PRQ fFHKO%UIL+M e'P f*_ c XRO�H P G�C P J6L+M�X{T c XRN�N
PRQ N%hFM�L+XRf<CaN%hFLVTVO%M�_ e e LVO%U P fFN = L
T+X cKc X e h c HKO%_IfFL'C e'P f*_ c XRO�H P G)N%hFM�L+XRf�N%hFLVTVO%M�_ e Y � S C�AFAF^VCFX6GIf
P J6L+M�O%UIL�W6L+GIL+M�X c H I LVf �r? S e LVO%U P f�HDG � ]<D � X6M�L
fFHKN�T+_IN�N�LVf 4 L cKP�= @
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HKO%UIL+M e'P f*_ c XRO�H P G = HKO%U)_FGIH QlP M e kF_FX6G6O�H I XRO�H P G0N�O�L+h0N�H I LVN+@
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b UIL�fFHKN�O P M�O�H P G�C�G P M e X c H I LVf'N�kF_FX6M�LVf e HDGIH e _ e fFHKN�O%X6GITVL�Yl�F@ ]I^ PRQ*4 HDGFX6M 5 fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%U
_FGIH QlP M e N�T+X c X6M�kF_FX6G6O�H I XRO�H P G)f P LVN
G P O
fFL+hFL+GIf P G�O%UIL'N�LVkF_IL+GITVL����IC  &()
 (DC P G�O%UIL�fFHKN�O%M�H 4 _IO�H P G
PRQ O%UIL
fFHKN�O P M�O�H P G)XRT+M P N�N�N%X e h c LVN = HKO%UIHDG)O%UIL c L+GIW6O%U�C�
 4IcKP TA?*@ b UI_IN+C P GIL
HKN Q M�LVL
O P TVU PIP N�L�X6G 5
fFHKN�O%M�H 4 _IO�H P G = HKO%U P _IO'N%XRT+M�H j TVHDGIW � ���� � � C = UIHKTVU�T PIe h c LVO�L cK5 TVUFX6M�XRTVO�L+M�H I LVN'O%UIL0hFL+M QlP M e X6GITVL PRQfFHKO%UIL+M e'P f*_ c XRO�H P G)YlX6GIf�K
` S HDG�W6L+GIL+M�X c ^"XRWIXRHDGIN�O 4FP _FGIfFLVf0hFL+M�O%_FM 4 XRO�H P G'XRO�O%XRTA?6N"X6GIf 4FP _FGIfFLVf
U P N�OFCafFHKN�O P M�O�H P G�XRO�O%XRTA?6N+CFXRN = L
N%U P�= HDG)i�UFX6h�@��F@

`lO e X 5�4 L)XRfFJRX6G6O%XRW6L P _IN�HDG P O%UIL+M�T P G6O�LAGIO�N+CrO%U P _IWIU�C"O P T P GITVL+G6O%M�XRO�L�O%UIL0fFHKN�O P M�O�H P G�HDGZX
N e X cKc GI_ e'4 L+M PRQ N%X e h c LVN+C QlP M�LAGFX e h c L6CFHDG�O%UIL j M�N�O�N%X e h c L PRQ LVJ6L+M 50c L+GIW6O%U�C�
 4IcKP TA?*@�� HKW*@F�&CFD
N%U P�= N�O%UIL�M�LVT P GIN�O%M�_ITVO�H P G)h P HDG6O�N PRQ O =�P kF_FX6G6O�H I L+M�N QlP M�L e'4 LVfFfFHDGIW P GIL 4 HKO
HDG{X 4IcKP TA? PRQ O =�P
N%X e h c LVN+C = UIL+M�L'O%UIL'kF_FX6G6O�H I XRO�H P G)N�O�L+h)N�H I LVN'X6M�L'O%UIL'N%X e L QlP M 4FP O%U)N%X e h c LVN+@
� HKW*@r�&Ca]�N%U P�= N
O%UIL'T+XRN�L = UIL+M�L�X�_FGIHKO%X6M 5 O%M�X6GIN QlP M e UFXRN j M�N�O 4 LVL+G�X6hFh c HKLVf 4 L QlP M�L'L e'4 LVfFfFHDGIW P GIL 4 HKO+@ b UIL
j M�N�O�O%M�X6GIN QlP M e T P L'E0TVHKL+G6O
HKN�O%UIL
T PIe h P GIL+G6O PRQ O%UIL�U P N�O�N�HKWIGFX c HDG�O%UIL
fFHDM�LVTVO�H P G PRQ H CFX6GIf�O%UIL
N�LVT P GIf0O%M�X6GIN QlP M e T P L'E0TVHKL+G6O�HKN�O%UIL�T PIe h P GIL+G6O P M�O%U P W P GFX c O P H @ b UIL
N�O�L+h�N�H I L QlP M kF_FX6G6O�H I HDGIW
O%UIL j M�N�O'O%M�X6GIN QlP M e T P L'E0TVHKL+G6O0HKN c X6M�W6L+M'O%UFX6GZHDGZ� HKW*@��&CFDFC 4 _IO�O%UIL�N�O�L+hZN�H I L QlP M�kF_FX6G6O�H I HDGIW
O%UIL�N�LVT P GIfZO%M�X6GIN QlP M e T P L'E0TVHKL+G6O�HKN I L+M P @)`aG�O%UIHKN'T+XRN�L�O P L e'4 LVf-X)�&C 4 HKO+C"O%UIL0U P N�O�N�HKWIGFX c HKN
kF_FX6G6O�H I LVf0O P O%UIL
GIL+X6M�LVN�O�h P HDG6O P G�X c HDGIL c X 4 L c LVf = HKO%U0X���@ brP L e'4 LVf�X0['C 4 HKO+C6O%UIL
U P N�O�N�HKWIGFX c
HKN�kF_FX6G6O�H I LVf�O P O%UIL
GIL+X6M�LVN�O�h P HDG6O P G0X c HDGIL c X 4 L c LVf = HKO%U0X��F@ b UIL e HDGIH e _ e fFHKN�O%X6GITVL
HDG 4FP O%U
T+XRN�LVN�HKN���� � �FC"X6GIf�O%UIL�X+J6L+M�XRW6L'N�kF_FX6M�LVf�L+M�M P M
fFHKN�O P M�O�H P G{HKN�� � �F[+��hFL+M
N%X e h c L6@ b UI_IN+C"O%UILM PI4 _IN�O%GILVN�N
XRWIXRHDGIN�O 4FP _FGIfFLVf�hFL+M�O%_FM 4 XRO�H P GIN�HKN
O%UIL
N%X e L
HDG 4FP O%U0T+XRN�LVN+@�� P�= LVJ6L+MVCIO%UIL������ � 
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√ 2

� HKWI_FM�L
�&Ca]*� b M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%U�kF_FX6G6O�H I XRO�H P G PRQrP G cK5 X
N�HDGIW c L
O%M�X6GIN QlP M e T PIe C
h P GIL+G6O+@ b UIL
kF_FX6G6O�H I XRO�H P G�N�O�L+h0N�H I L QlP M�O%UIL
T PIe h P GIL+G6O PRQ O%UIL�U P N�O�N�HKWIGFX crP M�O%U P W P GFX c O P H HKN
I L+M P @

∆√1/2
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×

×

×

×

×

×
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� HKWI_FM�L'�&C��F� b M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%U�G P G�C�_FGIH QlP M e kF_FX6G6O�H I XRO�H P G�N�O�L+h0N�H I LVN+@
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PRQ hFL+M�O%_FM 4 XRO�H P G�J6LVTVO P M�N PRQ�c L+GIW6O%U � ��� � �6�0O%UFXRO
T+X6_IN�L�fFLVT P fFHDGIW{L+M�M P M�N�HKN'UIHKWIUIL+M QlP M
O%UIL�T+XRN�L
PRQ � HKW*@*�&CFD�O%UFX6G QlP M�O%UIL�T+XRN�L PRQ � HKW*@*�&Ca]*@'Y � P M�HDG6O�L+M e LVfFHDXRO�L'T+XRN�LVN
N%_ITVU)XRN
O%UIL P GIL�N%U P�= G�HDG
� HKW*@"�&C��FC = UIL+M�L0kF_FX6G6O�H I XRO�H P G�N�O�L+h{N�H I LVN'HDG�fFH J L+M�L+G6O'fFH e L+GIN�H P GIN0X6M�L�fFH J L+M�L+G6O 4 _IO'G P G�C I L+M P C
O%UIL
GI_ e'4 L+M PRQ hFL+M�O%_FM 4 XRO�H P G0J6LVTVO P M�N PRQ"c L+GIW6O%U � ��� � �6��O%UFXRO�T+X6_IN�L
fFLVT P fFHDGIW�L+M�M P M�N�HKN�O%UIL
N%X e L
XRN�HDG)� HKW*@*�&CFDFC 4 _IO
O%UILVN�L�J6LVTVO P M�N
X6M�L�G P O P M�O%U P W P GFX c @ ^ b UI_IN+C QlP M�hFM PI4 X 4 H c HKN�O�HKT�TVUFX6GFGIL c N
N%_ITVU
XRN'XRfFfFHKO�HKJ6L0G P HKN�L0TVUFX6GFGIL c N+C"O%UIL������ � 	 �  �'  ��&� PRQ L+M�M P M e X 5{4 L�fFH J L+M�L+G6O'HDG{O%UIL�fFH J L+M�L+G6O�T+XRN�LVN+@
� P M�LAGFX e h c L6C*N%_FhFh P N�L�X��&C 4 HKO
HKN
L e'4 LVfFfFLVf�X6GIf)O%UIL�T PIe h P N�HKO�L�N�HKWIGFX c HKN
O%UIL�� h P HDG6O c X 4 L c LVf
= HKO%U E HDG�� HKW6N+@*�&CFD�X6GIf)�&Ca]*@�` Q O%UIL
TVUFX6GFGIL c"P _IO%hF_IO c HKLVN
HDG�O%UIL�fFLVTVHKN�H P G{M�LVW6H P G0fFL j GILVf 465 O%UIL
f*XRN%UILVf 4FP G{HDG{� HKW*@"�&CFD�X6GIf�fFL j GILVf 465 O%UIL�O =�P f*XRN%UILVf c HDGILVN'HDG�� HKW*@r�&Ca]*C�O%UIL+G{O%UIL�fFLVT P fFL+M
= H cKc T P M�M�LVTVO cK5 fFLVO�L+M e HDGIL'O%UFXRO�X0�&C 4 HKO = XRN
L e'4 LVfFfFLVfr@�` Q O%UIL�hFL+M�O%_FM 4 XRO�H P G)J6LVTVO P M
h c XRTVLVN�O%UIL
TVUFX6GFGIL c�P _IO%hF_IO P _IO�N�HKfFL�O%UIL'fFLVTVHKN�H P GZM�LVW6H P G�C"U P�= LVJ6L+MVC*O%UIL�fFLVT P fFL+M = H cKc�e X�?RL�X6G)L+M�M P M = HKO%U
J6L+M 5 UIHKWIU-hFM PI4 X 4 H c HKO 5 @�Y b UIL+M�L�HKN�N PIe L)h P N�N�H 4 H c HKO 5 O%UFXRO'O%UIL�TVUFX6GFGIL c�P _IO%hF_IO�HKN P _IO�N�HKfFL)O%UIL
fFLVTVHKN�H P G-M�LVW6H P G 4 _IO'HKN'N�O�H cKc T cKP N�L+M�O P X	��h P HDG6O P O%UIL+M
O%UFX6G E O%UFX6G{O P O%UIL0T cKP N�LVN�O��F@ b UILVN�L
LVJ6L+G6O�N+CFU P�= LVJ6L+MVCFX6M�L
J6L+M 5 _FG c H ?RL cK5�QlP M e X6G 5 hFL+M�O%_FM 4 XRO�H P G)hFM PI4 X 4 H c HKO 5 fFHKN�O%M�H 4 _IO�H P GIN
O%UFXRO�X6M�L
PRQ hFM�XRTVO�HKT+X c HDG6O�L+M�LVN�O+@ ^ZAIHDGITVL0O%UIL�fFLVTVHKN�H P GZM�LVW6H P G PRQ � HKW*@r�&Ca]�T P G6O%XRHDGIN
O%UIL�fFLVTVHKN�H P GZM�LVW6H P G PRQ
� HKW*@��&CFDFC = L�T P GIT c _IfFL�O%UFXRO
O%UIL�hFM PI4 X 4 H c HKO 5)PRQ X0T P M�M�LVTVO
fFLVTVHKN�H P G{HDG)O%UIL'T+XRN�L PRQ G P G�C�_FGIH QlP M e
kF_FX6G6O�H I XRO�H P G�N�O�L+h0N�H I LVN
HKN
UIHKWIUIL+MV@

b UIL�_FGIHKO%X6M 5 O%M�X6GIN QlP M e HDG'O%UIL�T+XRN�L PRQ � HKW*@6�&Ca]�G P O P G cK5�Q XRTVH c HKO%XRO�LVN�X
T PIe hFX6M�HKN P G PRQ � HKW6N+@6�&C
DZX6GIf �&Ca]*C 4 _IO�X c N P-e X 5-4 L{GILVTVLVN�N%X6M 5 O P N%hFM�L+XRf X6G 5 L e'4 LVfFfFHDGIW�CaHDGIf*_ITVL+f fFHKN�O P M�O�H P G P J6L+M
Q M�LVkF_IL+GIT 5 X6GIf�N%hFXRTVL6C6HDG�O%UIL�T+XRN�L PRQ X6G'H e XRW6L6CIX6GIf P J6L+M Q M�LVkF_IL+GIT 5 X6GIf�O�H e L6CIHDG'O%UIL�T+XRN�L PRQ X6G
X6_IfFH P N�HKWIGFX c CFO P�e LVLVO
X'hFL+X�?�fFHKN�O P M�O�H P G0T P GIN�O%M�XRHDG6O+C QlP M�LAGFX e h c L6@ � c O%U P _IWIU�CFO%UIL
fFHKN�O P M�O�H P G�HKN
T P GITVL+G6O%M�XRO�LVf�HDG P G cK50P GIL
O%M�X6GIN QlP M e T P L'E0TVHKL+G6O+CFH Q O%UIL
L+GIL+M�W 50PRQ H HKN�N%hFM�L+XRf P J6L+M�N%hFXRTVL � O�H e L
X6GIf Q M�LVkF_IL+GIT 5 � QlP M�LAGFX e h c L6C H HKN
TVU P N�L+G�hIN�L+_If P M�X6GIf PIe'cK5 � O%UIL+G�O%UIL
fFHKN�O P M�O�H P G = H cKc X c N P
4 L0N%hFM�L+XRfr@ b UI_IN+C = L�T+X cKc O%UIHKN'O 5 hFL PRQ fFHKO%UIL+M e'P f*_ c XRO�H P G�C = UIHKTVU�HKN'H cKc _IN�O%M�XRO�LVf-HDG�� HKW*@"�&C�dFC
I N%hFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P GZYlA b g S ^ J*@

�rXRO�L+M
HDGZO%UIHKN�O%UILVN�HKN+C = L0N%U P�= O%UFXRO'fFHKO%UIL+M e'P f*_ c XRO�H P G e LVO%U P fFN�UFX+J6L�T P GIN�HKfFL+M�X 4Ic L{hFL+M�C
QlP M e X6GITVL)XRfFJRX6G6O%XRW6LVN P J6L+M�hFM�LVJIH P _IN cK5 hFM P h P N�LVf N%hFM�L+XRf-N%hFLVTVO%M�_ e3e LVO%U P fFN0HDG X�JRX6M�HKLVO 5ZPRQ
T P G6O�LAGIO�N+@�� P�= LVJ6L+MVC e _ITVU{L JrP M�O�UFXRN'X c M�L+XRf 5�4 LVL+G�HDG6J6LVN�O�LVf�HDG P hIO�H e H I HDGIW�N%hFM�L+XRf�N%hFLVTVO%M�_ e
N 5 N�O�L e N+C QlP M LAGFX e h c L6C 465 LAGFh cKP HKO�HDGIW�hFL+M�TVL+hIO%_FX c hFM P hFL+M�O�HKLVN PRQ O%UIL
UI_ e X6G�JIHKN%_FX c X6GIf�X6_IfFHKO P M 5
N 5 N�O�L e N P M�fFLVN�HKWIGIHDGIW)M�LVTVLVHKJ6L+M Q M P G6OFCaL+GIfFN�O P�e HKO�HKWIXRO�L�L J LVTVO�N PRQ W6L PIe LVO%M�HKT
fFHKN�O P M�O�H P G�@ �
G)XRf<C
JRX6G6O%XRW6L PRQ N%hFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P G P J6L+M P O%UIL+M QlP M e N PRQ fFHKO%UIL+M e'P f*_ c XRO�H P G'HKN O%UFXRO
P GIL�T+X6G{L+XRN�H cK5 T P G6J6L+M�O
LAGIHKN�O�HDGIW�X e h c HKO%_IfFL'C e'P f*_ c XRO�H P GZN%hFM�L+XRf�N%hFLVTVO%M�_ e Y � S C�AFAF^
N 5 N�O�L e N+C
�
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� HKWI_FM�L��&C�dF�rAFhFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P G�@�`aG QlP M e XRO�H P G
HKN L e'4 LVfFfFLVf�HDG'O%UIL�hFM P B�LVTVO�H P G
PRQ X 4IcKP TA? > PRQ O%UIL�U P N�OrN�HKWIGFX cIP G6O P H C = UIHKTVU
HKN"O 5 hIHKT+X cKcK5 X�hIN�L+_If P M�X6GIf PIe J6LVTVO P MV@ri PIe h P GIL+G6O�N
PRQ > P M�O%U P W P GFX c O P H X6M�L'XRfFfFLVf 4 XRTA?�O P O%UIL'N�HKWIGFX c X Q O�L+M�fFHKO%UIL+M�LVf�kF_FX6G6O�H I XRO�H P G)O P�QlP M e O%UIL
T P M�M�LVN%h P GIfFHDGIW 4IcKP TA? PRQ O%UIL
T PIe h P N�HKO�L�N�HKWIGFX c E @

X'T c XRN�N PRQ hFM�LVJIH P _IN cK5 hFM P h P N�LVf)N%hFM�L+XRf�N%hFLVTVO%M�_ e e LVO%U P fFN�O%UFXRO
UFX+J6L
L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN PRQ
O%UIL QlP M e

E Y������'^ �	� � � Y �'^ H �
HDG6O P N%hFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P G{N 5 N�O�L e N
N�HDGITVL�O%UIL�L e'4 LVfFfFHDGIW Q _FGITVO�H P G)T+X6G 4 L�M�L'C
= M�HKO�O�L+G0HDG�O%UIL QlP M e

