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�	[ZYhY`Z\YUU[n	W	eT]daYfU[n	qk[U[^W)
hY`k[n	UTdkY	UYZ	hYZk[	j][]Ta[ZTUU[g[	ZY)
[]YZWhY`k[g[	W	^YZ[V[X[gWhY`k[g[	[a[`U[)
\TUW_	qk[U[^WhY`k[n	̀ dlU[`ZW	WU\Y`ZWoW)
[UU[g[	]cUkT	W	Yg[	`Z]dkZd]c�
�	 eTjTVU[n	 qk[U[^WhY`k[n	 XWZY]TZd]Y

j]YV`ZT\XYUc	V\T	[`U[\Ucb	j[Vb[VT	k	j[)
UW^TUWv	`dlU[`ZW	WU\Y`ZWoW[UU[g[	]cU)
kT�	�Y]\cn	s	qZ[	ZTk	UTec\TY^T_	Y\][jYn)
`kT_	 ^[VYXi�	 gVY	 WU\Y`ZWoW[UUcn	 ]cU[k
[Z[fVY`Z\X_YZ`_	 `	 pWUTU`[\c^	 ]cUk[^	 \
Yg[	mW][k[^	j[UW^TUWW�	�Z[][n	s	qZ[	T^Y)
]WkTU`kT_	 ^[VYXi�	 gVY	 WU\Y`ZWoW[UUcn
]cU[k	 [Z[fVY`Z\X_YZ`_	 `	 j[U_ZWY^	 ]cUkT
oYUUcb	ad^Tg	+p[UV[\c^	]cUk[^.	\	`\_eW
`	ZY^�	hZ[	[`U[\U[n	p[]^[n	WU\Y`ZWoWn	\
qk[U[^WhY`kW	 ]Te\WZcb	 `Z]TUTb	 _\X_vZ`_
\X[fYUW_	 \	 oYUUcY	 ad^TgW�	 "T]TkZY]U[n
[`[aYUU[`Ziv	\cmYUTe\TUUcb	j[Vb[V[\	_\)
X_YZ`_	j]Y[aXTVTvlWn	^YbTUWe^	j[`ZT\kW
kTjWZTXT	WXW	j]YW^dlY`Z\YUU[Y	UTj]T\XY)
UWY	 W	p[]^T	 WU\Y`ZWoW[UU[n	 VY_ZYXiU[`)
ZW�	�dlY`Z\dYZ	ZTk[n	j[Vb[V�	k[Z[]cn	]T`)
`^TZ]W\TYZ	 ]cU[k	 WU\Y`ZWoWn	 kTk	 ^Y`Z[
Z[]g[\XW	oYUUc^W	ad^TgT^W	W	V]dgW^W	WU)
\Y`ZWoW[UUc^W	WU`Z]d^YUZT^W�	hZ[	j[V]T)
ed^Y\TYZ	UTXWhWY	WU\Y`ZWoW[UUcb	Z[\T][\
WXW	 ]Y`d]`[\�	�]W^Y][^	 Z[^d	^[fYZ	 `Xd)
fWZi	 [j]YVYXYUWY�	 VTUU[Y	#fY]]W	��	 [)
eYUaY]g[^�	�	`\[Wb	]Ta[ZTb	[U	ZTk	Z]TkZ[)
\TX	j[U_ZWY	WU\Y`ZWoW[UU[g[	]cUkT�	3�U)
\Y`ZWoW[UUcn	]cU[k	s	\[)jY]\cb	s	^Y`)
Z[�	gVY	j][VTvZ`_	oYUUcY	ad^TgW	W	V]dgWY
WU\Y`ZWoW[UUcY	 WU`Z]d^YUZc�	 T	 \[)\Z[)
]cb s	 qZ[	 `[`Z[_UWY	 Z[]g[\XW	 WU\Y`ZWoW)
[UUc^W	WU`Z]d^YUZT^W4	r�t�
�[V	 WU\Y`ZWoW[UUc^W	 WU`Z]d^YUZT^W

#f�	��	[eYUaY]g	j]YVXTgTYZ	j[UW^TZi	\`Y�

\[	 hZ[	 WU\Y`ZW]dYZ`_	 kTjWZTX	 +UTj]W^Y]�
oYUUcY	 ad^TgW�	 `Y]ZWpWkTZc�	 `Z]Tb[\cY
j[XW`c�	Z[\T]c	W	j]YVj]W_ZW_.	r�t�	�XYV[)
\TZYXiU[�	#f�	��	[eYUaY]g	 UTWa[XYY	mW)
][k[	 jcZTX`_	 ]T``^TZ]W\TZi	 WU\Y`ZWoW[U)
Ucn	]cU[k�	dhWZc\T_	^U[g[[a]TeWY	p[]^	W
WU`Z]d^YUZ[\	 WU\Y`ZW][\TUW_�	 ^U[fY`Z\[
\WV[\	WU\Y`ZWoW[UUcb	]Y`d]`[\�	p[]^	`d)
lY`Z\[\TUW_	kTjWZTXT�	W`Z[hUWk[\	p[]^W)
][\TUW_�	 T	 ZTkfY	 j]W`dZ`Z\WY	 ]TeXWhUcb
\eTW^[`\_eYn	^YfVd	`dawYkZT^W	]cU[hUcb
[ZU[mYUWn�
�T	UTm	\egX_V�	VX_	j]YV`ZT\XYUW_	`dl)

