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CD EFGHIFEJKHLFKHM EN IOJ PNQIFOHJR

S TUV WXXY Z[\U ]^_[`a]`[^b cd `ef \eg^fh]fe`bi
a[Tj k`eaj l[^^]g^m[g nmU\eT]] oUjm p`U\]T]qjn`em^Ua\q[h]kj r`b]ajs
psns r`b]aj _q]aU\`etUf hu\Uvw]e^V aUjkaue

\[^f]tea]V _[ ^_emfqU`ba[g fe[q]] ^UT[^[_qVteai
aux y``]_f]ke^m]x [_eqUf[q[hz _[ ^_emfqU`ba[g fe[iq]] ae^UT[^[_qVteaaux \]{{eqea|]U`baux [_eqUf[iq[hz _[ fe[q]] mqUehux ] ^Te}Uaaux ~U\Uk \`V jqUhi
aea]g TUfeTUf]ke^m[g {]~]m] h [�`U^fVx ^ �_`[x]T]��aeZ`U\m]T]� ZqUa]|UT] ] ^ qU~quhauT] m[y{{]|]i
eafUT]z _[ _q[�`eTUT ^hV~] Tet\j m`U^^]ke^m]T] ][�[�weaauT] qe}ea]VT] ~U\Uk TUfeTUf]ke^m[g {]i
~]m]z _[ TUfeTUf]ke^m[Tj T[\e`]q[hUa]v ~U\Uk [
\]{qUm|]] ] qe{qUm|]] y`emfq[TUZa]faux h[`az _[
fe[q]] mqUfaux qV\[h ] ]afeZqU`[h �jqbez _[ ^_emi
fqU`ba[g fe[q]] [_eqUf[q[h �qe\]aZeqU ^ ^]`ba[^]aZj`VqauT] _[fea|]U`UT]s
p`U\]T]q n`em^Ua\q[h]k r`b]a q[\]`^V h \qehi

aeT qj^^m[T Z[q[\e �[~e`b^mes � fqex `ef t]hef
h �[^mhes p }m[`e jk]`^V h^eZ\U [f`]ka[s p ^fUq}]x m`U^^Ux �_[^`e h[~hqUwea]V ]~
yhUmjU|]]� Umf]ha[ jkU^fh[hU` h qU�[fe TUfeTUf]ke^m[Z[ mqjtmU _q] Tex�TUfe ��� _[\qjm[h[\^fh[T T[`[\ux ns�s �q[aq[\U ] �s�s �fekm]aU ] \hUt\u �u` _[�e\]fe`eT �[^m[hi^m[g Z[q[\^m[g TUfeTUf]ke^m[g [`]T_]U\us p WX�� Z[\jz [m[ak]h }m[`j ^ ~[`[f[g Te\U`bvz
p`U\]T]q n`em^Ua\q[h]k _[^fj_]` aU {]~]ke^m]g {Umj`bfef ��� ]Tea] �sps �[T[a[^[hUz
m[f[qug ~Um[ak]` ^ [f`]k]eT �ae _[`jk]h ~U h^e Z[\u [�jkea]V aU ym~UTeaUx a] [\a[g [|eam]
a]te �[f`]ka[�� h WX�d Z[\js p f[T te Z[\j p`U\]T]q n`em^Ua\q[h]k _[^fj_]` h U^_]qUafjiqj {]~]ke^m[Z[ {Umj`bfefU ���z m[f[qjv ~Um[ak]` _[\ qjm[h[\^fh[T nsos �]x[a[hU h WX��Z[\jz ~Uw]f]h mUa\]\Uf^mjv \]^^eqfU|]vs�[^`e [m[akUa]V U^_]qUafjqu psnsr`b]a �u` [^fUh`ea \`V qU�[fu h mUke^fhe U^^]^feafU aU
mU{e\qeTUfeTUf]m] {]~]ke^m[Z[ {Umj`bfefU���s p{ehqU`e WX�Y Z[\U p`U\]T]qn`em^Ua\q[i
h]k e\]a[Z`U^a[ ~Uw]f]` aU jkea[T ^[hefe TexUa]m[�TUfeTUf]ke^m[Z[ {Umj`bfefU��� \[mf[qi^mjv \]^^eqfU|]v] keqe~ Z[\ �u`]~�qUa aU \[`ta[^fb _q[{e^^[qU�[^m[h^m[Z[ ja]heq^]fefUs
p WXcd Z[\j [a _eqex[\]f aU f[`bm[ kf[ [�qU~[hUaaug {Umj`bfef huk]^`]fe`ba[g TUfeTUf]m] ]
m]�eqaef]m] ���s � ]v`V WXc� Z[\U [a �e^^Teaa[ h[~Z`Uh`Vef aU {Umj`bfefe huk]^`]fe`ba[gTUfeTUf]m] ] m]�eqaef]m] ��� ^[~\Uaajv ]T mU{e\qj [�weg TUfeTUf]m]s�Um]T [�qU~[T �[`ee keT ���`efaVV aUjka[�_e\UZ[Z]ke^mUV \eVfe`ba[^fb psnsr`b]aU aeqU~iquha[ ^hV~UaU ^ ��� ]Tea] �sps �[T[a[^[hUs oUqV\j ^ yf]T ^ WXc� Z[\U [a _`[\[fh[qa[ he\ef
aUjka[�]^^`e\[hUfe`b^mjv qU�[fj h �UfeTUf]ke^m[T ]a^f]fjfe ]Tea] psns �fem`[hUz Vh`VV^b^aUkU`U ^fUq}]T aUjkauT ^[fqj\a]m[T [f\e`U jqUhaea]g h kU^faux _q[]~h[\auxz U h aU^f[Vwee