E Y������'^�� Y��� �	� Y �'^�^ H � Y > � �� H ^��
= UIL+M�L��� � >��&H @ � L
N�LVL
O%UFXRO�� S C�AFA0HKN�LVkF_IHKJRX c L+G6O
O P XRfFfFHDGIW0X'JRX c _IL � Y �'^ O P O%UIL�hFM P B�LVTVO�H P G
�� PRQ O%UIL�U P N�O�N�HKWIGFX crP G6O P O%UIL
N%hFM�L+XRfFHDGIW0J6LVTVO P M H @ b UI_IN+CIH Q�P GIL�UFXRN
N%hFL+G6O�T P GIN�HKfFL+M�X 4Ic L'L JrP M�O
HDG)fFLVN�HKWIGIHDGIW)X�W PIP f)N%hFM�L+XRf)N%hFLVTVO%M�_ e N 5 N�O�L e C QlP M�LAGFX e h c L6C 465 fFLVN�HKWIGIHDGIW)X H O%UFXRO
UFXRN
W PIP f
hFL+M�TVL+hIO%_FX c fFHKN�O P M�O�H P G�hFM P hFL+M�O�HKLVN+C 4 _IO =�P _ c f c H ?RL�O P WIXRHDG
O%UIL�XRfFJRX6G6O%XRW6LVN PRQ fFHKO%UIL+M e'P f*_ c XRO�H P G�C
P GIL
T+X6G�f P N P N�H e h cK5)465 M�L+h c XRTVHDGIW�O%UIL�XRfFfFHKO�H P G�N�O�L+h PRQ � S C�AFA�C

�� � �� � � Y �'^�� Yl�F@ �6^

465 O%UIL
kF_FX6G6O�H I XRO�H P G�N�O�L+h PRQ A b g S C

�� ���FY��� �	� Y �'^�^ � � Y �'^�� Yl�F@ d6^
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b UIL
T cKP N�L
T P _Fh c HDGIW PRQ A b g S X6GIf�� S N%hFM�L+XRf�N%hFLVTVO%M�_ e X cKcKP�= N
X�fFHDM�LVTVO�T PIe hFX6M�HKN P G 4 LVO = LVL+G
O%UIL�hFL+M QlP M e X6GITVL PRQ O%UIL
O =�P'e LVO%U P fFN�O%UFXRO�N%_IW6W6LVN�O�N�O%UFXRO�A b g S UFXRN�H e h P M�O%X6G6O
hFL+M QlP M e X6GITVL
�
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XRfFJRX6G6O%XRW6LVN P J6L+M'� S N%hFM�L+XRf N%hFLVTVO%M�_ e HDG X 4 M P XRf M�X6GIW6L PRQ T P G6O�LAGIO�N+C�XRN = L�N%U P�= HDG O%UIHKN
N�LVTVO�H P G�@ b UIHKN)hFL+M QlP M e X6GITVL�XRfFJRX6G6O%XRW6L{M�LVN%_ c O�N Q M PIe O%UIL�U P N�O0N�HKWIGFX c HDG6O�L+M Q L+M�L+GITVL�M�LFB�LVTVO�H P G
hFM P hFL+M�O�HKLVN PRQ K
` S e LVO%U P fFN
HDG�W6L+GIL+M�X c @

� L�T P GIN�HKfFL+M0L e'4 LVfFfFHDGIW P GIL 4 HKO0HDG X c L+GIW6O%U�C�
 4IcKP TA? > _IN�HDGIW-A b g S X6GIf � S N%hFM�L+XRf
N%hFLVTVO%M�_ e3e LVO%U P fFN = HKO%U-O%UIL)N%X e L)N%hFM�L+XRfFHDGIWZJ6LVTVO P M H C = UIHKTVU-HKN PRQ _FGIHKO c L+GIW6O%U�@ ?�LVT+X6_IN�L
O%UIL'L e'4 LVfFfFHDGIW P TVT+_FM�N
L+G6O�HDM�L cK5 HDG{O%UIL�hFM P B�LVTVO�H P GIN PRQ � P G6O P H C*O%UIL�hFM PI4Ic L e HKN�M�LVf*_ITVLVf�O P X
P GIL'CafFH e L+GIN�H P GFX c hFM PI4Ic L e�= HKO%U�O%UIL'L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN0Yl�F@ �6^�X6GIf Yl�F@ d6^V@�� P M�� S C�AFA-Yl�F@ �6^VC
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= UIL+M�L ��� � [+��
 � � N P O%UFXRO"O%UIL�LAGFhFLVTVO�LVf�fFHKN�O P M�O�H P G'HDG 4FP O%U'T+XRN�LVN HKN�O%UIL�N%X e L6C6X6GIf = UIL+M�L = L
UFX+J6L
_IN�LVf0O%UIL Q XRTVO�O%UFXRO � Y�[+^ X6GIf � Yl�6^�X6M�L�TVU P N�L+G0N%_ITVU�O%UFXRO 	 � Y�[+^ � � Yl�6^ 	 �����6�F@"?�LVT+X6_IN�L�X cKc
PRQ O%UIL�L e'4 LVfFfFHDGIW�CaHDGIf*_ITVLVf)fFHKN�O P M�O�H P G P TVT+_FM�N P G cK5 HDG'O%UIL�fFHDM�LVTVO�H P G PRQ H CRO%UIL�fFHKN�O P M�O�H P G�HDG 4FP O%U
T+XRN�LVN
X c N P UFXRN
O%UIL�N%X e L
O�H e L P M�N%hFXRO�HDX c fFHKN�O%M�H 4 _IO�H P G{X6GIf Q M�LVkF_IL+GIT 5 fFHKN�O%M�H 4 _IO�H P G�@ b UI_IN+C P GIL
=�P _ c f)LAGFhFLVTVO
O%UFXRO�X6G 5 hFL+M�TVL+hIO%_FX c L J LVTVO�N�f*_IL�O P O�H e L � N%hFXRTVL e XRN'?6HDGIW P M Q M�LVkF_IL+GIT 5)e XRN'?6HDGIW
X6M�L
O%UIL�N%X e L
HDG 4FP O%U0T+XRN�LVN+@ b UIL+M�L QlP M�L6CFN�kF_FX6M�LVf�L+M�M P M�fFHKN�O P M�O�H P G e X 504 L�X e'P M�L e L+X6GIHDGIW Q _ c
e L+XRN%_FM�L PRQ fFHKN�O P M�O�H P G = UIL+G0T PIe hFX6M�HDGIW0A b g S = HKO%U0� S C�AFA0O%UFX6G P GIL e HKWIU6O�LAGFhFLVTVO
HDG P O%UIL+M
e'P M�L�W6L+GIL+M�X c T P G6O�LAGIO�N = UIL+M�L�N�kF_FX6M�LVf0L+M�M P M"fFHKN�O P M�O�H P G e X 5
Q XRH c O P T+X6hIO%_FM�L�TVL+M�O%XRHDG0hFL+M�TVL+hIO%_FX c
L J LVTVO�N+@

b UIL'fFLVT P fFL+M
HDG 4FP O%U)T+XRN�LVN e X�?RLVN�X�fFLVTVHKN�H P G 4 XRN�LVf P G	�� C�O%UIL�hFM P B�LVTVO�H P G PRQ O%UIL'TVUFX6GFGIL c
P _IO%hF_IO � P G6O P H @ `aG�O%UIL
T+XRN�L PRQ � S C�AFA�C
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hFM P B�LVTVO�H P G PRQ O%UIL
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O%UIL
JRX6M�HDX6GITVL PRQ O%UIL
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QlP M
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A b g S C  &()
 (DCrO%UIL�U P N�O�N�HKWIGFX c HDG6O�L+M Q L+M�L+GITVL QlP M
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b UI_IN+CFO%UIL
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= UIHKTVUZHKN�O 5 hIHKT+X cKcK5 J6L+M 5�c X6M�W6L0N�HDGITVL)O%UIL0TVUFX6GFGIL c hFL+M�O%_FM 4 XRO�H P GIN��
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X6M�L�_IN%_FX cKcK5 e _ITVU�N e X cKc L+M
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U P N�O�N�HKWIGFX c ���H Q O%UIL
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O%UIL�U P N�O�N�HKWIGFX c CaO P CaTVUFX6GFGIL c G P HKN�L�M�XRO�H P HKN3D6��f*? X6GIf����X6GIf��
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X6M�L
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O%UFX6G��'f*?�Y�D��R] � � [ � �6��f*?�^ = UIL+G

O%UIL�U P N�O"N�HKWIGFX c HDG6O�L+M Q L+M�L+GITVL�HKN I L+M P Y����� �6^VC QlP MrLAGFX e h c L6C6N%_ITVU'XRN =�P _ c f 4 L�O%UIL�T+XRN�L�H Q O%UIL�U P N�O
N�HKWIGFX c �0UFXRf�J6L+M 50c HKO�O c L�L+GIL+M�W 5 HDG�O%UIL
fFHDM�LVTVO�H P G PRQ H CFA b g S�e X 5 G P O 4 L =�P M�N�L
O%UFX6G0� S C�AFA
LVJ6L+GZHDG-O%UIHKN�T+XRN�L0N�HDGITVL-Yl�F@ \6^�X6hFh c HKLVN P G cK5-= UIL+G���-HKN0X6hFhFM P GIH e XRO�L cK5 _FGIH QlP M e'cK5 fFHKN�O%M�H 4 _IO�LVf
XRT+M P N�N�O%UIL�A b g S kF_FX6G6O�H I XRO�H P G�TVL cKc N P O%UFXRO�� � � � � �*Y�[+��
�^V@�` Q �� � �FC U P�= LVJ6L+MVC"X6GIf P GIL
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O%UIL�fFHKO%UIL+M
N�HKWIGFX c N
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AFhFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P G e LVO%U P fFN�X c N P UFX+J6L
X6G0A ��	 XRfFJRX6G6O%XRW6L P J6L+M"W6L+GIL+M�X c H I LVf
cKP�= C 4 HKORY N%^ e'P f*_ c XRO�H P G e LVO%U P fFN
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Generalized LBM

STDM
� HKWI_FM�L��&C �F�
AFhFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P G{JIN+@�W6L+GIL+M�X c H I LVf cKP�= C 4 HKO e'P f*_ c XRO�H P G�@ b UIL
L e'4 LVfFfFHDGIW{HDG6O�L+M�JRX c�4FP _FGIf*X6M�HKLVN PRQ W6L+GIL+M�X c H I LVf �r? S C = UIHKTVUZX6M�L'N%U P�= G = HKO%U{N P6c HKf c HDGILVN+C X6M�L
O%UIL�N%X e L QlP M 4FP O%U�� h P HDG6O�N'X6GIf���h P HDG6O�N+@�`aG{T P G6O%M�XRN�O+C*HDG�O%UIL'T+XRN�L PRQ A b g S C*O%UIL!�
C�h P HDG6O
L e'4 LVfFfFHDGIW HDG6O�L+M�JRX c N+C
N%U P�= G 465 N P6c HKf c HDGILVN+C
fFH J L+M Q M PIe O%UIL��&C�h P HDG6O�L e'4 LVfFfFHDGIW HDG6O�L+M�JRX c N+C
N%U P�= G 465 f*XRN%UILVf c HDGILVN+@��
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⊕

Analog
Modulator

q(⋅) ⊕x[k]

−
d[k]

s[k]

m[k]

� HKWI_FM�L��&C �F���
GFX cKP W�fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%U{_FGIH QlP M e C*N�T+X c X6M�kF_FX6G6O�H I XRO�H P G�@
�
G{X6GFX cKP W e'P f<C
_ c XRO�H P G O�LVTVUFGIHKkF_IL�N%_ITVU XRN�X e h c HKO%_IfFL e'P f*_ c XRO�H P G W6L+GIL+M�XRO�LVN�X�fFHKO%UIL+M0N�LVkF_IL+GITVL6@�g
HKO%UIL+M�LVf
kF_FX6G6O�H I XRO�H P G QlP6cKcKP�= N+@

Analog
Demod

q(⋅) ⊕y[k]
−

d[k]
∧

m[k]
∧

� HKWI_FM�L
�&C�\F�"�
GFX cKP W�fFHKO%UIL+M�fFL e'P f*_ c XRO�H P G = HKO%U�_FGIH QlP M e CIN�T+X c X6M�kF_FX6G6O�H I XRO�H P G�@ b UIL j M�N�O�N�O%XRW6L6C
LVN�O�H e XRO�H P G PRQ O%UIL�fFHKO%UIL+M�N�LVkF_IL+GITVL6C�HKN QlP6cKcKP�= LVf 465 N�LVT P GIf)N�O%XRW6L
X6GFX cKP W�fFL e'P f*_ c XRO�H P G�@

=�P M�N�L
O%UFX6G0O%UFXRO PRQ A b g S @
b UIHKN�A ��	 XRfFJRX6G6O%XRW6L�HKN�H cKc _IN�O%M�XRO�LVf0HDG�� HKW*@I�&C �FC = UIL+M�L�O%UIL�kF_FX6G6O�H I L+M�M�LVT P GIN�O%M�_ITVO�H P G0h P HDG6O�N

X6GIf�L e'4 LVfFfFHDGIW�HDG6O�L+M�JRX c N QlP M 4FP O%U'W6L+GIL+M�X c H I LVf �r? S X6GIf0A b g S X6M�L�N%U P�= G�@ b UIL�L e'4 LVfFfFHDGIW�C
HDGIf*_ITVLVf N�kF_FX6M�LVf L+M�M P M�fFHKN�O P M�O�H P G HKN�O%UIL)N%X e L QlP M 4FP O%U-T+XRN�LVN+C 4 _IO�O%UIL)N�kF_FX6M�LVf e HDGIH e _ e
fFHKN�O%X6GITVL QlP M�W6L+GIL+M�X c H I LVf �r? S HKN
X Q XRTVO P M PRQ ] � ��N e X cKc L+M�O%UFX6G0O%UFXRO PRQ A b g S @
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`aG N PIe L�h P O�L+G6O�HDX c X6hFh c HKT+XRO�H P GIN+C P GIL e X 5 fFLVN�HDM�L�O P _IN�L{N PIe L PRQ O%UIL{L e'4 LVfFfFHDGIW e LVO%U P fFN
fFHKN�T+_IN�N�LVf HDGZO%UIHKN'O%UILVN�HKN�O P L e'4 LVf-X6GFX cKP W{f*XRO%X{XRN = L cKc XRN'fFHKW6HKO%X c f*XRO%XF@{`aGZO%UIHKN'N�LVTVO�H P G = L
4 M�HKL!� 5 fFHKN�T+_IN�N
N PIe L
XRN%hFLVTVO�N PRQ X6GFX cKP W'L e'4 LVfFfFHDGIW)_IN�HDGIW0fFHKO%UIL+M e'P f*_ c XRO�H P G�@

` Q � � � � HKN
X'N�LVkF_IL+GITVL PRQ M�L+X c GI_ e'4 L+M�N
M�XRO%UIL+M�O%UFX6G�X'N�LVkF_IL+GITVL PRQ�4 HKO�N+C P GIL
T+X6G�N�O�H cKc _IN�L�HKO
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O%UIL�X e h c HKO%_IfFL PRQ X'N�HKWIGFXRO%_FM�L
N�LVkF_IL+GITVL � � � � C �
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E�N�HDGIW0J6LVTVO P M�G P O%XRO�H P G�CFO%UIL�X6GFX cKP W�fFHKO%UIL+M e'P f*_ c XRO�H P G�L e'4 LVfFfFHDGIW Q _FGITVO�H P G�HKN

E Y > ����^�����Y�� � � Y���^�^ � � Y���^�� Yl�F@D[+�6^
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GIL e LVO%U P f QlP M
fFLVT P fFHDGIWZO%UIL0L e'4 LVfFfFLVf e LVN�N%XRW6L � � � � HKN�O%UIL0O =�P CaN�O%XRW6L'fFL e'P f*_ c XRO�H P G
e LVO%U P fZH cKc _IN�O%M�XRO�LVf HDGZ� HKW*@ �&C�\F@{� HDM�N�O+C P GIL0T P GIN�O%M�_ITVO�N�X6GZLVN�O�H e XRO�L "� PRQ O%UIL0fFHKO%UIL+M'J6LVTVO P MV@
b UIL+G�C P GIL
fFL e'P f*_ c XRO�LVN
O%UIL
L e'4 LVfFfFLVf e LVN�N%XRW6L�"� Q M PIe O%UIHKN�LVN�O�H e XRO�LVf�fFHKO%UIL+M�J6LVTVO P MV@ b�5 hIH C
T+X cKcK5 C P GIL e'P f*_ c XRO�LVN
O%UIL'fFHKO%UIL+M
J6LVTVO P M � N%_ITVU�O%UFXRO
HKO = H cKc G P O
T+X6M�M 5 X0M�LVT P GIN�O%M�_ITVO�H P G)h P HDG6O
P _IO PRQ HKO�N�kF_FX6G6O�H I XRO�H P G�TVL cKc C  &()
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QlP M�LVJ6L+M 5 M�LVT P GIN�O%M�_ITVO�H P G�h P HDG6O � � @ � P M�LAGFX e h c L6C*HDG�O%UIL�T+XRN�L PRQ _FGIH QlP M e N�T+X c X6M�kF_FX6G6O�H I XRO�H P G�C
O%UIHKN�T P GIfFHKO�H P G�HKN�N%XRO�HKN j LVf�H Q 	 � � � � 	 � ��� �6�FC = UIL+M�L ����HKN�O%UIL�kF_FX6G6O�H I XRO�H P G�N�O�L+h'N�H I L PRQ O%UIL ��CaO%U
N�T+X c X6M�kF_FX6G6O�H I L+MV@�`aG�O%UILVN�L�O 5 hIHKT+X c T+XRN�LVN
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b UI_IN+C+O%UIL�fFHKO%UIL+MrLVN�O�H e XRO�H P G�N�O%XRW6L
Yl�F@D[6[+^ PRQ � HKW*@R�&C�\�HKN"O%UIL�HDG6J6L+M�N�L PRQ O%UIL�fFHKO%UIL+M�LVf�kF_FX6G6O�H I XRO�H P G
N�O%XRW6L�Yl�F@D[+�6^ PRQ � HKW*@r�&C �FCrX6GIf{H Q O%UIL0X6GFX cKP W0fFL e'P f*_ c XRO�H P G�N�O%XRW6L�HKN�O%UIL'HDG6J6L+M�N�L PRQ O%UIL�X6GFX cKP W
e'P f*_ c XRO�H P G)N�O%XRW6L6CFO%UIHKN
fFLVT P fFL+M
hFL+M Q LVTVO cK5 M�LVT P GIN�O%M�_ITVO�N��/HDG�O%UIL'G P HKN�L c LVN�N�T+XRN�L6@�`aG)O%UIL�G P HKN 5
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�
X6_IN�N�HDX6G�C

