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�[\]Y^YUUT_	 ]cU[hUT_	 `W`ZY^T	 bT]Tk)
ZY]WedYZ`_	 UTXWhWY^	 ZY`Ucb	 `\_eYn	^YfVd
\`Y^W	̀ YkZ[]T^W	qk[U[^WkW	W	̀ pY]T^W	]cU)
kT�	Z]YadvlW^W	j[VVY]fTUW_	^Tk][qk[U[)
^WhY`k[g[	 ]T\U[\Y`W_	 \	 V[Xg[`][hU[^	 jY)
]W[VY	VX_	[aY`jYhYUW_	d`Z[nhW\[g[	]Te\W)
ZW_�	 �Y[]W_	 W	 j]TkZWkT	 j[VZ\Y]VWXW�	 hZ[
\c_\XYUWY	 W	 j[VVY]fTUWY	 \eTW^[`\_eYn	 W
j][j[]oWn	^YfVd	 [Z]T`X_^W	 ]YgW[UTXiU[)
g[	 b[e_n`Z\YUU[g[	 k[^jXYk`T	 \[e^[fUc
j[`]YV`Z\[^	j]W^YUYUW_	aTXTU`[\[g[	̂ YZ[)
VT	TUTXWeT	W	jXTUW][\TUW_	qk[U[^WhY`kWb
j][oY``[\�	Z[	Y`Zi	\eTW^U[g[	̀ [j[`ZT\XYUW_
W^YvlWb`_	^TZY]WTXiUcb�	Z]dV[\cb	W	pW)
UTU`[\cb	]Y`d]`[\	W	j[Z]YaU[`ZYn	\	UWb�
�`XW	 [jW`c\TZi	 qk[U[^WhY`kdv	 `W`ZY)

^d	\	oYX[^�	Z[	j[V	aTXTU`[\[n	^[VYXiv	j[)
UW^TYZ`_	`W`ZY^T	d]T\UYUWn�	kTfV[Y	We	k[)
Z[]cb	\c]TfTYZ	Z]Ya[\TUWY	aTXTU`T	^YfVd
j][We\[VW^c^	[ZVYXiUc^W	qk[U[^WhY`kW)
^W	 [awYkZT^W	 k[XWhY`Z\[^	 j][VdkoWW	 W
`[\[kdjU[n	j[Z]YaU[`Ziv	\	qZ[n	j][VdkoWW�
�]W	ZTk[^	j[Vb[VY	]T``^TZ]W\TY^T_	`W`ZY)
^T	̀ [`Z[WZ	We	qk[U[^WhY`kWb	[awYkZ[\�	kTf)
Vcn	We	k[Z[]cb	\cjd`kTYZ	UYk[Z[]cn	j][)
VdkZ�	[VUT	hT`Zi	k[Z[][g[	j[Z]YaX_YZ`_	V]d)
gW^W	[awYkZT^W	̀ W`ZY^c�	T	V]dgT_	\c\[VWZ`_
eT	j]YVYXc	`W`ZY^c	\	kThY`Z\Y	YY	k[UYhU[)
g[	j][VdkZT	r%t�
�TfUYnmW^W	 \WVT^W	 ]YgW[UTXiUcb	 aT)

XTU`[\cb	 ^[VYXYn	 _\X_vZ`_�	 \[)jY]\cb�
hT`ZUcY	^TZY]WTXiUcY�	Z]dV[\cY	W	pWUTU)
`[\cY	 aTXTU`c	 W�	 \[)\Z[]cb�	 ^Yf[Z]T`XY)
\cY	aTXTU`c�
�]W	j[\cmYUWW	][XW	W	[Z\YZ`Z\YUU[`)

ZW	[]gTU[\	̂ Y`ZU[g[	̀ T^[dj]T\XYUW_	eT	j][)
\[VW^dv	 `[oWTXiU[)qk[U[^WhY`kdv	 j[XW)
ZWkd	\[e]T`ZTvZ	Z]Ya[\TUW_	k	W`j[XiedY^c^
^YZ[VT^	TUTXWeT	W	j][gU[eW][\TUW_	j[`XYV)