Sc� �������������� 	�
��

hqeTV Z`UhauT aUjkauT ^[fqj\a]m[T [f\e`U fe[q]] {jam|]gs p WXYc Z[\j [a �u` ]~�qUa k`ei
a[T�m[qqe^_[a\eaf[T no ���lz U h WXXd Z[\j 
 \eg^fh]fe`bauT k`ea[T ewe ^jwe^fh[hUh}egno ���ls
�eqhue aUjkaue qU�[fu psns r`b]aU �u`] _[^hVweau h[_q[^UT _qe\^fUh]T[^f] {jam|]]

�q]aU \`V [_eqUf[qU �U_`U^U h h]\e ^jTTu ^x[\Vw]x^V �]`]aegaux qV\[h ]~ ^[�^fheaaux {jami
|]gs p qU�[fUxz hu_[`aeaaux ]T ewe h ^fj\eake^m]e Z[\uz [a \[mU~U` [}]�[ka[^fb ^[\eqtUweiZ[^V h ]~he^fa[g ma]Ze ls�jqUafU ] �s �]`b�eqfU ��ef[\u TUfeTUf]ke^m[g {]~]m]� jfheqt\ei
a]V [ f[Tz kf[ �]`]aegaug qV\ ]~ ^[�^fheaaux {jam|]gz _qe\^fUh`Vvw]g {jam|]v �q]aU \`V[_eqUf[qU �U_`U^U h _qVT[jZ[`ba]mez ^x[\]f^V U�^[`vfa[ ] qUha[Teqa[ h yf[T _qVT[jZ[`ba]i
me h^v\jz ~U ]^m`vkea]eT mUm jZ[\a[ TU`[g [mqe^fa[^f] ]^f[ka]mUs� psns r`b]a \[mU~U`z kf[jmU~Uaaug �]`]aegaug qV\ ae ^x[\]f^V U�^[`vfa[ a] h [\a[g hajfqeaaeg f[kme _qVT[jZ[`ba]i
mUz a[ ^x[\]f^V _q] ^jTT]q[hUa]] h _[qV\me h[~qU^fUa]V ^[�^fheaaux k]^e` qUha[Teqa[ h^v\j
h _qVT[jZ[`ba]mez ~U ]^m`vkea]eT mUm jZ[\a[ TU`[g [mqe^fa[^f] ]^f[ka]mUs
�Ua\]\Uf^mUV \]^^eqfU|]V p`U\]T]qU n`em^Ua\q[h]kU �u`U _[^hVweaU qe}ea]v ~U\Uk]

y`emfq[\]aUT]m] h |]`]a\q]ke^m[g [�`U^f]z ]Tevweg jZ`[hue `]a]]s
�eqe~ fq] ^ _[`[h]a[g Z[\U _[^`e ~Uw]fu mUa\]\Uf^m[g \]^^eqfU|]] p`U\]T]q n`em^Ua\q[i

h]k _qe\^fUh]` h �[hef TexUa]m[�TUfeTUf]ke^m[Z[ {Umj`bfefU ��� ^h[v \[mf[q^mjv \]^^eqifU|]vz _[^hVweaajv ^[heq}eaa[ \qjZ[g ] k]^f[ TUfeTUf]ke^m[g feTe 
 _q[�`eTe ^x[\]T[^f]^_emfqU`baux qU~`[tea]g _[ ^[�^fheaauT {jam|]VT [_eqUf[qU �U_`U^Us
p\[mf[q^m[g \]^^eqfU|]] psnsr`b]aU �u`] j^fUa[h`eau f[kauej^`[h]V U�^[`vfa[g ] qUhi

