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YZ[ \][^[_` ^`abc d^ e f`dgh`[b ic `jf h]`dkl[^ mnop q nrps jZdkZ b[hl j d`Z `Z[ klh^^dtkhu
`df_ fv _f_w^de\lc kf__[k`[b e h_dvflb^ hbe d``d_x \h]hll[l ^\ d_f]^ y z_ nop q {h_x a^[^
][\][^[_`h`df_w`Z[f][`dk `[kZ_d|a[^ h^ j[ll h^ ^fe [ _dk[ db[h^ ba[ `f }kz__[^ mn~ps d_ f]b[]
`f fi`hd_ `Z[ kfe\l[`[ ld^` fv `Z[ \ f^^di l[ Zflf_fec x]fa\^ fv e h_dvflb^ hbe d``d_x \h]hll[l
^\d_f]^ m^[[ YZ[f][e �sy {[ ^Zhll Z[][ i [ kf_k[]_[b j d`Z `Z[ kf_g[]^[ |a[^`df_ q _he[lc �
m� s �f[^ h ^\d_ e h_dvflb jZf^[ Zflf_fec x]fa\ h\\ [h]^ d_ `Z[ ld^` hi fg[ hbe d` h \h]hll[l
^\d_f] �
YZ[ t]^` _h`a]hl db[h `Zh` f_[ e dxZ` Zhg[ d^ `Z[ vfllfj d_x mkv y nrps � l[` � i[ h ^\d_ e h_dvflb
h_b l[` �� d`^ a_dg[]^hl kfg[] mjZdkZ d^ ha`fe h`dkhllc ^\d_ s � l[` � i[ `Z[ va_bhe[_`hl x]fa\
fv � h_b l[` ������ �� ����� �� i[ `Z[ a_d|a[ ^\d_ ^`]ak`a][ fv �� � `Z[_ `Z[][ d^ h _h`a]hl
�whk`df_ f_ `Z[ \]d_kd\hl ia_bl[ ���� �� h_b `Z[ ldv`^ fv `Zd^ hk`df_ `f ������ �� h][ d_ f_[w
`fwf_[ kf]][^\f_b[_k[ j d`Z `Z[ ^\d_ ^`]ak`a][^ f_ � y YZd^ h\\]fhkZ ^[[e ^ `f a^ |ad`[
a_h\\]f\]dh`[b d_ `Z[ xdg[_ kf_`[�` ^d_k[ d` d^ g[]c bd� kal` `f Zhg[ h xffb kf_`]fl f_ `Z[^[
ldv`^ y �a] e hd_ db[h jh^ `f ][e h]� `Zh` `Z[ |a[^`df_ m� s hifg[ d^ _f` j[llw\f^[b y �[` a^ q
d_b[[b q kf_^db[] `Z[ vfllfj d_x ^ldxZ` efbdtkh`df_ fv d` �
m� �s zv � d^ h �d[e h__dh_ eh_dvflb jZf^[ Zflf_fec x]fa\ i[lf_x^ `f `Z[ ld^` hi fg[ q bf [^
� hbe d` h ^\d_ ^`]ak`a][ j d`Z \h]hll[l ^\ d_f]^�
����������  ¡ �¢� £���¤¥¢� ¦��¤¥¢�§¨¤¨�©�ª§ ¤¥¢«¬�
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z` `a]_^ fa` `Zh` `Z[ h_^j[] `f `Zd^ |a[^`df_ d^ ^de\lc �c[^� q m^[[ YZ[f][e � i[lfj sy YZ[
][lh`[b |a[^`df_ fv Zfj eh_c ^akZ ^\d_ ^`]ak`a][^ e hc [� d^` f_ h xdg[_ �d[e h__dh_ eh_dvflb
d^ hl^f kfe\l[`[lc ^flg[b ic fa] YZ[f][e � i [lfj y z_ \h]`dkalh] q j[ fi`hd_ `Z[ d_`[][^`d_x
][^al` `Zh` [g[]c �d[e h__dh_ e h_dvflb j d`Z Zflf_fec x]fa\ ��� � �� m	 
 � m�ss q m^[[
[�\ldkd` kfe\hk` [�he\l[^ fv ^akZ eh_dvflb^ d_ �[k`df_ �s q Zh^ [�hk`lc `jf bd[][_` ^\d_
^`]ak`a][^ j d`Z \h]hll[l ^\ d_f]^ y YZ[ f_lc |a[^`df_ jZdkZ ][e hd_^ f\ [_ d^ `Z[ [� d^`[_k[
fv kfe\hk` _f_w^de\lc kf__[k`[b eh_dvflb^ j d`Z Zflf_fec �\� � �� m� fbb h_b bdgdbd_x
	 � os y {[ ][e h]� `Zh` fa] ][^al`^ kf]][k` ^`h`[e [_`^ fv } kz__[^ xdg[_ d_ nrp m^[[ �[k`df_^
� h_b � i [lfj s y
YZ[ `f\dk fv `Zd^ \h\[] jh^ ^axx[^`[b `f a^ ic � y �hldk�d y {[ hk�_fj l[bx[ a^[val bd^ka^^df_^
j d`Z � y �f`^kZdk� q � y �[^^hd h_b � y �aci][kZ`^ q h^ j[ll h^ ^[g[]hl de \]fg[e [_`^ ba[ `f `Z[
][v[][[ y YZ[ ^[kf_b _he [b ha`Zf] jfalb ld�[ `f `Zh_� `Z[ z��� vf] Zf^\d`hld`c h_b ^a\\f]` y
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� ^\d_ ^`]ak`a][ f_ h_ f]d[_`[b �d[e h__dh_ eh_dvflb m� L � � s d^ h �\d_L \]d_kd\hl ia_bl[
fg[] � q `fx[`Z[] j d`Z h_ [|adgh]dh_` rw vflb kfg[]d_x � � � ����� � � ����� fg[] `Z[
f]d[_`[b f]`Zf_f]e hl v]he [ ia_bl[ fv � y �\d_ ^`]ak`a][^ [� d^` dv h_b f_lc dv `Z[ ^[kf_b
�`d[v[lw{ Zd`_[c klh^^  � m� s gh_d^Z[^ y z_ `Zh` kh^[ q `Z[c h][ d_ f_[w`fwf_[ kf]][^\ f_b[_k[
j d`Z [l[e [_`^ fv ! " m� � � �s y �\d_f]^ h][ ^[k`df_^ fv `Z[ kfe\l[� g[k`f] ia_bl[ #� �$
������ � �% #L h^^fkdh`[b `f `Z[ ^\d_ ^`]ak`a][ gdh `Z[ a^ahl ^\d_ ][\][^[_`h`df_ & f_ #L y
YZ[ �[g dw' dg d`h kf__[k`df_ f_ ����� d_bak[^ kh_f_dkhllc h kfgh]dh_` b[]dgh`dg[ ( hk`d_x
f_ ^\d_f]^ y
)h]hll[l ^\ d_f]^ h][ ^[k`df_^ * fv #� ^h`d^vc d_x `Z[ bd[][_`dhl [|ah`df_ (* 
 � y YZ[c
figdfa^lc kf]][^\f_b `f t�[b \fd_`^ md_ #L s fv `Z[ ][^`]dk`df_ fv & `f `Z[ ^\d_ Zflf_fec
x]fa\ +�fl m� s , �\d_L y YZ[ de\f]`h_k[ fv e h_dvflb^ j d`Z \h]hll[l ^\ d_f]^ kfe [^ v]fe `Z[
vhk` `Zh` `Z[c h][ � dkkdw-h` �
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GHIIJ K �\\lcd_x `j dk[ `Z[ kfgh]dh_` b[]dgh`dg[ `f `Z[ \h]hll[l ^\ d_f] * xdg[^ `Zh` `Z[
ka]gh`a][ fv `Z[ ^\d_wkf__[k`df_ ( gh_d^Z[^ d_ `Z[ bd][k`df_ fv * y � ' ldf]b kf_`]hk`df_
`fx[`Z[] j d`Z `Z[ t]^` L dh_kZd db[_`d`c `Z[_ ^Zfj `Zh` � dk mM s N * 
 � vf] [g[]c g[k`f] M q
jZdkZ \]fg[^ `Z[ klhde y

