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? @ ABCDCEFEGHEIDF FJ IK LIMDCFL NLCDHL GJGHLO PQRSTU VWX Y ZY[\]Y\^ _ `W[abaca WV Y dXWeYf
e bZbacb` d WZg[Wh bYZfcbh ^ i^Xbj^X k Y[l Y l^eYc^ e ^cm^^[ Q ZYg^X no mpW `ZYbh a cpYc cp^ b[d]c
q ba b[ _ o Y[l Q ZYg^X r o mpW `ZYbh a cpYc cp^ b[d]c q ba [Wc b[ _ s tc ba u[Wm[ cpYc cp^X^ ba
Y QRST VWX _ b[ mpb`p k v bda w PZW\ x U `Wb[a Y[l X^Yla w PnU e bca WV cp^ l^eYc^ bV Y[l W[Zg
bV _ ba b[ QTQ?Ry PzRW[lW[ LH DF{o QXW ` s |}cp ?R~ TghdWab]h W[ �p^WXg WV RWhd]cb[\ o
n��� o dd s �r��� n}�U s t[ cpba dYd ^X o m^ X^acXb`c Ycc^[cbW[ cW �QRST �a o mpb`p YX^ QRST �a b[
mpb`p Q ZYg^X r VW ZZWm a Y i^Xg abhdZ^ acXYc^\g � �[ ^Y`p c]X[ o Q ZYg^X r `pWWa^a ][ bVWXh Zg Yc
XY[lWh VXWh cp^ a^c WV Z^\YZ hWi^a s �^ dXWi^ cp^ VW ZZWm b[\ X^a]Zc s
����<�� � _ pYa Y[ �QRST b[ mpb`p cp^ i^Xbj^X v bd a w PZW\ x U `Wb[a Y[l X^Yla w PnU e bca
WV cp^ l^eYc^ bV Y[l W[Zg bV _ ba b[ QTQ?Ry s
�pba [^m `pYXY`c^Xb�YcbW[ WV QTQ?Ry ba ]a^l cW apWm cpYc `^XcYb[ GHBIKDGHEI QTQ?RyfpYXl
V][`cbW[a YX^ Ya pYXl cW YddXW� bh Yc^ `ZWa^Zg Ya cp^g YX^ cW `Whd]c^ ^�Y`cZgs y�YhdZ^a WV
a]`p V][`cbW[a b[`Z]l^ Wdcbh b�YcbW[ i^XabW[a WV Sg[Yh b` �XYdp �^ZbYe bZbcgo TcW `pYacb` TYcbaf
jYe bZbcgo ~ Ypf�W[\\ o TcW `pYacb` �^[^XYZb�^l �^W\XYdpgo Y[l Wcp^X �\Yh^a Y\Yb[ac [Yc]X^�
WV cp^ cgd ^ b[cXWl]`^l b[ zQYdYlbh bcXbW] o � s RWhd]c s Tgac^h T`b so � n Pn��}U o dd s |����r n� s
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�^`^[cZgo cp^X^ pYa e ^^[ \X^Yc dXW\X^aa b[ ][l^XacY[lb[\ cp^ dX^`babW[ m bcp mpb`p W[^ `Y[
YddXW� bhYc^ aWZ]cbW[a cW 
QfpYXl dXWe Z^h a ^� `b^[cZgs �^b\^ LH DF{ zn�� o ? XWXY LH DF{ z| o ��
Y[l Wcp^Xa dXWi^l acXW[\ [^\Ycbi^ X^a]Zca VWX a^i^XYZ V][lYh^[cYZ dXWe Z^h a a]`p Ya RZb]^
Y[l TYcbajYe bZbcgs �pba dXW\X^aa pYa Z^l cW X^[^m^l ac]lg WV YddXW� bhYcbW[ YZ\WXbcph a VWX
QTQ?RyfpYXl dXWe Z^h a s


Wc a]XdXbab[\Zgo QTQ?RyfpYXl dXWe Z^h a YZaW lbad ZYg Y m bl^ iYXbYcbW[ b[ cp^ dX^`babW[
m bcp mpb`p cp^g `Y[ e ^ YddXW� bhYc^l ^� `b^[cZgs �p^ VW ZZWm b[\ X^a]Zca b[ cp^ Zbc^XYc]X^ apWm
cpYc o m bcp X^ad ^`c cW Y dYXcb`]ZYX d ^XVWXh Y[`^ \]YXY[c^^ o aWh ^ QTQ?RyfpYXl dXWe Z^h a
pYi^ ^� `b^[c YddXW� bhYcbW[ YZ\WXbcph a o Wcp^Xa pYi^ a]`p YZ\WXbcph a bV Y[l W[Zg bV 
Q �
Qo Y[l acbZZ Wcp^Xa pYi^ a]`p YZ\WXbcph a bV Y[l W[Zg bV Q TQ?Ry � Qs �[^ b[c^X^acb[\ `ZYaa
WV X^a] Zca `W[`^X[ dXWe Z^h a W[ pb^XYX`pb`YZZg l^j[^l acX]`c]X^a o a]`p Ya \XYdpa s QXWe Z^h a
W[ cp^a^ acX]`c]X^a o Y[l W[ Y X^ZYc^l `ZYaa WV d ^XbWlb` acX]`c]X^a o YXba^ b[ h Y[g ��Tt Y[l
a`p^l]Zb[\ YddZb`YcbW[a Pa^^ o VWX ^�YhdZ^ o zn�� VWX X^V^X^[`^a cW cp^a^ Y[l Wcp^X YddZb`YcbW[aU s
�^`Y]a^ a]`p X^dX^a^[cYcbW[a `Y[ bhdZb`bcZg l^a`Xbe ^ Y acX]`c]X^ WV ^�d W[^[cbYZ ab�^ o ]ab[\
�]ac d WZg[Wh bYZ adY`^ o cp^ YaaW `bYc^l dXWe Z^h a YX^ WVc^[ QTQ?RyfpYXl s ? a ^YXZg Ya n�� no
�XZb[ z|r� `ZYbh^l Y [^\Ycbi^ X^a]Zc W[ YddXW� bh Ycb[\ Y QTQ?RyfpYXl d ^XbW lb` i^XabW[ WV
cp^ �[YdaY`u dXWe Z^h o [Yh^Zg cpYc Y V] ZZg d WZg[Wh bYZ YddXW� bh YcbW[ a`p^h^ ^� baca VWX cpba
dXWe Z^h W[Zg bV 
Q � Qs �XZb[ lbl [Wc YllX^aa mp^cp^X b[ VY`c bc h b\pc e ^ QTQ?RyfpYXl
cW YddXW� bh Yc^ cpba V][`cbW[ s �[ cp^ dWabcbi^ abl^ o ~ YXYcp^ LH DF{ zn�� X^`^[cZg l^i^ZWd ^l
`W[acY[c VY`cWX YddXW� bh YcbW[ YZ\WXbcph a VWX QTQ?RyfpYXl dXWe Z^h a o b[`Z]lb[\ cp^ ~Y�
R]c Y[l �^Xc^� RWi^X dXWe Z^h a VWX `^XcYb[ X^acXb`c^l `ZYaa^a WV p b^XYX`p b`YZZg X^dX^a^[c^l
\XYdpa s t[ X^ZYc^l mWXu o ~ YXYcp^ LH DF{ zn�� Ydd Zb^l X^a]Zca WV ?XWXY LH DF{z|� cW apWm cpYc
cp^a^ aYh^ dXWe Z^h a pYi^ d WZg[Wh bYZfcbh ^ YddXW� bhYcbW[ a`p^h ^a bV Y[l W[Zg bV 
Q � Qs

t[ znr� o m^ `W[abl^X^l Wdcbh b�YcbW[ i^XabW[a WV a^i^XYZ Wcp^X dXWe Z^h a b[ QTQ?Ry o b[f
`Z]lb[\ �]Y[cbj^l TYcbajYe bZbcgo �^[^XYZb�^l �^W\XYdpgo Y[l � b[ bc^ ?]cWhYcY t[c^Xa^`cbW[ s
�]bZl b[\ W[ cp^ c^`p[ b]^a WV z| o � o n�� o m^ apWm^l cpYc bc ba b[ VY`c QTQ?RyfpYXl cW Ydf
dXW� bh Yc^ cp^a^ dXWe Z^h a `ZWa^Zg Pmp^X^ �`ZWa^Zg� l^d ^[la W[ cp^ dXWe Z^h Us � ab[\ l bX^`c
X^l]`cbW[ YX\]h^[ca o �][c LH DF{ zn� � apWm^l cpYc aWh^ \^[^XYZb�^l ]Y[cbj^l aYcbajYe bZf
bcg dXWe Z^h a PVWX ^�YhdZ^ o aYcbajYe bZbcg WV ]Y[cbj^l VWXh]ZYa b[ mpb`p �`ZY]a^a� YX^ [Wc
X^acXb`c^l cW e ^ lba�][`cbW[a WV Zbc^XYZaU YX^ QTQ?RyfpYXl cW YddXW� bhYc^ s

?[ bhdWXcY[c `ZYaa WV Q TQ?RyfpYXl dXWe Z^h a [Wc dX^ibW]aZg YllX^aa^l b[ cp ba Zbc^XYc]X^
ba Y `ZYaa WV GHBIKDGHEI dXWe Z^h a cpYc b[iWZi^ l^`babW[fhYub[\ ][l^X ][`^XcYb[cgo Ya b[ cp^
\Yh^a Y\Yb[ac [Yc]X^ WV QYdYlbh bcXbW] z| n� s t[ cpba dYd^X o m^ l^i^ZWd Y [^m c^`p[b]^ VWX
apWm b[\ cpYc cp^a^ acW `pYacb` QTQ?RyfpYXl dXWe Z^h a YX^ pYXl cW YddXW� bhYc^ s t[VWXhYZZgo
cp^a^ YX^ dXWe Z^h a b[ mpb`p cp^ b[acY[`^a b[iWZi^ dXWeYe bZbcb^a b[ aWh^ ^aa^[cbYZ mYgs �p^
dXWeYebZbcb^a hYg l^a`Xbe ^ VYbZ]X^a WV YX`a b[ Y l b\XYdp WX hWi^a WV W[^ WV cp^ d ZYg^Xa b[ Y
\Yh^ s y�YhdZ^a WV V][`cbW[a cpYc m^ dXWi^ YX^ pYXl cW YddXW� bhYc^ b[`Z]l^ Wdcbh b�YcbW[
i^XabW[a WV TcW `pYacb` TYcbajYe bZbcg z| n� o TcW `pYacb` �^[^XYZb�^l �^W\XYdpgo Sg[Yh b` �XYdp
�^ZbYe bZbcg z| n� o Y[l ~ Ypf�W[\\ s �^ l^a`Xbe ^ cmW WV cp^a^ dXWe Z^h a b[ hWX^ l^cYbZ e ^ZWm s
QX^`ba^ l^j[bcbW[a WV YZZ WV cp^ V][`cbW[a WV b[c^X^ac `Y[ e ^ VW][l b[ T^`cbW[ � s

�]X c^`p[b]^ VWX dXWib[\ cpYc cp^a^ dXWe Z^h a YX^ pYXl cW YddXW� bhYc^ ba eYa^l W[ Y
[^m `pYXY`c^Xb�YcbW[ WV QTQ?Ry b[ c^Xh a WV l^eYc^a e ^cm^^[ W[^ d Wm^XV]Z Y[l W[^ XY[lWh
dZYg^X cpYc YX^ `p^`u^l eg Y X^aW]X`^fZbh bc^l i^Xbj^X s �]ac Ya cp^ �\Yh^a Y\Yb[ac [Yc]X^�
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hWl^Z ba Y d Wm^XV] Z cW WZ b[ WecYb[b[\ pYXl[^aa X^a]Zca VWX acW `pYacb` dXWe Z^h a a]`p Ya cpWa^
h^[cbW[^l YeWi^ o W]X [^m hWl^Z WV Q TQ?Ry dXWi^a cW e ^ Y i^Xg ]a^V]Z Y[l [Yc]XYZ cWWZ b[
WecYb[b[\ [W[YddXW� bhYebZbcg X^a]Zca VWX cp^a^ dXWe Z^h a s

�^ YZaW ]a^ cp^ bl^[cbcg tQ � QTQ?Ry zn� o |�� cW l^Xbi^ [W[YddXW� bh YebZbcg X^a]Zca
VWX Wcp^X acW `pYacb` QTQ?RyfpYXl V][`cbW[a s y�YhdZ^a WV cp^ V][`cbW[a cpYc g b^Zl cW cpba
c^`p[b]^ b[`Z]l^ Wdcbh b�YcbW[ i^XabW[a WV Sg[Yh b` ~ YXuWi QXW `^aa z| n� Y[l TcW `pYacb`
RWZWXb[\ o Ya m^ZZ Ya Y lb�^X^[c Wdcbh b�YcbW[ i^XabW[ WV TcW `pYacb` TYcbajYe bZbcgs

�^ [Wm \bi^ cmW ^�YhdZ^a cpYc bZZ]acXYc^ cp^ u b[l WV dXWe Z^h a cW mpb`p W]X [^m c^`pf
[b]^ YddZb^a s �p^ jXac ba Y iYXbY[c WV �XYdp �^ZbYe bZbcgo Y �� f`WhdZ^c^ dXWe Z^h ac]lb^l
eg �YZbY[c z|}� � � bi^[ Y lbX^`c^l o Y`g`Zb` \XYdp � o aW]X`^ Y[l ab[u i^Xcb`^a � Y[l � o Y[l Y
VYbZ]X^ dXWeYe bZbcg � P� 	 
 U VWX ^Y`p YX` P� 	 
 U o mpYc ba cp^ dXWeYebZbcg cpYc cp^X^ ba Y dYcp
VXWh � cW � `W[abacb[\ ^�`Z]abi^Zg WV YX`a cpYc pYi^ [Wc VYbZ^l� QYdYlbh bcXbW] z| n� l^j[^a
Sg[Yh b` �XYdp �^ZbYe bZbcg PS�� U Ya VW ZZWm a � �p^ \WYZ WV Y acXYc^\g ba acbZZ cW cXYi^Xa^ cp^
lb\XYdp VXWh � cW � s 
Wm o pWm^i^X o VWX ^Y`p i^Xc^� q Y[l YX` P� 	 
 U o cp^X^ ba Y VYbZ]X^ dXWef
Ye bZbcg � PP� 	 
 U 	 qU � cp^ b[c^XdX^cYcbW[ ba cpYc o bV cp^ `]XX^[c i^Xc^� ba q o cp^ dXWeYebZbcg cpYc
cp^ YX` P� 	 
 U m bZZ VYbZ e ^VWX^ cp^ [^�c hWi^ ba � PP� 	 
 U 	 qUs S�� `W[abaca WV cpWa^ lb\XYdpa
VWX mpb`p cp^X^ ^� baca Y acXYc^\g VWX \^ccb[\ VXWh � cW � m bcp dXWeYebZbcg Yc Z^Yac n| s ?
[Yc]XYZ Wdcbh b�YcbW[ dXWe Z^h ba ~?� fQ��� S�� � �bi^[ Y \XYdp o i^Xcb`^a � Y[l � o Y[l Y
a^c �� PP� 	 
 U 	 q U� WV VYbZ]X^ dXWeYe bZbcb^a o mpYc ba cp^ dXWeYebZbcg WV X^Y`p b[\ � VXWh � ][l^X
Y[ WdcbhYZ acXYc^\g � �^ apWm b[ T^`cbW[ � s� e ^ZWm cpYc cp^X^ ba Y `W[acY[c � � r a]`p cpYc
bc ba QTQ?RyfpYXl cW YddXW� bhYc^ ~?� fQ��� S�� m bcpb[ XYcbW |��� s �pba bhdZb^a o VWX
^�YhdZ^ o cpYc bV cp^X^ ba Y dWZg[Wh bYZfcbh ^ YZ\WXbcph cpYc o W[ b[d]c q o W]cd]ca Y []he^X
b[ cp^ XY[\^ z|���~?� fQ��� S�� PqU 	 |��~?� fQ��� S�� Pq U� o cp^[ QTQ?Ry�Qs

�]X a^`W[l ^�YhdZ^ ba Y aW ZbcYbX^ i^XabW[ WV ~ Ypf�W[\\ cpYc ba m bl^Zg YiYbZYe Z^ Ya Y
`Whd]c^X \Yh^ s ~ Ypf�W[\\ cbZ^a YX^ lbi bl^l b[cW a^ca WV VW]X h Yc`pb[\ cbZ^a � m^ Yaa]h^
cpYc cp^X^ YX^ Y[ YXe bcXYXbZg ZYX\^ []he^X WV cbZ^a s t[ bcbYZZgo cp^ cbZ^a YX^ WX\Y[b�^l b[ Y
dX^a^c YXXY[\^h^[c WV XWm a o Y[l cp^ XWm a hYg e^ acY`u^l W[ cWd WV ^Y`p Wcp^X s ? a Y X^a]Zc o
aWh ^ cbZ^a YX^ pbll^[ ][l^X Wcp^X cbZ^a s ? cbZ^ cpYc ba [Wc p bll^[ Y[l ba Yc cp^ ^[l WV Y XWm
ba aYbl cW e ^ YiYbZYe Z^ s t[ Y Z^\YZ hWi^ o Y[g dYbX WV YiYbZYe Z^ h Yc`pb[\ cbZ^a hYg e ^ X^hWi^l s
�p^ d ZYg^X m b[a cp^ \Yh^ bV YZZ cbZ^a YX^ X^hWi^l eg Y a^]^[`^ WV Z^\YZ hWi^a s ?[ b[acY[`^
WV cp^ ~ Ypf�W[\\ \Yh^ l^a`Xbe ^a cp^ YXXY[\^h^[c WV cp^ XWm a o Y[l o b[ YllbcbW[ o cp^ cbZ^a
cpYc YX^ [Wc pbll^[ s �^ Z^c ~?� f��
�� Pq U e ^ cp^ hY� bh]h dXWeYebZbcg WV m b[[b[\ cp^
~ Ypf�W[\\ \Yh^ m bcp b[bcbYZ YXXY[\^h ^[c q WV cp^ cbZ^a o Yaa]h b[\ cpYc cp^ pbll^[ cbZ^a
YX^ XY[lWh Zg Y[l ][bVWXh Zg d^Xh]c^l s �^ apWm cpYc YddXW� bh Ycb[\ cp^ V][`cbW[ ~?� f
��
�� mbcp b[ aWh ^ VY`cWX x�� ba QTQ?RyfpYXl o mp^X^ � � n ba aWh ^ `W[acY[c s �p]a o
bV cp^X^ ba Y d WZg[Wh bYZfcbh ^ YZ\WXbcph cpYc o W[ b[d]c q o W]cd]ca Y []he^X b[ cp^ XY[\^
zx��~?� f��
�� PqU 	 x �~?� f��
�� PqU� o cp^[ QTQ?Ry�Qs

�]X [^m `pYXY`c^Xb�YcbW[ WV QTQ?Ry o mpb`p ba ]a^l b[ dXWib[\ [W[YddXW� bh YebZbcg
X^a] Zca VWX cp^a^ dXWe Z^h a o e]bZla W[ c^`p[b]^a l^i^ZWd ^l b[ W]X dX^i bW]a mWXu W[ @ ABC�
DCEFEG HEIDF FJ IK LIMDCFL NLCDHL GJGHLO G PQRST �aU znr� o mpb`p b[ c]X[ e]bZla W[ c^`p[b]^a WV
?XWXY LH DF{ z|� o �][l LH DF{ zn� � Y[l TpYh bX z|�� s t[ Y QRST VWX _ o cp^X^ YX^ cmW `Whd]cYf
cbW[YZZg dWm^XV]Z d ZYg^Xa o n Y[l r o Y[l Y dXWeYebZbacb` d WZg[Wh bYZfcbh ^ i^Xbj^X k s Q ZYg^Xa
n Y[l r d ZYg Y \Yh^ b[ mpb`p cp^g YZc^X[Yc^ mXbcb[\ acXb[\a W[ Y l^eYc^ cYd ^ � s Q ZYg^X n�a
\WYZ ba cW `W[ib[`^ k cpYc Y[ b[d]c q � _ o Y[l Q ZYg^X r �a \WYZ ba cW `W[i b[`^ k cpYc q �� _ s
� p^[ cp^ l^eYc^ ba Wi^X o k ZW Wua Yc q Y[l � Y[l l^`bl^a mp^cp^X q � _ PQZYg^X n m b[a

|



cp^ l^eYc^U WX q �� _ PQZYg^X r m b[a cp^ l^eYc^U s T]ddWa^ k v bda w P� Px UU `Wb[a Y[l X^Yla
w P� Px UU e bca WV � s tV o ][l^X cp^ e ^ac acXYc^\b^a WV Q ZYg^Xa n Y[l r o k �a l^`babW[ ba `WXX^`c
m bcp pb\p dXWeYebZbcgo cp^[ m^ aYg cpYc _ ba b[ QRS P� Px U 	 � Px UU s �^ apWm^l b[ znr� cpYc
QRS PZW\ x 	 nU � QTQ?Ry s �pYc ba o Y[g ZY[\]Y\^ b[ QTQ?Ry `Y[ e ^ X^`W\[b�^l eg Y QRST
b[ mpb`p cp^ i^Xbj^X ]a^a w PZW\ x U `Wb[ v bda Y[l ]^Xb^a W[Zg Y `W[acY[c []he^X WV e bca WV
cp^ l^eYc^ s

�^ [Wm X^acXb`c Ycc^[cbW[ cW QRST �a b[ mpb`p Q ZYg^X r VW ZZWm a Y i^Xg abhdZ^ acXYc^\g �
cpYc WV cWaab[\ `Wb[a s Td ^`bj`YZZgo mp^[^i^X Q ZYg^X r mXbc^a Y acXb[\ WV Z^[\cp � Px U W[ cp^
l^eYc^ cYd ^ � o cp^ acXb[\ ba `pWa^[ ][bVWXh Zg Yc XY[lWh VXWh �r 	 n�� �� � s �^ `YZZ a]`p Y
l^eYc^ agac^h Y[ �QRST Y[l l^[Wc^ eg �QRS P� Px U 	 � Px UU cp^ `ZYaa WV ZY[\]Y\^a X^`W\[ b�^l
eg �QRST �a b[ mpb`p cp^ i^Xbj^X v bd a w P� Px UU `Wb[a Y[l X^Yla w P� Px UU e bca WV � s �^ [Wc^
cpYc Y[ ?Xcp]Xf~ ^XZb[ \Yh^ z�� ba Y[ �QRST b[ mpb`p cp^ i^Xbj^X ba l^c^Xh b[bacb` Y[l � Px U
ba Y[ YXe bcXYXg dWZg[Wh bYZ � cpYc ba o k X^Yla cp^ ^[cbX^ l^eYc^ e ^cm^^[ ?Xcp]X PQ ZYg^X rU
Y[l ~^XZb[ PQ ZYg^X nU e ^VWX^ l^`blb[\ mp^cp^X cp^ b[d]c ba b[ cp^ ZY[\]Y\^ s �p]a o cp^ `ZYaa
WV ZY[\]Y\^a Y``^dc^l eg ?Xcp]Xf~ ^XZb[ \Yh^a ba eg l^j[bcbW[ �QRS Pr 	� ��� Px UU Y[l ba
`WhhW[Zg l^[Wc^l eg tQs tc ba u[Wm[ cpYc �QRS Pr 	� ��� Px UU � QTQ?Ry zn� o |�� s t[ cpba
dYd ^X o m^ dXWi^ cp^ VW ZZWm b[\ X^a] Zc s

����<�� � �QRS PZW\ x 	 nU � QTQ?Ry s

�pba cp^WX^h apWm a cpYc Y i^Xbj^X cpYc cWaa^a w PZW\ x U `Wb[a lW ^a [Wc pYi^ cW X^Yl cp^
^[cbX^ l^eYc^ e ^cm^^[ ?Xcp]X Y[l ~ ^XZb[ s t[ VY`c o W[Zg Y `W[acY[c []he^X WV e bca WV cp^
l^eYc^ YX^ [^^l^l s �]X X^a]Zc ba g^c Y[Wcp^X b[ Y a^]^[`^ WV X^a]Zca W[ d WZg[Wh bYZfcbh ^
b[c^XY`cbi^ `WhdZ^� bcg `ZYaa^a o acYXcb[\ m bcp cp^ X^a]Zc cpYc tQ � QTQ?Ry o cpYc apWm cpYc
�][bi^XaYZ ]Y[cbj `YcbW[� `Y[ e ^ X^d ZY`^l eg �XY[lWh ]Y[cbj`YcbW[ m bcp e W][l^l ^XXWX�
m bcpW]c `pY[\b[\ cp^ `WhdZ^� bcg `ZYaa s

t[ cp^ X^ac WV cpba a^`cbW[ o m^ jXac l^j[^ dX^`ba^Zg cp^ QRST Y[l �QRST hWl^Za s �^
cp^[ l^a`Xbe ^ dX^i bW]a mWXu W[ X^ZYc^l `WhdZ^� bcg `ZYaa^a s

	
	 ����� ������
t[ cpba a^`cbW[ o m^ l^j[^ eWcp cp^ QRST hWl^Z WV znr� Y[l cp^ [^m �QSRT hWl^Z s �^
`W[`Z]l^ m bcp aWh ^ l^j[bcbW[a X^ZYcb[\ cW cp^ YddXW� bhYebZbcg WV QTQ?RyfpYXl V][`cbW[a s

? @ ABCDCEFEG HEIDF FJ IK LIMDCFL NLCDHL GJGHLO o WX QRST o `W[abaca WV Y �LAE� LA k Y[l Y
NLCDHL � BAO DH � s �p^ i^Xbj^X ba Y dXWeYeZbacb` dWZg[Wh bYZfcbh ^ �]Xb[\ hY`pb[^ cpYc cYu^a
Ya b[d]c Y dYbX q 	 � o mp^X^ � � �r 	 n�� o Y[l W]cd]ca n WX r s �^ b[c^XdX^c cp^a^ W]cd]ca cW
h^Y[ �Q ZYg^X n mW[ cp^ l^eYc^� Y[l �Q ZYg^X r mW[ cp^ l^eYc^ o� X^ad ^`cbi^Zgs

? l^eYc^ VWXhYc ba Y dYbX WV d WZg[Wh bYZfcbh ^ `Whd]cYe Z^ V][`cbW[a � Px U 	 � Px U s t[VWXf
hYZZgo VWX Y j�^l x o Y l^eYc^ e ^cm^^[ cmW dZYg^Xa o r Y[l no `W[abac^[c m bcp VWXhYc � Px U 	 � Px U o
`W[cYb[a � Px U XW][la s ?c XW][l � � no d ZYg^X � hWl | `pWWa^a Y acXb[\ WV Z^[\cp � Px U s