U[`ZW	WU\Y`ZWoW[UU[g[	]cUkT	eT]daYfUc)
^W	 dhYUc^W	 bT]TkZY]Uc^	 _\X_YZ`_	 \c`kT)
ec\TUWY	��	(T]jT�	 3YTXiUcY	WU\Y`ZWoWW
[achU[	\kXvhTvZ	WU\Y`ZWoWW	\	kTk[n)XWa[
ZWj	^TZY]WTXiU[	[`_eTY^cb	TkZW\[\�	ZTkWb
kTk	 eY^X_�	 [a[]dV[\TUWY�	 eT\[Vc�	-WUTU)
`[\cY	WU\Y`ZWoWW	j]YV`ZT\X_vZ	`[a[n	k[U)
Z]TkZc�	 eTjW`TUUcY	 UT	 ad^TgY�	 ZTkWY	 kTk
[ackU[\YUUcY	TkoWW	W	[aXWgToWW�	�	j]W)
^WZW\Ucb	 qk[U[^WkTb	 [`U[\UT_	 hT`Zi	 WU)
\Y`ZWoWn	[ZU[`WZ`_	k	]YTXiUc^�	\	Z[	\]Y^_
kTk	\	̀ [\]Y^YUU[n	qk[U[^WkY	a[XimT_	hT`Zi
WU\Y`ZWoWn	 j]YV`ZT\XYUT	 pWUTU`[\c^W
WU\Y`ZWoW_^W�	�c`[k[Y	]Te\WZWY	WU`ZWZd)
Z[\	pWUTU`[\[g[	WU\Y`ZW][\TUW_	 \	 eUThW)
ZYXiU[n	`ZYjYUW	`j[`[a`Z\dYZ	][`Zd	]YTXi)
Ucb	WU\Y`ZWoWn�	�Tk	j]T\WX[�	qZW	V\Y	p[])
^c	 _\X_vZ`_	 \eTW^[V[j[XU_vlW^W�	 T	 UY
k[Ukd]W]dvlW^W4r%t�	�[^^YUZW]d_	j]W\Y)
VYUU[Y	\c`kTec\TUWY�	eT^YZW^�	hZ[	pTkZW)
hY`kW	 ��	(T]j	 j]YVXTgTYZ	 ]T``^TZ]W\TZi
WU\Y`ZWoW[UUcn	]cU[k	\	V\db	 T`jYkZTb�	 `
Z[hkW	 e]YUW_	 ]cUkT	 ]YTXiUcb	 WU\Y`ZWoWn
W	`	Z[hkW	e]YUW_	pWUTU`[\cb	WU\Y`ZWoWn�
�][oY``	 jY]Yb[VT	 [Z	 TV^WUW`Z]TZW\U[)

k[^TUVU[n	 `W`ZY^c	 dj]T\XYUW_	 qk[U[^W)
k[n	k	]cU[hUc^	[ZU[mYUW_^	[Z]TeWX`_	UTS	�[Zdk[\	��	���	�����
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q\[XvoWW	 W``XYV[\TUW_	 j[U_ZW_	 WU\Y`ZW)
oW[UU[g[	 ]cUkT	 [ZYhY`Z\YUUc^W	 dhYUc^W
W	qk[U[^W`ZT^W�	#[	UYVT\UYg[	\]Y^YUW	UTW)
a[XYY	]T`j][`Z]TUYUUc^	`]YVW	UWb	`hWZTX)
`_	j[Vb[V	k	]T``^[Z]YUWv	WU\Y`ZWoW[UU[)
g[	]cUkT	kTk	]cUkT	kTjWZTXiUcb	Z[\T][\�
hZ[	_\U[	[Z]TfTX[	bT]TkZY]	UTj]T\XYUU[`)
ZW	W	p[]^c	[ZYhY`Z\YUU[g[	WU\Y`ZW][\TUW_�
�	 d`X[\W_b	p[]^W][\TUW_	 ]cU[hU[n	 qk[)
U[^WkW	j[_\WXW`i	U[\cY	\egX_Vc	UT	j[UW)
^TUWY	`dlU[`ZW	WU\Y`ZWoW[UU[g[	]cUkT�
�	 hT`ZU[`ZW�	 
�	 ��	 �\TU[\	 jWmYZ�

3�]TU`p[]^ToW_	 WU\Y`ZWoW[UUcb	 Z[\T][\
\	WU\Y`ZWoW[UUcY	]Y`d]`c	[`dlY`Z\X_YZ`_
UT	WU\Y`ZWoW[UU[^	]cUkY	UT	 [`U[\Y	 VYn)
`Z\W_	 eTk[U[\	 ]cU[hU[g[	 `T^[]YgdXW][\T)
UW_�	T	ZTkfY	g[`dVT]`Z\YUU[g[	]YgdXW][\T)
UW_4	r&t�	�Tk[n	j[Vb[V	k	j[UW^TUWv	qk[)
U[^WhY`k[n	 `dlU[`ZW	 WU\Y`ZWoW[UU[g[
]cUkT	[`U[\TU	XWmi	UT	j][oY``Y	j]Y[a]T)
e[\TUW_	kTjWZTXT	\	WU\Y`ZWoWW	W	UY	eTZ]T)
gW\TYZ	V]dgWY	`dlU[`ZUcY	T`jYkZc	pdUkoW)
[UW][\TUW_	`T^[g[	]cUkT�
-�	��	�d^d`[\	VTYZ	`XYVdvlYY	[j]YVYXY)

UWY�	3�U\Y`ZWoW[UUcn	]cU[k	s	qZ[	`X[f)
UT_	̀ W`ZY^T	qk[U[^WhY`kWb	[ZU[mYUWn	kdj)
XW)j][VTfW	WU\Y`ZWoW[UUcb	]Y`d]`[\	W	WU)
\Y`ZWoW[UUcb	 Z[\T][\�	 \	 ]T^kTb	 k[Z[][n
p[]^W]dYZ`_	Wb	̀ j][`	W	j]YVX[fYUWY�	T	ZTk)
fY	oYUc	UT	UWb	`	oYXiv	pWUTU`[\[g[�	^T)
ZY]WTXiU[g[	W	WUZYXXYkZdTXiU[g[	[aY`jYhY)
UW_	\[`j][We\[V`Z\T	kTjWZTXT	`	^WUW^TXi)
Uc^W	eTZ]TZT^W	W	V[`ZWfYUW_	[jZW^TXiUcb
`][k[\	 [kdjTY^[`ZW	 WU\Y`ZWoWn4	 r�t�	 �[
UTmY^d	^UYUWv�	eVY`i	dhZYUc	]TeU[[a]Te)
UcY	`ZTVWW	j]Y\]TlYUW_	kTjWZTXT�	^U[g[)
[a]TeWY	\WV[\	WU\Y`ZWoWn	W	eTX[fYUc	[`)
U[\c	 VX_	 Z[g[�	 hZ[ac	 VTZi	 [a[`U[\TUU[Y
[j]YVYXYUWY	 WU\Y`ZWoW[UU[g[	 ]cUkT	 kTk
qk[U[^WhY`k[n	 kTZYg[]WW�
��	��	�[hT][\	\	̀ \[Yn	]Ta[ZY	jWmYZ�	3c)