a[Teqa[g ^x[\]T[^f] qU~`[tea]g _[ ^[�^fheaauT {jam|]VT _eqhux fqex mqUehux ~U\Uk \`V [_eiqUf[qU �U_`U^Uz \Ua[ [q]Z]aU`ba[e [�[�wea]e _[aVf]V ]^f[m[[�qU~a[ _qe\^fUh]T[g {jam|]]] ~aUTea]f[g fe[qeTu �]`b�eqfU
�T]\fUz ] z kf[ ^UT[e Z`Uha[ez j^fUa[h`eau [m[akUfe`baue
h m`U^^Ux �[�[`ehU ��� |e`[Z[ _[qV\mU � j^`[h]V qUha[Teqa[g ^x[\]T[^f] qU~`[tea]g _[ ^[�i^fheaauT {jam|]VT _eqhux fqex mqUehux ~U\Uk _q] ^jTT]q[hUa]] yf]x qU~`[tea]g h _[qV\me
h[~qU^fUa]V ^[�^fheaaux k]^e`s�[ qe~j`bfUfUTz_[`jkeaauT h \[mf[q^m[g \]^^eqfU|]]zpsnsr`b]auT �u`U [_j�`]m[hUaU h��̂ _exUx TUfeTUf]ke^m]x aUjm� aU^k]fuhUvwUV _[kf] Wdd ^fqUa]| ^fUfbVs
pu\Uvw]e^V qe~j`bfUfu _[`jkeau psns r`b]auT _[^`e ~Uw]fu \[mf[q^m[g \]^^eqfU|]]s
�Tj _q]aU\`etUf {ja\UTeafU`baue qe~j`bfUfu _[ _q[�`eTe qU~qe}]T[^f] h m`U^^]ke^m[T^Tu^`e ^Te}Uaa[g ~U\Uk] \`V Z]_eq�[`]ke^m[Z[ jqUhaea]V hf[q[Z[ _[qV\mUs �a j^fUa[h]` qU~iqe}]T[^fb jmU~Uaa[g ^Te}Uaa[g ~U\Uk] h _q[]~h[`ba[T a[qTU`ba[T |]`]a\qez fses h |]`]a\iqeẑ ekea]e m[f[q[Z[ _qe\^fUh`Vef ^[�[g [�`U^fbz \`V m[f[q[g _q] `v�[g ae_qequha[g ZqUa]ki

a[g {jam|]] qU~qe}]TU ~U\UkU �]q]x`e \`V [_eqUf[qU �U_`U^Us �[ qU�[f psns r`b]aU h ]^i^`e\[hUa]Vx ]~he^faux TUfeTUf]m[h ��sns �U\utea^m[gz�s�s �T[`]|m[Z[�z _[^hVweaaux qU~iqe}]T[^f] jmU~Uaa[g ^Te}Uaa[g ~U\Uk]z[f ZqUa]|u qU^^TUfq]hUeT[g |]`]a\q]ke^m[g [�`U^f]
fqe�[hU`U^b hu^[mUV Z`U\m[^fbz ae[ZqUa]keaa[ qU^fjwUV ^ q[^f[T k]^`U ]~Teqea]gs
p ^[e\]aea]] ^ �[`ee qUaa]T] ]^^`e\[hUa]VT]z _q[he\eaauT] nsos �]x[a[huTz �sns�`egi

a]m ] �s �Ujf|eT \`V _UqU�[`]ke^m]x ] y``]_f]ke^m]x jqUhaea]gz yf] ]^^`e\[hUa]V psns r`bi]aU _[mU~U`]zkf[ h ^Tu^`e fqe�[hUa]g aU ZqUa]|j h[_q[^ [ qU~qe}]T[^f] mqUehux ] ^Te}Uaaux
~U\Uk \`V jqUhaea]g h^ex fqex f]_[h ^h[\]f^V m h[_q[^j [ qU~qe}]T[^f] _q[^feg}eg ~U\Uk] TUi
feTUf]ke^m[g {]~]m] 
 ~U\Uk] �]q]x`e \`V jqUhaea]V �U_`U^Us
p WX�d
WX�� ZZs psns r`b]auT �u` hu_[`aea �[`b}[g |]m` qU�[f _[ _q[�`eTUT qU~qe}]iT[^f] ] j^f[gk]h[^f] qe}ea]g mqUehux ] ^Te}Uaaux ~U\Uk ] ~U\Uk aU ^[�^fheaaue ~aUkea]V \`VjqUhaea]g h kU^faux _q[]~h[\aux ^ qU~quhauT] m[y{{]|]eafUT]s
�`j�[m]eqe~j`bfUfu _[`jkeaup`U\]T]q[Tn`em^Ua\q[h]keT_[_q[�`eTe ^[h_U\ea]V m`U^i^]ke^m]x ] [�[�weaaux qe}ea]g mqUehux ] ^Te}Uaaux ~U\Uk \`V jqUhaea]g hf[q[Z[ _[qV\mUs p

yf]x]^^`e\[hUa]Vx_qe\`[tea a[hug f[am]g Tef[\ \[mU~Ufe`b^fhU e\]a^fheaa[^f] qe}ea]V ^Tei
}Uaa[g ~U\Uk] \`V Z]_eq�[`]ke^m[Z[ jqUhaea]V h _q[]~h[`ba[g [�`U^f]z ]^_[`b~jvw]g f[`bm[{Umf _[`a[fu ^[�^fheaaux ] _q]^[e\]aeaaux {jam|]g ^[[fhef^fhjvweg ~U\Uk] \`V y``]_f]ike^m[Z[ jqUhaea]Vs �[ ^qUhaea]v ^ fqU\]|][aauT Tef[\[T yaeqZef]ke^m]x aeqUhea^fh Tef[\