�WX ^Y`p q WV Z^[\cp x o `WXX^ad W[lb[\ cW cp^ l^eYc^ VWXh Yc � ba Y NLCDHL HALLs �pba ba
Y `WhdZ^c^ e b[YXg cX^^ WV l^dcp � Px U� Px U a]`p cpYc o VXWh Y[g i^Xc^� o W[^ ^l\^ ba ZYe ^Z^l r
Y[l cp^ Wcp^X ba ZYe ^Z^l ns ? NLCDHL ba Y[g eb[YXg acXb[\ WV Z^[\cp � Px U� Px U s �p]a o cp^X^ ba
Y W[^fcWfW[^ `WXX^ad W[l^[`^ e ^cm^^[ l^eYc^a Y[l cp^ dYcpa b[ cp^ l^eYc^ cX^^ s ~ WX^Wi^X o
Y l^eYc^ ba cp^ `W[`Yc^[YcbW[ WV � Px U a]eacXb[\a WV Z^[\cp � Px U s yY`p a]eacXb[\ ba `YZZ^l Y
AB��N WV cp^ l^eYc^ o Y[l ^Y`p l^eYc^ WV cp ba l^eYc^ cX^^ pYa � Px U XW][la s

�



?\Yb[ VWX Y j�^l q WV Z^[\cp x o Y NLCDHL G� CHALL ba Y a]ecX^^ WV cp^ l^eYc^ cX^^ WV l^dcp
� Px U� Px U a]`p cpYc ^Y`p i^Xc^� Yc Z^i^Z � Pcp^ XWWc ba Yc Z^i^Z rU pYa n `pbZl bV � lbi � Px U ba
^i^[ o Y[l bc pYa cmW `p bZlX^[ bV � lbi � Px U ba Wll s t[VWXhYZZgo cp^ l^eYc^ a]ecX^^ `WXX^ad W[la
cW Y Zbac WV �X^ad W[a^a� WV Q ZYg^X no Y\Yb[ac YZZ d Waabe Z^ �YX\]h^[ca� WV Q ZYg^X r b[ cp^ l^eYc^ o
WX o h WX^ a]``b[`cZgo Y �acXYc^\g� WV Q ZYg^X ns

? ZY[\]Y\^ _ pYa Y QRST � EHK LAABA @ ABCDCEFEHJ � bV cp^X^ ba Y dYbX P� � P� Px U 	 � Px UU 	 k U
m bcp cp^ VW ZZWm b[\ dXWd ^Xcb^a s

ns �WX YZZ q b[ _ o cp^X^ ba Y l^eYc^ a]ecX^^ W[ mpb`p o VWX YZZ l^eYc^a � ZYe ^Zb[\ Y dYcp WV
cp ba a]ecX^^ o k W]cd]ca n m bcp dXWeYebZbcg n W[ b[d]c q 	 � s t[ cpba `Ya^ o m^ aYg cpYc
q ba Y``^dc^l eg P� 	 k Us

| s �WX YZZ q [Wc b[ _ o W[ YZZ l^eYc^ a]ecX^^a o cp^X^ ^� baca Y l^eYc^ � ZYe ^Zb[\ aWh ^ dYcp
WV cp^ a]ecX^^ a]`p cpYc k W]cd]ca n m bcp dXWeYebZbcg Yc hWac � W[ b[d]c q 	 � s t[ cpba
`Ya^ o m^ aYg cpYc q ba X^�^`c^l eg P� 	 k Us

�pba l^j[bcbW[ YZZWm a �W[^fabl^l ^XXWX o� Y[YZW\W]a cW cp^ cgd ^ WV ^XXWXa cpYc YX^ YZZWm^l
b[ cp^ `WhdZ^� bcg `ZYaa `Wf�Q Pa^^ o VWX ^�YhdZ^ o �Wp[aW[ zn}� VWX Y l^j[bcbW[ U s �p^ hYb[
X^a] Zc WV znr� YZaW pWZla VWX Y ��^XWfabl^l ^XXWX� l^j[bcbW[ o m bcp cpX^^ d Waabe Z^ W]cd]ca o no r o
Y[l � o VWX �d ZYg^X n mW[ o� �d ZYg^X r mW[ o� Y[l �t lW[ �c u[Wm mpW mW[ o� X^ad ^`cbi^Zgs t[
cpba `Ya^ o cp^ i^Xbj^X h]ac [^i^X l^`ZYX^ cp^ ZWab[\ d ZYg^X cW e ^ Y m b[[^X o e]c bc h Ygo e Wcp
b[ cp^ `Ya^ cpYc q � _ Y[l b[ cp^ `Ya^ cpYc q �� _ o aYg cpYc bc lW ^a[ �c u[Wm mpW mW[ s

�^ aYg cpYc cp^ i^Xbj^X hYu^a � Px U ]^Xb^a bV cp^ []he^X WV e bca WV � X^Yl eg cp^
i^Xbj^X ba Yc hWac � Px U mp^[ cp^ b[d]c q ba WV ab�^ x s �p^ i^Xbj^X k b[ Y QRST ba X^]bX^l
cW e ^ �B�DND@ HE�Lo eg mpb`p m^ h^Y[ cpYc cp^ e bca WV � X^Yl eg k l^d ^[l aWZ^Zg W[ cp^
b[d]c Y[l cp^ `Wb[ v bda s tV _ pYa Y QRST m bcp ^XXWX dXWeYebZbcg n� b[ mpb`p k v bda
w P� Px UU `Wb[a Y[l X^Yla w P� Px UU e bca WV � o m^ aYg cpYc _ � QRS P� Px U 	 � Px UU s �p^ `ZYaab`YZ
X^a] Zc WV RpY[lXY LH DF{ z�� cpYc QTQ?Ry ba ^]YZ cW ? Zc^X[Ycb[\ QWZg[Wh bYZ � bh ^ `Y[ e ^
X^acYc^l Ya QRS Pr 	 @BFJ Px UU � QTQ?Ry s t[ znr� o m^ apWm^l cpYc QTQ?Ry ba YZaW ^]YZ cW
QRS PZW\ Px U 	 nU s

�^ [Wm VW `]a W[ QRST �a b[ mpb`p Q ZYg^X r VW ZZWm a Y i^Xg abhdZ^ acXYc^\g � cpYc WV
cWaab[\ `Wb[a s t[VWXh YZZgo Y[ �QRST m bcp l^eYc^ VWXh Yc � � P� Px U 	 � Px UU ba Y QRST b[
mpb`p o Yc ^Y`p ^i^[f[]he^X^l XW][l o Q ZYg^X r hWi^a eg `pWWab[\ Y acXb[\ b[ �r 	 n�� �� �
][bVWXh Zg Yc XY[lWh Y[l mXbcb[\ bc W[ cp^ l^eYc^ cYd ^ s �WXhYZZgo VWX Y \bi^[ Y l^eYc^
a]ecX^^ Pb s^ so acXYc^\g WV Q ZYg^X nU o m^ l^j[^ cp^ B�LADF F @ ABCDCEFEHJ cpYc k W]cd]ca n cW e ^
cp^ Yi^XY\^ Wi^X YZZ l^eYc^a � b[ cp^ cX^^ o WV cp^ dXWeYe bZbcg cpYc k W]cd]ca n W[ l^eYc^ � s
? ZY[\]Y\^ _ pYa Y[ �QRST m bcp ^XXWX dXWeYebZbcg � bV

n� s �WX YZZ q b[ _ o cp^X^ ba Y l^eYc^ a]ecX^^ VWX mpb`p cp^ Wi^XYZZ dXWeYe bZbcg cpYc k
W]cd]ca n ba ns ?\Yb[ o m^ aYg cpYc q ba Y``^dc^l eg P� 	 k Us

| � s �WX YZZ q [Wc b[ _ o W[ YZZ l^eYc^ a]ecX^^a o cp^ Wi^XYZZ dXWeYe bZbcg cpYc k W]cd]ca n ba
Yc hWac � s t[ cp ba `Ya^ o m^ aYg cpYc q ba X^� ^`c^l eg P� 	 k Us


Wc^ cpYc bc^h n� ba ^]biYZ^[c cW bc^h n YeWi^ s tV _ pYa Y[ �QRST m bcp ^XXWX dXWeYf
e bZbcg n� b[ mpb`p k v bda w P� Px UU `Wb[a Y[l X^Yla w P� Px UU e bca WV � o m^ aYg cpYc _ �
�QRS P� Px U 	 � Px UU s

�



�W `W[`Z]l^ cpba a^`cbW[ o m^ X^i b^m aWh^ l^j[bcbW[a X^ZYcb[\ cW YddXW� bh YebZbcg WV
QTQ?RyfpYXl V][`cbW[a s �^c � e ^ Y[g X^YZfiYZ]^l V][`cbW[ m bcp lWh Yb[ � � �r 	 n�� s �^c
� e ^ Y[ YZ\WXbcph cpYc o W[ b[d]c q � �r 	 n�� o dXW l]`^a Y[ W]cd]c � Pq U s �^ aYg cpYc � D@ �
@ AB� EO DHLG � � EHK E� ADHEB � Px U o r � � Px U � no bV VWX YZZ q � � o � P �q �U � � Pq U� Pq U � n� P �q �U s
tV YZ\WXbcph � `Whd]c^a cp^ V][`cbW[ � o m^ YZaW aYg cpYc � YddXW� bhYc^a � m bcp b[ XYcbW � s

�^ aYg cpYc Y V][`cbW[ � ba ���� �	 �KDAN bV QTQ?Ry � Q 
 o b s^ so bV ^i^Xg ZY[\]Y\^
b[ QTQ?Ry ba d WZg[Wh bYZfcbh ^ X^l]`be Z^ cW � s �g �YddXW� bhYcb[\ � m bcpb[ XYcbW � Px U ba
QTQ?RyfpYXl o� m^ h^Y[ cpYc o bV � YddXW� bh Yc^a � m bcpb[ XYcbW � Px U o cp^[ � ba QTQ?Ryf
pYXl s

	
� � ��� ����

�p^ cp^WXg WV dXWeYe bZbacb`YZZg `p^`uYe Z^ l^eYc^ agac^h a l^i^ZWd ^l p^X^ Y[l b[ znr� d ZYga
cp^ XWZ^ VWX QTQ?Ry cpYc cp^ cp^WXg WV dXWeYebZbacb`YZZg `p^`uYe Z^ dXWWV agac^h a PQRQT �aU
d ZYga VWX 
Qs ? QRQT ba abhd Zg Y QRST m bcp �]ac W[^ d ZYg^X o Q ZYg^X no b[ mpb`p `Ya^ cp^
�l^eYc^� `WXX^ad W[la cW Y �dXWWV s� PT^^ ?XWXY LH DF{ z| o �� WX T]lY[ z|�� VWX Y[ Wi^Xib^m
WV QRQT �a sU tV cp^ i^Xbj^X ba l^c^Xh b[bacb` Y[l X^Yla YZZ e bca WV cp^ dXWWV o cp^ hWl^Z ba
^]biYZ^[c b[ dWm^X cW Y [W[l^c^Xh b[ bacb` �]Xb[\ hY`pb[^ o mp^X^ cp^ dXWWV `WXX^adW[la cW
cp^ [W[l^c^Xh b[ bacb` hWi^a s �p]a o eg l^j[bcbW[ o 
Q � QRQ Pr 	� ��� Px UU s ? XWXY LH DF{ z|�
apWm^l cpYc QRQ PZW\ x 	 nU � 
Qs �p^bX X^a]Zc apWm a cpYc cp^X^ ba Y lXYhYcb` cXYl^fW�
e ^cm^^[ cp^ []he^X WV XY[lWh ebca YiYbZYe Z^ cW cp^ i^Xbj^X WV a]`p Y dXWWV Y[l cp^ []he^X
WV e bca WV cp^ dXWWV cpYc cp^ i^Xbj^X pYa cW X^Yl s �p^ c^`p[b]^a ]a^l cW dXWi^ cp ba X^a]Zc
YX^ ]a^l p^Yi bZg b[ W]X X^a]Zca W[ QRST �a Y[l �QRST �a s t[ cp^ [^�c cmW dYXY\XYdpa o m^
lba`]aa cp^a^ X^a]Zca Y[l cp^ X^ZYcbW[apbda e ^cm^^[ cp^ dXWWVa s

t[ znr� o m^ l^i^ZWd ^l cp^ QRST b[ WXl^X cW ^�c^[l cp^ mWXu WV ?XWXY LH DF{ cW QTQ?Ry s
�p^ QRST hWl^Z ba X^ZYc^l cW cp^ YZc^X[Ycb[\ �]Xb[\ hY`pb[^ hWl^Z WV RpY[lXY LH DF{ z�� o
�]ac Ya cp^ QRQ hWl^Z ba X^ZYc^l cW cp^ [W[l^c^Xh b[bacb` �]Xb[\ hY`pb[^ hWl^Z s RpY[lXY LH
DF{ apWm^l cpYc QTQ?Ry ba dX^`ba^Zg cp^ a^c WV ZY[\]Y\^a X^`W\[b�^l eg cmWfd ZYg^X o d ^XV^`c
b[VWXhYcbW[ \Yh^a o b[ mpb`p cp^ X^V^X^^ ba Y l^c^Xh b[bacb` d WZg[Wh bYZfcbh ^ hY`pb[^ cpYc
^�Yh b[^a cp^ ^[cbX^ \Yh^ e^VWX^ l^`blb[\ mpW m b[a s �p^ YZc^X[Ycb[\ �]Xb[\ hY`pb[^ hWl^Z
VWXhYZb�^a cp^bX [WcbW[ WV a]`p Y \Yh^ s �p^ QRST hWl^Z \^[^XYZb�^a cpba \Yh ^ hWl^Z WV
RpY[lXY LH DF{ eg YZZWm b[\ cp^ X^V^X^^ cW v bd `Wb[a � cpba \^[^XYZbcg YZZWm a W[^ cW ac]lg cp^
cXYl^fW� e ^cm^^[ cp^ []he^X WV `W b[a ]a^l Y[l cp^ []he^X WV e bca WV cp^ \Yh^ o WX l^eYc^ o
cpYc YX^ ^�Yh b[^l eg cp^ X^V^X^^ s t[ `]XX^[c [WcYcbW[ o cp^ X^a]Zc WV RpY[lXY LH DF{ ba cpYc
QTQ?Ry � QRS Pr 	� ��� Px UU s t[ znr� o m^ apWm^l cpYc QRS PZW\ x 	 nU � QTQ?Ry s �p]a o
m^ \^c cp^ aYh ^ cXYl^fW� e ^cm^^[ XY[lWh ebca Y[l ]^Xb^a Ya mYa dX^i bW]aZg apWm[ VWX
dXWWV agac^h a s �p^ dXWWV cpYc QTQ?Ry � QRS PZW\ x 	 nU ba lW[^ b[ cmW dYXca s �[^ dYXc
apWm a cpYc QTQ?Ry ba `W[cYb[^l b[ cp^ `ZYaa WV ZY[\]Y\^a Y``^dc^l eg QRST �a b[ mpb`p cp^
i^Xbj^X X^Yla W[Zg Y `W[acY[c []he^X WV AB��NG WV cp^ l^eYc^ s �p^ a^`W[l dYXc cp^[ apWm a
pWm cp^ `W[acY[c []he^X WV AB��NG b[ cp ba X^a] Zc `Y[ e ^ X^d ZY`^l eg Y `W[acY[c []he^X WV
CEHGs �pba a^`W[l dYXc ba dXWi^l eg ^�c^[lb[\ cp^ mWXu WV ?XWXY LH DF{ W[ QRQT �a s

�p^ X^a] Zc tQ � QTQ?Ry zn� o |�� apWm a cpYc RpY[lXY LH DF{�a `pYXY`c^Xb�YcbW[ WV
QTQ?Ry ba cX]^ ^i^[ bV W[^ WV cp^ cmW dZYg^Xa ]a^a cp^ ][aWdpbacb`Yc^l acXYc^\g WV abh f
d Zg a^Z^`cb[\ Y hWi^ Yc XY[lWh s �pYc ba o d WZg[Wh bYZfcbh ^ YZc^X[Ycb[\ �]Xb[\ hY`pb[^a
Y[l dWZg[Wh bYZfXW][l ?Xcp]Xf~ ^XZb[ \Yh^a Y``^dc cp^ aYh^ `ZYaa WV ZY[\]Y\^a s �p^ hYb[

}



X^a] Zc WV cpba dYd^X apWm a cpYc cpba Yaa]hdcbW[ cpYc W[^ d ZYg^X d ZYga XY[lWh Zg lW^a [Wc
l^acXWg cp^ cXYl^W� e ^cm^^[ cp^ X^V^X^^ �a ]a^ WV XY[lWh[^aa Y[l cp^ []he^X WV e bca WV cp^
\Yh^ cpYc cp^ X^V^X^^ X^Yla s 
 Yh^Zgo m^ dXWi^ cpYc �QRS PZW\ x 	 nU � QTQ?Ry s ?\Yb[ o cp^
dXWWV cpYc QTQ?Ry � �QRS PZW\ x 	 nU ba lW[^ b[ cmW dYXca s �p^ jXac apWm a cpYc QTQ?Ry
ba `W[cYb[^l b[ cp^ `ZYaa WV ZY[\]Y\^a Y``^dc^l eg QRST �a b[ mpb`p cp^ i^Xbj^X X^Yla W[Zg
Y `W[acY[c []he^X WV AB��NG WV Q ZYg^X n Y[l Y `W[acY[c []he^X WV CEHG WV Q ZYg^X r s �p^
a^`W[l dYXc o �]ac Ya b[ znr� o apWm a pWm cp^ `W[acY[c []he^X WV XW][la b[ cp ba X^a]Zc `Y[ e ^
X^d ZY`^l eg Y `W[acY[c []he^X WV e bca s

? ZZ WV cp^a^ X^a]Zca W[ QRQT �a o QRST �a Y[l �QRST �a `Y[ e^ ]a^l b[ l b�^X^[c mYga
cW dXWi^ [W[YddXW� bhYebZbcg X^a]Zca VWX pYXl dXWe Z^h a s �p^ X^a]Zc WV ?XWXY LH DF{ cpYc

Q � QRQ PZW\ x 	 nU pYa e ^^[ YddZb^l cW dXWi^ cpYc a^i^XYZ 
QfpYXl dXWe Z^h a YX^ pYXl cW
YddXW� bhYc^ `ZWa^Zgs �p^a^ dXWe Z^h a b[`Z]l^ Wdcbh b�YcbW[ i^XabW[a WV TYcbajYe bZbcgo t[l^f
d ^[l^[c T^c z| o �� o R Zb]^ zn�� o Y[l RWZWXYe bZbcg zn�� s �WX ^�YhdZ^ o cp^ ~?� T?� V][`cbW[
hYda Y eWWZ^Y[ VWXh]ZY b[ �f`W[�][`cbi^ [WXhYZ VWXh cW cp^ h Y�bh]h []he^X WV `ZY]a^a WV
cpYc VWXh]ZY cpYc YX^ abh]ZcY[^W]aZg aYcbaj^l eg aWh^ Yaab\[h^[c cW cp^ iYXbYe Z^a s �^ZZYX^
LH DF{ z}� apWm^l cpYc cp^X^ ba [W d WZg[Wh bYZfcbh ^ YZ\WXbcph cpYc `Y[ YddXW� bh Yc^ ~?�
T?� m bcp b[ VY`cWX nn|nn� o ][Z^aa 
Q � Qs ~WX^ X^`^[cZgo �^ZZYX^ Y[l T]lY[ z�� bhdXWi^l
nn|nn� cW ���} o e]c cp^bX Yaa]hdcbW[ ba m^Yu^X cpY[ 
Q � Qs

Tbh bZYXZgo cp^ X^a]Zc cpYc QRS PZW\ x 	 nU � QTQ?Ry gb^Zla [W[YddXW� bhYebZbcg X^a]Zca VWX
Wdcbh b�YcbW[ i^XabW[a WV QTQ?RyfpYXl dXWe Z^h a o b[`Z]lb[\ �]Y[cbj^l TYcbajYe bZbcgo �^[f
^XYZb�^l �^W\XYdpg Y[l � b[ bc^ ?]cWhYcY t[c^Xa^`cbW[ znr� s �WX ^�YhdZ^ o cp^ Wdcbh b�YcbW[
i^XabW[ WV �]Y[cbj^l TYcbajYe bZbcg ba l^j[^l Ya VW ZZWm a s T]ddWa^ cpYc cp^ iYXbYe Z^a WV cp^
VWXh]ZY YX^ Yaab\[^l iYZ]^a o b[ WXl^X WV ]Y[cbj`YcbW[ o eg cmW dZYg^Xa r Y[l ns Q ZYg^Xa r
Y[l n Yaab\[ iYZ]^a cW cp^ ][bi^XaYZZg Y[l ^� bac^[cbYZZg ]Y[cbj^l iYXbYe Z^a o X^ad ^`cbi^Zgs tV
Q ZYg^X n `Y[ \]YXY[c^^ cpYc � `ZY]a^a WV cp^ VWXh]ZY m bZZ e ^ aYcbaj^l o X^\YXlZ^aa WV mpYc
Q ZYg^X r `pWWa^a o m^ aYg cpYc � `ZY]a^a WV cp^ VWXh]ZY YX^ abh]ZcY[^W]aZg aYcbajYe Z^ s �p^
V][`cbW[ ~?� �T?� hYda Y ]Y[cbj^l VWXh]ZY cW bca hY� bh]h []he^X WV abh]ZcY[^W]aZg
aYcbajYe Z^ `ZY]a^a s t[ znr� o m^ apWm cpYc YddXW� bhYcb[\ ~?� �T?� m bcpb[ aWh^ `W[acY[c
VY`cWX � � n ba QTQ?RyfpYXl s

�p^ cWWZa l^i^ZWd ^l b[ znr� YX^ ]a^V]Z b[ dXWib[\ [W[YddXW� bh YebZbcg X^a]Zca VWX QTQ?Ryf
pYXl dXWe Z^h a cpYc `Y[ e ^ `Yac Ya cmWfd ^XaW[ \Yh^a e^cm^^[ cmW dWm^XV]Z d ZYg^Xa s �Wm^i^X o
cp^a^ cW WZa lW [Wc a^^h cW Z^Yl cW abh bZYX dXWWVa VWX cp^ acW `pYacb` QTQ?RyfpYXl dXWe Z^h a
cpYc YX^ `W[abl^X^l b[ cpba dYd ^X s �]X [^m X^a]Zca W[ �QRST �a YX^ ]a^l cW WecYb[ a]`p
dXWWVa b[ T^`cbW[ � s

�p^X^ pYa e ^^[ Wcp^X i^Xg X^`^[c mWXu o eWcp W[ YddXW� bhYcbW[ YZ\WXbcph a Y[l W[ [W[Ydf
dXW� bh YebZbcg X^a]Zca VWX QTQ?RyfpYXl dXWe Z^h a s � ab[\ l bX^`c X^l]`cbW[a VXWh iYXbYcbW[a
WV cp^ �]Y[cbj^l TYcbajYe bZbcg dXWe Z^h o �][c LH DF{ zn� � Y[l ~ YXYcp^ LH DF{ zn�� apWm^l
cpYc a^i^XYZ QTQ?RyfpYXl dXWe Z^h a YX^ pYXl cW YddXW� bh Yc^ o ][Z^aa QTQ?Ry � Qs �p^a^
b[`Z]l^ YZ\^eXYb` dXWe Z^h a Y[l \XYdp dXWe Z^h a W[ pb^XYX`pb`YZZg l^j[^l \XYdpa s ~ YXYcp^
LH DF{ zn�� dXWi^l cpYc a^i^XYZ \XYdp dXWe Z^h a a]`p Ya i^Xc^� `Wi^X Y[l b[l^d^[l^[c a^c o
mp^[ X^acXb`c^l cW d ZY[YX o pb^XYX`pb`YZZg l^j[^l \XYdpa o YX^ QTQ?RyfpYXl Y[l g^c NB pYi^
d WZg[Wh bYZfcbh ^ YddXW� bh YcbW[ a`p^h^a s �p^g YZaW l^i^ZWd ^l YddXW� bhYcbW[ YZ\WXbcph a
VWX X^acXb`c^l Wdcbh b�YcbW[ dXWe Z^h a W[ d ^XbW lb`YZZg l^j[^l \XYdpa s T]`p dXWe Z^h a m^X^
dXWi^l cW e ^ QTQ?RyfpYXl eg �XZb[ z|r� s

�p^ X^ac WV cpba dYd ^X ba WX\Y[b�^l Ya VW ZZWm a s �]X hYb[ X^a]Zc cpYc �QRS PZW\ x 	 nU �

�



QTQ?Ry ba dXWi^[ b[ T^`cbW[ | s t[ T^`cbW[ � o m^ dXWi^ a^i^XYZ [W[YddXW� bh YebZbcg X^a]Zca
VWX acW `pYacb` V][`cbW[a o ]ab[\ cp ba `pYXY`c^Xb�YcbW[ WV QTQ?Ry s � b[YZZgo b[ T^`cbW[ � o m^
dXWi^ YllbcbW[YZ [W[YddXW� bhYebZbcg X^a]Zca o ]ab[\ cp^ X^a]Zc cpYc tQ � QTQ?Ry s

� � ����� � �� � �����	� 	�� ��� ��

t[ cpba a^`cbW[ o m^ dXWi^ W]X hYb[ X^a]Zc o cpYc �QRS PZW\ x 	 nU � QTQ?Ry s �W dXWi^ cp^
PpYXl^XU lbX^`cbW[ cpYc QTQ?Ry � �QRS PZW\ x 	 nU o m^ e]bZl W[ a^i^XYZ c^`p[b]^a WV �][l
LH DF{ zn�� o TpYh bX z|�� o ?XWXY LH DF{ z� o |� Y[l RW[lW[ LH DF{ znr� s �^ jXac l^a`Xbe ^ cp^a^
X^a] Zca o Y[l b[ �^hhY | s� m^ d]c cp^h cW\^cp^X cW dXWi^ QTQ?Ry � �QRS PZW\ x 	 nU s

�p^ jXac X^a] Zc m^ [^^l o �^hhY | sno apWm a cpYc b[ WXl^X cW dXWi^ cpYc QTQ?Ry �
�QRS PZW\ x 	 nU o bc ba a]� `b^[c cW apWm cpYc Y[g ZY[\]Y\^ b[ QTQ?Ry `Y[ e ^ X^`W\[ b�^l
eg Y �QRST b[ mpb`p cp^ i^Xbj^X ]a^a w PZW\ x U XY[lWh ebca o X^Yla Y `W[acY[c []he^X WV
AB��NG WV Q ZYg^X no Y[l Y `W[acY[c []he^X WV e bca WV Q ZYg^X r s
	���= 
 �� ��@@BGL _ EG DIIL@ HLN CJ D � �� � P� 	 k U E� �KEIK HK L �LAE� LA �GLG w PZW\ x U
AD�NBO CEHG� ALDNG D IB�GHD� H ��OCLA B� AB��NG B� � FDJLA �� D�N D IB�GHD� H ��O CLA B� CEHG
B� � FDJLA � { �KL� _ EG DIIL@ HLN CJ D � �� � P� � 	 k � U E� �KEIK HK L �LAE� LA �GLG w PZW\ x U
AD�NBO CEHG� ALDNG D IB�GHD� H ��O CLA B� CEHG B� � FDJLA �� D�N D IB�GHD� H ��O CLA B� CEHG B�
� FDJLA �{
� <�� � � PTu^c`pU �^ apWm^l b[ znr o �p^WX^h � s|� cpYc Y[g ZY[\]Y\^ X^`W\[b�^l eg Y QRST
b[ mpb`p k v bda w PZW\ x U `Wb[a Y[l X^Yla w PnU AB��NG WV cp^ l^eYc^ ba YZaW X^`W\[b�^l eg Y
QRST b[ mpb`p k v bda w PZW\ x U `Wb[a Y[l X^Yla w PnU CEHG WV cp^ l^eYc^ s �p^ Z^hhY VWZZWm a
eg Y acXYb\pcVWXmYXl hWlbj`YcbW[ cW cp^ dXWWV WV znr o �p^WX^h � s|� s