X
�
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PRQ N%_ITVU0N 5 N�O�L e N+@
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N�HKWIGFX c HKN
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X6GIf�O%UIL'G P HKN�L�J6LVTVO P M%��X6M�L
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X6M�L�O%UIL
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T P JRX6M�HDX6GITVL e XRO%M�HKTVLVN�X6GIf ��
 X6GIf
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X6M�L�fFHDXRW P GFX c�e XRO%M�HKTVLVN PRQ O%UIL)M�LVN%hFLVTVO�HKJ6L)LVHKW6L+G6JRX c _ILVN+@ b UIHKN e'P fFL c HKN�X6hFhFM P hFM�HDXRO�L = UIL+G
O%UIL�h P�= L+M�N%hFLVTVO%M�X PRQ O%UIL
U P N�O�N�HKWIGFX c X6GIf�TVUFX6GFGIL c G P HKN�L�X6M�L
N%_�E0TVHKL+G6O cK5 N e'PIP O%U�O%UFXRO P GIL
T+X6G
fFLVT PIe h P N�L�O%UIL�TVUFX6GFGIL c HDG6O P 
�hFX6M�X cKc L c CIGFX6M�M P�=
4 X6GIf�N%_ 4 TVUFX6GFGIL c N+C P J6L+MrL+XRTVU PRQ�= UIHKTVU'O%UIL�U P N�O
N�HKWIGFX c X6GIf�TVUFX6GFGIL c G P HKN�L
h P�= L+M"N%hFLVTVO%M�X�X6M�L�X6hFhFM P GIH e XRO�L cK5 ��XRO+@ S X6G 5'4 X6GIf = HKfFO%U�CaT P GIN�L+M�JIHDGIW
U 5F4 M�HKf)O%M�X6GIN e HKN�N�H P G)X6hFh c HKT+XRO�H P GIN�X6M�L
LAGFX e h c LVN PRQ N%_ITVU�X'N�TVL+GFX6M�H P C�X6GIf�O%UIHKN e'P fFL c"e X 5 X c N P
X6hFh cK5 O P
P hIO�H e X c C� &()
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O%UIL TVUFX6GFGIL c G P HKN�L�HKN G P O = UIHKO�L6CRHKN�N%_ILVN X6M�HKN�L�XRN"O P U P�= O P
e L+XRN%_FM�L�fFHKN�O P M�O�H P G�X6GIf�U P�=
O P fFL j GIL0fFHKN�O P M�O�H P G�CaO P C�G P HKN�L�M�XRO�H P Y g ��	 ^V@
�
GIL e X 5H= X6G6O
O P)e X�?RL�O%UIL'L e'4 LVfFfFHDGIW�CaHDGIf*_IT+LVf
fFHKN�O P M�O�H P G I�cKPIP ? c H ?RL2J0O%UIL
TVUFX6GFGIL c G P HKN�L�N P O%UFXRO
XRN cKP GIW0XRN�O%UIL
TVUFX6GFGIL c G P HKN�L�f P LVN
G P O�T+X6_IN�L
O PIPZe _ITVU hFL+M�TVL+hIO�H 4Ic L�fFLVWIM�XRf*XRO�H P G-O P O%UIL{U P N�O0N�HKWIGFX c C�O%UIL+G GILVHKO%UIL+M0f P LVN�O%UIL)L e'4 LVfFfFHDGIW�C
HDGIf*_ITVLVf fFHKN�O P M�O�H P G�@ �
GIL�T+X6G�H e h P N�L�O%UIHKN�T P GIfFHKO�H P G 465 TVU PIP N�HDGIW{fFHKN�O P M�O�H P G e L+XRN%_FM�LVN'O%UFXRO
Q X+J P M"M�L c XRO�HKJ6L cK50c LVN�N�L e'4 LVfFfFHDGIW�CaHDGIf*_ITVL+f)fFHKN�O P M�O�H P G'HDG�T PIe h P GIL+G6O�N = UIL+M�L�O%UIL�TVUFX6GFGIL c G P HKN�L�HKN
M�L c XRO�HKJ6L cK5 N e X cKc X6GIf�X cKcKP�= M�L c XRO�HKJ6L cK5�e'P M�L�fFHKN�O P M�O�H P G�HDG�T PIe h P GIL+G6O�N = UIL+M�L
O%UIL
TVUFX6GFGIL c G P HKN�L
HKN�M�L c XRO�HKJ6L cK50c X6M�W6L6@ b UIL+G�CIO%UIL
L e'4 LVfFfFHDGIW�CaHDGIf*_ITVLVf{fFHKN�O P M�O�H P G = H cKc�cKPIP ? c H ?RL�X
N�T+X c LVf�J6L+M�N�H P G PRQ
O%UIL
TVUFX6GFGIL c G P HKN�L6C = HKO%U0O%UIL
g ��	 XRN�O%UIL
N�T+X c HDGIW Q XRTVO P MV@ ` Q O%UIL
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L e'4 LVfFfFHDGIW�CaHDGIf*_ITVLVfZfFHKN�O P M�O�H P G = H cKc 4 L I UIHKfFfFL+G)HDG�O%UIL�G P HKN�L2J*@
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TVUFX6GFGIL c N P M N cKP�=�cK5 JRX6M 5 HDGIW Q XRfFHDGIW
TVUFX6GFGIL c N+@
��_FM�O%UIL+M e'P M�L6C = UIL+G)T P GIN�HKfFL+M�HDGIW)O%UIL�X e'P _FG6O PRQ L e'4 LVfFfFHDGIW�CaHDGIf*_FTVLVf-fFHKN�O P M�O�H P G�C*HDG
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U P N�O N�HKWIGFX c C &()
 (DC P GIL 4 HKO
HDG)O%UIL�U P N�O�N�HKWIGFX c�4 _ 5 N e'P M�L�O%UFX6G P GIL 4 HKO
HDG)O%UIL�L e'4 LVfFfFLVf�N�HKWIGFX c @ � Q T P _FM�N�L6C
O%UIHKN�X6hFhFX6M�L+G6O�HDGIT+M�L+XRN�L
HDG0O P O%X c T+X6hFXRTVHKO 5 T PIe LVN�XRO�O%UIL
T P N�O PRQ HDGIT+M�L+XRN�LVf�O P O%X c h P�= L+MVC = UIHKTVU�HKN
��� � � �� @
AIO�H cKc CrO%UIL�T PIe'4 HDGILVf�M�XRO�L�� � � � � HKN
XRN c X6M�W6L'XRN
O%UIL�XRTVUIHKLVJRX 4Ic L0M�XRO�L'_IN�HDGIW)X��� ���!�' 
fFHKW6HKO%X c N�HKWIGFX c#= HKO%U)O%UIHKN
N%X e L'O P O%X c h P�= L+MVC*HDGIfFHKT+XRO�HDGIW{O%UFXRO
T+M�L+XRO�HDGIW�O =�P N�HKWIGFX c N
O%UFXRO
T+X6G 4 L
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O�L c L+hFU P GIL
N 5 N�O�L e HKN�X 4 M P XRfFT+XRN�O TVUFX6GFGIL c @��
_FM�X6GFX cK5 N�LVN�HDG0AILVTVN+@FdF@ �F@D[�X6GIf�dF@ �F@ �
X6hFh cK5 O P O =�P
N%hFLVTVHDX c T+XRN�LVN PRQ O%UIL 4 M P XRfFT+XRN�O
T PIe�e _FGIHKT+XRO�H P GZhFM PI4Ic L e @)`aG�L+XRTVU�T+XRN�L0X�N�HDGIW c L�O%M�X6GIN e HKO�O�L+M
N�L+GIfFN
f*XRO%X�O P X�U P N�O�fFLVT P fFL+M
X6GIf{X6G0L e'4 LVfFfFLVf{HDG QlP M e XRO�H P G0fFLVT P fFL+MV@

`aG-AILVT6@�dF@ �F@D['O%UIL)U P N�O'fFLVT P fFL+M�HKN�O%UIL0HKfFL+G6O�HKO 5ZQ _FGITVO�H P G Y�"� � � ^VC O%UIL�U P N�O�N�HKWIGFX c HKN0X6G
X6GFX cKP W e LVN�N%XRW6L6CIX6GIf0O%UIL
fFHKN�O P M�O�H P G e L+XRN%_FM�L
HKN�Ylh P N�N�H 4IcK5H= LVHKWIU6O�LVf*^�N�kF_FX6M�LVf0L+M�M P M fFHKN�O P M�O�H P G�@
b UIL�T P GIN�O%M�XRHDG6O P G�O%UIL�U P N�O�fFLVT P fFL+M
O P�4 L'O%UIL�HKfFL+G6O�HKO 5�Q _FGITVO�H P G{X6M�HKN�LVN+C QlP M�LAGFX e h c L6C Q M PIe X
4 XRTA? = X6M�fFNFCaT PIe hFXRO�H 4 H c HKO 5 M�LVkF_IHDM�L e L+G6O+@

`aG�T P G6O%M�XRN�O+C = L�f*M P h)O%UIL 4 XRTA? = X6M�fFNFCaT PIe hFXRO�H 4 H c HKO 5 M�LVkF_IHDM�L e L+G6O
HDG{AILVT6@rdF@ �F@ �FCFX cKcKP�= HDGIW)X
fFH J L+M�L+G6O�U P N�O�fFLVT P fFL+M�Y = HKO%U0M�XRO�L � � ^ HDG0O%UIL 4 M P XRfFT+XRN�O�T+XRN�L�O%UFX6G�O%UIL
fFLVT P fFL+M
Y = HKO%U0M�XRO�L � � ^
HDG�O%UIL0N�HDGIW c L�_IN�L+M�T+XRN�L6@0� c N P C 4FP O%U{O%UIL�U P N�O
N�HKWIGFX c X6GIf�L e'4 LVfFfFLVf-HDG QlP M e XRO�H P GZX6M�L�fFHKW6HKO%X c
N�HKWIGFX c N+@�`aGIfFLVLVfrCIO%UIL
M�XRO�L�hFXRHDM
Y � � � � � ^ HKN�O%UIL�XRTVUIHKLVJRX 4Ic L�M�XRO�L�hFXRHDM QlP M"O%UIL
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X6_IN�N�HDX6G 4 M P XRfFT+XRN�O

TVUFX6GFGIL c �D[&DIC�i�U�@"[V] �
= UIL+G 4 M P XRfFT+XRN�O�HDGIW0HDGIfFL+hFL+GIfFL+G6O�HDG QlP M e XRO�H P G�O P O =�P fFH J L+M�L+G6O
M�LVTVLVHKJ6L+M�N
= HKO%U{O%UIL0N%X e L�G P HKN�L0JRX6M�HDX6GITVL6@�� P�= LVJ6L+MVCrH Q�P GIL = L+M�L�O P _IN�L�N%_FhFL+M�h P N�HKO�H P GZT P fFHDGIW �D[+� � CrO%UIL
_IN%_FX c�e LVO%U P f QlP M�XRTVUIHKLVJIHDGIW T+X6hFXRTVHKO 5 P G 4 M P XRfFT+XRN�O�TVUFX6GFGIL c N+C
O%UIL�L e'4 LVfFfFLVf HDG QlP M e XRO�H P G
fFLVT P fFL+M =�P _ c f�GILVLVf�O P ?IG P�= O%UIL
U P N�O�N�HKWIGFX c T P fFL 4FPIP ?'N P O%UFXRO�O%UIL�fFLVT P fFL+M�T P _ c f0fFLVT P fFL
O%UIL
U P N�O
N�HKWIGFX c X6GIf)N%_ 4 O%M�XRTVO
HKO Q M PIe O%UIL�TVUFX6GFGIL c P _IO%hF_IO 4 L QlP M�L�fFLVT P fFHDGIW)O%UIL�L e'4 LVfFfFLVf{N�HKWIGFX c @
b UIHKN
O 5 hFL PRQ fFLVT P fFHDGIW)HKN
N PIe LVO�H e LVN
T+X cKc LVf I�P GIH P G{hFLVL c HDGIW6J P M�N%_ITVTVLVN�N�HKJ6L�T+X6GITVL cKc XRO�H P G�@ b UIL
X 4FP J6L�fFHKN�T+_IN�N�H P G{HDG�AILVT6@rdF@ �F@ �'N%U P�= N�O%UFXRO P GIL'T+X6G{XRTVO%_FX cKcK5 XRTVUIHKLVJ6L'O%UIL'N%X e L'M�XRO�LVN = HKO%U P _IO
M�LVkF_IHDM�HDGIW0O%UFXRO�O%UIL
L e'4 LVfFfFLVf{HDG QlP M e XRO�H P G0fFLVT P fFL+M
UFX+J6L�XRTVTVLVN�N�O P O%UIL�U P N�O�N�HKWIGFX c T P fFL 4FPIP ?*@
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b UIL
T+X6hFXRTVHKO 5 YldF@D[+^ W6HKJ6LVN
O%UIL�_ c O�H e XRO�L'hFL+M QlP M e X6GITVL c H e HKO
O%UFXRO�HKN
XRTVUIHKLVJRX 4Ic L 465 X6G 5 HDG QlP M e X&C
O�H P G�L e'4 LVfFfFHDGIW)N 5 N�O�L e @ � UIL+G)fFLVN�HKWIGIHDGIW�O%UILVN�L'N 5 N�O�L e N+C = L PRQ O�L+G�H e h P N�L'TVL+M�O%XRHDG�N�O%M�_ITVO%_FM�L
P G0O%UIL
L e'4 LVfFfFHDGIW Q _FGITVO�H P G E Y������'^"N P O%UFXRO = L
T+X6G�_FGIfFL+M�N�O%X6GIf{U P�= O%UIL�N 5 N�O�L e = H cKc 4 L+UFX+J6L6@
� P M"LAGFX e h c L6CIXRN�fFHKN�T+_IN�N�LVf0HDG�i�UFX6h�@�DFC6O%UIL�N�O%M�_ITVO%_FM�L PRQ K
` S L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN�X cKcKP�= _IN�O P
T P G6J6L+GIHKL+G6O cK5 O%M�XRfFL P�J M�XRO�L6CIfFHKN�O P M�O�H P G�C*X6GIf{M PI4 _IN�O%GILVN�N 465 XRf�B�_IN�O�HDGIW�O%UIL�GI_ e'4 L+M PRQ kF_FX6G6O�H I C
L+M�N+CFO%UIL�kF_FX6G6O�H I XRO�H P G�TVL cKc N�H I LVN
X6GIf)N%UFX6hFLVN+C�X6GIf)O%UIL e HDGIH e _ e fFHKN�O%X6GITVL 4 LVO = LVL+G�kF_FX6G6O�H I L+M�N+C
M�LVN%hFLVTVO�HKJ6L cK5 @0AIH e H c X6M cK5 C P GIL�XRTVUIHKLVJ6LVN'M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N
O%M�XRfFL'C P�J N
HDG�X6G{X e h c HKO%_IfFL'C
e'P f*_ c XRO�H P G{N%hFM�L+XRf{N%hFLVTVO%M�_ e N 5 N�O�L e#465 XRf�B�_IN�O�HDGIW�O%UIL�GI_ e'4 L+M PRQ fFH J L+M�L+G6O�X e h c HKO%_IfFLVN+C"O%UIL
e XRWIGIHKO%_IfFLVN PRQ O%UIL�X e h c HKO%_IfFLVN+C�X6GIf O%UIL{fFH J L+M�L+GITVLVN 4 LVO = LVL+G X e h c HKO%_IfFLVN+@/` e h P N�HDGIW N%_ITVU
N�O%M�_ITVO%_FM�L0X cKcKP�= N P GIL�O P N�L+X6M�TVU QlP M
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� c O%U P _IWIU j GIfFHDGIW0O%UIL 4 LVN�O�L e'4 LVfFfFHDGIW Q _FGITVO�H P G = HKO%UIHDG)X�M�LVN�O%M�HKTVO�LVf�T c XRN�N e X 504 L�L+XRN�HKL+M�O%UFX6G
j GIfFHDGIW�O%UIL 4 LVN�O�L e'4 LVfFfFHDGIW Q _FGITVO�H P G P J6L+M�X c X6M�W6L
T c XRN�N+C P GIL
HDGIT+_FM�N�N PIe L
M�HKN'?*C PRQ T P _FM�N�L6CIO%UFXRO
O%UIL�M�LVN�O%M�HKTVO�LVf)T c XRN�N e X 5 G P O�T P G6O%XRHDG0J6L+M 5 W PIP f�L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN+@

`aG-O%UIHKN0N�LVTVO�H P G�C�O%UIL+M�L QlP M�L6C = L)fFHKN�T+_IN�N0O%UIL I W PIP f*GILVN�N J PRQ O%UIL 4 LVN�O�h P N�N�H 4Ic L{L e'4 LVfFfFHDGIW
Q _FGITVO�H P GIN0O%UFXRO c HKL = HKO%UIHDG TVL+M�O%XRHDG L e'4 LVfFfFHDGIW Q _FGITVO�H P G-T c XRN�N�LVN+@ `aG hFX6M�O�HKT+_ c X6MVC = L�LAGFX e HDGIL
O%UILZhFL+M QlP M e X6GITVL�WIX6hIN)O P T+X6hFXRTVHKO 5 PRQ O%UIL 4 LVN�O{h P N�N�H 4Ic L-L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN = HKO%UIHDG O%UIL
fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�LVf K
` S C�M�LVWI_ c X6M K
` S Y�K
` S = HKO%U P _IO�fFHKN�O P M�O�H P G-T PIe hFL+GIN%XRO�H P GF^VC�X6GIf
XRfFfFHKO�HKJ6L'N%hFM�L+XRf)N%hFLVTVO%M�_ e T c XRN�N�LVN+@ � L'X c N P T P GIN�HKfFL+M
O%UIL�WIX6h0O P T+X6hFXRTVHKO 5�PRQ _FGIT P fFLVfZA b g S
X6GIf)_FGIT P fFLVf{W6L+GIL+M�X c H I LVf �r? S = HKO%U�_FGIH QlP M e N�T+X c X6M�kF_FX6G6O�H I XRO�H P G�@ � L�M�LVN�O%M�HKTVO P _FM�XRO�O�L+G6O�H P G
O P O%UIL = UIHKO�L0U P N�O+C = UIHKO�L�G P HKN�L0T+XRN�L�N�HDGITVL6C XRN�fFHKN�T+_IN�N�LVf-HDGZAILVT6@"dF@D[6C P GIL�T+X6G{O%M�X6GIN QlP M e O%UIL
e'P M�L
W6L+GIL+M�X c T P6cKP M�LVf{U P N�O+CFT P6cKP M�LVf)G P HKN�L�T+XRN�L
HDG6O P O%UIL = UIHKO�L�U P N�O+C = UIHKO�L'G P HKN�L
T+XRN�L6@
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` S X6GIf-T+X6hFXRTVHKO 5 HDGZO%UIHKN�T+XRN�L6@���_FM�O%UIL+M e'P M�L6C"O%UIL�T+X6hFXRTVHKO 5 C
XRTVUIHKLVJIHDGIW�fFHKN�O P M�O�H P G�T PIe hFL+GIN%XRO�H P G{hFX6M�X e LVO�L+M � HKN
W6HKJ6L+G 465 YldF@ d6^VC = UIHKTVU)HKN
O%UIL�N%X e L�XRN
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` Q�P GIL�N�LVO�N � ��[6C P GIL PI4 O%XRHDGIN�X0M�LVWI_ c X6M3K
` S L e'4 LVfFfFHDGIW Q _FGITVO�H P G = HKO%U{G P fFHKN�O P M�O�H P G)T PIe C
hFL+GIN%XRO�H P G�@ b UIL+G�C�H Q�P GIL'TVU PIP N�LVN�M�LVT P GIN�O%M�_ITVO�H P G{h P HDG6O�N Q M PIe O%UIL�hFf Q H e h c HKLVf 465 YldF@ ]I^VC �
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 (DC P GIL
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X�M�XRO�L
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T+X6hFXRTVHKO 50PRQ K
` S @

� � ��
$. ��/#"�/#�	��
$�

���"���1'�	�'&����	� "�� .�"�� ���'1 
 +�� � �)�	��� 1$���!1'
$� 1�� � � ���
	��
� 	� �
2 �#��� �'�)� 1���"!� �	��
 1'�!��
��!1 �	��
�#