`Z\Wn	j]WUW^TY^cb	]YmYUWn	UT	]YgW[UTXi)
U[^	 d][\UY�	 �	 qZ[n	 `\_eW	 j]YV`ZT\X_YZ`_
jY]`jYkZW\Uc^	mW][k[Y	j]W^YUYUWY	\	]Y)
gW[UTXiU[^	̂ YUYVf^YUZY	̀ [\]Y^YUUcb	qk[)
U[^Wk[)^TZY^TZWhY`kWb	^YZ[V[\	VX_	\ca[)
]T	j]W[]WZYZUcb	UTj]T\XYUWn	d`Z[nhW\[g[
]Te\WZW_	]YgW[UTXiU[n	̀ [oWTXiU[)qk[U[^W)
hY`k[n	`W`ZY^c�	�[	UTmY^d	^UYUWv�	j]W)
[]WZYZUc^W	 UTj]T\XYUW_^W	 \	 [aXT`ZW	 ]Y)
gW[UTXiU[n	 qk[U[^WkW	 V[XfUc	 `ZTZi	 ]Te)
]Ta[ZkT	j][gU[e[\	 ]Te\WZW_	^U[g[[Z]T`XY)
\cb	 k[^jXYk`[\	 W	 TUTXWe	 jY]Y]T`j]YVYXY)
UW_	\TX[\[g[	j][VdkZT	^YfVd	[Z]T`X_^W	W
WU`ZWZdoW[UTXiUc^W	 `YkZ[]T^W	 qk[U[^W)
kW�	 [`U[\c\TvlWn`_	 UT	 W`j[Xie[\TUWW
^Yf[Z]T`XY\[g[	aTXTU`T	+���.�	�Yf[Z]T`)
XY\[n	aTXTU`	]YgW[UT	[Z]TfTYZ	W	j[e\[X_YZ
dhWZc\TZi	 ^U[g[hW`XYUUcY	 \UdZ]W]YgW[)
UTXiUcY	̂ Yf[Z]T`XY\cY	̀ \_eW�	VTYZ	\[e^[f)
U[`Zi	W``XYV[\TZi	j][oY``c	oYU[[a]Te[\T)
UW_	 \	 ]YgW[UY�	 ]T``hWZc\TZi	 [jZW^TXiUcY
Z]TYkZ[]WW	]Te\WZW_	qk[U[^WkW�	�[V][aU[
ZY[]YZWhY`kWY	 T`jYkZc	 j]W^YUYUW_	���
WeX[fYUc	\	r�t�

Te]Ta[ZkT	���	\	`W`ZY^Y	j[kTeTZYXYn

��"	j][\[VWXT`i	\	UY`k[Xik[	`ZTVWn�
��	�T	 j]YV\T]WZYXiU[n	 `ZTVWW	 ]T`hYZc

[`dlY`Z\X_vZ`_	W`b[V_	We	[awY^T	W	`Z]dk)
Zd]c	k[UYhU[g[	j][VdkZT�
��	�T	`ZTVWW	]Te]Ta[ZkW	k[UoYjoWW	]Te)

\WZW_	 `Z]TUc	 j]W	 j[^[lW	 VWUT^WhY`kWb
^[VYXYn	���	 \	 `Z[W^[`ZU[^	 \c]TfYUWW
dZ[hU_vZ`_	 [alY`Z\YUU[)qk[U[^WhY`kWY
j[kTeTZYXW�	j[XdhYUUcY	UT	j]YV\T]WZYXiU[n
`ZTVWW�	�j]YVYX_vZ`_	UY[ab[VW^cY	ZY^jc
][`ZT	[`U[\Ucb	[Z]T`XYn	UT][VU[g[	b[e_n)
`Z\T�	[awY^c	W	[Z]T`XY\T_	`Z]dkZd]T	kTjW)
ZTXiUcb	\X[fYUWn	W	Z]dV[\cb	]Y`d]`[\�
%�	�T	 `ZTVWW	 ]Te]Ta[ZkW	 [`U[\Ucb	 UT)