� Xb^vgo bV � pYa � XW][la W[ Y \bi^[ b[d]c o cp^[ � � pYa � � n XW][la s �^c cp^ d ZYg^Xa
WV P� 	 k U e ^ r Y[l n Y[l cp^ d ZYg^Xa WV P� � 	 k � U e ^ r � Y[l n� s �W]\pZgo cp^ bl^Y ba cpYc b[
XW][la n cpXW]\p � o d ZYg^X n� dZYga Ya d ZYg^X n lW ^a b[ l^eYc^ � o ^�`^dc cpYc ^Y`p hWi^
ba ^[`Wl^l ]ab[\ Y ad ^`bYZ ^[`Wlb[\ V][`cbW[ o u[Wm[ Ya cp^ ZWm l^\X^^ d WZg[Wh bYZ `W l^ z|� s
�p^ acXb[\ mXbcc^[ eg n� b[ XW][l � � n `W[cYb[a Y dXWWV o �� o VWX ^Y`p XY[lWh acXb[\ � WV
k s �p^ dXWWV �� apWm a cpYc k W]cd]ca n \bi^[ XY[lWh acXb[\ � Y[l cp^ l^`Wl^l l^eYc^
WV XW][la n 	 � � � 	 � s ~ WX^Wi^X o k � `Y[ `p^`u cpba dXWWV mpbZ^ ^�Yh b[b[\ W[Zg Y `W[acY[c
[]he^X WV e bca s

�p^ i^Xbj^X k � `pWWa^a Y XY[lWh a^^l � Y[l `Whd]c^a cp^ b[lb`^a � � 	 �� 	 � � � 	 �� WV XW][la
cpYc k ]^Xb^a ]ab[\ cp^ XY[lWh a^^l � s � ab[\ Y dXWcW `WZ WV ?XWXY LH DF{ z| o �� o k � [^^l
W[Zg ^�Yh b[^ Y `W[acY[c []he^X WV e bca WV ^Y`p XW][l � � 	 �� 	 � � � 	 �� Y[l Y `W[acY[c []he^X
WV e bca WV XW][l � � n b[ WXl^X cW i^XbVg cpYc k W]cd]ca n W[ XY[lWh acXb[\ � Y[l cp^
l^`Wl^l l^eYc^ WV XW][la n 	 � � � 	 � s

�p^ `WXX^`c[^aa WV cp ba dXWcW `WZ VW ZZWm a VXWh ?XWXY LH DF{ z| o �� s �WX l^cYbZa o a^^ znr� s

�p^ [^�c Z^hhY ba bhdZb`bc b[ cp^ dXWWV cpYc tQ � QTQ?Ry zn� o |�� s
	���= 
 �
 �LH _ CL D FD���D� L E� ���� �	 D�N q � q �q � � � � q� CL D� E�@ � H{ �KL� � HK LAL
EG D GL��L�IL B� O� FHE�DAEDHL @BFJ�BO EDFG

� � P� � � 	 � � � 	 � � � ! U P�KLAL x � � x U 	 �� P��  � 	 � � � 	 ��  � " U 	 � � � 	 �# P�#  � 	 � � � 	 �#  �$ U

�



� EHK HK L � BF FB� E�� @ AB@ LAHELG {
� { �� q � _ � HK L� � � Pq � 	 � � � 	 q� U � n� D�N� E� q �� _ � HK L� � � Pq � 	 � � � 	 q� U � r { ��K�G�

O LO CLAGKE@ E� _ ID� CL ALN�ILN HB D � � ��� LGHEB� {�
� { �K LAL L� EG H @ BFJ�BO EDF�HEO L IBO@ � HDCFL � �� IHEB�G � � � � ��  � � D�N �� G�IK HKDH � � P� U �

�� P� �� � P� � � P� UU 	 � �� � P��  � P� UUU � BA DF F � { ��KDH EG� B� L � � ��� LGHEB� ALN�ILG HB H� B � �� � �
�� LGHEB�G {�

� { � E�DF FJ� �# EG D @BFJ�BO EDF�HEO L IBO@ � HDCFL � ��IHEB� � D�N HK L NL� ALL B� DF F HK L @ BFJ�
�BO EDFG EG CB��NLN CJ 	 � dWZg Px U {

t[ zn� o |�� o ^Y`p � � ba Y d WZg[Wh bYZ cpYc `Y[ e ^ ^�d Zb`bcZg m Xbcc^[ Ya Y VWXh]ZY WV d WZg[Wh bYZ
Z^[\cp b[ c^Xh a WV a]h a Y[l dXWl]`ca e]c h Yg X^a] Zc b[ Y VWXh]ZY WV ^�d W[^[cbYZ Z^[\cp
mp^[ cp^a^ a]h a Y[l dXWl]`ca YX^ ^�dY[l^l s

� b[YZZgo m^ l^a`Xbe ^ Y c^`p[b]^ o `YZZ^l cp^ 
� ���� �= � ��< ��>=; �� ;�>����� o cpYc
mYa dXWd Wa^l eg �YeYb Ya Y \^[^XYZb�YcbW[ WV Y c^`p[b]^ jXac ]a^l eg �][l LH DF{ zn�� s
�W]\pZgo cp ba h^cpWl �X^l]`^a� Y GLH WV ]^acbW[a WV cp^ VWXh � �ta cp^ iYZ]^ WV h]ZcbiYXbYc^
d WZg[Wh bYZ � Yc dWb[c � ^]YZ cW � �� cW B� L a]`p ]^acbW[ s

�W l^a`Xbe ^ cpba c^`p[ b]^ dX^`ba^Zgo m^ [^^l cp^ VW ZZWm b[\ l^j[bcbW[a s � bi^[ Y Ph]Zcbf
iYXbYc^U dWZg[Wh bYZ � Wi^X Y j[bc^ j^Zl � o Y � ��� LGHEB� ba Y dYbX P� 	 � U o m p^X^ � ba Y[ Yaab\[f
h^[c WV iYZ]^a b[ � cW cp^ b[l^c^Xh b[Yc^a b[ � o Y[l � ba Y iYZ]^ b[ � s �^c � P� � 	 � � U 	 P�� 	 �� U 	
� � � 	 P�� 	 � � U� e ^ Y a^c WV � f]^acbW[a s �^c _ P�U e ^ cp^ b[c^Xd WZYc^l d WZg[Wh bYZ WV l^\X^^ � � n
a]`p cpYc _ P� U � �� VWX ^i^Xg � � n 	 | 	 � � � 	 � s Pt[ �_ P� U o� cp^ agheWZ �� � ba ]a^l Ya Y[ Yef
eX^i bYcbW[ VWX �cp^ � �� ^Z^h ^[c WV cp^ j[bc^ j^Zl � s� U �^c � e ^ cp^ P][biYXbYc^U d WZg[Wh bYZ
� P_ P�UU s 
Wc^ cpYc � P� U � � P�� U VWX � � n 	 | 	 � � � 	 � s

�p^ d WZg[Wh bYZ i^Xbj`YcbW[ c^`p[b]^ X^`^bi^a Ya b[d]c cp^ a^c WV � f]^acbW[a Y[l Y dWZgf
[Wh bYZ � � s �p^ c^`p[b]^ W]cd]ca W[^ � f]^acbW[ P_ P� U 	� � P� UU o mp^X^ � ba `pWa^[ ][bVWXh Zg
Yc XY[lWh VXWh � s T]ddWa^ cpYc � � P� U � �� VWX YZZ � s �p^[ o cp^ W]cd]c pYa cp^ VW ZZWm b[\
dXWd ^Xcgs tV YZZ b[d]c � f]^acbW[a YX^ � BBNo cpYc ba o � P�� U � �� 	 n � � � � o Y[l � � � � o cp^
W]cd]c � f]^acbW[ ba YZaW \WWl s �cp^Xm ba^ o m bcp dXWeYebZbcg Yc Z^Yac n � 	 P� � nU �� �o cp^
W]cd]c � f]^acbW[ ba [Wc \WWl s RWXX^`c[^aa b[ cp^ ZYcc^X `Ya^ VW ZZWm a VXWh cp^ VY`c cpYc cmW
lbacb[`c d WZg[Wh bYZa WV l^\X^^ 	 P� � nU `Y[ Y\X^^ W[ Yc hWac 	 P� � nU d Wb[ca s 
Wc^ cpYc ab[`^
� � P� U � �� Y[l � P� U � � P�� U VWX YZZ � o cp^[ � � �� � o e ^`Y]a^ Yc Z^Yac W[^ ]^acbW[ ba [Wc \WWl s
�p]a o cp^ dXWeYebZbcg cpYc Y XY[lWh dWb[c W[ � � Y\X^^a m bcp � ba ZWm PYc hWac 	 P� � nU �� �U s
�pba `WhdZ^c^a cp^ l^a`XbdcbW[ WV cp^ d WZg[Wh bYZ i^Xbj`YcbW[ c^`p[ b]^ s

�W hWcbiYc^ W]X dXWWV cpYc QTQ?Ry � �QRS PZW\ x onU o bc ba ]a^V]Z cW X^i b^m cp^ dXWWV
cpYc QTQ?Ry � tQs t[ cpYc dXWWV o Y �QRST VWX Y ZY[\]Y\^ _ b[ QTQ?Ry ba WecYb[^l
eg `Wheb[ b[\ cp^ d WZg[Wh bYZ i^Xbj`YcbW[ c^`p[b]^ Y[l �^hhY | s| s �W]\pZgo b[ ^Y`p Wll
[]he^X^l XW][l |� � n WV cp^ l^eYc^ o Q ZYg^X n mXbc^a Y �� f]^acbW[ o mp^X^ �� ba l^j[^l
Ya b[ �^hhY | s| s t[ cp^ jXac XW][l o cp^ � �f]^acbW[ apW]Zl e ^ PPq � 	 � � � 	 q� U 	 nU o mpb`p ba
^]biYZ^[c cW `ZYbh b[\ cpYc q � _ s t[ XW][l |� � n mp^X^ � � no cp^ ��� �f]^acbW[ m Xbcc^[
eg Q ZYg^X n apW]Zl e ^ WecYb[^l VXWh cp^ �� f]^acbW[ mXbcc^[ eg Q ZYg^X n b[ XW][l |� � n
eg jXac X^l]`b[\ cp^ �� f]^acbW[ cW cmW ��� �f]^acbW[a o Ya b[ dYXc P|U WV �^hhY | s| o Y[l
cp^[ eg XY[lWh Zg X^l]`b[\ cp^a^ cmW ]^acbW[a cW W[^ ��� �f]^acbW[ o ]ab[\ cp^ d WZg[Wh bYZ
i^Xbj`YcbW[ c^`p[ b]^ s �p^ XY[lWh []he^X � [^^l^l b[ cpba X^l]`cbW[ ba dXWibl^l eg QZYg^X

�



r b[ XW][l |� Y[l cp^ dWZg[Wh bYZ � � ba dXWi bl^l eg QZYg^X n b[ XW][l |� � n Pb[ YllbcbW[
cW cp^ �� f]^acbW[ U s �W i^XbVg cpYc q ba b[l^^l b[ _ o cp^ i^Xbj^X lW ^a cpX^^ cpb[\a s � bXac o
cp^ i^Xbj^X `p^`ua cpYc cp^ � �f]^acbW[ mXbcc^[ eg Q ZYg^X n ba PPq � 	 � � � 	 q� U 	 nU s T^`W[l o cp^
i^Xbj^X `p^`ua cpYc VWX ^Y`p � � no cp^ ��� �f]^acbW[ b[ XW][l |� � n ba `WXX^`cZg `Whd]c^l
VXWh cp^ �� f]^acbW[ b[ XW][l |� � no Y``WXlb[\ cW cp^ YeWi^ l^a`XbdcbW[ s � b[YZZgo cp^ i^Xbj^X
`p^`ua cpYc cp^ �# f]^acbW[ mXbcc^[ b[ cp^ ZYac XW][l WV cp^ l^eYc^ ba \WWl � eg dXWd ^Xcg
P�U WV �^hhY | s| o cp ba `Y[ e ^ lW[^ b[ d WZg[Wh bYZ cbh ^ s tV YZZ cpX^^ `p^`ua YX^ dYaa^l o cp^
i^Xbj^X Y``^dca o ^Za^ cp^ i^Xbj^X X^� ^`ca s �WX l^cYbZa o a^^ zn� o |�� s

�[VWXc][Yc^Zgo cpba dXWcW `WZ X^]bX^a cpYc cp^ i^Xbj^X X^Yl YZZ XW][la WV cp^ l^eYc^
agac^h s t[ �^hhY | s� o e]bZl b[\ W[ cp^ bl^Ya WV cp^ Ye Wi^ dXWcW `WZ o m^ l^a`Xbe ^ Y [^m
dXWcW `WZ b[ mpb`p cp^ i^Xbj^X [^^l W[Zg X^Yl Y `W[acY[c []he^X WV XW][la WV Q ZYg^X no Y[l
Y `W[acY[c []he^X WV e bca WV Q ZYg^X r s �p^ u^g bl^Y WV cp^ [^m dXWcW `WZ ba cW Yll h]`p
�X^l][lY[`g� b[ cp^ XW][la WV Q ZYg^X n b[ WXl^X cW ^[Ye Z^ cp^ i^Xbj^X cW `p^`u `WXX^`c[^aa
mpbZ^ ZWWu b[\ Yc W[Zg Y `W[acY[c []he^X WV XW][la s �W]\pZgo cpba ba Y`pb^i^l eg X^]bXb[\
cpYc Q ZYg^X n mXbc^ b[ ^Y`p Wllf[]he^X^l XW][l [Wc �]ac Y ab[\Z^ �� f]^acbW[ e]c YZaW YZZ
cp^ ]^acbW[a mXbcc^[ b[ dX^i bW]a XW][la s

t[ ^Y`p Wllf[]he^X^l XW][l � Y[l VWX ^Y`p � � n 	 | 	 � � � 	� o Q ZYg^X n Y`c]YZZg mXbc^a Y
Pd Waabe Zg ^hdcg U a^c WV � � f]^acbW[a o YZZ VXWh aWh^ j[bc^ j^Zl � s t[ cp^ jXac XW][l o cp^ W[Zg
]^acbW[ cpYc Q ZYg^X n mXbc^a apW]Zl e^ PPq � 	 � � � 	 q� U 	 nU o mpb`p ba Y � �f]^acbW[ o ^]biYZ^[c
cW `ZYbh b[\ cpYc q � _ s Q ZYg^X n `ZYbh a cpYc YZZ � �f]^acbW[a mXbcc^[ YX^ \WWl s t[ WXl^X
cW ^[Ye Z^ cp^ i^Xbj^X cW i^XbVg cp ba o Q ZYg^X n V]Xcp^XhWX^ mXbc^a Y ][biYXbYc^ d WZg[Wh bYZ
� � VWX ^Y`p � a]`p cpYc cp^ a^c WV � � f]^acbW[a ba [Wc ^hdcg b[ XW][l � s Q ZYg^X n `ZYbh a
cpYc o VWX ^i^Xg � o cp^ d WZg[Wh bYZ � � ba cp^ dWZg[Wh bYZ � � P_ � P�UU o mp^X^ _ � ba cp^ d WZg[Wh bYZ
b[c^Xd WZYcb[\ cp^ lWhYb[a WV cp^ � � f]^acbW[a o Ya b[ cp^ d WZg[Wh bYZ i^Xbj`YcbW[ c^`p[b]^ s

Q ZYg^X r �a XY[lWh hWi^ Yc XW][l � � n a]ddZb^a cp^ XY[lWh dWb[c � � � W[ cp^ `]Xi^ _
cW e ^ ]a^l b[ cp^ d WZg[Wh bYZ i^Xbj`YcbW[ c^`p[b]^ o VWX ^Y`p � s �g jXac ]ab[\ cp^ d WZg[Wh bYZ
i^Xbj`YcbW[ c^`p[b]^ Y[l cp^[ eg X^l]`b[\ cp^ X^a]Zcb[\ � �f]^acbW[ cW cmW � �� �f]^acbW[a o
Ya b[ �^hhY | s| o Y[g dWZg[Wh bYZ []he^X WV � �f]^acbW[a `Y[ e ^ dXWeYebZbacb`YZZg X^l]`^l
cW cmW � �� �f]^acbW[a b[ W[^ XW][l s �p^ Zbac WV � �� �f]^acbW[a Yc XW][l � � | ba cp^ Zbac
WV � �� �f]^acbW[a Yc XW][l � o d Z]a cp^a^ YllbcbW[YZ cmW ]^acbW[a s Tb[`^ Yc hWac cmW [^m
� �f]^acbW[a YX^ b[cXWl]`^l b[ ^Y`p Wll XW][l o cp^ cWcYZ []he^X WV � �f]^acbW[a b[ Y[g
XW][l ba d WZg[Wh bYZ s �p^ h Yb[ c^`p[b`YZ `W[cXbe]cbW[ WV W]X dXWWV apWm a cpYc cp^ X^a]Zcb[\
�X^l][lY[`g� ba a]� `b^[c cW ^[Ye Z^ cp^ i^Xbj^X cW `p^`u cp^ l^eYc^ mpbZ^ ^�Yh b[b[\ w PnU
XW][la s

? ZaW o b[ XW][l �� � no Q ZYg^X n m Xbc^a Y a^]^[`^ WV acXb[\a P�� 	 �� ���	 ��# U s Q ZYg^X n
`ZYbh a cpYc cp^a^ YX^ cp^ XY[lWh hWi^a WV Q ZYg^X r b[ cp^ ^i^[f[]he^X^l XW][la s �pba
^[Ye Z^a cp^ i^Xbj^X cW X^Yl Y[g WV cp^ XY[lWh acXb[\a WV Q ZYg^X r eg ^�Yh b[b[\ W[Zg W[^
XW][l PWV Q ZYg^X nU s �p^ i^Xbj^X `Y[ i^XbVg m bcp pb\p dXWeYebZbcg cpYc Q ZYg^X n mXbc^a cp^
`WXX^`c acXb[\a o eg X^Ylb[\ �]ac Y `W[acY[c []he^X WV e bca WV cp^ XW][la WV Q ZYg^X r s
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 �� QTQ?Ry � �QRS PZW\ x 	 nU {

� <�� � � �^c _ e ^ Y ZY[\]Y\^ b[ QTQ?Ry s �^hhY | sn apWm a cpYc bc ba a]� `b^[c cW `W[acX]`c
Y �QRST VWX _ b[ mpb`p cp^ i^Xbj^X ]a^a w PZW\ x U XY[lWh ebca o X^Yla Y `W[acY[c []he^X
WV XW][la WV Q ZYg^X no Y[l Y `W[acY[c []he^X WV e bca WV Q ZYg^X r s
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�p^ �QRST ba `W[acX]`c^l Ya VW ZZWm a s �p^ l^eYc^ agac^h pYa �� � n XW][la s t[ ^Y`p
Wllf[]he^X^l XW][l o VWX ^i^Xg � � n 	 | 	 ���	� o Q ZYg^X n m Xbc^a Y a^c WV � �f]^acbW[a

� P��  � 	 � �  � U 	 P��  � 	 � �  � U 	 � � � 	 P��  �� 	 � �  �� U�	
mp^X^ ��  � � � � � Y[l � �  � � � o VWX aWh^ j[bc^ j^Zl � mpWa^ ab�^ m bZZ e ^ l^c^Xh b[^l ZYc^X s
� ^X^ o �� � n � cpYc ba o cp^X^ ba W[Zg W[^ � �f]^acbW[ P� � � 	 � � � U s ? ZaW o VWX � � no �� � r bV
� � |� � � Y[l Wcp^Xm ba^ o �� b[`X^Ya^a eg | b[ ^Y`p a]ea^]^[c Wllf[]he^X^l XW][l s �pYc
ba o bV � � |� � � o cp^ []he^X WV � � f]^acbW[a b[ Wllf[]he^X^l XW][l � ba | hWX^ cpY[ cp^
[]he^X WV � � f]^acbW[a b[ XW][l � � | s �]Xcp^XhWX^ o VWX ^Y`p � a]`p cpYc �� � r o Q ZYg^X n
mXbc^a Y ][biYXbYc^ d WZg[Wh bYZ � � P�U WV l^\X^^ Yc hWac 	 P�� � nU s � b[YZZgo b[ XW][l �� � no
Q ZYg^X n YZaW mXbc^a Y a^]^[`^ WV acXb[\a P�� 	 �� ���	 ��# U s �pba `WhdZ^c^a cp^ l^a`XbdcbW[ WV
cp^ l^eYc^ s

�^VWX^ l^a`Xbe b[\ cp^ i^Xbj^X o m^ [^^l W[^ l^j[bcbW[ s �^c � P� ��  � 	 � ��  � U o n � � � � o
n � � � � �� � e ^ cp^ � � f]^acbW[a Y[l �� �� � e^ cp^ dWZg[Wh bYZa b[ Wllf[]he^X^l XW][l � � | o
Y[l Z^c � P��  � 	 � �  � U 	 n � � � � 	 n � � � �� � e^ cp^ � �f]^acbW[a Y[l �� � � e ^ cp^ d WZg[Wh bYZa
b[ XW][l � o m p^X^ n � � � �� � ns �^c _ �� e^ cp^ d WZg[Wh bYZ b[c^XdWZYcb[\ cp^ d Wb[ca �� ��  � �b[ XW][l � � | o Ya b[ cp^ d WZg[Wh bYZ i^Xbj `YcbW[ c^`p[b]^ s �WX Wll � � no m^ aYg cpYc
XW][l � ba FBIDF FJ IB�GEGHL� H � EHK ALG@ LIH HB � bV cp^ VW ZZWm b[\ pWZla s � bXac o VWX YZZ � Y[l � o
n � � � � o n � � � �� o � � P� U � � �  � s ? ZaW o VWX YZZ � 	 n � � � � o bV � ��� � � r cp^[ �� � r o Y[l bV
� ��� � � r cp^[

P��  � 	 ���	 ��  �� U � P� ��  � 	 ���	 � ��  ��� 	 � � �� � P_ ��� � P� UU 	 ��  �� � P_ ��� � P� UUU 	
Y[l

P� �  � 	 ���	 � �  �� U � P� ��  � 	 ���	 � ��  ��� 	 
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 �  � U 	
mp^X^ � ��� � P� U � ��� � P
 �  � 	 
 �  � U s 
Wc^ cpYc P_ ��� � P� U 	� ��� � P� UU ba cp^ ab[\Z^ � �� �f]^acbW[
WecYb[^l eg YddZg b[\ cp^ dWZg[Wh bYZ i^Xbj `YcbW[ c^`p[b]^ cW cp^ a^c WV � �� �f]^acbW[a b[
XW][l � � ns ?ddZg b[\ dXWd ^Xcg P|U WV �^hhY | s| o W[^ `Y[ `p^`u mp^cp^X cp ba ab[\Z^ � �� �f
]^acbW[ ba \WWl eg `p^`u b[\ cpYc � ��� � P� U � ��� � P
 �  � 	 
 �  � U Y[l cpYc cp^ cmW � �f]^acbW[a

P� � �� � P_ ��� � P� UU 	 
 �  � U Y[l P��  �� � P_ ��� � P� UU 	 
 �  � U
YX^ \WWl s �p]a o XW][l � ba ZW `YZZg `W[abac^[c m bcp X^ad ^`c cW � bV VWX ^Y`p � 	 n � � � � o cp^
Zbac WV � � f]^acbW[a Yc XW][l � `W[abaca WV cp^ Zbac WV � � f]^acbW[a Yc XW][l � � | o d Z]a cmW
YllbcbW[YZ ]^acbW[a o mpb`p `Y[ ]a^l cW i^XbVg cpYc cp^ � �� �f]^acbW[a Yc XW][l � � | YX^
\WWl s

�^ [Wm l^a`Xbe ^ cp^ dXWcW `WZ WV cp^ i^Xbj^X k s k jXac X^Yla cp^ j[YZ XW][l �� � ns
k `p^`ua cpYc o VWX YZZ dYbXa P�#  � 	 �#  � U b[ XW][l �� � no �# P�#  � U � �#  � Y[l YZaW cpYc
P� � � 	 � � � U � PPq � 	 ���	 q� U 	 nU s tV [Wc o k X^�^`ca s �cp^Xm ba^ o k X^Yla Y XY[lWh Wllf[]he^X^l
XW][l � � no Y[l `p^`ua cpYc PbU XW][l � ba IB�GEG HL� H m bcp cp^ j[YZ XW][l �� � n� �pYc ba o
^i^Xg dYbX P��  � 	 � �  � U m Xbcc^[ b[ XW][l � ba YZaW m Xbcc^[ b[ XW][l �� � n � Y[l cpYc PbbU XW][l
� ba ZW `YZZg `W[abac^[c m bcp X^ad ^`c cW cp^ acXb[\ ��� � mXbcc^[ eg Q ZYg^X n b[ XW][l �� � ns
� b[YZZgo k X^Yla Y XY[lWh ebc WV XW][l � � n WV Q ZYg^X r Y[l `p^`ua cpYc bc ba ^]YZ cW cp^
`WXX^adW[lb[\ e bc WV cp^ acXb[\ ��� � mXbcc^[ eg Q ZYg^X n b[ XW][l �� � ns tV YZZ WV cp^a^
`p^`ua YX^ aYcbaj^l o k Y``^dca � ^Za^ k X^� ^`ca s
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tc ba acXYb\pcVWXmYXl cW apWm cpYc bV q � _ o cp^[ Q ZYg^X n pYa Y acXYc^\g cpYc `Y]a^a k
cW Y``^dc m bcp dXWeYebZbcg ns �^[`^ o a]ddWa^ cpYc q �� _ s �WX Y \bi^[ X][ WV cp^ �QRST o bV
b[ cp^ j[YZ XW][l WV cp^ l^eYc^ o P� � � 	 � � �U �� PPq � 	 ���	 q� U 	 nU o cp^[ k X^� ^`ca � p^[`^ a]ddWa^
cpYc b[ cp^ j[YZ XW][l o P� � � 	 � � � U � PPq � 	 ���	 q� U 	 nU s �^c � e ^ cp^ a^c WV Wllf[]he^X^l
XW][la � � n cpYc YX^ ZW `YZZg `W[abac^[c m bcp X^ad ^`c cW cp^ acXb[\ ��� � mXbcc^[ eg Q ZYg^X n
b[ cp^ j[YZ XW][l o YX^ `W[abac^[c m bcp cp^ j[YZ XW][l o Y[l pYi^ � P��� � 	 ��� �U � n� o mp^X^
��� � ba cp^ hWi^ WV Q ZYg^X r b[ XW][l � � n Y[l � P� 	 �U ba cp^ VXY`cbW[ WV e bca cpYc l b�^X b[ �
Y[l � s �^ aYg cpYc a]`p Y X][ ba � �IB�GEG HL� Hs �^ m bZZ apWm cpYc bV Q ZYg^X n ba � f`W[abac^[c
VWX aWh ^ � m bcp �� � � � o cp^[ o m bcp i^Xg p b\p dXWeYebZbcgo Q ZYg^X n�a hWi^ b[ XW][l �� � n
`W[cYb[a Y dYbX P�#  � 	 �#  � U VWX mpb`p �# P�#  � U �� �#  � s �pba VW ZZWm a VXWh cp^ [^�c `ZYbh Y[l
cp^ VY`c cpYc cp^ X][ ba � f`W[abac^[c s

