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NOPQRNSQ
TU VWXY Z[Z\] [ U\^ [ZZ]_[`W a_] b cXUd e_f]`\ e\Zg
[][VX_U hbeei XY XUV]_df`\d j kW\ l\[]Y_U YmYV\n XY
\nZc_m\d a_] n_d\cXUo Y_f]`\ dXYV]XpfVX_UY j kW\ n[g
q _] p \U\rV _a VW\ l\[]Y_U YmYV\n XY VW[V XV [cY_ V[s\Y
XUV_ [``_fUV VW\ Ys\^U\YY _a VW\ dXYV]XpfVX_UY j t\
p]X\um ]\vX\^ VW\ l\[]Y_U YmYV\n [Ud YVfdm W_^ XVY
Z[][n \V\]Y n [m p\ \YVXn [V\d j w bee n\VW_d `_npXUg
XUo l\[]Y_U YmYV\n p[Y\d _U VW\ n [xXnfn cXs\cXW__d
[ZZ]_[`W [Ud rx\d `_UV][YV afU`VX_UY XY Z]\Y\UV\d [Ud
[co_]XVWn Y a_] XVY n [xXn Xy[VX_U []\ Z]_Z_Y\d j kW\ YXn g
fc[VX_U \x[nZc\Y XccfYV][V\ VW[V VW\ Z]_Z_Y\d n \VW_d
]\cX[p cm Y\Z[][V\Y VW\ Y_f]`\Y XU YXVf[VX_UY ^W\]\ Y_n \
^ Xd\cm fY\d bee n\VW_dY n[m Z\]a_]n Z__]cmj

z{ |}QR~��SQ|~}
TU VWXY Z[Z\] ^\ XUV]_df`\ [ U\^ n\VW_d a_] b cXUd
e_f]`\ e\Z[][VX_U hbeei j kW\ n \VW_d XY [ZZcX`[pc\ V_
[ ^ Xd\ `c[YY _a Y_f]`\ dXYV]XpfVX_UY VW[V n [m [cY_ p \
Ys\^\d [Ud n [m \v\U W[v\ y\]_ sf]V_YXY j ef`W Y_f]`\Y
_ ``f] � a_] XUYV[U`\ � XU pX_n \dX`[c YXoU[cY [Ud `_nnfUXg
`[VX_UY j kW\ fUd\]cmXUo Y_f]`\ dXYV]XpfVX_UY []\ n_dg
\c\d fYXUo VW\ l\[]Y_U YmYV\n hY\\ ����i j

t\ `_UYXd\] VW\ `c[YYX`[c T�w n_d\c ^ XVW XUYV[UV[g
U\_fY n Xx XUo

� � N� � h�i
^W\]\ VW\ Y_f]`\Y � � ��� � �� � � � � � �� �� []\ nfVf[ccm XUg
d\Z \Ud\UV ][Ud_n v[]X[pc\Y [Ud N� �� XY [U fUsU_^U
XUv\]VXpc\ n Xx XUo n [V]Xx j kW\ o_[c XY V_ rUd _Ucm a]_n
VW\ _pY\]v[VX_UY � � � [ n [V]Xx � Yf`W VW[V VW\ _fVZfV

� � � � h�i
XY [U \YVXn [V\ _a VW\ Z_YYXpcm Y`[c\d [Ud Z\]nfV[V\d
Y_f]`\ v\`V_] � j
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kW\ Z]_Z_Y\d n \VW_d `_npXU\Y V^_ ^\ccgsU_^U
V\`WUXf\Y a_] TUd\Z \Ud\UV �_nZ_U\UV wU[cmYXY
hT�w i ® rx\d U_UgcXU\[] `_UV][YV afU`VX_UY [Ud n[xXg
nfn cXs\cXW__d [ZZ]_[`W j TU VW\ n [xXnfn cXs\cXW__d
[ZZ]_[`W ^\ fY\ l\[]Y_U YmYV\n V_ n_d\c Y_f]`\ dXYV]Xg
pfVX_UY j kW\ l\[]Y_U YmYV\n `_v\]Y [U \xV\UYXv\ ][Uo\
_a dX¯\]\UV v[cf\Y _a sf]V_YXY [Ud Ys\^U\YY [Ud XU`cfd\Y
n [Um dXYV]XpfVX_UY ^ XVW Z][`VX`[c XnZ_]V[U`\ j kW\ ][g
VX_U[c _a l\[]Y_U YmYV\n XU bee XY VW[V VW\ n_d\c XY
u\xXpc\ \U_foW V_ [d[ZV V_ dX¯\]\UV Y_f]`\ dXYV]Xpfg
VX_UY VW[V n [m [cY_ p\ [Ymnn\V]X` j kW\ rx\d `_UV][YV
afU`VX_UY XnZ]_v\ VW\ YZ \\d [Ud YV[p XcXVm _a VW\ l\[]g
Y_U YmYV\n p[Y\d n \VW_d XU VW\ `[Y\Y ^W\]\ Y_f]`\Y
[]\ \[YXcm Y\Z[][pc\ j