U[k	WU\Y`ZWoWn	j]YV`ZT\X_YZ	`[a[n	`pY]d�
gVY	 j][W`b[VWZ	 kdjX_)j][VTfT	 WU\Y`ZWoW)
[UUcb	Z[\T][\	j[	]T\U[\Y`Uc^	oYUT^4	r1t s
W	VTXYY	]T`mWp][\c\TYZ	jY]YhYUi	WU\Y`ZW)
oW[UUcb	Z[\T][\	+V\WfW^[Y	W	UYV\WfW^[Y
W^dlY`Z\[�	 VYUYfUcY	 `]YV`Z\T�	 oYXY\cY
aTUk[\`kWY	\kXTVc�	oYUUcY	ad^TgW�	W^dlY)
`Z\YUUcY	j]T\T�	XWoYUeWW�	jTZYUZc	W	V]�.�
�	j]W\YVYUU[^	[j]YVYXYUWW�	j[	UTmY^d

^UYUWv�	UYV[`ZTZ[hU[	j[XU[	\c]TfYUT	qk[)
U[^WhY`kT_	 `dlU[`Zi	 WU\Y`ZWoW[UU[g[

]cUkT�	 UY	 dhZYU	 V\[n`Z\YUUcn	 bT]TkZY]
WU\Y`ZWoWn�	ZTk	kTk	`	[VU[n	`Z[][Uc	[UW
j]YV`ZT\X_vZ	`[a[n	]Y`d]`c	+WU\Y`ZWoW[U)
UcY	]Y`d]`c.�	T	̀ 	V]dg[n	s	\X[fYUW_	+[awYk)
Zc	\X[fYUW_	WXW	WU\Y`ZWoW[UUcY	Z[\T]c.�
�TWa[XYY	 [a[alYUU[Y	 [j]YVYXYUWY	WU)

\Y`ZWoW[UU[g[	]cUkT	j]YVXTgTYZ	��	��	�g[)
UWUT�	3�U\Y`ZWoW[UUcn	]cU[k	s	`[\[kdj)
U[`Zi	 qk[U[^WhY`kWb	 [ZU[mYUWn�	 p[]^T
\eTW^[VYn`Z\W_	`dawYkZ[\	WU\Y`ZWoW[UU[n
VY_ZYXiU[`ZW�	 j]YV`ZT\X_vlWb	 WU\Y`ZWoW)
[UUcn	`j][`	W	WU\Y`ZWoW[UU[Y	j]YVX[fY)
UWY4	r/t�
�e	j]W\YVYUUcb	[j]YVYXYUWn	\WVU[�	hZ[

\	[ZYhY`Z\YUU[n	qk[U[^WhY`k[n	XWZY]TZd]Y
`dlY`Z\dvZ	 ]TeXWhUcY	 ^UYUW_	 j[	 j[\[Vd
j[UW^TUW_	 `dlU[`ZW	 WU\Y`ZWoW[UU[g[
]cUkT�	[VUW	T\Z[]c	]T``^TZ]W\TvZ	Yg[	kTk
]cU[k	WU\Y`ZWoW[UUcb	 Z[\T][\�	 V]dgWY	s
kTk	 ]cU[k	 [awYkZ[\	 WU\Y`ZW][\TUW_�	 Z]Y)
ZiW	s	 kTk	 `[\[kdjU[`Zi	 \eTW^[`\_eTUUcb
]cUk[\�
�VUTk[	̀ XYVdYZ	[Z^YZWZi�	hZ[	j]TkZWhY`)

kW	\[	\`Yb	j]W\YVYUUcb	[j]YVYXYUW_b	T\Z[)
]c	dj[^WUTvZ	kTZYg[]Wv	3WU\Y`ZWoW[UUcY
]Y`d]`c4�	�^YUU[	Wb	`[\[kdjU[`Zi	+]T\U[)
eUThU[�	kTk	W	`[\[kdjU[`Zi	Xvacb	qk[U[)
^WhY`kWb	]Y`d]`[\.	p[]^W]dYZ	kTjWZTX�	�T)
^YZW^�	 hZ[	 j[`XYVUWY	 kTk	 W`Z[hUWk	 dV[\)
XYZ\[]_vZ	j[Z]YaU[`ZW	\`Yg[	UT][VU[g[	b[)
e_n`Z\T	\	oYX[^�	T	WU\Y`ZWoW[UUcY	]Y`d])
`c	 UTj]T\XYUc	 UT	 dV[\XYZ\[]YUWY	 U[\cb�
WUU[\ToW[UUcb	j[Z]YaU[`ZYn	qk[U[^WkW	\
]T^kTb	 WU\Y`ZWoW[UU[n	 VY_ZYXiU[`ZW	 W
W^YUU[	 [UW	p[]^W]dvZ	 WU\Y`ZWoW[UUcn
kTjWZTX�
�XYV[\TZYXiU[�	 WU\Y`ZWoW[UUcn	 kTjW)