� �= �� � �^c � `W[cYb[ cp^ ^Z^h^[ca � � � �� � � � � � �# s tV Q ZYg^X n ba � f`W[abac^[c Y[l
� � Pq � 	 ���	 q� U � r o cp^[ o VWX ^i^Xg � � n 	 | 	 � � � 	� o m bcp dXWeYebZbcg Yc Z^Yac n� �� �	 �� �����
P`Whd]c^l Wi^X Q ZYg^X r �a `W b[ cWaa^aU o cp^X^ ^� baca aWh ^ � a]`p cpYc �� P��  � U �� ��  � o m p^X^
P��  � 	 ��  � U YX^ d ZYg^l b[ cp^ ���� XW][l s
� <�� � � �p^ `ZYbh ba dXWi^[ eg b[l]`cbW[ W[ � s �WX � � no cp^ `ZYbh pWZla � �^`Y]a^ d ZYg^X
n ba � f`W[abac^[c o cp^ dYbX PPq � 	 ���	 q� U 	 nU ba m Xbcc^[ eg Q ZYg^X no mp^X^Ya eg Yaa]hdcbW[
� � Pq � 	 ���	 q� U � r s

�p]a Yaa]h^ cpYc o VWX aWh ^ dYbX P��� � � 	 ��� � � U b[ XW][l ��� � o ��� � P��� � � U �� ��� � � s
�pba pYdd ^[a m bcp dXWeYebZbcg Yc Z^Yac n � �� P� � nU	 �� ����� o eg cp^ b[l]`cbi^ pgdWcp^aba s
�^`Y]a^ cp^ X][ ba � f`W[abac^[c o cpba dYbX ba YZaW mXbcc^[ b[ XW][l �� � | s �pba bhd Zb^a cpYc cp^
d WZg[Wh bYZ � ��� � dZYg^l b[ XW][l �� �| ba [Wc cp^ d WZg[Wh bYZ ��� � P_ ��� � P�UU s �p]a bV � � � ��� �
ba [Wc Y XWWc WV cp^ d WZg[Wh bYZ � ��� � P�U � ��� � P_ ��� � P�UU o cp^[ � ��� � P� U �� ��� � P_ ��� � P� UU
bhd Zgb[\ cpYc ^bcp^X

�� P� � �� � P_ ��� � P� UUU �� 
 �  � WX �� P��  �� � P_ ��� � P� UUU �� 
 �  � �
�cp^Xm ba^ � ��� � P� U �� ��� � P
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 �  � U o mpb`p `W[cXYlb`ca cp^ VY`c cpYc XW][l �� ba ZW `YZZg
`W[abac^[c m bcp X^ad ^`c cW � s

�p^ `ZYbh [Wm VWZZWm a o e ^`Y]a^ cp^ d WZg[Wh bYZ � ��� � P�U� ��� � P_ ��� � P�UU pYa Yc hWac �� 	
XW Wca Pab[`^ � ��� � ba YZmYga Yc hWac �� U o Y[l cp^ []he^X WV � �a a]`p cpYc � P� 	 � U � n� VWX
aWh ^ XWWc � ba Z^aa cpY[ �� ������ P]ab[\ Rp^X[Wi eW][laU s

�p^ Ye Wi^ `ZYbh apWm a cpYc bV Q ZYg^X n d ZYga � f`W[abac^[cZg VWX Y[g j�^l � m bcp �� � � � o
cp^[ m bcp dXWeYebZbcg Yc hWac @BFJ Px U �� ����� o cp^ i^Xbj^X k Y``^dca s �p]a o cW e W][l cp^
dXWeYebZbcg cpYc k Y``^dca o W[ Y X][ b[ mpb`p Q ZYg^X n d ZYga � f`W[abac^[c XW][la VWX aWh^
� o m p^X^ �� � � � o a]h Wi^X YZZ d Waabe Z^ � cW WecYb[ Y e W][l WV |�# @BFJ Px U �� ����� s �p^
^XXWX ba cp]a Z^aa cpY[ n� VWX a]� `b^[cZg ZYX\^ � s

tV Q ZYg^X n lW^a [Wc d ZYg � f`W[abac^[cZg VWX Y[g � WV ab�^ \X^Yc^X cpY[ � o cp^ i^Xbj^X
X^� ^`ca m bcp dXWeYebZbcg Yc Z^Yac n� s �p ba ba e ^`Y]a^ m bcp dXWeYebZbcg Yc Z^Yac n�| o k `p^`ua
Y XW][l � cpYc ba [Wc � f`W[abac^[c o Y[l cp^[ o m bcp dXWeYebZbcg Yc Z^Yac n� o k l^c^`ca cpYc
cpba XW][l ba [Wc � f`W[abac^[c s

�]X hYb[ X^a]Zc W[ cp^ `WhdZ^� bcg `ZYaa �QRS PZW\ x 	 nU [Wm VWZZWm a ^YabZgs
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 �	 �QRS PZW\ x 	 nU � QTQ?Ry {
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� <�� � � �^hhY | s� dXWi^a W[^ l bX^`cbW[ o cpYc QTQ?Ry � �QRS PZW\ x 	 nU s �W dXWi^ cp^
Wcp^X lbX^`cbW[ o jXac [Wc^ cpYc �QRS P� ��� Px U 	� ��� Px UU � �QRS Pr 	� ��� Px UU o e ^`Y]a^ o b[
cp^ ZYac XW][l WV cp^ l^eYc^ o Q ZYg^X r `Y[ a]ddZg cp^ i^Xbj^X WV Y �QRST m bcp XY[lWh
ebca � p^[`^ cp^ i^Xbj^X [^^la [W XY[lWh ebca Ya ZW[\ Ya bc `Y[ X^Yl YZZ e bca b[ cp^ l^eYc^ s
RWheb[b[\ cpba m bcp cp^ X^a]Zc cpYc �QRS Pr 	� ��� Px UU � tQ � QTQ?Ry zn� o |�� \ bi^a
�p^WX^h | s� s
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t[ cp ba a^`cbW[ o m^ dXWi^ cpYc a^i^XYZ QTQ?RyfpYXl dXWe Z^h a YX^ pYXl cW YddXW� bhYc^ s �p^
QTQ?Ryf`WhdZ^c^ ZY[\]Y\^ TT?� o WX �acW `pYacb` aYcbajYe bZbcgo� b[cXWl]`^l eg QYdYlbhf
bcXbW] z| n� o d ZYga Y[ bhdWXcY[c XWZ^ b[ cp^ dXWWVa b[ cp ba a^`cbW[ s t[ T^`cbW[ � sno m^ l^j[^
cp^ ZY[\]Y\^ TT?� Y[l o ]ab[\ W]X X^a] Zc cpYc QTQ?Ry � �QRS PZW\ x 	 nU o m^ apWm cpYc cp^
`WXX^adW[lb[\ Wdcbh b�YcbW[ dXWe Z^h ba pYXl cW YddXW� bhYc^ s t[ cp^ VW ZZWm b[\ cpX^^ a^`cbW[a o
m^ dXWi^ cpYc Wdcbh b�YcbW[ i^XabW[a WV acW `pYacb` �^[^XYZb�^l �^W\XYdpgo Sg[Yh b` �XYdp
�^ZbYe bZbcg Y[l ~ Ypf�W[\\ YX^ YZZ pYXl cW YddXW� bhYc^ s
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?[ TT?� b[acY[`^ ba Y e WWZ^Y[ VWXh]ZY � Wi^X cp^ a^c WV iYXbYe Z^a �q � 	 � � � q� � o b[ `W[�][`cbi^
[WXh YZ VWXh m bcp cpX^^ Zbc^XYZa d ^X `ZY]a^ s �p^ b[acY[`^ ba b[ cp^ ZY[\]Y\^ bV cp^X^ ba Y
`pWb`^ WV eWWZ^Y[ iYZ]^ VWX q � a]`p cpYc o VWX Y XY[lWh `pWb`^ Pm bcp cX]^ Y[l VYZa^ ^Y`p
`pWa^[ m bcp dXWeYebZbcg n|U WV q � o cp^X^ ba Y `pWb`^ VWX q � o ^c` so aW cpYc cp^ dXWeYebZbcg cpYc
� ba aYcbaj^l ba \X^Yc^X cpY[ n| s �pb[u WV Y[ b[acY[`^ Ya Y \Yh^ e ^cm^^[ Y[ ^� bac^[cbYZ
d ZYg^X Y[l Y XY[lWh dZYg^X s �WX ^Y`p Wll iYZ]^ WV � o cp^ ^� bac^[cbYZ d ZYg^X `pWWa^a Y[
Wdcbh YZ eWWZ^Y[ iYZ]^ VWX q � o mp^X^ �WdcbhYZ� h ^Y[a �hY� bh b�^a cp^ []he^X WV `ZY]a^a WV
� cpYc YX^ aYcbaj^l s� �WX ^Y`p ^i^[ iYZ]^ WV � o cp^ XY[lWh dZYg^X v bda Y VYbX `W b[ cW \^c Y
e WWZ^Y[ iYZ]^ VWX q � s �p^ Wllf[]he^X^l iYXbYe Z^a YX^ `YZZ^l ^� bac^[cbYZ iYXbYe Z^a o Y[l cp^
^i^[f[]he^X^l iYXbYe Z^a YX^ `YZZ^l XY[lWh iYXbYe Z^a s �p^ d ZYg^Xa `pWWa^ e WWZ^Y[ iYZ]^a b[
WXl^X o eg b[`X^Yab[\ iYZ]^ WV � s �^ l^j[^ cp^ V][`cbW[ ~?� fR�?� Ty TT?� o mpWa^ iYZ]^
W[ Y \bi^[ b[acY[`^ � ba cp^ ^�d ^`c^l []he^X WV `ZY]a^a cpYc YX^ aYcbaj^l bV cp^ ^� bac^[cbYZ
d ZYg^X VW ZZWm a Y[ Wdcbh YZ acXYc^\gs
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dXWe Z^h WV YddXW� bhYcb[\ cp^ ^�d^`c^l []he^X WV abh]ZcY[^W]aZg aYcbajYe Z^ Yaab\[h^[ca
WV Y ]Y[cbj^l �R
� VWXh]ZY m bcp b[ Y `W[acY[c VY`cWX s

�W lW cp ba o bc ba a]� `b^[c cW `W[acX]`c Y VWXh]ZY VXWh q Y[l P� 	 k Uo a]`p cpYc bV q � _
cp^[ YZZ `ZY]a^a YX^ abh]ZcY[^W]aZg aYcbajYe Z^ o e]c bV q �� _ o cp^[ cp^ ^�d ^`c^l []he^X WV
abh]ZcY[^W]aZg aYcbajYe Z^ `ZY]a^a ba Y `W[acY[c VXY`cbW[ � n WV cp^ cWcYZ []he^X WV `ZY]a^a s

n|



�^c �q � � x s �p^ VWXh]ZY pYa � Px U� Px U iYXbYe Z^a o `WXX^ad W[lb[\ cW cp^ e bca WV Y l^eYc^
e ^cm^^[ Q ZYg^Xa r Y[l no WXl^X^l Ya cp^g Ydd ^YX b[ cp^ l^eYc^ s �g Yllb[\ ^�cXY iYXbYe Z^a
Pmpb`p m bZZ [Wc Ydd^YX b[ cp^ `ZY]a^aU o m^ `Y[ ^[a]X^ cpYc cp^ iYXbYe Z^a `WXX^adW[lb[\ cW
XW][la WV Q ZYg^X n YX^ ^� bac^[cbYZ PW llf[]he^X^lU iYXbYe Z^a Y[l cpWa^ `WXX^ad W[lb[\ cW
XW][la WV Q ZYg^X r YX^ XY[lWh P^i^[f[]he^X^lU iYXbYe Z^a s

�WX ^Y`p a^]^[`^ WV XY[lWh ebca � WV Z^[\cp � Px U o cp^X^ ba Y a]eVWXh]ZY m bcp � � w PnU
`ZY]a^a s �p^ a]eVWXh]ZY ba aYcbaj^l eg Y cX]cp Yaab\[h^[c cW cp^ iYXbYe Z^a bV Y[l W[Zg
bV k W]cd]ca no mp^[ cp^ ]^Xg e bca YX^ Ya b[ cp^ cX]cp Yaab\[h^[c s T]`p Y a]eVWXh]ZY
`Y[ e ^ `W[acX]`c^l ]ab[\ cpWa^ iYXbYe Z^a `WXX^ad W[lb[\ cW cp^ e bca WV Y l^eYc^ cpYc YX^
]^Xb^l W[ XY[lWh a^]^[`^ � s ? `W[acY[c []he^X WV YllbcbW[YZ ^� bac^[cbYZ iYXbYe Z^a YX^
[^^l^l aW cpYc cp^ a]eVWXh]ZY ba b[ �R
� VWXh � cp^a^ apW]Zl e ^ WXl^X^l YVc^X YZZ iYXbYe Z^a
`WXX^adW[lb[\ cW e bca WV cp^ l^eYc^ s

tV q ba Y``^dc^l eg P� 	 k Uo cp^[ cp^X^ ba Y l^eYc^ a]ecX^^ VWX mpb`p cp^ Wi^XYZZ dXWeYe bZbcg
cpYc k W]cd]ca n ba ns �pba bhdZb^a cpYc cp^ ^�d^`c^l []he^X WV abh]ZcY[^W]aZg aYcbajYe Z^
`ZY]a^a WV cp^ VWXh]ZY ba no bV cp^ ^� bac^[cbYZ d ZYg^X Yaab\[a iYZ]^a cW cp^ ^� bac^[cbYZ iYXbYe Z^a
Y``WXlb[\ cW cpba l^eYc^ a]ecX^^ s tV q ba [Wc Y``^dc^l eg P� 	 k Uo cp^[ VWX Y[g l^eYc^ a]ecX^^ o
cp^ Wi^XYZZ dXWeYe bZbcg cpYc k W]cd]ca n ba Yc hWac n� s �p]a o [W h Ycc^X pWm cp^ ^� bac^[cbYZ
iYXbYe Z^a YX^ `pWa^[ o cp^ ^�d ^`c^l []he^X WV a]eVWXh]ZYa aYcbaj^l ba Yc hWac n� s Tb[`^
^Y`p a]eVWXh]ZY `W[cYb[a w PnU `ZY]a^a o bc VW ZZWm a cpYc cp^ ^�d ^`c^l VXY`cbW[ WV `ZY]a^a cpYc
`Y[ e ^ abh]ZcY[^W]aZg aYcbaj^l ba Y `W[acY[c VXY`cbW[ � ns

� 
� �� ���� �� �������� �������� ������� �
t[ cpba a^`cbW[ o m^ l^Xbi^ Y [W[YddXW� bh YebZbcg X^a] Zc VWX Y acW `pYacb` i^XabW[ WV �^[^XYZb�^l
�^W\XYdpgs �^[^XYZb�^l �^W\XYdpgo Ya l^j[^l eg T`pY^V^X z||� o ba Y \Yh^ dZYg^l W[ Y
lbX^`c^l \XYdp � m bcp Y lbacb[\]bap^l i^Xc^� � s ? hYXu^X ba b[ bcbYZZg d ZY`^l W[ � o Y[l cmW
dZYg^Xa o n Y[l r o YZc^X[Yc^Zg hWi^ cp^ hYXu^X YZW[\ YX`a WV cp^ \XYdp o m bcp cp^ `W[acXYb[ca
cpYc Q ZYg^X n hWi^a jXac Y[l cpYc ^Y`p YX` `Y[ e^ ]a^l Yc hWac W[`^ s �p^ jXac d ZYg^X
][Ye Z^ cW hWi^ ZWa^a s �p^ ZY[\]Y\^ ��y�� ba cp^ a^c WV dYbXa P� 	 �U W[ mpb`p Q ZYg^X n
pYa Y m b[[b[\ acXYc^\gs

t[ dX^i bW]a mWXu znr� o m^ l^j[^l cp^ V][`cbW[ ~?� ��y�� cpYc hYda Y dYbX P� 	 �U
cW cp^ ZYX\^ac b[c^\^X � a]`p cpYc Q ZYg^X n `Y[ VWX`^ cp^ \Yh^ cW e ^ d ZYg^l VWX � hWi^a s
P
Wc^ cpYc Q ZYg^X n�a We � ^`cbi^ ba cW u^^d cp^ \Yh^ \Wb[\ Ya ZW[\ Ya d Waabe Z^ o mp^cp^X WX [Wc
Q ZYg^X n ]Zcbh Yc^Zg m b[a sU � ^X^ m^ `W[abl^X Y iYXbYcbW[ o TcW `pYacb` �^[^XYZb�^l �^W\XYdpgo
b[ mpb`p Q ZYg^X r d ZYga XY[lWh Zgs ?c ^Y`p ^i^[f[]he^X^l hWi^ WV cp^ \Yh^ o Q ZYg^X r
abhdZg `pWWa^a Y[ YX` ][bVWXh Zg Yc XY[lWh YhW[\ YZZ WV cp^ ][]a^l YX`a W]c WV cp^ i^Xc^�
Yc mpb`p cp^ h YXu^X `]XX^[cZg abca s �p^ We �^`cbi^ WV Q ZYg^X n ba cW h Y�bh b�^ cp^ Z^[\cp WV
cp^ \Yh^ s �p^ V][`cbW[ ~?� T��y�� hYda Y dYbX P� 	 �U cW cp^ ^�d ^`c^l Z^[\cp WV cp^
\Yh^ cpYc ba Y`pb^i^l mp^[ QZYg^X n VW ZZWm a Y[ WdcbhYZ acXYc^\gs
����<�� � �
 �BA D�J IB�GHD� H r � � � n| EH EG Q TQ?Ry �KDAN HB D@@ AB� EO DHL ~?�
T��y�� � EHK E� ADHEB x�� � �KLAL x EG HK L ��O CLA B� �LAHEILG B� HK L � AD@ K {
� <�� � � �^ dX^a^[c Y[ YddXW� bhYe bZbcgfdX^a^Xi b[\ X^l]`cbW[ VXWh ~?� fR�?�Ty TT?� s
? u^g dYXc WV W]X `W[acX]`cbW[ ba Y \Yl\^c PlbX^`c^l \XYdpU m bcp cp^ VW ZZWm b[\ dXWd ^Xcb^a o
mp^X^ � � r ba aWh ^ `W[acY[c s �^c � e ^ Y[ b[acY[`^ WV TT?� m bcp x iYXbYe Z^a Y[l �

n�



`ZY]a^a s �p^ \Yl\^c `W[acX]`c^l VXWh � pYa Y aW]X`^ i^Xc^� Y[l Y l^acb[YcbW[ i^Xc^� s tV � �
TT?� o cp^[ Q ZYg^X n pYa Y acXYc^\g cpYc \]YXY[c^^a cpYc cp^ l^acb[YcbW[ ba X^Y`p^l VXWh
cp^ aW]X`^ o m bcp cp^ ZYac hWi^ e ^b[\ eg Q ZYg^X r o bV cp^ \^W\XYdpg \Yh^ ba d ZYg^l VXWh cp^
aW]X`^ i^Xc^� o acYXcb[\ m bcp Q ZYg^X r s �Wm^i^X o bV � �� TT?� cp^[ W[ ^Y`p acXYc^\g WV Q ZYg^X
no W[^ WV cmW VY`ca pWZl � PbU cp^ l^acb[YcbW[ ba X^Y`p^l VXWh cp^ aW]X`^ o m bcp dXWeYe bZbcg Yc
hWac n � � o m bcp cp^ ZYac hWi^ e ^b[\ eg Q ZYg^X r o WX PbbU cp^ l^acb[YcbW[ ba X^Y`p^l VXWh cp^
aW]X`^ o m bcp dXWeYebZbcg Yc hWac Pn � �U� o m bcp cp^ ZYac hWi^ e ^b[\ eg Q ZYg^X ns

�^c cp^ ab�^ WV cpba \Yl\^c e ^ e W][l^l eg � P �� �U VWX aWh^ dWZg[Wh bYZ � WV l^\X^^ � ns
� bi^[ cp ba \Yl\^c o cp^ X^l]`cbW[ e]bZla Y[ b[acY[`^ PPk 	� U 	 �U WV ~?� T��y�� Ya VW ZZWm a s
�p^ lbX^`c^l \XYdp Pk 	� U `W[cYb[a x b[l^d ^[l^[c `Wd b^a WV cp^ \Yl\^c o aYg � � 	 � � � 	 �� s �p^
lbacb[\]bap^l i^Xc^� � ba Y[ YllbcbW[YZ i^Xc^� o m bcp Y ab[\Z^ YX` cW cp^ aW]X`^ i^Xc^� WV � � s
t[ YllbcbW[ o � `W[cYb[a Y lbX^`c^l ^l\^ VXWh cp^ l^acb[YcbW[ i^Xc^� WV WV \Yl\^c � � cW cp^
aW]X`^ i^Xc^� WV \Yl\^c � �� � o VWX n � � � x s � b[YZZgo Pk 	� U `W[cYb[a Y �cYbZ� acYXcb[\ Yc cp^
l^acb[YcbW[ i^Xc^� WV �� s �p^ Z^[\cp WV cp^ cYbZ ba Px� P �� �UU� o mp^X^ � ba aWh^ `W[acY[c
cpYc m^ m bZZ l^c^Xh b[^ ZYc^X s �pYc ba o cp^ cYbZ `W[abaca WV Px� P �� �UU� WXl^X^l i^Xcb`^a o m bcp
Y[ ^l\^ e ^cm^^[ cp^ �cp Y[l cp^ P� � nUac o Y[l W[^ YllbcbW[YZ ^l\^ e ^cm^^[ cp^ l^acb[YcbW[
i^Xc^� WV cp^ xcp \Yl\^c �� Y[l cp^ jXac i^Xc^� WV cp^ cYbZ s

�p^[ o bV � � TT?� o Q ZYg^X n pYa Y acXYc^\g cpYc \]YXY[c^^a cpYc cp^ cYbZ ba X^Y`p^l VXWh
� s 
 Yh^Zgo Q ZYg^X n jXac hWi^a cW cp^ aW]X`^ i^Xc^� WV � � o Y[l cp^[ ]a^a cp^ acXYc^\g cpYc
\]YXY[c^^a cpYc cp^ l^acb[YcbW[ i^Xc^� WV � � ba X^Y`p^l W[ Y hWi^ WV Q ZYg^X r s �XWh cp^X^ o
Q ZYg^X n VW ZZWm a cp^ ab[\Z^ YX` cW cp^ aW]X`^ i^Xc^� WV � � o Y[l aW W[ o ][cbZ cp^ l^acb[YcbW[
i^Xc^� WV �� ba j[YZZg X^Y`p^l s ?c cpYc d Wb[c o cp^ cYbZ ba cXYi^Xa^l o Y[l aW cp^ Z^[\cp WV cp^
\Yh^ ba Yc Z^Yac Px� P �� �UU� o cpYc ba o cp^ Z^[\cp WV cp^ cYbZ s �Wm^i^X o bV � �� TT?� o cp^[ cp^
dXWd ^Xcb^a WV \Yl\^ca Ye Wi^ \]YXY[c^^ cpYc W[ YZZ acXYc^\b^a WV Q ZYg^X no cp^ dXWeYebZbcg cpYc
cp^ cYbZ ba X^Y`p^l ba Yc hWac Pn � �U� s �^[`^ o cp^ ^�d ^`c^l Z^[\cp WV cp^ \Yh^ ba Yc hWac
x� P �� �U PcpYc ba o cp^ ab�^ WV cp^ \XYdp Pk 	� U o ^�`Z]lb[\ cp^ cYbZU � Pn � �U� Px� P �� �UU� s �p]a
VWX a]� `b^[cZg ZYX\^ � o Y h]Zcbd Zb`Ycbi^ VY`cWX WV YddXW� bhYc^Zg Px� P �� �UU� � �| a^dYXYc^a
cp^ ^�d ^`c^l Z^[\cp WV cp^ \Yh^ b[ cp^ `Ya^a � � TT?� Y[l � �� TT?� X^ad ^`cbi^Zgs �p^
ab�^ Pb s^ so cp^ []he^X WV [Wl^aU WV cp^ [^m b[acY[`^ ba � � x� P �� �U � Px� P �� �UU� s �p]a
Y[ YddXW� bhYcbW[ m bcp b[ Y VY`cWX WV � � �� ������ � � � ����� ��� � mW]Zl lbacb[\]bap cp^ cmW
`Ya^a s �pba bhh^lbYc^Zg gb^Zla cp^ cp^WX^h s

tc X^hYb[a cW ^�d ZYb[ pWm cp^ \Yl\^c ba `W[acX]`c^l s ? aa]h^ m bcpW]c ZWaa WV \^[^XYZbcg
cpYc x Pcp^ []he^X WV iYXbYe Z^a WV � U ba W ll Y[l cpYc ~?� fR�?� Ty TT?� P� U � ns t[
cp^ \Yl\^c Pk
 	�
 U o cp^ i^Xc^� a^c k
 `W[abaca WV k � o cp^ �iYXbYe Z^fYaab\[h^[c i^Xcb`^a o� k� o
cp^ �`ZY]a^ i^Xcb`^a o� k� o cp^ �acYbX`Ya^ i^Xcb`^a o� Y[l b[ YllbcbW[ o Y aW]X`^ i^Xc^� �
 Y[l Y
l^acb[YcbW[ i^Xc^� 	
 s

k � � � ��
�� �

�� � 	 �� 	 �� 	 
 � 	 
 � 	 �� 	 � �� �� � ���� �� �

k� `W[abaca WV �� � 	 � � � 	 �# � s k� `W[cYb[a |x a^ca WV i^Xcb`^a o ^Y`p WV ab�^ �� mp^X^ � m bZZ e ^
`pWa^[ ZYc^X � m^ l^[Wc^ cp^h eg