j]T\XYUWn	 ]Te\WZW_	 UT][VU[g[	 b[e_n`Z\TS	�Y]ZTk[\T	,�	���	�����
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j][\[V_Z`_	dZ[hUYUUcY	]T`hYZc	`	j[^[liv
VWUT^WhY`k[n	̂ [VYXW	VX_	[j]YVYXYUW_	̂ T`)
mZTa[\	]Te\WZW_	UT][VU[g[	b[e_n`Z\T	W	[Z)
VYXiUcb	[Z]T`XYn	`	dhYZ[^	][`ZT	qppYkZW\)
U[`ZW	Wb	]Ta[Zc�

Te]Ta[ZkT	 ZTk[n	 `X[fU[n	`ZTZW`ZWhY`)

k[n	^[VYXW�	kTk[n	_\X_YZ`_	]YgW[UTXiUcn
^Yf[Z]T`XY\[n	aTXTU`	j][We\[V`Z\T	W	]T`)
j]YVYXYUW_	j][VdkoWW�	 \	 `[\]Y^YUUcb	d`)
X[\W_b	W^YYZ	 `jYoWpWhY`kWY	[`[aYUU[`ZW�
�Y]Yb[VUcY	j][oY``c�	UTaXvVTY^cY	\	UT)
`Z[_lYY	 \]Y^_�	 `[j][\[fVTvZ`_	 `Z]dkZd])
U[)VWUT^WhY`k[n	 UY`ZTaWXiU[`Ziv�	 VY`ZT)
aWXWeToWYn	 qk[U[^WhY`kWb	 `\_eYn�	 ][`Z[^
oYU	 W	 V]dgW^W	 UYgTZW\Uc^W	 _\XYUW_^W	 \
qk[U[^WkY�	 j[qZ[^d	 UY[ab[VW^	 jY]Y`hYZ
^TZ]Woc	jY]\[g[	k\TV]TUZT	���	`	dhYZ[^
WUVYk`[\	oYU	W	WUVYk`[\	pWeWhY`k[g[	[awY)
^T�	�][^Y	Z[g[�	qk[U[^WkT	]YgW[UT	_\X_YZ)
`_	a[XYY	[Zk]cZ[n�	hY^	qk[U[^WkT	g[`dVT])
`Z\T�	�[qZ[^d�	j[	`dlY`Z\d�	YVWU`Z\YUUc^
WU`Z]d^YUZ[^	 TUTXWeT	 W	 j][gU[eW][\TUW_
]YgW[UTXiUcb	\[`j][We\[V`Z\YUUcb	j][oY`)
`[\	W	j[XdhYUW_	[oYU[k	\TfUYnmWb	^Ye[q)
k[U[^WhY`kWb	 j[kTeTZYXYn	 `XdfWZ	 ^Yf[Z)
]T`XY\[n	 aTXTU`	 j][We\[V`Z\T	 W	 ]T`j]YVY)
XYUW_	j][VdkoWW�
�T	j][Z_fYUWW	\`Yb	XYZ	`dlY`Z\[\TUW_

