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TUVW XYZ[\]X ^_`aVU^ bVU c `Xd [aa`[a ^e\d XU^`Va^ Vb ^_`a d [a`bV]f^ [UV^X `a [ ge`ZX
a[ZeU[] h[i jklm n op qrs [af p[tX ]Xf ZV `d_VUZ[aZ uXVdXZU`Y [__]`Y[Z`Va^ n [^ ZpX
Y][^^`vY[Z`Va Vb w x[p]XU d [a`bV]f^ [fd `ZZ`au w x[p]XU`[a w `]]`au ^_`aVU^ jkyms VU
UX^e]Z^ Va ZpX ^_ XYZUed Vb ZpX z `U[Y V_ XU[ZVU bVU YXUZ[`a Y][^^X^ Vb c `Xd [aa`[a
d[a`bV]f^ jkr{ms q
|a Zp`^ _[_XU hX `aZUVfeYX _UVW XYZ[\]X ^_`aVU^ bVU c `Xd [aa`[a ^e\dXU^`Va^ Vb
}_`a~ d [a`bV]f^ n d VZ`t[ZXf \i ZpX bV]]Vh `au b[YZ^ � w q�z q w `UYp\XUu [af � q }Xd �dX]d [aa f`^YVtXUXf Zp[Z XtXUi YVd_]X� YVaZ[YZ d [a`bV]f Vb YVd_]X� f`d Xa^`Va
�� � � [fd `ZZ`au [ w x[p]XU��`a^ZX`a d XZU`Y Vb _ V^`Z`tX ^Y[][U YeUt[ZeUX Y[UU`X^ [
Y[aVa`Y[] ^_`a ^ZUeYZeUX h `Zp w x[p]XU`[a w `]]`au ^_`aVU^ k�m q �^`au Zp`^ ZVuXZpXU
h `Zp ZpX UX^e]Z^ `a kym n hX hXUX [\]X ZV _UVtX ZpX bV]]Vh `au Yp[U[YZXU`^[Z`Va Vb
Zh `^ZVU ^_[YX^ VtXU _ V^`Z`tX ge[ZXUa`Va`Y w x[p]XU d [a`bV]f^ `a p[]b Vb ZpX _ V^^`\ ]X
f`d Xa^`Va^ �
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|a YVd_]X� f`d Xa^`Va^ �� � � n Zp`^ `^ [ f`UXYZ YVUV]][Ui Vb �pXVUXd � q �pX UX[�^Va^ bVU hp`Yp VeU �pXVUXd � b[`]^ ZV pV]f `a YVd_]X� f`d Xa^`Va^ �� � r [UX Vb [
ZV_ V]Vu`Y[] a[ZeUX � aX`ZpXU ZpX Zh `^ZVU ^_[YX^ n aVU ZpX YVd_]X� YVaZ[YZ d [a`bV]f^
Vb YVd_]X� f`d Xa^`Va^ �� � r [UX ^_`a jh `Zp VaX X�YX_Z`Va � ZpX YVd_]X� _UVW XY�Z`tX ^_[YXs q �a ZpX VZpXU p[af n X[Yp w x[p]XU d [a`bV]f [fd `Z^ [ a[ZeU[] }_`a~
^ZUeYZeUX � `Z `^ Zpe^ a[ZeU[] ZV ZUi ZV X�ZXaf ZpX [\VtX aVZ`Va^ ZV ZpX bU[d XhVU�
Vb }_`a~ ^ZUeYZeUX^ n [af ZV uXaXU[]`^X ZpX UX^e]Z^ `a kr�m ZV Zp`^ Y[^X q
|a VUfXU ZV �XX_ ZpX YVd_eZ[Z`Va^ [^ ^`d_]X [^ _ V^^`\ ]X n hX fV aVZ YVa^ZUeYZ pXUX
ZpX hpV]X ZpXVUi Vb _UVW XYZ[\]X ^_`aVU^ Va }_`a~ d [a`bV]f^ n [af UX^ZU`YZ VeU^X]tX^
ZV [ _[UZ`Ye][U ^`Ze[Z`Va hp`Yp `^ Vb ^_ XY`[] `aZXUX^Z ZV e^ q � XaXU[]`^[Z`Va^ Vb ZpX
YVa^ZUeYZ`Va^ fX^YU`\ Xf \X]Vh Y[a \X X[^`]i V\Z[`aXf q
�pX [eZpVU `^ tXUi `afX\ZXf ZV �X[a T`XUUX ®VeUue`uaVa bVU ZpX Y[UXbe ] UX[f`au
Vb [ _UX]`d `a[Ui tXU^`Va Vb Zp`^ _[_XU n [af ZV �hX }XddX]d [aa bVU d [ai pX]_be]
f`^Ye^^`Va^ q
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cXY[]] Zp[Z }_`a~� , }_`a� #01 � jrs n [af Zp[Z - `^ u`tXa \i - jk* � + ms , j2 j* s � +3 s n
hpXUX 2 � }_`a� ! }� j& s `^ ZpX Y[aVa`Y[] �� bV]f YVtXU`au q
|b � p[^ [ }_`a~ ^ZUeYZeUX n hX fXaVZX \i 4� ZpX [^^VY`[ZXf YVd_]X� ^_`aVU
\eaf]X [af \i 5 ZpX YVd_]X� ]`aX \eaf]X [^^VY`[ZXf ZV �� ���� n hp`Yp `^ Y[]]Xf
ZpX [e� `]`[Ui \eaf]X q �a 4� ZpXUX `^ [ Y[aVa`Y[] 6 XUd `Z`[a _UVfeYZ j7� 7s n h `Zp
UX^_ XYZ ZV hp`Yp ZpX o]`¯VUf de]Z`_ ]`Y[Z`Va \i tXYZVU^ `^ ^�Xh�6 XUd `Z`[a �

j8 9 : � ; s , < j: � 8 9 ; s � =8 . > � � : � ; . 4� 7 jrs
�tXUi YVaaXYZ`Va bVUd ? Va �� ���� fXvaX^ n ZVuXZpXU h `Zp ZpX °Xt`�o`t`Z[ YVa�aXYZ`Va Vb � n [ YVt[U`[aZ fXU`t[Z`tX Va 4� fXaVZXf \i @A q oVUUX^_ Vaf`au]in
hX fXvaX ZpX z `U[Y V_ XU[ZVU [^ ZpX YVd_V^`Z`Va B C @A n hpXUX B fXaVZX^ ZpX o]`b�bVUf YVaZU[YZ`Va q �pX z `U[Y V_ XU[ZVU Y[a \X X�_UX^^Xf e^`au [ ]V Y[] VUZpVaVUd []
bU[d X DE� � 9 9 9 � E� F [^
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}e__V^X aVh Zp[Z j� 3� � � � � s `^ [ w x[p]XU d [a`bV]f q �X fXvaX ZpX Zh `^ZXf z `U[Y
V_ XU[ZVU )G \i
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E� 9 @ � �JK � �
hp`Yp ^[Z`^vX^ )G 3 , G 3 [af )GG � G )G , { 7 j�s
�X []^V fXvaX ZpX YVd_]X� z `U[Y V_ XU[ZVU^ G� �, �3 jG � � )G s n [af j�s \ XYVd X^

G 3� , G 3� , { [af G 3 , G�G � � G �G� 7 j�s
oVa^`fXU [ ]V Y[] VUZpVaVUd [] bU[d X D8 	 � 
	 F ^eYp Zp[Z 
	 , � j8 	 s q �pXa
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	 s [af ³ �	 , �3 j8 	 � �
	 s [UX ]V Y[] bU[d X^ Vb > � � j� s [af
>  �� j� s n [af G� Y[a \ X X�_UX^^Xf [^
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hpXUX DE� F `^ [ ]V Y[] VUZpVaVUd [] bU[d X Va � q � `Zp UX^_ XYZ ZV Zp`^ [YZ`Va n ZpX
w x[p]XU bVUd � jfXvaXf \i � j8 � 
 s , � j8 � � 
 ss ^[Z`^vX^
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hpXUX ³	 [af ³ �	 [UX ]V Y[] bU[d X^ Vb > � � j� s [af >  �� j� s [^ \ XbVUX q
�pX [YZ`Va Vb � Va 4� i`X]f^ [a VUZpVuVa[] fXYVd_V^`Z`Va
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hpXUX 4 �� `^ ZpX X`uXa\eaf]X [^^V Y`[ZXf ZV ZpX X`uXat[]eX � �� , � j� < �  s Vb
� q |b hX fXvaX 4��� , 4�� �� , D{F� ZpXa
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�pX YVd_]X� tV]ed X X]Xd XaZ