�
 �  � 	 
 ��  � 	 
 ���  � 	 � � � 	 
 �  � 	 
 ��  � 	 
 ���  � � Y[l �
 �  � 	 
 ��  � 	 
 ���  � 	 � � � 	 
 �  � 	 
 ��  � 	 
 ���  � �	
VWX n � � � x s
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� b\]X^ n� �p^ acYXc WV cp^ iYXbYe Z^ Yaab\[h^[c Pp^�Y\W[U a^`cbW[

�p^ YX` a^c �
 YZaW `W[abaca WV VW]X dYXca o � � o � � o � � o Y[l � � o cpYc a^Xi^ cp^ VW ZZWm b[\
V][`cbW[a s � � `W[[^`ca cp^ i^Xcb`^a WV k � b[cW Y a^]^[`^ WV p^�Y\W[a � �WX ^Y`p Wll iYZ]^ WV
� o n � � � x o cp^ lb\XYdp `W[cYb[a cp^ YX`a P� � 	 �� U o P� � 	 �� U o P�� 	 
 � U o P�� 	 
 � U o P
 � 	 �� U o P
 � 	 �� U oP�� 	 � �� U o P� �� 	 � �� � U � VWX ^Y`p ^i^[ iYZ]^ WV � o n � � � x � no bc `W[cYb[a cp^ YX`a P� � 	 
 � U o P� � 	 
 � U oP
 � 	 �� U o P
 � 	 �� U o P�� 	 �� U o P�� 	 �� U o P�� 	 � �� U o P� �� 	 � �� � U s � � `W[[^`ca cp^ i^Xc^� ��� � cW cp^ `ZY]a^
i^Xcb`^a Y[l cp^ `ZY]a^ i^Xcb`^a eY`u cW cp^ p^�Y\W[a Ya VW ZZWm a s �WX n � � � � o cp^X^ ba Y[
YX` P��� � 	 �� U s �WX ^Y`p Zbc^XYZ b[ cp^ � �� `ZY]a^ WV � o cp^X^ ba Y[ YX` P�� 	 � U o mp^X^ � ba cp^
�
 fi^Xc^�� `WXX^adW[lb[\ cW cpba Zbc^XYZ s �WX ^�YhdZ^ o bV cp^ n��� `ZY]a^ WV � ba q � � q � � q �� o
cp^ YX`a P� �� 	 
 � U o P� �� 	 
 � U o Y[l P� �� 	 
 �� U YX^ dX^a^[c s � � `X^Yc^a |x �acYbX`Ya^a� pY[\b[\
W� cp^ i^Xcb`^a 
 � Y[l 
 � � �WX n � � � x o cp^ YX`a P
 � 	 
 �  � U o P
 �  � 	 
 ��  � U o Y[l P
 �  � 	 
 ���  �U YX^
dX^a^[c o Ya YX^ cp^ YX`a P
 ���  � 	 
 �  � � �U o P
 �  � � � 	 
 ��  � � �U o Y[l P
 �  � � � 	 
 ���  � � �U o VWX n � � � � � n �
Y[YZW\W]a YX`a VWXh acYbX`Ya^a ^hY[Ycb[\ VXWh cp^ 
 � �a s � b[YZZgo � � `W[cYb[a cp^ YX` P�
 	 � �U o
cpYc `W[[^`ca cp^ aW]X`^ i^Xc^� �
 cW cp^ jXac iYXbYe Z^fYaab\[h^[c i^Xc^� � � o Y[l YZaW YX`a
P
 ���  � 	 	
 U Y[l P
 ���  � 	 	
 U o n � � � x o cpYc `W[[^`c cp^ ^[l WV ^Y`p acYbX`Ya^ cW cp^ l^acb[YcbW[
i^Xc^� 	
 s � b\]X^a n cpXW]\p � \bi^ ^�YhdZ^a WV p^�Y\W[a o `ZY]a^fYX`a o Y[l acYbX`Ya^a s

� bcpb[ Y \Yl\^c Pk
 	�
 U o cp^ TcW `pYacb` �^[^XYZb�^l �^W\XYdpg \Yh^ d ZYga W]c Ya
VW ZZWm a s �^ Yaa]h^ cpYc Q ZYg^X r b[bcbYZZg hWi^a VXWh cp^ aW]X`^ i^Xc^� o �
 YZW[\ cp^ ab[\Z^
YX` cW i^Xc^� � � s Q ZYg^X n Pcp^ ^� bac^[cbYZ d ZYg^XU Yaab\[a PWdcbh YZZg U ^bcp^X cX]^ WX VYZa^
cW q � s tV Q ZYg^X n Yaab\[a cX]^ o cp^ [^�c cmW hWi^a WV cp^ \Yh^ YX^ P� � 	 � � U o d ZYg^l eg no
Y[l P� � 	 
 � U o d ZYg^l eg r s 
Wc^ cpYc r pYa [W `pWb`^ e]c cW hWi^ cp^ hYXu^X YZW[\ P� � 	 
 � U s
�p^[ Q ZYg^X n d ZYga P
 � 	 � � U o r d ZYga P� � 	 � �� U o Y[l n dZYga P� �� 	 � � U s �^ m bZZ `W[abl^X ZYc^X
cp^ `Ya^ mp^X^ Q ZYg^X n `pWWa^a cp^ YX` P
 � 	 
 � � U s tV Q ZYg^X n Yaab\[a VYZa^ cW q � o cp^[ cp^
Y[YZW\W]a hWi^a YX^ h Yl^ ]ab[\ cp^ i^Xcb`^a 
 � o � � o ^c` s ? Vc^X P� �� 	 � � U pYa e ^^[ cXYi^Xa^l o
Q ZYg^X r Pcp^ XY[lWh dZYg^XU Yaab\[a Pm bcp ^]YZ dXWeYebZbcg U cX]^ WX VYZa^ cW q � s tV Q ZYg^X
r Yaab\[a cX]^ o cp^ [^�c hWi^ WV cp^ \Yh^ ba P� � 	 
 � U o d ZYg^l eg r s Q ZYg `W[cb[]^a YZW[\ cp^
YX`a P
 � 	 �� U o P�� 	 �� U o P�� 	 � �� U o P� �� 	 � � U o d ZYg^l eg no r o no r s ? a e^VWX^ o bV Q ZYg^X r Yaab\[a
VYZa^ cW q � o Y[YZW\W]a hWi^a YX^ hYl^ ]ab[\ cp^ i^Xcb`^a 
 � o �� o ^c` s �XWh � � o d ZYg `W[cb[]^a
b[ cpba VYap bW[ ][cbZ Q ZYg^X n hWi^a YZW[\ ^bcp^X P� �� 	 ��� � U WX P� �� 	 ��� �U o l^d ^[lb[\ W[ cp^
e WWZ^Y[ iYZ]^ `pWa^[ VWX q� s �pba ^[la cp^ �iYXbYe Z^ Yaab\[h^[c� dpYa^ WV cp^ \Yh^ s

Q ZYg^X r [Wm `pWWa^a ][bVWXh Zg Yc XY[lWh YhW[\ cp^ YX`a P��� � 	 � �U o � � �o P��� � 	 �# U s
T]ddWa^ Q ZYg^X r `pWWa^a P��� � 	 �� U s tV cp^ � �� `ZY]a^ WV � ba aYcbaj^l eg cp^ Yaab\[h^[c
`pWa^[ b[ cp^ jXac dpYa^ WV cp^ \Yh^ o cp^[ Q ZYg^X n `pWWa^a Y[ YX` P�� 	 
 � U PX^ad s P�� 	 
 � UU`WXX^adW[lb[\ cW Y cX]^ Zbc^XYZ q � PX^ad s q � U cpYc Ydd ^YXa b[ cp^ � �� `ZY]a^ s �p^ \Yh^ cp^[
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�#

� b\]X^ | � �p^ YX`a P��� 	 �� U Y[l cpWa^ VXWh � �� eY`u cW cp^ p^�Y\W[a o mp^X^ � �� � q � �
q � � q ��

�

�

�


 ���  �
�

�

�

�


 �


 �  �


 ��  �


 ��  �


 ���  �


 �  �

� b\]X^ � � �p^ acYXc WV cp^ acYbX`Ya^ ^hY[Ycb[\ VXWh 
 �

n�



cYu^a |� hWX^ ac^da o e ^`Y]a^ bc VW ZZWm a cp^ �ad b[^� WV cp^ acYbX`Ya^ ^h Y[Ycb[\ VXWh 
 �PX^ad s 
 � U � QZYg^X r m bZZ pYi^ [W `pWb`^ e]c cW cYu^ Y ac^d lWm[ cp^ ad b[^ o Y[l Q ZYg^X n m bZZ
YZmYga `pWWa^ cW \W W[^ ac^d V]Xcp^X lWm[ cp^ ad b[^ b[ac^Yl WV W� W[cW Y �acYbX o� e ^`Y]a^
cp^ \Yh^ ^[la Ya aWW[ Ya Y acYbX ba `pWa^[ s �p^ ^[l WV cp^ ad b[^ ba X^Y`p^l W[ Y hWi^ WV
Q ZYg^X no Y[l j[YZZg Q ZYg^X r VW ZZWm a cp^ ab[\Z^ YX` cW cp^ l^acb[YcbW[ 	
 s tV cp^ � �� `ZY]a^
ba [Wc aYcbaj^l o cp^[ Q ZYg^X n h]ac `pWWa^ Y[ YX` P�� 	 
 � U PX^ad s P�� 	 
 � UU `WXX^ad W[lb[\ cW
Y VYZa^ Zbc^XYZ q � PX^ad s q � U s �WX `W[`X^c^[^aa o a]ddWa^ cpYc Q ZYg^X n `pWWa^a cp^ YX` P�� 	 
 � U s
�Wcp WV cp^ YX`a VXWh 
 � YX^ ][]a^l b[ cpba `Ya^ � b[ cp^ dX^ibW]a `Ya^ o mp^[ q � mYa Y cX]^
Zbc^XYZ o W[Zg cp^ YX` P
 � 	 
 �  � U mYa ][]a^l s Q ZYg^X r `pWWa^a ^Y`p ][]a^l YX` m bcp dXWeYebZbcg
n| s tV Q ZYg^X r `pWWa^a P
 � 	 
 �  � U o cp^ \Yh^ `W[cb[]^a VWX |� hWi^a Ya e ^VWX^ cW l^acb[YcbW[
	
 � Wcp^Xm ba^ cp^ \Yh^ ^[la b[ w PnU hWi^a Y[l 	
 ba [Wc X^Y`p^l s

�p^ dXWeYebZbcg WV X^Y`pb[\ 	
 ba cp]a ^]YZ cW no bV � � TT?� o ab[`^ b[ cpba `Ya^ Q ZYg^X
n `Y[ \]YXY[c^^ cpYc YZZ `ZY]a^a YX^ aYcbaj^l eg cp^ iYXbYe Z^ Yaab\[h^[c s �Wm^i^X o bV � ��
TT?� o cp^[ cp^ dXWeYe bZbcg cpYc Y \bi^[ `ZY]a^ ba aYcbaj^l eg cp^ iYXbYe Z^ Yaab\[h^[c `pWa^[
b[ cp^ jXac dpYa^ WV cp^ \Yl\^c \Yh^ ba Yc hWac � � o m p^X^ � � ~?� fR�?� Ty TT?� P� U s
tV b[ cp^ a^`W[l dpYa^ WV cp^ \Yh^ o Q ZYg^X r `pWWa^a Y `ZY]a^ cpYc ba [Wc aYcbaj^l o cp^[ m bcp
dXWeYebZbcg n| o cp^ l^acb[YcbW[ ba [Wc X^Y`p^l s � ^[`^ o cp^ dXWeYebZbcg WV X^Y`p b[\ 	
 ba Yc
hWac � � � Pn � � � U| � n � � o VWX aWh ^ � � r o eg �p^WX^h � sns �p]a bV � �� TT?� o cp^[
W[ Y acXYc^\g WV Q ZYg^X n cpYc [^i^X \W ^a W� b[cW Y acYbX`Ya^ o VY`c PbU WV cp^ jXac dYXY\XYdp
WV cp^ dXWWV pWZla s tc X^hYb[a cW `W[abl^X cpWa^ acXYc^\b^a WV Q ZYg^X n cpYc \W W� b[cW Y
acYbX`Ya^ b[ac^Yl WV `W[cb[]b[\ lWm[ cp^ acXb[\ WV p^�Y\W[a s tV Q ZYg^X n `pWWa^a o aYgo cp^ YX`
P
 � 	 
 �  �U W[ cp^ jXac hWi^ VXWh 
 � o cp^[ Q ZYg^X r `pWWa^a e ^cm^^[ cp^ acYbX YX` P
 �  � 	 
 ��  � UY[l cp^ ad b[^ YX` P
 �  � 	 
 ���  � U s � bcp dXWeYebZbcg n| o cp^ acYbX YX` mW]Zl e^ `pWa^[ o Y[l cp^
\Yh^ mW]Zl ^[l YVc^X W[^ hWX^ ac^d s tV cp^ ad b[^ YX` m^X^ `pWa^[ o cp^ aYh^ `pWb`^ mW]Zl
`W[VXW[c Q ZYg^X r YVc^X W[^ hWX^ ac^d s �p]a o cp^ dXWeYebZbcg WV X^Y`pb[\ cp^ ^[l WV cp^
ad b[^ ba |�� o mp^X^ � ba cp^ []he^X WV acYbXa s �^ `pWWa^ � aW cpYc |�� � Pn � �U� o cW ^[a]X^
cpYc b[ cpba `Ya^ o VY`c PbbU pWZla s

�^ [Wc^ cpYc cp^ X^a]Zc WV �p^WX^h � s| `W]Zl YZaW e ^ dXWi^l ]ab[\ Y X^l]`cbW[ VXWh cp^
~?� fQ��� TT?� V][`cbW[ o l^j[^l b[ cp^ T^`cbW[ � s

� 
� ����� �� ����� � ���� ���� ���� �
�XYdp �^ZbYe bZbcg ba Y �� f`WhdZ^c^ dXWe Z^h ac]lb^l eg �YZbY[c z|}� � � bi^[ Y lbX^`c^l o
Y`g`Zb` \XYdp � o aW]X`^ Y[l ab[u i^Xcb`^a � Y[l � o Y[l Y VYbZ]X^ dXWeYebZbcg � P� 	 
 U VWX ^Y`p
YX` P� 	 
 U o mpYc ba cp^ dXWeYebZbcg cpYc cp^X^ ba Y dYcp VXWh � cW � `W[abacb[\ ^�`Z]abi^Zg WV
YX`a cpYc pYi^ [Wc VYbZ^l� QYdYlbh bcXbW] z| n� l^j[^a Sg[Yh b` �XYdp �^ZbYe bZbcg PS�� U Ya
VW ZZWm a � �p^ \WYZ WV Y acXYc^\g ba acbZZ cW cXYi^Xa^ cp^ lb\XYdp VXWh � cW � s 
Wm pWm^i^X o VWX
^Y`p i^Xc^� q Y[l ^Y`p YX` P� 	 
 U o cp^X^ ba Y VYbZ]X^ dXWeYebZbcg � PP� 	 
 U 	 qU � cp^ b[c^XdX^cYcbW[
ba cpYc o bV cp^ `]XX^[c i^Xc^� ba q o cp^ dXWeYebZbcg cpYc cp^ YX` P� 	 
 U m bZZ VYbZ e ^VWX^ cp^ [^�c
hWi^ ba � PP� 	 
 U 	 q Us �p^ ZY[\]Y\^ S�� `W[abaca WV cpWa^ lb\XYdpa VWX mpb`p cp^X^ ^� baca
Y acXYc^\g VWX \^ccb[\ VXWh � cW � m bcp dXWeYebZbcg Yc Z^Yac n| s ? [Yc]XYZ Wdcbh b�YcbW[
dXWe Z^h ba ~?� fQ��� S�� � �bi^[ Y \XYdp o i^Xcb`^a � Y[l � o Y[l Y a^c �� PP� 	 
 U 	 qU� WV
VYbZ]X^ dXWeYebZbcb^a o mpYc ba cp^ dXWeYebZbcg WV X^Y`p b[\ � VXWh � ][l^X Y[ WdcbhYZ acXYc^\g�

�W WecYb[ Y [W[YddXW� bhYebZbcg X^a]Zc VWX ~?� fQ��� S�� o m^ [^^l cp^ VW ZZWm b[\
iYXbY[c WV �p^WX^h � sns

n�



����<�� � �� �B�GENLA HK L ALGHAEIHEB� B� ���� HB E�GHD�ILG E� �KEIK HK L AD�NBO �DAEDCFLG
D@@ LDA B� FJ �B�� L� DHLN� D�N HK LAL EG DH O BGH B� L AD�NBO �DAEDCFL @ LA IFD�GL{ �KLAL DAL
IB�GHD� HG r � � � � �� � n G�IK HKDH� � E�L� G�IK D ALGHAEIHLN E�GHD� IL � EHK � IFD�G LG� EH EG
���� �	 �KDAN HB NLIENL �KLHK LA B� D�LAD� L DH FLDGH ��� IFD�GLG DAL GDHEG� DCFL BA �KLHK LA
DH O BGH � �� IFD�G LG DAL GDHEG� DCFL{
� <�� � � �XWh cp^ dXWWV WV �p^WX^h � sno m^ `Y[ `W[`Z]l^ cpYc o \ bi^[ Y VWXh]ZY � o bc ba
QTQ?RyfpYXl cW l bacb[\]bap e ^cm^^[ cp^ `Ya^a cpYc cp^ ^�d ^`c^l []he^X WV abh]ZcY[^W]aZg
aYcbajYe Z^ `ZY]a^a ba Yc hWac � �� WX Yc Z^Yac ��� o VWX aWh^ `W[acY[ca � � 	 �� a]`p cpYc r �
� � � �� � ns tc YZaW VW ZZWm a VXWh cpba dXWWV o cW\^cp^X m bcp cp^ dXWWV WV �p^WX^h | s� o cpYc
cpba ba cX]^ VWX b[acY[`^a m bcp W[ Zg W[^ XY[lWh iYXbYe Z^ d ^X `ZY]a^ s �W a^^ cpba o [Wc^ cpYc
b[ cp^ dXWWV WV �p^WX^h | s� o cp^ i^Xbj^X ]^Xb^a W[Zg W[^ WV Q ZYg^X r �a e bca � cp]a ^Y`p `ZY]a^
WV Y[g a]eVWXh]ZY b[ cp^ `W[acX]`cbW[ WV �p^WX^h � sn pYa W[Zg W[^ XY[lWh iYXbYe Z^ s

�^ [Wm apWm pWm cW hWlbVg cpYc `W[acX]`cbW[ aW cpYc [W XY[lWh iYXbYe Z^ ba [^\Yc^l
b[ cp^ X^a]Zcb[\ VWXh]ZY s �W lW cpba o m^ ]a^ cp^ bl^[cbcg

�q� � � �q � � � � q� �� � q �� � � q �� �� � �
mp^X^ `W[`Yc^[YcbW[ h^Y[a �WX o� Y[l ��� Y[l ��� h^Y[ YllbcbW[ Y[l a]ecXY`cbW[ Wi^X
� s T]ddWa^ � `W[cYb[a x iYXbYe Z^a Y[l � `ZY]a^a o WV mpb`p � `W[cYb[ Y [^\Yc^l XY[lWh
iYXbYe Z^ s �^ X^d ZY`^ Y[g `ZY]a^ �q� � `W[cYb[b[\ Y [^\Yc^l XY[lWh iYXbYe Z^ q Y[l Zbc^XYZa �
Y[l � eg cp^ VW]X `ZY]a^a � � o q� �� o q �� � Y[l q �� �� s �^ [Wm pYi^ Y VWXh]ZY � � `W[cYb[ b[\ x
iYXbYe Z^a Y[l � � �� `ZY]a^a s �^ `ZYbh cpYc

~?� fR�?� Ty TT?� P� � U � ~?� fR�?� Ty TT?� P� U � }� | 	
�pba VWXh]ZY ba l^Xbi^l VXWh cp^ YeWi^ bl^[cbcg � cp^ c^Xh �q ba aYcbaj^l ^�Y`cZg pYZV cp^ cbh^ o
Y[l YVc^X a]ecXY`cb[\ � o m^ j[l cpYc m^ ^�d ^`c }| YllbcbW[YZ `ZY]a^a cW e ^ aYcbaj^l b[ � �
VWX ^Y`p WV cp^ � a]eacbc]cbW[a cpYc m^ hYl^ s

����<�� � �	 �KLAL EG D IB�GHD� H � � r G�IK HKDH D@@ AB� EO DHE�� ��� ���� � � � EHK E�
ADHEB |��� EG ���� �	 �KDAN{
� <�� � � �^ apWm pWm cW X^l]`^ cp^ dXWe Z^h WV YddXW� bh Ycb[\ cp^ ~?� fR�?� Ty TT?�
V][`cbW[ W[ Y[ b[acY[`^ WV cp^ VWXh \bi^[ b[ �p^WX^h � s� cW cp^ dXWe Z^h WV YddXW� bh Ycb[\
cp^ Sg[Yh b` �XYdp �^ZbYe bZbcg V][`cbW[ s �p^ cYX\^c S�� b[acY[`^ ba `WhdWa^l WV cmW dYXca o
Y iYXbYe Z^fa^ccb[\ `WhdW[^[c Y[l Y a^c WV `ZY]a^fc^acb[\ `WhdW[^[ca s �p^ `W[acX]`cbW[ ba
bZZ]acXYc^l b[ � b\]X^ � s �p^ iYXbYe Z^fa^ccb[\ `WhdW[^[c `W[abaca WV cp^ x �lbYhW[la� b[
cpba j\]X^ o Y[l cp^ �cp `ZY]a^fc^acb[\ `WhdW[^[c Zb^a e ^cm^^[ i^Xcb`^a �� Y[l 	� s �p^X^ YX^
VW]X ^l\^a e ^cm^^[ ^Y`p dYbX �� Y[l 	� s �pX^^ WV cp^a^ `WXX^ad W[l cW cp^ cpX^^ Zbc^XYZa b[
cp^ `ZY]a^ o Y[l cp^ VW]Xcp ba Y �egdYaa ^l\^ s�

yY`p dYcp VXWh � cpXW]\p cp^ iYXbYe Z^fa^ccb[\ `WhdW[^[c `WXX^ad W[la cW Y[ Yaab\[h^[c
WV cp^ iYXbYe Z^a b[ WXl^X s tV q � ba Y[ ^� bac^[cbYZ iYXbYe Z^ o e Wcp WV cp^ ^l\^a b[cW i^Xcb`^a q �Y[l �q � YX^ YiYbZYe Z^ o aW cp^ acXYc^\g l^c^Xh b[^a mpb`p i^Xc^� ba b[ cp^ dYcp s tV cp^ i^Xc^�
q � ba `pWa^[ o YZZ WV cp^ ^l\^a b[ cp^ `ZY]a^fc^acb[\ `WhdW[^[ca `WXX^ad W[lb[\ cW �q � VYbZ m bcp
dXWeYebZbcg no Y[l abh bZYXZg bV �q � ba `pWa^[ o YZZ WV cp^ ^l\^a `WXX^ad W[lb[\ cW q � b[ cp^ `ZY]a^f
c^acb[\ `WhdW[^[ca VYbZ s tV q � ba Y XY[lWh iYXbYe Z^ o ]d W[ X^Y`pb[\ cp^ i^Xc^� bhh^lbYc^Zg
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� � � � � � 	 �

� � �

�q � �q �

� b\]X^ � � �p^ \XYdp `W[acX]`c^l b[ X^l]`b[\ ~?� fR�?�Ty TT?� cW S�� s 
Wc^ cpYc YZZ
^l\^a YX^ lbX^`c^l VXWh Z^Vc cW Xb\pc ^�`^dc cpWa^ b[`bl^[c cW � o mpb`p \W VXWh Xb\pc cW Z^Vc s

e ^VWX^ q � o m bcp dXWeYebZbcg n| cp^ ^l\^ cW q � VYbZa s tV bc lW ^a o cp^ dYcp h]ac \W cpXW]\p
�q � o b[ mpb`p `Ya^ YZZ WV cp^ ^l\^a `WXX^ad W[lb[\ cW q � b[ cp^ `ZY]a^fc^acb[\ `WhdW[^[ca VYbZ s
�cp^Xm ba^ o cp^ dYcp h Yg \W cpXW]\p �q � WX q � s Tb[`^ �q � [^i^X Ydd ^YXa b[ Y[g `ZY]a^a o bc `Y[
W[Zg p^Zd cW \W cpXW]\p cp^ q � [Wl^ o aW m^ hYg Yaa]h^ cpYc cp^ acXYc^\g ba `W[abac^[c m bcp
cpba s

�XWh i^Xc^� � � o cp^ dYcp Z^Yi^a cp^ iYXbYe Z^fa^ccb[\ `WhdW[^[c Y[l ^[c^Xa W[^ WV �

`ZY]a^fc^acb[\ `WhdW[^[ca s � p^[ � � ba X^Y`p^l o ^Y`p ^l\^ P�� 	 �� U 	 n � � � � o VYbZa m bcp
dXWeYebZbcg n � n� s tV YZZ ^l\^a P�� 	 �� U VYbZ o `Z^YXZg � `Y[[Wc e ^ X^Y`p^l VXWh � � s �^ [^�c
apWm cpYc bV bV cmW WX hWX^ WV cp^a^ ^l\^a a]Xibi^ o � ba YZmYga X^Y`pYe Z^ o Y[l bV ^�Y`cZg W[^
WV cp^a^ ^l\^a a]Xi bi^a o � ba X^Y`pYe Z^ W[ Zg bV cp^ `WXX^adW[lb[\ `ZY]a^ ba aYcbaj^l s �p]a o
� ba X^Y`pYe Z^ m bcp dXWeYebZbcg YddXW� bhYc^Zg n � |� � �  P� �U o mp^X^ � ba cp^ []he^X
WV aYcbaj^l `ZY]a^a Y[l � ba | s�n�|� sss s �XWh �p^WX^h � s� o bc [Wm VWZZWm a cpYc VWX aWh^
`W[acY[ca �� � �� o bc ba QTQ?RyfpYXl cW lbacb[\]bap e ^cm^^[ cp^ `Ya^a ~?� fQ��� S�� Pq U
� � � Y[l ~?� fQ��� S�� PqU � �� s

