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STU VWXYZU[ X\ ]^U_`]\a]_b c_^ Tc_^Z]_b Xd`Z]UWe ]e c_ ][VXW`c_` VWXYZU[ ]_ ^c`c
c_cZae]e f eUU gcW_U`` c_^ hUi ]e jkl c_^ mdYUW jnol p \XW Uqc[VZU r s ]_^]_b Xd`t
Z]UWe `TWXdbT ]_`UWcu`]vU bWcVT]ucZ UqV ZXWc`]X_ X\ e[ cZZ [dZ`]vcW]c`U eU`e uc_ YU
cuuX[VZ]eTU^ de]_b wica_U p xXXy p c_^ gdz c {e |}XY] eae`U[ j~kl f TXiUvUW p i ]`T
vUWa ZcWbU [ U^]d[ t^][ U_e]X_cZ ^c`ceU`e _X_VcWc[ U`W]u ^U_e]`a cZbXW]`T[ e eduT ce
wuX`` {e �wm jn�l uc_ YU WUuX[[U_^U^ r �\ uXdWeU p VdWUZa bWcVT]ucZ c_^ _X_VcWct
[ U`W]u cVVWXcuTUe `X ]^U_`]\a ]_b Xd`Z]UWe cWU VWX_U `X UWWXWe e]_uU [ c_a e[XX`T
^U_e]`]Ue b]vU W]eU `X ^c`c `Tc` [ ca cVVUcW `X TcvU Xd`Z]UWe p Yd` ^X _X` r STU xcduTa
^]e`W]Yd`]X_ ]e X_U Uqc[VZU X\ eduT c ^U_e]`ar

STde `TU ]^U_`]�uc`]X_ X\ Xd`Z]UWe i ]`TXd` c_ UqVZ]u]` VWXYcY]Z]`a [X^UZ eTXdZ^
cZicae YU v]UiU^ ce VWUZ][ ]_cWa c_^ UqVZXWc`XWar �\ c VWXYcY]Z]`a [X^UZ ]e y_Xi_ p
`TU_ `TU `ceye X\ VcWc[ U`UW Ue`][ c`]X_ c_^ Xd`Z]UW ]^U_`]�uc`]X_ uc_ YU [XWU
W]bXWXdeZa ^U�_U^ r mXiUvUW p UvU_ VWXYcY]Z]`a [X^UZe cWU dedcZZa y_Xi_ X_Za cVt
VWXq ][ c`UZa c` Y Ue` p c_^ TU_uU Xd`Z]UWe eX ]^U_`]�U^ cWU e`]ZZ edYz Uu` `X uUW`c]_
Y]ceUe r

STU ceed[V`]X_ X\ c [dZ`]vcW]c`U _XW[ cZ [X^UZ ]e [ Xe` uX[[X_ r �\`U_ ^c`c
[ ca YU `Wc_e\XW[ U^ eX `Tc` _XW[ cZ]`a TXZ^e cVVWXq ][ c`UZar wduuUee\dZ WXYde` Uet
`][ c`]X_ X\ `TU [ Uc_ c_^ uXvcW]c_uU cZZXi e X_U `X `cb Xd`Z]UWe [ XWU `Tc_ `TWUU
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XW \XdW e`c_^cW^ d_]`e \WX[ `TU [Uc_ r s]_^]_b `TU uXWWUu` eTcVU X\ `TU uXvcW]c_uU
[ c`W]q ]e `TU [XWU uTcZZU_b]_b c_^ ]_`UWUe`]_b `cey r ST]e eTcVU uc_ YU eXdbT`
i ]`TXd` ceed[ ]_b _XW[ cZ]`ar STU [ ]_][d[ vXZd[ U UZZ]VeU ����� Tce Y UU_ ]_t
vUe`]bc`U^ Ya �XdeeUUdi c_^ X`TUWe jn� p n� p nk p � p ~� p 	l p \XW Uqc[VZU r s]_^]_b
`TU ��� Uqcu`Za ]e c uTcZZU_b]_b uX[Y]_c`XW]cZ VWXY ZU[ Yd` WUceX_cYZa bXX^ cVt
VWXq ][ c`]X_ eXZd`]X_e Uq ]e` r STU ��� cVVWXcuT ]e UeV Uu]cZZa cVVUcZ]_b iTU_ `TU
_d[YUW X\ Xd`Z]UWe ]e _X_`W]v ]cZ c_^
XW `TU Xd`Z]UWe `TU[ eUZvUe \XW[ uZde`UWe r