ZTX	s	qZ[	qk[U[^WhY`kT_	kTZYg[]W_�	bT]Tk)
ZY]WedvlT_	 \WVc	WU\Y`ZWoWn�	p[]^W]dv)
lT_`_	j[`]YV`Z\[^	j]W\XYhYUW_	̀ [\[kdjU[)
`ZW	WU\Y`ZWoW[UUcb	]Y`d]`[\	`	j[`XYVdv)
lYn	Wb	Z]TU`p[]^ToWYn	\	[awYkZc	\X[fY)
UW_	 `	 oYXiv	 j[XdhYUW_	 V[j[XUWZYXiU[g[
V[b[VT�	�Uc^W	 `X[\T^W�	 WU\Y`ZWoW[UUcn
kTjWZTX	s	qZ[	ZT	hT`Zi	WU\Y`ZWoWn�	k[Z[)
]T_	W`j[XiedYZ`_	VX_	j]W]TlYUW_	`Z[W^[`)
ZW	[awYkZT	\X[fYUW_�	Z[	Y`Zi	\[`j][We\[V)
`Z\T	U[\[g[	j][We\[V`Z\T�	�[qZ[^d	^[fU[
k[U`ZTZW][\TZi�	hZ[	WU\Y`ZWoW[UUcn	kTjW)
ZTX	 j]YV`ZT\X_YZ	 `[a[n	 `W`ZY^d	 qk[U[^W)
hY`kWb	[ZU[mYUWn	j[	j[\[Vd	j]W\XYhYUW_
`[\[kdjU[`ZW	 WU\Y`ZWoW[UUcb	 ]Y`d]`[\�
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UTb[V_lWb`_	\	j[`Z[_UU[^	VWUT^WhU[^	\eT)
W^[VYn`Z\WW�	�Y[ab[VW^[	 [Z^YZWZi�	 hZ[	 \
j][oY``Y	 WU\Y`ZWoW[UU[n	 VY_ZYXiU[`ZW
WU\Y`ZWoW[UUcY	]Y`d]`c	\c`ZdjTvZ	\	][XW
`]YV`Z\	 j][We\[V`Z\T�	 T	 `T^	 WU\Y`ZWoW[U)
Ucn	kTjWZTX	s	][XW	pTkZ[]T	j][We\[V`Z\T�
�	dhYZ[^	j]W\YVYUU[g[	^c	j]YVXTgTY^	\

qk[U[^WhY`k[^	 `^c`XY	 j[U_ZWY	 3WU\Y`ZW)
oW[UUcn	]cU[k4	dj[Z]YaX_Zi	\	V\db	T`jYk)
ZTb	s	\	dek[^	W	mW][k[^	`^c`XY�
�	 dek[^	 `^c`XY	 WU\Y`ZWoW[UUcn	 ]c)

U[k s	 qZ[	 `jYoWpWhUcn	 \WV	 ]cUkT�	 gVY
[awYkZ[^	kdjXW)j][VTfW	_\X_YZ`_	WU\Y`ZW)
oW[UUcn	Z[\T]	W	d`XdgW�
�	mW][k[^	`^c`XY	s	qZ[	`[\[kdjU[`Zi

qk[U[^WhY`kWb	 [ZU[mYUWn	^YfVd	 `dawYk)
ZT^W	WU\Y`ZWoW[UU[n	VY_ZYXiU[`ZW	j[	j[)
\[Vd	 kdjXW)j][VTfW	 WU\Y`ZWoW[UU[g[	 kT)
jWZTXT�	WU\Y`ZWoW[UUcb	]Y`d]`[\�	WU\Y`ZW)
oW[UUcb	Z[\T][\	W	d`Xdg	j[	oYUT^�	`kXTVc)
\TvlW^`_	 UT	 [`U[\Y	 \eTW^U[g[	 `j][`T	 W
j]YVX[fYUW_�	j[V	\[eVYn`Z\WY^	^YbTUWe^T
k[Ukd]YUoWW�
�XYV[\TZYXiU[�	 WU\Y`ZWoW[UUcn	 ]c)

U[k s	qZ[	^YbTUWe^�	`[YVWU_vlWn	\[YVW)
U[	 j][VT\o[\	 WU\Y`ZWoW[UUcb	 Z[\T][\	 W
d`Xdg	s	 [awYkZ[\	 WU\Y`ZWoW[UUcb	 \X[fY)
UWn	W	j[kdjTZYXYn	qZWb	Z[\T][\	W	d`Xdg�	\c)
]TfTvlWb	̀ j][`	UT	WU\Y`ZWoWW�	s	\XTVYXi)
oY\	kTjWZTXT	+WU\Y`Z[]T.�
�[	UTmY^d	^UYUWv�	j[U_ZWY	3WU\Y`ZW)

oW[UUcn	]cU[k4	V[XfU[	[Z]TfTZi	`XYVdv)
lWY	[`U[\[j[XTgTvlWY	^[^YUZc�	jY]\[Y	s
\	UY^	V[XfU[	`[hYZTZi`_	[a]TlYUWY	[awYk)
Z[\	]YTXiU[g[	W	pWUTU`[\[g[	WU\Y`ZW][\T)
UW_y	\Z[][Y	s	[U[	V[XfU[	[awYVWU_Zi	\Y`i
`jYkZ]	[awYkZ[\	WU\Y`ZW][\TUW_�	WU\Y`ZW)
oW[UUcb	WU`Z]d^YUZ[\	W	`dawYkZ[\	WU\Y`)
ZWoW[UU[n	 VY_ZYXiU[`ZW�
�`b[V_	We	]T``^[Z]YUUcb	\cmY	^YZ[V[)

X[gWhY`kWb	 j]YVj[`cX[k�	 qk[U[^WhY`kdv
`dlU[`Zi	WU\Y`ZWoW[UU[g[	]cUkT	kTk	qk[)
U[^WhY`k[n	kTZYg[]WW	ZTkfY	^[fU[	\c]T)
eWZi	\	`XYVdvlY^	[j]YVYXYUWW�
�U\Y`ZWoW[UUcn	]cU[k	s	qZ[	`X[fUT_