kWXY Z[Z\] XY _]o[UXy\d [Y a_ cc_^ Y ® XU e\`VX_U � VW\
l\[]Y_U YmYV\n XY ]\vX\^\d j °YVXn [VX_U _a XVY Z[][n \g
V\]Y XY `_UYXd\]\d [Y ^\cc j e\`VX_U ± XUV]_df`\Y [ U\^
bee n\VW_d ^W\]\ VW\ l\[]Y_U YmYV\n XY \nZc_m\d j TU
Z[]VX`fc[] U\^ _pq \`VXv\ afU`VX_U XY d\]Xv\d [Ud [co_g
]XVWn Y a_] _ZVXn XyXUo XV []\ `_UYXd\]\d j ² XU[ccm� YXnfg
c[VX_U \x[nZc\Y []\ oXv\U XU e\`VX_U ³ j

´ { Qµ¶ ·¶NRP~} P¸ PQ¶¹

kW\ l\[]Y_U YmYV\n XY [ Z[][n \V]X` a[n Xcm _a dXYV]Xpfg
VX_UY VW[V n [m p\ fY\d V_ n_d\c [ ^ Xd\ `c[YY _a Y_f]`\
dXYV]XpfVX_UY j kW\ l\[]Y_U YmYV\n W[Y [ o]\[V XnZ_]g
V[U`\ XU YV[VXYVX`Y [Ud XV W[Y p\\U \xV\UYXv\cm YVfdX\d º
Y\\ a_] XUYV[U`\ �»� a_] ]\a\]\U`\Y j kW\ l\[]Y_U YmYV\n
XY d\rU\d pm VW\ dX¯\]\UVX[c \f[VX_U

¼ ½ h¾ i � h¾ ¿ Ài¼ h¾ i
ÁÂ Ã Á�¾ Ã Á�¾� � h±i

^W\]\ À � ÁÂ � Á� [Ud Á� []\ VW\ Z[][n \V\]Y _a VW\ dXYV]Xg
pfVX_U j TU VW\ n [xXnfn cXs\cXW__d [ZZ]_[`W V_ T�w
VW\ Y`_]\ afU`VX_U _a WmZ_VW\YXy\d Y_f]`\ dXYV]XpfVX_U
XY fY\d [Y [ `_UV][YV j kW\ Y`_]\ afU`VX_U _a VW\ l\[]Y_U
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YmYV\n XY \[YXcm Y_cv\d a]_n \f[VX_U h±i

� h¾ i � ¿ ¼ ½ h¾ i
¼ h¾ i � ¿ h¾ ¿ Ài

ÁÂ Ã Á�¾ Ã Á�¾� � h³ i

kW\ YXnZcX`XVm _a Y`_]\ n [s\Y l\[]Y_U YmYV\n Z[]VX`fg
c[]cm [ZZ\[cXUo a_] T�w j ²_] VW\ d\]Xv[VXv\ _a VW\ Y`_]\
afU`VX_U ^\ W[v\

� ½ h¾ i � ¿ ÁÂ Ã À Á� Ã � À ¾ Á� ¿ ¾� Á�
hÁÂ Ã Á�¾ Ã Á�¾� i� � h�i

kW\ Z[][n \V\]Y À � ÁÂ � Á� [Ud Á� n[m p\ \YVXn [V\d pm
VW\ n \VW_d _a n_n\UVY j kW\ `_]]\YZ_Ud\U`\ p\V^\\U
Z[][n \V\]Y À � ÁÂ � Á� [Ud Á� [Ud Y\`_Ud � � � VWX]d ��
[Ud a_f]VW �� `\UV][c n_n\UV _a dXYV]XpfVX_U XY VW\
a_cc_^ XUo ����

Á� � À � ¿ �� h�� Ã ±� �� i
� h� i

ÁÂ � ¿ � � h³� ��� ¿ ±� �� i
� h�i

Á� � ¿ h�� ��� ¿ ±� �� ¿ ���� i
� � h� i

^W\]\ � � ����� � ¿ ��� �� ¿ ����� jTU VW\ n \VW_d _a n_n\UVY � VW\_]\VX`[c n _n\UVY []\
\YVXn [V\d pm Y[nZc\ n_n\UVY
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� �
�
�� �

h¾ � ¿ �¾ i� � h� 	� � i h��i
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h¾ � ¿ �¾ i� � h� 	� � i h��i

`_nZfV\d a]_n d[V[ j t W\U n\[U XY y\]_ [Ud v[]X[U`\
XY _U\ VW\ a_ cc_^ XUo a_]nfc[Y []\ _pV[XU\d a_] \YVXn [g
V_]Y _a l\[]Y_U YmYV\n Z[][n \V\]Y

	Á� � 	À � ¿ 	
� h 	
� Ã ±i
	� h�±i

	ÁÂ � ¿ h³ 	
� ¿ ± 	
 �� i
	� h�³i

	Á� � ¿ h� 	
� ¿ ± 	
 �� ¿ �i
	� � h��i

^W\]\ 	� � �� 	
� ¿ �� 	
 �� ¿ �� j TV XY Y\\U VW[V Á� � À Y_
VW\ Ufnp\] _a Z[][n \V\]Y [`Vf[ccm ]\df`\Y V_ VW]\\ j

t W\U VW\ d\U_n XU[V_] XU h³i W[v\ V^_ ]\[c ]__VY
VW\ l\[]Y_U YmYV\n ]\Z]\Y\UV o\U\][cXy\d p\V[ dXYV]Xpfg
VX_U j eXU`\ VW\ p \V[ dXYV]XpfVX_U XY d\rU\d XU [ rUXV\

XUV\]v[c VW\ n \VW_d _a n_n\UVY \YVXn [V_] n [m c\[d V_
VW\ n_d\c ^W\]\ Y_n \ _pY\]v[VX_UY []\ _fVYXd\ _a VW\
d\rUXVX_U XUV\]v[c j w vX[pc\ Y_cfVX_U V_ VWXY Z]_p c\n XY
V_ \xZc_XV Y[nZc\ n XU Xnfn [Ud n[xXnfn XU \YVXn [g
VX_U j
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²Xof]\ �® wU XccfYV][VX_U _a VW\ l\[]Y_U YmYV\n XU h
 �� �

� igZc[U\ j � Xn XV a_] [cc d XYV]XpfVX_UY XY cXU\ 
� � 
 ��Ã �j
kW\ �[VXU Ufnp\]Y ]\a\] V_ VW\ V][dXVX_U[c `c[YYXr `[g
VX_U _a l\[]Y_U dXYV]XpfVX_UY j kmZ\Y T [Ud TT []\ p\V[
dXYV]XpfVX_UY _a r]YV sXUd j �_V[VX_U T h �! i ]\a\]Y V_
 g [Ud ! gYW[Z\d dXYV]XpfVX_UY [Ud T h" i V_ fUXn _d[c
dXYV]XpfVX_U j kW\ p_fUd[]m p\V^\\U T h �! i [Ud T h" i
XY `f]v\ ³ h³
� ¿ ±
 �� i h�
� ¿ �
 �� ¿ »i� � 
 �� h
� Ã
±i� h�
� ¿ »
 �� ¿ ��i kmZ\ TTT XY #[nn[ dXYV]XpfVX_U
a_] ^WX`W 
� � �� 
 �� ¿ ± j kmZ\ $ T XY VW\ p \V[ dXYV]Xpfg
VX_U _a Y\`_Ud sXUd j kmZ\ $ XY `W[][`V\]Xy\d pm `f]v\

 �� h
� Ã ±i� � ³ h³
� ¿ ±
 �� i h�
� ¿ ±
 �� ¿ � i j kmZ\ T$ XY
VW\ `[Y\ ^W\]\ VW\ \f[VX_U ÁÂ Ã Á� Ã Á�¾� � � W[Y `_n g
Zc\x ]__VY j kmZ\ $ TT XY VW\ eVfd\UV %Y VgdXYV]XpfVX_U j

