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FHGJI�K�L�M0NPORQSK�TJUWVYXZQ\[@]^L_X([a`bXZQ\K�QWcdVeXdQS[a]
f L�cdgRchXdI�K�L�c(i_[@K�`JU\L�jbL�c
kmld[anoL_XpORqorpspO

t�Va`J`u[aldX f LvldLwixGJL�lxixGJLy]uz
{@{@|a}vN�~pL�i�L�K���ldL���}@}���N�|a��`�Va�aL�c

���������Y�J�a�a��� U\T�Q f+� [Y��c-ValdL��@L�lZg�[a��XdL�]+�a[Y�@L�lZ]JL f �Rg�XdGJL f gR]�VeK�QWi�c-[e��V�cdK,VeUSUp]RTJK���L�l�[a�
i�[aGJL�ldL�]�X�chXdlZT�iDXZTJlZL�c���QB� La�S� � T�Q f ��L�VeXdTJlZL�c �(GJQWixG2¡aL�L�`�XZGJL�QSlvQS] f QS��Q f T�VaU\Q\Xog f TJldQS]J��XdGJL,L��a[@U\TbXZQ\[@]
[a�<XdGJL � [Y�v�¢FHGJL�`JTJlZ`�[�chL�[a�<XdGJQWc¢`�Ve`uL�l¢QWc¢Xd[-`�ldLwchL�]@X V,�£V¤g-Xd[�chQSK�TJUWVYXZLvXdG�L�¥mTJUSL�l L�¦�T�VeXdQS[a]�c
[@]§XdG�L���VacdQSc�[e�(XZGJL^L��a[@U\TJXdQS[a]§[e� chT�ixG�i_[@GJL�lZL�]�X0chXdlZT�i_XdTJlZL�c��§¨p]�L��HV¤g©XZ[ªL�jRXdlxVaiDX���ld[@K � [Y�
cdQSK�TJUWVYXZQ\[@]�c«cd[aK�L¬��V@chQWc��T�]�iDXZQ\[@]�c«�(G�QSixG�i�Ve]v�uL®QS]�XdL�lZ`JlZL_XZL f Vac
i_[@GJL�lZL�]�X«chXdlZT�iDXZTJlZL�c�QWc���gvkmlZ[a`uL�l
¨pldXdG�[a�a[@]�VeU�~pL�i�[aK�`u[@cdQ¯XZQ\[@]�°Ek±¨ ~�²D�FHGJL�]����Rg�K�L�Ve]�c�[e�¬V�³�VeUSL�lZ¡�QS]^`JlZ[enoL�i_XdQS[a]���Q¯X QSc¢`�[�cdcdQS�JU\L
XZ[�´�] f XdGJL chgbchXdL�Kµ[a�
¨ ~p¥®c®�(GJQWixG-Va`J`JlZ[¤jRQSK,VYXZL�c<XZGJL¢`JlZ[a��U\L�K¶QS]�XZGJL�´�]�Q¯XZL f QSK�L�]�cdQ\[@]�VeU>cd`�Vai�L
cd`�Va]J]JL f �Rg·XdGJL���V@chQWcp��TJ]�i_XdQS[a]�c ��[@TJ] f �0qocdcdTJLwc i�[a]�i�L�lZ]JQS]J�-XZGJL,coXxVe�JQSUSQ¯Xog�Va] f XZGJL,Vai�i_TJlxVai�g�[a�
cdT�ixG©Va]©Ve`�`Jld[¤jbQSK,VYXdQS[a]·ValdL f QScZi_T�cZcdL f � q¸XpQWc���[@TJ] f XdG�VeX V-chXdlxVeQS�aG�Xd¹B��[@ld�HVel f ³�VaU\L�ld¡RQS]·K�L_XdG�[ f
QWc£TJ]�chXZVa�JU\L@�®OR[aK�Lp��L�VeXdTJlZL�c£[e� f QWcdi�[a]�XdQS]RTJ[aT�c(³�VaU\L�ld¡RQS]-K�L_XZGJ[ f cHVelZL¢XZGJL�lZL_��[@ldL Q\]�i_[alZ`u[alxVYXdL f Xd[
V@ixGJQSL��aLvchXZVa�JQ\USQ\Xoga���(G�QSixG·QWc�`JlZ[Y�aL f ��[@l¢V�USQ\]JLwVel¢cZi�VaUSVal¢i�V@chL@�®qº]�V fJf Q\XdQS[a]����±L�`�ld[@`�[�chLvV,�HV¤g,Xd[
lZL f T�i_LvXZGJL�i_[@chX¢[a�mXdGJL0i_[aK�`JTJXZVYXZQ\[@]©Ve] f Xd[-QS]�i�ldLwVacdL�Vai�i_TJlxVai�g�VYXpXdGJL0cdVaK�L�XdQSK�La��OR[aK�L�[@]JL_¹
f Q\K�L�]�chQS[a]�VaUbi_[aK�`JTJXZVYXZQ\[@]�VeUbL�jb`�L�ldQSK�L�]�XZcmValdL£`JlZL�cdL�]�XdL f �eQS]�i_UST f QS]J�vchG�[Rix¡�XdTJ�uL�chQSK�T�USVeXdQS[a]�c<Ve] f
lxVelZL_�EV@iDXZQ\[@]��EVe]�c��
»·¼�½>¾Z¿�À �YÁ
�a� k£¨ ~��u¥mTJUSL�l(L�¦�T�VeXdQS[a]�c���³�VeUSL�lZ¡RQ\]�K�L_XZGJ[ f �JUS[Y�&[al f L�l£K�[ f L�UB�
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	 ���� 	 ��� L�c���i�[aTJUSL�K�L�]�Xxc � TJQ f L�c�ch[@]�X0cd[aTJ�@L�]�X��@[aTJ�@L�lZ]���c�`�Vel�UWV f gR]�VaK�QS¦�TJL f�� T�]�`uL_XZQ¯X
]�[aK���ldL f L chXdlZT�i_XdTJlZL�c£i_[@G���lZL�]�XdLwc��RV¤g@Va]�X®USV�`JlZ[a`JlZQ���X�� f L i�[a]�cdL�lZ�aL�l®USL�TJl£QS] f QS��Q f T�VaU\Q\X��vVaT-i_[@TJlZc
f L,U � ���@[aUSTbXdQS[a] f L,U � �wi_[aT�U\L�K0L�]�X�� ��� [a�JnoL�iDXZQ¯� f L�i�L_XhXZL��_XZT f L,L�chX f L,`Jl���cdL�]�XZL�lvTJ]JL,K���XdGJ[ f L f L
cdQSK�TJUWVYXZQ\[@] f L�c��w¦@T�VYXdQS[a]�c f�� ¥¬TJU\L�l±cdTJl¬UWV���VacdL f L�U � ���a[@U\TbXZQ\[@] f L�i_Lwc¬coXZldT�iDXdT�ldLwc¬i_[@G���lZL�]�XdLwc��
s�]JL
f L�c0K,Ve]JQSI�lZL�c f�� L�jRXdlxVeQSldL@���©`�ValhXZQ\l f L^chQSK�T�USVeXdQS[a]�c f�� ��i_[@TJUSL�K�L�]�XZc�� f Lwc���[@]�iDXZQ\[@]�c f L���VacdL�¦�TJQ
`uL�T��aL�]�X��_XZldLvQS]�XdL�ld`Jl��_X���Lwc£i�[aK�K�L f L�c�chXdlZT�i_XdTJlZL�cHi_[@G���lZL�]�XZL�c��bL�chXHU � TbXdQSU\QWcZVYXdQS[a] f L�UWV�~ �wi_[aK�`u[e¹
cdQ\XdQS[a] ¨pldXdGJ[@�a[@]�VeUSL�VeTbj"!¬VaU\L�TJlZc kmlZ[a`JlZL�c���~¢Iwc¢US[alxc��u�al$#ai�L%��USV-`Jld[anoL�i_XdQS[a] f L,³�VeUSL�lZ¡RQ\]��uQSU
LwcoX
`u[@cZcdQ\�JUSL f L f �_XZL�lZK0QS]JL�l¢USL�chgbchXdI�K0L f�� ¥®~�¨µ¦�TJQ<Ve`J`�ld[bixGJLvUSL�`JlZ[a�JUSI�K�L f Ve]�c(U � L�cd`�Vai�L%� f QSK�L�]b¹
cdQS[a]ª´�]JQSL f L�c ��[a]�iDXdQS[a]�c f L,��VacdL�XdlZ[aTJ����L�c���¨p] f QWcZi_TbXZL�lxV f L�c�`JlZ[a�JUSI�K�LwcpUSQ&��c'��USV^chXZVa�JQ\USQ\X��,L_X
�^UWV�`Jl���i_QWcdQ\[@] f�� TJ]JL�XdL�USUSL�Ve`J`JlZ[¤jbQ\K,VeXdQS[a]���k<Vel�VeQSU\USL�TJlxc���]J[aT�c�V¤�a[@]�cpXdlZ[aTJ����¦�T � TJ]JL-K���XdGJ[ f L
f Q\lZL�i_XdL f L-³�VeUSL�lZ¡RQ\]2] � L�chX�`�V@cvcoXxVe�JUSLa�-r¢[aT�cvV¤�@[a]�c f [@]�i�TbXZQ\USQSc���¦�TJL�UW¦�TJL�c�`Jld[@`JlZQ���X���c f LwcvK��_¹
XZGJ[ f L�c f QScZi_[@]@XZQ\]RTJLwc f L�³�VeUSL�lZ¡RQ\]^VY´�] f�� [a�JXdL�]�Q\l�UWV�coXxVe�JQSUSQ¯X��a��¦�TJL�]J[@T�c(V¤�a[@]�c£`Jld[@TJ�(��L f Ve]�c(T�]
i�Vac<USQ\])��VeQSlZL�cdi�VeUWVeQSldL@�«~¢L¢`JU\T�c���]J[aT�c<Q\]�XdlZ[ f TJQWch[@]�cmTJ]�]J[@TJ�aL�U�VeUS�a[@ldQ\XdG�K0L(¦�TJQJ`uL�lZK�L_X*��UWV ��[aQWc f L
l�� f TJQ\lZL U\L�i�[(+bX f Lvi�VaUSi�TJUL_X f�� VeT��aK�L�]�XdL�l(USV�`Jl���i�QScdQ\[@]��mr�[@T�cH`Jl���cdL�]�Xd[@]�cH¦@T�L�UW¦@T�L�c(cdQ\K�TJUSVeXdQS[a]�c
��¹¸~ cdTJl f Lwc£XdTJ�uL�c,��ixGJ[bipL�X f L�cH[@] f Lwc f LvlZVal����EVai_XdQS[a]��
- À �w� ¾ �(. 	 ��� k±¨ ~�����¦�T�VeXdQS[a]�c f/� ¥mT�U\L�l��bK��_XZGJ[ f L f L�³�VaU\L�ld¡RQS]��bK�[ f I�U f�� [al f lZL¢�EVaQ\��U\L@�
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ObQ\K�TJUSVeXdQS[a]©cZixGJL�K0Lwc¢��VacdL f [@]·XdGJL0¥mTJUSL�l�L�¦�T�VeXdQS[a]�c VelZL�T�cdL f Vac V��a[R[ f i�[aK�`JlZ[aK�QScdL��uL_Xo�£L�L�]
K�[ f L�UJch[@`JGJQWcoXZQSi�VYXdQS[a]0Ve] f i_[@K0`�TbXZVeXdQS[a]�VaURVeXhXxVeQS]�Ve�JQSUSQ¯Xog��(G�L�] f L�VaU\QS]J� �(Q¯XZG0i�[aK�`JUSL_j��aL�[aK�L_XZldQSL�c
Va] f i�[aK�`JlZL�cZchQS�JUSL � [Y��c��FE¬L_Xw�RXdGJLvi_[@K�`JTbXZVeXdQS[a]�VaUi_[@chXH[e�
¥¬TJU\L�l(chQSK�TJUWVYXZQ\[@]�c£QScHchXdQSU\U>XZ[R[�GJQS�aG�QS]
i�[a]�XdL�jRXZc�cdT�ixG�Vac�[a`bXZQ\K�Q+G�VYXZQ\[@]·[al¢i�[a]�XdlZ[aU �J�(GJL�ldL�USVald�@L ]RTJK���L�l¢[a�mi�[aK�`JTbXxVYXZQ\[@]�cH��[al f QIHuL�ldL�]@X
i�[a]b´��aTJlxVYXZQ\[@]�c�ValdL£]JL�L f L f �
FHG�QScmQWc<`�ValhXZQSi�TJUSValdUSg�XdlZTJLHQ\��[a]�LHVaQ\K,cmVeXmi�[a]�XdlZ[aUSUSQ\]J� TJ]�chXdLwV f g � [Y��c��
qº]�XdG�QSc(`�Ve`uL�lHXdG�Lv��[bi_T�cHQWc([a] f L���QWcdQ\]J�,Va]�L.J�i_QSL�]�X��£V¤g�XZ[,ldL�`JlZ[ f T�i_LpXdGJLvK,VaQ\]���L�VeXdTJlZL�cH[a�

T�]�coXZL�V f g-¥mTJUSL�l � [Y��c��b�JTJXHQS]�chXdLwV f [e�<T�chQS]J��USL�cZc£cd[a`�GJQSchXdQWi�VeXdL f `JGRgbcdQSi�VeU>K�[ f L�UWcH[al(�aL�ldg�i�[@ValZcdL
Va`J`JlZ[¤jbQ\K,VYXZQ\[@]�c��±L^lZL�cd[aldX�Xd[§V K�L_XZGJ[ f �£XdGJL^`JlZ[a`uL�l�[aldXdG�[a�a[@]�VeU f Lwi_[aK�`u[@cdQ¯XZQ\[@] °Bk±¨ ~�²D�¬�Rg
�(G�QSixG�Q¯X(QWc±`u[@cZcdQ\�JUSL�XZ[�L_jRXdlxVai_X®��lZ[aK5Ve]�L_jbQWcoXZQ\]J� f VeXZVY¹¸��V@chL�[a��i_[@K�`JTbXZVeXdQS[a]�cHV0i_L�lhXxVeQS]�]RTJK��uL�l
[a����VacdQWc¬��TJ]�iDXdQS[a]�c��mFHGJL�ch[@U\TJXdQS[a]�QWc¬XZGJL�]�i_[@]�coXZldT�iDXdL f Vac£VvXZQ\K�L�¹ f L�`�L�] f L�]@XHUSQ\]JLwVelHi_[@K��JQS]�VYXZQ\[@]
[a�<cdT�ixG^��TJ]�iDXdQS[a]�c��HFHGJQWc�lZL�`JlZL�cdL�]�XZVeXdQS[a]^chG�[aTJU f `Jld[Y�RQ f L�V,cdT&J�i_QSL�]�X f Lwcdi�ldQS`bXdQS[a]^[a��XZGJL � [Y� Vac
US[a]���V@cH�aUS[a��VaUu��L�VYXZTJlZL�c��JchT�ixG^Vac(chXZVa�JQSU\Q\Xog�[al(�@ld[Y�HXZG-[a�<cdK,VeUSU`�L�lhXZTJld��VYXdQS[a]�c��JValdL Q\]R�@[aUS�aL f �
FHGJL(k±¨ ~ �HVac�QS]@XZld[ f T�i_L f Q\] � TJQ f K0LwixG�Ve]�QSi�c«�Rg � T�K0USL�gDK\�4LJQS]�XdGJLHcoXZT f g�[a�JXdT�ld�JT�U\L�]@X � [Y��c

°���[al�V-lZL��RQSL��ycdL�LMK |NL�²_��qº]�XZG�VYXvchL�XhXZQ\]J��XdG�L���V@chQWcp��TJ]�i_XdQS[a]�c [a�JXZVeQS]JL f �Rg�k±¨ ~�VelZL�lZL�i�[a�a]�QIG�L f
XZ[-�uL0i�[aGJL�ldL�]�XpcoXZldT�iDXdT�ldLwc��uQB� La��cd`�VYXZQSVaU«��LwVYXdT�ldLwc��(GJQWixG�lZL�`uL�VYXZL f USg·Ve`J`uL�Val¢QS]ªcd`�Vai�L�Ve] f XdQSK�La�
qº]�XdG�L �£[alZ¡bc±i�Q¯XZL f XdGJLv��VacdQSi VacZchT�K0`JXdQS[a]-QWc£XdG�VYXHXdGJLvi�[aGJL�ldL�]@X(chXdlZT�iDXZTJldLwcHi�Ve`JXdTJlZLpK�[�coX([e��XdGJL
f g�]�VeK�QSi�c�[a�
XZGJL�cdgbcoXZL�K^��Q � La�HXdG�L�g^�aQS�aL�V,�@[R[ f lZL�`�ldLwchL�]@XxVYXZQ\[@]�[a�
XZGJL�lZL�VaU\Q+G�VeXdQS[a]�c�[e�<XdGJL � [Y�
QS]^XdG�L�`JG�V@chL�cd`�Vai�La�±qº]^XdGJL���Vaix¡R�alZ[aTJ] f [a�<cdT�ixG�VacZcdTJK�`bXdQS[a]^QWcHXdGJL f QScZi_[Y�@L�lZg,XdG�VYX�XZTJld��TJU\L�]�i_L
K�QS�aG�X±�uLpXdGJLpK�Va]JQ\��L�chXZVYXZQ\[@]�QS]�XdG�L¢`JGRgbchQWi�VaUucd`�V@i_L�[a�«V�chXdlxVe]J�@L¢VYXdXdlxVaiDXZ[al±[e��USQ\K�Q\XdL f�f QSK0L�]�cdQ\[@]
QS]^`JG�V@chLvcd`�Vai�La�
� ld[@K XZGJQWcp�RQSL��H¹¸`�[@Q\]�XpXdGJL0chQ\XdT�VeXdQS[a]·��[@lpT�]�coXZL�V f g·¥mTJUSL�l L�¦�T�VYXZQ\[@]�cpQSc i_[@K0`�U\L�XdL�USg f QIHuL�ldL�]@X

cdQS]�i_L��±L0G�V¤�aL�]J[�V�`JlZQ\[@ldQ
lZL�cdTJU¯Xp��[al XdG�L�`JG�VacdL�cd`�Vai�L0Va] f XdG�L�¦�TJLwcoXZQ\[@]�c VYXhXxVeQS]JQS]J��XZGJL�`�[�cdcdQ¯¹
��Q\USQ¯Xog [e�(cdQ\K�TJUSVeXdQS]J�^XdG�L-TJ]�chXdLwV f g ¥mTJUSL�l�L�¦�T�VYXZQ\[@]�cv�Rg©K�LwVe]�cv[a��V^ldL f T�i_L f ]RTJK��uL�l�[a�(��VacdQSc
��T�]�iDXZQ\[@]·�(GJQSixG·lZL_XxVeQS]^XdGJL���VacdQSi f g�]�VeK�QSi�`Jld[@`�L�lhXZQ\Lwc�°�US[Y� [al f L�l�K�[ f L�UW²H�(QSUSU��uLvXdG�L�[a�bnoLwiDX¢[a�
V·cdTJ��cdL�¦�TJL�]�X�QS]R�aLwcoXZQ\��VYXdQS[a]«��r�[a]�L_XdG�L�USL�cZc��<k±¨ ~5Va]�VeUSgbchQWcvchG�[aTJU f `Jld[Y�@L�L�H>L�iDXZQ\�@L�VeUWch[���[@lvXdGJL
¥¬TJU\L�lpLw¦�T�VYXZQ\[@]�c���FHG�Q\]J¡>�u��[alpL_jJVeK�`JUSLa�u[e�®Va]·[@cZi_QSU\UWVYXZQ\]��-VeQSlh��[@Q\U�Q\]ªVe]·QS]��RQWcdi�Q f·� [Y�PO®XZGJL�lZL�QWc¢V
i�[a]�XdQS]RTJ[aT�c�cdGJL f�f Q\]�� [a���@[aldXdQWi_L�c«��lZ[aK XdG�L±XZlZVaQ\USQS]J�pL f �aL±Xd[vi�[aK�`�L�]�cZVYXdL±��[al<XZGJL-Q�TbXhXxVpi�[a] f Q¯XZQ\[@]
Va] f V-�JQS��TJ]�coXZL�V f g��@[aldXdL�j·i�L�]�XdL�ldL f [a]©XdGJL�VeQSld��[aQSU�lZL�cd`�[@]�cdQ\�JUSL���[@l XdGJL0U\Q\��X���qº]�XdG�QSc�cdQ¯XZT�VYXZQ\[@]
Q\X�cdL�L�K,cvlZL�V@ch[@]�Ve��U\L�Xd[�V@cdcdTJK�L0XdG�VeX�XdGJL,L�]�XdQSldL � [Y�H¹ ´�L�U f QSc��a[Y�aL�ld]�L f �Rg©XdGJL,QS]�XdL�lxVai_XdQS[a]�c�[a�
XZGJL�cdLvcoXZldT�iDXdT�ldLwc��b�(GJQWixG·VelZLpUSQSK0Q\XdL f Q\]^]RTJK��uL�lw�
FHGJL^K�L_XZGJ[ f [e�<Rdcd]�Ve`�cdGJ[aXZcTS-`Jld[@`�[�chL f �Rg�ORQSlZ[Y��QWixGUK {�L(��[@l�Q\]�i�[aK�`JlZL�cZchQS�JUSL�rpV¤�RQ\L�lh¹oO�Xd[@¡aLwc

Lw¦�T�VYXZQ\[@]�c£QScHV f Ve`bXZL f G�L�lZLpXZ[�XZGJLv¥mTJUSL�l(Lw¦@T�VYXdQS[a]�c��mFHGJQWc£K0L�XdGJ[ f �JXdG�VeXH�(QSUSUu�uL�[aTbXZU\QS]JL f �uL�US[Y�
��[@l i�[aK�`JUSL_XZL�]JLwcdc��uVaU\US[Y��c(��[@l¢XZGJL�i_[a]�coXZldT�i_XdQS[a]·[a�¬XdGJL���VacdQWc���TJ]�iDXdQS[a]�c chXZValhXZQ\]��,��ld[@K V�USQ\K�Q\XdL f
]RTJK���L�l([e�VRhcd]�Va`�chG�[eXZcTS¢[e�
XdG�L � [Y� VeX(cdTJ��cdL�¦�TJL�]�X£XZQ\K�Lwc��
FHGJL£cdi�[a`uL®[a��XZGJQWc«`�Va`�L�l�QWcXZ[pi�[a]�XdlZQ\��TbXdLmXZ[�XZGJL±i�[a]�chXdlZT�iDXZQ\[@]v[e�JlZ[a�JT�coX�Va] f L.J,i�Q\L�]�X
cZixGJL�K�L�c

��[@l0XdGJL^QS]@XZL��@lZVeXdQS[a]�[a�¢XdG�L^cdgbcoXZL�K [a�pL�¦�T�VeXdQS[a]�c0lZL�cdTJU\XdQS]J�©��lZ[aK$XZGJL^`JlZ[enoL�i_XdQS[a]�[e�¢XZGJL·¥mTJUSL�l
Lw¦�T�VYXZQ\[@]�c�[@] XdGJL2chL�X-[e����VacdQSc���TJ]�iDXZQ\[@]�c�[a�bXxVeQS]JL f �Rg k±¨ ~��±qº]+�EVaiDXw��QS]+K�[@chX�Ve`�`JU\QWi�VeXdQS[a]�c
`�ldLwchL�]@XZL f cd[��EVal�°E�(GJQSixG f L�VaU±LwcdcdL�]�XdQWVeUSUSgª�(Q\XdG"XdGJL�Q\]�i_[aK�`JlZL�cZcdQ\�JUSL-rpV¤��QSL�ld¹oO�Xd[@¡aL�c�L�¦�T�VYXZQ\[@]�cx²
XZGJL�lZL �£V@c®]J[ f QWcdi�T�cdcdQS[a]-i�[a]�i�L�lZ]JQ\]���XdG�L�chXZVa�JQSU\Q\Xog�[e��cdT�ixG�cZixGJL�K0Lwc��R`JlZ[a��Ve�JUSg��uL�i�VeT�cdL `JGRgRcdQWi�VeU
�RQWcdi�[@cdQ¯Xog©XdL�] f c�Xd[ f VeK�`§[aTbX�ch`�TJldQS[aT�c�[@cZi_QSUSUSVeXdQS[a]�c��XW�]"L�jJVeK�`JUSL�[e��cdT�ixG"cdQ¯XZT�VYXZQ\[@]§QSc���[aTJ] f
QS]2XdG�L-Ve`J`�U\QWi�VeXdQS[a]2[e�HXdG�L-i�Va]J[a]JQWi�VaU®cd`�LwiDXdlxVeU®K0L�XdGJ[ f �ZY±[@]�cdQ f L�l�XdGJL�U\QS]JLwVel�cZi�VaUSVal�V f �@L�iDXZQ\[@]

[\[^]�_/`4`4a4b



M ����� ��*+��.!*�*I

Lw¦�T�VYXZQ\[@]��pq¸X�QWcp�£L�USU<¡R]J[Y�(]^XdG�VeX Q\�®XZldQS�a[@]J[aK�L�XdlZQSivL�jb`�Ve]�cdQS[a]�cpVelZL�T�cdL f �uXZGJL�lZL�cdTJU\XdQS]J��cZixGJL�K0L
[a�mQ\]�XdL��alxVYXZQ\[@]·QSc¢TJ]�chXZVe��U\L@�-E¬L_Xw�uQ\���£TJlZ�aL�lxc � L�¦�T�VeXdQS[a]·QWc f QWcZi_lZL_XdQ+G�L f �Rg�XZGJL�cZVeK�L�K�L�XdGJ[ f ����[al
G�Q\�@G�L�]J[aTJ�@G��RQWcdi�[@cdQ¯Xog@��XdGJL�cZixGJL�K�L�QWc�coXxVe�JUSLa�
FHGJQWc
QSc
]J[aX<XdGJLHi�V@chL®��[alm¥mTJUSL�l<L�¦�T�VeXdQS[a]�c�OXZGJL£i�[aK�`JTbXxVYXZQ\[@]�VeUbcd[aUSTbXdQS[a]�K,V¤gv�JUS[Y�§TJ`0Q\]0V���L��

XZQ\K�LwcoXZL�`�c�Vac�V-ldLwchTJU\X�[e�®]RTJK�L�lZQWi�VeU<QS]�chXZVe��Q\USQ¯XZQ\Lwc�� � [alvr¢V¤�RQSL�ld¹ºORXd[a¡@L�c(Lw¦�T�VYXZQ\[@]�c�Vacp�±L�U\U �Q¯�±XdGJL
t�L�gR]J[aU f c<]RTJK���L�lmQSc
XZ[�[�GJQS�aG«�@cdQ\K�QSUSVal<chXZVa�JQSU\Q\Xog�`JlZ[a�JUSL�K,cmi�Ve]0��LH��[@ldLwchL�L�]�T�]JU\Lwcdc®ch`uL�i�QSVaUJi�VelZL£QSc
XxVe¡@L�],QS]-K�[ f L�USQ\]��vXdGJL TJ]JlZL�cd[aUS�aL f cdi�VeUSL�c���qº]-XdGJQWc®lZL�cd`uL�iDXw� W¢TJ�JlZg@��� �!* ���8K M!L>`JlZL�cdL�]�XdL f V�K�[ f L�U
��[@lHXdGJL � VYX(`JUWVYXdL�XZTJlZ�JTJUSL�]�X���[@TJ] f Valdg,UWV¤gaL�lH��VacdL f [a]·V,³�VeUSL�lZ¡RQ\]�`Jld[anoL�i_XdQS[a]�[e�
rpV¤�RQ\L�lh¹oO�Xd[@¡aLwc
Lw¦�T�VYXZQ\[@]�c<[a]�Xd[vk±¨ ~&L�QS�aL�]b��TJ]�i_XdQS[a]�c<lZL�cdTJU\XdQS]J����ld[@K L�jR`uL�lZQSK0L�]�XZc���FHGJL�T�]JldLwch[@U\�@L f K0[ f Lwcm�£L�lZL
V@i�i�[aTJ]�XdL f �Rg·V-K�[ f L�U���[al XZGJL0cdK,VeUSU
cZi�VaU\Lwc¢�(G�QSixGªL�]�cdTJlZL�c¢XdGJL0`JlZ[a`uL�l�VeK�[aTJ]�X [e� f QWcZchQS`�VYXZQ\[@]
°BVe] f chXZVa�JQ\USQ+G�VYXZQ\[@]�²D��ch[0XdG�VYX(XdG�L�chgbchXdL�K5[e�<[al f QS]�VelZg f QIHuL�ldL�]�XdQWVeUL�¦�T�VeXdQS[a]�c�[a�bXxVeQS]JL f QSc¢i_[a]�chQWco¹
XZL�]�X®Ve] f chXZVa�JUSL�VYX<XdGJLpcdVaK0L£XZQ\K�La�®¨p]0XdG�L([eXdG�L�lmG�Va] f �e��[@l¬US[Y��t(L�g�]�[aU f c<]RTJK��uL�l®Va`J`JUSQSi�VYXZQ\[@]�c��
cdT�ixG�XdG�VeX�`JlZL�cdL�]�XdL f QS]#K ��L¸��Va`J`�VelZL�]�XZU\g�XZGJL�lZL�QSc(]�[0]�L�L f ��[@l(K0[ f L�U\QS]J�0XdG�LvTJ]JlZL�cd[aUS�aL f K�[ f L�c��
FHGJL�coXxVe�JQSU\Q\Xog-QWcZchTJLvG�Vac(QSK�`�[@lhXxVe]�X¢i_[@]�chLw¦�TJL�]�i�L�c([@]�XdGJL�L.J�i_QSL�]�i�g-[e�<XZGJL�cdixG�L�K�La�£qº] f L�L f �

XZGJL�K,VeQS]�V f �YVe]�XZVa�aL [e�
V�US[Y�&[al f L�l£K�[ f L�U[Y�aL�lw�RcdV¤g@�RV�chXZVa] f Vel f ´�]JQ¯XZL_¹¸�a[@U\TJK�LvcZixGJL�K�L�chGJ[@TJU f
�uL^Q¯Xxc�chTJ`�`�[�chL f i�[aK�`JTbXxVYXdQS[a]�VeU£L�J�i_QSL�]�i�ga� E¬L_X��±Q¯X,QWc,chG�[Y�(]"QS]"�(G�VeX0��[@U\US[Y��c�XdG�VeX�[@]JL��£V¤g
XZ[�K,Va¡aL�XdGJL,cZixGJL�K�L�coXxVe�JUSLa�QWc Xd[^i_[@K0`�TbXdL�TJ`R�(QS] f�� TbjbL�c�VYX�XdG�L0QS]�XdL�lh�EV@i_L�cp[e� f QWcdi�ldL�XdQ+G�VYXZQ\[@]
i�L�USUSc��®cd[�XZG�VYX0XdGJL^[Y�@L�lxVeUSU±i_[�coX0[e�pi�[aK�`JTbXxVYXZQ\[@]"QWc0cdQSK0QSUWVel�Xd[ªXdGJL^i_[�coX�[e�¢[aXdGJL�l0i�[a]R�aL�]�XdQS[a]�VaU
cZixGJL�K0Lwc����¢[Y�±L��aL�l��«XdGJL�ldL�VelZL,[eXdG�L�l�K�L�XdGJ[ f c�Xd[©chXZVa�JQSU\Q+G�L�k±¨ ~�³�VaU\L�ld¡RQS]�cdixG�L�K�L�c��·qº] f L�L f �
cdQSK0`�U\L VelZ�aTJK�L�]�Xxc¬chT��a�aLwcoX®XdG�VeX±XZGJL ³�VaU\L�ld¡RQS]�Ve`J`JlZ[¤jbQ\K,VeXdQS[a]�[e�«V�cdi�VeUWVel®V f �aLwiDXdQS[a],Lw¦�T�VYXZQ\[@],QSc
chXZVa�JUSL Q\�
XdGJLvTJ] f L�lZU\gRQS]J�0´�]JQ\XdL�¹ f QIH>L�lZL�]�i�L�cH[alH´�]JQ¯XZL_¹¸�a[@U\TJK�Lwc(cdixGJL�K�L QWc(chXZVe��U\L@�
� QS]�VeUSU\g@��QS]�cd`JQSldL f �Rg-XZGJL��£[alZ¡-[a� Y±[bix¡R�JTJlZ]�Ve] f ORGRT K ��L �u�±L f L�cZi_lZQS��L�V�K0L�XdGJ[ f �Rg��(GJQWixG

Q\X�QSc `u[@cZchQS�JUSL�Xd[^i_UST�chXdL�l cd[aK�L f QScZi_lZL_XZQIGwVYXZQ\[@]�i_L�USUWc V@ixGJQSL��RQ\]���GJQS�aGJL�l [@l f L�lpV@i�i�TJlZV@i_g^Ve] f i_[@K�¹
`�TbXZVeXdQS[a]�VaUL�J�i_QSL�]�i�g-VYX(XZGJL�cZVeK�L XdQSK0L@�
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qº]2XZGJQWc�cdL�iDXZQ\[@]§�±L,`�ldLwchL�]@X0V^]J[Y�aL�U¬�RQ\L��µQS]§�(GJQWixG2XdGJL�k±¨ ~)QWc�cdL�L�]2Q\]§XZGJL-cdL_XdXdQS]J��[e�(USQ\]�L�Vel
QS]�XdL��alxVeU<L�¦�T�VeXdQS[a]�c�� � [al�XZGJL�i_[@]�chXdlZT�iDXZQ\[@]ª[a�®XdG�L,��VacdQSc ��T�]�iDXZQ\[@]�c���[al�XZGJL�¥mTJUSL�l�L�¦�T�VYXZQ\[@]�c �±L
L�jRXdL�] f XdGJL f L�lZQ\�YVeXdQS[a],[e� K {�Lu�(GJQSixG�Va`J`JUSQ\L f Xd[�XdGJLpQ\]�i�[aK�`JlZL�cZchQS�JUSL�r¢V¤�RQSL�ld¹ºO�XZ[a¡@L�c<L�¦�T�VeXdQS[a]�c��
qº]
V fJf Q\XdQS[a]��
ch[@K�L0lZL�cdTJU\XZc�[a�±XZGJL��QSU\�uL�ldXh¹oObixGJK�Q f XvXdG�L�[alZg�[a�HcdgRK0K�L�XdlZQSi�¡@L�lZ]JL�UWc ldL�U\L��¤Va]�X XZ[·[aTJl
chXdT f g-VelZL�Q\]�XZld[ f T�i�L f �
� [al�cdQ\K�`JUSQSi�Q¯Xog��±Lvi�[a]�cdQ f L�lHXdG�L�¦�T�V@chQ[@]JL_¹ f QSK�L�]�cdQ\[@]�VeU¥mT�U\L�l�L�¦�T�VeXdQS[a]�c

����������������� °o�w²

�(Q\XdG������! #"$ �%�"& �')(��*�����! �%+"$ �%#,-�/.0"&%�12 �'3�/.04$(@�5�6�879�: )%+"$ �%5,;"$%+1< *'=�/.>4&(�Ve] f �(GJL�ldL? 
QWc£XdG�L f L�]�cdQ\Xoga�@%·QWc£XdGJL�cd`�L�L f [e�
XdGJL � [Y�v�A'�QSc£XZGJL�Xd[aXZVeUL�]JL�lZ�ag,`uL�l¢TJ]JQ\X�K�V@cdcHVa] f 7/�CB?��DEB
�(Q\XdG�B XdG�L�]J[>G�G�USLvi_lZ[@cZc(chLwiDXdQS[a]·ValdLwVJ�mFHGJL�`JlZL�cZcdTJldL QWc(�aQS�aL�]��Rg�.F��G;DIHJ12KMLNGE4O1PH9 3'QLR �%5,;4
�(G�L�lZLSK·QWcHXZGJLvch`uL�i�Q¯´�i�G�L�VYXxcHlZVeXdQS[��
ORT�`J`�[�chL�XdG�VeX���lZ[aK�L_jbQSchXdQS]J� f VeXZV·�£L�G�V¤�@L�XdGJL�ch[@U\TbXZQ\[@]�VYXUT f QIHuL�ldL�]�X�XdQSK�L-chXdL�`�c�VXW2QS]

XZL�lZK,c�[e�3��Y WEZ �[�\1<]�"^VXW54d�pq¸X QWcpldLw¦@T�Q\lZL f Xd[-´�] f V���TJ]�i_XdQS[a]R_�12]04=�`1a_>b;"c_ , "^_#dI4Qe�12f3,I1Pg�4&4
d

hjiF[0hlk
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�(G�QSixG��aQS�aLwc£XdGJLv�uL�chX�ldL�`JlZL�cdL�]�XZVeXdQS[a]�[a�9� Y W)Z QS]-XZGJL���[aUSUS[Y�(Q\]J�,cdL�]�cdL

������ � 1P��Y W)Z "���4P,
	
1���"��Q4 � � 1P��Y WEZ "c_�4P,	

1a_�"c_�4 °B|a²

�(G�L�lZLU1a_�"^_�4 f L�]J[eXZL�c£XdG�L�i�Ve]�[a]JQWi�VaUuQS]J]JL�l�`JlZ[ f T�iDX��� 1P_ b _ b ��_ , _ , ��_ d _ d 4��)] °E{@²

Va] f XdGJLv�JlxVaix¡@L_Xxc ��� 	 Q\] f QSi�VYXdL XZGJL�XdQSK�L�V¤�aL�lxVe�@L
� 1a� Y WEZ "c_04 , 	 � G

T ��W���b 1a� Y WEZ "c_04 , °�M�²

qº]�[aXdGJL�lm�±[@l f c��Y[a]�L�chL�L�¡bcmVp��TJ]�iDXZQ\[@]_��(GJQWixG0QScmK�[�coX¬`�ValZVaU\USL�URQS],Ve],V¤�aL�lZVa�aL±cdL�]�chL£Xd[�XZGJL(�aQS�aL�]
cd[aUSTbXZQ\[@]�cdL_X���Y WEZ �
FHGJQWc�`Jld[@�JUSL�K ´�] f c�Q¯Xxc-]�VeXdTJlxVeUpchL�XhXdQS]J��Q\] XZGJL�XZGJL�[@ldg�[e�vUSQ\]JLwVel�QS]�XdL��alxVeU¢Lw¦�T�VYXZQ\[@]�c�°EcdL�L

ixG�Ve`bXZL�l®qdqhqm[a� K ��L�²D�9�¢L�lZLpcd[aK�L�lZL�cdTJU¯Xxc¬lZL�USL��YVe]�X¬XZ[�[aT�l±chXdT f g,ValdL¢cd¡aL�XZixGJL f Q\],XZGJL���lxVeK�Lp[e��chT�ixG
V�XZGJL�[@ldg@� � [al(`JlZ[R[e�EcH[@K0Q\XhXZL f �£L�V fJf lZL�cZc±XdGJLvlZL�V f L�l£Xd[XK ��L¸�
Y±[@]�chQ f L�lHXdGJL�¦�T�V f lZVeXdQWi¢QS]�XdL��alxVeUu��[alZK� 1�� "��Q4+� ��� � 1��E4�� 1��)"&V^4�� 12V^4���V���� °B�a²

�(G�L�lZL � 1��)"^V^49��� 1PVc"!�E4®QWc¢V�cdgRK�K0L�XdlZQSiv{���g�{,K,VYXZldQ\j�Va] f � e61Pf�,E12g 4$4 d ��ORTJ`�`�[�chLvXZG�VYXpXdGJL
��T�]�iDXZQ\[@]�VeU"�ªXZVa¡aLwcH[a]^`�[�chQ\XdQS�aLv�YVaU\TJLwc([a]�U\g@�JQB� La�$#%��O&� 1�� "��Q4'	8�)(JQS]^XdGJQWc¢i�VacdL��+1*��"��Q4®QWc�cZVeQ f
XZ[���Lv`u[@cdQ¯XZQ\�@L f L_´�]�Q¯XZLa�±ORT�`J`�[�chLvVaUScd[0XdG�VeX 1���"��Q4+��Ga�
q¸�
XdGJL���T�]�iDXZQ\[@] _>Y b&Z cdVeXdQWco´�L�c � � ��1��)"&V^4�_ Y b&Z 1PV^4���V �,+ b _ Y b$Z 1��E4 °<�@²

XZGJL�]ª[a]JL0i�Va]ªcdGJ[Y� XdG�VeX-� 1a_5Y b$Z "c_>Y b$Z 4 �.+5bvQWcpXdGJL�cd[aUSTbXdQS[a]�[a�¬XdG�L�K,VYjbQSK�QIGwVYXdQS[a]©`Jld[@�JUSL�K���[al
XZGJL���[alZK/� 1�� "���4®chTJ�JnoL�iDX(XZ[0XdGJL�i�[a]�chXdlxVeQS]�X 1*��"��Q4+��Ga�
r¢[Y�v�RXZVe¡@L

��1��)"&V^4+� G
T ��W���b � Y WEZ 1��E410�� Y WEZ 12V^4 ° �e²

�(G�L�lZL 0 QSc£XZGJL f g�V f QWi `Jld[ f T�iDX¢Ve] f QS]�cdL�ldXHQ\X�QS]�Lw¦u���b�32 LvG�V¤�aL
� 1*��"���4 � G

T ��W���b
4 � � ��1��E4�� Y WEZ 1��E4���� � � � 12V^4�� Y WEZ 12V^4��)V�5� � 1P� Y WEZ "���4 , 	 °�6@²
[\[^]�_/`4`4a4b
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XZGJL�lZL_��[@ldL¬XdGJL±K�VejbQ\K�TJK [e� � 1�� "��Q4>�(Q\XdG 1*��"��Q4 � G±cd[aUS�aL�c�XdGJL±`JlZ[a�JUSL�K chXZVYXZL f VeX«XZGJL®�uL��@Q\]J]�Q\]J�
[a�«XZGJQSc¢chLwiDXdQS[a]«�mqº]-XZGJQSc¢i�VacdL�L�¦u�A�0��Lwi_[@K0Lwc