O
{[ j dll i [ kf_k[]_[b d_ `Zd^ \h\[] j d`Z d]][bakdil[ � d[e h__dh_ eh_dvflb^ q 7F5F eh_dvflb^
jZf^[ Zflf_fec ][\][^[_`h`df_ d^ d]][bakdil[ y Lc `Z[ b[ �Zhe b[kfe\f^d`df_ `Z[f][e q
h eh_dvflb d^ d]][bakdil[ dv h_b f_lc dv d`^ a_dg[]^hl kfg[] d^ _f` h �d[e h__dh_ \]fbak` y
� de \lc kf__[k`[b d]][bakdil[ ^\d_ e h_dvflb^ kh]]cd_x \h]hll[l ^\d_f]^ h][ klh^^dt[b ic `Z[d]
m� d[e h__dh_s Zflf_fec x]fa\ d_ `Z[ vfllfj d_x jhc �
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GHIIJ K zv � kh]]d[^ h \h]hll[l ^\ d_f] q d` kh__f` i [ lf khllc ^cee[`]dk y z_b[[b q � d^ � dkkdw
-h` ic `Z[ �[eeh hifg[ q h_b �dkkdw-h` lf khllc ^cee[`]dk e h_dvflb^ h][ -h` y YZd^ jfalb
kf_`]hbdk` `Z[ d]][bakdidld`c Zc\f`Z[^d^ y �_[ ehc `Za^ a^[ `Z[ L []x[]w� de f_^ `Z[f][e jZdkZ
^`h`[^ `Zh` `Z[ Zflf_fec x]fa\ fv � i[lf_x^ `f `Z[ vfllfj d_x ld^` � � � m	 $ �s � �\d_ � m	 $ �s �
��� m	 $ r	 s � �\� m	 $ �� s � �� m	 $ r	 s � �\ " N �\� m	 $ �� s � ��L y �_ `Z[ f`Z[] Zh_b q
dv � kh]]d[^ h \h]hll[l ^\ d_f] `Z[_ `Z[][ [� d^`^ h t�[b \fd_` d_ #L fv +�fl m� s h_b Z[_k[ h
g[k`f] � � #L f_ jZdkZ `Z[ �d[ hlx[i]h ��� �m� s $ �� �m� s fv +�fl m� s hk`^ `]dg dhllcy z` d^
[h^c `f ^[[ `Zh` `Z[ ^\d_ ][\][^[_`h`df_ fv `Z[ �d[ hlx[i]h^ fv `Z[ lh^` `Z][[ x]fa\^ v]fe `Z[
L []x[]w� de f_^ ld^` Zh^ _f t�[b \fd_`^ q `Za^ \]fg d_x `Z[ t]^` \h]` fv `Z[ `Z[f][e mkv y n�ps y
'f_g[]^[lcq ^a\\f^[ `Zh` �fl m� s d^ f_[ fv � � q �\d_ � q ��� f] �\� y z_ \h]`dkalh] q d` d^ ^de \lc
kf__[k`[b y �[` � b[_f`[ `Z[ a_dg[]^hl kfg[]d_x �\d_L � ��L y �d_k[ �fl m� s d^ ^de \lc
kf__[k`[b q � �"�fl m� s Zh^ `jf kf__[k`[b kfe\f_[_`^ q ! � mkf_`hd_d_x `Z[ a_d` [l[e [_`s
h_b !" q [hkZ fv `Z[e i[d_x e h\\ [b id� [k`dg[lc f_`f �fl m� s ic � y �fj q d` d^ �_fj_ `Zh`
� � +�fl m� s � �fl m� s d^ f_`f mn�p q 'Z y r q ) ]f\ y � yos y }f][fg[] q +�fl m� s d^ kf__[k`[b
mn�p q 'Z y r q YZe y � yrs h_b kf_`hd_^ `Z[ a_d` d_ �\d_L q ^f t_hllc +�fl m� s $ ! � y YZ[ ^\d_
][\][^[_`h`df_ fv `Z[ �d[ hlx[i]h fv ! � hk`^ `]dg dhllc f_ ^fe[ g[k`f] � � #L q jZdkZ de\ld[^
`Zh` � m� s d^ kf_^`h_` vf] � � ! � y z_ \h]`dkalh] � m� s $ om� s $ � vf] hll � � ! � q h_b f_[
b[bak[^ `Zh` � d^ h t�[b \fd_` fv `Z[ ^\d_ ][\][^[_`h`df_ fv ! � y