" [Um ^ Xd\cm fY\d dXYV]XpfVX_UY � XU`cfdXUo U_]n [c �
eVfd\UV %Y V � o[nn[ [Ud p\V[ dXYV]XpfVX_U p\c_Uo V_ VW\
l\[]Y_U a[n Xcmj kWXY XY XccfYV][V\d XU ²Xof]\ �j

& { ·¶NRP~} P¸PQ¶¹ ONP¶� |SN
TV XY YW_^U �±� VW[V Xa VW\ Y_f]`\ dXYV]XpfVX_UY []\
sU_^U � VW\ Y`_]\ afU`VX_UY []\ VW\ _ZVXn [c `W_X`\ a_]
VW\ `_UV][YV afU`VX_U j TU VW\ n [xXnfn cXs\cXW__d [Zg
Z]_[`W Y_f]`\ dXYV]XpfVX_UY []\ \YVXn [V\d pm [ Z[][g
n \V]X` n _d\c j TU VW\ n \VW_d ^\ Z]_Z_Y\ � VW\ fUd\]g
cmXUo Y_f]`\ dXYV]XpfVX_UY []\ \YVXn [V\d VW]_foW VW\
n []oXU[c dXYV]XpfVX_UY pm rVVXUo VW\n V_ VW\ l\[]Y_U
a[n Xcm fYXUo VW\ n \VW_d _a n_n\UVY [Y d\Y`]Xp\d XU VW\
Z]\vX_fY Y\`VX_U j ² XVVXUo V_ VW\ l\[]Y_U YmYV\n XY d_U\
XV\][VXv\cm fUVXc VW\ _ZVXn Xy[VX_U [co_]XVWn `_Uv\]o\Y j

kW\ [`Vf[c [co_]XVWn _ZVXn XyXUo VW\ d\]Xv\d `]XV\g
]X_U `_fcd p \ [Um YfXV[p c\ T�w [co_]XVWn ^W\]\ n[xXg
nfn cXs\cXW__d `_UV][YVY []\ fVXcXy\d � Yf`W [Y U[Vf][c
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o][dX\UV ��� _] ]\c[VXv\ o][dX\UV �±� [co_]XVWn
� �� � � � � Ã � �� ¿ � h� i�� � � � � h��i

^W\]\ � XY VW\ c\[]UXUo ][V\ � _] rx\d Z_XUV [co_]XVWn
�� � ��
� ��	 
 � � � � � �� �� �� � � � ���� �� �� ��� ��� ��� � � �

�� �
!"#$# % 
 ���� �& �� �� ��� ��� � � � �� ½ �� � ��� '

eXU`\ VW\ l\[]Y_U YmYV\n \x`\cY XU n_d\cXUo dXYV]Xg
pfVX_UY VW[V []\ `c_Y\ V_ U_]n [c dXYV]XpfVX_U pfV d_\Y
U_V _¯\] [Um ]\n []s[pc\ [dv[UV[o\Y XU n_d\cXUo dXYg
V]XpfVX_UY VW[V []\ a[] a]_n U_]n [c dXYV]XpfVX_U � ^\
\nZc_m ^ Xd\cm fY\d rx\d U_UgcXU\[]XVX\Y [Y [ `_UV][YV
afU`VX_U ^W\U VW\ sf]V_YXY o]\[Vcm dX¯\] a]_n VW\ sf]g
V_YXY _a VW\ U_]n[c dXYV]XpfVX_U j bm VWXY [ZZ]_[`W ^\
`[U YZ \\d fZ VW\ `_nZfV[VX_U [Ud [v_Xd VW\ \YVXn [g
VX_U Z]_pc\n Y VW[V n XoWV []XY\ ^W\U [ dXYV]XpfVX_U XY
YV]_Uocm W\[vm V[Xc\d _]  gYW[Z\d _] ! gYW[Z\d dXYV]Xpfg
VX_U _U [ rUXV\ XUV\]v[c j kW\ rx\d U_UgcXU\[]XVX\Y `[U
p\ [Um YfXV[pcm `W_Y\U U_UgcXU\[]XVX\Y j ²_] XUYV[U`\ � ^\
n [m fY\ `fpX` `_UV][YV ^W\U dXYV]XpfVX_U XY `c\[]cm Yfpg
#[fYYX[U � VW\ l\[]Y_U YmYV\n ^W\U VW\ dXYV]XpfVX_U XY
U\[]cm #[fYYX[U [Ud WmZ\]p_cX` V[Uo\UV `_UV][YV ^W\U
dXYV]XpfVX_U XY `c\[]cm YfZ\]g#[fYYX[U j kW\ p\U\rV _a
fYXUo l\[]Y_U YmYV\n XY VW[V VW\ n \VW_d `[U Y\Z[][V\
Y_f]`\Y ^ XVW [ Ys\^\d dXYV]XpfVX_U [Ud VW\ Y[n \ sf]g
V_YXY [Y VW\ #[fYYX[U dXYV]XpfVX_U j