G
T ��W���b ��� � Y W)Z 1��E410N� Y WEZ 12V^4 _ Y b$Z 1PV^4��)V-�,+#bJ_ Y b&Z 1��I4 °E}@²

2 L¢lZL�i�[a�@]JQIG�L(Q\],Lw¦u��}�Va],L�QS�aL�]��YVaU\TJL¢`Jld[@�JUSL�K¶��[al¬XZGJLpcdgRK�K0L�XdlZQSia� f L��aL�]JL�lxVYXZLa�a`u[@cdQ\XdQS�aL f L�´�]JQ\XdL
¡@L�lZ]JL�U£[e�pL�¦u�m�b�§qº]�XZGJQSc0lZL�cd`�LwiDXw�¬L��@L�lZg i�[a]�XdQS]RTJ[aT�c0cdg�K�K�L_XZldQWi�¡aL�lZ]JL�U®XZG�VYX f [RL�c�]J[eX��YVe]JQWcdG
Q f L�]@XZQSi�VeUSU\g©`�[�cdcdL�cZchLwc L�QS�aL�]R�YVeUSTJLwc Va] f L�QS�aL�]J��TJ]�iDXZQ\[@]�c�� W¢UScd[·chQS]�i�L�XZGJL,¡aL�ld]�L�U<[e�£L�¦u�«}�QSc�lZL�VaUB�
cdgRK�K0L�XdlZQSi�Ve] fªf L��@L�]JL�lZVeXdL�XdGJL�]©XZGJL�L�Q\�@L�]R�YVeUSTJL�c VelZLUT Q\]ª]�T�K��uL�lvVe] f VeUSU<ldLwVeU ��FHGJL�L�Q\�@L�]b¹
�YVaU\TJLwc(VelZL�`�[�chQ\XdQS�aLvcdQ\]�i�L��+1*��"��Q4¬QS]�Lw¦u�)6�QScH`u[@cdQ¯XZQ\�@L f L_´�]�Q¯XZLa�
FHGJL©Xd[aXZVeUSQ\Xog"[e��L�Q\�@L�]R�YVeUSTJL�c-Ve] f L�Q\�@L�]b��TJ]�iDXdQS[a]�c�[e�vLw¦��£}�VelZL^��[aT�] f cdL�¦�TJL�]�XZQSVaU\USga� ¥¬V@ixG

]�L��yL�Q\�@L�]b��TJ]�iDXdQS[a] QWcvch[@TJ�aG�X V@cpXdGJL,cd[aUSTbXdQS[a]©XdGJL,K,VYjbQSK�QIGwVYXdQS[a]©`Jld[@�JUSL�K [e�±XdGJL0��TJ]�iDXdQS[a]�VeU �
cdTJ�bnoLwiDXvXZ[^XdGJL-i�[a]�chXdlxVeQS]�Xv[e�H��L�Q\]J�·[@lhXZGJ[a�@[a]�VaU
Xd[�VeUSU¬`JlZL��RQS[aT�cdUSg·��[aTJ] f L�QS�aL�]J��TJ]�iDXZQ\[@]�c��DW�]Rg� ¹ ��[aU f^f L��@L�]JL�lZVeXdL L�QS�aL�]R�YVeUSTJL�QWc(VacZch[bi_QWVYXZL f �(Q¯XZG � USQ\]JLwVelZU\g,QS] f L�`�L�] f L�]@XpL�QS�aL�]J��TJ]�iDXZQ\[@]�c��
qº]^i_[@]�i_UST�cdQ\[@]��@[@]�i_LpXdG�LpL�Q\�@L�]R�YVeUSTJL¢`JlZ[a��U\L�K�[e�«Lw¦��b}�QScHcd[aUS�aL f �@�£L ValdLpU\L���X(�(Q¯XZG�V�chL�X£[a�+T
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V-��L�XhXZL�l f L�cZi_lZQS`bXdQS[a]·[a� ) i_[@K0`�VelZL f Xd[�Ve]Rg^[eXZGJL�l chL�X [a�¬[aldXdGJ[@]J[alZK,VeU��TJ]�iDXdQS[a]�c��vFHGJQWc¢QWcpXdGJL
K,VaQ\] ldLwVacd[a]·��[@lv�(GJQWixGª�£L0XdlZg·Xd[·Ve`�`JU\gªk±¨ ~�Xd[�XZGJL�i_[@]�coXZldT�iDXdQS[a]ª[e�HV�US[Y�y[@l f L�l�K0[ f L�U<��[al
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� � 4 QSc�[a]JL-[e�(XdG�LFT L�QS�aL�]��@L�i_Xd[alxc�� +"QSc�XdGJL�i_[@ldlZL�cd`�[@] f L�]@X�L�Q\�@L�]R�YVeUSTJLa�Va] f � ��G;D T 1P� Y
$
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]RTJK���L�lH[e�
cd]�Va`�chG�[eXZc£Q\X(QScH�@L�lZg0USQS¡aL�USg,XZG�VYX�V0i_L�ldXZVaQ\]�]RTJK��uL�l([a�«L�QS�aL�]��YVaU\TJLwc£�(Q\USU��L��@L�lZg�i_US[@cdL
XZ[ G�L�lZ[�cd[�XdG�VYX£XdGJL�i_[@]@XZldQS�JTbXZQ\[@]�[e�XZGJL�i_[alZlZL�cd`�[@] f QS]J��L�QS�aL�]b��TJ]�i_XdQS[a],XZ[�XZGJL f L�cZi_lZQ\`JXdQS[a]�[a��XdGJL
� [Y��K,V¤g���L i_[a]�chQ f L�lZL f ]JL��aUSQ\�@Q\��U\L@��qº],XZGJQWc±i�VacdL(�±L¢i�Ve]�i�[a]�cdQ f L�l¬[@]JU\g�XdG�L�´�lxcoXJT('¬L�Q\�@L�]R�YVeUSTJL�c
��[@lHXdGJLv`�ld[anoL�iDXZQ\[@]�[a��XZGJL�¥mTJUSL�l¢L�¦�T�VYXZQ\[@]�cH[Y�aL�l£XdGJL�i�[alZldLwch`u[a] f Q\]J�0L�QS�aL�]b��TJ]�i_XdQS[a]�c��JQS]^[al f L�l£Xd[
G�V¤�aL�V�USQSK0Q\XdL f chL�X([alp¨ ~ ¥¬cHXd[,cd[aUS�aL@�
� QS]�VeUSU\g�Q\X cdGJ[aTJU f �uL�]J[eXZL f XZG�VYX�VeUSUXdGJL0Ve]�VaU\gbcdQSc�`JldLwchL�]�XdL f cd[��EVel i�Ve]·�uL�lZL�`uL�VeXdL f VaU\U«XdGJL

cZVeK�L�Q\]"Xo�±[ [al0XZGJldL�L f Q\K�L�]�chQS[a]�c���¨¢��i_[aT�lZcdL-�£L��(QSUSU(G�V¤�aL _�12]04Fe 1Pf�,I1Pg ,;4$4*)�Ve] f _�1<]04Fe
1Pf , 12g d 4&4*+vlZL�cd`�LwiDXZQ\�@L�USga�<FHGJL f L_´�]JQ¯XZQ\[@]�c([a��[eXZGJL�l([@`�L�lZVeXd[@lZc£�(QSU\U�ixG�Va]J�aLvV@i�i_[@l f Q\]J�@U\g@�
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i�VacdL�cmchXdT f Q\L f Q¯X±�£V@c<XZVa¡aL�] ]32 �8� � G@� 0!b � H � � Ve] f 0 , ��� � ����FHGJL � TJQ f Q\]�XZGJL�]J[�G.G�USL(QWc¬QS]JQ¯XZQSVaU\USgVeX¬ldLwcoX®Va] f VYX®�@Q\�@L�]0`JlZL�cZchTJlZL�Ve] f XZL�K�`uL�lxVYXdT�ldL@�FW£X¬XZQ\K�L�V9�8���©XdGJL(`JlZL�cZcdTJldL�VeXmXdGJL¢��[@TJ] f Valdg
] ��G�QSc f L�i_lZL�V@chL f Xd[�V���lxVaiDXZQ\[@]�[a�«XZGJL�Q\]JQ\XdQWVeU«�¤VaU\T�La� W�]^L_jb`�Va]�cdQ\[@]��EVe]�`JlZ[a`�Va�@VeXdL�c±��V@ix¡��HVel f
QS]�cdQ f LvXdGJL�]J[>G�G�USL�TJ]�XdQSU«Q\XplZL�V@ixGJL�c(XdGJL���[@TJ] f Valdg ] � ���(GJL�lZLvXd[aXZVaU«`JlZL�cZchT�ldL�Va] f L�]�XdlZ[a`Rg�VelZL
QSK�`�[�chL f ��W£X XdG�QScp��[@TJ] f Valdg�XdG�L��EVa]�QScplZL � LwiDXdL f Ve] f `JlZ[a`�Va�@VYXZL�cH��[@ld�HVel f TJ]�XdQSU<Q¯X QScpldL � L�i_XdL f
��Vaix¡R�£Val f �Rg0XdGJL lZQ\�@G@X±��[@TJ] f Valdg@�<FHG�QSc±`JlZ[Ri�L�cZc¬L�] f c£�(GJL�]�V�chXdL�V f g � [Y� QWc®LwcoXxVe�JUSQScdGJL f Q\]-XdGJL
]�[>G.G�U\L@�
FHGJL�i�[aK�`JTbXZL�l�i�[ f LvT�chL f Xd[,chQSK�T�USVeXdL�cdT�ixG�V � [Y�&QWcH��VacdL f [a]�XdG�L�XdQSK0L�¹ f L�`uL�] f L�]�X��J´�]JQ¯XZL_¹

�@[aUSTJK�La� � TbjR¹ f QIH>L�lZL�]�i�L�ch`JUSQ\XhXdQS]J�v��[@ldK�TJUWVYXdQS[a]0[e� K 6�L¸�+�¢Q\�@GJL�l¬[@l f L�l¬cd`�VYXZQSVaU�Vai�i_TJlxVai�gvQSc¬V@ixGJQSL��aL f
�Rg�K�LwVe]�c�[a� ¥¬r�¨ lZL�i�[a]�chXdlZT�iDXZQ\[@]UK }�LpVa] f XdQSK0L�V@i�i�TJlZV@i_g§QWc�[a�bXxVeQS]JL f �Rg§XdG�L�F�V¤gRUS[al,chL�ldQSL�c
K�L�XdGJ[ f �
FHGJL ch[@U\TJXdQS[a] ��[aT�] f �(Q¯XZG XdG�LªcZixGJL�K�L f Lwcdi�ldQS�uL f Ve�u[Y�aL·QWc-cZV¤�aL f L��aL�ldg���� �^XZQ\K�L coXZL�`�c

Va] f XdGJL�]RTJK���L�lv[e� f QWcdi�ldL�XdQ+G�VYXZQ\[@] i�L�USUSc�QWc
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� � 4±VelZLv��[aT�] f ]RTJK�L�lZQSi�VeUSU\g@�<W¢U¯XZGJ[aT��aG � QWc¢`u[@cdQ¯XZQ\�@L f L_´�]JQ¯XZLa�>�(GJL�]��� � QWcHUWVelZ�aLa��XZGJL�L�QS�aL�]R�YVeUSTJLwc£i�U\[�chL�l®XZ[M��K,V¤g,�uLvch[@K0L�XdQSK�L ]�L��@VeXdQS�aL f TJL Xd[�lZ[aTJ] f [!H�L�ldlZ[alxc��
�¢[Y�±L��aL�l��>chT�ixGªL�Q\�@L�]R�YVeUSTJL�cp�(Q\USUm�uL f QScdldL��@Val f L f chQS]�i�L�XZGJL�g��£[aT�U f �aQS�aL�V-]JL��aUSQ\�@Q\��U\L�i_[@]@XZldQS�JTb¹
XZQ\[@]�XZ[�XdG�L f Lwcdi�ldQS`bXZQ\[@]�[e�¬XZGJL�ch[@U\TbXZQ\[@]���¨p]JUSg�XZGJL0´�lxcoX L�QS�aL�]J��TJ]�iDXZQ\[@]�c��>i�[alZldLwch`u[a] f Q\]��,Xd[�XdGJL
UWVelZ�aLwcoX�L�QS�aL�]R�¤VaU\T�L�c �(Q\USU¬�uL,i_[a]�chQ f L�lZL f � � QS]�VeUSUSga��T�cdQS]J�^L�¦u�¬��M���±L,ValdL,Ve��U\L0Xd[ f L�XdL�ldK�QS]JL�XdGJL
L�Q\�@L�]b��T�]�iDXZQ\[@]�cQ_·�(GJQWixG·VelZL f L_´�]JL f [a]�XdGJL�cZVeK�L f QWcdi�ldL�XdQ+G�VYXZQ\[@]�i�L�USUScH[a��XZGJL�cd]�Ve`�cdGJ[aXZc ��Y WEZ �
� [al�XdG�L�i�VacdL0cdGJ[Y�(]ªQ\]ª´����m��Ve] f ´�����|�XZGJL,i_[@K0`�TbXZVeXdQS[a]©QWc�`uL�ld��[alZK0L f ��[@l�	 ��)�)�-Ve] f
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FHGJL¢]RTJK���L�l®[a�XdQSK0L coXZL�`�c±QWcQG!�)�E�vVa] f ��� ���CHI�J�mFHGJL�Y ��� QSc=��� ���
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¨p]�U\g0XdG�LSHI��GJQ\�@GJL�chX±L�Q\�@L�]R�YVeUSTJL�c±VelZLpcdGJ[Y�(]�� *^[@chX±[a�XdGJLpQ\]J��[alZK�VeXdQS[a]-Va��[@TbX®XZGJL � [Y� QSc±Q\]-XdGJL
´�lZchX¬��L��&L�QS�aL�]J��TJ]�iDXZQ\[@]�c®Va] f lZL�UWVYXZQ\�@L(L�QS�aL�]R�YVeUSTJLwc����(GJQWixG�XdL�] f �EVachXdUSg�Xd[ ����[al±Q\]�i�ldLwVacdQ\]�� #Z�<q¸X£QSc
cdL�L�]·XdG�VYX XdGJL�L�QS�aL�]b��TJ]�i_XdQS[a]�c i_[@K�`JTbXdL f G�V¤�@L�K�[alZL�Va] f K�[@ldL�L_jRXdlZL�K,V-V@c�XZGJL�i_[alZlZL�cd`�[@] f QS]J�
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qº]·[@l f L�lHXd[�G�V¤�aLvVe]^Q f L�V,[a��XZGJLvXZQ\K�L�chXdL�`�VeUSU\[Y�£L f �(Q\XdG©cdT�ixG·cdixG�L�K�Lv�±Lv�£L�]�X���V@ix¡�XZ[,XdGJL