O
 /01�! " z_ `Z[ t]^` \h]` fv `Z[ \]ffv f_[ Zh^ `f a^[ ^fe [ ][\][^[_`h`df_ `Z[f]c d_ f]b[] `f
^Zfj `Zh` `Z[ lh^` `Z][[ x]fa\^ d_ `Z[ L []x[]w� de f_^ ld^` bf _f` fkka] h^ Zflf_fec x]fa\^
fv e h_dvflb^ j d`Z \h]hll[l ^\ d_f]^ y YZ[ _f_w`]dg dhl \h]` kf_k[]_^ f_lc �� h_b �\� q ^d_k[
`Z[ ^\d_ ][\][^[_`h`df_ fv # �L $ #$%&L Zh^ fv kfa]^[ _f t�[b \fd_` y �_ [h^d[] h]xae [_`
jZdkZ [�klab[^ `Z[^[ `jf x]fa\^ d^ `Z[ ][e h]� `Zh` `Z[c bf _f` fkka] h^ Zflf_fec x]fa\^
fv � dkkdw-h` e h_dvflb^ m^[[ n�ps y z` d^ _h`a]hl `f h^� d_ `Zd^ kf_`[�` jZ[`Z[] `Z[][ [� d^` h_c
^de \lc kf__[k`[b �dkkdw-h` e h_dvflb^ j d`Z Zflf_fec ��L y �a] v[[ld_x d^ `Zh` d` ^Zfalb
i[ \f^^di l[ `f kf_^`]ak` lf khl [�he\l[^ ia` d` ^[[e ^ `f i [ eakZ ef][ bd� kal` `f kf_^`]ak`
kfe\hk` [�he\l[^ y �[lh`[b `f `Zd^ q d` jh^ ][e h]�[b ic � y �[^^hd `Zh` h kfe\hk` d]][bakdil[
� dkkdw-h` e h_dvflb j d`Z gh_d^Zd_x t]^` )f_`]� hxd_ klh^^ ea^` Zhg[ Zflf_fec ��L mk yv y n�ps y
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z_ `Zd^ ^[k`df_ j[ ][khll `Z[ ][^al`^ fv {h_x mkv y nops kf_k[]_d_x `Z[ \f^^di l[ Zflf_fec x]fa\^
fv _f_w^de\lc kf__[k`[b q d]][bakdil[ ^\d_ e h_dvflb^ j d`Z \h]hll[l ^\ d_f]^ y Lc �[eeh oq [g[]c
^akZ e h_dvflb � d^ � dkkdw-h` y YZ[ ][^`]dk`[b Zflf_fec x]fa\ �fl� m� s d^ d^fef]\Zdk `Z[
vall Zflf_fec x]fa\ fv `Z[ a_dg[]^hl kfg[] �� q ^f d` i [lf_x^ `f `Z[ ld^` xdg[_ ic YZ[f][e
r y � ^d_x `Z[ vhk` `Zh` �fl� m� s d^ _f]e hl d_ �fl m� s q f_[ kh_ fi`hd_ `Z[ ld^` fv hll \ f^^di l[