��Ts ls �jqUafz �s �]`b�eqfz �ef[\u TUfeTUf]ke^m[g {]~]m]s �sz WX�Ws �s Wz Z`s �z _s �s�s �S���s Ss �s �W�s
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psns r`b]aU _[~h[`Vef j^fUa[h]fb e\]a^fheaa[^fb qe}ea]V ^Te}Uaa[g ~U\Uk] �e~ mUm]x�`]�[_qe\_[`[tea]g [ Z`U\m[^f] ZqUa]|u [�`U^f]s
pu\Uvw]e^V qe~j`bfUfu _[`jkeau psns r`b]auT _[ ^_emfqU`ba[g fe[q]] \]{{eqea|]U`bi

aux [_eqUf[q[hsrT h WX�Y
WXc� ZZs ^[~\Ua ja]heq^U`baug Tef[\ ]~jkea]V ^_emfqU`baux qU~`[tea]g z [fhekUivw]x _q[]~h[`bauT ^UT[^[_qVteaauT ae[fq]|Ufe`bauT qU^}]qea]VT y``]_f]ke^m]x [_eqUi
f[q[hz _[~h[`]h}]g \`V _q[]~h[`ba[g [�`U^f] ]`] Ta[Z[[�qU~]V ] `v�[Z[ ^_emfqU j^fUa[h]fb
f[kaue j^`[h]V qUha[Teqa[g ^x[\]T[^f] mUm ^UT]x ^_emfqU`baux qU~`[tea]gz fUm ] ]x ^qe\a]xl]^^Uz [m[akUfe`baue h mUt\[T ]~ m`U^^[h {jam|]g �[�[`ehU��� z o]m[`b^m[Z[��� z �]jh]``V
��� z �e^[hU ��� �� ] �]ZTja\U
�e`b\eqU ��s�̂ fUa[h`eaaue psnsr`b]auT [m[akUfe`baue �h mUt\[T ]~ jmU~Uaaux m`U^^[h� j^`[h]V qUhi
a[Teqa[g ^x[\]T[^f] ^_emfqU`baux qU~`[tea]g ae^T[fqV aU f[z kf[ [a] j^fUa[h`eau \`V _q[i]~h[`baux ^UT[^[_qVteaaux qU^}]qea]g y``]_f]ke^m]x [_eqUf[q[h ^ _eqeTeaauT] m[y{{]|]i
eafUT]z \`V _q[]~h[`baux [�`U^feg ] _q[]~h[`baux ^_emfq[hz Vh`Vvf^V [m[akUfe`bauT] ] \`V
mUt\[Z[]a\]h]\jU`ba[Z[ ^_emfqU`ba[Z[qU~`[tea]V �]z h kU^fa[^f]z\`V qU~`[tea]V h��mqUf�aug ]afeZqU` �jqbe ] h��mqUfaug fq]Z[a[Tefq]ke^m]g qV\ �jqbe�s �[yf[Tj ^ ]TeaeT r`b]aU^hV~Uau ] ^UTue f[kaue j^`[h]V qU~`[t]T[^f] h mqUfaug ]afeZqU` �jqbe ] h mqUfaug fq]Z[a[iTefq]ke^m]g qV\ �jqbe �̂ [ ^{eq]ke^m]T] kU^f]kauT] ^jTTUT]�s
psns r`b]auT _q[he\ea[ fUmte a[^Vwee ~Um[akeaaug xUqUmfeq ]~jkea]e _q]a|]_U `[mU`]i

~U|]] ] ^hV~Uaaux ^ a]T `[mU`baux [|ea[m ^_emfqU`baux qU~`[tea]g mUm h m`U^^]ke^m[T �fses h^Tu^`e qUha[Teqa[g ^x[\]T[^f] h [mqe^fa[^f] \Uaa[g f[km]�z fUm ] h [�[�weaa[T ^Tu^`e �fsesh^Tu^`e ^x[\]T[^f] _[kf] h^v\j h [mqe^fa[^f] \Uaa[g f[km]�sr\e] psnsr`b]aU[_q]a|]_e `[mU`]~U|]]h [�[�weaa[g fqUmf[hme_[`jk]`] qU~h]f]eh \[mi
f[q^m[g \]^^eqfU|]] eZ[ jkea]mU rs�s�`[}Ua^m[Z[s
p m[a|e cd�x Z[\[h psns r`b]a _qe\`[t]` a[hug Tef[\ [|eam] mUm h Tefq]me �

∞
z fUm ] hTefq]me �	 [^fUf[ka[Z[ k`eaU ^_emfqU`ba[g {jam|]] _q[]~h[`ba[Z[ ^UT[^[_qVteaa[Z[ qU^}]iqea]V y``]_f]ke^m[Z[ [_eqUf[qU hf[q[Z[ _[qV\mUz ae ]^_[`b~jvw]g a] fqU\]|][aa[Z[ Tef[\U