USQS]JL�Val®cdi�VeUWVel®i�VacdLa��q¸X£i�Va],��LpchL�L�]�XdG�VYX®XZGJL¢k±¨ ~ L�QS�aL�]b��TJ]�i_XdQS[a]�c¬��[al£chT�ixG�Lw¦@T�VYXdQS[a]�ValdL(]�[eXdG�Q\]J�
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chXZVa�JQSU\Q\Xog���[al(cdT�ixG�cd`�VeXdQWVeU f QWcdi�ldL�XdQ+G�VYXZQ\[@]��<FHGJLvcdVaK0L lZL�cdTJU¯X(QWc£[a�bXxVeQS]JL f ��ld[@K�L�¦u��| 6��<qº] f L�L f �bQS]

hjiF[0hlk



���������
	�������������������������� �!���"!�#%$��"�&�('�)&*+����'-,.)/���0�"��/�21435�768!9;:<��=>�.�(?@�=>�.* �¤�

-6·10-17-4·10-17-2·10-17 2·10-174·10-176·10-17

-1

-0.5

0.5

1

� Q\�@TJldLv�&O¬¥¬Q\�@L�]R�YVeUSTJL�cH[a�«XdG�LvK�VeXdlZQ¯j � '([@]-XZGJL�i_[@K�`JU\L�j-`JUWVe]JL@�
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�¢L�]�i�L�Q\X0cdL�L�K,c�XdG�VeX�Q\���±L f [©]J[aX�TJ`R�(Q\] f XdGJL�ldL-QSc0VYX�USL�V@coX�K�Vald�@Q\]�VeU®chXZVa�JQ\USQ\Xoga�XE¬L�X��mQS]§XdGJL
L�jb`�L�ldQSK�L�]�XZc<[@]�XZGJL�¥mTJUSL�lmLw¦@T�VYXdQS[a]�c<�±LH�£L�lZL±]J[aX¬Ve�JUSL£Xd[v[a�JXZVeQS]�V chXZVa�JUSLHcd[aUSTbXZQ\[@]��(Q\XdG�t(TJ]J�@L_¹
Q�TJXhXZV�XZQ\K�LvQS]@XZL��@lZVeXdQS[a]�c£TJ`�Xd[0��[@TJlhXZG^[al f L�lw�
W¢U¯XZGJ[aTJ�@G0XdGJQWcmQWc¬V�ch`uL�i�Q¯´�iHL�jJVeK�`JUSLa�aQ\X¬QWcmQ\K�`u[aldXZVa]@X<XZ[v]J[eXZQSi�L±XZG�VYX¬QS]�XdG�L�coXxVe�JUSL(i�VacdLa�@chQS]�i_L

XZGJLHU\[Y�"��ldLw¦�TJL�]�i�Q\LwcmVelZL®XZGJL([a]�LHi�U\[�chLwcoX
Xd[ XZGJL(Q\K,Va�aQS]�VelZg�VYjbQWc��YT�cdQS]J�vVpUSQSK0Q\XdL f ]�T�K��uL�lm[e�>k±¨ ~
L�Q\�@L�]b��T�]�iDXZQ\[@]�c¢�£L�ValdL���L�Ve��U\L�Xd[-K,ValZixG��(Q\XdG V�GJQS�aG�L�lpXdQSK0LwcoXZL�`��vFHGJQWc QSc��>Q\]©�EVai_X��uXdGJL0lZL�cdTJU¯X
[a��cdL��aL�lZVaU�]RTJK�L�ldQWi�VaUuL�jb`�L�ldQSK�L�]�XZc£�(Q\XdG�XdGJL�¥mTJUSL�l(Lw¦@T�VYXdQS[a]�c���*·ValZixGJQS]J��L_jb`JUSQSi�Q¯XZU\g,QS]-XZQ\K�LvVe] f
XxVe¡RQS]J����L�Q\�@L�]b��TJ]�iDXdQS[a]�c¢�£L��£L�lZL�Ve�JUSL�XZ[�lZL�VaixG�VMY ��� [e��� 'J��qº] f L�L f ��QS]©lZL�UWVYXZQ\[@]��(Q\XdG©´�����M��
Q\XvQSc�cdL�L�]�XdG�VYX XdGJL,chXZVe��Q\USQ¯Xog�i�Q\lxi_USL�i�Ve]ª��L�cdGJldT�]J¡·K,Ve]Rg^XdQSK�L�cvVe] f chXdQSU\U<QS]�i_UST f L0XdG�L�´�lZchXp��L��
L�Q\�@L�]R�YVeUSTJL�c��

� L_X�T�c�i_[aK�`�ValdL-XdGJL^cZixGJL�K�L-[a�¢L�¦u�m{@|·Xd[ V�´�]�Q¯XZL_¹¸�a[aUSTJK�L�c�° � !�²�´�lZchX0[@l f L�l�cZixGJL�K0L@�<��[al
XZGJL-lZL�V@ch[@]©XZG�VYX�chT�ixG�cdixGJL�K�L�c�ValdL�¡R]J[Y�(] XZ[©�uL�K�[a]J[aXd[a]�L-Ve] f XZ[©i_[@]R�aL�lZ�aL0XZ[�XdG�L�L�]�XdlZ[a`Rg
cd[aUSTbXZQ\[@]��32ªL �a[���Vaix¡0Xd[�XdGJL�USQ\]�L�VelHcZi�VeUWVel±L�¦�T�VeXdQS[a]-Va] f ixGJLwix¡�TJ] f L�l±�(GJQWixG�i�[a] f Q¯XZQ\[@]�c®�£L�VelZL
Va�JUSLpXZ[�ldLwi_[Y�aL�l®XZGJL�´�lxcoX�[@l f L�l(cdixG�L�K�L
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Ve¡@LpLw¦u��{@|�K�TJU\XdQS`JUSg-�RgF_ Y ! Z� Va] f cdTJK [Y�aL�l�%0��lZ[aK G�Xd[T�XZ[,�aL_X

� � � �0���� $ ��b � $ �  � $ � �� L�� $ � �� " �8� °B{�6@²
�(G�L�lZL �

$ � � � �! ��b _ Y ! Z� _ Y ! Z
$
QSc V�cdg�K�K�L_XZldQWiv`u[@cdQ¯XZQ\�@L�cdL�K�Q f L_´�]�Q¯XZL�K,VYXZldQ\j��q¸� �

$ � � � $ � XZGJL�]
Lw¦u��{��·Ve] f Lw¦��
{�6^�£[aTJU f �uL-Q f L�]�XdQWi�VaUB��FHG�QSc�QSc�XdlZTJL�[@]JU\g Q\� _ Y"! Z$ QSc�Ve]§[@lhXZGJ[a]J[@ldK,VaUmK�VeXdlZQ¯j�
�(G�QSixG,QWc®]�[eX®XZGJLpi�VacdL�QS]��aL�]JL�lxVeU �VE¬L�X��RQ¯��� ��00��Va] f XZGJL¢�@L�iDXZ[al®cd`�V@i_L�[a�XdGJL ch[@U\TbXZQ\[@] �\1<]

$
4

QWc(cd`�Ve]J]�L f ��g _ Y ! Z
$
XdGJL�]��£L�G�V¤�aL

�� $ ��b � $ �  � $ � �� L�� $ � ��#" �C� � � �� L�� � � �� °B{a}@²

W¢`J`JUSgRQ\]J�ªV·k±¨ ~ Va]�VeUSgbchQWc�Q\X�QWcvL_jb`uL�iDXZL f XZG�VYX�Q¯�HXdG�L�cd]�Ve`�cdGJ[aXZcvVelZL,`JlZ[a`uL�lZU\g ixGJ[@cdL�]«��Q � L@�\�
Q\�
XZGJLvch[@U\TJXdQS[a]�cd`�V@i_L QScHcZVeK�`JUSL f [a]�V�lZL�`JlZL�cdL�]�XZVeXdQS�aL chL�X��JV�U\QSK�Q¯XZL f ]�T�K��uL�l([e����VacdQSc±��TJ]�iDXdQS[a]�cHQSc
cdT&J�i_QSL�]�XHXd[�cd`�Va]-XZGJL�ch[@U\TJXdQS[a]��aL�i_Xd[@lHcd`�V@i_La�
qº]^�aL�]JL�lxVeU>Q\X(QSc(`u[@cZcdQ\�JUSLpXd[,`JlZ[Y�aL¢XdG�VeX�Q¯�<L�¦u�J{a}�QWcH]J[eX¢cZVYXZQSch´�L f XdGJL�]�XdGJL�XZ[eXZVaU�YVelZQSVeXdQS[a]-[a�

�µ�uQ � L@� � � � ��� � � $ � � $
L��

$ � b � �>K,V¤g��uL�QS]�i�ldLwVacdQ\]J�,�(Q\XdG©XdQSK�La� 2 L�ch¡@L_XZixG·G�L�lZLvXdGJL0`JlZ[R[e���[@U\US[Y�(QS]J�5K ��L¸�
ORT�`J`�[�chLpXdG�VYX£XdGJL � TbjbLwc£VeX£i�L�USUuQS]�XdL�lh�EV@i_L�c£i�Va]-�uLp�(lZQ\XhXdL�]�V@c=�

$
�
b � , ���
�J1<] $ 4A�R� � 1<] $ � b 4�(Q\XdG �
��Ve] f � � ]J[a]J¹ f Lwi_lZL�V@chQS]J����T�]�iDXZQ\[@]�c([e��XdGJL�Q\lpVelZ�aTJK�L�]�Xxc�� *^TJU\XdQS`JUSg-L�¦u��{�6��Rg

� � � L�� � � � � bJL6� � � 	 L � � � L6� � � b � 	�
 °EM '@²
�(G�L�lZL 	 f L�]J[eXZL�c f QIH>L�lZL�]�XdQWVYXZQ\[@]��(Q\XdG·lZL�cd`uL�iDX(XZ[�XdGJL�VelZ�aTJK�L�]�Xw��Ve] f cdTJK)[Y�@L�l����lZ[aK G�Xd[ 	§�2 LvG�V¤�@L��)V � � � ��� ����� ��b �� $ ��b�� � � � $ ��� � � 1<] $ 4�L�� � 1<] $ � b 4��3��� � � $ ��� � � 12] $ � bI40LR� � 12] $ 4���� ���

°EM��w²*·TJU¯XZQ\`�U\g�VeUWch[0L�¦u��{R���Rg�� $ Va] f cdTJK [Y�aL�l #¬��lZ[aK GpXZ[ 	§�b�£L G�V¤�aL��)V � � � ��� � �� $ ��b�� � $ � � � 1<] $ 4�LR� � 12] $ � b;4������ $ � � � 12] $ � b 4�LR� � 12] $ 4����U�8� °EM�|a²

qº]�L�¦u�RM�|�Q\X(QSc£�£L�USU�¡R]J[Y�(]�XdG�VeX±XZGJLvchQS�a]�[a��XdG�L cdTJK�QWc±`u[@cdQ\XdQS�aLa��gRQ\L�U f Q\]J��V��u[aT�] f ��[@l®XZGJLpXd[eXxVeU
�YValdQWVYXZQ\[@]��vFHGJQSc QWc¢]�[eX XdGJL,i�V@chL���[al L�¦u�>M���O(XdGJL f [@TJ�JUSL0cdTJK�K,VYXdQS[a] i�Va]���L�L�Q¯XZGJL�l `�[�chQ\XdQS�aL0[al
]�L��@VeXdQS�aL@�

� L_X,T�c,cdL�L�XdGJQWc0XdGJlZ[aT��aG�V2i�[aK�`JTbXxVYXdQS[a]�VeUHL_jJVeK�`JUSLa��FHGJL·i_[aK�`JTJXZVYXZQ\[@]�VeU(cdL_X,TJ`�QSc0XZG�VYX
L�jb`JUSVaQ\]�L f `JlZL��RQ\[@T�cdU\g@�-qº]2XdG�QSc�i�VacdL,�±L,G�V¤�aL�V f T�i_X�[e��i�[a]�chXZVa]@XvTJ]�Q¯X�VelZL�VJ��FHGJL�`JlZL�cZchT�ldL,VYX
XZGJL�USL_��X ��[@TJ] f Valdg�QSc f ld[@`J`uL f Xd[ ��� ��XdGJL�lZL_��L�ldL�]�i_Lv�YVaU\TJL@� 2ªLvXxVe¡@LG!�)�0cd]�Va`�chG�[eXZc�[e�<XdGJL � [Y�
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�uL_Xo�£L�L�]�V � �§Va] f VF� Ga� qº] XdGJL©cdQSK�TJUWVYXZQ\[@] [a]JUSg � �2L�QS�aL�]J��TJ]�iDXZQ\[@]�c�ValdL·L�K0`�U\[Yg@L f � W¢c
K�L�]@XZQ\[@]JL f �b��[al(XZGJQWc¢V f �aL�i_XdQS[a]�XogR`�Lv`JlZ[a��U\L�K5XdG�L�k±¨ ~y��VacdQSc(i�Ve]^gRQ\L�U f V��a[R[ f ldL�`JlZL�cdL�]�XZVeXdQS[a]
[a�¬XdG�L � [Y�y�(GJL�]R� � V � Ga��qº]ªXdGJQWc XdQSK�L�Q\]�XdL�ld�YVaU��£L�L�jb`�LwiDX�Xd[^G�V¤�@L�V�K0[@]J[eXZ[a]JL0ch[@U\TJXdQS[a]��
�(G�[@cdL�Va`J`JlZ[¤jbQ\K,VYXZQ\[@]�QWc�i_[@K0`�VelxVe�JUSL¢XZ[0XdG�VeX�[a�bXxVeQS]JL f �Rg-V0´�lxcoXd¹ [@l f L�l � !ycZixGJL�K�L@�
W(i�i_[al f QS]J�aUSg�i_[aK�`�ValdL¢Q\]-´����*��XdG�L f L�]�cdQ¯Xog�lZL�cdTJU¯XZQ\]�����lZ[aKµXdGJL¢Xo�±[0cdixG�L�K�L�c¬��[alJV �C������Ve] f