~



Zflf_fec x]fa\^ fv d]][bakdil[ � dkkdw-h` e h_dvflb^ m^[[ nops y zv � d^ kfe\hk` `Zd^ ld^` kh_
i[ kf_^db[]hilc ][bak[b m^[[ n~ps y
YZ[ _[�` \ fd_` d^ `Z[ vfllfj d_x ^de\l[ fi^[]gh`df_ fv {h_x mjZdkZ j[ ^`h`[ v]fe h ^ldxZ`lc
bd [][_` \fd_` fv g d[j q ef][ kf_g[_d[_` vf] fa] \a]\f^[^s y z` xdg[^ h k]d`[]df_ vf] h ^aix]fa\
fv ��L `f i[ `Z[ Zflf_fec x]fa\ fv h 	wbde [_^df_hl e h_dvflb j d`Z \h]hll[l ^\ d_f]^ �
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� d_hllcq h kh^[ ic kh^[ h_hlc^d^ a^d_x `Zd^ k]d`[]df_ cd[lb^
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{[ j dll _fj ^Zfj `Zh` `Z[ hlx[i]hdk ][^`]dk`df_^ f_ `Z[ Zflf_fec x]fa\ xdg[_ ic {h_x �^
`Z[f][e h][ hk`ahllc ^a� kd[_` vf] `Z[ [� d^`[_k[ fv h ^\d_ ^`]ak`a][ kh]]c d_x \h]hll[l ^\ d_f]^ y
YZ[ e hd_ `ffl d^ `Z[ vfllfj d_x kf_g[]^[ `f �[eeh ~ �

./001 � �59 � �5 ? 6 75@ ?::7?: @?:7> <BC ?:C ;�AA<;5 94?9 94 5=5 5� 7;9; ?: 5@ �5CC7:D
* � �fl m� s � �\d_L 4784 @ ?�5; 94 5 C7?D =?@

�\d_L
*
� �

�fl m� s �� ��L
8<@@ � 9?97E5F 345: � 8?==75; ? ;A 7: ;9=�89�=5 4<;5 4<B<:<@ � D =<�A 7; 5�?89B� * m�fl m� ss �
45:85 7;<@ <=A 4 78 9< �fl m� s F

GHIIJ K �[` � i[ `Z[ d_kla^df_ fv �fl m� s d_`f ��L h_b * � �fl m� s � �\d_L i [
^akZ `Zh` � � * $ � y {[ t� h v]he [ 	 � ���� � h_b l[` � , ���� � b[_f`[ `Z[
Zflf_fec ia_bl[ fv � `Z]faxZ 	 q jZdkZ d^ h �fl m� s \]d_kd\hl ia_bl[ m^[[ n�p q 'Z yrs y
YZ[][ d^ `Z[_ h kh_f_dkhl ia_bl[ d^fe f]\Zd^e � �
 ��L � ���� � h_b d` d^ kl[h] `Zh`
� �� �\d_L `fx[`Z[] j d`Z `Z[ kh_f_dkhl \]f� [k`df_ f_`f � �
 ��L b[t_[^ h ^\d_ ^`]aku
`a][ f_ � y YZ[ ^\d_ kf__[k`df_ kfe [^ fv kfa]^[ v]fe `Z[ ][^`]dk`df_ `f � fv `Z[ �[g dw
' dg d`h kf__[k`df_ fv � h_b Z[_k[ `Z[ ^\d_ Zflf_fec x]fa\ d^ �a^` * m�fl m� ss q h^ klhde [b y

O
 /01�! " YZ[ Zc\f`Z[^d^ fv `Z[ l[eeh hifg[ d^ figdfa^lc [|adghl[_` `f `Z[ kf_bd`df_ `Zh`
`Z[ \][w de hx[ fv �fl m� s d_ �\d_L d^ d^fe f]\Zdk `f �� ��fl m� s y YZd^ \]fgdb[^ h g[]c a^[val
k]d`[]df_ `f kZ[k� jZ[`Z[] h xdg[_ Zflf_fec x]fa\ ^h`d^t[^ `Z[ Zc\f`Z[^d^ fv `Z[ l[eeh y
�f] d_^`h_k[ q h^ `Z[ \][w de hx[ fv �� d_ �\d_ �� d^ d^fe f]\Zdk `f �� d`^[lv q `Z d^ x]fa\ bf[^
_f` ^h`d^vc `Z[ kf_bd`df_^ fv `Z[ l[eeh y
�fj q ][khll `Zh` Yhil[ o jh^ fi`hd_[b d_ `Z[ vfllfj d_x jhc � hef_x hll \ f^^di l[ Zflf_fec
x]fa\^ fv _f_w^de\lc kf__[k`[b d]][bakdil[ � dkkdw-h` � d[e h__dh_ e h_dvflb^ q f_[ ^[l[k`^
`Zf^[ jZf^[ Zflf_fec x]fa\ ldv`^ d^fe f]\Zdkhllc `f �\d_L h_b ^akZ `Zh` `Z[ ^\d_ ][\][^[_u
`h`df_ Zh^ t�[b \fd_`^ jZ[_ ][^`]dk`[b `f `Zd^ ldv` y � ^d_x `Z[ hifg[ �[eeh j[ `Z[_ b[bak[
h` f_k[ `Z[ vfllfj d_x klh^^dtkh`df_ ][^al` q jZdkZ kf_`hd_^ `Z[ kf_g[]^[ fv YZ[f][e � y
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YZ[][ d^ ^`dll h_ de\f]`h_` \fd_` `f i [ klh]dt[b Z[][ y �[` � $ �fl m� s i [ `Z[ Zflf_fec
x]fa\ fv h e h_dvflb ^akZ `Zh` � i [lf_x^ `f Yhil[ o h_b ^a\\f^[ `Zh` `Z[][ h][ ^[g[]hl ldv`^