�Uq`eTUaUz a] fexa]m] fUj�eq[hux fe[qeTs 
f[f Tef[\ _[\q[�a[ ]~`[tea h[ hf[q[g Z`Uhe hui
}e\}eg h WXXW Z[\j T[a[ZqU{]] psnsr`b]aUs
pu\Uvw]T^V hm`U\[T h aUjmj Vh`Vvf^V qU�[fu psns r`b]aU _[ ^_emfqU`ba[g fe[q]] aei^UT[^[_qVteaaux \]{{eqea|]U`baux [_eqUf[q[hz hu_[`aeaaue ]T aUk]aUV ^ WXc� Z[\Us 
f]TqU�[fUT _qe\}e^fh[hU`] ]~he^faue qU�[fu �sps�e`\u}Uzh m[f[qux \`V }]q[m[Z[ m`U^^U mqUi

ehux ~U\Uk j^fUa[h`ea {Umf _[`a[fu ^_e|]U`ba[ _[^fq[eaa[g ^]^feTu ^[�^fheaaux ] _q]^[e\]i
aeaaux {jam|]g \]{{eqea|]U`ba[Z[ [_eqUf[qUs ��Umjv ^]^feTj �sps �e`\u} aU~hU` mUa[a]ike^m[g�s �\aUm[ fe[q]V �sps�e`\u}U ae \UhU`U [fhefU aU UmfjU`baug \`V _q]`[tea]g h[_q[^[ f[Tz[�qU~jef `] _[^fq[eaaUV mUa[a]ke^mUV ^]^feTU �U~]^z _[ m[f[q[Tj T[ta[ qU~`[t]fb _q[i]~h[`bajv {jam|]v ]~ aem[f[q[Z[ m`U^^Us
p |]m`e qU�[f WXYd
WXY� ZZs psns r`b]a j^fUa[h]` m[a^fqjmf]ha[e �`eZm[ _q[heqVeT[e \`V

m[amqefaux mqUehux ~U\Uk� ae[�x[\]T[e ] \[^fUf[ka[e j^`[h]e �U~]^a[^f] ^aUkU`U h �	 z U ~UfeT] h �� _q] `v�[T {]m^]q[hUaa[T � � W ^]^feT ^[�^fheaaux ] _q]^[e\]aeaaux {jam|]g ae^UT[i^[_qVteaa[Z[ [�uma[heaa[Z[ \]{{eqea|]U`ba[Z[ [_eqUf[qU _q[]~h[`ba[Z[ _[qV\mU 
s
p`U\]T]q n`em^Ua\q[h]k \[mU~U`zkf[ yf[ te j^`[h]e Vh`Vef^V ae[�x[\]TuT ] \[^fUf[kauT] \`V f[Z[z kf[�u qU~`[tea]V _q[]~h[`ba[g {jam|]] ]~ m`U^^U �� _q] `v�[T {]m^]q[hUaa[T

�
>
W h �][qf[Z[aU`baug qV\ _[ ^[�^fheaauT ] _q]^[e\]aeaauT {jam|]VT ] h [�ukaug fq]Z[i

a[Tefq]ke^m]g qV\ �jqbe qUha[^x[\]`]^b qUha[Teqa[ aU `v�[T m[T_Umfe [^a[ha[Z[ ]afeqhU`Us
p^e ]~`[teaaue qe~j`bfUfu [ �U~]^a[^f] ] qUha[^x[\]T[^f] _eqea[^Vf^V ] aU ^]^feTj ym^_[i

aeafs 
f[ hufemUef ]~ f[Z[z kf[ ^]^feTj ym^_[aeaf T[ta[ qU^^TUfq]hUfb mUm ^]^feTj [�[�weai
aux h ^Tu^`e psnsr`b]aU ^[�^fheaaux ] _q]^[e\]aeaaux {jam|]g [�uma[heaa[Z[ \]{{eqea|]iU`ba[Z[ [_eqUf[qU _eqh[Z[ _[qV\mUs

�Ua]TUV^b h[_q[^[T [ f[Tz [�V~UaU `] _[^fq[eaaUV �sps �e`\u}eT mUa[a]ke^mUV ^]^feTU^[�^fheaaux ] _q]^[e\]aeaaux {jam|]g [�`U\Ufb ^h[g^fh[T �U~]^a[^f] h �	 z psns r`b]a _q]i
}e` m ^`e\jvweTj ]afeqe^a[Tj qe~j`bfUfj� e^`] [�wee k]^`[ _q]^[e\]aeaaux {jam|]g h ^]^i
feTe ae Vh`Vef^V m[aekauTz f[ h^eZ\U ^jwe^fhjef _[`aUVz T]a]TU`baUV ] mUa[a]ke^mUV h ^Tu^i`e �e`\u}U ^]^feTU ^[�^fheaaux ] _q]^[e\]aeaaux {jam|]gz ae [�`U\UvwUV ^h[g^fh[T �U~]^i
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a[^f] h �	 s 
fU qU�[fU psns r`b]aU _[mU~uhUefz kf[ hhe\eaa[e �sps �e`\u}eT _[aVf]e mUa[i
a]ke^m[g ^]^feTu ^[�^fheaaux ] _q]^[e\]aeaaux {jam|]g _q]^_[^[�`ea[ f[`bm[ \`V ]~jkea]V
_[`a[fu yf[g ^]^feTu ] ae _q]Z[\a[ \`V ]~jkea]V �U~]^a[^f] yf[g ^]^feTus lU~Tu}`ea]V aU\
yf]T qe~j`bfUf[T e^fe^fheaauT [�qU~[T _q]he`] psnsr`b]aU m hhe\ea]v _[aVf]V _q]he\eaa[g^]^feTu ^[�^fheaaux ] _q]^[e\]aeaaux {jam|]gz m[f[qUV [�`U\Uef ^h[g^fh[T �U~]^a[^f] h �	
h^Vm]g qU~z m[Z\U yf[ ^h[g^fh[ ]Teef^V x[fV �u _q] [\a[T hu�[qe _q]^[e\]aeaaux {jam|]gz ] mj^fUa[h`ea]v ae[�x[\]T[Z[ ] \[^fUf[ka[Z[ j^`[h]V �U~]^a[^f] h �	 _q]he\eaa[g ^]^feTus
p WXYd
WXYSZZs\`V [�uma[heaa[Z[\]{{eqea|]U`ba[Z[ [_eqUf[qU `v�[Z[_[qV\mU
] \`V [�i