�[\YZ`k[g[	 g[`dVT]`Z\T	 aTXTU`[\cn	^YZ[V
`hWZTX`_	[`U[\Uc^	^YZ[V[^	jXTUW][\TUW_�
�	̀ [\]Y^YUUcb	d`X[\W_b	[U	UY	j[ZY]_X	̀ \[Yn
TkZdTXiU[`ZW�	[VUTk[	Yg[	j]W^YUYUWY	\	j]W)
kXTVUcb	 ]YgW[UTXiUcb	 W``XYV[\TUW_b	 eTZ)
]dVUYU[	 We)eT	 UYV[`ZTZkT	 `ZTZW`ZWhY`k[n
WUp[]^ToWW�	�^YvlWY`_	̂ YZ[V[X[gWhY`kWY
Z]dVU[`ZW�	 `\_eTUUcY	 \	 jY]\dv	 [hY]YVi	 `
[Z`dZ`Z\WY^	VTUUcb	VX_	eTj[XUYUW_	jY]\[)
g[	k\TV]TUZT	����	WU[gVT	j]YVXTgTYZ`_	]Y)
mTZi	 `	 j[^[liv	 j]W^YUYUW_	 qk`jY]ZUcb
^YZ[V[\�	UTj]W^Y]	̂ YZ[VT	3#YXipW4�	
YedXi)
ZTZc	j]W^YUYUW_	^YZ[VT	3#YXipW4	VX_	j[)
`Z][YUW_	^Yf[Z]T`XY\[g[	aTXTU`T	�d]`k[n
[aXT`ZW	j]W\YVYUc	\	r&t�
�VUTk[	ZTkT_	j][oYVd]T	]T`hYZ[\	UY	^[)

fYZ	acZi	\ca]TUT	eT	[`U[\d�	ZTk	kTk	`[VY])
fWZ	 eUThWZYXiUdv	 V[Xv	 `dawYkZW\We^T�
�UTXWe	 `[\YZ`k[g[	 W	 `[\]Y^YUU[g[	 [jcZT
j[`Z][YUW_	���	j[e\[XWX	 `hWZTZi�	 hZ[	 \
d`X[\W_b	[Z`dZ`Z\W_	UY[ab[VW^cb	`ZTZW`ZW)
hY`kWb	 VTUUcb	 j][oY``	 ]Te]Ta[ZkW	 ]YgW[)
UTXiU[g[	 ^Yf[Z]T`XY\[g[	 aTXTU`T	 ^[fU[
^[VWpWoW][\TZi	W	j]YV`ZT\WZi	\	Tg]YgW][)

\TUU[^	 \WVY	 kTk	 j[`XYV[\TZYXiU[`Zi	 j][)
oYVd]�
��	�Y]Y`hYZ	^TZ]Woc	jY]\[g[	k\TV]TUZT

`	dhYZ[^	WUVYk`[\	oYU�	WUVYk`[\	pWeWhY`)
k[g[	[awY^T	W	^TZ]Woc	j[j]T\[hUcb	k[qp)
pWoWYUZ[\�
��	
T`hYZ	\TX[\[n	V[aT\XYUU[n	`Z[W^[`)

ZW	+\TX[\[g[	\UdZ]YUUYg[	j][VdkZT.	W	[ZVYXi)
Ucb	`[`ZT\X_vlWb	qZWb	Tg]YgTZ[\	j[	[Z]T`)
X_^	W	qk[U[^WkY	\	oYX[^	+\ca[]	pTkZ[][\
VX_	kTfV[g[	qXY^YUZT	�#��	j[Vg[Z[\kT	aTec
VTUUcb�	]T`hYZ	d]T\UYUWn	]Yg]Y``WW.�
%�	
T`hYZ	�#�	UT	[`U[\Y	W^YvlWb`_	[Z)

hYZUcb	VTUUcb	[	\TX[\[^	\cjd`kY	+��.	[Z)
]T`XYn	W	jY]Y`hWZTUU[n	^TZ]WoY	^Yf[Z]T`)
XY\cb	j[Z[k[\�
&�	
T`hYZ	\Z[][g[	k\TV]TUZT	^Yf[Z]T`XY)

\[g[	aTXTU`T�

T``^[Z]W^	j[`XYV[\TZYXiU[	^[VWpWkT)

oWv	\chW`XYUWn	j]YVj[XTgTY^cb	eUThYUWn
j[kTeTZYXYn	[ZVYXiUcb	k\TV]TUZ[\	����
�VUW^	We	`T^cb	`X[fUcb	qZTj[\	_\X_)