�



* 
 � � � �\d_L fv `Z[ d_kla^df_ � � ��L y Lc �[eeh � [hkZ fv `Z[^[ ldv`^ xdg[^ ]d^[ `f h
^\d_ ^`]ak`a][ f_ � kh]]c d_x \h]hll[l ^\ d_f]^ q h_b f_[ e hc l[xd`de h`[lc h^� jZ[`Z[] `Z[^[
^\d_ ^`]ak`a][^ h][ [|adghl[_` f] _f` y YZ[ h_^j[] `f `Zd^ |a[^`df_ d^ xdg[_ ic `Z[ vfllfj d_x
mef][ x[_[]hls ][^al` y

��/��/0 � �59 � , ��L ?:C B59 � �5 ? � �;9=�89�=5 <: � 4784 7; 8<::5895C ?; 9<A<B<D 78?B
;A?85F 345: 94 5 5:B?=D 5@ 5:9; 9< �\d_L <> � �;7:D 9< C7� 5=5:9 B7> 9; <> � 9< �\d_L ?=5 :<9
5�� 7E?B5:9 ?; ;A 7: ;9=�89�=5; F
�f`[ `Zh` ic �bd [][_` ldv`^� fv h ^aix]fa\ � fv ��L `f �\d_L j[ ^de\lc e[h_ `jf bd[][_`
x]fa\ ef]\Zd^e ^ * 
 � � � �\d_L m� $ o � rs ^akZ `Zh` � � * 
 $ zb� y
GHIIJ IJ ��� ���IH�� K �[khll `Zh` `jf ^\d_ ^`]ak`a][^ � h_b �� h][ ^hdb `f i [ 5�� 7E?B5:9dv `Z[][ [� d^`^ h ia_bl[ d^fef]\Zd^e 	 � � � �� ^akZ `Zh` `Z[ bdhx]he

� 
�� ��

� �

���� �
kfeea`[^ y �[` * 
 � � � �\d_L m� $ o � rs i [ `jf bd[][_` ldv`^ fv � h_b ^a\\f^[ `Zh`
� ��  �\d_L h][ [|adghl[_` ^\d_ ^`]ak`a][^ f_ � y � ^^ae [ `Zh` `Z[][ [� d^`^ h ia_bl[ e h\ 	
jZdkZ eh�[^ `Z[ bdhx]he

� �� � �\d_L 
�� � ��� �\d_L
� �

� �
 ��L
kfeea`h`dg[ y YZd^ [h^dlc de\ld[^ `Z[ [� d^`[_k[ fv h ^e ff`Z e h\\d_x � � � � �\d_L � ��
^akZ `Zh`

	 m	 �� � � s $ 	 ��� � m	 � � s� � �	 � � � � � �\d_L � mos
� ^ � h_b �\d_L h][ kf__[k`[b j[ b[bak[ `Zh` � d^ kf_^`h_` q ^hc � 
 � y YZ[_ mos dee [bdh`[lc
de\ld[^ *" $ �*� q Z[_k[ � $ o ^d_k[ * 
 h][ x]fa\ Zfefef]\Zd^e ^ mh_b if`Z e h\ `Z[ db[_`d`c
d_ � `f `Z[ db[_`d`c d_ �\d_L s q ^f *" $ *� q jZdkZ kf_`]hbdk`^ `Z[ Zc\f`Z[^d^ y

O
� ^d_x `Z[ hi fg[ ][^al`^ q j[ j dll kf_^`]ak` d_ `Z[ _[�` ^[k`df_ `Z[ t]^` [�he\l[^ fv mkfe\hk`s
� d[e h__dh_ eh_dvflb^ j d`Z ^[g[]hl ^\d_ ^`]ak`a][^ kh]]cd_x \h]hll[l ^\d_f]^ y
 /01�! " {[ Zhg[ hk`ahllc \]fg[b `Zh` `Z[ ^\d_ ^`]ak`a][^ j d`Z \h]hll[l ^\d_f]^ f_ h xdg[_
�d[e h__dh_ eh_dvflb h][ d_ f_[w`fwf_[ kf]][^\ f_b[_k[ j d`Z `Z[ ldv`^ * fv `Z[ � d[e h__dh_
Zflf_fec x]fa\ fv `Z[ e h_dvflb `f `Z[ ^\d_ x]fa\ ^akZ `Zh` `Z[ ][^`]dk`df_ fv `Z[ ^\d_
][\][^[_`h`df_ `f * m�fl m� ss Zh^ h t�[b \fd_` f_ #L y z_b[[b q [g[]c ^akZ ^`]ak`a][ d^ _f`Zd_x