� ^`YZZ cpYc cpX^^ WV cp^ VW]X ^l\^a e ^cm^^[ [Wl^a �� Y[l 	� `WXX^ad W[l cW cp^ cpX^^
Zbc^XYZa b[ cp^ `ZY]a^ o Y[l ^Y`p m bZZ e ^ dX^a^[c mp^[ � � ba X^Y`p^l bV cp^ `WXX^ad W[lb[\ Zbc^XYZ
ba cX]^ s tV �� ba i babc^l o cp^[ cp^ egdYaa ^l\^ VWX `ZY]a^ � VYbZa s tV ^�Y`cZg W[^ ^l\^ P�� 	 �� Ua]Xibi^a o `Z^YXZg � `Y[ e ^ X^Y`p^l W[Zg bV cp^ `WXX^ad W[lb[\ `ZY]a^ ba aYcbaj^l o b[ mpb`p `Ya^
cp^ dYcp `W[cYb[a � � 	 �� 	 �� 	 �� 	 	� 	 � s � b[YZZgo bV cmW ^l\^a P�� 	 �� U Y[l P�� 	 �� U a]Xi bi^ o cp^[ cp^
dYcp � � 	 �� 	 �� 	 �� 	 � 	 �� 	 �� 	 	� 	 � X^Y`p^a � s 
Wc^ cpYc b[ cp ba `Ya^ cp^ egdYaa ^l\^ e ^cm^^[ ��
Y[l 	� ba YiYbZYe Z^ e ^`Y]a^ [Wl^ �� ba [^i^X i babc^l s

� b[YZZgo m^ acX^[\cp^[ W]X X^a]Zc eg h Yub[\ a^i^XYZ `Wd b^a WV cp ba `W[acX]`cbW[ Y[l
X^d ^Ycb[\ bc b[ a^Xb^a Y[l b[ dYXYZZ^ Z s �W apWm cpba o m^ ]a^ Y X^a] Zc WV ?� cYb Y[l �^[f�X zn�
Pa^^ �p^WX^h � sn� b[ z��U � �WX ^i^Xg dXWeYebZbacb` `bX`]bc  WV ab�^ � cpYc Y``^dca Y ZY[\]Y\^
_ m bcp ^XXWX dXWeYe bZbcg � � n| o cp^X^ ba Y dXWeYebZbacb` `bX`] bc  � WV ab�^ � � ��� P� U cpYc

n�



Y``^dca _ m bcp ^XXWX dXWeYe bZbcg � |�� s t[ VY`c o cp^ `bX`] bc  � pYa cp^ VW ZZWm b[\ acX]`c]X^ �
� ��� �� ���� " ��� �� ��� �� 	�� 
���� �

�W Ydd Zg cp ba X^a] Zc cW W]X `W[acX]`cbW[ o m^ X^d ZY`^  eg X^d ^Ycb[\ cp^ `W[acX]`cbW[ b[
a^Xb^a Pb s^ so cYu b[\ cmW `Wd b^a Y[l `W[[^`cb[\ cp^ ab[u b[ cp^ jXac `Wdg m bcp cp^ aW]X`^ b[
cp^ a^`W[lU o Y[l X^d ZY`^ � eg X^d ^Ycb[\ cp^ `W[acX]`cbW[ b[ dYXYZZ^ Z Pb s^ so cYu b[\ cmW `Wd b^a
Y[l `W[[^`cb[\ � � b[ cp^ jXac `Wdg m bcp cp^ aW]X`^ b[ cp^ a^`W[l Y[l cp^ ab[u b[ cp^ jXac
`Wdg m bcp cp^ ab[u b[ cp^ a^`W[lUs �p^ []he^X WV ^l\^a WV cp^ X^a]Zcb[\ `W[acX]`cbW[ ba
cp^[ w P�� �� � U VWX Y[g � � r o mp^X^ � ba cp^ ab�^ WV cp^ `W[acX]`cbW[ YeWi^ s �XWh cpba o cp^
cp^WX^h VWZZWm a o mp^X^ � ba Y[g `W[acY[c Z^aa cpY[ n� s P? aa]h b[\ cpYc cp^ cp^ b[acY[`^ ba
^[`Wl^l a]`p cpYc cp^ Z^[\cp ba w P�� �� � ZW\ P�� UU o mpb`p `Y[ ^YabZg e ^ lW[^ sU

� 
� � �� ����� ��� ����� � ��������  ��� ���������� �
TWZbcYbX^ ~ Ypf�W[\\ o m bl^Zg YiYbZYe Z^ Ya Y `Whd]c^X \Yh^ o ba d ZYg^l XW]\pZg Ya VW ZZWm a s �p^
\Yh^ ]a^a ~ Ypf�W[\\ cbZ^a o mpb`p YX^ lbi bl^l b[cW a^ca WV cmW WX VW]X h Yc`pb[\ cbZ^a s �^
\^[^XYZb�^ cp^ acY[lYXl \Yh^ abhdZg eg Yaa]h b[\ cpYc cp^X^ YX^ Y[ YXe bcXYXbZg ZYX\^ []he^X
WV cbZ^a s t[ bcbYZZgo cp^ cbZ^a YX^ WX\Y[b�^l b[ Y dX^a^c YXXY[\^h ^[c WV XWm a o Y[l cp^ XWm a hYg
e ^ acY`u^l W[ cWd WV ^Y`p Wcp^X s ? a Y X^a]Zc o aWh^ cbZ^a YX^ pbll^[ ][l^X Wcp^X cbZ^a � bc ba
Yaa]h^l cpYc ^Y`p dWaabe Z^ YXXY[\^h^[c WV cp^ pbll^[ cbZ^a ba ^]YZZg Zbu^Zgs ? cbZ^ cpYc ba
[Wc pbll^[ Y[l ba Yc cp^ ^[l WV Y XWm ba aYbl cW e ^ YiYbZYe Z^ s t[ Y Z^\YZ hWi^ o Y[g dYbX
WV YiYbZYe Z^ hYc`p b[\ cbZ^a h Yg e ^ X^hWi^l o X^a]Zcb[\ b[ Y [^m `W[j\]XYcbW[ WV cp^ cbZ^a b[
mpb`p ]d cW cmW dX^i bW]aZg pbll^[ cbZ^a YX^ ][`Wi^X^l s �p^ d ZYg^X m b[a cp^ \Yh^ bV YZZ cbZ^a
YX^ X^hWi^l eg Y a^]^[`^ WV Z^\YZ hWi^a s ~?� f��
�� Pq U ba l^j[^l cW e ^ cp^ h Y�bh]h
dXWeYebZbcg WV m b[[ b[\ cp^ \^[^XYZb�^l ~ Ypf�W[\\ \Yh^ o VXWh b[bcbYZ YXXY[\^h ^[c q WV cp^
cbZ^a o Yaa]h b[\ cpYc cp^ pbll^[ cbZ^a YX^ XY[lWh Zg Y[l ][bVWXh Zg d ^Xh]c^l s

�W l^j[^ cp^ \Yh^ dX^`ba^Zgo m^ l^j[^ Y a^c WV ~ Ypf�W[\\ cbZ^a cW e ^ � � � �� � o m p^X^� � 	 � � � 	 � � YX^ l ba�Wb[c a^ca WV cbZ^a o ^Y`p a^c e ^b[\ WV ab�^ | WX � s �^ aYg cbZ^a � � Y[l � �
ODHIK bV Y[l W[Zg bV VWX aWh^ � o � � 	 � � � � � s ? IB�� ��ADHEB�  ba Y a^c WV d WabcbW[a P� 	 � 	 � U o
mp^X^ ^Y`p WV � 	 � 	 � ba Y [W[f[^\Ycbi^ b[c^\^X o aYcbaVg b[\ cp^ VW ZZWm b[\ `W[acXYb[ca s

� tV P� 	 � 	 � U �  Y[l P� 	 � � 	 � U �  mp^X^ � � � � o cp^[ VWX ^i^Xg � �� b[ cp^ XY[\^ z� 	 � � � o
P� 	 � �� 	 � U �  s

� tV P� 	 � 	 � U �  mp^X^ � � r cp^[ P� 	 � 	 � � nU �  s
t[c]bcbi^Zgo cpba `Ydc]X^a cp^ VY`c cpYc cbZ^a YX^ YXXY[\^l b[ cpX^^ l bh^[abW[a s � bZ^a `Y[
e ^ acY`u^l W[ ]d WV ^Y`p Wcp^X � YZZ cbZ^a m bcp `WhhW[ � YX^ Yc cp^ aYh^ p^b\pc s � bZ^a
Yc cp^ aYh^ p^b\pc o m bcp `WhhW[ � b[l^� o VWXh Y XWm s �p^ jXac `W[lbcbW[ ^[a]X^a cpYc
cp^X^ `Y[[Wc e ^ �\Yda� b[ Y XWm � cp^ a^`W[l o cpYc Y cbZ^ Yc p^b\pc � � r h]ac pYi^ Y cbZ^
][l^X[^Ycp bc sU

� bcp X^ad ^`c cW Y \bi^[ `W[j\]XYcbW[ o Y dWabcbW[ P� 	 � 	 � U ba KENNL� bV P� 	 � 	 � � nU ba YZaW b[
cp^ `W[j\]XYcbW[ s ?[ DAAD�� LO L� H `W[abaca WV Y a^c WV ~ Ypf�W[\\ cbZ^a � o Y `W[j\]XYcbW[
 WV ab�^ �� �o Y[l Y nf n V][`cbW[ VXWh cp^ d WabcbW[a WV  cpYc YX^ [Wc p bll^[ b[cW � s tV

|r



� b\]X^ } � �p^ YXXY[\^h ^[c WV cbZ^a dYXc mYg cpXW]\p Y \Yh^ WV �hYp�W[\\ s QWaabe Z^ hWi^a
b[`Z]l^ X^hWib[\ cp^ ab� WV lWca b[ cp^ cpbXl XWm Y[l cp^ ab� WV lWca b[ cp^ ab�cp XWm o
X^hWib[\ cp^ dYbX WV cmWa WV eYheWW b[ cp^ VW]Xcp XWm o Y[l X^hWib[\ Y[g cmW WV cp^ cpX^^
YiYbZYe Z^ 
WXcp cbZ^a Pb[ cp^ jXac o ab�cp Y[l a^i^[cp XWm aU s �hYp�W[\\ ba `WdgXb\pc n��� eg
�^� T s �W][\ s � bZ^ l^ab\[a YX^ `WdgXb\pc n��� eg ~YXu ? s �Wp[ s

cpba V][`cbW[ hYda dWabcbW[ P� 	 � 	 � U cW cbZ^ � o m^ aYg � ba E� @BGEHEB� P� 	 � 	 � U s � bcp X^ad ^`c
cW Y \bi^[ YXXY[\^h ^[c o m^ aYg Y d WabcbW[ P� 	 � 	 � U ba D�DEFDCFL bV bc ba [Wc pbll^[ o Y[l ^bcp^X
d WabcbW[ P� 	 � � n 	 � U WX P� 	 � � n 	 � U ba [Wc b[ cp^ `W[j\]XYcbW[ s ?[ YXXY[\^h^[c ba LO@ HJ bV� ba ^hdcgs

�^c q � P� 	  	 � U e ^ Y[ YXXY[\^h ^[c s yY`p dYbX � P� � 	 � � 	 � � U 	 P�� 	 � � 	 �� U� WV YiYbZYe Z^
d WabcbW[a Yc mpb`p cp^X^ YX^ h Yc`pb[\ cbZ^a � � 	 � � l^j[^a Y O DHIK WV q s �^ aYg YXXY[\^h^[c
q � ba WecYb[Ye Z^ VXWh q ibY h Yc`p � P� � 	 � � 	 � � U 	 P�� 	 � � 	 �� U� bV q � � P� � 	  � 	 � � U o mp^X^ � � �� � �� � 	 � � � o  � �  � � P� � 	 � � 	 � � U 	 P�� 	 � � 	 �� U� Y[l j[YZZgo � � Y[l � Y\X^^ W[ cp^ a^c WV
d WabcbW[a mpb`p YX^ [Wc pbll^[ eWcp b[  Y[l  � s P
Wc^ cpYc � � ba [Wc l^j[^l W[ dWabcbW[a
P� � 	 � � 	 � � U Y[l P�� 	 � � 	 �� U o Y[l � � ba l^j[^l W[ dWabcbW[ P� � 	 � � 	 � � � nU bV � � � r Y[l W[
dWabcbW[ P�� 	 � � 	 �� � nU o bV �� � r o ab[`^ cp^a^ YX^ [W ZW[\^X p bll^[ sU RWXX^adW[lb[\ cW
^Y`p h Yc`p � P� � 	 � � 	 � � U 	 P�� 	 � � 	 �� U� WV q ba Y O B�Lo mpb`p X^a] Zca b[ Y[ YXXY[\^h ^[c q � o
`pWa^[ ][bVWXh Zg Y[l XY[lWh Zg VXWh cp^ a^c WV YXXY[\^h^[ca WecYb[Ye Z^ VXWh q ibY hYc`p
� P� � 	 � � 	 � � U 	 P�� 	 � � 	 �� U� s ? a^]^[`^ WV hWi^a VXWh YXXY[\^h ^[c q Z^Yla cW Y m b[ bV bc X^a]Zca
b[ cp^ ^hdcg YXXY[\^h^[c s ? GHADHL�J W[ q YaaW `bYc^a Y hYc`p PbV Y[g U m bcp ^Y`p dWaabe Z^
YXXY[\^h^[c WecYb[Ye Z^ VXWh q ibY Y[g a^]^[`^ WV hWi^a s

?[ b[acY[`^ WV cp^ ~Ypf�W[\\ \Yh^ ba Y[ YXXY[\^h^[c q s ~?� f��
�� PqU ba cp^
hY� bh]h dXWeYebZbcg WV Y m b[ VXWh q o mp^X^ cp^ h Y�bh]h ba cYu^[ Wi^X YZZ acXYc^\b^a W[
q s

| n



t[ �p^WX^h � s� o m^ apWm cpYc bc ba Q TQ?RyfpYXl cW YddXW� bhYc^ cp^ ~?� f��
��
V][`cbW[ m bcpb[ XYcbW x�� VWX aWh^ `W[acY[c � � ns �]X X^a]Zc pWZla VWX b[acY[`^a q b[ mpb`p
cbZ^a YX^ [^i^X acY`u^l hWX^ cpY[ cmW l^^d Pa^^ � b\]X^ }U s �^ ]a^ cp^ VW ZZWm b[\ Z^hhY b[
W]X X^l]`cbW[ s

	���= � �� �LH � Px U CL D�J @BFJ�BO EDF D�N FLH � � r CL D�J IB�GHD� H{ �LH � � CL D�
E�GHD� IL B� ���� � EHK �B � L� DHLN AD�NBO �DAEDCFLG { �KL� HK LAL EG D� E�GHD�IL ���� � � EHK
�B � L� DHLN AD�NBO �DAEDCFLG HKDH ID� CL L� IEL� HFJ IB�GHA�IHLN � ABO � � � � EHK HK L � BF FB� E��
@ AB@ LAHELG {

�D� �� HK L L�@ LIHLN � ADIHEB� B� GEO � FHD� LB�GFJ GDHEG� DCFL IFD�G LG B� � � EG DH O BGH �� � � P�
rU � HK L� B� D�J GHADHL�J � BA DGGE�� E�� �DF� LG HB HK L L� EG HL� HEDF �DAEDCFLG B� � � � EHK @ ABCDCEFEHJ
DH FLDGH n � n� P �� � �U HK L � ADIHEB� B� GDHEG� LN IFD�G LG B� � EG DH O BGH � � {

�C� �� HK L L�@ LIHLN � ADIHEB� B� GEO � FHD� LB�GFJ GDHEG� DCFL IFD�G LG B� � � EG DH FLDGH �� � � P� nU �
HK L� HK LAL EG D GHADHL�J � BA DGGE�� E�� �DF� LG HB HK L L� EGHL� HEDF �DAEDCFLG B� � G�IK HKDH � EHK
@ ABCDCEFEHJ DH FLDGH n � n� P �� � �U � HK L � ADIHEB� B� GDHEG� LN IFD�G LG B� � EG DH FLDGH �� {

� <�� � � � ba abhd Zg `WhdWa^l WV h Y[g b[l^d ^[l^[c `Wd b^a WV � � o Ya VW ZZWm a s tV
� � � �q ��q � � � � �q� � � Pq � 	 � � � q� � U

cp^[ VWX aWh ^ � � � P �� �U cW e ^ `pWa^[ ZYc^X o
� � �q ���q �� � � � �q �� � � � � �q� ��q� � � � � �q�� � � Pq �� 	 � � � q �� � U  � � �  � Pq� � 	 � � � q�� � U �

� b� Y[g acXYc^\g VWX Yaab\[b[\ iYZ]^a cW cp^ ^� bac^[cbYZ iYXbYe Z^a WV � s �^c XY[lWh
iYXbYe Z^ � � 	 n � � � � e ^ cp^ VXY`cbW[ WV `ZY]a^a cpYc YX^ aYcbaj^l b[ cp^ a]eVWXh]ZY
� Pq �� 	 � � � q �� � U s �^c XY[lWh iYXbYe Z^ � e ^ cp^ VXY`cbW[ WV aYcbaj^l `ZY]a^a WV � s �p^[
� � Pn� U��

�� � � � s tV �YX P� � U ba cp^ iYXbY[`^ WV � � o cp^[ cp^ iYXbY[`^ WV � ba

�YX P� U �
�
�
�� �

�YX P� � � U � n� �

�W dXWi^ dYXc PYU o a]ddWa^ cpYc � � ba a]`p cpYc cp^ ^�d ^`c^l VXY`cbW[ WV abh]ZcY[^W]aZg
aYcbajYe Z^ `ZY]a^a ba Yc hWac � � � � s �p^[ o cp^ ^�d ^`c^l iYZ]^ WV � � o Y[l p^[`^ WV � o ba
Yc hWac �� � � VWX YZZ � s �p]a o VXWh Rp^egap^i �a b[^]YZbcgo QXWe z� � � �� � n P��� U s tV
� P �� � �U � Pn�� U� P �� � �U o cp^[ m bcp dXWeYe bZbcg Yc Z^Yac n � n� P �� �U o � � � � s �p^ dXWWV WV dYXc
Pe U ba abh bZYX s

����<�� � �	 �KLAL EG D IB�GHD� H r � � � n G�IK HKDH D@@ AB� EO DHE�� ��
 ���� �� � EHK E�
ADHEB x�� EG ���� �	 �KDAN{

� <�� � � �W dXWi^ cpba X^a]Zc o m^ apWm pWm cW X^l]`^ cp^ dXWe Z^h WV YddXW� bhYcb[\ cp^ ~?� f
R�?�Ty TT?� V][`cbW[ W[ Y[ b[acY[`^ � � WV cp^ W[^ WV cp^ cmW cgd^a \bi^[ b[ �p^WX^h
� s� cW cp^ dXWe Z^h WV YddXW� bh Ycb[\ cp^ ~?� f��
�� V][`cbW[ W[ aWh^ b[acY[`^ s �^ jXac
`W[i^Xc � � b[cW VWXh]ZY � WV �^hhY � s} o Y[l cp^[ YddZg cp^ VW ZZWm b[\ X^l]`cbW[ cW � s �^
Yaa]h^ m bcpW]c ZWaa WV \^[^XYZbcg cpYc cp^ []he^X WV Zbc^XYZa b[ ^Y`p WV cp^ � `ZY]a^a WV �

||



�# � �� �k � k� k� k� � �

� b\]X^ � � �p^ X^\]ZYcb[\ XWm s

ba ^�Y`cZg cpX^^ Y[l cpYc cp^ []he^X WV iYXbYe Z^a o x o ba ^i^[ s � bi^[ a]`p Y[ b[acY[`^ � o cp^
hYb[ acX]`c]X^a WV cp^ `WXX^ad W[lb[\ ~ Ypf�W[\\ \Yh^ YX^ XW]\pZg Ya VW ZZWm a s

RWXX^ad W[lb[\ cW ^Y`p iYXbYe Z^ ba Y a^c WV �DAEDCFL�G LHHE�� AB�Gs �^hWib[\ Y dYXcb`]ZYX
cbZ^ VXWh W[^ WV cp^a^ XWm a `WXX^adW[la cW �a^ccb[\� cp^ iYXbYe Z^ s RWXX^ad W[lb[\ cW ^Y`p
`ZY]a^ ba Y a^c WV IFD�G L AB�Gs ~ Wac WV cp^ pbll^[ cbZ^a YX^ b[ cp^ `ZY]a^ XWm a s �p^ HALDG�AL
IK LGH `W[abaca WV Y ab[\Z^ XWm s �[ cp^ Z^Vc ^[l WV cpba XWm ba Y ad ^`bYZ HALDG�AL�MLJ cbZ^ � cp^
\Yh^ `Y[ e ^ mW[ W[Zg eg X^hWib[\ cpba cbZ^ s �p^ hYc`pb[\ cX^Ya]X^fu^g cbZ^ `Y[ W[ Zg e ^
Y``^aa^l eg ][`Wi^Xb[\ Y �\WWl� a]ea^c WV ��DANfcbZ^a o mpb`p YX^ b[bcbYZZg p bll^[ s �p]a o
cp^ \WYZ WV Y \WWl acXYc^\g ba cW hY� bh b�^ cp^ []he^X WV pbll^[ cbZ^a ][`Wi^X^l aW Ya
cW h Y�bh b�^ cp^ `pY[`^a WV j[lb[\ Y \WWl a]ea^c WV \]YXlfcbZ^a o Y[l p^[`^ WV X^hWib[\
cp^ cX^Ya]X^fu^gs �pba acXYc^\g `WXX^ad W[la cW �a^ccb[\� cp^ ^� bac^[cbYZ iYXbYe Z^a aW Ya cW
hY� bh b�^ cp^ []he^X WV pbll^[ cbZ^a b[ cp^ `ZY]a^ XWm a cpYc YX^ ][`Wi^X^l s P�^ m bZZ a^^
cpYc cp^ XY[lWh iYXbYe Z^a YX^ �a^c� XY[lWh ZgsU

? AL�� FDHE�� AB� WV cbZ^a ba ]a^l cW ^[a]X^ cpYc iYXbYe Z^a YX^ a^c b[ cp^ `WXX^`c WXl^X Y[l
cpYc [W cbZ^a `Y[ e^ X^hWi^l VXWh Y `ZY]a^ XWm ][cbZ YZZ iYXbYe Z^a YX^ a^c s �]Xcp^XhWX^ o
cp^ X^\]ZYcb[\ XWm o cW\^cp^X m bcp cp^ iYXbYe Z^fa^ccb[\ XWm a o ^[a]X^a cpYc cp^ W[Zg cbZ^a b[
cp^ `ZY]a^ XWm a cpYc `Y[ Z^\YZZg e ^ X^hWi^l YX^ cpWa^ cbZ^a b[ XWm a WV `ZY]a^a cpYc pYi^
e ^^[ aYcbaj^l l]Xb[\ cp^ iYXbYe Z^fa^ccb[\ dpYa^ s �p]a o cp^ dXWeYebZbcg WV m b[[b[\ cp^ \Yh^
l^d ^[la W[ cp^ []he^X WV `ZY]a^a cpYc YX^ aYcbaj^l eg cp^ iYXbYe Z^ Yaab\[h^[c `pWa^[ b[
cp^ iYXbYe Z^fa^ccb[\ dpYa^ s

�^ [Wm l^a`Xbe ^ cp^ cbZ^a Y[l cp^bX YXXY[\^h^[c b[ l^cYbZ s �WX ^Y`p ^� bac^[cbYZ iYXbYe Z^
q � o cp^X^ YX^ VW]X cbZ^a ZYe ^Z^l k � PW[^ WV mpb`p ba b[ cp^ cX^Ya]X^ `p^acU Y[l VWX o ^Y`p XY[lWh
iYXbYe Z^ q � o cp^X^ YX^ cmW cbZ^a ZYe ^Z^l k � s �WX ^Y`p `ZY]a^ �� o cp^X^ YX^ VW]X cbZ^a � Y[l
cmW cbZ^a � � s �p^X^ YX^ YZaW � dYbXa WV CFBIME�� cbZ^a � Y\Yb[ � m bZZ e ^ ad ^`bj^l ZYc^X s �p^ � cp
dYbX WV e ZW `u b[\ cbZ^a ba ZYe ^Z^l � � s �[^ WV ^Y`p dYbX ba b[ cp^ cX^Ya]X^ `p^ac s

� b\]X^ � l^a`Xbe ^a cp^ X^\]ZYcb[\ XWm s �^X^ Y[l b[ mpYc VW ZZWm a o m^ X^dX^a^[c Y e ZW `u b[\
cbZ^ eg � � � cp^ a]ea`Xbdc ba Yaa]h^l cW e^ lb�^X^[c b[ ^Y`p W ``]XX^[`^ WV � � o Y[l cp^ d WabcbW[
WV Y dYXcb`]ZYX a]ea`Xbdc ba YXe bcXYXgs tV cp^ cX^Ya]X^ `p^ac ba [Wc Wd ^[ o b[ WXl^X cW X^hWi^ YZZ
cbZ^a b[ X^\]ZYcb[\ XWm o cp^ k� h]ac jXac e ^ h Yc`p^l b[ WXl^X o VW ZZWm^l eg cp^ � � b[ WXl^X s

�^ [^�c l^a`Xbe ^ cp^ iYXbYe Z^fa^ccb[\ acX]`c]X^a s t[ YllbcbW[ cW cp^ cbZ^a l^j[^l YeWi^ o
cp^ iYXbYe Z^fa^ccb[\ acX]`c]X^a `W[cYb[ VWX ^Y`p iYXbYe Z^ q � o Y dYbX WV cbZ^a ZYe ^Z^l � �  � o m p^X^
� XY[\^a e ^cm^^[ n Y[l cp^ []he^X WV `ZY]a^a b[ mpb`p ^bcp^X q � WX �q � W ``]Xa stV q � ba ^� bac^[cbYZ o cp^ �cp iYXbYe Z^fa^ccb[\ acX]`c]X^ ba l^a`Xbe ^l b[ � b\]X^ � s tV Yc aWh^
dWb[c b[ cp^ \Yh^ cp^ cX^Ya]X^ `p^ac ba [Wc Wd ^[ Y[l k � ba cp^ Z^VchWac cbZ^ b[ cp^ X^\] ZYcb[\
XWm o cp^[ cpba cbZ^ h]ac e ^ hYc`p^l cW cp^ k � b[ ^bcp^X cp^ jXac WX cp^ a^`W[l XWm WV cpba
acX]`c]X^ s tV bc ba h Yc`p^l cW cp^ k� b[ cp^ jXac XWm o cpba ba ^]biYZ^[c cW a^ccb[\ q � cW

|�



� ������

� �  �

� �  ��� ��� � �

k � � �  � � �  � � �  �� � �

k � � �  ��� � � �  ����

� �  �

� �  ��� ���

� �

� �

� ! � �

� "