� � � ����"��#���
�!�'
 � ��� 1'�'"��
�	� "���"�.��	� ������. ��/05 � 
 8 /3"��
�!&������	� �
� ��% � ��&�1'1	� ��� �
��� ��"!� �����'� ����� 
�1�2 �#��� �'� � 1�� � � ��� 	��� �
	�� <

�
� � ���
����
�������� ���



��(�� #�
�� � B��rB�i b�	 � � `ai g�`aA b�	 `a?�E b ` � � i�� m���� � #
(
	 (�� #�
��� )�

�
GIL{T+X6G-kF_FX6G6O�H Ql5 O%UIL)WIX6h 4 LVO = LVL+G M�LVWI_ c X6MHK
` S X6GIf O%UIL
�
X6_IN�N�HDX6G T+X6hFXRTVHKO 5 YldF@D[+^'HDG

O�L+M e N PRQ O%UIL0XRfFfFHKO�H P GFX c g ��	 M�LVkF_IHDM�LVf 465 X�M�LVWI_ c X6M K
` S N 5 N�O�L e O P XRTVUIHKLVJ6L�O%UIL'N%X e L0M�XRO�L
XRN
X'T+X6hFXRTVHKO 5 C�XRTVUIHKLVJIHDGIW)N 5 N�O�L e @ � L�N%U P�=�4 L cKP�= O%UFXRO
M�LVWI_ c X6M3K
` S XRN 5Fe hIO P O�HKT+X cKcK5 XRTVUIHKLVJ6LVN
T+X6hFXRTVHKO 5 XRO�UIHKWIU)L e'4 LVfFfFHDGIW�M�XRO�LVN
X6GIf�O%UFXRO
XRO j GIHKO�L0M�XRO�LVN
O%UIL'WIX6h)HKN�GILVJ6L+M e'P M�L'O%UFX6G
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` S N 5 N�O�L e T+X6G�XRTVUIHKLVJ6L�O%UIL�M�XRO�L0YldF@D[ �6^VC 4 _IO�O%UIHKN cKP�= L+M 4FP _FGIf P G0T+X6hFXRTVHKO 50PRQ K
` S HKN

G P O
O�HKWIU6O+@�`aG Q XRTVO+CFO%UIL�LAGFhFM�LVN�N�H P G-YldF@D[ �6^�XRTVO%_FX cKcK5 X6hFhFM P XRTVUILVN � � HDG)O%UIL c H e HKO PRQ cKP�= g ��	 @
� P�= LVJ6L+MVC = L�T+X6G�fFLVO�L+M e HDGIL
X
O�HKWIU6O�L+M cKP�= L+M 4FP _FGIf P G�O%UIL�T+X6hFXRTVHKO 5�PRQ N%hFM�L+XRf<CaO%M�X6GIN QlP M e K
` S C
X�N%_ 4 T c XRN�N PRQ K
` S�e LVO%U P fFN+@
AIHDGITVL�O%UILVN�L'N%hFM�L+XRf<CaO%M�X6GIN QlP M e K
` S�e LVO%U P fFN�X6M�L�N%hFLVTVHDX c T+XRN�LVN
PRQ K
` S e LVO%U P fFN+CFO%UIHKN
O�HKWIU6O�L+M cKP�= L+M 4FP _FGIf)HKN
X c N P X cKP�= L+M 4FP _FGIf P G�O%UIL
T+X6hFXRTVHKO 50PRQ K
` S @

AFhFM�L+XRf<CaO%M�X6GIN QlP M e K
` S HKN'X0W6L+GIL+M�X c H I XRO�H P G PRQ N%hFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f*_ c XRO�H P G YlAILVL
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O P HKO�N�_FGFXRTVTVL+hIO%X 4IcK50cKP�= kF_FX c HKO 5 @�`aG0O%UIL
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= XRO�L+M e X6M@?6HDGIW
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hFX6M�O�HKLVN�O P L e'4 LVf{X6GIf � P M�fFLVT P fFL�O%UIL
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4FP O%U'L e'4 LVf0X6GIf'fFLVT P fFL�HDG QlP M e XRO�H P G�C
X6GIf-G P)P GIL�L c N�L�T+X6G{f P LVHKO%UIL+M PRQ O%UILVN�L�O =�P0Q _FGITVO�H P GIN+C O%UIL+G�O%UIL = XRO�L+M e X6M@?6HDGIW�N 5 N�O�L e HKN�X
hFM�HKJRXRO�L'CF?RL 5 N 5 N�O�L e @�� c O�L+M�GFXRO�HKJ6L cK5 C�H Q N PIe L0hFX6M�O�HKLVN�h P N�N�LVN�N ?RL 5 N'O%UFXRO'X cKcKP�= O%UIL e O P LVHKO%UIL+M
L e'4 LVf P M fFLVT P fFL6C 4 _IO�G P O 4FP O%U�CIO%UIL+G'O%UIL
N 5 N�O�L e HKN�X�hF_ 4Ic HKT'CF?RL 5 N 5 N�O�L e N�HDGITVL
O%UILVN�L ?RL 5 N�T+X6G
4 L e XRfFL'X+JRXRH c X 4Ic L�O P O%UIL'hF_ 4Ic HKT QlP M�_IN�L'HDG P GIL PRQ O%UILVN�L�O =�P'Q _FGITVO�H P GIN = HKO%U P _IO
X cKcKP�= HDGIW�O%UIL
hF_ 4Ic HKT)O P hFL+M QlP M e O%UIL P O%UIL+M Q _FGITVO�H P G�@ � P�= LVJ6L+MVCrHDG�N PIe L�N�TVL+GFX6M�H P N'HKO e X 5�4 L0fFLVN�HDM�X 4Ic L�O P
X cKcKP�= LVJ6L+M 56P GIL�O P L e'4 LVf�X6GIf�fFLVT P fFL = XRO�L+M e X6M@?6N = HKO%U P _IO�O%UIL
_IN�L PRQ ?RL 5 N+@"� P M LAGFX e h c L6C6HDG0X
T P h 5 M�HKWIU6O P�= GIL+M�N%UIHDh0G P O�H j T+XRO�H P G'N 5 N�O�L e C6LVJ6L+M 56P GIL�T P _ c f0L e'4 LVf0O%UIL��
AFi�`�` M�L+hFM�LVN�L+G6O%XRO�H P G PRQ
X�T P h 5 M�HKWIU6O�G P O�HKTVL
N%_ITVU�XRN+C I%m M P hFL+M�O 5�PRQ @D@D@ J)HDG�O%UILVHDM�T P h 5 M�HKWIU6O%X 4Ic L =�P M@?6N+@"AF_ITVU�X�N 5 N�O�L e HKN
X6GFX cKP W P _IN�O P O%UIL
N 5 N�O�L e T+_FM�M�L+G6O cK5 _IN�LVf�O P h c XRTVL
T P h 5 M�HKWIU6O�G P O�HKTVLVN�HDG�YlUFX6M�fFT P hIHKLVN PRQ ^ 4FPIP ?6N+C
X�N 5 N�O�L e HDG = UIHKTVUZO%UIL+M�L�HKN�G P GILVLVf QlP M�X�TVL+G6O%M�X c X6_IO%U P M�HKO 5 O P N�O P M�L6C M�LVW6HKN�O�L+MVC P M e XRHDG6O%XRHDG
N�L+hFX6M�XRO�L�?RL 5 N � O%UIL+M�L'X6M�L'G P GIL � P M = XRO�L+M e X6M@?6N � X cKc
= XRO�L+M e X6M@?6N�X6M�L'B�GIW c HKN%U e LVN�N%XRW6LVN
� QlP M�L+XRTVU�_IN�L+MV@ b UIL = HKfFLVN%hFM�L+XRf{_IN�L PRQ N%_ITVU�X I G P CF?RL 5 J P M I _FGIHKJ6L+M�N%X cKcK5 C�XRTVTVLVN�N�H 4Ic L2J�N 5 N�O�L e
M�LVkF_IHDM�LVN P G cK5 N�O%X6GIf*X6M�fFH I XRO�H P G PRQ O%UIL0fFLVT P fFL+M�N P O%UFXRO�LVJ6L+M 56P GIL = H cKc XRWIM�LVL P GZO%UIL�fFLVT P fFLVf
= XRO�L+M e X6M@?*CIX6GIf{UIL+GITVL6CFO%UIL P�= GIL+M PRQ O%UIL
T P h 5 M�HKWIU6O+@

� c O%U P _IWIU)O%UIL'XRO�O%XRTA?RL+M�f P LVN�G P O ?IG P�= O%UIL�?RL 5 HDG{X0hFM�HKJRXRO�L'CF?RL 5 N�TVL+GFX6M�H P CrUIL P M�N%UIL e X 5
?IG P�= O%UIL 4 XRN�HKT�X c W P M�HKO%U e _IN�LVfZO P L e'4 LVfZO%UIL = XRO�L+M e X6M@?*@0`aG � D6� � C S{P _ c HDG-X6GIf � � AF_ cKc HKJRX6G
e'P fFL c N%_ITVU X�N�TVL+GFX6M�H P 465 XRN�N%_ e HDGIW-O%UFXRO0O%UIL{XRO�O%XRTA?RL+M ?IG P�= N0O%UIL)T P fFL 4FPIP ? fFHKN�O%M�H 4 _IO�H P G�C
4 _IO
G P O
O%UIL'XRTVO%_FX c T P fFL 4FPIP ?*@
�
N = L�fFHKN�T+_IN�N 4 L cKP�= C*HDG)O%UIHKN�hFM�HKJRXRO�L'CF?RL 5 N�TVL+GFX6M�H P O%UIL�M�LVN%_ c O�N
PRQ�S{P _ c HDG X6GIf � � AF_ cKc HKJRX6G H e h cK5 O%UFXRO0fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�LVf!K
` S�e LVO%U P fFN)X6M�L P hIO�H e X c
Y T+X6hFXRTVHKO 5 C�XRTVUIHKLVJIHDGIWI^
XRWIXRHDGIN�O�N�kF_FX6M�LVf)L+M�M P M�fFHKN�O P M�O�H P G�CaT P GIN�O%M�XRHDGILVf{XRO�O%XRTA?RL+M�N+@ `aG�O%UIL�X 4 N�L+GITVL
PRQ ?RL 5 N+C�U P�= LVJ6L+MVC�O%UIL�XRO�O%XRTA?RL+M�f P LVN�?IG P�= O%UIL)T P fFL 4FPIP ?*C
X6GIf O%UIL 4FP _FGIfFLVf hFL+M�O%_FM 4 XRO�H P G
TVUFX6GFGIL c X6GIf)O%UIL 4FP _FGIfFLVf�U P N�OFCafFHKN�O P M�O�H P G)TVUFX6GFGIL c e'P fFL c N PRQ i�UFX6h�@��0X6M�L 4 LVO�O�L+M e'P fFL c N QlP M
XRO�O%XRTA?6N"HDG�O%UILVN�L
G P CF?RL 5 N�TVL+GFX6M�H P N+@"�
N = L�N%U P�= HDG�O%UIHKN�TVUFX6hIO�L+MVC<K
` S e LVO%U P fFN�HDG'W6L+GIL+M�X c CFX6GIf
fFHKO%UIL+M e'P f*_ c XRO�H P GZHDGZhFX6M�O�HKT+_ c X6MVC�XRTVUIHKLVJ6L�hFM P JRX 4IcK5Z4 LVO�O�L+M'M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N�O%M�XRfFL'C
P�J N�O%UFX6G 4FP O%U�N%hFM�L+XRfZN%hFLVTVO%M�_ e X6GIfZW6L+GIL+M�X c H I LVf �r? S O�LVTVUFGIHKkF_ILVN�XRWIXRHDGIN�O�O%UILVN�L0T c XRN�N�LVN PRQ
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S{P _ c HDG�X6GIf�� � AF_ cKc HKJRX6G0UFX+J6L�fFL+M�HKJ6LVf 4FP O%U
O%UIL�T+X6hFXRTVHKO 5 C�XRTVUIHKLVJIHDGIW'fFHKN�O%M�H 4 _IO�H P G�X6GIf�X6G�LAGFh c HKTVHKO
LAGFhFM�LVN�N�H P G QlP M�O%UIL�T+X6hFXRTVHKO 5 Y ]*@D[+^�HDG)O%UIL
T+XRN�L = UIL+M�L
O%UIL'U P N�O�HKN = UIHKO�L'X6GIf

�
X6_IN�N�HDX6G�X6GIf)O%UIL

XRO�O%XRTA?RL+M Q XRTVLVN�X6G{LAGFhFLVTVO�LVfZhFL+M�O%_FM 4 XRO�H P G{L+GIL+M�W 5 T P GIN�O%M�XRHDG6O�� � � � � � � � � �� @�`aG{O%UIHKN
T+XRN�L�O%UILT+X6hFXRTVHKO 5 HKN�� D6� �
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= UIL+M�L�g ��	 � ��� � � 
 ������� � �� HKN
O%UIL�fFHKN�O P M�O�H P G�CaO P C�hFL+M�O%_FM 4 XRO�H P G{M�XRO�H P X6GIf{A ��	 � � � ��� � � 
 � � �� � � ��HKN
O%UIL�U P N�O�N�HKWIGFX c CaO P C�hFL+M�O%_FM 4 XRO�H P G)M�XRO�H P @ b UIL e X�GIH e H I HDGIW�fFHKN�O%M�H 4 _IO�H P G�HKN�� D6� �

� � � � � ����� ��� � 	 � � � � ��� � �
= UIL+M�L � � � Yl� � ���a^�HKN
N�O%XRO�HKN�O�HKT+X cKcK5 HDGIfFL+hFL+GIfFL+G6O PRQ �)X6GIf
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AIHDGITVL�O%UIHKN fFHKN�O%M�H 4 _IO�H P G'N%XRO�HKN j LVN O%UIL�T P GIfFHKO�H P G)Y ]*@ �6^VCVfFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�LVf K
` S T+X6G�XRTVUIHKLVJ6L
T+X6hFXRTVHKO 5 XRWIXRHDGIN�O�O%UILVN�L
XRO�O%XRTA?6N+@"B k�@rY,�F@D[+^"W6HKJ6LVN�O%UIL P hIO�H e X c fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�H P G�hFX6M�X e C
LVO�L+MV@

S{P _ c HDG)X6GIf � � AF_ cKc HKJRX6G�UFX+J6L�X c N P T P GIN�HKfFL+M�LVf{O%UIL
T+XRN�L PRQ U P N�O�N�HKWIGFX c N
O%UFXRO�X6M�L�G P O
GILVTVLVNFC
N%X6M�H cK5

�
X6_IN�N�HDX6G 4 _IO�O%UFXRO�UFX+J6L I L+M P'e L+X6G�C j GIHKO�L
JRX6M�HDX6GITVL6CFX6GIf 4FP _FGIfFLVf�X6GIf�T P G6O�HDGI_ P _IN�hFf Q N+@

`aG�O%UIL c H e HKO PRQ N e X cKc ��� X6GIf � �� CFX c H e HKO PRQ HDG6O�L+M�LVN�O�HDG�UIHKWIU�C j fFL c HKO 5 X6hFh c HKT+XRO�H P GIN+CFO%UIL
T+X6hFXRTVHKO 5X6hFhFM P XRTVUILVN
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X6GIf�O%UIL�T+X6hFXRTVHKO 5 C�XRTVUIHKLVJIHDGIW0fFHKN�O%M�H 4 _IO�H P G{X6hFhFM P XRTVUILVN
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O�H P G�N%XRO�HKN j LVN
O%UIL�T P GIfFHKO�H P G-Y ]*@ �6^VC6fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�LVf�K
` S T+X6G)XRTVUIHKLVJ6L�T+X6hFXRTVHKO 5 HDG)O%UIHKN
UIHKWIU�C j fFL c HKO 5{c H e HKO+@ b UIL
T+X6hFXRTVHKO 5 C�XRTVUIHKLVJIHDGIW�fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�H P G)hFX6M�X e LVO�L+M�HKN � D6� �
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`aG-O%UIHKN0N�LVTVO�H P G�C = L)LAGFX e HDGIL =�P M�N�O'T+XRN�L)HDG�CaO%UIL'CaT c L+X6M)XRO�O%XRTA?6N+C�XRO�O%XRTA?6N'O%UFXRO0X6M�HKN�L = UIL+G-O%UIL
XRO�O%XRTA?RL+M
UFXRN Q _ cKc ?IG P�=�c LVfFW6L PRQ O%UIL�L e'4 LVfFfFHDGIW�X6GIf�fFLVT P fFHDGIW�hFM P TVLVN�N�LVN�HDGIT c _IfFHDGIWZX6G 5 ?RL 5 N+@
� L�T P GIN�HKfFL+M'O =�P{e'P fFL c N QlP M�N%_ITVU-XRO�O%XRTA?RL+M�N Q M PIe AILVT6@��F@ DF�{Y�[+^
O%UIL 4FP _FGIfFLVf hFL+M�O%_FM 4 XRO�H P G
TVUFX6GFGIL c�e'P fFL c HDG = UIHKTVU�O%UIL�N�kF_FX6M�LVf�L+M�M P M fFHKN�O P M�O�H P G 4 LVO = LVL+G'O%UIL�TVUFX6GFGIL c HDGFhF_IO
X6GIf�TVUFX6GFGIL c
P _IO%hF_IO�HKN 4FP _FGIfFLVf�X6GIf{Yl�6^ O%UIL 4FP _FGIfFLVf�U P N�OFCafFHKN�O P M�O�H P G'TVUFX6GFGIL cre'P fFL c HDG = UIHKTVU�O%UIL�N�kF_FX6M�LVf
L+M�M P M�fFHKN�O P M�O�H P G 4 LVO = LVL+G0O%UIL'U P N�O�N�HKWIGFX c X6GIf�TVUFX6GFGIL crP _IO%hF_IO�HKN 4FP _FGIfFLVfr@
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`aG'O%UIHKN�N�LVTVO�H P G = L�TVUFX6M�XRTVO�L+M�H I L�O%UIL
XRTVUIHKLVJRX 4Ic L�hFL+M QlP M e X6GITVL PRQr4 HDGFX6M 5 fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%U
_FGIH QlP M e N�T+X c X6M
kF_FX6G6O�H I XRO�H P G�CrN%hFM�L+XRf{N%hFLVTVO%M�_ e CrX6GIf cKP�= C 4 HKORY N%^ e'P f*_ c XRO�H P G = UIL+G P GIL = X6G6O�N
WI_FX6M�X6G6O�LVLVf�L+M�M P M�C Q M�LVL
fFLVT P fFHDGIW)XRWIXRHDGIN�O
X cKc"4FP _FGIfFLVf�hFL+M�O%_FM 4 XRO�H P G�XRO�O%XRTA?6N+@
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GIL�T+X6G�T PIe'4 HDGIL�O%UIL�WI_FX6M�X6G6O�LVLVf'L+M�M P M�C Q M�LVL�fFLVT P fFHDGIW'T P GIfFHKO�H P G)Y�DF@ �6^ QlP M X e HDGIH e _ e fFHKN�O%X6GITVL
fFLVT P fFL+M
Y�DF@ �6^ = HKO%U�O%UIL
fFHKN�O P M�O�H P G�C�G P M e X c H I LVf e HDGIH e _ e fFHKN�O%X6GITVL�Yl�F@ ]I^ PRQ"4 HDGFX6M 5 fFHKO%UIL+M e'P f<C
_ c XRO�H P G = HKO%U�_FGIH QlP M e N�T+X c X6M
kF_FX6G6O�H I XRO�H P G{O P T PIe hFXRTVO cK5 LAGFhFM�LVN�N�HKO�N�XRTVUIHKLVJRX 4Ic L)hFL+M QlP M e X6GITVL
XRN
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b UI_IN+C QlP M�LAGFX e h c L6C�XRO�X j GILVf)M�XRO�L����ZO P O P6c L+M�XRO�L e'P M�L�hFL+M�O%_FM 4 XRO�H P G0L+GIL+M�W 5 � �� M�LVkF_IHDM�LVNO%UFXRO = L0XRTVTVL+hIO e'P M�L�LAGFhFLVTVO�LVfZfFHKN�O P M�O�H P G � � @�B k�@�Y,�F@ �6^
T P G6J6L+GIHKL+G6O cK5 M�L c XRO�LVN'fFLVN�HKWIG�N%hFLVTVH C
j T+XRO�H P GIN�O P fFLVN�HKWIG�hFX6M�X e LVO�L+M�N QlP M�fFHKO%UIL+M e'P f*_ c XRO�H P G e LVO%U P fFN+@�� P M
LAGFX e h c L6CrH Q O%UIL'fFLVN�HKWIG
N%hFLVTVH j T+XRO�H P GIN�M�LVkF_IHDM�L�X6G�L e'4 LVfFfFHDGIW�M�XRO�L PRQ XRO c L+XRN�O ���{X6GIf'M PI4 _IN�O%GILVN�N"O P hFL+M�O%_FM 4 XRO�H P GIN PRQ XRO
c L+XRN�O � �� HDG0L+GIL+M�W 5 hFL+M�N%X e h c L6CFO%UIL+G{Y,�F@ �6^ W6HKJ6LVN�O%UIL e HDGIH e _ e L e'4 LVfFfFHDGIW�CaHDGIf*_ITVLVf�fFHKN�O P M�O�H P G
O%UFXRO e _IN�O 4 L
HDG6O%M P f*_ITVLVf0HDG6O P O%UIL
U P N�O N�HKWIGFX c C P M LVkF_IHKJRX c L+G6O cK5 JIHDX0Yl�F@ D6^rO%UIL e HDGIH e _ e X+J6L+M�XRW6L
N�kF_FX6M�LVf0kF_FX6G6O�H I XRO�H P G�N�O�L+h�N�H I L �� � � � �� O P XRTVUIHKLVJ6L
O%UILVN�L
N%hFLVTVH j T+XRO�H P GIN+@�� HDGFX cKcK5 C = L�N�LVL
O%UFXRO� � HKN
O%UIL
H e hFM P J6L e L+G6O P M�WIXRHDG0HDG0O%UIL�XRTVUIHKLVJRX 4Ic L'M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N�O%M�XRfFL'C P�J N�f*_IL�O P
O%UIL
L+M�M P M�T P M�M�LVTVO�H P G0T P fFL6@
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b UIL
G P G I L+M P�e HDGIH e _ e fFHKN�O%X6GITVL PRQ K
` S�e LVO%U P fFN P�J L+M�N kF_FX6G6O�H j X 4Ic L�M PI4 _IN�O%GILVN�N�O P hFL+M�O%_FM 4 X&C
O�H P GIN+CILVJ6L+G = UIL+G0O%UIL
U P N�O�N�HKWIGFX c HKN
G P O ?IG P�= G0XRO�O%UIL
fFLVT P fFL+MV@�`aG0T P G6O%M�XRN�O+CRN%hFM�L+XRf<CaN%hFLVTVO%M�_ e
e LVO%U P fFN P�J L+M�M�L c XRO�HKJ6L cK5�c HKO�O c L'M PI4 _IN�O%GILVN�N�H Q O%UIL�U P N�O�N�HKWIGFX c HKN
G P O3?IG P�= G0XRO�O%UIL
fFLVT P fFL+MV@��
N
fFHKN�T+_IN�N�LVf{HDG)AILVT6@*�F@ ]*CIO%UILVN�L e LVO%U P fFN
UFX+J6L c HDGIL+X6M�L e'4 LVfFfFHDGIW Q _FGITVO�H P GIN PRQ O%UIL QlP M e