TU _f] \xZ\]Xn \UVY ^\ fY\d rx\d Z_XUV [co_]XVWn
[Ud WmZ\]p_cX` V[Uo\UV `_UV][YV � h( i � V[UW h�( i a_]
p_VW `c\[]cm Yfpgo[fYYX[U [Ud `c\[]cm YfZ\]go[fYYX[U
Y_f]`\Y j kW\ p_fUd[]X\Y p \V^\\U `_UV][YVY []\ Z]\g
Y\UV\d XU ²Xof]\ � j kW\ Z]_ `\df]\ a_] VW\ l\[]Y_UgT�w
n[m p\ oXv\U [Y a_ cc_^ Y ®)\Z \[V fUVXc `_Uv\]o\U`\ �

�j �[c`fc[V\ VW\ VWX]d [Ud a_f]VW Y[nZc\ n_n\UVY

� [Ud 
� a_] `f]]\UV d[V[ � � � � �� [Ud Y\g
c\`V VW\ l\[]Y_U YmYV\n _] rx\d hV[UWi `_UV][YV
[``_]dXUo V_ ²Xof]\ � j

� j Ta VW\ l\[]Y_U YmYV\n ^[Y Y\c\`V\d \YVXn [V\ Z[g
][n \V\]Y _a VW\ dXYV]XpfVX_U pm n\VW_d _a n_g
n \UVY j

± j �[c`fc[V\ Y`_]\Y � h� � i a_] VW\ l\[]Y_U YmYV\n _]
rx\d `_UV][YV j

³ j �[c`fc[V\ VW\ d\n Xx XUo n [V]Xx � �� � f YXUo [co_g
]XVWn h�� i _] h��i j
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²Xof]\ � ® kW\ `_UV][YV afU`VX_UY fY\d XU VW\ l\[]Y_Ug
T�w []\ Z]\Y\UV\d XU h
 �� � 
� igZc[U\ j � Xn XV a_] [cc dXYg
V]XpfVX_UY XY cXU\ 
� � 
 �� Ã �j �c\[]cm Yfpgo[fYYX[U
Y_f]`\Y []\ d\rU\d V_ W[v\ sf]V_YXY c\YY VW[U � j� [Ud
VW\ V[UWg`_UV][YV XY fVXcXy\d j �c\[]cm YfZ\]go[fYYX[U
Y_f]`\Y []\ d\rU\d V_ W[v\ 
� � 
 �� Ã ³ [Ud VW\ V[UWg
`_UV][YV XY [o[XU fVXcXy\d j TU []\[ p\V^\\U VW\Y\ p_fUdg
[]X\Y VW\ l\[]Y_U YmYV\n XY fY\d j kW\ `W_X`\ _a p_fUdg
[]X\Y XY p[Y\d _U Z][`VX`[c \xZ \]X\U`\ j

eXU`\ p_VW n_n\UV \YVXn [V_]Y a_] Z[][n \V\]Y
[Ud Y`_]\ afU`VX_U []\ YXnZc\ ][VX_U[c afU`VX_UY � VW\
l\[]Y_UgT�w XY `_nZfV[VX_U[ccm a[YV j Ta Y_f]`\Y []\
U\[]cm #[fYYX[U XV [ZZ\[]Y V_ p \ a[YV\] VW[U rx\d U_Ug
cXU\[]XVX\Y � Z]_p[pcm p \`[fY\ n [xXnfn cXs\cXW__d `_Ug
V][YV Z]_vXd\Y a[YV\] `_Uv\]o\U`\ j t\ n[m \v\U `_n g
pXU\ Z[][n \V\] \YVXn [VX_U h�±i [Ud Y`_]\ `[c`fc[VX_U
h³ i V_ [`WX\v\ VW\ Y`_]\ dX]\`Vcm [Y afU`VX_U _a Y[nZc\
n_n\UVY j w aV\] Y_n\ n [UXZf c[VX_UY ^\ _pV[XU
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