^U[g[g]TUUT_�	^U[g[`X[nUT_	W	^U[g[d][\)
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[ad`X[\XYUUcb	 [a[`[aXYUU[`Ziv	 ]YTXiU[)
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kToW_	 `Z]dkZd]c	 WU\Y`ZWoW[UU[g[	 ]cUkT
gXdafY	j[e\[X_YZ	[Z]TeWZi	Yg[	qk[U[^WhY`)
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\Y`ZWoW[UU[g[	 ]cUkT�	 j]YVX[fYUUcn
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oWW.�	�TkfY	W^	\cVYX_YZ`_	]cU[k	WUU[\T)
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\	Yg[	`Z]dkZd]Y	\cVYXWZi	V\Y	[`U[\UcY	j[V)
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�]W	qZ[^	`XYVdYZ	[Z^YZWZi�	hZ[	\	eT\W)

`W^[`ZW	[Z	j[eWoWW�	`	k[Z[][n	]T``^TZ]W)
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]cUkY�	`	j[eWoWW	WU\Y`Z[]T�	j[eWoWW	j][)
We\[VWZYX_	 WXW	 j[eWoWW	 j[ZYUoWTXiU[g[
j[kdjTZYX_�	]T\U[	kTk	W	]T``^[Z]YUWY	Wb	`
Z[hkW	e]YUW_	`j][`T	W	j]YVX[fYUW_�	j]YV)
X[fYUU[Y	 UT^W	 VYXYUWY	 WU\Y`ZWoW[UU[g[
]cUkT	U[`WZ	V[`ZTZ[hU[	d`X[\Ucn	bT]TkZY]
W	^[fYZ	j]W^YU_Zi`_	\	kTfV[n	k[Uk]YZU[n
`WZdToWW�	�][^Y	Z[g[�	WU\Y`ZWoW[UUcY	]Y)
`d]`c	W	WU\Y`ZWoW[UUcY	Z[\T]c	UY]YVk[	j]W)
UW^TvZ	[VWUTk[\cY	s	W	^[gdZ	[VU[\]Y^YU)
U[	\c`ZdjTZi	W	\	][XW	WU\Y`ZWoW[UUcb	]Y)
`d]`[\�	W	\	][XW	WU\Y`ZWoW[UUcb	Z[\T][\�
�T^YZW^�	hZ[	̂ c	d^cmXYUU[	̀ deWXW	j[V)

b[Vc	\	`Z]dkZd]W][\TUWW	WU\Y`ZWoW[UU[g[
]cUkT�	dhWZc\T_	j]YVX[fYUU[Y	UT^W	[j]Y)
VYXYUWY	j[U_ZW_	Yg[	qk[U[^WhY`k[n	`dlU[`)
ZW	`	Z[hkW	e]YUW_	qk[U[^WhY`kWb	[ZU[mYUWn
j[	j[\[Vd	]T`mW]YUU[g[	 \[`j][We\[V`Z\T	W
UTk[jXYUW_	pTkZ[][\	j][We\[V`Z\T�
cU[k	WU\Y`ZWoW[UU[g[	kTjWZTXT	+[a^YU

WU\Y`ZWoW_^W.	 bT]TkZY]WedYZ`_	 j]YVX[fY)
UWY^	 WU\Y`ZWoWn	 +kTjWZTXT.	 `[	 `Z[][Uc
WU\Y`Z[][\�	\c`ZdjTvlWb	\	VTUU[^	`XdhTY
kTk	j][VT\oc�	W	`j][`[^	UT	WU\Y`ZWoWW	`[
`Z[][Uc	j[ZYUoWTXiUcb	dhT`ZUWk[\	WU\Y`)
ZWoW[UU[n	 VY_ZYXiU[`ZW�	 \c`ZdjTvlWb	 \
][XW	j[kdjTZYXYn	WU\Y`ZWoWn	+kTjWZTXT.�
�djX_)j][VTfT	kTjWZTXT	UT	]cUkTb	WU)

\Y`ZWoW[UU[g[	 kTjWZTXT	 [`dlY`Z\X_YZ`_
W`b[V_	We	]T`hYZT	j[XdhYUW_	V[b[V[\	\	ad)
VdlY^�	j]Y\cmTvlWb	d][\YUi	V[b[VT	\	UT)
`Z[_lWn	^[^YUZ�	�a`Z]TgW]d_`i	[Z	j][oY`)
`[\	 j]Y[a]Te[\TUW_	 WU\Y`ZWoWn	 \	 j][VdkZ
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��'"�m�	�Z]dkZd]T	WU\Y`ZWoW[UU[g[	]cUkT	\	]Te]YeY	[`U[\Ucb	j[V`W`ZY^

WU\Y`ZWoW[UU[n	`pY]c�	[ZU[mYUW_�	\[eUW)
kTvlWY	j[	j[\[Vd	V\WfYUW_	WU\Y`ZWoW[U)
U[g[	kTjWZTXT�	^[fU[	\c]TeWZi	p[]^dX[n�

� � � �� ��+ � � . �… +�.

gVY	 � � � ��+ � � . 	s	WU\Y`ZWoWW	\	VYUYfU[n�
Z[\T]U[n	p[]^Y	WXW	\	p[]^Y	W^dlY`Z\YU)
Ucb	j]T\y	 �� 	s	V[b[V	[Z	WU\Y`ZWoW[UU[n
VY_ZYXiU[`ZW�
�[	 `dZW	 WU\Y`ZWoW[UUT_	 VY_ZYXiU[`Zi

j]YVj[XTgTYZ	\[eUWkU[\YUWY	qk[U[^WhY`kWb
[ZU[mYUWn	^YfVd	`dawYkZT^W	]cUkT	WU\Y)
`ZWoW[UU[g[	 kTjWZTXT	 +WU\Y`ZWoW[UUcb
]Y`d]`[\.�	�ZW	 [ZU[mYUW_	 W	 j]YV`ZT\X_vZ
`[a[n	WU\Y`ZWoW[UUcn	`j][`	W	WU\Y`ZWoW)
[UU[Y	j]YVX[fYUWY�
�U\Y`ZWoW[UUcn	 `j][`	 k[Uk]YZU[g[