weZ[ y``]_f]ke^m[Z[ [_eqUf[qU hf[q[Z[ _[qV\mU psnsr`b]auT j^fUa[h`eau f[kaue _[ _[qV\mj[|eam] �	�a[qTu ^[�^fheaa[g �]`] ^[[fhef^fheaa[ _q]^[e\]aeaa[g� {jam|]] _[ _q[]~h[`ba[Tjm[T_Umfj � [^a[ha[g [�`U^f] keqe~ �	�a[qTj _q]^[e\]aeaa[g {jam|]] aU e\]a]|j �[`ee hu^[im[Z[ _[qV\mU _[ m[T_Umfj�′
⊂
� s

�mU~Uaaue [|eam] �u`] aU~hUau psnsr`b]auT [|eamUT] Uaf]U_q][qa[Z[ f]_Uz fUm mUm h a]x[|ea]hUef^V _qUhUV kU^fb \]{{eqea|]U`ba[Z[ jqUhaea]V keqe~ eZ[ qe}ea]es rx T[ta[ qU^^TUfiq]hUfb mUm aem[f[qug UaU`[Z]~he^fa[Z[ aeqUhea^fhU �sos�eqa}fegaU\`V fq]Z[a[Tefq]ke^m]x
_[`]a[T[hs p`U\]T]q n`em^Ua\q[h]k _[mU~U`z kf[ [|eam] Uaf]U_q][qa[Z[ f]_U ]ZqUvf _q]ai
|]_]U`bajv q[`b _q] j^fUa[h`ea]] ^x[\]T[^f] ^_emfqU`baux qU~`[tea]gz [fhekUvw]x ae^UT[i^[_qVteaauT \]{{eqea|]U`bauT [_eqUf[qUTs�e[q]V [|ea[m Uaf]U_q][qa[Z[ f]_U ] ]x _q]`[tea]g _[`jk]`U qU~h]f]e h \[mf[q^m]x \]^i^eqfU|]Vx jkea]m[h p`U\]T]qU n`em^Ua\q[h]kU ps�s �j\UehU ] os�s �eq]T[hUs�[`b}]T aUjkauT \[^f]tea]eT psns r`b]aU Vh`Vef^V j^fUa[h`ea]e ]T h WXY� Z[\j \`V [_eiqUf[qU hf[q[Z[ _[qV\mU _q] T]a]TU`baux fqe�[hUa]Vx aU eZ[ m[y{{]|]eafu ae[�x[\]T[Z[ ] \[i^fUf[ka[Z[ j^`[h]V �U~]^a[^f] l]^^U ^]^feTu eZ[ ^[�^fheaaux ] _q]^[e\]aeaaux {jam|]gs p
WXY� Z[\j psns r`b]a _eqeae^ yf[f qe~j`bfUf aU ^`jkUgz m[Z\U [_eqUf[q Vh`Vef^V qU~quhauTzkf[ [^[�eaa[ UmfjU`ba[ \`V qU^^T[fqea]V ~U\Uk ^ ae`[mU`bauT] mqUehuT] j^`[h]VT]z \`V m[i
f[qux ^[_qVteaaug [_eqUf[q Vh`Vef^V qU~quhauTs
p WXXW Z[\j psns r`b]a qU^^T[fqe` [\a[Teqaug [_eqUf[q �q�\]aZeqU ^ TUfq]kauT _[feai