YZ`_	[j]YVYXYUWY	j[kTeTZYXYn	eTZ]TZ	[Z]T`)
XYn	 +jY]Y`hYZ	 k\TV]TZU[n	^TZ]Woc	^Yf[Z)
]T`XY\cb	 j[Z[k[\.	 \	 d`X[\W_b	 [Z`dZ`Z\W_
`ZTZW`ZWhY`kWb	 VTUUcb�
#X_	 [j]YVYXYUW_	 eUThYUWn	 qXY^YUZ[\

k\TV]TZU[n	̂ TZ]Woc	���	+:	k\TV]TUZT.	̀ XY)
VdYZ	j]WU_Zi	[VUd	We	j]YVj[`cX[k	r�t�
s	 ZYbU[X[gWhY`kWY	 k[qppWoWYUZc�	 Z[

Y`Zi	 k[qppWoWYUZc	j]_^cb	 eTZ]TZ�	 bT]Tk)
ZY]WedvlWY	j[Z]YaU[`ZW	[VUWb	[Z]T`XYn	\
j][VdkoWW	V]dgWb	[Z]T`XYn�	[`ZTvZ`_	j]Tk)
ZWhY`kW	 UYWe^YUUc^W�	 �`XW	 j][W`b[VWZ
We^YUYUWY	oYU	WXW	d\YXWhYUWY	pWeWhY`k[)
g[	 [awY^T	 \cjd`kT	 j][VdkoWW	 [Z]T`XW�	 Z[
j][j[]oW[UTXiU[	\[e]T`ZTvZ	W	[awY^c	eT)
Z]TZ	[Z]T`XWy
s	We^YUYUWY	[awY^[\	\cjd`kT	[Z]T`XYn

j]W\[VWZ	k	We^YUYUWv	k[qppWoWYUZ[\	j]_)
^cb	eTZ]TZ�	Z[	Y`Zi	We^YUYUWY	eTZ]TZ	UT	j][)
We\[V`Z\[	UY	j][j[]oW[UTXiU[	We^YUYUWv
[awY^[\	j][We\[V`Z\T�
�[qZ[^d	 VX_	 [j]YVYXYUW_	 j][^YfdZ[h)

U[g[	j[Z]YaXYUW_	̂ [fU[	W`j[Xie[\TZi	p[])
^dXc	+�.	WXW	+%.�
#X_	 kTfV[g[	 b)g[	 `Z[XaoT	 k\TV]TZU[n

^TZ]Woc	:	k\TV]TUZT	���	̀ j]T\YVXW\[	̀ XY)
VdvlYY	]T\YU`Z\[�
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gVY	 Jb� 	s	j[`ZT\kW	j][VdkoWW	J)n	[Z]T`XW	\
b)v	[Z]T`Xiy	�� b 	s	j][^YfdZ[hU[Y	j[Z]Ya)
XYUWY	 b)n	[Z]T`XW	 +J�	 b	�	 ���.y	 g 	s	hW`X[
[Z]T`XYn�
�]W	 We^YUYUWW	 [awY^T	 j][We\[V`Z\T	 \

b)n	 [Z]T`XW	W	j]W	We^YUYUWW	oYU	UT	j][)
VdkoWv	V]dgWb	[Z]T`XYn	\c]TfYUWY	+�.	j]W)
UW^TYZ	\WV	r�t�

= × ×∑ �Jb Jb VJ �b� � @ @ +�.

gVY	 Jb� 	s	 [ZhYZU[Y	 eUThYUWY	 j[`ZT\[k	 J)n
[Z]T`XW	 \	 b)v	[Z]T`Xiy	 VJ@ 	s	 `]YVUWn	WU)
VYk`	oYU	UT	j][VdkoWv	J)n	[Z]T`XW	eT	]T`)
`^TZ]W\TY^cn	jY]W[Vy	 �b@ 	s	WUVYk`	pWeW)
hY`k[g[	 [awY^T	 j][We\[V`Z\T	 j][VdkoWW	 \
b)n	[Z]T`XW	eT	]T``^TZ]W\TY^cn	jY]W[V�
�XYV[\TZYXiU[�	VX_	[j]YVYXYUW_	\YXWhWU