�# �, �� E� 9 777 9 E3�
[YZ^ Va 4� \i o]`¯VUf de]Z`_ ]`Y[Z`Va [af `Z^ ^ge[UX `^ ZpX `fXaZ`Ziq �X fXaVZX
\i 4�� ZpX X`uXa\eaf]X^ YVUUX^_ Vaf`au ZV ZpX X`uXat[]eX^ $ rn [af `Z `^ X[^i
ZV ^XX Zp[Z 4 �� " 4�� j4 �� " 4�� s `¯  `^ XtXa jUX^_ XYZ`tX]i Vffs q |b n
h `Zp UX^_ XYZ ZV ZpX fXYVd_V^`Z`Va 4� , 4�� � 4�� n [ ^_`aVU : `^ h U`ZZXa [^
: , :� � : � n ZpXa hX fXvaX `Z^ YVaW eu[ZX %: �, :� < :� q
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� ^ `a ZpX Y[^X Vb ^_`a d [a`bV]f^ n _UVW XYZ[\]X ^_`aVU^ d [i \ X fXvaXf bVU [U\`ZU[Ui
c`Xd [aa`[a ^e\dXU^`Va^ Vb }_`a~ d [a`bV]f^ h `Zp r�f`d Xa^`Va[] ZVZ[]]i uXVfX^`Y
v\UX^ n \eZ bVU ZpX ^[�X Vb ^`d_]`Y`Zi hX ZUX[Z Va]i [ _[UZ`Ye][U Y[^X pXUX q
°XZ �� ���� \X ZpX _U`aY`_[] � jrs \eaf]X [^^VY`[ZXf ZV [ }_`a~ ^ZUeYZeUX Va [
c`Xd [aa`[a d[a`bV]f j� � � � s Vb XtXa f`d Xa^`Va [af ^e__V^X Zp[Z Va �� ���� [
YVaaXYZ`Va bVUd ? `^ u`tXa q zXaVZX \i %� �, �� ���� [af \i � ZpX Y[aVa`Y[]
\eaf]X _UVW XYZ`Va q |Z `^ hX]]��aVha Zp[Z ZpXUX X� `^Z^ [a ea`geX ��bVUd � Va �
hpV^X _e]]�\[Y� `^ W e^Z � Z`d X^ ZpX YeUt[ZeUX bVUd �? Vb ZpX YVaaXYZ`Va ? jaVZX
Zp[Z ? [af �? [UX `d [u`a[Ui�t[]eXf bVUd ^ Va %� sq °XZ > \X ZpX jrnrs ZXa^VU Va
� [^^V Y`[ZXf ZV � jfXvaXf \i � j8 � 
 s , � j8 � > 
 ss q
�pX d[a`bV]f %� Y[UU`X^ [ Y[aVa`Y[] r�_[U[dXZXU b[d `]i Vb c `Xd [aa`[a d XZU`Y^
� � hp`Yp d[�X ZpX \eaf]X _UVW XYZ`Va � � %� ! � `aZV [ c`Xd [aa`[a ^e\dXU^`Va
h `Zp ZVZ[]]i uXVfX^`Y v\UX^ q �pX^X d XZU`Y^ [UX u`tXa \i