V9� G � � ��q¸X¬QWc¬cdL�L�]�XZG�VYXmXZGJL�cd[aUSTbXdQS[a]�[e�uXdG�L�k±¨ ~+��V@chL f cZixGJL�K0L�Va] f XdGJL � !+cZixGJL�K�L([Y�@L�lZUSVa`v��[al
V�� �����R� � [@l�V3� G � � XdG�L�L�QS�aL�]b��TJ]�i_XdQS[a]�cpVelZLv]J[eX Ve�JUSL�Ve]RgRK�[alZL Xd[��@Q\�@L�V��a[R[ f ldL�`JlZL�cdL�]�XZVeXdQS[a]
[a��XZGJL¢cd[aUSTbXdQS[a]�cd`�Vai�L�Ve] f Vac®chGJ[Y�(]�Ve�u[Y�aL£XZGJL¢cZixGJL�K�LHQSc®]J[eX¬K�[@]J[eXZ[a]JL@� � ld[@K[V �C� Xd[ V9�C�����
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� QS�aTJlZL �/O�Y±[@K0`�VelZQScd[a]·�uL_Xo�£L�L�]ªcd[aUSTbXdQS[a]�c�i�[aK�`JTbXZL f T�chQS]J��XdGJL�´�lxcoX�[al f L�l�k±¨ ~�Va] f XZGJL � !
cZixGJL�K0L�OmV@²JV9�8�����R�b�u²JV ��G � � �

XZGJL,XZ[eXZVaU¬�YVelZQSVeXdQS[a] [e�HXdG�L f L�]�chQ\Xog©�@[�Lwc���lZ[aK � � � �)H ��XZ[���� ����� ����[alvXZGJL-k±¨ ~ cdixGJL�K�L�Ve] f Xd[
� � ����� � ��[al£XdGJL � ! cZixGJL�K0L@�<qº]��@L�lxchL�U\g@�@�(G�L�] V9��G � � XdG�L¢XZ[eXZVaU��YValdQWVYXZQ\[@]�[e��XZGJL f L�]�cdQ\Xog,QSc H � � � �
��[@l¢XZGJL�k±¨ ~�cdixGJL�K�L�Ve] f ��� � � �*G���[@lpXZGJL � !�cZixGJL�K�La��q¸XvchG�[aTJU f �uL�]J[aXdL f XdG�VYX XdGJL0ldLwchQ f T�VaUSc
[a�«XZGJL�k±¨ ~ycZixGJL�K�Lvi_[@]R�aL�lZ�aLpXd[M�0]JL��aL�ldXdG�L�USL�cZc��

[\[^]�_/`4`4a4b
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Wpc�Va]J[eXZGJL�l�L�jJVeK�`JUSLa�mV©OR[ f XZL�chX0i�V@chL,�HVac�i_[@K0`�TbXdL f �(Q¯XZG �)�)�·i_L�USUWc�Ve] f XdGJL�ldLwchT�U¯Xxc���[al
XZGJL f L�]�chQ\Xog-VelZL�chGJ[Y�(]�Q\]�´������R� 2 LpXZ[R[a¡ � ��cd]�Ve`�chGJ[aXZc£[e��XdGJLvcd[aUSTbXdQS[a]^Ve] f T�cdL f VeUSU>[e��XdGJL � �
L�Q\�@L�]b��T�]�iDXZQ\[@]�c��±FHGJLvldLwchT�U¯Xxc(chGJ[Y�(]^VelZL�[a�bXxVeQS]JL f Ve��XdL�l�G:HI�)��Q\XdL�lZVeXdQS[a]�cH�(Q\XdGZY � � ��� � ��� � lZ[aK
XZGJL©cdGJ[bix¡�lZL�cd[aUSTbXZQ\[@]�Q\X�Va`J`�LwVelxc�XdG�VYX�XZGJLªk±¨ ~ ��V@chL f cZixGJL�K0L©QSc�chUSQ\�@G�XdUSg�K�[alZL f QWcdcdQS`�VYXZQ\�@L
i�[aK�`�ValdL f XZ[·XdGJL � !�cdixG�L�K�La��q¸�HXdGJL-cdQSK�TJUWVYXZQ\[@] QWc�i�VelZldQSL f �uL�ga[@] f XdG�L�USV@coX0ch]�Va`�cdGJ[eXvXxVe¡aL�]
XZ["�JT�Q\U f XZGJL L�QS�aL�]J��TJ]�iDXZQ\[@]�c���XdG�L Va`J`JlZ[¤jRQSK,VYXZQ\[@]��uL�i�[aK�L�c��@L�lZg�`u[R[alw�¢USQ\¡@L©QS]+XdG�Lª`JlZL��RQS[aT�c
L�jJVeK�`JUSLa� W¢c±K0L�]�XdQS[a]JL f �aXZGJQWc£cdQ\XdT�VeXdQS[a],QWc¬XogR`JQWi�VaU�[e�«V f �aLwiDXZQ\[@] f [aK�QS]�VYXZL f `JlZ[a�JUSL�K,c��
k
L�ldQS[ f QSi
[@l(¦@T�VacdQ¯¹¸`�L�ldQS[ f QWi � [Y��c£ValdL�]J[aX¢chT��bnoL�i_X£XZ[�XdGJQWcHUSQ\K�Q\XZVYXZQ\[@]��
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� QS�aTJlZLp��O Y±[aK�`�ValdQWcd[a]0��L�Xo�±L�L�]�cd[aUSTbXdQS[a]�c®i_[aK�`JTJXdL f T�chQS]J�vXZGJL(´�lxcoX±[al f L�l¬k±¨ ~ Ve] f XZGJL�´�]JQ¯XZL_¹
�@[aUSTJK�LvcdixGJL�K�L>O¬OR[ f XdL�chX¢i�V@chL@�

FHGJL¢´�lxcoX£[al f L�l®cZixGJL�K0L¢[e�XdG�QSc±`�VelxVe�@lZVa`JG�i�Ve]-L�VacdQSU\g0��LpL_jRXdL�] f L f Xd[�Xo�±[�Va] f XdG�ldL�L f QSK�L�]b¹
cdQS[a]�c�� � [al(L�jJVeK�`JUSL QS]�Xo�±[ f QSK�L�]�cdQS[a]�cH�£L�G�V¤�aL

�� ! ���� $ ��b � � � � � _ Y ! Z 1P� �0����� ����4$���FL � � �  �6_ Y ! Z� ���R_ Y ! Z� � ��� 	 ��� °EM@{@²

�(G�L�lZLS� � 5  #"$ �%#,9� .�"$ �%
	#"$%+1< *'-� .>4-7 � 5  #"$ �%
	#"$ �	�,9� .�"�	#1< *'3� .04 7¸�>1 �0�A" ����4mQSc£XZGJL�TJ]JQ\XH�@L�i_Xd[al
]�[alZK�VaURXd[�XZGJL(��[@TJ] f Valdg���

$
[e�uXdGJL # XdG f QWcZi_lZL_XdQ+G�VeXdQS[a]�i_L�U\UJ[a�>ValdLwV��

$
�<q¸�>_>Y ! Z QWc<XZVa¡aL�]�i�[a]�chXZVa]�X

QS]�cdQ f L�XdGJL�i�L�USUScH�£LvVelZL USL_��X��(Q\XdG�Va]·¨ ~ ¥ chQSK�Q\UWVelHXZ[,L�¦u�J{@|��(GJL�ldL XZGJL � TbjbL�c¢VYX�i_L�U\U�QS]�XdL�lh�EV@i_L�c
K�T�chXH�uLvTJ`R�(QS] f L f �

,��-, � � ����� ��� ��$#�� �#! %4�������
FHG�L,]JL�L f ��[@l�TJ`R�(QS] f QS]J��XdGJL � TbjbL�c�VeXvXdGJL�i�L�USU¬Q\]�XZL�ld�EVai_Lwc�G�Vac�V�K,Veno[al f lxV¤�(��Vaix¡�V@c�U\[@]J��Vac
L.J�i_QSL�]�i�g�QSc-i_[a]�i_L�lZ]JL f � qº]"�EV@iDX��(i�[aK�`�VelZL f Xd[§V � ! cdixG�L�K�La�®XdGJL�k±¨ ~ ��VacdL f cdixG�L�K�L·G�Vac
XZGJL^V f �YVe]�XxVe�aL-XdG�VeX0[@]JUSg�V©cdK�VaU\UH]RTJK���L�l0[a�pi_[RL.J,i�Q\L�]�XZc � ! QSc0TJ` f VeXdL f VYX�L�V@ixG§XdQSK�L·coXZL�`���(G�L�lZL�Vac
��[@l � !&cdixG�L�K�L�cmQ\X¬QWcm]JL�i�L�cZcdValdg�Xd[vTJ` f VYXZL(L�V@ixG�i�L�USU�V¤�aL�lZVa�aL@�«FHGJQWc¬V f �YVa]@XxVe�@L±�uL�i�[aK�L�c
cdQS�a]JQ\´�i�Va]�X-Q\]+Xo�±["Va] f XZGJldL�L f QSK�L�]�cdQ\[@]�c�� E¬L_Xw�(XdG�L i�[aK�`JTbXxVYXdQS[a] [a�vXdGJLªTJ`R�(Q\] f � TbjbL�c�VYX

hjiF[0hlk
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i�L�USU�QS]�XdL�lh�EV@i_L�c¢ldL�`JlZL�cdL�]�XZc�XdGJL0chTJ��coXxVe]�XdQWVeU�`�[@lhXZQ\[@]�[e�mXZGJL0i�[@chX¢[e�mXZGJL�chQSK�TJUWVYXZQ\[@]�� ¨p]JL��£V¤g�Xd[
i�[aK��JQ\]�L L.J�i_QSL�]�i�g-Ve] f V@i�i_T�lZV@i_g�QSc(Xd[�ldLwch[@lhX£Xd[�V0GJQS�aG�L�l(lZL�cd[aUSTbXdQS[a]�cdixGJL�K�La�
Y±[@]�chQ f L�l«L�¦u�@��}J�
FHGJL¬QS]�XdL��@lZVaUSc�[Y�aL�l�XdGJL f [aK,VeQS]�VelZL®i�[aK�`JTbXZL f V@c«cdTJK,c�[e�JQS]�XdL��alxVeUWc[Y�aL�lXdGJL

QS]�XdL�ld�YVeUWc 5 ]
$ � b�� , "&] $ � b�� , 7¸��FHGJL�cdL�QS]@XZL�lZ�YVeUWc�lZL�`JlZL�cdL�]�X(XdG�L f QWcdi�ldL�XdQ+G�VYXZQ\[@]�i_L�U\UWc�[a�
XZGJL�cd]�Va`�chG�[eXZc��lZ[aK �(GJQWixG �±LªVelZL·�JTJQSU f QS]J���Rg k±¨ ~ XdGJL©cdL_X�[e�v��V@chQWc���TJ]�i_XdQS[a]�c��£L�T�cdL·��[al,XZGJL ³�VaU\L�ld¡RQS]

`�ld[anoL�iDXZQ\[@]��^FHGJL-Q f L�V�QSc�Xd[©i�U\T�chXdL�l�cdL��@L�lxVeU¬i_L�U\UWcvXZ[a�@L_XdG�L�l�cd[·XdG�VYX�XZGJL-��V@chQWc���TJ]�iDXdQS[a]�c�QS]�cdQ f L
XZGJL¢L�U\L�K�L�]�XZc£VelZL�]J[aXHcdQ\K�`JUSg,i_[@]�coXxVe]�XZc��a��TbX£G�V¤�aL¢cd[aK�L�RdchXdlZT�iDXZTJldL�S�[alZQ\�@Q\]�VeXdQS]J����lZ[aKµXdGJL k±¨ ~
Va]�VeUSgbchQWc���qº]�XdG�L�i_[a]�XZL_jRX([e�
´�]JQ\XdLvL�USL�K�L�]@Xxc Y±[bix¡���TJld]^Ve] f ORGRT#KS�('NL�chXdT f Q\L f V0cdQSK0QSUWVel(cdixG�L�K�La�
XZGJL�t(TJ]��aL_¹ Q�TbXdXZV2~¢QWcZi_[a]�XZQ\]RTJ[@T�c,³�VeUSL�lZ¡�QS]�K0L�XdGJ[ f °Et Qv~ ³v²_�$2 L·ldL���L�l0XdGJL·lZL�V f L�l�XZ[ XdGJL�Q\l
�£[alZ¡���[al��(G�VYXvi_[@]�i_L�ld]�c�XZGJL0Va]�VeUSgbchQWcp[e�¬XZGJL,cdixGJL�K�La�2 L0V f Ve`bX�GJL�ldL0ch[@K0L0[e�®XdGJ[�chL0Q f L�Vac¢Xd[
[@TJl�cZi_[a`uL�c��
ORT�`J`�[�chL©�±L^�HVe]�X,Xd[�i�ldLwVYXdL·Va]�L�U\L�K�L�]�X-�(GJQWixG i_[a]�XxVeQS]�c0Xo�±[§i�L�USUSc�� FHGJL�]�XdGJLª³�VaU\L�ld¡RQS]