�_X`TUW cVVWXcuT `Tc` uc_ YU �d]`U eduuUee\dZ ]_ `T]e eU``]_b ice VWXVXeU^
Ya �]`y]_ c_^ � ]ZeX_ jnl p iTX ]_vUe`]bc`U^ �``]_b c bcdee]c_ [ ]q`dWU [X^UZ \XW
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de]_b `TU �� cZbXW]`T[ r ST]e [X^UZ ]e X\`U_ deU^ \XW X`TUW VdWVXeUe eduT ce uZd e`UW
c_cZae]e jn~l r mUWU iU `WUc` `TU Xd`Z]UWe ce [ U[YUWe X\ �_d]ec_uU� uZd e`UWe r �_uU
eduuUee\dZ Ue`][ c`]X_ ]e cuT]UvU^ p iU WUtXW^UW `TU ZcY UZe eX `Tc` `TU uZde`UW iU]bT`e
cWU ]_ ^UuWUce]_b [ cb_]`d^U p
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r STU_ ]_ [ c_a e]`dc`]X_e p iU

[ ca v]Ui `TU e[ cZZUe` # $ n uZde`UWe ce WUVWUeU_`]_b vcW]Xde y]_^e X\ Xd`Z]UWe c_^
Xd`Za]_b uZde`UWe p i ]`T �

�
� � � � � � �� YU]_b `TU VcWc[ U`UWe X\ ]_`UWUe` r sXW Uqc[VZU p`TU \Wcu`]X_ X\ Xd`Z]UWe iXdZ^ YU Ue`][ c`U^ ce Y U]_b n $

�
� r}U``]_b `TU �� cZbXW]`T[ `X iXWy WU�d]WUe c _d[YUW X\ e`UVe r xTXXe]_b

# ]e UeVUu]cZZa `W]uya e]_uU [ c_a X\ `TU Xd`Z]UWe [ ca YU e]_bZU`X_e r �vU_ [XWU
^]% udZ` ]e bU``]_b bXX^ ]_]`]cZ bdUeeUe \XW `TU [ ]q`dWU VcWc[U`UWe p UeVUu]cZZa iTU_
# ]e [duT ZcWbUW XW e[cZZUW `Tc_ `TU �uXWWUu`� [X^UZ r s ]_cZZap e[ cZZ uZde`UWe
uc__X` edVVXW` Ue`][ c`]X_ X\ c \d ZZ uXvcW]c_uU [ c`W]q p eX `Tc` eV Uu]cZ e`Wdu`dWU
[ ca YU ceed[ U^ p eduT ce c ^]cbX_cZ \XW[ XW VXXZ]_b X\ uXvcW]c_uU ]_\XW[ c`]X_ r
&UvUW`TUZUee p ce c uX_uUV`dcZ \Wc[ UiXWy \XW Tc_^Z]_b ZcWbU _d[YUWe X\ Xd`Z]UWe ]_
c Wc_bU X\ uTcZZU_b]_b e]`dc`]X_e p `TU [ ]q`dWU [X^UZ Tce bWUc` ]_`d]`]vU cVVUcZ r

� VWcu`]ucZ uX_uUW_ i ]`T `TU � ]`y]_ c_^ � ]ZeX_ cVVWXcuT ]e `Tc` iT]ZU c
_XW[ cZ]`a ceed[V`]X_ [ca [ cyU bXX^ eU_eU \XW `TU �bXX^� ^c`c p y_Xi ZU^bU X\
`TU ^]e`W]Yd`]X_ X\ `TU Xd`Z]UWe c_^ Xd`Z]UW uZde`UWe ]e [ XWU edeVUu` r w]_uU `TU
VW][ cWa VcWc[ U`UWe X\ ]_`UWUe` cWU �

�
� � � � � � �� p c VWX uU^dWU iT]uT Ue`][ c`Ue X_Za

`Tc` uX[VX_U_` iXdZ^ YU X\ bWUc` ]_`UWUe` r �_ X_U eU_eU p `TU ��� cVVWXcuT ]e
ucVcYZU X\ `T ]e `cey r �_ `T]e VcVUW p iU VWXVXeU c_ cZ`UW_c`]vU Ue`][ c`]X_ cVVWXcuT
`X �� `Tc` uc_ cZeX Ue`][ c`U X_Za c edY\Wcu`]X_ X\ `TU uX[VX_U_`e X\ `TU [ ]q`dWU
[X^UZ r �VVZ]uc`]X_e cWU _d[ UWXde r
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2 Wcu`]ucZ cZbXW]`T[ e \XW Ue`][ c`]_b VcWc[ U`UWe ]_ c [X^UZ � �3 �4 � Ya [ ]_][d[
^]e`c_uU TcvU YUU_ ^]eudeeU^ Ya gUWc_ j�l p \XW Uqc[VZU p Ya [ ]_ ][ ]5 ]_b mUZZ]_bUW
^]e`c_uU YU`iUU_ `TU [X^UZ c_^ c yUW_UZ ^U_e]`a Ue`][ c`U r wduT c_ ]_^]WUu` cVt
VWXcuT ]e _X` \Uce]YZU \XW c VcWc[ U`UWtW]uT [X^UZ eduT ce `TU [ ]q`dWU [X^UZ f eUU