� � j8 � 
 s , � j��8 � ��
 s < 	3? j8 s? j
 s � =
 . %� � 8 � 
 . >� %� �
[af hX fXaVZX \i @ � ZpX YVt[U`[aZ fXU`t[Z`tX Vb ZpX °Xt`�o`t`Z[ YVaaXYZ`Va Vb
� � [af \i � ZpX ea`Z tXUZ`Y[] tXYZVU vX]f Va j %� � %� s ^[Z`^bi `au ? j� s , �	 q �p`^
YpV`YX Vb � v�X^ [a VU`XaZ[Z`Va bVU %� q
®XbVUX _UVYXXf`au n hX dXaZ`Va pXUX [ ^`d_]X UX^e]Z UX][Z`au ^_`a [af }_`a~ ^ZUeY�ZeUX^ n Zp[Z h `]] \ X e^Xf `a [ dVdXaZ q
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����� � �aX vU^Z UXd [U�^ Zp[Z ^`aYX ZpX � jrs \eaf]X [^^VY`[ZXf ZV 5 `^ ZU`t `[] n
hX Y[a X�p`\`Z [ u]V\[] ^XYZ`Va Vb `Z n Zp[Z hX h `]] Y[]] � q zXaVZX \i ��� ����ZpX `atXU^X `d [uX \i  Vb ��" �� �� # � q |Z `^ ^ZU[`upZbVUh[Uf ZV YpXY� Zp[Z Zp`^
fXvaX^ [ ^_`a ^ZUeYZeUX Va � n [af Zp[Z ZpX YVaaXYZ`Va Va ��� ����� UX^ZU`YZ^ ZV
ZpX °Xt`�o`t`Z[ YVaaXYZ`Va Va ��� ���� `b � Y[a \ X YpV^Xa ZV \ X _[U[]]X] n ` qX q `b ?
fXvaX^ [ �[Z YVaaXYZ`Va q �

q� qz q
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u`tX^ [ ZhV�bV]f YVtXU`au
 � ��� ����� �� ! ��" ��� ��� # �� ���� �

hp`Yp n \i _e]]�\[Y� ZpUVeup � n u `tX^ U`^X ZV [ }_`a~ ^ZUeYZeUX Va %�
��� ����� � %� �<! ��� ����� ��
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�^`au °Xdd[ � qr hX ^XX Zp[Z Zp`^ YVa^ZUeYZ`Va [YZe[]]i i `X]f^ [ �� �� ^ZUeYZeUX
Va %� q |afXXf n ZpX _e]] \[Y� Vb [ � _U`aY`_[] \eaf]X j�� ���� n `a VeU ^`Ze[Z`Va s
h `Zp UX^_ XYZ ZV `Z^ Vha _UVW XYZ`Va d[_ `^ []h[i^ ZU`t `[] �

� �� � � # � �<! �
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� XtXUZpX]X^^ n hX h `]] YVaZ`aeX ZV Y[]] Zp `^ ^_`a ^ZUeYZeUX ZpX `afeYXf }_`a~ ^ZUeY�ZeUX Va %� q �

q� qz q
�pX aX�Z ^ZX_ `^ ZV UX][ZX ZpX YVt[U`[aZ fXU`t[Z`tX^ Vb ^_`aVU^ Va � [af %� q �X
_V`aZ VeZ [a `d_VUZ[aZ fXZ[`] pXUX � ^`aYX hX [UX [YZe[]]i `aZXUX^ZXf `a %� [^ �� ��
d[a`bV]f n ZpX YVaaXYZ`Va Va �� ��� %� jhp`Yp fXvaX^ ZpX YVt[U`[aZ fXU`t[Z`tX Vb
^_`aVU^ Va %� s Zp[Z hX YVa^`fXU n h `]] aVZ \ X ZpX _e]]�\[Y� YVaaXYZ`Va n \eZ ZpX � ��
���������� Va ZpX Y[aVa`Y[]]i ZU`t `[] \eaf]X �� ��� %� q �pX bV]]Vh `au UX^e]Z UX][ZX^
[a [U\`ZU[Ui YVaaXYZ`Va Va [ _U`aY`_[] \eaf]X � � � ! � [af ZpX �[Z YVaaXYZ`Va
Va � �� ! � q
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����� � �pX `fXaZ`vY[Z`Va � # � jrs � � �� `^ u`tXa \i j* � + s �! j* � *+ s � bVU
[]] j* � + s . � # � jrs q �VU ^Vd X v�Xf * . � n Z[�X [ _[Zp * � `a ZpX v\XU VtXU

 �, � j* s ^eYp Zp[Z *  , * [af �*  , � q �X fXvaX + � . � jrs \i * � , � j
 s+ � n ^V
t`[ ZpX [\ VtX `fXaZ`vY[Z`Va hX p[tX

j� ��s j* � s , j* � � � j
 ss , j* � � j+ � s�� s �
[af Zpe^

?  jj� ��s� j� ss , <+�� �+ , <? j �*  s , <? j� s 7
}`d `][U]in bVU 
 . � [af 8 . >�� n Z[�X [ _[Zp 
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