`�ld[anoL�iDXZQ\[@]�QWcpK,V f L�[Y�aL�l V�cdL_Xv[a�®��VacdQWc¢��T�]�iDXZQ\[@]�c �(GJQSixG2VelZL�`�Q\Lwi_L��(QWcdL�USQ\]�L�Velw��(GJL�ldLwVacpQ\]ªXdGJL
´�lZchX,[al f L�l,VeUS�a[@ldQ\XdG�K XdGJL·��VacdQSc0��TJ]�iDXdQS[a]�c��(GJL�lZL�i_[@]�chQ f L�ldL f `JQSL�i�L��(QWchL·i_[@]�chXZVe]�Xw� ObQ\K�QSUSValdUSga�
[Y�@L�lH��[@TJlpi�L�USUScp�±L�´JXpV � Ve�alxVe]��aL�`�[@U\gR]J[@K�QSVaU«[e�<XZGJQ\l f�f L��alZL�L�XZ[�XdG�L�i_L�U\U
�YVeUSTJL�c¢[e�mL�V@ixG·��VacdQSc
��T�]�iDXZQ\[@]��mqº],XdG�QScHi�V@chL¢XdGJL ��V@chQWc¬��T�]�iDXZQ\[@]�cHVelZLpi_[@]�cdQ f L�ldL f Vac±`JQSL�i_L��(QScdL¢`u[aUSgR]J[aK�QWVeUWc��bcdL�L¢´����R{J�
�£g f [aQS]J�,chT�ixG�QS]@XZL�lZ`�[@USVeXdQS[a]�cH�£L�L_jb`uL�iDX¢cdL�i�[a] f Ve] f ��[@TJlhXZG�[@l f L�l�Vai�i_TJlxVai�g�ldLwch`uL�i_XdQS�aL�USga�

� L_X«T�c f L�]J[aXdL�f ! �
� � XZGJL � Va�alxVe]J�@L�`u[aUSgR]J[aK�QWVeUe�(G�QSixG ´JXxcXdG�L¬`�[@Q\]�Xxc�_>Y ! Z 1<] � 4^"^_>Y ! Z 12] � � bI4^"������ "

_>Y ! Z 1<] � � � 4Z��qº]vXZGJQWc«`�Va`�L�l«�£L¬G�V¤�@L®i_[@]�chQ f L�ldL f�� �C�A"!GE" ����FHGJL±Va`J`JlZ[¤jbQ\K,VYXZL¬ch[@U\TJXdQS[a]vQWc�cd[aTJ�@G�X
QS]�XdGJL�cd`�V@i_L [e� f QScZi_[@]�XdQS]�T�[aT�c±��TJ]�i_XdQS[a]�c

� Y ! Z � ��� Y ! Z���� � �8f ! � � � " # �e 	 � ( °EMaM�²

�(G�L�lZL 	 � QWc�XZGJL f QWcZi_lZL_XdQ+G�VeXdQS[a]^[e�<XZGJL f [@K,VeQS]·Q\]�L�U\L�K�L�]�XZcpi_[a]�XxVeQS]JQ\]�� � �CG�i_L�U\UWc��pt(L�`JUWVai�Q\]��
QS]^L�¦u���}M_ ! ��g�� ! Va] f i�[aK�`JTbXZQ\]���XZGJLvUWVachX(Xo�±[0Q\]�XZL��alxVeUWc£T�cdQ\]J��¦�T�V f lxVYXdT�ldL ldT�U\Lwc��b�£L�G�V¤�aL
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�(G�L�lZL

 	
ValdLpXdG�L�i_[RL�J�i_QSL�]�XxcH[e�
XdGJL�¦�T�V f lZVeXdTJlZL ldTJUSL�L_jJVai_XH��[al(`u[aUSg�]�[aK�QSVaUScH[a��[@l f L�l � �

Y±[@]�i_L�ld]JQS]J�"XdQSK0L QS]@XZL��@lZVeXdQS[a]��(�£LªL�K�`JU\[Yg@L f V�chQSK�`JU\Lª��[alZ�HVel f ¥mTJUSL�l·coXZL�`��)¨p]JLªK�Q\�@G@X
[@�bnoL�i_X¢XZG�VYXpXdGJQWc QScp]J[eX�i_[@]�chQWchXdL�]�X �(Q¯XZGªV�G�Q\�@G�ldLwch[@U\TJXdQS[a]·QS]ªcd`�Vai�La� �¢[Y�±L��aL�l���[aTJl�VeQSK QScp]J[eX
XZG�VYX�[a�£QS]�i�ldLwVacdQ\]J��XZQ\K�L�Ve] f cd`�V@i_L�ldLwch[@U\TJXdQS[a]���qº]�coXZL�V f �«�£L�VaQ\K�VYX�lZL f T�i_QS]J�^XdGJL�i�[@chX�[e�£XdGJL
i�[aK�`JTbXxVYXZQ\[@]��Rg f L�i_lZL�V@chQS]J�(XZGJL£]�T�K��uL�l
[e� � TJjRLwc�VeX
i�L�USU�QS]�XdL�lh�EV@i_L�c�Xd[ ��LHi_[@K�`JTbXdL f ��FHG�L�lZL_��[alZLa�
�@Q\�@L�]-V�´�lxcoX£[al f L�lHcdQ\K�TJUSVeXdQS[a]�K,V f Lp�(Q\XdG«�JcdV¤g@� ���E��i�L�USUSc��R�±L �HVe]�X®XZ[�lZL�i�[Y�aL�l£V�cdQ\K�QSUSVal(¦@T�VeUSQ¯Xog
[a�HVa`J`JlZ[¤jbQ\K,VYXZQ\[@] i�[aK�`JTbXZQ\]��^XdGJL � TbjbL�cv[Y�@L�lMG!�)�^i_L�USUWc��·ORQS]�i_L,XZGJL,XZQ\K�L-chXdL�` QWcvXZGJL-cZVeK�L,QS]
XZGJL,Xo�£[©i�V@chLwc���Q¯X0QSc�T�cdL�USL�cZcvXd[©ldLwch[@lhX�Xd[ªV·K�[alZL-Vai�i_TJlxVYXZL�XZQ\K�L�Q\]�XdL��alxVYXZQ\[@]��F�¢[Y�±L��aL�l��
chQS]�i_L
XZGJL·L�QS�aL�]R�¤VaU\T�L�c0[e�pXdGJL f QWcZi_lZL_XdL^GJQS�aG�L�ld¹ [@l f L�l�[@`�L�lZVeXd[@l��EVaU\U([@]�V§i�TJlZ�aL�K�T�ixG � VYXdXdL�l,[a]�XdGJL
QSK,Ve�@Q\]�Valdg�VejbQSc��R�(Q¯XZG�V�K�TJU\XdQ\¹¸chXdL�`-XZQ\K�L_¹¸QS]@XZL��@lZVeXdQS[a]^cdixGJL�K�L�V0UWVelZ�aL�l-Y � � �£[aTJU f �uL�VeUSUS[Y�±L f �
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FHGJL®XdLwcoX<i�VacdL¬[a��V�`JlZL�cZchT�ldLm�HV¤�aLm`JlZ[a`�Ve�@VeXdQS]J�(QS]�chQ f L£V�coXZlZVaQ\�@G�X f T�i_X��HVac«chXdT f Q\L f i�[aK�`�VelZQS]J�
f Q H>L�lZL�]�X¬cdixG�L�K�L�c�� 2 L�i_[@K0`�VelZL f XZGJLHldLwchT�U¯Xxc<[e��XZGJL£��[aUSU\[Y�(QS]J� K�L_XdG�[ f c.O�XdGJL(cdL�i�[a] f [al f L�lm¥¬r�¨
� !�cdixGJL�K�L©° � !)qdqh²D��XdGJL-´�lxcoX0[al f L�l-° � � �@²_��XZGJL�cdL�i�[a] f [@l f L�l-° � � Gw²D�
XZGJL���[@TJlhXZG§[al f L�l
° � � ��²¢k£¨ ~�³�VaU\L�ld¡RQS]©cZixGJL�K�La��spchQS]J�RG!�)��ch]�Ve`�cdGJ[eXxc�� �I����V@chQWc���T�]�iDXZQ\[@]�c��±L�ldL0i_[@]�coXZldT�iDXdL f
Va] f L�K�`JUS[YgaL f ��[al(XZGJL0³�VaU\L�ld¡RQS]·`JlZ[enoL�i_XdQS[a]��(FHGJL�`JlZL�cZchTJlZL�VYX¢XdGJL�ldQS�aG�X¢L�] f [e�mXZGJL f T�iDXpQWc¢cdL_X
XZ[M��� ��XZGJLvlZL_��L�lZL�]�i_L��YVeUSTJLvVYXQV �C�J�¬FHG�L lZL�cdTJU\XZc(Ve��XdL�l?G HI�)��Q\XdL�lZVeXdQS[a]�c(ValdL�chG�[Y�(]�QS]�´����)6��
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1

density  1.01
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� QS�aTJlZL 6/O Y±[@K�`�VelZQScdQS[a]���L�Xo�±L�L�]�ch[@U\TbXZQ\[@]�c®i�[aK�`JTbXZL f T�chQS]J� f Q H>L�lZL�]�XHcdixGJL�K�L�c�O
V�²m`JlZ[a`�Va�@VeXdQS[a]
[a�«`JlZL�cZchT�ldL �£V¤�@L¢QS]�cdQ f LvV0coXZlZVaQ\�@G�X f T�i_X��J�u²±i�U\[�chL TJ`�[e��XdGJL�lZL�cdTJU¯Xxc£Q\]�XdGJL��RQWi_QS]JQ¯Xog-[e��XZGJL ��ld[@]@X
[a��`JlZ[a`�Ve�@VeXdQS[a]��

q¸X�i�Ve] ��L�chL�L�]ªXdG�VeXvXdGJL-cd[aUSTbXZQ\[@] i�[aK�`JTbXZL f �(Q¯XZG � � �^QSc�XZGJL,K�[@chX f QIHuT�cdQS�aLa��FHGJL�lZL�QSc
cd[aK�L�XZL�] f L�]�i_gªXd[ f L��@L�US[a`§ch[@K�L,[@cZi_QSU\UWVYXZQ\[@]�cvVac�XdGJL f L��alZL�L,[a�±XZGJL�Va`J`JlZ[¤jbQ\K,VYXZQ\[@]©QS]�i_lZL�V@chLwc��
E¬L�X��@�±L f Q f ]�[eXmQ\K�`JUSL�K�L�]@X®Va]Rg�chUS[a`uLHU\QSK�Q¯XZL�l®V@c�Q\X¬QWcmchTJ�@�aLwcoXZL f QS] KS�('NL¸� � [al � ��G±XZGJLH]RTJK��uL�l
[a� � TbjbL�cHi�[aK�`JTbXZL f QWc£G�VeU\�XdG�VYX(i_[aK�`JTJXdL f ��[al � ����Ve] f XdGJQWc£ldLwchTJU\XZc±QS]�Ve�u[aTJX±XZGJL cZVeK�LplZVeXdQS[
�uL_Xo�£L�L�]-XZGJLv�aUS[a��VeU>XdQSK�Lv[e�<i_[aK�`JTJXZVYXZQ\[@]�� � [@l � � �J�RXZGJLvlxVYXdQS[�QSc G;D ���

hjiF[0hlk
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OR`uL�i�QSVaU
i�VelZL�QWc¢]JLwi_LwcdcZVelZg��(G�L�] f LwVeUSQ\]����(Q¯XZGªcdGJ[bix¡bc��¢FHG�L�GJQS�aGJL�lp[@l f L�l¢cZixGJL�K�L�`Jld[@`�[�chL f
Va��[Y�@La�JcdGJ[Y��c(L�jR`�U\[�chQS�aL�QS]�coXxVe�JQSUSQ¯XZQ\Lwc�QS]^XdGJL�lZL��@Q\[@]�[a�<XdGJL�cdGJ[bix¡>�±FHGJQWc�QWcHXZldTJL�VeUWch[���[@l¢i_[@]@XxVai_X
f QScZi_[@]@XZQ\]RTJQ\XdQSL�c���qº]§[@l f L�l�Xd[�chXZVa�JQ\USQ+G�L�XdG�L�i_[aK�`JTJXZVYXZQ\[@]2Q\]§`JlZL�cdL�]�i_L�[e� f QWcdi�[a]�XdQS]RTJQ\XdQSL�c��«�(GJL�]
XZGJL,L�]�XZld[@`�g·�@lZV f QSL�]�X �!��lZL�V@ixGJL�c�V�XdG�ldLwchGJ[@U f �YVeUSTJL,QS]2V��@Q\�@L�]2i_L�USU ��XdG�L�i_[a]�XZldQS�JTbXZQ\[@]�c�[e�£XdGJL
UWVachXmXo�£[�chTJK�K,VYXZQ\[@]�cmQS],L�¦u�eMR��VelZL£]�L��aUSL�i_XdL f �mFHGJL(��[@TJ] f Valdg�XdL�ldK,c¬i�[alZldLwch`u[a] f Q\]J� XZ[�XdG�VeX±i_L�U\U
ValdL�i_[@K�`JTbXdL f VacHQ\� � Y ! Z �£L�lZL i�[a]�chXZVa]�XHQS]�cdQ f L 	 � O<��[al � $�� ��	C1�� $�� �@4P�

�
�±L�G�V¤�@L

� Y ! Z 1<]
$
�
�
���� 4)� $ � � ���� L�� Y ! Z 12] $ � �� 4)� $ � �� � G

� �CG  � $ � � ���� L\�
$ � �� " ��

	 � 2 � Y ! Z 1<] $ � 	 4 °EM)�@²
�¢[Y�±L��aL�l��eV@cmQ¯X£chL�L�],QS]�XZGJL���[@U\US[Y�(QS]J�vi_[aK�`JTJXZVYXZQ\[@]�VeU�L_jJVeK�`JUSLa�aXdGJQWc¬US[bi�VeU�coXxVe�JQSU\Q+G�VeXdQS[a] f L��alxV f Lwc
XZGJLv[Y�aL�lZVaU\U>Vai�i_TJlxVai�g,[e��XdGJQWc�cZixGJL�K�La�
FHGJL·OR[ f XZL�chX�i�VacdL-�HVac0chXdT f QSL f XZVa¡�QS]J� � �©cd]�Va`�chG�[eXZc0Ve] f � �©L�QS�aL�]b��TJ]�i_XdQS[a]�c�� W(��XZL�l �E�)�

Q\XdL�lZVeXdQS[a]�c(XdGJL�ldLwchTJU\XZc¢VelZLvXdGJ[�chL�cdGJ[Y�(]·QS]^´����u}J��FHGJL�i_[a]�XxVaiDX¢cdTJld�EVai�L�QSc¢ldLwch[@U\�@L f Q\]ªV�chQSK�Q\UWVel
�HV¤g��RgpVaU\UaXdGJL¬cZixGJL�K0Lwc��w�(GJQSU\L¬��[alXZGJL®cdGJ[bix¡��£V¤�@La��XdGJL®¥®r ¨ � !"cdixG�L�K�LmQSc���gp�EVel«K0[@ldLmV@i�i_T�lZVeXdLa�
FHG�L�chXZVa�JQSU\Q+G�VeXdQS[a]ªV@iDXxc�[a]JUSg�QS]©XZGJL,ldL��aQS[a]ª[e�®XZGJL f QWcdi�[a]�XdQS]RTJQ\XdQSL�c���]JL��@L�ldXdGJL�U\LwcdcpXZGJL�ldLwch[@U\TbXZQ\[@]
[a��XZGJLvL_jb`�Va]�cdQ\[@]��HV¤�aL QSc¢V�H>L�iDXZL f �±FHGJLv]�VYXZTJlZL [a��XZGJQWc�Ve`J`�ld[¤jbQSK�VeXdQS[a]�QSc(QS]·V,chL�]�cdL�cdQSK0QSUWVelHXd[
XZGJL � TJj�¹ºi_[@ldlZL�i_XdL f `�cdL�T f [@cd`�LwiDXZlZVaUbK0L�XdGJ[ f KS�a�.L �
q¸X®QWc®cdL�L�]«�aGJ[Y�£L��@L�lw�¤XdG�VeX¬XdGJL¢ldLwch[@U\TbXZQ\[@]�[e�>XdGJL
G�Q\�@GJL�l([@l f L�l(cdixGJL�K�L QWcH�uL_XhXZL�l(XZG�Ve]�XZG�VYX�[a�«XdG�L�´�lZchXh¹¸[al f L�lHcZixGJL�K0L@�
FHGJL��HV¤g�Xd[�L_jRXZL�] f XdGJLwchL�Q f L�V@c±Xd[0Xo�±[�Ve] f XZGJldL�L f Q\K�L�]�chQS[a]�VeU � [Y��c£QSc(i�U\LwVelw�RgaL_XHXZGJL�lZLvVelZL

cd[aK�L�QWcZchTJLwc�lZL�UWVYXZL f Xd[�XdGJL�Q\]�XdL�ld`u[aUWVYXZQ\[@]·[e�<XdG�L���V@chQWc(��TJ]�iDXdQS[a]�c¢[Y�@L�l(XZGJL�i�U\T�chXdL�l¢[a�®i_[aK�`JTJXZVY¹
XZQ\[@]�VeU¬i�L�USUSc�Ve] f XdGJL�i�[alZldLwch`u[a] f Q\]�� f L��alZL�L�[e�Hch`�VYXdQWVeU¬Va`J`JlZ[¤jbQ\K,VYXZQ\[@]©�(GJQWixG2K�T�chX��uL,Q\]R�aLwcoXZQ¯¹
��VYXZL f �

� � �_�\C£%��«�
�_��

¨p]�L·Q\K�`u[aldXZVe]�X-QWcZchTJL·QWc,XZGJL�`u[@cZchQS�JQSU\Q\Xog�[e�vchQSK�TJUWVYXZQ\]��§XdGJL f gR]�VeK�QWi�c,[a� XZGJL�K�[@chX-L�]JL�lZ�aL�XdQWi
K�[ f LwcvT�cdQ\]J�^XZGJL-cdgbcoXZL�K [a��¨ ~ ¥¬c�ldLwchTJU\XdQS]J����lZ[aK XZGJL�`JlZ[enoLwiDXZQ\[@]ª[a�£XZGJL�¥mTJUSL�l�L�¦�T�VeXdQS[a]�c�[@]
XZGJL�cdLmK�[ f L�c«[a]JUSga�FY±[@]�cdQ f L�lXdG�L¬T�cdT�VeUeL�jb`�Ve]�cdQS[a] XdLwcoX�i�VacdL<`JldLwchL�]�XdL f QS]�XdGJL®`JldL��RQ\[@T�c`�ValZVa�alxVe`JG
Va] f cdTJ`J`u[@cdL¢[@]JL QSc±Q\]�XZL�lZL�chXdL f Q\]-XdGJL L��@[aUSTbXdQS[a]-[e��XZGJL ´�lZchX � K�[ f L�c��mFHGJL ¥¬TJU\L�lHL�¦�T�VYXZQ\[@]�c£VelZL
`�ld[anoL�iDXZL f [@]·XdGJQWc¢´��aL�K�[ f Lwc¢[@]JU\g@��lZL�cdTJU\XdQS]J�-QS]©V�cdL_X [e� � ¨ ~p¥¬c�� 2 L�i_[aK�`�ValdL�XZGJL��YVaU\TJLwc¢[a�
XZGJL�i�[RL�J�i_QSL�]�XZc � ! ��[@l %�\G)"������ " � VYX�chL��aL�lxVeU>XZQ\K�Lwc���Xd[-XdG�VeX¢[a�bXxVeQS]JL f `�ld[anoL�iDXZQ\]��,XdGJL0chLwi_[@] f
[@l f L�l(¥¬r ¨ � !ych[@U\TJXdQS[a]�[a]�XdGJL�_ ! ��[al�% ��GE"������ " � �
FHGJLpldLwchT�U¯Xxc¬VelZL�chG�[Y�(],Q\]�´������ 'J�
q¸X®QSc±chL�L�]�XZG�VYX±XdGJL�ldL�QWc¬]�[�chT���coXxVe]�XdQWVeU f Q H>L�lZL�]�i_L��uL_Xo�£L�L�]

XZGJLv�YVeUSTJL�cH[a� � ! Ve] f XdG�[@cdL�i�[alZldLwch`u[a] f Q\]���XZ[�XZGJLv`JlZ[enoLwiDXdQS[a]�[e��XdGJL�¥®r ¨ � !ycd[aUSTbXZQ\[@]���[@lHXdGJL´�lZchX�H¢[@l �pL�Q\�@L�]R�YVeUSTJL�c�� � [al
XdG�L�cdVaK0L£XZL�chXh¹ºi�VacdLa�YQS]0´����b�@�®XZGJL�cd[aUSTbXdQS[a]�[a�bXxVeQS]JL f T�cdQ\]J� � K�[ f L�c
Va] f XZGJL,¥¬r ¨ � !�ch[@U\TbXZQ\[@]ªValdL�i_[@K0`�VelZL f �VY��XZL�lMG��E�E�,XdQSK0L�chXdL�`�c���qº]ªXdGJL�`JGRgbchQWi�VaUmch`�V@i_L�XdGJL
V@i�i�TJlZV@i_g�QWc±`�[R[alw�<FHGJQSc®QSc f TJL�Xd[vXZGJL��EV@iDX®XZG�VYX±XdGJL¢GJQ\�@G,��lZL�¦�TJL�]�i_g�i�[aK�`u[a]JL�]@Xxc¬[a�XdGJL ch[@U\TbXZQ\[@]
ValdL¢K0QWcZchQS]J���9�¢[Y�±L��aL�lw�a�£L�i_[a]�i_UST f L�XZG�VYX£XdG�L�cdL i�[aK�`�[@]JL�]�Xxc®G�V¤�@L¢cdK�VaU\U>L.HuLwiDXH[a],XZGJL f g�]�VeK�QSi
[a�«XZGJL�´�lxcoX�K�[ f L�cH�(G�QSixG^VelZL���g��EVelHXdG�LvK0[�coX�L�]JL�lZ�aL�XdQWie�
W¢]J[eXZGJL�lmQS]�XdL�lZL�chXdQS]J� XdLwcoX¬i�VacdL£QWc
XdG�L�V f �@L�iDXZQ\[@]�[a�uVe]0L�]�XZld[@`�gvUWV¤gaL�l�� 2ªL£XZ[�[@¡G!�)�pcd]�Va`�chG�[eXZc

��[@l � � V � G � �,Va] f T�cdL f [@]JU\g�XdG�L�´�lxcoX HI��L�QS�aL�]b��TJ]�i_XdQS[a]�c���FHGJL�ldLwchTJU\XZcpVYX V=� ��� �,VelZL�cdGJ[Y�(]

[\[^]�_/`4`4a4b
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iw² 0.1
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density  0.45
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U=3
U=0
FV II

� QS�aTJlZLH} O Y±[@K�`�VelZQScd[a]���L�Xo�±L�L�]�ch[@U\TbXZQ\[@]�cmi_[@K�`JTbXdL f T�chQS]J� f QIHuL�ldL�]@X¬cZixGJL�K�Lwc.O«V�²<OR[ f XZL�chX®i�VacdLa�
�u²®i�U\[�chL�T�`-[e�XZGJL ldLwchTJU\XZc±QS],XdGJL �RQSi�Q\]�Q¯Xog�[e�«XdGJLpL_jb`�Ve]�chQS[a]��HV¤�aL@�@iw²®i�U\[�chL�T�`-[e�XZGJL�ch[@U\TbXZQ\[@]�QS]
XZGJLv�RQSi�Q\]�Q¯Xog�[a��XZGJL f QWcdi�[a]�XdQS]RTJQ\XdQSL�c��

hjiF[0hlk
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� QS�aTJlZL0�(' Om¥<jb`�Va]�cdQ\[@]��EVe]8OmldL�USVeXdQS�aL f Q H>L�lZL�]�i�L���L�Xo�±L�L�]�XdGJLvi_[RL.J,i�Q\L�]�XZc � ! i�[aK�`JTbXZL f ��g�XZQ\K�LQS]�XdL��alxVYXdQS[a]0[e�Lw¦��@M���Va] f . ! XdG�L�`JlZ[enoL�i_XdQS[a]�[Y�aL�l�_ ! [a�>XdGJL ¥¬r ¨ � ! cd[aUSTbXdQS[a],VeX¬XdGJLpcdVaK0LHXZQ\K�LchXdL�`�[Y�@L�lQ_ ! �¬¥mQS�aL�]��YVaU\TJLwc(i_[@]�chQ f L�ldL f O %U� G)"������ " � ( � ������� � � ! LF. ! � D . ! �
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density  1.05
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U=3; j=1,...,5
FV II

� QS�aTJlZL��a��O Y±[aK�`�VelZQWch[@]-�uL_Xo�£L�L�]^¥¬r�¨ � !ycd[aUSTbXdQS[a]·Va] f cd[aUSTbXZQ\[@]�[@�bXZVaQ\]�L f i_[a]�chQ f L�lZL f [a]�U\g �
L�Q\�@L�]R�YVeUSTJL�c��bVYX��@Q\�@L�]�XZQ\K�L@�

[\[^]�_/`4`4a4b
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QS],´������¤|b�
q¸X±QWc±cdL�L�]�XdG�VeX®XZGJL cZixGJL�K0L¢��VacdL f [@],XdGJL k±¨ ~ ³�VeUSL�lZ¡RQ\]���[@ldK�TJUSVeXdQS[a]�° � � �@²®chGJ[Y��c
XZQ\]Rg2[@cZi_QSUSUSVeXdQS[a]�c�VYX�XZGJL���[�[aX�[a�(XdGJL f L�]�chQ\Xog2USV¤g@L�lw�<Va`�VeldX���lZ[aK�XdG�VYX�Q\X�[Y�aL�lZUWVe`�c�XZGJL^ch[@U\TbXZQ\[@]
[@�bXZVaQ\]�L f ��g�XdGJL�¥¬r�¨ � !ycdL�i�[a] f [al f L�l(cZixGJL�K�L@�

0.9

0.95

1

1.05

1.1

density  1.15

0 50 100 150 200 250 300 350 400  i

t=0
U=3
FV II

� QS�aTJlZL��¤|&O Y±[aK�`�VelZQWch[@]��uL_Xo�£L�L�]+¥¬r ¨ � !�ch[@U\TbXZQ\[@]+Ve] f ch[@U\TbXZQ\[@] [a�bXxVeQS]JL f i�[a]�cdQ f L�lZL f HE�
L�Q\�@L�]R�YVeUSTJL�cHVe��XdL�l?G:�E�)��XZQ\K�L�chXdL�`�c�°2V �C��� �@²_�

FHGJL±K,VeQS]�i_[a]�i_UST�chQS[a]v[a�RXdGJQWc«�£[alZ¡¢QWcXZG�VYX<k±¨ ~���VacdL f ³�VaU\L�ld¡RQS]�cdixGJL�K�L�c>��[@l�¥mTJUSL�l
L�¦�T�VeXdQS[a]�c
]�L�L f V fJf Q\XdQS[a]�VaUachXZVe��Q\USQIGwVYXZQ\[@]v�(Q¯XZGvldLwch`uL�i_X�Xd[(XZG�VYX�`Jld[Y�RQ f L f �Rg�V(coXZlZVaQ\�@G@Xd¹B��[@ld�HVel f¢f QSi�ldL�XdQ+G�VYXZQ\[@]
[a�mXdGJL0`JlZ[enoLwiDXdQS[a]©[e�¬XZGJL�Lw¦�T�VYXZQ\[@]�c¢QS]�´�]JQ¯XZL f Q\K�L�]�chQS[a]�VaU
cd`�V@i_La� � [@l V�USQ\]JLwVel�cdi�VeUWVelpL�¦�T�VYXZQ\[@]
�£L�cdGJ[Y��XdG�VeX®TJ`R�(Q\] f Q\]���QSc±VvcdVeXdQWco�EV@iDXZ[alZg�chXZVe��Q\USQIGwVYXZQ\[@]��
r¢TJK�L�lZQSi�VeUJL�jb`�L�ldQSK�L�]�XZc±chGJ[Y��XdG�VYX®�Rg
XZGJQWcpK�LwVe] Q¯X�QSc�`u[@cZcdQ\�JUSL�Xd[�´�] f V�chXZVa�JU\L f QWcdi�ldL�XdQ+G�VeXdQS[a]·��[@l�¥¬TJU\L�l�L�¦�T�VYXZQ\[@]�c�Vac �£L�USUB���£LwchQ f L�c
XZG�VYXw�a�£L(G�V¤�aLHcdGJ[Y�(],Vp�HV¤gvXZ[vldL f T�i_L£XZGJL¢i_[@K�`JTbXZVeXdQS[a]�VaUJi_[�coXmlZL f T�i�Q\]���XdGJL(]RTJK���L�l¬[e�>TJ`R�(Q\] f
� TbjbL�c®Xd[0��L�i_[@K0`�TbXdL f VYX(i_L�U\U>QS]@XZL�ld�EVai�L�c��
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