�



[l^[ ia` `Z[ [_lh]x[e [_` `f �\d_L fv `Z[ ^\d_ Zflf_fec ia_bl[ q jZdkZ q ic {h_x �^ ][e h]�
m�[eeh ~s q d^ d^fef]\Zdk `f `Z[ [_lh]x[e [_` `f �\d_L fv `Z[ � d[e h__dh_ Zflf_fec ia_bl[
gdh `Z[ kf]][^\ f_bd_x ldv` `f �\d_L fv `Z[ � d[e h__dh_ Zflf_fec x]fa\ y
 /01�! " �[` a^ hl^f _f`[ `Zh` h ^de\l[ kZ[k� `Z]faxZ `Z[ ld^` fi`hd_[b ic }kz__[^ d_ n~p
^Zfj ^ `Zh` `Z[ Zflf_fec x]fa\ fv h kfe\hk` q f]d[_`hil[ q d]][bakdil[ q � dkkdw-h` e h_dvflb fv
_f_wx[_[]dk Zflf_fec h_b ][hl bde [_^df_ _f` h eal`d\ l[ fv vfa] d^ [d`Z[] � � f] ��� m	 fbbs
m`Z[][ h][ `jf f`Z[] \ f^^di dld`d[^ d_ `Z[ _f_wf]d[_`hil[ kh^[s y YZ[f][e r fv nrp mjZdkZ ^`h`[^
`Zh` `Z[ hi fg[ e h_dvflb^ Zhg[ h a_d|a[ ^\d_ ^`]ak`a][ j d`Z \h]hll[l ^\ d_f]^s vfllfj ^ `Za^
dee[bdh`[lc v]fe `Z[ ][e h]� hifg[ q i [kha^[ � � h_b ��� q i [d_x ^de\lc kf__[k`[b q hbe d` h
a_d|a[ ldv` `f `Z[ ^\d_ x]fa\ mjZdkZ d^ �_fj_ `f Zhg[ t�[b \fd_`^ f_ #L s y

� ����� ��� �QU �VSR*�S S���S��

YZ[f][e � d^ _f` kfe\l[`[lc ^h`d^vhk`f]c h^ lf_x h^ j[ bf _f` �_fj jZ[`Z[] vf] [hkZ x]fa\
d_ Yhil[^ o f] r q � d[e h__dh_ eh_dvflb^ Zhgd_x `Zd^ x]fa\ h^ Zflf_fec x]fa\ ][hllc [� d^` y
YZd^ d^ jZc j[ j dll ^Zfj d_ `Zd^ ^[k`df_ `Zh` ef^` fv `Z[ kf_k[]_[b x]fa\^ Zhg[ h ][hld�h`df_
h^ Zflf_fec x]fa\^ y {[ j dll l[hg[ h^ h_ f\[_ \]fil[e jZ[`Z[] `Z[][ [� d^` kfe\hk` _f_w
^de \lc kf__[k`[b e h_dvflb^ j d`Z Zflf_fec �\� � �� m� fbb h_b 	 � o bdgd^di l[ ic � s y {[
hl^f ][e h]� `Zh` `Z[ \]fil[e jZdkZ j[ kf_^db[] Z[][ d^ \a][lc � d[e h__dh_ q 7F5F bf[^ _f`
e h�[ ][v[][_k[ `f ^\d_f]^ h_cef][ y
2 " � ��0�1�� " L [^db[^ `Z[ hifg[ kh^[ jZdkZ j[ bf _f` `][h` Z[][ q d` ][e hd_^ `f kf_^`]ak`
[�he\l[^ fv kfe\hk` _f_w^de\lc kf__[k`[b e h_dvflb^ j d`Z Zflf_fec � � q ��� h_b ��� ���
mh^ `Z[^[ h][ `Z[ f_lc kh^[^ f kka]]d_x d_ {h_x �^ ld^` d_ `Z[ kfe\hk` kh^[s y YZ[ t]^` f_[
d^ fi`hd_[b bd][k`lc a^d_x `Z[ jf]� fv �fck[ mn	ps q jZf Zh^ kf_^`]ak`[b ^[g[]hl vhe dld[^ fv
kfe\hk` _f_w^de\lc kf__[k`[b eh_dvflb^ j d`Z Zflf_fec � � vf] jZdkZ Z[ kfe\a`[^ [�\ldkd`lc
`Z[ va_bhe[_`hl x]fa\ y
�f] `Z[ ^[kf_b j[ Zhg[ `f t_b d]][bakdil[ q _f_w^de \lc kf__[k`[b 'hlhidw
ha e h_dvflb^ fv
fbb kfe\l[� bde [_^df_ y �akZ [�he\l[^ kh_ i [ kf_^`]ak`[b d_ h]id`]h]c ZdxZ bde [_^df_^ y
�f] d_^`h_k[ q f_[ kh_ `h�[ `Z[ |af`d[_` fv h Zc\[]^a]vhk[ fv b[x][[ � d_ � � � �" ic h v][[ ��hk`df_ q jZ[][ � 
 � d^ h_c \]de [ _aei[] m^[[ norp vf] b[`hdl^s y
� d_hllcq j[ a^[ h_ db[h fv �`dchZ q � d`kZd_ mno�ps h_b }kz__[^ mn~p q noops `f kf_^`]ak` e h_dvflb^
j d`Z Zflf_fec x]fa\ ��� � �� y �[` � 
 q m� $ o � � � � � 	 � o � � $ � � � � � � r	 � os i [ m^`]dk`lc s
\f^d`dg[ ][hl _aei[]^ h_b � 
 i[ `Z[ |ahb]dk d_ � � ��� " xdg[_ ic