E Y������'^��	� � � Y �'^�� Y,�F@ ]I^

= UIL+M�L � Y �'^ HKN
X�hIN�L+_If P C�G P HKN�L'J6LVTVO P MV@"��M PIe O%UIL
fFL j GIHKO�H P G PRQ�e HDGIH e _ e fFHKN�O%X6GITVL�Y�DF@ �6^VC

� ��� � � e HDG� ��� ����� ���	 � e HDG��

� � 
�� � � > � � � Y �a^ � > �	� � Y �F^ �� e HDG� ��� ����� ���	 � � > � � � Y �a^ � Y > � � � Y �a^ � � Y �F^�^ � � Y �F^ �
� �
�

b UIHKN I L+M P'e HDGIH e _ e fFHKN�O%X6GITVL
hFM P hFL+M�O 5'PRQ N%hFM�L+XRf�N%hFLVTVO%M�_ e e LVO%U P fFN�HKN�H cKc _IN�O%M�XRO�LVf�HDG�� HKW*@?�&C%[6@

b UI_IN+C"X c O%U P _IWIU�O%UILVN�L e LVO%U P fFN e X 5�4 L0L J LVTVO�HKJ6L = UIL+G{O%UIL�U P N�O
N�HKWIGFX c HKN ?IG P�= G�XRO�O%UIL
fFLVT P fFL+MVC = UIL+G�O%UIL�U P N�O'N�HKWIGFX c HKN�G P O ?IG P�= G�C"O%UIL 5�P�J L+M�G P WI_FX6M�X6G6O�LVLVf-M PI4 _IN�O%GILVN�N�O P hFL+M�C
O%_FM 4 XRO�H P GIN+C  &()
 (DC*G P XRTVUIHKLVJRX 4Ic L0M�XRO�L
LAGFhFM�LVN�N�H P G{X6GFX cKP W P _IN
O P Y,�F@ D6^�LAGIHKN�O�N QlP M
XRfFfFHKO�HKJ6L'N%hFM�L+XRf
N%hFLVTVO%M�_ e @��
N
HKN
LVJIHKfFL+G6O Q M PIe Y,�F@ ]I^VCIHDG)X'N%hFM�L+XRf<CaN%hFLVTVO%M�_ e N 5 N�O�L e C �0HKN
X6G�XRfFfFHKO�HKJ6L'HDG6O�L+M Q L+M�C
L+GITVL6C = UIHKTVU)HKN PRQ O�L+G e _ITVU c X6M�W6L+M�O%UFX6G � f*_IL'O P O%UIL�fFHKN�O P M�O�H P G�T P GIN�O%M�XRHDG6O+@
`aG)T P G6O%M�XRN�O+CFO%UIL
kF_FX6G6O�H I XRO�H P G�O%UFXRO P TVT+_FM�N = HKO%U�kF_FX6G6O�H I XRO�H P G{HDGIfFLAG e'P f*_ c XRO�H P G�C�hFM P JIHKfFLVN�H e�e _FGIHKO 5 XRWIXRHDGIN�O
�
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x1

x2 w(2)

w(1)s

� HKWI_FM�L4�&C%[6� ��L+M P
e HDGIH e _ e fFHKN�O%X6GITVL PRQ N%hFM�L+XRf'N%hFLVTVO%M�_ e L e'4 LVfFfFHDGIW e LVO%U P fFN+@ b UIL�T PIe h P N�HKO�L
N�HKWIGFX c J6LVTVO P M  'c HKLVN�HDG 4FP O%U�N�HKWIGFX c N�LVO�N+C X6GIf�O%UI_IN+CrLVJ6L+G = HKO%UZG P hFL+M�O%_FM 4 XRO�H P GIN�Y�$ �  ^ P GIL
T+X6GFG P O�fFHKN�O�HDGIWI_IHKN%U 4 LVO = LVL+GZY������'^�� Y�� � �+[+^�X6GIf-Y������'^�� Y�� � �%�6^V@
O%UIHKN
U P N�O�N�HKWIGFX c HDG6O�L+M Q L+M�L+GITVL6C�XRN�fFHKN�T+_IN�N�LVf{HDG)i�UFX6h�@�DF@ �

��������G��� '(������*�!#�������
�
N�N%U P�= G'HDG��
hFh�@Ii
C6O%UIL
fFHKN�O P M�O�H P G�C�G P M e X c H I LVf e HDGIH e _ e fFHKN�O%X6GITVL PRQ �r? S HKN�X 4FP _IO��F@ ]<D
f*?
=�P M�N�L'YlB k�@�Yli
@ D6^�^ O%UFX6G�O%UFXRO PRQ fFHKO%UIL+M e'P f*_ c XRO�H P G�@ b UIL+M�L QlP M�L6CIHKO�N�XRTVUIHKLVJRX 4Ic L'M�XRO�L'CafFHKN�O P M�O�H P G�C
M PI4 _IN�O%GILVN�N
hFL+M QlP M e X6GITVL
HKN
X c N P X 4FP _IO
�F@ ]<D�f*? =�P M�N�L
O%UFX6G�Y,�F@ �6^V@

� � ��� � �H� ��	������ 
��(�&�
	A�����&���(�������(	!;�
��
	�	����

�
N e L+G6O�H P GILVf�HDG�AILVT6@"�F@ DFC�O%UIL 4FP _FGIfFLVf-U P N�OFCafFHKN�O P M�O�H P G)TVUFX6GFGIL c�e'P fFL c X6M�HKN�LVN = UIL+G{O%UIL�XROFC
O%XRTA?RL+M�� N�fFHKN�O P M�O�H P G)HKN e L+XRN%_FM�LVf 4 LVO = LVL+G)O%UIL'U P N�O
N�HKWIGFX c X6GIf{TVUFX6GFGIL c P _IO%hF_IO+@
E
G c H ?RL�HDG)O%UIL
T+XRN�L PRQ O%UIL 4FP _FGIfFLVf�hFL+M�O%_FM 4 XRO�H P G�TVUFX6GFGIL c C*T P GIN�HKfFL+M�HDGIW{hFL+M QlP M e X6GITVL�XRWIXRHDGIN�O
O%UIL =�P M�N�O
h P NFC
N�H 4Ic L'TVUFX6GFGIL c"P _IO%hF_IO $0N%XRO�HKN Ql5 HDGIW0O%UIL'XRO�O%XRTA?RL+M�� N�U P N�OFCafFHKN�O P M�O�H P G�T P GIN�O%M�XRHDG6O�f P LVN
G P O
hFM P JIHKfFL
e _ITVU�HDGIN�HKWIU6O+@ b UIL�TVUFX6GFGIL cFP _IO%hF_IO�$��	�
M�LVN%_ c O�N HDG������ �FC6X6GIf'O%UIHKN TVUFX6GFGIL cFP _IO%hF_IO T P G6O%XRHDGIN
G P HDG QlP M e XRO�H P G�X 4FP _IO�O%UIL
L e'4 LVfFfFLVf)HDG QlP M e XRO�H P G �0@ b UI_IN+CIO%UIHKN�TVUFX6GFGIL c�P _IO%hF_IO�HKN�O%UIL =�P M�N�O
T+XRN�L P _IO%hF_IO+C 4 _IO�HKO�HKN�G P O�T c L+X6M O%UFXRO�X6G�XRO�O%XRTA?RL+M"T+X6G0hFM P f*_ITVL
O%UIHKN P _IO%hF_IO = HKO%U P _IO ?IG P�=�c LVfFW6L
PRQ �*@ b UIL�XRO�O%XRTA?RL+M�T+X6G�CrU P�= LVJ6L+MVC�LAGFh cKP HKO'hFX6M�O�HDX c ?IG P�=�c LVfFW6L PRQ O%UIL�U P N�O
N�HKWIGFX c C = UIL+M�L�N%_ITVU
hFX6M�O�HDX c ?IG P�=�c LVfFW6L e X 5Z4 L�fFLVN�T+M�H 4 LVfrC QlP M�LAGFX e h c L6C 465 O%UIL�T P GIfFHKO�H P GFX c hFM PI4 X 4 H c HKO 5 fFL+GIN�HKO 5
�
	 � � Y >�	 E ^ PRQ O%UIL'U P N�O�N�HKWIGFX c W6HKJ6L+G PI4 N�L+M�JRXRO�H P G PRQ O%UIL
TVUFX6GFGIL c HDGFhF_IO�Y T PIe h P N�HKO�L�N�HKWIGFX c ^V@

b UI_IN+C�HDG)O%UIHKN�N�LVTVO�H P G = L e L+XRN%_FM�L�M PI4 _IN�O%GILVN�N
O P XRO�O%XRTA?6N 465 O%UIL e HDGIH e _ e LAGFhFLVTVO�LVf�fFHKNFC
O P M�O�H P G ��� QlP M�X�N%_ITVTVLVN�N Q _ c XRO�O%XRTA?*C = UIL+M�L
O%UIL
LAGFhFLVTVO%XRO�H P G0HKN�O%X�?RL+G = HKO%U�M�LVN%hFLVTVO�O P �
	 � � Y >�	 E ^V@
b UIL�M�XRO�H P�4 LVO = LVL+G ���0X6GIf�O%UIL
LAGFhFLVTVO�LVf)L e'4 LVfFfFHDGIW�CaHDGIf*_IT+LVf�fFHKN�O P M�O�H P G�� � HKN
O%UIL
fFHKN�O P M�O�H P G
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b X 4Ic L4�F@D[6�*��O�O%XRTA?RL+M�� N�fFHKN�O P M�O�H P G�hFL+GFX c O�HKLVN+@ b UIL�fFHKN�O P M�O�H P G�hFL+GFX c O 5 HKN O%UIL�XRfFfFHKO�H P GFX c fFHKN�O P M�O�H P G
O%UFXRO
X6G)XRO�O%XRTA?RL+M e _IN�O�HDGIT+_FM
O P N%_ITVTVLVN�N Q _ cKcK5 M�L e'P J6L�X = XRO�L+M e X6M@?*@ ��fFHKN�O P M�O�H P G)hFL+GFX c O 5�c LVN�N
O%UFX6G{��f*? HDGIfFHKT+XRO�LVN�O%UFXRO
O%UIL�XRO�O%XRTA?RL+M�T+X6G{XRTVO%_FX cKcK5 H e hFM P J6L'O%UIL'N�HKWIGFX c kF_FX c HKO 5 X6GIf�M�L e'P J6L
O%UIL = XRO�L+M e X6M@?'N�H e _ c O%X6GIL P _IN cK5 @

B e'4 LVfFfFHDGIW g
HKN�O P M�O�H P G m L+GFX c O 5
S LVO%U P f Y ��� � � � ^

	 LVWI_ c X6M�K
` S [ � � ���� � �] � � �'f*?
?�HDGFX6M 5 g
HKO%U�@ S{P fr@
= � _FGIHl@ N�T+X c X6M�kF_FX6G6O+@ �
� ]<D�f*? � [ � � � D��R]� ��� � �'f*?

g�i�CFK
` S � � f*?
AFhFM�L+XRf{AFhFLVTVO%M�_ e � � f*?

�r? S � �'f*?
?�HDGFX6M 5 �r? S

= � _FGIHl@ N�T+X c X6M�kF_FX6G6O+@ C��F@ ]<D�f*?

hFL+GFX c O 5 O%UFXRO O%UIL
XRO�O%XRTA?RL+M e _IN�O�hFX 5 O P M�L e'P J6L�O%UIL = XRO�L+M e X6M@?
X6GIfrCIUIL+GITVL6CIHKN�X j WI_FM�L PRQre L+M�HKO
e L+XRN%_FM�HDGIW
O%UIL�M PI4 _IN�O%GILVN�NFCafFHKN�O P M�O�H P G
O%M�XRfFL'C P�J XRO"X�W6HKJ6L+G�M�XRO�L6@rg
HKN�O P M�O�H P G
hFL+GFX c O�HKLVN QlP MrM�LVWI_ c X6M
K
` S C 4 HDGFX6M 5 fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%U�_FGIH QlP M e N�T+X c X6M
kF_FX6G6O�H I XRO�H P G�CrfFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�LVf
K
` S C"N%hFM�L+XRf<CaN%hFLVTVO%M�_ e C��r? S C X6GIf 4 HDGFX6M 5 �r? S = HKO%UZ_FGIH QlP M e N�T+X c X6M�kF_FX6G6O�H I XRO�H P G-X6M�L�fFL'C
M�HKJ6LVf 4 L cKP�= X6GIf X6M�L)N%U P�= G-HDG b X 4Ic L(�F@D[6@ � L{N�LVL)O%UFXRO PRQ O%UIL e LVO%U P fFN�T P GIN�HKfFL+M�LVfrC P G cK5
K
` S e LVO%U P fFN�Y HDGIT c _IfFHDGIW 4 HDGFX6M 5 fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%UZ_FGIH QlP M e N�T+X c X6M
kF_FX6G6O�H I XRO�H P GF^�X6M�L
M PI4 _IN�O
L+G P _IWIU{N%_ITVU{O%UFXRO
O%UIL0XRO�O%XRTA?RL+M e _IN�O
fFLVWIM�XRfFL'O%UIL0U P N�O
N�HKWIGFX c kF_FX c HKO 5 O P M�L e'P J6L'O%UIL
= XRO�L+M e X6M@?*@

� %?-���*�!�� 9 �2�

� L j M�N�O�T P GIN�HKfFL+M
O%UIL�M PI4 _IN�O%GILVN�N PRQ M�LVWI_ c X6M�kF_FX6G6O�H I XRO�H P G�HDGIfFLAG e'P f*_ c XRO�H P G�@�� P M�X6G 5 fFHKN�O P M�C
O�H P G e L+XRN%_FM�L6CrXRN cKP GIW)XRN
L+XRTVU{M�LVT P GIN�O%M�_ITVO�H P G�h P HDG6O E c HKLVN'XRO
O%UIL e HDGIH e _ e fFHKN�O P M�O�H P G{h P HDG6O
PRQ HKO�N
M�LVN%hFLVTVO�HKJ6L�kF_FX6G6O�H I XRO�H P G�TVL cKc C�O%UIL K
` S fFHKN�O P M�O�H P G)hFL+GFX c O 5 HKN
WIM�L+XRO�L+M�O%UFX6G P M�LVkF_FX c O P [
N�HDGITVL�X6G 5'P _IO%hF_IO � O%UFXRO�X6G0XRO�O%XRTA?RL+M"W6L+GIL+M�XRO�LVN e _IN�O�GILVTVLVN�N%X6M�H cK50c HKL
X = X 5
Q M PIe O%UIHKN e HDGIH e _ e
fFHKN�O P M�O�H P G{h P HDG6O+@'B kF_FX c HKO 5{P TVT+_FM�N P G cK5 H Q L+XRTVU)kF_FX6G6O�H I XRO�H P G{TVL cKc UFXRN�XRO c L+XRN�O
O =�P�e HDGIH e _ e
fFHKN�O P M�O�H P G{h P HDG6O�N+C P GIL PRQ = UIHKTVU c HKLVN�HDG{O%UIL'HDGIT P M�M�LVTVO�fFLVT P fFL+M
fFLVTVHKN�H P GZM�LVW6H P G�@
� P M
LAGFhFLVTVO�LVf
N�kF_FX6M�LVf<CaL+M�M P M�fFHKN�O P M�O�H P G�C*O%UIL e HDGIH e _ e fFHKN�O P M�O�H P G)h P HDG6O PRQ L+XRTVU�kF_FX6G6O�H I XRO�H P G�TVL cKc HKN
HKO�N
TVL+G�C
O%M P HKfrC�X6GIf P GIL)T+X6G-LAGFhFM�LVN�N0O%UIHKN0fFHKN�O P M�O�H P G hFL+GFX c O 5 HDG O�L+M e N PRQ O%UIL)fFHKN�O P M�O�H P G�C�G P M e X c H I LVf
�
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�������� [+��D