� b\]X^ � � �p^ iYXbYe Z^fa^ccb[\ acX]`c]X^ VWX ^� bac^[cbYZ iYXbYe Z^ � o m p^X^ � � 	 � � 	 � � � 	 � �� YX^
cp^ `ZY]a^a `W[cYb[b[\ q � Y[l � ��� � 	 � � � 	 � ��� ��� YX^ cp^ `ZY]a^a `W[cYb[b[\ �q � s

cX]^ s �g X^hWib[\ cp^ � fcbZ^a b[ cpba XWm o cp^ d ZYg^X `Y[ hYu^ YiYbZYe Z^ cp^ cbZ^a � b[
cpba acX]`c]X^ o VWX mpb`p `ZY]a^ �� `W[cYb[a Zbc^XYZ q � s Tbh bZYXZgo a^ccb[\ q � cW VYZa^ h Yu^a
YiYbZYe Z^ cp^ cbZ^a � VWX mpb`p �� `W[cYb[a �q � s ? a cp^ VW]Xcp k � cbZ^ ba b[ cp^ cX^Ya]X^ `p^ac o
cp^ k � cpYc ba [Wc hYc`p^l `Y[[Wc e ^ X^hWi^l ][cbZ cp^ cX^Ya]X^ `p^ac ba Wd ^[^l s

tV cp^ iYXbYe Z^ q � ba Y XY[lWh iYXbYe Z^ o cp^ iYXbYe Z^fa^ccb[\ acX]`c]X^ ba ]bc^ abh bZYX o
^�`^dc cpYc K ENNL� cbZ^a YX^ ]a^l cW ^[a]X^ cpYc cp^ a^ccb[\ WV q � ba XY[lWh Zg `pWa^[ s yY`p
dYbX WV pbll^[ cbZ^a ba ZYe ^Z^l � � WX � �� o VWX � b[ cp^ XY[\^ n cW � Pmp^X^ � m bZZ e ^ ad ^`bj^l
ZYc^XU s �[^ cbZ^ VXWh ^Y`p dYbX ba pbll^[ s yY`p X^h Yb[b[\ cbZ^ � �� ba b[ cp^ cX^Ya]X^ `p^ac
Y[l ^Y`p X^hYb[b[\ cbZ^ � � VWXh a Y ab[\Z^cW[ XWm PT^^ � b\]X^ �U s �p^[ o bV q � ba XY[lWh o
cp^ �cp iYXbYe Z^fa^ccb[\ acX]`c]X^ ba l^a`Xbe ^l b[ � b\]X^ � s tV cp^ pbll^[ cbZ^ ][l^X k � ba � � ocp^[ bc `Y[ e ^ h Yc`p^l cW Y cbZ^ b[ Y ab[\Z^cW[ XWm s �^ m bZZ a^^ cpYc cpba pYdd ^[a m bcp
dXWeYebZbcg YddXW� bhYc^Zg n| s ?a e ^VWX^ o bV q � ba `W[cYb[^l b[ `ZY]a^ �� o cp^[ cbZ^ � b[ cpba
acX]`c]X^ `Y[ e ^ hYl^ YiYbZYe Z^ s �^`YZZ cpYc �q � [^i^X Ydd ^YXa bV q � ba Y XY[lWh iYXbYe Z^ s

�^ [^�c l^a`Xbe ^ cp^ `ZY]a^ XWm a PT^^ � b\]X^ nrU s ?\Yb[ o m^ [^^l YllbcbW[YZ cbZ^a s �WX
^Y`p `ZY]a^ � o cp^X^ ba Y dYbX WV cbZ^a ZYe ^Z^l � ��  � o mp^X^ � XY[\^a e ^cm^^[ n Y[l � Pmp^X^ �
m bZZ e ^ `pWa^[ ZYc^XU s �p^X^ ba Y cbZ^ pbll^[ ][l^X ^Y`p � �fcbZ^ s �pba YXXY[\^h^[c ^[a]X^a
cpYc bV cp^ � cp `ZY]a^ ba cX]^ o cp^[ YZZ � WV cp^ pbll^[ cbZ^a ][l^X YZZ � ��  � `Y[ e ^ X^hWi^l s

�^VWX^ l^a`Xbe b[\ cp^ cX^Ya]X^ `p^ac Y[l cp^ YXXY[\^h ^[c WV \]YXlfcbZ^a o m^ acYc^ aWh^
dXWd ^Xcb^a WV cp^ \Yh^ acX]`c]X^a `W[acX]`c^l aW VYX s t[ mpYc VW ZZWm a o eg �m bcp pb\p dXWeYf
e bZbcg� o m^ h^Y[ m bcp dXWeYebZbcg Yc Z^Yac n � n� P �� � �U o VWX aWh ^ ZYX\^ dWZg[Wh bYZ � s � bXac o
cp^ []he^X � � � P �� � �U WV cbZ^a p bll^[ b[ ^Y`p `ZY]a^ `WhdW[^[c o ba a]� `b^[cZg ZYX\^ o m^
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� b\]X^ � � �p^ iYXbYe Z^fa^ccb[\ acX]`c]X^ VWX XY[lWh iYXbYe Z^ � o mp^X^ � � 	 � � 	 � � � 	 � �� YX^ cp^
`ZY]a^a b[ mpb`p q � Ydd ^YXa s
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� ��  �

� b\]X^ nr � �p^ `ZY]a^ XWm VWX cp^ �cp `ZY]a^ s

k �� _ � � k� � �� _� ��� �

� b\]X^ nn� �p^ cX^Ya]X^ `p^ac o mp^X^ � � �� � P�x |U � n � P�� � nU| s

`Y[ ^[a]X^ cpYc m bcp pb\p dXWeYebZbcgo W[Zg cbZ^a WV cp^ cgd ^ � � WX � �� YX^ ][`Wi^X^l b[ cp^
iYXbYe Z^fa^ccb[\ dpYa^ s T^`W[l o Yaa]h b[\ cpYc cp^ XY[lWh iYXbYe Z^a YX^ cX]^ Y[l VYZa^ m bcp
dXWeYebZbcg n| o bc VW ZZWm a VXWh �^hhY � s} cpYc bV � P �� � �U ba a]� `b^[cZg ZYX\^ o cp^[ m bcp pb\p
dXWeYebZbcgo cp^ VXY`cbW[ WV pbll^[ cbZ^a ][`Wi^X^l b[ cp^ `ZY]a^ `WhdW[^[ca ba ^bcp^X � � � WX
� �� o l^d ^[lb[\ W[ cp^ cgd ^ WV � � s �p^ lb� `]Zcg p^X^ ba cpYc YVc^X a^i^XYZ pbll^[ cbZ^a pYi^
e ^^[ X^i^YZ^l o cp^ dXWeYebZbcg WV Y XY[lWh iYXbYe Z^ �a e ^b[\ cX]^ WX VYZa^ ba [W ZW[\^X �� e]c
l^d ^[la W[ cp^ X^ZYcbi^ []he^Xa WV � � Y[l � �� YZX^Ylg X^i^YZ^l s �Wm^i^X o bV � ba a]� `b^[cZg
ZYX\^ o aYg � � � � o cp^ `pY[`^ WV Y[g dYXcb`]ZYX iYXbYe Z^ e ^b[\ cX]^ m bZZ `pY[\^ eg Y VY`cWX WV
Yc hWac n � � �� �� � s �p]a o cp^ dXWeYe bZbcg WV Y[g dYXcb`]ZYX Yaab\[h^[c WV cX]^a Y[l VYZa^a
cW cp^ XY[lWh iYXbYe Z^a m bZZ e ^ `pY[\^l eg Y VY`cWX WV Yc hWac Pn� � �� �� � U� � n� � �� ��� o
mpb`p mW[ �c Y�^`c cp^ dXWeYebZbcb^a ^[W]\p cW `pY[\^ cp^ X^a]Zc s P�pba ba cp^ X^YaW[ VWX cp^
cbZ^a � � � �p^g ^[a]X^ cpYc cp^ pbll^[ cbZ^a YaaW `bYc^l m bcp cX]^ `ZY]a^a `Y[[Wc e ^ X^i^YZ^l o
cp]a `pY[\b[\ cp^ dXWeYebZbcg WV Y iYXbYe Z^ e ^b[\ cX]^ o ][cbZ YVc^X cp^ iYXbYe Z^a pYi^ e ^^[
a^c sU

�p^ cX^Ya]X^ `p^ac ba l^a`Xbe ^l b[ � b\]X^ nns �[ cp^ Z^Vc ^[l ba cp^ cX^Ya]X^fu^g � s
�Wm a `YZZ^l ��DAN AB�G `W[cXWZ Y``^aa cW cp^ ab[\Z^ u^g � mpb`p h Yc`p^a cp^ cX^Ya]X^fu^g
b[ cp^ VW ZZWm b[\ mYgs �p^X^ YX^ � \]YXl XWm a Pmp^X^ � ba Y d Wm^X WV � Y[l m bZZ e ^ `pWa^[
ZYc^XU s ? aaW `bYc^l m bcp cp^ � cp \]YXl XWm YX^ 
 dYbXa WV \]YXlfcbZ^a � �� 	 n � � � 
 o

|�



W[^ WV mpb`p ba b[ bcbYZZg pbll^[ s �p^ Wcp^X \]YXlfcbZ^ VXWh ^Y`p dYbX ba b[ cp^ \]YXl XWm s
�g j[lb[\ YZZ \]YXlfcbZ^a VWX W[^ \]YXl XWm o cp^ cX^Ya]X^fu^g `Y[ e^ Y``^aa^l Y[l cp^
cX^Ya]X^ `p^ac Wd ^[^l s �^ l^a`Xbe ^ cp^ acX]`c]X^ cpYc ^[VWX`^a cpba ZYc^X � m^ jXac apWm pWm
a]`p Y acX]`c]X^ o m bcp YddXWdXbYc^ `pWb`^ WV � Y[l 
 o `Y[ \]YXY[c^^ cpYc cp^ X^l]`cbW[ ba
�YddXW� bhYcbW[ dX^a^Xi b[\� s

� bXac o a]ddWa^ cpYc cp^ ^�d ^`c^l VXY`cbW[ WV abh]ZcY[^W]aZg aYcbajYe Z^ `ZY]a^a WV � � ba Yc
hWac � � � � o aW cpYc eg �^hhY � s} o W[ Y[g acXYc^\g VWX Yaab\[b[\ iYZ]^a cW cp^ ^� bac^[cbYZ
iYXbYe Z^a WV � o m bcp dXWeYebZbcg Yc Z^Yac n� n� P �� � �U cp^ VXY`cbW[ WV aYcbaj^l `ZY]a^a WV � ba Yc
hWac � � s �p^[ m bcp pb\p dXWeYe bZbcg PYc Z^Yac n � n� P �� � �UU o W[ Y[g dZYg WV cp^ ~ Ypf�W[\\
\Yh^ o Yc hWac Y VXY`cbW[ �� WV cp^ pbll^[ cbZ^a b[ cp^ `ZY]a^ `WhdW[^[ca YX^ ][`Wi^X^l s �W
X^hWi^ YZZ \]YXlfcbZ^a VXWh Y \bi^[ \]YXl XWm o YZZ 
 \]YXlfcbZ^a h]ac e ^ ][`Wi^X^l s tV Yc
hWac Y VXY`cbW[ � � WV cp^ pbll^[ cbZ^a b[ cp^ `ZY]a^ `WhdW[^[ca YX^ ][`Wi^X^l o cp^ dXWeYebZbcg
WV j[lb[\ cp^a^ cbZ^a b[ cp^ `ZY]a^ `WhdW[^[ca ba Yc hWac ��� s �^[`^ o cp^ dXWeYebZbcg cpYc
cp^ cX^Ya]X^f`p^ac ba [Wc Wd ^[^l ba Yc Z^Yac cp^ dXWeYebZbcg cpYc [W \]YXlfcbZ^a YX^ VW][l
l]Xb[\ cp^ iYXbYe Z^fa^ccb[\ dpYa^ o cbh ^a cp^ dXWeYebZbcg cpYc Yc hWac Y VXY`cbW[ �� WV cp^
pbll^[ cbZ^a b[ cp^ `ZY]a^ `WhdW[^[ca YX^ ][`Wi^X^l o cbh ^a cp^ dXWeYebZbcg cpYc VWX YZZ \]YXl
XWm a o bc ba [Wc cp^ `Ya^ cpYc YZZ \]YXlfu^ga b[ cpYc \]YXl XWm YX^ ][`Wi^X^l s �pba ba Yc Z^Yac
Pn � n� P �� � �U� Pn � ��� U� U s

t[ cp^ `Ya^ cpYc cp^ ^�d ^`c^l VXY`cbW[ WV abh]ZcY[^W]aZg aYcbajYe Z^ `ZY]a^a WV � � ba Yc
Z^Yac �� � � o Y aZb\pcZg lb�^X^[c YX\]h^[c apWm a cpYc cp^ dXWeYe bZbcg cpYc cp^ cX^Ya]X^f`p^ac
ba Wd ^[^l ba Yc Z^Yac Pn � n� P �� � �U� Pn � Pn � ��� U� U s �^ [^^l cW `pWWa^ 
 Y[l � aW cpYc
Pn � ��� U� ba ZYX\^ Y[l Pn � ��� U� ba ahYZZ s �^ Z^c 
 � ZW\ ��� ! �� � � Y[l Z^c � � �� � �s �p^[ o
Pn � ��� U� � Pn � n �� � �U �� � � � n� o Y[l Pn � ��� U� � x�� o VWX aWh^ � � r s �pba `WhdZ^c^a cp^
dXWWV cpYc cp^ X^l]`cbW[ ba YddXW� bhYcbW[fdX^a^Xi b[\ s

tc X^hYb[a cW l^a`Xbe ^ cp^ acX]`c]X^ cpYc ^[a]X^a cpYc cp^ cX^Ya]X^fu^g `Y[ W[Zg e ^
Y``^aa^l eg j[lb[\ YZZ \]YXlfcbZ^a VWX W[^ \]YXl XWm s �[^ mYg cW ^[a]X^ cpba b[ W]X `W[f
acX]`cbW[ mW]Zl e ^ cW d]c Y u^g � hYc`p b[\ cp^ cX^Ya]X^fu^g b[ ^Y`p \]YXl XWm o mpb`p `W]Zl
e ^ Y``^aa^l W[`^ YZZ cp^ \]YXlfcbZ^a WV cp^ \]YXlfXWm YX^ X^hWi^l s �Wm^i^X o cpba X^]bX^a
Y[ ][eW][l^l []he^X WV cX^Ya]X^fu^ga s �p^ VW ZZWm b[\ a`p^h ^ Y`pb^i^a cp^ aYh^ \WYZ mpbZ^
^[a]Xb[\ cpYc cp^ []he^X WV cbZ^a WV Y[g W[^ cgd ^ ba Yc hWac � Pa^^ � b\]X^a n| Y[l n�U s

�p^ \]YXl XWm a YX^ YXXY[\^l b[ \XW]da WV cpX^^ � ^Y`p XWm b[ cp^ �cp \XW]d pYa Y cbZ^� �� cW cp^ Xb\pc WV YZZ WV bca \]YXlfcbZ^a � cpba ba VW ZZWm^l eg Y eZW `u b[\ cbZ^ � � s �WX ^Y`p
\XW]d � o Y VW]Xcp cbZ^ � �� Ydd ^YXa Ya cp^ Z^VchWac cbZ^ b[ Y XWm m bcp cmW Wcp^X cbZ^a s ?\Yb[ o
cp^a^ �jXacfZ^i^Z� XWm a YX^ \XW]d ^l b[ cpX^^ �a s yY`p XWm b[ cp^ � �cp \XW]d pYa Ya bca h bllZ^
cbZ^ Y cbZ^ � ��� o Y[l Y eZW `u b[\ � �fcbZ^ Ya bca Xb\pchWac cbZ^ s ?\Yb[ VWX ^Y`p � � o cp^ VW]Xcp� ��� cbZ^ Ydd ^YXa Ya cp^ Z^VchWac cbZ^ b[ Y �a^`W[lfZ^i^Z� XWm m bcp cmW Wcp^X cbZ^a Y[l cp^a^
XWm a YX^ \XW]d ^l b[ cpX^^ �a s yY`p XWm b[ cp^ � ��cp \XW]d pYa Ya bca h bllZ^ cbZ^ Y cbZ^ � ���� oY[l Y eZW `u b[\ � � fcbZ^ Ya bca Xb\pchWac cbZ^ s �]Xcp^X Z^i^Za WV XWm a YX^ `W[acX]`c^l b[ cpba
mYg � cp^ []he^X WV XWm a Yc ^Y`p Z^i^Z WV cpba acX]`c]X^ l^`X^Ya^a eg Y VY`cWX WV cpX^^ o ][cbZ
cp^X^ ba W[Zg W[^ XWm Z^Vc s �pba XWm Y\Yb[ pYa cpX^^ cbZ^a o e]c cp^ h bllZ^ W[^ hYc`p^a cp^
cX^Ya]X^fu^g � s �g Wd ^[b[\ Y[g W[^ WV cp^ \]YXl XWm a o Y XWm Yc ^Y`p Z^i^Z `Y[ a]``^aabi^Zg
e ^ Wd ^[^l ][cbZ cp^ cX^Ya]X^fu^g ba j[YZZg Y``^aa^l s

�W Y``W][c VWX cp^ []he^X WV dYbXa WV e ZW `ub[\ cbZ^a [^^l^l o [Wc^ cpYc P�� � nU| YX^
[^^l^l VWX cp^ \]YXl XWm a o Ya m^ZZ Ya �� � �x | VWX cp^ `ZY]a^ Y[l iYXbYe Z^fa^ccb[\ XWm a o
Y[l n VWX cp^ X^\]ZYcb[\ XWm s �p^X^VWX^ o cp^ cWcYZ []he^X WV e ZW `u b[\ cbZ^a [^^l^l ba �� �
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� b\]X^ n| � �p^ \]YXl XWm a s
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� b\]X^ n� � �^i^Za WV XWm a mpb`p \]YXl Y``^aa cW cp^ cX^Ya]X^ `p^ac s tV YZZ \]YXlfcbZ^a VXWh
W[^ \]YXl XWm YX^ X^hWi^l o cp^ u^g � �� b[ cpYc XWm `Y[ e ^ ]a^l cW X^hWi^ u^ga Yc a]``^aabi^
Z^i^Za WV cpba acX]`c]X^ ][cbZ cp^ cX^Ya]X^fu^g � ba X^hWi^l Yc cp^ ZYac Z^i^Z s

|�



�x | � n � P�� � nU| s ? ZaW o W[`^ � 	 � Y[l 
 YX^ a^Z^`c^l cW ^[a]X^ `WXX^`c[^aa WV cp^
X^l]`cbW[ o � o cp^ []he^X WV dYbXa WV b[ bcbYZZg pbll^[ cbZ^a WV cp^ VWXh � � WX � �� VWX aWh^
� o `Y[ e ^ l^c^Xh b[^l Ya VW ZZWm a s �p^ cWcYZ []he^X WV pbll^[ cbZ^a ba |� � �
 o cpYc ba o W[^
cbZ^ VXWh ^Y`p dYbX WV cp^ VWXh � � WX � �� o Y[l W[^ WV ^Y`p WV cp^ �
 dYbXa WV \]YXlfcbZ^a s
? ZaW o cp^ []he^X WV ZW `YcbW[a b[ mpb`p cbZ^a YX^ pbll^[ b[bcbYZZg ba � � � � o cpYc ba o W[^ b[
^Y`p iYXbYe Z^fa^ccb[\ acX]`c]X^ VWX cp^ � XY[lWh iYXbYe Z^a o Y[l � b[ ^Y`p WV cp^ � `ZY]a^
acX]`c]X^a s � ^[`^ � ba `pWa^[ aW cpYc |� � �
 � � � � � s

� � �������� 	� �� 	�	�� � ��� ��� �� 	�� ��

�p^ dXWWVa WV YZZ WV cp^ [W[YddXW� bh YebZbcg X^a]Zca b[ cp^ ZYac a^`cbW[ m^X^ eYa^l W[ cp^
`pYXY`c^Xb�YcbW[ �QRS PZW\ x 	 nU � QTQ?Ry s t[ cpba a^`cbW[ o m^ dXWi^ [W[YddXW� bh YebZbcg
X^a] Zca VWX lb�^X^[c QTQ?RyfpYXl V][`cbW[a o eYa^l W[ cp^ `pYXY`c^Xb�YcbW[ tQ � QTQ?Ry
WecYb[^l b[ zn� o ||� s

�p^ jXac dXWe Z^h m^ `W[abl^X p^X^ ba YZaW eYa^l W[ cp^ ZY[\]Y\^ TT?� s �[`^ Y\Yb[ o Y[
b[acY[`^ WV TT?� `Y[ e ^ cpW]\pc WV Ya Y \Yh^ e ^cm^^[ Y[ ^� bac^[cbYZ d ZYg^X Y[l Y XY[lWh
dZYg^X o e]c cpba cbh^ cp^ We � ^`cbi^ WV cp^ ^� bac^[cbYZ d ZYg^X ba cW h Y�bh b�^ cp^ dXWeYebZbcg
cpYc � ba aYcbaj^l s �p^ iYZ]^ WV ~?� fQ��� TT?� W[ Y \bi^[ b[acY[`^ ba cp^ dXWeYebZbcg
cpYc � ba aYcbaj^l bV cp^ ^� bac^[cbYZ d ZYg^X VW ZZWm a Y[ Wdcbh YZ acXYc^\gs �p^ ZY[\]Y\^ TT?� o
Ya l^j[^l b[ z| n� o `W[abaca WV YZZ b[acY[`^a � VWX mpb`p ~?� fQ��� TT?� P� U � n| s

�p^ X^l]`cbW[a b[ cp ba a^`cbW[ YX^ eYa^l W[ cp^ VW ZZWm b[\ VY`c o mpb`p ba Y l bX^`c `W[a^f
]^[`^ WV cp^ dXWWV cpYc tQ � QTQ?Ry s

�=>; 	 �� �BA D�J FD���D� L _ E� ���� �	 D�N D�J � � n� HK LAL EG D @ BFJ�BO EDF�HEO L AL�
N�IHEB� � � ABO _ HB ���� G�IK HKDH

q � _ � ��� ���� ����P� Pq UU � n 	 D�N

q �� _ � ��� ���� ����P� Pq UU � n|� � 	
�KLAL x EG HK L ��O CLA B� �DAEDCFLG E� � Pq U {

�p^ [^�c cp^WX^h ba Y lbX^`c `W[a^]^[`^ WV �Y`c � sns

����<�� 	 �
 �KLAL EG D IB�GHD� H � � r G�IK HKDH D@@ AB� EO DHE�� ��� ���� ����
� EHK E� ADHEB |��� EG ���� �	 �KDAN{

QYdYlbh bcXbW] z| n� l^j[^a cp^ ZY[\]Y\^ Sg[Yh b` ~YXuWi QXW `^aa PS~QUs ?[ b[acY[`^
ba Y a^c � WV acYc^a Y[l Y[ x � x acW `pYacb` h YcXb� � o mp^X^ x � �� �s ? aaW `bYc^l m bcp
^Y`p acYc^ �� ba Y a^c � � WV l^`babW[a o Y[l ^Y`p 	 � � � ba Yaab\[^l Y `Wac � P	U Y[l Y hYcXb�
� � s yY`p XWm WV � � h]ac a]h cW r o Y[l ^Y`p ^[cXg WV � � � � h]ac e^ [W[[^\Ycbi^ s
�p^ X^a]Zc WV h Yub[\ l^`babW[ 	 mp^[ cp^ dXW `^aa ba b[ acYc^ �� ba cpYc Y `Wac WV � P	 U ba
b[`]XX^l o Y[l cp^ dXWeYebZbcg WV hWib[\ cW acYc^ �� ba cp^ P� 	 � U�� ^[cXg WV � � � � s ? acXYc^\g
l^c^Xh b[^a mpb`p l^`babW[a YX^ h Yl^ Wi^X cbh ^ � Y[ WdcbhYZ acXYc^\g ba W[^ cpYc h b[bh b�^a
cp^ ^�d ^`c^l `Wac WV \^ccb[\ VXWh acYc^ � � cW acYc^ �� s �p^ ZY[\]Y\^ S~Q `W[abaca WV
c]d Z^a P� 	 � 	 �� � �	 � 	 �� � �	� U VWX mpb`p cp^X^ ba Y acXYc^\g m bcp ^�d ^`c^l `Wac Yc hWac � s ?