Jb� 	UY[ab[VW^[	W`j[Xie[\TZi	WUVYk`c	pW)
eWhY`k[g[	[awY^T	W	oYU	 eT	 TUTXWeW]dY^cn
g[V�	�UThYUWY	qZWb	WUVYk`[\	eTVTYZ`_	qke[)
gYUU[	\	\WVY	V\db	\YkZ[][\�

� �
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V V V VS
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=
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�TkW^	 [a]Te[^�	 adVYZ	 j[XdhYUT	 U[\T_
dZ[hUYUUT_	 \YXWhWUT	 j][^YfdZ[hU[g[	 j[)
Z]YaXYUW_	 b)n	[Z]T`XW�
�`XW	 ZYbU[X[gWhY`kWY	 k[qppWoWYUZc

We^YU_vZ`_	j]W	We^YUYUWW	[awY^[\	\cjd`)
k[\	[Z]T`XYn�	\	qZ[^	`XdhTY	U[\cY	eUThYUW_
qXY^YUZ[\	^TZ]Woc	jY]\[g[	k\TV]TUZT	]T`)
`hWZc\TvZ`_	`XYVdvlW^	[a]Te[^�

�Jb Jb VJ �b Jb� � @ @ U= × × ×∑ +%.

gVY	 JbU 	s	j[j]T\[hUcY	k[qppWoWYUZc�
�	r1t	j]YVXTgTYZ`_	j]W	]T`hYZY	[awY^[\

j[Z]YaXYUW_	j][VdkoWW	[ZVYXiUcb	[Z]T`XYn
\\[VWZi	j[j]T\[hUcY	k[qppWoWYUZc�	�\Y)
VYUWY	j[j]T\[hUcb	k[qppWoWYUZ[\	VX_	[j)
]YVYXYUW_	pWeWhY`k[g[	[awY^T	j][^YfdZ[h)
U[g[	 j[Z]YaXYUW_	 j[e\[X_YZ	 a[XYY	 Z[hU[
]T``hWZTZi	Yg[	j]YVj[XTgTY^dv	\YXWhWUd	VX_
kTfV[n	[Z]T`XW	W	VX_	qk[U[^WkW	\	oYX[^	W
[oYUWZi	\YXWhWUd	\TX[\[n	V[aT\XYUU[n	̀ Z[)
W^[`ZW	W	\TX[\[g[	\UdZ]YUUYg[	j][VdkZT�
�b	̂ [fU[	[j]YVYXWZi	qk`jY]ZUc^	jdZY^

UT	 [`U[\Y	 TUTXWeT	 WUVYk`[\	 k[qppWoWYU)
Z[\	j]_^cb	eTZ]TZ	eT	]YZ][`jYkZW\Ucn	jY)
]W[V�	eTj[XUW\	k\TV]TZUdv	^TZ]Wod	j[j]T)
\[hUcb	k[qppWoWYUZ[\	+U.�
�[[Z\YZ`Z\YUU[	We^YU_YZ`_	^TZ]WoT	k[)

qppWoWYUZ[\	 j]_^cb	 eTZ]TZ	 +
.�	 k[Z[]T_

W`j[XiedYZ`_	\	TUTXWeY	W	j][gU[eW][\TUWW
d][\UYn	k[UYhU[g[	W`j[Xie[\TUW_�
�XYVdvlWn	qZTj	]Te]Ta[ZkW	���	s	]T`)

hYZ	\TX[\[n	V[aT\XYUU[n	`Z[W^[`ZW	[Z]T`)
XYn	+:::	k\TV]TUZ	ZTaXWoc	���.��#X_	]T`)
hYZT	eUThYUWn	\TX[\[n	V[aT\XYUU[n	̀ Z[W^[)
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