��(�� #�
�� � B��rB�i b�	 � � `ai g�`aA b�	 `a?�E b ` � � i�� m���� � #
(
	 (�� #�
��� )�

e HDGIH e _ e fFHKN�O%X6GITVL'X6GIf)O%UIL
N�HKWIGFX crc L+GIW6O%U �ZCFXRN = L
N%U P�= 4 L cKP�= @

� L'_IN�L �#O P fFL+G P O�L'O%UIL�kF_FX6G6O�H I XRO�H P G�TVL cKc T P G6O%XRHDGIHDGIW ��X6GIf � 	 Y >�	 ��^�O P fFL+G P O�L�O%UIL'T P G�C
fFHKO�H P GFX c hFM PI4 X 4 H c HKO 5 fFL+GIN�HKO 5�Q _FGITVO�H P G PRQ �)W6HKJ6L+GZO%UFXRO�� � �{@��
WIXRHDG�C QlP M
N%_�E0TVHKL+G6O cK5 N e X cKc
kF_FX6G6O�H I XRO�H P G)TVL cKc N+C�O%UIHKN�hFM PI4 X 4 H c HKO 5 fFL+GIN�HKO 5�Q _FGITVO�H P G)T+X6G PRQ O�L+G 4 L�X6hFhFM P GIH e XRO�LVf{XRN
_FGIH QlP M e
P J6L+M �{C QlP M�LAGFX e h c L6@�AIHDGITVL E HKN
O%UIL
TVL+G6O%M P HKf PRQ �{C

�
�

Y E � > ^ � 	 Y >�	 ��^ � > � � � Y,�F@ �6^

� c N P CFO%UIL
LAGFhFLVTVO�LVf{N�kF_FX6M�LVf<CaL+M�M P M�hFL+M c LVO�O�L+M�L e'4 LVfFfFHDGIW�CaHDGIf*_ITVLVfZfFHKN�O P M�O�H P G0W6HKJ6L+G ����� HKN
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b UIL e'P N�O�W6L+GIL+M�X c XRO�O%XRTA?�T+X6G�X c = X 5 N 4 L�M�L+hFM�LVN�L+G6O�LVf-XRN � � E � � C = UIL+M�L � e X 5{4 L�X
Q _FGITVO�H P G PRQ E @ b UIL'M�LVN%_ c O�HDGIW0fFHKN�O P M�O�H P G0HKN
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= UIL+M�L = L
UFX+J6L
_IN�LVfZY,�F@ d6^VCRO%UIL Q XRTVO�O%UFXRO � 	 Y >�	 ��^"HKN
X'hFM PI4 X 4 H c HKO 5 fFL+GIN�HKO 5�Q _FGITVO�H P G�X6GIfrCFO%UI_IN+C
HDG6O�LVWIM�XRO�LVN�O P�P GIL6CFX6GIf�Y,�F@ �6^"O P�PI4 O%XRHDG�O%UIL c XRN�O c HDGIL6@�� P M�X
N%_ITVTVLVN�N Q _ c XRO�O%XRTA?*C � � � � � ��� � �6�
N P
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�
J6L+M�XRW6HDGIW 4FP O%U0N�HKfFLVN PRQ O%UIHKN
LAGFhFM�LVN�N�H P G P J6L+M�X cKc kF_FX6G6O�H I XRO�H P G�TVL cKc N � 5 HKL c fFN
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N P O%UFXRO P _FM j WI_FM�L PRQ e L+M�HKO QlP M�kF_FX6G6O�H I XRO�H P G�HDGIfFLAG e'P f*_ c XRO�H P G e LVO%U P fFN�HKN
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b UI_IN+C QlP M�X6G 5 K
` S3e LVO%U P f PRQ G P G I L+M P fFHKN�O P M�O�H P G�C�G P M e X c H I LVf e HDGIH e _ e fFHKN�O%X6GITVL � ��� � � CFO%UIL
XRO�O%XRTA?RL+M�� N�fFHKN�O P M�O�H P G0hFL+GFX c O 5 HKN
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X cKcrPRQ
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M�L e'P J6L
O%UIL = XRO�L+M e X6M@? = HKO%U P _IO�T+X6_IN�HDGIW0XRfFfFHKO�H P GFX c fFHKN�O P M�O�H P G0O P O%UIL
U P N�O�N�HKWIGFX c @ b UIHKN
M�LVN%_ c O
X6hFh c HKLVN0M�LVWIX6M�f c LVN�N PRQ�= UILVO%UIL+M
L+M�M P M
T P M�M�LVTVO�H P G�T P fFHDGIW{HKN'_IN�LVfr@ b UI_IN+CrHDG�T P G6O%M�XRN�O
O P fFHKO%UIL+M
e'P f*_ c XRO�H P G)YlAILVL b X 4Ic L4�F@D[6@ ^VCVL+M�M P MrT P M�M�LVTVO�H P G�T P fFHDGIW�f P LVN�G P O"H e hFM P J6L cKP�= C 4 HKORY N%^ e'P f*_ c XRO�H P G
HDG�O%UIHKN
T P G6O�LAGIO+@

� �,�&!�� �
*��������G���1'(������*�!#���������;����$
�G����/A�&�6' ��E���!�*�!�� � �&!&������<6!#�������
� UIL+G�O%UIL c L+XRN�O�N�HKWIGIH j T+X6G6O 4 HKO PRQ X)_FGIH QlP M e C N�T+X c X6M
kF_FX6G6O�H I L+M�HKN e'P f*_ c XRO�LVfrC"O%UIL�M�LVN%_ c O�N'HDG
�
hFh�@*i H e h cK5 O%UFXRO

� � � �] ��
 � � � �� �
= UIH c L

����� [
[+��
 � � � �� �

b UI_IN+C ���
� � �

]
� 
 � �
� ]<D�f*?��

�
� � ���
����
�������� [+���



��(�� #�
�� � B��rB�i b�	 � � `ai g�`aA b�	 `a?�E b ` � � i�� m���� � #
(
	 (�� #�
��� )�

���������	��
 �

� � � 	 � � � � ��� � � 	 	 � �
	

`aG{i�UFX6h�@F] = L'X6M�WI_ILVf)O%UFXRO3K
` S C = HKO%U�O%UIL'M�HKWIU6O
hFM�L+hFM P TVLVN�N�HDGIW)X6GIf�h P N�O%hFM P TVLVN�N�HDGIW0O P�e'P J6L
HDG6O P X6GIf P _IO PRQ O%UIL�T P M�M�LVTVO
f PIe XRHDG�CrHKN'X�T+X6hFXRTVHKO 5 C�XRTVUIHKLVJIHDGIW{HDG QlP M e XRO�H P G{L e'4 LVfFfFHDGIW{N�O%M�_IT'C
O%_FM�L6@"�
N�fFHKN�T+_IN�N�LVf)HDG�i�UFX6h�@FdFC6O%UIL I M�HKWIU6O J'h P N�O%hFM P TVLVN�N�HDGIW�HDG0O%UIL

�
X6_IN�N�HDX6G�T+XRN�L
HKN�fFHKN�O P M�O�H P G

T PIe hFL+GIN%XRO�H P G�X6GIf�G P hFM�L+hFM P TVLVN�N�HDGIW�HKN�M�LVkF_IHDM�LVfr@���_FM�O%UIL+M e'P M�L6C6LVJ6L+G = HKO%U0G P fFHKN�O P M�O�H P G�T PIe C
hFL+GIN%XRO�H P G�C
K
` S e LVO%U P fFN
T+X6G�XRTVUIHKLVJ6L'hFL+M QlP M e X6GITVL = HKO%UIHDG{X Q L = f*? PRQ T+X6hFXRTVHKO 5 @

`aG
W6L+GIL+M�X c C6O%U P _IWIU�C P GIL�T+X6G�XRTVUIHKLVJ6L�T+X6hFXRTVHKO 5
P G cK5 XRN 5Fe hIO P O�HKT+X cKcK5 = HKO%U cKP GIW
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G P G�CafFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�LVf�T+XRN�LVN c HKL0�F@ ]<D�f*? O P O%UIL�M�HKWIU6O PRQ O%UIL'T P M�M�LVN%h P GIfFHDGIW{A b g S
T+_FM�J6LVN+@

T P G6O%XRHDGIN�O%UIL
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fFHKN�O%X6GITVLVN PRQ O%UILVN�L
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GIL
T P fFLVf 4 HKO = XRN
L e'4 LVfFfFLVf0HDG�L+XRTVU'N%hFM�L+XRf<CaO%M�X6GIN QlP M e LVf0U P N�O N�HKWIGFX c T PIe h P GIL+G6O�_IN�HDGIW�_FGIH QlP M e C6N�T+X c X6M kF_FX6G6O�H I C
L+M�N�XRN�fFLVN�T+M�H 4 LVf)HDG)i�UFX6h�@F�F@ � L�_IN�LVf�O%UIL
N�kF_FX6M�LVf�B�_IT c HKfFL+X6G)fFHKN�O%X6GITVLVN 4 LVO = LVL+G0O%UIL
TVUFX6GFGIL c
P _IO%hF_IO
N%X e h c LVN��� X6GIf{O%UIL'GIL+X6M�LVN�O
M�LVT P GIN�O%M�_ITVO�H P G{h P HDG6O Q M PIe L+XRTVU PRQ O%UIL'O =�P kF_FX6G6O�H I L+M�N
O P
T+X c T+_ c XRO�L 4 M�X6GITVU e LVO%M�HKTVN QlP M �
HKO�L+M 4 H fFLVT P fFHDGIW � �6d ��PRQ O%UIL'T P G6J P6c _IO�H P GFX cKcK5 L+GIT P fFLVf�f*XRO%XFC�XRN
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g
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X6G)XRfFfFHKO�H P GFX c ['Caf*? WIXRHDG�@
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� HKWI_FM�L �&C��F�
?�HKOFCaL+M�M P M
M�XRO�L QlP M�JRX6M�H P _IN�fFHKN�O P M�O�H P G)T PIe hFL+GIN%XRO�H P G�hFX6M�X e LVO�L+M�N QlP M
� m B
�
T PIe C

hFM�LVN�N�H P G�TVUFX6GFGIL c�PRQ �6��� CakF_FX c HKO 5 @ ��� � [ ��D6�6�F@ b UIL�hFL+X�?�AIg 	 C 4 LVO = LVL+G�]<DF@ D&Ca]<DF@ ]�f*?
CrHKN
TVU P N�L+G�UIHKWIU�L+G P _IWIU�O P�PI4 O%XRHDG�X e L+XRN%_FM�X 4Ic L 4 HKOFCaL+M�M P M�M�XRO�L6@

M�L+hFLVO�HKO�H P G{T P fFL = XRN
_IN�LVf�O P L e'4 LVf [ 4 HKO
HDG{O%UIL cKP�= Q M�LVkF_IL+GITVHKLVN PRQ�j J6L �&C 465 C �0g�i b 4IcKP TA?6N
QlP M�X6G P J6L+M�X cKc L e'4 LVfFfFHDGIW�M�XRO�L PRQ [ � D6�6�F@ E�N�HDGIW�� HKW*@ �&C��FC = L
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h c X 5 X ?RL 5 M P6c L'HDG
XRfFf*M�LVN�N�HDGIW'XRO c L+XRN�O�O%UFM�LVL e X�B P MrTVUFX cKc L+GIW6LVN�O%UFXRO�UFX+J6L�X6M�HKN�L+G Q M PIe O%UIL = HKfFLVN%hFM�L+XRf�fFHKN�O%M�H 4 _IO�H P G
PRQ
e _ c O�H e LVfFHDX)T P G6O�L+G6O P J6L+M
fFHKW6HKO%X c T PIe�e _FGIHKT+XRO�H P GZGILVO =�P M@?6N+@�`aG�hFX6M�O�HKT+_ c X6MVC"O%UILVN�L�N 5 N�O�L e N
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h P N�N�H 4Ic L'M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N�hFL+M�C
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� P M�LAGFX e h c L6C
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N�HKWIGFX c N
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YlG P G�C j GILVf*^�XRO�O%XRTA?6N+C6T+X6hFXRTVHKO 5 C�XRTVUIHKLVJIHDGIW0g�i�CFK
` S N 5 N�O�L e N�LAGIHKN�O QlP M�N�kF_FX6M�LVf�L+M�M P M�fFHKN�O P M�O�H P G�C
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fFHKN�O P M�O�H P GIN+C = UIHKTVUZHKN'O%UIL
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HDG)UIHKWIU�C j fFL c HKO 5 X6hFh c HKT+XRO�H P GIN+@
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M�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N�hFL+M QlP M e X6GITVL0O%UFX6GZhFM�LVJIH P _IN cK5 hFM P h P N�LVfZT c XRN�N�LVN PRQ
e LVO%U P fFN�N%_ITVU
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GIL
T+X6G�kF_FX6G6O�H Ql5 O%UIHKN�hFL+M QlP M�C
e X6GITVL
WIXRHDG�HDG0O�L+M e N PRQ A ��	 XRO�O%UIL�fFLVT P fFL+M�fFLVTVHKN�H P G�fFLVJIHKTVL�X6GIf0HDG0O�L+M e N PRQ XRTVUIHKLVJRX 4Ic L�M�XRO�L'C
fFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N�hFL+M QlP M e X6GITVL0XRWIXRHDGIN�O =�P M�N�OFCaT+XRN�L'N�kF_FX6M�LVf�L+M�M P M
fFHKN�O P M�O�H P G�CaT P GIN�O%M�XRHDGILVf
HDG6O�L+G6O�H P GFX c XRO�O%XRTA?6N+C = UIL+M�L0O%UIL�XRO�O%XRTA?RL+M ?IG P�= N�LVJ6L+M 5 O%UIHDGIW�X 4FP _IO'O%UIL0L+GIT P fFHDGIWZX6GIfZfFLVT P f<C
HDGIWZhFM P TVLVN�N�LVN+C"HDGIT c _IfFHDGFW-X6G 5 ?RL 5 N+@)��_FM�O%UIL+M e'P M�L6C P GIL0T+X6G�T P G6J6L+GIHKL+G6O cK5 T P G6J6L+M�O�hFM�LVJIH P _IN cK5
fFLVJ6L cKP hFLVf�X e h c HKO%_IfFL'C e'P f*_ c XRO�H P G0N%hFM�L+XRf'N%hFLVTVO%M�_ e N 5 N�O�L e N O P N%hFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f<C
_ c XRO�H P G�N 5 N�O�L e N 465 M�L+h c XRTVHDGIW�XRfFfFHKO�H P G = HKO%U0kF_FX6G6O�H I XRO�H P G�@

`aG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIW T+X6hFXRTVHKO�HKLVN{HDG O%UIL�T+XRN�L PRQ
�
X6_IN�N�HDX6G U P N�O)N�HKWIGFX c N{X6GIf XRfFfFHKO�HKJ6L�

X6_IN�N�HDX6GZG P HKN�L = HKO%UZX6M 4 HKO%M�X6M 5 N�O%XRO�HKN�O�HKTVN�UFX+J6L�X c N P�4 LVL+G-hFM�LVN�L+G6O�LVf-HDGZO%UIHKN'O%UILVN�HKN+@ b UIL0T+X&C
hFXRTVHKO�HKLVN�HDG)O%UILVN�L'T+XRN�LVN
X6M�L�O%UIL'N%X e L QlP M 4FP O%U)O%UIL'U P N�OFC 4Ic HDGIfZX6GIf�?IG P�= G�C�U P N�O
T+XRN�LVN�X6GIf{X6M�L
HDGIfFL+hFL+GIfFL+G6O PRQ U P N�O�N�HKWIGFX c N�O%XRO�HKN�O�HKTVN+C6HDGIfFHKT+XRO�HDGIW�O%UFXRO�X6G'HDG j GIHKO�L'CaL+GIL+M�W 5 U P N�O�N�HKWIGFX c HDG6O�L+M Q L+M�L+M
T+X6_IN�LVN'X 4 N P6c _IO�L cK5 G P hFL+M QlP M e X6GITVL�fFLVWIM�XRf*XRO�H P G�@ � UIL+G�X6hFh c HKLVf-O P)e _ c O�H e LVfFHDX{X6hFh c HKT+XRO�H P GIN
N%_ITVU�XRN 4 X6GIf = HKfFO%U�CaT P GIN�L+M�JIHDGIW)U 5F4 M�HKf)O%M�X6GIN e HKN�N�H P G�CFO%UILVN�L�M�LVN%_ c O�N�H e h cK5 X�T+X6hFXRTVHKO 5�PRQ X 4FP _IO
[ � D 4 � N QlP MrLVJ6L+M 5 ��L+M�O I�PRQ U P N�O N�HKWIGFX cF4 X6GIf = HKfFO%U�X6GIf'f*?�f*M P h�HDG�M�LVTVLVHKJ6LVf0U P N�O"N�HKWIGFX c kF_FX c HKO 5 @
� UIL+G'kF_FX6G6O�H I XRO�H P G P TVT+_FM�N�HDG�O%UIL
T PIe h P N�HKO�L�N�HKWIGFX c f PIe XRHDG�C>K
` S e LVO%U P fFN�LAGIHKN�O�O%UFXRO�XRTVUIHKLVJ6L
hFL+M QlP M e X6GITVL = HKO%UIHDG [6@ d�f*? PRQ O%UILVN�L�T+X6hFXRTVHKO�HKLVN+C"X6GIf P GIL'T+X6G{L c H e HDGFXRO�L0LVJ6L+G)O%UIHKN�N e X cKc WIX6h
= HKO%U�fFHKN�O P M�O�H P G0T PIe hFL+GIN%XRO�H P G�@

� L'UFX+J6L'X c N P hFM�LVN�L+G6O�LVf�X0GI_ e'4 L+M PRQ L e hIHDM�HKT+X c N�H e _ c XRO�H P G�M�LVN%_ c O�N
O%UFXRO
T PIe h c L e L+G6O P _FM
�
� � ���
����
�������� [6[ �



��(�� #�
�� � B��rB�i b�	 � � `ai g�`aA b�	 `a?�E b ` � � i�� m���� � #
(
	 (�� #�
��� )�

e XRO%UIL e XRO�HKT+X c X6GFX cK5 N�LVN+@ b UILVN�L
N�H e _ c XRO�H P G0M�LVN%_ c O�N�fFL e'P GIN�O%M�XRO�L
hFM�XRTVO�HKT+X cKcK5 XRTVUIHKLVJRX 4Ic L�hFL+M QlP M�C
e X6GITVL PRQ fFHKO%UIL+M e'P f*_ c XRO�H P G�XRWIXRHDGIN�O�XRfFfFHKO�HKJ6L