|]U`[Tz m[f[qug _qe\^fUh`Vef ^[�[g aeyqT]f[hj TUfq]|jz h^e m[T_`em^a[~aUkaue y`eTeafu m[i
f[q[g f[`bm[ ^jTT]qjeTu aU [^a[ha[T ]afeqhU`es r h yf[T ^`jkUe psnsr`b]a aU}e` m[a^fqjmi
f]haue ae[�x[\]Tue ] \[^fUf[kaue j^`[h]V aU yf[f qU~ jte _[m[T_[aeafa[g qUha[^x[\]T[^f]^ qU~`[tea]eT h fq]Z[a[Tefq]ke^m]g qV\ qU~`UZUeT[g hemf[q�{jam|]]s �[`ee f[Z[z ]T j^fUia[h`ea ^`e\jvw]g ~UTekUfe`baug qe~j`bfUf� \`V `v�[g hemf[q�{jam|]]z h^e m[T_[aeafu m[f[iq[g _q]aU\`etUf f[`bm[m`U^^j�� z ^x[\]T[^fb ]`] qU^x[\]T[^fb ��g m[T_[aeafu ^_emfqU`ba[Z[qU~`[tea]V h \Uaa[g f[kme ~Uh]^]f [f _[he\ea]V h TU`[g [mqe^fa[^f] yf[g f[km] f[`bm[ ^[[fhefi^fhjvweg ��g m[T_[aeafu qU~`UZUeT[g hemf[q�{jam|]]s p yf[g qU�[fe h_eqhue �u`U j^fUa[hi`eaU ^_qUhe\`]h[^fb _[m[T_[aeafa[Z[ _q]a|]_U `[mU`]~U|]]s
psnsr`b]auTh ^[Uhf[q^fhe ^�srs�[]^eehuT] �sps�U`bm[huT �u`hae^ea {ja\UTeafU`bi

aug hm`U\ h UmfjU`bajv \`V T[\e`]q[hUa]V ae`]aegaux _q[|e^^[h _q[�`eTj [fu^mUa]V _[`a[g^]^feTu ]afeZqU`[h \h]tea]V j }]q[m]x m`U^^[h ae`]aegaux yh[`v|][aaux ^]^feT jqUhaea]gs
p yf]x qU�[fUx �u`[ \[mU~Ua[z kf[ aUg\eaaue qUaee psns r`b]auT m[a^fqjmf]haue ae[�x[\]iTue ] \[^fUf[kaue j^`[h]V �U~]^a[^f] ^]^feT m[qaehux {jam|]g ae^UT[^[_qVteaa[Z[ \]{{eiqea|]U`ba[Z[ [_eqUf[qU �z Vh`Vvf^V [\a[hqeTeaa[ ae[�x[\]TuT] ] \[^fUf[kauT] j^`[h]VT]^jwe^fh[hUa]V _[`a[g ^]^feTu ]afeZqU`[h \h]tea]V j ae`]aega[g yh[`v|][aa[g ^]^feTuz _[iq[t\UeT[g ��

− ���_qe\^fUh`ea]eT �s �Um^Usp WXX� Z[\j psns r`b]a qU^^T[fqe` ^UT[^[_qVteaa[e qU^}]qea]e aU h^eg _qVT[g [\a[Teqi
a[Z[ [_eqUf[qU�q�\]aZeqU ^ _[fea|]U`[Tz j\[h`efh[qVvw]T j^`[h]v �Uf[s p`U\]T]q n`emi^Ua\q[h]k \[mU~U`z kf[ \`V _q[]~h[`ba[g {jam|]] ]~ m`U^^U �� �−∞�∞� z Z\e W 6

�
6
Sz qU~i

a[^fb Tet\j ^_emfqU`bauT qU~`[tea]eT yf[g {jam|]]z [fhekUvw]T ^UT[^[_qVteaa[Tj qU^}]iqea]v [_eqUf[qU �q�\]aZeqUz ] qU~`[tea]eT yf[g {jam|]] h [�ukaug ]afeZqU` �jqbe ^fqeiT]f^V m aj`v qUha[Teqa[ _[ � aU h^eg _qVT[gs p yf[g qU�[fe h_eqhue j^fUa[h`ea {Umf qUha[iTeqa[g aU h^eg _qVT[g qUha[^x[\]T[^f]s
�`V h^ex qU�[f psns r`b]aU xUqUmfeqau Z`j�]aU ] kefm[^fb _[^fUa[h[m ~U\Uk ] ]^keq_uhUivw]g xUqUmfeq _[`jkeaaux qe~j`bfUf[hs
psnsr`b]auT ^[~\UaU �[`b}UV ] Uhf[q]fefaUV aUjkaUV }m[`Us �a _[\Z[f[h]` Sd \[mf[q[h ]
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�[`ee cdmUa\]\Uf[h aUjms oem[f[que]~ eZ[jkea]m[h ^UT] ^fU`] mqj_auT] jkeauT]] qjm[h[\]i
fe`VT] aUjkaux }m[` ��srs �[]^eeh 
 k`ea�m[qqe^_[a\eaf lnoz�sns n`]T[h 
 k`ea�m[qqe^i_[a\eaf no�~�em]^fUaUzos�Utef]k 
 _q[{e^^[qz ~Uhe\jvw]g mU{e\q[g �e`ZqU\^m[Z[ ja]heqi^]fefUz�s�s �[`b\TUa 
 _q[{e^^[qz ~Uhe\jvw]g mU{e\q[g �rl
nz ps�s �j\Ueh 
 _q[{e^^[qz
~Uhe\jvw]g mU{e\q[g �T[`ea^m[Z[ _e\UZ[Z]ke^m[Z[ ja]heq^]fefUz pUa �ja 
 \]qemf[q puk]^i`]fe`ba[Z[ |eafqU _q] �[^_`Uae �]fUg^m[g oUq[\a[g le^_j�`]m]�s
p�[^m[h^m[T ja]heq^]fefe ]Ts�sps�[T[a[^[hU p`U\]T]qn`em^Ua\q[h]k r`b]a ]~he^fea