`dawYkZT	]cUkT	WU\Y`ZWoW[UU[g[	kTjWZTXT
+WU\Y`ZWoW[UUcb	 ]Y`d]`[\.	 j]YVj[XTgTYZ
`XYVdvlWY	 `[`ZT\X_vlWY�

s	 U[\cY	 WU\Y`ZWoWW	 +]Te^Y]	 k[Z[]cb
[j]YVYX_YZ`_	UY]T`j]YVYXYUU[n	j]WacXiv�
UTj]T\X_Y^[n	\	kTjWZTX[\X[fYUW_.y
s	WU\Y`ZWoWW�	UTj]T\X_Y^cY	UT	\[e^Y)

lYUWY	W	\cacZWY	[`U[\U[g[	kTjWZTXT	+T^[])
ZWeToW[UUcY	 [ZhW`XYUW_�	 \cVYX_Y^cY	 UT
\[`j][We\[V`Z\[	[`U[\U[g[	kTjWZTXT.y
s	]YWU\Y`ZWoWW	+UTk[jXYUWY	VW\WVYUV)

U[g[	V[b[VT.�
�XYV[\TZYXiU[�	 `	 j[eWoWW	 qk[U[^WhY`)

k[n	ZY[]WW	WU\Y`ZWoW[UUcn	̀ j][`	k[Uk]YZ)
U[g[	 `dawYkZT	 ]cUkT	WU\Y`ZWoW[UU[g[	kT)
jWZTXT	 +WU\Y`ZWoW[UUcb	 ]Y`d]`[\.	 j]YV)
`ZT\X_YZ	`[a[n	j]YVX[fYUWY	kTjWZTXT�
�	Z[hkW	e]YUW_	WU\Y`ZWoW[UU[g[	j]YV)

X[fYUW_	 k[Uk]YZU[g[	 `dawYkZT	 ]cUkT	 WU)
\Y`ZWoW[UU[g[	 kTjWZTXT	 +WU\Y`ZWoW[UUcb
]Y`d]`[\.	[U[	j]YV`ZT\X_YZ	`[a[n	`j][`	UT
kTjWZTX�	\c]TfYUUcn	\	p[]^Y	[awYkZ[\	qZ[)
g[	]cUkT�	�TkW^	[a]Te[^�	^[fU[	k[U`ZTZW)
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][\TZi	UTXWhWY	VWTXYkZWhY`k[n	\eTW^[`\_)
eW	^YfVd	 `dawYkZT^W	 ]cUkT	 WU\Y`ZWoW[U)
U[g[	kTjWZTXT	+WU\Y`ZWoW[UUcb	]Y`d]`[\.�
[j[`]YV[\TUU[n	]YTXWeToWYn	̀ j][`T	W	j]YV)
X[fYUW_	\	]YedXiZTZY	VYn`Z\W_	^YbTUWe^[\
WU\Y`ZWoW[UU[g[	 ]cUkT�
�	[awYkZT^	]cUkT	WU\Y`ZWoW[UU[g[	kT)

jWZTXT	+WU\Y`ZWoW[UUcb	]Y`d]`[\.	`	Z[hkW
e]YUW_	̂ TZY]WTXiU[)\YlY`Z\YUUcb	k]WZY]W)
Y\	p[]^W][\TUW_	WU\Y`ZWoW[UU[g[	kTjWZTXT
^c	 j]YVXTgTY^	 [ZUY`ZW	 mY`Zi	 [`U[\Ucb
kXT``WpWkToW[UUcb	g]djj	WU\Y`ZWoW[UUcb
]Y`d]`[\	+`^�	]W`�	�.�	pWUTU`[\cY	]Y`d]`c
+VYUYfUcY	 UTk[jXYUW_�	 k]YVWZc	 W	 eTn^c�
oYXY\cY	aTUk[\`kWY	\kXTVc�	oYUUcY	ad^T)
gW.�	j]W][VUcY	]Y`d]`c	+eY^X_	]TeXWhU[g[
j]YVUTeUThYUW_�	\[e[aU[\X_Y^cY	W	UY\[e[a)
U[\X_Y^cY	eTjT`c	j[XYeUcb	W`k[jTY^cb	W
V]dgWY	]Y`d]`c.�	Z]dV[\cY	]Y`d]`c	+k\TXW)
pWoW][\TUUcn	 W	 \c`[k[k\TXWpWoW][\TU)
Ucn	 Z]dV[\[n	 jY]`[UTX�	 `jYoWTXW`Zc�	 j[)
\cmTvlWY	 d][\YUi	 [a]Te[\TUW_.�	 ^TZY]W)
TXiUcY	]Y`d]`c	+`]YV`Z\T	j][We\[V`Z\T�	eVT)
UW_�	^TmWUc�	[a[]dV[\TUWY�	Z]TU`j[]ZUcY
`]YV`Z\T�	 eTjT`c	j]YV^YZ[\	j[Z]YaXYUW_	W
Z�V�.�	 WUZYXXYkZdTXiUcY	 W	 WUU[\ToW[UUcY

]Y`d]`c	 +XWoYUeWW�	 j]T\T�	 U[d)bTd�	 ZYbU[)
X[gWhY`kWY	U[\mY`Z\T�	UTdhU[)j]WkXTVUcY
W``XYV[\TUW_	W	]Te]Ta[ZkW.�	WUp[]^ToW[U)
UcY	 ]Y`d]`c	 +TUTXWZWhY`kWY�	 `ZTZW`ZWhY`)
kWY�	WUp[]^ToW[UUcY	aTec	VTUUcb	W	Z�j�.�
�	^[^YUZ	]YTXWeToWW	WU\Y`ZWoWn	+j][)