� 
 $ � n�� � � � � � ���� " p � � � 
 � � $ �� �

{[ b[t_[ � `f i [ `Z[ d_`[]^[k`df_ fv `Z[ � 
 �^ q h_b ][e h]� `Zh` dv `Z[ � 
 �^ h][ kZf^[_
x[_[]dkhllc md y[ y ^akZ `Zh` `Z[ |ahb]dk^ h][ ea`ahllc `]h_^g[]^hls q `Z[_ � d^ h ^eff`Z kfe u
\l[� 	wbde [_^df_hl e h_dvflb ][hld�[b h^ h kfe\l[`[ d_`[]^[k`df_ y Lc �[v^kZ[`� � Zc\ []\lh_[
YZ[f][e mno~ps � d^ kf__[k`[b h_b ^de\lc kf__[k`[b mvf] 	 � os y
}f][fg[] q � [_bfj[b j d`Z `Z[ e[`]dk d_Z[]d`[b v]fe � � ��� " i[kfe [^ h � �hZl[] e h_dvflb y

�



YZ[ hb�a_k`df_ vf]ealh m^[[ no~ps ^Zfj ^ `Zh` �" m� s $ � y 'f_^[|a[_`lc � d^ h 'hlhidw
ha
eh_dvflb q h_b `Z[][ [� d^`^ h � dkkdw-h` � �hZl[] e [`]dk � f_ � jZf^[ � �hZl[] vf]e �� ld[^ d_
`Z[ ^he [ kfZfeflfxc klh^^ h^ `Z[ � �hZl[] vf]e �� fv � y {[ _fj kf_^db[] `Z[ d_gfla`df_ � fv
� xdg[_ ic � mn�
 ps $ n��
 p q jZdkZ Zh^ _f t�[b \fd_`^ f_ � i[kha^[ fv `Z[ Zc\f`Z[^d^ � 
 � � y
YZ[ vfllfj d_x l[eeh h^ j[ll h^ `Z[ _[�` kf]fllh]c kh_ i [ vfa_b d_ noop y � [g[]`Z[l[^^ q j[
d_klab[ `Z[ \]ffv^ vf] `Z[ ^h�[ fv kfe\l[`[_[^^ y

./001 � 345 7:E<B� 97<: � 7; ?: ?:97�4<B<@ <=A 4 78 7;<@ 59=� <> m� � � � � s F

GHIIJ K z` d^ [h^c `f ^[[ `Zh` � d^ hk`ahllc h_ d^fe [`]c fv `Z[ �aid_dw�`abc e [`]dk f_
� � ��� " q Z[_k[ � ��� $ ��� y �_ `Z[ f`Z[] Zh_b q � �� d^ h � dkkdw-h` � �hZl[] e [`]dk q `ff q
jZf^[ � �hZl[] vf]e d^ �	
� $ �� ��� y �` `Z[ l[g[l fv kfZfeflfxc klh^^[^ j[ Zhg[ `Za^
n�	
� � �� p $ � � n�� � �� p $ � h_b ic `Z[ a_d|a[_[^^ fv `Z[ ^fla`df_ `f `Z[ 'hlhidw
ha
\]fil[e q j[ b[bak[ `Zh` � �� $ � q h^ klhde [b y

O
{[ _fj ][eh]� `Zh` `Z[ e h_dvflb � d^ d]][bakdil[ y z_b[[b q v]fe `Z[ �[v^kZ[`� Zc\[]\lh_[
`Z[f][e hl^f vfllfj ^ �� m� s $ oy �_ `Z[ f`Z[] Zh_b q dv � jfalb i[ ][bakdil[ q `Z[ b[ �Zhe
b[kfe\f^d`df_ `Z[f][e jfalb de\lc `Zh` � $ � " � � � jZ[][ � 
 h][ ^de\lc kf__[k`[b
kfe\hk` � �hZl[] e h_dvflb^ q Z[_k[ �� m� s $ �� m� " s � �� m� � s 
 r q h kf_`]hbdk`df_ y
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�f`[ `Zh` `Zd^ e h_dvflb d^ f]d[_`[b dv h_b f_lc dv 	 d^ [g[_ y �f] 	 
 � m�s q ��� � �� Zh^
[�hk`lc `jf bd [][_` ldv`^ `f �\d_�� q [hkZ fv `Z[e ^h`d^vc d_x `Z[ kf_bd`df_^ fv �[eeh ~ y
YZ[ `jf ldv`^ fv ��� ��� kh_ i[ b[^k]di [b h^ vfllfj ^ mkv y nops y �f] ��� j[ `h�[ `Z[ a_d|a[ ldv`
jZdkZ eh\^ zb � ��� `f o � �\d_ �� h_b j[ ldv` `Z[ x[_[]h`f] � $ bdhx m� �� � �� �� s � � mr	 s
fv �� `f � ��� " N N N ��� � �\d_�� q jZ[][ ��
� d^ h_ f]`Zf_f]e hl ih^d^ fv � �� h_b `Z[ ^\d_
x]fa\ d^ ][hld�[b h^ h ^ai^[` fv `Z[ ' ldf]b hlx[i]h y z` d^ [h^c `f ^[[ `Zh` `Zd^ kf_^`]ak`df_
d_bak[^ `jf j[ll b[t_[b ldv`^ fv ��� � �� `f �\d_ �� h_b `Zh` `Z[ ][^`]dk`df_ fv `Z[ ^\d_
][\][^[_`h`df_ `f [hkZ fv `Z[^[ `jf ldv`^ Zh^ [�hk`lc h f_[wbde [_^df_hl ^\hk[ fv t�[b \fd_`^
m^[[ nops y
{[ `Za^ b[bak[ mic YZ[f][e � h_b `Z[ ][e h]� vfllfj d_x d`s `Zh` mvf] 	 
 � m�ss `Z[ hifg[
kf_^`]ak`[b e h_dvflb � d^ h kfe\hk` � d[e h__dh_ eh_dvflb j d`Z [�hk`lc `jf bd [][_` ^\d_
^`]ak`a][^ kh]]cd_x \h]hll[l ^\d_f]^ y
 /01�! " YZd^ ][^al` d^ h kfa_`[][�he\l[ `f }kz__[^ � YZ[f][e o d_ nrp q jZdkZ h^^[]`^ `Zh`
h kfe\hk` q d]][bakdil[ � dkkdw-h` e h_dvflb fv _f_wx[_[]dk Zflf_fec h_b ][hl bde [_^df_ �	
hbe d`^ h \h]hll[l ^\ d_f] dv h_b f_lc dv d` d^ ^de \lc kf__[k`[b y YZ[ []]f] d_ }kz__[^ � \]ffv
kfe [^ v]fe `Z[ vhk` `Zh` ^`h]`d_x v]fe h \h]hll[l ^\ d_f] f_ h eh_dvflb j d`Z lf khl Zflf_fec
���� q `Z[ �^|ah]d_x � kf_^`]ak`df_ bf[^ _f` hljhc^ va]_d^Z `Z[ jZfl[ kfe\l[� gflae [ vf]e y
z_ ^fe[ kh^[^ f_[ f_lc fi`hd_ d`^ ][hl f] kfe\l[� \h]` q jZdkZ d^ fv kfa]^[ _f` ^a� kd[_` `f
kf_klab[ `Zh` `Z[ jZfl[ Zflf_fec x]fa\ d^ ���� y