�r



[Yc]XYZ Wdcbh b�YcbW[ dXWe Z^h ba ~ t
 S~Qo cp^ V][`cbW[ cpYc hYda P� 	 � 	 �� � �	 � 	 �� � �U cW
cp^ ^�d ^`c^l `Wac WV Y[ Wdcbh YZ acXYc^\gs QYdYlbh bcXbW] z| n� dXWi^a cpYc S~Q ba QTQ?Ryf
`WhdZ^c^ eg dXWi blb[\ Y X^l]`cbW[ VXWh TT?� s t[ VY`c o cp^ X^l]`cbW[ pYa cp^ dXWd ^Xcg cpYc
bV TT?� b[acY[`^ � ba h Ydd^l cW S~Q b[acY[`^ P� 	 � 	 �� � �	 � 	 �� � �	� U o Y[l ~?� fQ���
TT?� P� U � � o cp^[ ~ t
 S~Q P� 	 � 	 �� � �	 � 	 �� � �U � � � s �p^ [^�c X^a] Zc cp]a VW ZZWm a VXWh
�p^WX^h � s| s
����<�� 	 �� �KLAL EG D IB�GHD� H � � r G�IK HKDH D@@ AB� EO DHE�� � �� ��� � EHK E� ADHEB
|��� EG ���� �	 �KDAN{

�p^ `WhdZ^� bcg WV `W ZWXb[\ \Yh^a mYa ac]lb^l eg �Wl ZY^[l^X z�� o h WcbiYc^l eg a`p^l]Zf
b[\ dXWe Z^h a s ?[ b[acY[`^ WV Y `WZWXb[\ \Yh^ `W[abaca WV Y \XYdp � � Pk 	� U o Y[ Wm[^Xapbd
V][`cbW[ � cpYc ad ^`bj^a mpb`p WV cmW dZYg^Xa o r Y[l no Wm[a ^Y`p i^Xc^� o Y Zb[^YX WXl^Xb[\
� W[ cp^ i^Xcb`^a o Y[l Y j[bc^ a^c  WV `W ZWXa s �pba b[acY[`^ ad ^`bj^a Y \Yh^ b[ mpb`p cp^
d ZYg^Xa `WZWX cp^ i^Xcb`^a b[ cp^ WXl^X ad ^`bj^l eg cp^ Zb[^YX WXl^Xb[\ s � p^[ i^Xc^� � ba
`W ZWX^l o bca Wm[^X `pWWa^a Y `WZWX VXWh cp^ a^c WV FL� DF `W ZWXa o b s^ so cpWa^ b[ a^c  cpYc YX^
�BH `WZWXa WV cp^ `WZWX^l [^b\pe WXa WV � s �p^ \Yh^ ^[la ^bcp^X mp^[ YZZ i^Xcb`^a YX^ `WZWX^l o
WX mp^[ Y dZYg^X `Y[[Wc `WZWX cp^ [^�c i^Xc^� b[ cp^ Zb[^YX WXl^Xb[\ � e^`Y]a^ cp^X^ YX^ [W
Z^\YZ `W ZWXa s Q ZYg^X n m b[a bV Y[l W[Zg bV YZZ i^Xcb`^a YX^ `WZWX^l Yc cp^ ^[l WV cp^ \Yh^ s �p^
Z^[\cp WV cp^ \Yh^ ba cp^ []he^X WV `W ZWX^l i^Xcb`^a Yc cp^ ^[l WV cp^ \Yh^ s

�^ `W[abl^X Y acW `pYacb` `W ZWXb[\ \Yh^ PTR�U b[ mpb`p W[^ d ZYg^X o aYg r o XY[lWh Zg
`pWWa^a Y `WZWX VXWh cp^ a^c WV Z^\YZ `W ZWXa Yc ^Y`p acY\^ s �mW `WXX^adW[lb[\ Wdcbh b�YcbW[
dXWe Z^h a YX^ cW hY� bh b�^ cp^ VW ZZWm b[\ V][`cbW[a � ~?� fQ��� TR� P� 	 � 	 � 	  U o mpb`p ba
cp^ hY� bh]h dXWeYebZbcg cpYc Q ZYg^X n m b[a cp^ \Yh^ P� 	 � 	 � 	  U o Y[l ~?� f�y
���
TR� P� 	 � 	 � 	  U o mpb`p ba cp^ hY� bh]h ^�d ^`c^l Z^[\cp WV cp^ \Yh^ Pe Wcp h Y�bh Y YX^
cYu^[ Wi^X YZZ acXYc^\b^a WV Q ZYg^X nU s

�^ apWm cpYc ~?� fQ��� TR� ba QTQ?RyfpYXl cW YddXW� bhYc^ m bcpb[ Y VY`cWX WV
|��� o VWX aWh^ `W[acY[c � � r o Y[l cpYc ~?� f�y
��� TR� ba QTQ?RyfpYXl cW YddXW�f
bh Yc^ m bcpb[ Y VY`cWX WV x��� o VWX aWh ^ `W[acY[c � � � r s
����<�� 	 �	 �KLAL EG D IB�GHD� H � � r G�IK HKDH D@@ AB� EO DHE�� ��� ���� � �� � EHK E�
ADHEB |��� EG ���� �	 �KDAN{
� <�� � � �^ l^a`Xbe ^ Y X^l]`cbW[ VXWh ~?� fQ��� TT?� cW ~?� fQ��� TR� cpYc YlYdca
cp^ WXb\ b[YZ `W[acX]`cbW[ z�� s �g �Y`c � sno m^ `Y[ X^acXb`c W]X Ycc^[cbW[ cW b[acY[`^a � a]`p
cpYc ^bcp^X ~?� fQ��� TT?� P� U � n WX ~?� fQ��� TT?� P� U � n|� � o VWX aWh ^ � � r s
�^ `W[acX]`c Y[ b[acY[`^ � � Pk 	� U WV ~?� fQ��� TR� Ya VW ZZWm a s

k � ���� � 	 � � ��� 	� � � �q � 	 �q � � n � � � x �
� ���  � � n � � � � 	 n � � � x � � �	� �

�p^ Zb[^YX WXl^Xb[\ � WV cp^ i^Xcb`^a ba Ya VW ZZWm a �
��� � 	 � ���� 	� 	 q � 	 �q � 	 q � 	 �q � 	 � � � 	 q� �q� 	 � � � 	 � � � 	 � � � 	 �#  � 	 	 �

�p^ Wm[^Xapbd V][`cbW[ ba ad ^`bj^l Ya VW ZZWm a s Q ZYg^X n Wm[a cp^ i^Xcb`^a ��� � 	 � ���� o Y[l
� Y[l YZaW cp^ i^Xcb`^a q � 	 �q � mp^X^ q � ba ^� bac^[cbYZZg ]Y[cbj^l b[ cp^ VWXh]ZY � s Q ZYg^X r
Wm[a cp^ X^hYb[b[\ i^Xcb`^a s �p^ a^c WV `W ZWXa  ba ���� � 	 � � ��� 	� � s

� n



tc X^h Yb[a cW ad ^`bVg cp^ a^c WV ^l\^a s

� � ����� � 	 � � ����	 ���� � 	� �	 �� � ��� 	� �� PnU
� ��q � 	 �q � �	 �� 	 q � �	 �� 	 �q � � � n � � � x � P|U

� ���� 	 ��  � �	 �� ���� 	 ��  � � � �� ba Y Zbc^XYZ b[ �� 	 n � � � x 	 n � � � � 	 n � � � x � P�U
� ����  � 	 	� � n � � � � 	 n � � � x � � ��	 	 � � ����	 �	 	� �� � P� U

�p^ a^c WV ^l\^a PnU ^[a]X^a cpYc i^Xcb`^a ��� � 	 � � ��� 	� YX^ `WZWX^l m bcp cpX^^ lbaf
cb[`c `WZWXa s � bcpW]c ZWaa WV \^[^XYZbcgo a]ddWa^ cpYc cp^g YX^ `WZWX^l ��� � 	 � � ��� Y[l � o
X^ad ^`cbi^Zgs

�p^ a^c WV ^l\^a P|U ^[a]X^a cpYc o VWX ^Y`p dYbX q � 	 �q � o W[^ ba `W ZWX^l ��� � Y[l cp^
Wcp^X � � ��� s �p]a o ^Y`p `WZWXb[\ WV cp^a^ i^Xcb`^a `WXX^ad W[la cW Y cX]cp Yaab\[h^[c WV cp^
iYXbYe Z^a q � 	 � � � 	 q� s�p^ a^c WV ^l\^a P�U ^[a]X^a cpYc o bV `ZY]a^ �� ba cX]^ m bcp X^ad ^`c cW cp^ cX]cp Yaab\[h^[c
`WXX^adW[lb[\ cW cp^ `WZWXb[\ WV i^Xcb`^a q � 	 � � � 	 q� o cp^[ ^Y`p i^Xc^� ��  � ba `W ZWX^l � s tV ��
ba VYZa^ o cp^[ ^Y`p i^Xc^� ��  � ba b[l^d^[l^[cZg `WZWX^l � WX cX]^ o ^Y`p m bcp dXWeYebZbcg n| s

�p^ a^c WV ^l\^a P� U ^[a]X^a cpYc 	 `Y[ e ^ `WZWX^l W[Zg bV YZZ cp^ ��  � YX^ `WZWX^l � s
�^ `ZYbh cpYc l^`blb[\ mp^cp^X ~?� fQ��� T?� P� U ba ^]YZ cW n WX ba Yc hWac n|� �

`Y[ e ^ X^l]`^l b[ d WZg[Wh bYZ cbh^ cW YddXW� bh Ycb[\ ~?� fQ��� TR� P� 	 � 	 � 	  U m bcpb[
XYcbW |��� o m p^X^ � ba Y d Wabcbi^ `W[acY[c cpYc l^d^[la W[ � s �W a^^ cpba o [Wc^ cpYc bV ~?� f
Q��� TT?� P� U � no cp^[ cp^X^ ba Y mYg cW `pWWa^ Y cX]cp Yaab\[h^[c cW cp^ ^� bac^[cbYZZg
]Y[cbj^l iYXbYe Z^a cpYc ^[a]X^a cpYc YZZ `ZY]a^a WV � YX^ cX]^ s � ^[`^ o eg l^j[bcbW[ WV cp^
Wm[^Xapbd V][`cbW[ o Q ZYg^X n pYa Y acXYc^\g VWX `WZWXb[\ i^Xcb`^a a]`p cpYc o VWX ^i^Xg `pWb`^
WV `W ZWXa WV Q ZYg^X r o cp^ `WXX^adW[lb[\ cX]cp Yaab\[h^[c cW q � 	 � � � 	 q� aYcbaj^a YZZ `ZY]a^a s
� ^[`^ o YZZ i^Xcb`^a ��  � YX^ `WZWX^l � o Y[l aW i^Xc^� 	 `Y[ e ^ `WZWX^l s �p]a o Q ZYg^X n pYa Y
acXYc^\g cpYc m b[a m bcp dXWeYebZbcg ns

�[ cp^ Wcp^X pY[l o bV ~?� fQ��� TT?� P� U � n|� � o cp^[ W[ Y[g acXYc^\g WV Q ZYg^X no
	 `Y[ e ^ `WZWX^l m bcp W[Zg ^�d W[^[cbYZZg ahYZZ dXWeYebZbcgs �pba ba e ^`Y]a^ o W[ YZZ acXYc^\b^a
WV Q ZYg^X no m bcp dXWeYebZbcg Yc Z^Yac n � n|� � o cp^ cX]cp Yaab\[h^[c `WXX^ad W[lb[\ cW cp^
iYXbYe Z^ `WZWXb[\ VYbZa cW aYcbaVg � Pq U s T]ddWa^ cpYc `ZY]a^ �� ba VYZa^ s �p^[ m bcp dXWeYebZbcg
Yc Z^Yac n � n|� o W[^ WV cp^ i^Xcb`^a ��  � 	 n � � � x o ba `W ZWX^l ��� � s ? a Y X^a]Zc o 	 `Y[ e ^
`WZWX^l m bcp dXWeYebZbcg Yc hWac n � Pn � n|� U Pn � n|� � U s

�p^ dXWWV WV �p^WX^h � s� `Y[ ^YabZg e ^ hWlbj^l cW apWm cp^ VW ZZWm b[\ s

����<�� 	 �� �KLAL EG D IB�GHD� H � � � r G�IK HKDH D@@ AB� EO DHE�� ~?� f�y
��� TR�
� EHK E� ADHEB x��� EG QTQ?Ry �KDAN{

� <�� � � TbhdZg hWlbVg cp^ `W[acX]`cbW[ WV �p^WX^h � s� aW cpYc cp^ i^Xc^� a^c ba k � o `W[f
abacb[\ WV cp^ i^Xcb`^a WV k d Z]a �k �x ��� YllbcbW[YZ i^Xcb`^a 	 � 	 � � � 	 	 �� �� "� � s �p^ Wm[^Xapbd
WV cp^a^ i^Xcb`^a `Y[ e ^ ad ^`bj^l YXe bcXYXbZgo Y[l cp^g YX^ WXl^X^l YVc^X cp^ i^Xcb`^a b[ k s

W YllbcbW[YZ ^l\^a YX^ [^^l^l s

�p^ ^�d ^`c^l Z^[\cp WV cp^ \Yh^ ba [Wm ^bcp^X �k � � n � �k �x ��� WX �k � � n � Pn � Pn �
n|� U Pn � n|� � UU P �k �x ��� U o l^d ^[lb[\ W[ cp^ cmW dWaabe bZbcb^a VWX cp^ dXWeYebZbcg cpYc � ba
aYcbaj^l s

�|



� �� �� � �������
�p^X^ YX^ hY[g Wcp^X cmWfd ZYg^X \Yh^a cpYc `Y[ e ^ hYl^ b[cW acW `pYacb` V][`cbW[a eg
Z^ccb[\ Q ZYg^X r d ZYg XY[lWh Zgs y�YhdZ^a b[`Z]l^ cp^ VW ZZWm b[\ s

� t[ cp^ 
Wl^ � YgZ^a \Yh ^ WV T`pY^V^X z||�U o cp^ b[d]c ba Y \XYdp s ? hWi^ `W[abaca
WV d]ccb[\ Y hYXu^X W[ Y[ ][W ``]db^l i^Xc^� cpYc ba [Wc Yl�Y`^[c cW Y[g W ``]db^l
i^Xc^� s �p^ jXac d ZYg^X ][YeZ^ cW hWi^ ZWa^a s �^ `Y[ l^j[^ TcW `pYacb` 
Wl^ � Yg Z^a
PT
� U b[ cp^ aYh ^ mYgo ^�`^dc cpYc Q ZYg^X r o XYcp^X cpY[ `pWWab[\ Wdcbh YZZg YhW[\
YZZ ][W ``]db^l i^Xcb`^a cpYc YX^ [Wc Yl�Y`^[c cW W ``]d b^l i^Xcb`^a o b[ac^Yl `pWWa^a
][bVWXh Zg Yc XY[lWh VXWh cp^ aYh^ a^c s Q ZYg^X n�a We � ^`cbi^ ba cW u^^d cp^ \Yh^
\Wb[\ Ya ZW[\ Ya d Waabe Z^ s ~?� T
� ba cp^ ^�d ^`c^l Z^[\cp WV cp^ \Yh^ ][l^X Y[
WdcbhYZ acXYc^\g WV Q ZYg^X ns

� t[ cp^ �^[^XYZb�^l � ^� \Yh^ WV yi^[ Y[l �YX�Y[ zn|�U o cp^ b[d]c ba Y \XYdp m bcp
cmW lbacb[\]bap^l [Wl^a x � Y[l x � s ? hWi^ VWX Q ZYg^X n PrU `W[abaca WV d]ccb[\ Y
mpbc^ Pe ZY`u U hYXu^X W[ Y i^Xc^� � cp^ d ZYg^X ba VX^^ cW `pWWa^ Y[g ][W``]d b^l i^Xc^�
^�`^dc x � WX x � s ? Vc^X YZZ i^Xcb`^a pYi^ e ^^[ `pWa^[ o Q ZYg^X n m b[a bV Y[l W[Zg bV cp^X^
ba Y dYcp VXWh x � cW x � YZW[\ W[Zg mpbc^fW ``]d b^l i^Xcb`^a s TcW `pYacb` �^[^XYZb�^l
� ^� PT�� U ba o Ya ]a]YZ o cp^ aYh^ \Yh^ b[ mpb`p Q ZYg^X r d ZY`^a Y e ZY`u h YXu^X W[
Y XY[lWh ][W``]d b^l i^Xc^� XYcp^X cpY[ Y[ Wdcbh YZ ][W ``]db^l i^Xc^� s ? [Yc]XYZ
acW `pYacb` V][`cbW[ ba ~?� fQ��� T�� o mpb`p h Yda Y \XYdp cW cp^ dXWeYebZbcgo ][l^X
Y[ WdcbhYZ acXYc^\g WV Q ZYg^X no cpYc cp^X^ m bZZ e ^ Y mpbc^ dYcp VXWh x � cW x � s

T]d^Xj`bYZZgo cp^a^ \Yh^a l b�^X VXWh \Yh^a Zbu^ �^[^XYZb�^l �^W\XYdpg Y[l TcW `pYacb`
RWZWXb[\ b[ cpYc cp^X^ ba [W �ZW `YZbcg� X^]bX^h^[c W[ cp^ hWi^a WV cp^ XY[lWh dZYg^X s t[
TcW `pYacb` �^[^XYZb�^l �^W\XYdpgo cp^ XY[lWh dZYg^X h]ac `pWWa^ VXWh YhW[\ cp^ YX`a W]c
WV cp^ `]XX^[c i^Xc^� o Y[l b[ TR� cp^ XY[lWh dZYg^X h]ac `WZWX cp^ i^Xc^� ad ^`bj^l eg cp^
Wm[^Xapbd V][`cbW[ s �p^ X^l]`cbW[a cpYc m^ ]a^ cW dXWi^ ~?� T��y�� o ~?� fQ���
TR� o Y[l ~?� f�y
��� TR� pYXl cW YddXW� bhYc^ hYu^ ^aa^[cbYZ ]a^ WV cpba ZW `YZbcgs t[

Wl^ � Yg Z^a o aYgo cp^ XY[lWh dZYg^X h Yg `pWWa^ cW h YXu Y i^Xc^� cpYc ba i^Xg VYX YmYg
VXWh cp^ i^Xc^� �]ac h YXu^l eg cp^ ^� bac^[cbYZ d ZYg^X s

�^ pYi^ [Wc dXWi^[ [W[YddXW� bh YebZbcg X^a]Zca VWX Y[g V][`cbW[a m bcpW]c ZW `YZbcgs ? X^
cp^g ^Yag cW YddXW� bh Yc^ m bcpb[ aWh^ `W[acY[c XYcbW� ?X^ cp^g b[ VY`c ^Yag cW `Whd]c^
^�Y`cZg� tc mW]Zl e ^ b[c^X^acb[\ cW a^ccZ^ cp^ l b� `]Zcg WV YddXW� bh Ycb[\ cp^a^ V][`cbW[a
Y[l o hWX^ \^[^XYZZgo cW `pYXY`c^Xb�^ dX^`ba^Zg cpWa^ QTQ?Ryf`WhdZ^c^ ZY[\]Y\^a cpYc \bi^
Xba^ cW acW `pYacb` V][`cbW[a cpYc YX^ pYXl cW YddXW� bh Yc^ s

� � ����� ���� �� ����
�^ cpY[u cp^ Y[W[ghW]a X^V^X^^a VWX cp^bX i^Xg p^Zd V]Z `Whh^[ca o b[ dYXcb`]ZYX o VWX d Wb[cb[\
W]c cpYc W]X e W][la W[ cp^ [W[YddXW� bh YebZbcg WV TT�y�� Y[l ~?� f��
�� `W]Zl e ^
bhdXWi^l s

��



� ���������
zn� ~ s ?� cYb Y[l ~ s � ^[f�X o � �KLBALO B� � ABCDCEFEGHEI �B�GHD� H � L@ HK �EAI� EHG o

QXW ` s n�cp ?[[]YZ ?R~ TghdWab]h W[ �p^WXg WV RWhd]cb[\ o ?R~ o 
^m �WXu o n��� o
dd s ��nf��� s

z|� T s ? XWXY o R s �][l o � s ~ WcmY[b o ~ s T]lY[ o Y[l ~ s T�^\^lgo � ABB� �LAE� IDHEB� D�N

 DAN� LGG B� �@@ AB� EO DHEB� � ABCFLOGo QXW ` s ��Xl TghdWab]h W[ �W][lYcbW[a WV RWhf
d]c^X T`b^[`^ o tyyy RWhd]c^X TW `b^cg QX^aa o �Wa ? ZYh bcWa o n��| o dd s n��|� s

z�� T s ?XWXY Y[l ~ s TYVXY o � ABCDCEFEG HEI �K LIME�� B� � ABB� Go QXW ` s ��Xl TghdWab]h W[
�W][lYcbW[a WV RWhd]c^X T`b^[`^ o tyyy RWhd]c^X TW `b^cg QX^aa o �Wa ? ZYh bcWa o n��| o
dd s |� n� s

z�� � s �YeYb Y[l T s ~ WXY[ o � AHK�A�� LAFE� �DO LG � � D�NBO E� LN � ABB� �JGHLO D�N D

 ELADAIKJ B� �BO@ FL� EHJ �FDGGLGo � s RWhd]c s Tgac^h T`b so �� Pn���U o dd s |}��|�� s

z}� ~ s � ^ZZYX^ o T s �WZlmYaa^X o R s �][l Y[l ? s �]aa^ZZ o 	� IEL� H � ABCDCEFEGHEI �KLIMDCFL
� ABB� G D�N �@@ FEIDHEB�G HB �@@ AB� EO DHEB� o QXW ` s |}cp TghdWab]h W[ �p^WXg WV RWhf
d]cb[\ o ?R~ o 
 ^m �WXu o n��� o dd s |��f|�� s

z�� ~ s � ^ZZYX^ Y[l ~ s T]lY[ o �O@ AB�LN � B� �D@@ AB� EO DCEFEHJ  LG� FHGo QXW ` s |�cp TghdWf
ab]h W[ �p^WXg WV RWhd]cb[\ o ?R~ o 
 ^m �WXu o n��� o dd s n��f n�� s

z�� � s � s �WlZY^[l^X o �� HK L �BO@ FL� EHJ B� �BO L �BFBAE�� �DO LGo t[cZ s � s �W][lYcbW[a
RWhd]c s T`b so | Pn�� nU o dd s n��f n�� s

z�� � s � s �WddY[Y Y[l ~ s Tbda^X o �KL �BO@ FL� EHJ B� � E� EHL ���IHEB�Go b[ � Y[leWWu WV
�p^WX^cb`YZ RWhd]c^X T`b^[`^ o �WZ]h^ ? � ? Z\WXbcph a Y[l RWhdZ^� bcgo � s iY[ �^^]m^[
P^l sU o ~ t� QX^aa�yZa^ib^X o n��r o dd s �}���rr s

z�� ? s � s RpY[lXY o S s R s �W�^[ o Y[l � s � s TcW `uh^g^X o � FHLA�DHEB� o � s ?R~ o |� Pn�� nU o
dd s nn�f n�� s

znr� ? s RW[lW[ o � s �^b\^[eY]h o R s �][l o Y[l Qs TpWX o � ABCDCEFEGHEIDF FJ �K LIMDCFL � LCDHL
�JGHLO G D�N � B�D@@ AB� EO DCEFEHJ B� ���� �	 �
 DAN ���IHEB�Go Rpb`Y\W � s �p^WX^cbf
`YZ RWhd s T`b so cW Ydd ^YX s y�c^[l^l YeacXY`c o ^[cbcZ^l � ABCDCEFEGHEIDF FJ �KLIMDCFL � L�
CDHL �JGHLO G D�N �@@ AB� EO DHEB� � F� BAEHKOG � BA ���� �	 �
 DAN ��� IHEB�Go Ydd ^YXa b[
QXW ` s |}cp TghdWab]h W[ �p^WXg WV RWhd]cb[\ o ?R~ o 
 ^m �WXu o n��� o dd s �r}f� n� s

znn� ? s RW[lW[ o � s �^b\^[eY]h o R s �][l o Y[l Qs TpWX o D�NBO � LCDHLAG D�N HK L 
 DAN� LGG
B� �@@ AB� EO DHE�� � HBIKDGHEI ���IHEB�G �	� HL�NLN � CGHADIH� o ?��� �^ZZ �Ye WXYcWXb^a
�^`p[b`YZ ~ ^hWXY[l]h o ~]XXYg � bZZ 
 � o ~ Yg n��� s

zn|� T s yi^[ Y[l � s �YX� Y[ o � �BO CE�DHBAEDF � ABCFLO �KEIK EG �BO@ FLHL E� � BFJ�BO EDF
�@DILo � s ?R~ o |� Pn���U o dd s �nr� �n� s

zn�� � s �^b\^ o T s �WZlmYaa^X o � s �Wi �Ya� o ~ s TYVXY o Y[l ~ s T�^\^lgo �@@ AB� EO DHE�� �FE�� L
EG � FO BGH �� ��BO@ FLHLo QXW ` s �|[l TghdWab]h W[ �W][lYcbW[a WV RWhd]c^X T`b^[`^ o
tyyy RWhd]c^X TW `b^cg QX^aa o �Wa ? ZYh bcWa o n�� no dd s |� n| s

��



zn�� � s �][c ttt o ~ s ~ YXYcp^ Y[l � s Tc^YX[a o �L� LADFE� LN ��� �DHEG� DCEFEHJ � ABCFLOG
D�N � B� �	� IEL� H �@@ AB� EO DCEFEHJo QXW ` s �cp RW[V^X^[`^ W[ TcX]`c]X^ b[ RWhdZ^� bcg
�p^WXgo tyyy RWhd]c^X TW `b^cg QX^aa o �Wa ? ZYh bcWa o n��� o dd s �}�f��� s

zn}� S s T s �Wp[aW[ o � �DHDFB� B� �BO@ FL� EHJ �FDGG LGo b[ � Y[leWWu WV �p^WX^cb`YZ RWhf
d]c^X T`b^[`^ o �WZ]h^ ? � ? Z\WXbcph a Y[l RWhdZ^� bcgo � s iY[ �^^]m^[ P^l sU o �p^ ~ t�
QX^aa�yZa^i b^X o n��r o dd s ��� n�| s

zn�� R s �][l o � s �WXc[Wm o � s � YXZW� o Y[l 
 s 
 baY[ o � F� LCADEI O LHKBNG � BA E� HLADIHE�L @ ABB�
GJGHLO Go � s ?R~ o �� Pn��|U o dd s �}����� s

zn�� R s �][l Y[l ~ s �Y[[YuYu ba o �� HK L 
 DAN� LGG B� �@@ AB� EO DHE�� � E� EO E�DHEB� � ABC�
FLO Go � s ?R~ o � n Pn��� U o dd s ��r��� ns

zn�� ~ s ~ YXYcp^ o � s �][c ttt o Y[l T s �Yi b o �KL �BO@ FL� EHJ B� �@@ AB� EO DHE�� ���� �	 �
�BO@ FLHL � ABCFLOG � BA 
 ELADAIKEIDF �@ LIE� IDHEB�Go QXW ` s |rcp t[c^X[YcbW[YZ RWZZW]b]h
�[ ?]cWh YcY o �Y[\]Y\^a Y[l QXW\XYhh b[\ o ? s � b[\Ya o � s � YXZaaW[ o Y[l T s RYXZaaW[
P^la sU o �^`c]X^ 
Wc^a b[ RWhd]c s T`b so iW Z s �rr o Td b[\^X o �^XZb[ o n��� o dd s ��f�� s

zn�� ~ s ~ YXYcp^ o � s �][c t tt o � s Tc^YX[a o Y[l � s �YlpYuXbap[Y[ o 
 ELADAIKEIDF �@ LIE� ID�
HEB�G D�N � BFJ�BO EDF��EO L �@@ AB� EO DHEB� � IK LO LG � BA ���� �	 ��BO@ FLHL � ABCFLOGo
QXW ` s |�cp TghdWab]h W[ �p^WXg WV RWhd]cb[\ o ?R~ o 
 ^m �WXu o n��� o dd s ������� s

z|r� � s �XZb[ o �KL IBO@ FL� EHJ B� � J�DO EI �D���D� LG D�N � J�DO EI �@ HEO E�DHEB� � ABCFLOGo
QXW ` s n�cp TghdWab]h W[ �p^WXg WV RWhd]cb[\ o ?R~ o 
 ^m �WXu o n�� no dd s | n��||� s

z| n� R s QYdYlbh bcXbW] o �DO LG �� DE�GH � DH�ALo � s RWhd]c s Tgac^h T`b so � n Pn��}U o dd s |���
�r ns

z||� � s � s T`pY^V^X o �� HK L �BO@ FL� EHJ B� �BO L �� B�� LAGB� � LA� LIH���� BAO DHEB� �DO LGo
� s RWhd]c s Tgac^h T`b so n� Pn���U o dd s n�}�||} s

z|�� ? s TpYh bX o �� � ���� �	 o � s ?R~ o �� Pn��|U o dd s ������� s
z|�� ~ s T]lY[ o 	� IEL� H �KLIME�� B� � BFJ�BO EDFG D�N � ABB� G D�N HK L 
 DAN� LGG B� �@@ AB� �

EO DHEB� � ABCFLO Go QpS �p^aba o �[bi^Xabcg WV RYZbVWX[ bY o RWhd]c^X T`b^[`^ S bibabW[ o
�^Xu^Z^g R? o n��| s

z|}� � s �YZbY[c o �KL �BO@ FL� EHJ B� 	 ��OLADHEB� D�N  LFEDCEFEHJ � ABCFLO Go Tt?~ � s RWhf
d]c so � Pn���U o dd s � nr��| ns

�}