mUm �`e^fVw]g `emf[qs psnsr`b]auTaU_]^Ua |]m`_[`jk]h}]xh^e[�wee _q]~aUa]e jke�a]m[h���^a[hu TUfeTUf]ke^m[Z[ UaU`]~U�zks W] Sz �naU`]f]ke^mUV Ze[Tefq]V� ] ��]aegaUV U`Ze�qU��h ^[Uhf[q^fhe ^
s�s�[~aVm[T�z ��UfeTUf]ke^m]g UaU`]~�zks W] S �h ^[Uhf[q^fhe ^ psns�U\[hi
a]k]T ] �`s�s �ea\[huT� ] h ^UT[e _[^`e\aee hqeTV mjq^ ��]aegaUV U`Ze�qU ] UaU`]f]ke^mUVZe[Tefq]V� �h ^[Uhf[q^fhe ^ �s�s �]T�s p WXXY Z[\j ]~\Ufe`b^fh[ oUjmU��]~TUf`]f _eqe]~\U`[h^e kefuqe jke�a]mUz aU_]^Uaaue psnsr`b]auT h ^[Uhf[q^fhe ^ 
s�s �[~aVm[Ts
p`U\]T]qn`em^Ua\q[h]k r`b]a _q]a]TUef Umf]ha[e jkU^f]e h aUjka[�[qZUa]~U|][aa[g qUi�[fes p aU^f[Vwee hqeTV [a Vh`Vef^V _qe\^e\Ufe`eT 
m^_eqfa[Z[ �[hefU pn� l� _[ j_qUh`ei

a]vz huk]^`]fe`ba[g fexa]me ] ]a{[qTUf]mez Z`UhauT qe\Umf[q[T tjqaU`U ��]{{eqea|]U`bi
aue jqUhaea]V�z k`ea[T qe\m[``eZ]] tjqaU`U ��[m`U\u nmU\eT]] oUjm�z k`ea[T m[T]^^]] _[
_q]^jt\ea]v �[^j\Uq^fheaaux _qeT]g l[^^]g^m[g �e\eqU|]]s

�U^`jZ] p`U\]T]qU n`em^Ua\q[h]kU hu^[m[ [|eaeau� [a Vh`Vef^V `UjqeUf[T �[^j\Uq^fheai
a[g _qeT]] ���l �WXYd�z `UjqeUf[T �[T[a[^[h^m[g _qeT]] ~U aUjmj �WXYd�z `UjqeUf[T �[T[i
a[^[h^m[g _qeT]] ��U ^[~\Ua]e ja]mU`baux jke�a]m[h _[ TUfeTUf]me \`V ja]heq^]fef[h ] hu^[i
m[e `emf[q^m[eTU^feq^fh[� �WXXS�z aUZqUt\ea [q\eaUT] �qj\[h[Z[�qU^a[Z[�aUTea]z�qjt�u
aUq[\[h ] Ta[Z]T] Te\U`VT]s psnsr`b]aj _q]^jt\ea ZqUaf l��rmUm qjm[h[\]fe`v he\jweg
aUjka[g }m[`us p WXXc Z[\j ] h WXXY Z[\j psns r`b]aj _q]^jt\ea ZqUaf �[q[^[h^m[Z[ _q[{e^i^[qUs
p`U\]T]qn`em^Ua\q[h]k [�`U\Uef �[`b}]T `]kauT [�UVa]eTz kjfm[^fbv] �`UZ[te`Ufe`bi

a[^fbv m fU`Uaf`]h[g T[`[\et]z \[�qz }]q[m ] [f~uhk]hs �a j\]h`Vef h^ex eZ[ [mqjtUvw]xqU~a[^f[q[aa[^fbv ]afeqe^[h ] ~aUa]gz ^h[eg ae[�uma[heaa[g _UTVfbvs� ae[^`U�ehUvweg yaeqZ]eg psns r`b]a ~Ua]TUef^V aUjka[g qU�[f[gz we\q[ qU~\Uq]hUef
aUjkaue ]\e] ^h[]T jkea]mUTzqeU`]~jef h^� a[hue fh[qke^m]e ~UTu^`us �[`aug ^_]^[m _j�`]i
mU|]g psnsr`b]aUz hm`vkUvw]g S�d aU~hUa]gz _q]he\ea h tjqaU`e ��]{{eqea|]U`baue jqUhi
aea]V� WXXY Zsz fs ��z� �z ^s �Y�
�X�s�[te`UeT te p`U\]T]qj n`em^Ua\q[h]kj r`b]aj h eZ[ Ta[Z[ZqUaa[g \eVfe`ba[^f] a[hux
fh[qke^m]x j^_ex[hz mqe_m[Z[ ~\[q[hbV ] ^kU^fbVs
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