VTfW	WU\Y`ZWoW[UU[g[	kTjWZTXT.	UT	WU\Y`)
ZWoW[UU[^	]cUkY	W^	j][ZW\[`Z[WZ	̀ [\[kdj)
U[`Zi	ZTk	UTec\TY^cb	WU\Y`ZWoW[UUcb	Z[)
\T][\	WXW	[awYkZ[\	\X[fYUW_�	�ZW	Z[\T]c
`Z]dkZd]U[	UY[VU[][VUc�	�UW	^[gdZ	`dlY)
`Z\[\TZi�	UTj]W^Y]�	Z[Xik[	\	VYUYfU[n	p[])
^Y�	UY	W^Y_	̂ TZY]WTXiU[)\YlY`Z\YUU[n	[a[)
X[hkW�	�U\Y`ZWoW[UUcY	 Z[\T]c�	W^YvlWY
UTZd]TXiUdv	+^TZY]WTXiUdv.	p[]^d�	ZTkfY
]TeXWhTvZ`_	j[	qXY^YUZT^	^TZY]WTXiU[)\Y)
lY`Z\YUU[n	`Z]dkZd]c�	�awYVWU_YZ	fY	qZW
Z[\T]c	Z[Xik[	[VU[	[alYY	kThY`Z\[	s	[UW
`j[`[aUc	j]WU[`WZi	V[b[V�
�kTeTUUT_	 `jYoWpWkT	 WU\Y`ZWoW[UUcb

Z[\T][\�	 Wb	 kThY`Z\YUUT_	 UY[VU[][VU[`Zi
ZTk	fY�	kTk	W	kThY`Z\YUUT_	UY[VU[][VU[`Zi
`T^Wb	 WU\Y`ZWoWn�	 W^YvlWb	 ]TeXWhUcY
p[]^c	̀ dlY`Z\[\TUW_�	VYXTYZ	UY\[e^[fUc^
pWeWhY`k[Y	j]W`dZ`Z\WY	UT	 ]cUkTb	WU\Y`)
ZWoW[UU[g[	kTjWZTXT	+WU\Y`ZWoW[UUcb	]Y)
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`d]`[\.	 [j]YVYXYUUcb	 ]TeU[\WVU[`ZYn	 WU)
\Y`ZWoW[UUcb	 Z[\T][\�	�[qZ[^d	 \	 `Z]TUTb
`	]Te\WZ[n	]cU[hU[n	qk[U[^Wk[n	WU\Y`ZW)
oW[UU[^d	kTjWZTXd	UT	 ]cUkTb	WU\Y`ZWoW)
[UU[g[	kTjWZTXT	+WU\Y`ZWoW[UUcb	]Y`d]`[\.
j][ZW\[`Z[_Z�	kTk	j]T\WX[�	]TeXWhU[g[	][VT
V[Xg[\cY	[a_eTZYXi`Z\T	WXW	`\WVYZYXi`Z\T	[
\X[fYUWW	 kTjWZTXT�	 VTvlWY	 j]T\[	 UT	 j[)
XdhYUWY	V[b[VT	\	adVdlY^�
�ZW	[a_eTZYXi`Z\T	+`\WVYZYXi`Z\T.�	_\X_)

_`i	j]YV`ZT\WZYX_^W	pWeWhY`kWb	k[^j[UYU)
Z[\	kTjWZTXiU[g[	W^dlY`Z\T	+eVTUWn�	̀ [[]d)
fYUWn�	^TmWU�	[a[]dV[\TUW_	[awYkZ[\	WU)
ZYXXYkZdTXiU[n	 `[a`Z\YUU[`ZW	 W	 Z�V�.�	 j]W
[a]TlYUWW	UT	]cUkTb	WU\Y`ZWoW[UU[g[	kT)
jWZTXT	 +WU\Y`ZWoW[UUcb	 ]Y`d]`[\.	pTkZW)
hY`kW	eT^YlTvZ	Wb�	j]W[a]YZTvZ	`[a`Z\YU)
UcY	p[]^c	 `dlY`Z\[\TUW_	 W	 eTk[Uc	 V\W)
fYUW_�
�TkW^	[a]Te[^�	 ]cU[k	WU\Y`ZWoW[UU[)

g[	kTjWZTXT	+WU\Y`ZWoW[UUcb	]Y`d]`[\.	̀ ZT)
U[\WZ`_	 V\db`X[nUc^�	 [a[][Z	 WU\Y`ZWoWn
]TeV\TW\TYZ`_�	�	[VU[n	`Z[][Uc�	[U	[`dlY)
`Z\X_YZ`_	\	j][oY``Y	\[`j][We\[V`Z\T	+WXW
j]W[a]YZYUW_.	[`U[\U[g[	W	[a[][ZU[g[	kT)
jWZTXT�	[aY`jYhW\T_	]YTXiUcn	j]W][`Z	kT)
jWZTXiU[g[	 W^dlY`Z\T	 +j]_^cY	 WU\Y`ZW)
oWW.�	T	`	V]dg[n	`Z[][Uc�	[a[][Z	WU\Y`ZW)
oWn	\	p[]^Y	jY]YXW\T	kTjWZTXT	j][W`b[VWZ
hY]Ye	kdjXv)j][VTfd	+\X[fYUW_.	V[Xg[\cb
[a_eTZYXi`Z\	WXW	`\WVYZYXi`Z\�
�[V	 \[eVYn`Z\WY^	 UTdhU[)ZYbUWhY`k[g[

j][oY``T	 UT	 ]cUkTb	 WU\Y`ZWoW[UU[g[	 kT)
jWZTXT	 +WU\Y`ZWoW[UUcb	 ]Y`d]`[\.	 \[eUW)
kTYZ	 W	 ]Te\W\TYZ`_	 `YkZ[]	 WUU[\ToWn�	 UT
k[Z[][^	[`dlY`Z\X_YZ`_	\X[fYUWY	WU\Y`ZW)
oWn	\	WUZYXXYkZdTXiUcY	oYUU[`ZW�
�[V[aUT_	^U[g[`X[nU[`Zi	 ]cUkT	WU\Y)