�
X6_IN�N�HDX6G'G P HKN�L
X6GIf�� m B

�
T PIe hFM�LVN�N�H P G�XRO�O%XRTA?6N

X6GIfZfFL e'P GIN�O%M�XRO�L0hFM�XRTVO�HKT+X cKcK5 XRTVUIHKLVJRX 4Ic L)WIXRHDGIN Q M PIe L+M�M P M
T P M�M�LVTVO�H P G�T P fFHDGIWZX6GIfZfFHKN�O P M�O�H P G
T PIe hFL+GIN%XRO�H P G�@

� ��� � �
� �
�r� ������$��
	���,��
����	������
	��

`aG�O%UIHKN�N�LVTVO�H P G = L
T PIe�e L+G6O P G�N�LVJ6L+M�X c fFHDM�LVTVO�H P GIN QlP M LAGIO�L+GIfFHDGIW�O%UIL
M�LVN%_ c O�N PRQ O%UIHKN�O%UILVN�HKN
X6GIf
fFHKN�T+_IN�N
h P N�N�H 4Ic L�X6hFhFM P XRTVUILVN�O P O%XRTA? c HDGIW�N PIe L�M�L e XRHDGIHDGIW P hFL+G�hFM PI4Ic L e N+@

��� ����� � ��	������
�3�������
;�"� !�#�������

`aG e X6G 5 X6hFh c HKT+XRO�H P GIN+CFhFX6M�O�HKT+_ c X6M cK5 HDG�O%U P N�L�HDG6J P6c JIHDGIW�HDG6O�L+G6O�H P GFX c XRO�O%XRTA?6N+C P GIL e X 5 L+GIT P _FG6O�L+M
XRO�O%XRTA?6N'O%UFXRO'T+X6_IN�L{X c X6M�W6L)X e'P _FG6O PRQ N�kF_FX6M�LVf-L+M�M P M'fFHKN�O P M�O�H P G 4 _IO�O%UFXRO�f P G P O�T+X6_IN�L)X6G
_FGFXRTVTVL+hIO%X 4IcK5)c X6M�W6L�fFLVWIM�XRf*XRO�H P G�HDG"�

�����
����& � ' 
�N�HKWIGFX c kF_FX c HKO 5 @
AF_ITVU)XRO�O%XRTA?6N e X 5 G P O 4 L = L cKc
T+X6hIO%_FM�LVf 465 O%UIL e'P fFL c N�fFHKN�T+_IN�N�LVfZHDG{O%UIHKN�hFX6hFL+MV@'� c O%U P _IWIU�AILVT6@(DF@D[�T P G6O%XRHDGIN�N PIe L�W6L+GIL+M�X c
T PIe�e L+G6O�N
X 4FP _IO�fFL+X c HDGIW = HKO%U�W6L+GIL+M�X c fFLVO�L+M e HDGIHKN�O�HKT�X6GIf)hFM PI4 X 4 H c HKN�O�HKT�TVUFX6GFGIL c N+C�X6hFh c HKT+XRO�H P G
PRQ O%UILVN�L�fFLVO�L+M e HDGIHKN�O�HKT�X6GIf0hFM PI4 X 4 H c HKN�O�HKT e'P fFL c N�X6GIf�O%UILVHDM�T P M�M�LVN%h P GIfFHDGIW'fFLVT P fFHDGIW'N�O%M�_ITVO%_FM�LVN
O P O%UIL e�5 M�HDXRf GI_ e'4 L+M PRQ LAG P O�HKT{XRO�O%XRTA?6N�N%_ITVU XRN'N�T+X c HDGIW*C�M P O%XRO�H P G�C T+M P hFhIHDGIW*C�X6GIf-T P6c _ e G
M�L+h c XRTVL e L+G6O
M�L e XRHDGIN
XRN
X6G0HDG6O�L+M�LVN�O�HDGIW0fFHDM�LVTVO�H P G QlP M Q _IO%_FM�L =�P M@?*@

��� ��� � %&	�;>�(�����(���������(	���� �
��
������
� ����;<���H��� �����
�����
��;>�( ! ��	���;>�������(	+��
����(���

�
N�fFHKN�T+_IN�N�LVf0HDG�i�UFX6h�@�DFC P GIL e X 5 JIHKL = O%UIL�kF_FX6G6O�H I L+M�M�LVT P GIN�O%M�_ITVO�H P G�h P HDG6O�N�HDG�X K
` S L+GIN�L e C
4Ic L
XRN�N�HKWIGFX c T P GIN�O�L cKc XRO�H P G0h P HDG6O�N QlP M T PIe�e _FGIHKT+XRO�H P G PRQ O%UIL
L e'4 LVfFfFLVf�HDG QlP M e XRO�H P G �0@ b UI_IN+C
P GIL�T+X6G�HDGIT P M�h P M�XRO�L0X)GI_ e'4 L+M PRQ�= L cKc CF?IG P�= G�fFHKW6HKO%X c T PIe�e _FGIHKT+XRO�H P G�O�LVTVUFGIHKkF_ILVN'HDG6O P K
` S
HDG QlP M e XRO�H P GZL e'4 LVfFfFHDGIWZO�LVTVUFGIHKkF_ILVN QlP M�N�TVL+GFX6M�H P N'O%UFXRO�UFX+J6L�G P O�LAGFh c HKTVHKO cK5 4 LVL+G-T P GIN�HKfFL+M�LVf
HDGZO%UIHKN'O%UILVN�HKN+@{`aG e X6G 5 T+XRN�LVN+C P GIL e X 5 X c N P�4 L)X 4Ic L0O P�Q _FM�O%UIL+M'X6GFX cK5<I LHK
` S e LVO%U P fFN 465
X6hFh cK5 HDGIW0M�LVN%_ c O�N Q M PIe T c XRN�N�HKT+X c YlG P G�C = XRO�L+M e X6M@?6HDGIWI^"fFHKW6HKO%X c T PIe�e _FGIHKT+XRO�H P GIN�O%UIL P M 5 @ � L
W6HKJ6L
N�LVJ6L+M�X c LAGFX e h c LVN 4 L cKP�= @

� ' FG*)��������% � E���!�*)�,�&-
�,��H#!�����!&���19 �2�
`aG)N PIe L�X6hFh c HKT+XRO�H P GIN�N%_ITVU{XRN
O%UIL'fFHKW6HKO%X c X6_IfFH P)4 M P XRfFT+XRN�O�HDGIW�Y g
�
?�^
X6hFh c HKT+XRO�H P G e L+G6O�H P GILVf
HDG�i�UFX6h�@"[6C�O%UIL�TVUFX6GFGIL c�e X 5 N�T+X c L�O%UIL�X e h c HKO%_IfFL PRQ O%UIL'TVUFX6GFGIL c HDGFhF_IO+@'`aG)O%UILVN�L'T+XRN�LVN P GIL
�
� � ���
����
�������� [6[+\



��(�� #�
�� � B��rB�i b�	 � � `ai g�`aA b�	 `a?�E b ` � � i�� m���� � #
(
	 (�� #�
��� )�

−1 0 1

−1

0

1

x
I
[k]

x Q
[k

]

� HKWI_FM�L�\&C%[6� AIHKWIGFX c T P GIN�O�L cKc XRO�H P G)X6GIf�kF_FX6G6O�H I L+M�M�LVT P GIN�O%M�_ITVO�H P G0h P HDG6O�N QlP M�hFUFXRN�L
kF_FX6G6O�H I XRO�H P G
X6GIf�fFHKO%UIL+M e'P f*_ c XRO�H P G = HKO%U�X6GFX cKP W�� S U P N�O
N�HKWIGFX c @
� � � � � X6GIf � �

� � � X6M�L'O%UIL�HDG�C�hFUFXRN�L�X6GIf
kF_FXRf*M�XRO%_FM�L0N�HKWIGFX c T PIe h P GIL+G6O�N+C�M�LVN%hFLVTVO�HKJ6L cK5 @ b UIL0kF_FX6G6O�H I L+M'N�O�L+h�N�H I L���HKN � �F[+�F@ b UIL��
C
kF_FX6G6O�H I L+M�fFHKO%UIL+M�JRX c _IL�HKN�����DF@ b UIL �&CakF_FX6G6O�H I L+M�fFHKO%UIL+M�JRX c _IL�HKN � ���6dF@

e X 5H= X6G6O
O P L e'4 LVf{HDG QlP M e XRO�H P G P G cK5 HDG{O%UIL'hFUFXRN�L �
PRQ O%UIL�U P N�O
N�HKWIGFX c N P O%UFXRO
O%UIL'fFLVT P fFL+M
= H cKc G P O
GILVLVf)O P LVN�O�H e XRO�L
TVUFX6GIW6LVN
HDG)X e h c HKO%_IfFL6@

`aG)O%UIL�T+XRN�L PRQ � S g
�
?
C*O%UIL'X6GFX cKP W0� S U P N�O
N�HKWIGFX c UFXRN
T P GIN�O%X6G6O
X e h c HKO%_IfFL6C"X6GIf{O%UI_IN+C
X6G�LAGFX e h c L PRQ X0M�LVN%_ c O�HDGIW�N�HKWIGFX c T P GIN�O�L cKc XRO�H P G{X6GIf � P M�L+GIN�L e'4Ic L PRQ kF_FX6G6O�H I L+M
M�LVT P GIN�O%M�_ITVO�H P G
h P HDG6O�N HKN�N%U P�= G
HDG'� HKW*@R\&C%[6@"�
N P GIL�T+X6G
N�LVL6C6O%UIL�M�LVN%_ c O�HDGIW�T P GIN�O�L cKc XRO�H P G'HKN�X
hFUFXRN�L'CaN%UIH Q O�?RL 5 HDGIW
Y m A#K
^ � �6d � T P GIN�O�L cKc XRO�H P G�@ b UI_IN+C"X)GFXRO%_FM�X c N�O%X6M�O�HDGIW)h P HDG6O QlP M Q _IO%_FM�L =�P M@?�HDGZX6GFX cK5<I HDGIW{O%UIL
hFL+M QlP M e X6GITVL PRQ O%UIHKN
O 5 hFL PRQ I hFUFXRN�L�kF_FX6G6O�H I XRO�H P G�HDGIfFLAG e'P f*_ c XRO�H P G?J�HDG)fFLVO%XRH c e HKWIU6O 4 L'O%UIL
= HKfFL 4FP f 5�PRQ�m A#K�X6GFX cK5 N�LVN
O%UFXRO�UFXRN
X c M�L+XRf 5�4 LVL+G�fFLVJ6L cKP hFLVf QlP M�T c XRN�N�HKT+X c T PIe�e _FGIHKT+XRO�H P G�@

� ��*����)��!#�2%.9 �2�
AIHDGITVL
fFHKW6HKO%X c�= XRO�L+M e X6M@?6HDGIW
HDG6J P6c J6LVN�T PIe�e _FGIHKT+XRO�HDGIW�X
fFHKW6HKO%X cre LVN�N%XRW6L6C6fFHKW6HKO%X c�= XRO�L+M e X6M@?6HDGIW
e LVO%U P fFN�N%_ J L+M Q M PIe O%UIL = L cKc CF?IG P�= G�O%UFM�LVN%U P6c f0L J LVTVO P M I T c H J J�L J LVTVO�O%UFXRO HKN�O 5 hIHKT+X c*PRQ fFHKW6HKO%X c
T PIe�e _FGIHKT+XRO�H P G'HDG'W6L+GIL+M�X c @�` Q O%UIL�HDG6O�L+M Q L+M�L+GITVL
XRO O%UIL�fFLVT P fFL+M HKN�N e X cKc L+M O%UFX6G'N PIe L�O%UFM�LVN%U P6c frC
O%UIL+G�O%UIL
fFLVT P fFL+M�T+X6G�N%_ITVTVLVN�N Q _ cKcK5 fFLVT P fFL
O%UIL e LVN�N%XRW6L6@ � P�= LVJ6L+MVCRH Q O%UIL
HDG6O�L+M Q L+M�L+GITVL
HKN c X6M�W6L+M
O%UFX6G'O%UIL�O%UFM�LVN%U P6c frCIO%UIL+G�O%UIL�fFLVT P fFL+M Q XRH c N+@ b UIHKN�HDGFUIL+M�L+G6O�hFM P hFL+M�O 5'PRQ fFHKW6HKO%X c T PIe�e _FGIHKT+XRO�H P G

� � /0�	��
���"!1'��1	� %������ � 1#�

���� ����� &�
���2�"���
$������%��
"�&�.���"!1'�#1	� %�������1'�!� .�� 
�1#� ���'"�.���� �
1�2���� ���	�

��!�#
��!�'��.���� � �!1��	��

�

����0��� � � ���!%�� �����
��.����
��"�/�����"!� .�� 
�� ��&��$��

�$�'"�"����'��� ��.����!1'
 1'�!� .�� 
�1 <

�
� � ���
����
�������� [+�6�



��(�� #�
�� � B��rB�i b�	 � � `ai g�`aA b�	 `a?�E b ` � � i�� m���� � #
(
	 (�� #�
��� )�

43 21 31 42

∆
� HKWI_FM�L
\&C��F�r?�M P XRfFT+XRN�O P M e _ c O�HDM�XRO�L�fFHKW6HKO%X c�= XRO�L+M e X6M@?6HDGIW = HKO%U�N%hFM�L+XRf<CaO%M�X6GIN QlP M e fFHKO%UIL+M e'P f<C
_ c XRO�H P G�@
`aG{UIHKWIU�C�G P HKN�L�N�TVL+GFX6M�H P N
O%UIL'fFLVT P fFL+M
fFLVO�L+M e HDGILVN
H Q � HKN
LVJ6L+G P M P fFf)O P LAGIO%M�XRTVO P GIL
4 HKO+@�`aG cKP�= C�G P HKN�L
N�TVL+GFX6M�H P N�O%UIL�fFLVT P fFL+M�fFLVO�L+M e HDGILVN�O%UIL
hFM�LVTVHKN�L
JRX c _IL PRQ � O P LAGIO%M�XRTVO�O =�P�4 HKO�N
X6GIfrC*UIL+GITVL6C*f P _ 4Ic L�O%UIL'M�XRO�L6@

N 5 N�O�L e N
T+M�L+XRO�LVN
N PIe L�TVUFX cKc L+GIW6LVN�H Q LVHKO%UIL+M
O%UIL�X e'P _FG6O PRQ TVUFX6GFGIL c HDG6O�L+M Q L+M�L+GITVL�HKN�G P O ?IG P�= G
= UIL+G0fFLVN�HKWIGIHDGIW�O%UIL
N 5 N�O�L e P M H Q O%UIL+M�L
X6M�L e _ c O�HDh c L�fFLVT P fFL+M�N+CIL+XRTVU Q XRTVHDGIW0X
fFH J L+M�L+G6O
X e'P _FG6O
PRQ HDG6O�L+M Q L+M�L+GITVL6@

�
GIL
N P6c _IO�H P G�C PRQ T P _FM�N�L6C6HKN�O P TVU PIP N�L
O%UIL�HDG QlP M e XRO�H P G'L e'4 LVfFfFHDGIW0M�XRO�L cKP�= L+G P _IWIU�N P O%UFXRO
O%UIL =�P M�N�O T+XRN�L
HDG6O�L+M Q L+M�L+GITVL
HKN 4 L cKP�= O%UIL Q XRH c _FM�L
O%UFM�LVN%U P6c fr@�� P�= LVJ6L+MVCRH Q O%UIL�HDG6O�L+M Q L+M�L+GITVL
O%_FM�GIN
P _IO�O P'4 L
N e X cKc L+M�O%UFX6G�O%UIL =�P M�N�O�T+XRN�L
X e'P _FG6O+C6O%UIL+G P GIL e HKWIU6O�fFLVN�HDM�L
O%UFXRO�O%UIL
fFLVT P fFL+M�UFX+J6L
O%UIL�T+X6hFX 4 H c HKO 5 O P LAGIO%M�XRTVO e'P M�L�O%UFX6G�O%UIHKN e HDGIH e _ e M�XRO�L PRQ L e'4 LVfFfFLVf0HDG QlP M e XRO�H P G�@ brP XRTVT PIe C
e'P f*XRO�L'N%_ITVU I WIM�XRTVL Q _ c fFLVWIM�XRf*XRO�H P G?JZY P M I WIM�XRTVL Q _ c H e hFM P J6L e L+G6O J*C*fFL+hFL+GIfFHDGIW P G P GIL � N
hFL+M�C
N%hFLVTVO�HKJ6L+^"HDG�M�XRO�L6C P GIL�T+X6G'M�L+h c XRTVL�HDGIfFHKJIHKf*_FX c kF_FX6G6O�H I L+M M�LVT P GIN�O%M�_ITVO�H P G'h P HDG6O�N = HKO%U I T cKP _IfFN J PRQ
h P HDG6O�N+CFXRN�fFLVN�T+M�H 4 LVf�HDG �D[+�IC<D6� �*QlP M 4 M P XRfFT+XRN�O�T PIe�e _FGIHKT+XRO�H P G�HDG0G P G�C = XRO�L+M e X6M@?6HDGIW�T P G6O�LAGIO�N+@

�
G{LAGFX e h c L PRQ N%_ITVU�X I%4 M P XRfFT+XRN�O J P M e _ c O�HDM�XRO�L0A b g S kF_FX6G6O�H I L+M�L+GIN�L e'4Ic L QlP M
fFHKW6HKO%X c
= XRO�L+M e X6M@?6HDGIW�HKN�N%U P�= G'HDG�� HKW*@F\&C��F@ b UIL
M�LVT P GIN�O%M�_ITVO�H P G0h P HDG6O�N PRQ�QlP _FM�kF_FX6G6O�H I L+M�N�X6M�L c X 4 L c LVf
[6Cr�FC(DFC"X6GIf{]*C"M�LVN%hFLVTVO�HKJ6L cK5 @ b UIL e HDGIH e _ e fFHKN�O%X6GITVL 4 LVO = LVL+G�X6G)LVJ6L+G�X6GIf�X6G P fFfZh P HDG6O
HKN
c X6M�W6L+M�O%UFX6GZO%UIL e HDGIH e _ e fFHKN�O%X6GITVL 4 LVO = LVL+G-X6G 5 O =�P h P HDG6O�N�X6GIfZHKN0N�LVO c X6M�W6L�L+G P _IWIUZN%_ITVU
O%UFXRO�O%UIL
fFLVT P fFL+M�T+X6G�fFLVO�L+M e HDGIL
H Q X6G�LVJ6L+G P M�X6G P fFf0kF_FX6G6O�H I L+M = XRN�_IN�LVfrC*X6GIf�UIL+GITVL�LAGIO%M�XRTVO
P GIL 4 HKO+C"LVJ6L+G�_FGIfFL+M =�P M�N�OFCaT+XRN�L�TVUFX6GFGIL c G P HKN�L0T P GIfFHKO�H P GIN+@�� P�= LVJ6L+MVC�H Q O%UIL�TVUFX6GFGIL c G P HKN�L�HKN
N e X cKc L+MVCFO%UIL+G�O%UIL
fFLVT P fFL+M�T+X6G�fFLVO�L+M e HDGIL
O%UIL�hFM�LVTVHKN�L
kF_FX6G6O�H I L+M�_IN�LVfrCFX6GIf)UIL+GITVL6CFLAGIO%M�XRTVO�O =�P
4 HKO�N+@��
WIXRHDG�C = L c L+X+J6L�fFLVO%XRH c LVf-X6GFX cK5 N�HKN�X6GIfZhFL+M QlP M e X6GITVL P hIO�H e H I XRO�H P G PRQ N%_ITVU�X e _ c O�HDM�XRO�L
K
` S3e LVO%U P f QlP M Q _IO%_FM�L =�P M@?*@