2cW`]cZ � ]q`dWU � e`][ c`]X_ k

wuX`` jn�l r �_U ^]e`c_uU uW]`UW]X_ p ]_`UbWc`U^ e�dcWU^ UWWXW ��w�� p c�XW^e YU``UW
_d[ UW]ucZ VWXVUW`]Ue r �w� Tce YUU_ `TU uW]`UW]X_ X\ uTX]uU \XW _X_VcWc[ U`W]u \d_ut
`]X_ Ue`][ c`]X_ jn�l p c_^ �d^U[X jn�l eTXiU^ TXi `X \XW[dZc`U c uWXeetvcZ]^c`U^
Ue`][ c`U X\ �w� \XW T]e`XbWc[ e de]_b c ZUcvUtX_UtXd` cVVWXcuT r SUWWUZZ j~�l �We`
VWXVXeU^ de]_b `TU �w� ce c_ cZ`UW_c`]vU `X [ cq][d[ Z]yUZ]TXX^ p i ]`T Uq`U_e]X_e
Ya T]e e`d^U_` � ][ jnnl r STU deU X\ �w� \XW VcWc[ U`W]u Ue`][ c`]X_ Tce Y UU_ ^Ut
euW]Y U^ Ya mzXW` j� l c_^ wuX`` jn� p ~~ p ~� p n	l r � [XWU bU_UWcZ ^]vUWbU_uU uW]`UW]X_
�iT]uT ]_uZd^Ue �w�� Tce YUU_ ^UeuW]Y U^ Ya gced p U` cZ r j� l r � ]q`dWU Ue`][ c`]X_ Ya
�w� Tce YUU_ ^]eudeeU^ ]_ wuX`` jn�l r

�_ `TU dedcZ VWUeU_`c`]X_ p iU eUUy `X �_^ `TU `WdU VcWc[ U`UW p 4� p \WX[ `TU
VcWc[U`W]u [ X^UZ p � �3 �4 � r �_ XdW uceU p XdW Ue`][ c`U i ]ZZ Y U X\ `TU \XW[ � �3 � �4 � p Yd``TU `WdU ^U_e]`ap � �3 � p i ]ZZ _X` �_UuUeecW]Za � YU \WX[ `TU VcWc[ U`W]u \c[ ]Zap � �3 �4 � r&UvUW`TUZUee p iU eUUy `X �_^ `TU vcZdU X\ 4 iT]uT ]e uZXeUe` `X � �3 � ]_ `TU eU_eU X\
]_`UbWc`U^ e�dcWU^ UWWXW r
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e]_uU � � �3 �!	3 ]e c uX_e`c_` ]_ `TU eUuX_^ Z]_U i ]`T WUeVUu` `X uTX]uU X\ 4 p c_^
iTUWU 
 ]e c Wc_^X[ vcW]cYZU \WX[ `TU `WdU ^U_e]`ap � �3 � r &Xi \XW [c_a [X^UZe
�]_uZd^]_b `TU _XW[ cZ [ ]q`dWU [X^UZ� p `TU �We` ]_`UbWcZ uc_ YU uX[Vd`U^ ]_ uZXeU^
\XW[ \XW c_a vcZdU X\ `TU VcWc[U`UW vUu`XW p 4 r } ]vU_ c Wc_^X[ ec[VZU p c_ d_Y]ceU^
Ue`][ c`U X\ � j� �
 �4 � ]e `TU [ Uc_ r STde c uX[VZU`UZa ^c`ctYceU^ vUWe]X_ X\ `TU
�w� uW]`UW]X_ ]e b]vU_ Ya
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�_ VWcu`]uU p `T]e _X_Z]_UcW XV`][ ]5c`]X_ VWXYZU[ \cZZe ]_ `TU iUZZte`d^]U^ uZcee X\ � t
Ue`][ c`XWe j� p � p n	l p c_^ �4 ]e X\`U_ cea[V`X`]ucZZa _XW[cZ r wuX`` jn	l ucZZe `TU vcZdU
X\ �4 iT]uT [ ]_][ ]5Ue ��dc`]X_ ~ rn `TU � ~� Ue`][ c`XW p e]_uU ]_`UbWc`U^ e�dcWU^
UWWXW c_^ `TU �

!
^]e`c_uU cWU U�d]vcZU_` r

� ucWU\dZ Uqc[ ]_c`]X_ X\ `TU cWbd[ U_` ZUc^]_b dV `X ��dc`]X_ ~ rn WUvUcZe `Tc`
`TU ^U_e]`a [X^UZ p � �3 �4 � p _UU^ _X` YU c ^U_e]`a \d_u`]X_ p iTUWUce `TU \cu` `Tc`� �3 � ]e c ^U_e]`a ice uW]`]ucZ ]_ Ue`][ c`]_b � j� �
 �4 �l r STde iU [ ca uX_e]^UW c_
]_uX[VZU`U [ ]q`dWU [X^UZ \XW � �3 �4 � r STU e][VZUe` eduT [X^UZ ]e `TU [dZ`]vcW]c`U
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wVZde uX^U `Tc` �_^e 4 ]e cvc]ZcYZU \WX[ `TU cd`TXW r
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� `TXWXdbT e][dZc`]X_ e`d^a X\ WXYde` VWXVUW`]Ue X\`U_ WU�d]WUe c YXXy f eUU `TU
2 W]_uU`X_ WXYde`_Uee e`d^a j~l p \XW Uqc[VZU r mUWU iU eTXi c ec[VZU X\ Y ]vcW]c`U
Uqc[VZUe X\ _XW[ cZ [ ]q`dWUe iTUWU `TU _d[YUW X\ uX[VX_U_`e p # p Wc_bUe \WX[
`iX `X �vU r�U `Wa `X cvX]^ c_a T]^^U_ ceed[V`]X_e p eduT ce ea[[U`Wa X\ Xd`Z]UWe r
STUWU cWU _X e]_bZU`X_ Xd`Z]UWe r �_ \cu` p [ Xe` Xd`Z]UWe cWU ]_ uZde`UWe i ]`T c` ZUce`
�o XW noo VX]_`e r STU [c]_ uU_`WcZ uZde`UW Tce �oo XW nooo VX]_`e r

�_ `TU �We` �vU c_^ U]bT`T Uqc[VZUe p `TU �`WdU� []q`dWU uX[VX_U_` ]e ZX uc`U^
c` `TU XW]b]_ p � � �o � o�� p i ]`T � � �
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X_Ute]b[ c UZZ]VeUe r
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�_ `TU �We` \Wc[ U X\ s]bdWU np noo VX]_`e cWU uU_`UWU^ c` �� � ��� r STU Ue`]t[ c`U^ vcZdU X\ �� � � n ��� p iT]uT ]e vUWa uZXeU `X �oo
�oo r &X`]uU `TU Zcuy X\ c_a
uXWWUZc`]X_ ]_ `TU �_cZ Ue`][ c`U X\ ��� r�_ `TU eUuX_^ \Wc[U X\ s]bdWU np `iX bWXdVe X\ noo Xd`Za]_b VX]_`e cWU uU_`UWU^
c` �� � ��� c_^ �$� � $��� r STU Ue`][ c`U^ vcZdU X\ �� � �� �k� p iT]uT ]e vUWa uZXeU
`X �oo
�oo r �bc]_ p `TU cVVcWU_` uXWWUZc`]X_ ]_ `TU ]_]`]cZ [ cq][d[ Z]yUZ]TXX^
Ue`][ c`U X\ � ]e uXWWUu`Za [ ]ee]_b ]_ `TU �~� Ue`][ c`U r

�_ `TU `T]W^ \Wc[ U X\ s]bdWU np `TU noo Xd`Z]UWe eTcWU `TU ec[ U uU_`UW Yd`
`TU]W eucZU ]e � `][ Ue bWUc`UW r } ]vU_ `TU XvUWZcV X\ �Xd`Z]UWe� c_^ �]_ Z]UWe p� �� ]e
Y]ceU^ dVicW^e r mXiUvUW p XYeUWvU TXi ��� ]e [duT uZXeUW `X �

!
r



2cW`]cZ � ]q`dWU � e`][ c`]X_ �

�_ `TU \XdW`T \Wc[ U X\ s]bdWU np iT]uT ]e c TaYW]^ X\ \Wc[ Ue X_U c_^ `TWUU p
`TU noo Xd`Za]_b VX]_`e cWU uU_`UWU^ c` �� � ��� c_^ `TU]W eucZU ]e 	 �

!
r STU Ue`]t

[ c`U^ vcZdU X\ �� � �� �n� p iT]uT ]e vUWa uZXeU `X �oo
�oo r &X`]uU `TU Zcuy X\ c_a
uXWWUZc`]X_ ]_ `TU �_cZ Ue`][ c`U X\ ��� r
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