`ZWoW[UU[g[	 kTjWZTXT	 +WU\Y`ZWoW[UUcb
]Y`d]`[\.�	[Z]TfTvlYg[	V\WfYUWY	WU\Y`ZW)
oW[UU[g[	kTjWZTXT�	`j[`[a`Z\dYZ	Z[^d�	hZ[
k[Uk]YZUcY	W`Z[hUWkW	j[XdhYUW_	V[b[VT	j[
j]YW^dlY`Z\d	 `k]cZc�	 TU[UW^Uc�	 U[	 j[)
_\X_YZ`_	 \[e^[fU[`Zi	 [oYUWZi	 W	 `j][gU[)
eW][\TZi	V[b[VU[`Zi	\X[fYUWn	kTjWZTXT�
cU[k	WU\Y`ZWoW[UUcb	Z[\T][\	W	d`Xdg

j]YV`ZT\X_YZ	`[a[n	j][oY``	[a^YUT	[awYk)
Z[\	 WU\Y`ZWoW[UUcb	 \X[fYUWn�	 �awYkZc
WU\Y`ZWoW[UUcb	\X[fYUWn	_\X_vZ`_	̀ jYoW)
pWhY`k[n	p[]^[n	 Z[\T]T�	 j]W[a]YZYUU[g[
+`[eVT\TY^[g[.	`	oYXiv	j[XdhYUW_	V[b[V[\
+aXTg.	\	adVdlY^�	�	̂ TZY]WTXiU[)\YlY`Z\YU)

U[n	`Z[][Uc	[UW	`[`ZT\X_vZ	qXY^YUZc	kT)
jWZTXiU[g[	 W^dlY`Z\T�	 �U\Y`ZWoW[UUcY
Z[\T]c	^[gdZ	`dlY`Z\[\TZi	kTk	\	UTZd]TXi)
U[n�	ZTk	W	`Z[W^[`ZU[n	p[]^Tb	+`^�	]W`� %.�
�T	 ]cUkTb	 WU\Y`ZWoW[UUcb	 Z[\T][\	 W

d`Xdg	 WU\Y`Z[]c	 \c`ZdjTvZ	 kTk	 j[kdjTZY)
XW�	U[`WZYXW	WU\Y`ZWoW[UU[g[	`j][`T�	�[)
\[kdjUcn	 [awY^	 WU\Y`ZWoW[UU[g[	 `j][`T
[j]YVYX_YZ`_	\YXWhWU[n	UTk[jXYUW_	+[awY^
j[ZYUoWTXiUcb	 WU\Y`ZWoWn.�
�	kThY`Z\Y	j][VT\o[\	+U[`WZYXYn	WU\Y`)

ZWoW[UU[g[	j]YVX[fYUW_.	UT	]cUkY	WU\Y`)
ZWoW[UUcb	Z[\T][\	W	d`Xdg	\c`ZdjTvZ	XWa[
j][We\[VWZYXW	 qZWb	 Z[\T][\	 +j][We\[VWZY)
XW	UTdhU[)ZYbUWhY`k[n	j][VdkoWW�	qXY^YU)
Z[\	 [`U[\U[g[	 WXW	 [a[][ZU[g[	 kTjWZTXT.�
XWa[	 V]dgWY	 dhT`ZUWkW	 WU\Y`ZWoW[UU[n
`VYXkW	+j][VT\oc	jTY\�	oYUUcb	ad^Tg	W	V]�.�
�`U[\Uc^	 pTkZ[][^�	 [j]YVYX_vlW^

^T`mZTac	pdUkoW[UW][\TUW_	 ]cUk[\	 WU)
\Y`ZWoW[UUcb	Z[\T][\	W	d`Xdg�	_\X_YZ`_	`[)
\[kdjU[Y	j]YVX[fYUWY	qZWb	Z[\T][\�	�]YV)
X[fYUWY	j[][fVTYZ	WU\Y`ZWoW[UUcn	̀ j][`�
Z[	 Y`Zi	j][We\[V`Z\[	WU\Y`ZWoW[UUcb	Z[\T)
][\	j]WU[`WZ	V[b[Vc�	`[eVTvlWY	`j][`�	`[)
[Z\YZ`Z\dvlWn	j][We\[V`Z\YUU[n	̀ Z[W^[`ZW�
�VUTk[	Z[fVY`Z\[	WU\Y`ZWoW[UUcb	̀ j][)

`T	W	j]YVX[fYUW_	̀ [aXvVTYZ`_	Z[Xik[	\	̂ T`)
mZTaTb	 ]cUkT	 \	 oYX[^�	�UVW\WVdTXiUcY�
k[Uk]YZUcY	`j][`	W	j]YVX[fYUWY	^[gdZ	UY
`[\jTVTZi�	#W`j][j[]oWW	`j][`T	W	j]YVX[)
fYUW_	]YgdXW]dvZ`_	]cUk[^	WU\Y`ZWoW[U)
Ucb	Z[\T][\	W	d`Xdg	hY]Ye	]YTkoWv	oYU	UT
WeXWmYk	WXW	UYV[`ZTZ[k	qZ[g[	\WVT	Z[\T]T�
�YbTUWe^	 [a^YUT	 [awYkZ[\	 WU\Y`ZWoW)

[UUcb	 \X[fYUWn	 UT	 ]cUkTb	 WU\Y`ZWoW[U)
Ucb	Z[\T][\	W	d`Xdg	^[fU[	[jW`TZi	j[`]YV)
`Z\[^	`XYVdvlYn	p[]^dXc�

� � � �� �� ��+ � � . �− … +�.

gVY	 �� 	s	WU\Y`ZWoW[UUcn	Z[\T]�
�]YVX[fYUUT_	 p[]^dXT	 [eUThTYZ�	 hZ[

WU\Y`ZW][\TUWY	 +\X[fYUWY	 WU\Y`ZWoWn.
� � � �� ��+ + � � . .− 	 hY]Ye	 [j]YVYXYUUcn	 jY)
]W[V	\]Y^YUW	j]WU[`WZ	V[b[V	 ��+ .�…
�[\jTVYUWY	p[]^dX	 V\WfYUW_	 `]YV`Z\�

[jW`c\TvlWb	j][oY``c	UT	 ]cUkTb	WU\Y`)
ZWoW[UU[g[	kTjWZTXT	+WU\Y`ZWoW[UUcb	]Y)
`d]`[\.	W	]cUkTb	WU\Y`ZWoW[UUcb	Z[\T][\
W	d`Xdg�	UY`XdhTnU[�	�[	̀ dlY`Z\d�	]Yhi	WVYZ
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