�C*��&E��,�&- ��$&%(-�!�F��2� ��$&% �;!&��E�E���!&����!�F�!��6�����
AIH e _ c XRO�H P G M�LVN%_ c O�N-Y � HKW*@��&Ca]I^0HDG i�UFX6h�@ �ZfFL e'P GIN�O%M�XRO�LVf X 4FP _IO{X d&Caf*? WIXRHDG Q M PIe fFHKN�O P M�C
O�H P G'T PIe hFL+GIN%XRO�H P G0X6GIf0M�L+XRN P GFX 4Ic L'CaT PIe h c LAGIHKO 5 L+M�M P M"T P M�M�LVTVO�H P G'T P fFHDGIW'T PIe hFX6M�LVf�O P _FGIT P fFLVf
A b g S = HKO%UZ_FGIH QlP M e N�T+X c X6M
kF_FX6G6O�H I XRO�H P G�@��
N�N%U P�= G)HDG�� HKW*@"d&Ca] PRQ i�UFX6h�@rdFCrO%UIL�O P O%X c WIX6h
�
� � ���
����
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4 LVO = LVL+G�_FGIT P fFLVf�A b g S X6GIf)T+X6hFXRTVHKO 5 HKN
X 4FP _IO�[&DF@ d�f*? HDG�O%UIL
�
X6_IN�N�HDX6G�T+XRN�L6@ b UI_IN+C*X 4FP _IO

X �F@ d&Caf*? WIX6h0O P T+X6hFXRTVHKO 5 M�L e XRHDGIN+@
�
N'fFHKN�T+_IN�N�LVf-HDG-i�UFX6h�@ dFC"fFHKN�O P M�O�H P G�CaT PIe hFL+GIN%XRO�LVf+K
` S N 5 N�O�L e N�LAGIHKN�O�O%UFXRO'XRTVUIHKLVJ6L�O%UIL�

X6_IN�N�HDX6G'T+X6hFXRTVHKO 5 @ b UI_IN+C6O%UIL
M�L e XRHDGIHDGIW �F@ d&Caf*?ZWIX6h e _IN�O 4 L�f*_IL
O P O%UIL
M�L e XRHDGIHDGIW'N�O%M�_ITVO%_FM�L
PRQ O%UIL�N 5 N�O�L e N'O%UFXRO = L0H e h c L e L+G6O�LVf HDG P _FM�N�H e _ c XRO�H P GIN+C�N�O%M�_ITVO%_FM�L0O%UFXRO'HDGFUIL+M�L+G6O cK5 h c XRTVLVN
c H e HKO�HDGIW0T P GIN�O%M�XRHDG6O�N P G�O%UIL�N 5 N�O�L e N+@ b UILVN�L
T P GIN�O%M�XRHDG6O�N�X6M�L6��Y�[+^�_IN�HDGIW�T P G6J P6c _IO�H P GFX c T P fFLVN PRQ
e L e'P M 5 ��X6GIfZYl�6^�_IN�HDGIW0fFHKO%UIL+M�LVfrC�_FGIH QlP M e CFN�T+X c X6M�kF_FX6G6O�H I L+M�N+@

b UIL+M�L QlP M�L6CFh P N�N�H 4Ic L'fFHDM�LVTVO�H P GIN QlP M Q _IO%_FM�L =�P M@?'HDGIT c _IfFL�_IN�HDGIW e'P M�L�h P�= L+M Q _ c L+M�M P M�T P M�M�LVT'C
O�H P G{T P fFLVN�N%_ITVU{XRN cKP�= CafFL+GIN�HKO 5 hFX6M�HKO 5 TVUILVTA?)T P fFLVN �D[ �ICr�6\IC(D�� � X6GIf�_IN�HDGIW�UIHKWIU{fFH e L+GIN�H P GFX c
J6LVTVO P M�kF_FX6G6O�H I L+M�N�� ��D � C�hFL+M�UFX6hIN 4 XRN�LVf P G c XRO�O�HKTVLVN �D[+� � @ m"P O�L+G6O�HDX cKcK5�Q M�_IHKO Q _ c fFHDM�LVTVO�H P GIN QlP M Q _�C
O%_FM�L =�P M@?)HDGZO%UIHKN�X6M�L+X�HDGIT c _IfFL�G P O P G cK5 X6hFh cK5 HDGIW�O%UILVN�L0T P fFHDGIWZX6GIfZkF_FX6G6O�H I XRO�H P G e LVO%U P fFN
O P{PI4 O%XRHDGZL+GFUFX6GITVLVf hFL+M QlP M e X6GITVL 4 _IO�X c N P f*M�X = HDGIW Q M PIe M�L c XRO�LVf X6GFX cK5 N�LVN�O P WIXRHDGZHDGIN�HKWIU6O�N
HDG6O P _FGIfFL+M�N�O%X6GIfFHDGIW�O%UIL�XRTVUIHKLVJRX 4Ic L�hFL+M QlP M e X6GITVL6@ � P M�LAGFX e h c L6C P GIL�T+X6G0N�L+hFX6M�XRO�L
O%UIL�XRTVUIHKLVJ�C
X 4Ic L�WIXRHDGIN PRQ�c XRO�O�HKTVL�T P fFLVN'HDG6O P X)T P fFHDGIW{WIXRHDG-X6GIf-X�N%UFX6hIHDGIW�WIXRHDG � �6d � @ m L+M�UFX6hIN+C P GIL0T+X6G
fFLVJ6L cKP h�N�H e H c X6M
X6GFX cK5 N�LVN
O P fFLVO�L+M e HDGIL�N�L+hFX6M�XRO�L cK5 XRTVUIHKLVJRX 4Ic L'WIXRHDGIN Q M PIe TVUFX6GFGIL c T P fFHDGIW�X6GIf
J6LVTVO P M"kF_FX6G6O�H I XRO�H P G�@�AIH e H c X6M cK5 CFfFLVO�L+M e HDGIHDGIW'O%UIL
XRTVUIHKLVJRX 4Ic L�hFL+M QlP M e X6GITVL PRQ �r? S = HKO%U�J6LVTVO P M
kF_FX6G6O�H I XRO�H P G)X c N P M�L e XRHDGIN
XRN
X6G P hFL+G)X6M�L+X PRQ"Q _IO%_FM�L�M�LVN�L+X6M�TVU�@

��� ���	� .
���&���� �����
��� ���������� !��	(���

� c N P C = UIH c L�O%UIL QlP T+_IN PRQ O%UIHKN0O%UILVN�HKN)UFXRN 4 LVL+G P G-HDG QlP M e XRO�H P G L e'4 LVfFfFHDGIW e LVO%U P fFN+C I N 5 NFC
O�L e c LVJ6L c J-HKN�N%_ILVN�N%_ITVU XRN0U P�= O P-4 LVN�O0L e h cKPR5 HDG QlP M e XRO�H P G-L e'4 LVfFfFHDGIW e LVO%U P fFN QlP MVC�N%X 5 C
X6_IO%UIL+G6O�HKT+XRO�H P GZM�L e XRHDG c X6M�W6L cK5 _FGFM�LVN P6c J6LVfr@{� P M
LAGFX e h c L6C W6HKJ6L+G-X6G{HDG QlP M e XRO�H P G�L e'4 LVfFfFHDGIW
e LVO%U P f�O%UFXRO
HKN'M PI4 _IN�O�O P X cKc X6G6O�HKTVHDhFXRO�LVfZXRO�O%XRTA?6N�X6GIf�T+X6G{L e'4 LVf�H e hFL+M�TVL+hIO�H 4IcK5 XRO�X0W6HKJ6L+G
M�XRO�L6C = UFXRO�X6_IO%UIL+G6O�HKT+XRO�H P G0N�HKWIGFX c N%U P _ c f 4 L
L e'4 LVfFfFLVf �{S{P M�L
W6L+GIL+M�X cKcK5 C*X�O%M�L+XRO e L+G6O PRQ 4FP O%U
= XRO�L+M e X6M@?6HDGIW�C 4 XRN�LVf�X6GIf�G P G�C = XRO�L+M e X6M@?6HDGIW�C 4 XRN�LVf�X6_IO%UIL+G6O�HKT+XRO�H P G e LVO%U P fFN+C QlP T+_IN�HDGIW P G0X6_�C
O%UIL+G6O�HKT+XRO�H P G�hFL+M QlP M e X6GITVL�M�XRO%UIL+M�O%UFX6G P G
HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIW0YlM�XRO�L'CafFHKN�O P M�O�H P G�C�M PI4 _IN�O%GILVN�N%^
hFL+M QlP M e X6GITVL6C =�P _ c fZT PIe h c L e L+G6O�J6L+M 5�= L cKc O%UIL0X6GFX cK5 N�LVN�HDG�O%UIHKN�O%UILVN�HKN+@�AIH e H c X6M�N�O%XRO�L e L+G6O�N
X6hFh cK5ZQlP M�T P h 5 M�HKWIU6O0hFM P O�LVTVO�H P G e LVTVUFX6GIHKN e N�X6GIf QlP M�hFX6M�XRfFHKW e N QlP M 4 XRTA? = X6M�fFNFCaT PIe hFXRO�H 4Ic L
_FhIWIM�XRfFHDGIW PRQ T PIe�e _FGIHKT+XRO�H P G�GILVO =�P M@?6N+@
�
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�
GIL j GFX c X6M�L+X QlP M Q _IO%_FM�L�LAGFh cKP M�XRO�H P G�HKN O%UIL�HDG QlP M e XRO�H P G�CaO%UIL P M�LVO�HKT�f*_FX c HKO 5 � DIC � �*4 LVO = LVL+G�HDG QlP M�C
e XRO�H P G'L e'4 LVfFfFHDGIW0X6GIf�N P CaT+X cKc LVf � 5 GIL+M�C	��HKJ'N P _FM�TVL
T P fFHDGIW � ] � � C = UIHKTVU�HKN cKP N�N 5 N P _FM�TVL�T P fFHDGIW
= HKO%U)N�HKfFL�HDG QlP M e XRO�H P G)O%UFXRO
HKN�?IG P�= G)XRO
O%UIL'fFLVT P fFL+M 4 _IO�G P O
XRO
O%UIL'L+GIT P fFL+MV@
� P M�LAGFX e h c L6C
O%UIL0HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIWZT+X6hFXRTVHKO 5 LAGFhFM�LVN�N�H P G Y ]*@D[+^
UFXRN�X{M�XRO�L'CafFHKN�O P M�O�H P G�T P _FG6O�L+M�hFX6M�O�HDG
O%UIL � 5 GIL+M�C	��HKJ)hFM PI4Ic L e � ] �IC*B k�@"Y�[+�6X6^ � @ AIH e H c X6M cK5 C�O%UIL cKP N�N c LVN�N
J6L+M�N�H P G PRQ � 5 GIL+M�C	��HKJ�N P _FM�TVL
T P fFHDGIW*C�T+X cKc LVf A c L+hIHDX6G�C ��P6c Q N P _FM�TVL)T P fFHDGIW � D6d � C�HKN0O%UIL�f*_FX c
PRQ G P HKN�L'C Q M�LVL)HDG QlP M e XRO�H P G-L e C
4 LVfFfFHDGIW*C"X6GIf)O%UIL�G P HKN�L'C Q M�LVL'HDG QlP M e XRO�H P G�CaL e'4 LVfFfFHDGIW)T+X6hFXRTVHKO 5 Y ]*@ �6^�HKN
O%UIL'f*_FX c M�LVN%_ c O
O P O%UIL
A c L+hIHDX6G�C ��P6c Q N P _FM�TVL0T P fFHDGIW�O%UIL P M�L e � D6dIC B k�@�Yl�6^ � @�� c N P C O%UIL0T P GIfFHKO�H P GIN{Y ]*@D[+�6^
X6GIf Y ]*@D[&D6^
_FGIfFL+M = UIHKTVU{UFX+JIHDGIW)O%UIL�U P N�O
N�HKWIGFX c P G cK5 XRO
O%UIL'L+GIT P fFL+MVC"X6GIf�G P O
O%UIL'fFLVT P fFL+MVC c L+XRfFN�O P G P
cKP N�N
HDG{XRTVUIHKLVJRX 4Ic L�hFL+M QlP M e X6GITVL)YlM�L c XRO�HKJ6L'O P O%UIL ?IG P�= G�C�U P N�O
T+XRN�L+^
UFX+J6L � 5 GIL+M�C	��HKJ)T P _FG6O�L+M�C
hFX6M�O�N�_FGIfFL+M = UIHKTVU)UFX+JIHDGIW0N�HKfFL�HDG QlP M e XRO�H P G P G cK5 XRO�O%UIL�fFLVT P fFL+MVC*X6GIf{G P O�O%UIL�L+GIT P fFL+MVC c L+XRfFN
O P G P�cKP N�N�HDG{hFL+M QlP M e X6GITVL0YlM�L c XRO�HKJ6L�O P UFX+JIHDGIW0O%UIL
N�HKfFL'HDG QlP M e XRO�H P G�XRO 4FP O%U0O%UIL�L+GIT P fFL+M
X6GIf
fFLVT P fFL+M�^V@

�
N�X)M�LVN%_ c O PRQ O%UIHKN�f*_FX c HKO 5 C P GIL�T+X6G c LVJ6L+M�XRW6L =�P M@? P G{O%UIL�fFLVN�HKWIG�X6GIf-X6GFX cK5 N�HKN PRQ HDG QlP M�C
e XRO�H P G�L e'4 LVfFfFHDGIW�N 5 N�O�L e N�O P'4 LVO�O�L+M�fFLVN�HKWIG�X6GIf)X6GFX cK5<I L � 5 GIL+M�C	��HKJ0N P _FM�TVL
T P fFHDGIW�N 5 N�O�L e N+C
X6GIfZJIHKTVL0J6L+M�N%XF@ b UI_IN+C Q _IO%_FM�L�M�LVN�L+X6M�TVU{HDG�O%UIHKN�X6M�L+X e X 5 HDGIfFLVLVf hFM P J6L�O P{4 L0kF_IHKO�L Q M�_IHKO Q _ c @
S{P M�L
fFLVO%XRH c LVf)T PIe�e L+G6O�N�T+X6G 4 L QlP _FGIf)HDG � D � @
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b UIHKN�X6hFhFL+GIfFH G�LAGFh c XRHDGIN�N PIe L�G P O%XRO�H P GFX c T P G6J6L+G6O�H P GIN�_IN�LVf�HDG'O%UIHKN�O%UILVN�HKN+@�B#GITVL+hIO�H P GIN�O P O%UILVN�L
T P G6J6L+G6O�H P GIN�X6M�L
G P O�LVf0HDG�O%UIL�O%UILVN�HKN+C = UIL+M�L
X6hFhFM P hFM�HDXRO�L6@�`aG�W6L+GIL+M�X c C6N�T+X c X6M�JRX c _ILVN�X6M�L = M�HKO�O�L+G
HDG�M�LVWI_ c X6M QlP G6O+C = UIH c L�J6LVTVO P M�JRX c _ILVN
X6M�L = M�HKO�O�L+G0HDG �G�&*)��/A!���% QlP G6O+@ 	 X6GIf PIe JRX6M�HDX 4Ic LVN'Y N�T+X c X6M
P M�J6LVTVO P M�^�X6M�L = M�HKO�O�L+G�HDG�

����
�
������ � QlP G6O+C = UIH c L�fFLVO�L+M e HDGIHKN�O�HKT�JRX6M�HDX 4Ic LVN
X6GIf�N%X e h c L
JRX c _ILVN
X6M�L
= M�HKO�O�L+G{HDG-M�LVWI_ c X6M 	�PIe X6G QlP G6O+@ S XRO%M�HKTVLVN'X6M�L�fFL+G P O�LVf 465 T+X6hIHKO%X c�c LVO�O�L+M�N+C X c O%U P _IWIUZG P O'X cKc
JRX6M�HDX 4Ic LVN
fFL+G P O�LVf 465 T+X6hIHKO%X crc LVO�O�L+M�N
X6M�L e XRO%M�HKTVLVN+@ ��L+M�L'X6M�L
N PIe L
LAGFX e h c LVN+�

�r��AIT+X c X6MVC*M�X6GIf PIe JRX6M�HDX 4Ic L
� ��AIT+X c X6MVCFfFLVO�L+M e HDGIHKN�O�HKT'JRX6M�HDX 4Ic L P M�N%X e h c L
JRX c _IL
�*� � LVTVO P MVC*M�X6GIf PIe JRX6M�HDX 4Ic L
> � � LVTVO P MVCFfFLVO�L+M e HDGIHKN�O�HKT'JRX6M�HDX 4Ic L P M�N%X e h c L�JRX c _IL
� �3g
LVO�L+M e HDGIHKN�O�HKT e XRO%M�H G�@ B#GITVL+hIO�H P GIN+�	�{Y > � E ^VC �ZCFX6GIf�
�@

b UIL'G P O%XRO�H P G � 
 Y � ^
M�L+hFM�LVN�L+G6O�N
O%UIL'hFM PI4 X 4 H c HKO 5 fFL+GIN�HKO 5�Q _FGITVO�H P G-YlhFf Q ^ PRQ M�X6GIf PIe JRX6M�HDX 4Ic L
�
LVJRX c _FXRO�LVf0XRO N%X e h c L�JRX c _IL � C6X c O%U P _IWIU P TVT+XRN�H P GFX cKcK5�= L�_IN�L�O%UIL�N%U P M�O�L+GILVf�G P O%XRO�H P G � Y��*^ = UIL+G
O%UIL+M�L
HKN
G P M�HKN'? PRQ T P G Q _IN�H P G 4 LVO = LVL+G)M�X6GIf PIe JRX6M�HDX 4Ic LVN
X6GIf)N%X e h c L
JRX c _ILVN+@
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b UIL'XRfFfFHKO�HKJ6L
�
X6_IN�N�HDX6G)G P HKN�L�TVUFX6GFGIL c e'P fFL c ��	�� 4 L'X'W PIP f e'P fFL c�QlP M cKP N�N 5 T PIe hFM�LVN�N�H P G�CFH Q

O%UIL�T PIe hFM�LVN�N�H P G)X c W P M�HKO%U e = XRN�fFLVN�HKWIGILVf{HKfFL+X cKcK5�QlP M
�
X6_IN�N�HDX6G�N P _FM�TVL�N�HKWIGFX c N+C�XRN = L
N%U P�= HDG

O%UIHKN'X6hFhFL+GIfFH G�@�AFhFLVTVH j T+X cKcD5 C P _FM
W P X c HKN�O P fFLVJ6L cKP hZX0TVUFX6GFGIL c�e'P fFL c QlP M
O%UIL�T+XRN�L = UIL+G{O%UIL
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