�



� " � ������0�1�� " {[ _fj xdg[ q vf] [hkZ x]fa\ d_ Yhil[ oq [�he\l[^ fv m_f_wkfe\hk` q
_f_w^de \lc kf__[k`[b s f]d[_`[b � d[e h__dh_ eh_dvflb^ Zhgd_x `Zd^ x]fa\ h^ Zflf_fec x]fa\ y
�v kfa]^[ q j[ j dll _f` kf_^db[] Z[][ `Z[ Zflf_fec x]fa\^ fv `Z[ kfe\hk` e h_dvflb^ kf_u
^`]ak`[b hifg[ q ^d_k[ d` ^a� k[^ `f ][efg[ h \fd_` v]fe ^akZ h eh_dvflb `f fi`hd_ h _f_
kfe\hk` [�he\l[ y � ll fa] [�he\l[^ vf] `Z[ ][e hd_d_x x]fa\^ d_ Yhil[ o j dll i [ fi`hd_[b h^
kf_[^ fg[] e h_dvflb^ j d`Z ^\ [kdhl x[fe[`]dk ^`]ak`a][^ y �[khll `Zh` dv m� � � s d^ h � d[e h__dh_
eh_dvflb `Z[ kf_[ �� d^ `Z[ \]fbak` e h_dvflb � � � � [|ad\\ [b j d`Z `Z[ jh]\ [b \]fbak`
e [`]dk �� �$ � �� � �� � y �f`[ `Zh` �� d^ hljhc^ h _f_wkfe\l[`[ e h_dvflb q h_b ic h ][^al` fv
�hllf` mno�ps q `Z[ kf_[ fg[] h kfe\l[`[ e h_dvflb d^ hljhc^ d]][bakdil[ f] -h` h^ � d[e h__dh_
eh_dvflb y � ^d_x `Z[ � �� [dll vf]ealh^ vf] jh]\ [b \]fbak`^ q d` d^ [h^c `f ][lh`[ `Z[ bd[][_`
x[fe [`]d[^ fv h e h_dvflb h_b fv d`^ kf_[ d_ `Z[ vfllfj d_x jhc m^[[ vf] [�he\l[ no�p q f] no�p
vf] `Z[ b[t_d`df_^s y
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YZd^ bd][k`lc cd[lb^ [�he\l[^ fv f]d[_`[b q _f_w^de\lc kf__[k`[b � d[e h__dh_ e h_dvflb^ j d`Z
Zflf_fec �\d_ � h_b �\� q h^ kf_[^ fg[] _f_w^de \lc kf__[k`[b j[h� � �weh_dvflb^ mkv y no�p
f] no�p vf] [�he\l[^s q h_b _f_w^de\lc kf__[k`[b ~w�h^h�dh_ eh_dvflb^ ][^\ [k`dg[lc mkv y no�p
vf] [�he\l[^s y
�[` _fj � i[ h ][xalh] ^de\lc kf__[k`[b ~w�h^h�dh_ e h_dvflb f`Z[] `Zh_ `Z[ ]fa_b ^\Z[][
mhll �_fj_ [�he\l[^ fv ^akZ eh_dvflb^ h][ Zfefx[_[fa^s y z` d^ h klh^^dkhl vhk` `Zh` � d^
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