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7	8:9 ;=<?>A@CB @?9EDC;GF%HAB I%DGJ <K;GF%<4LABNMG>AOCBNDG>	F�P0QSRUT�VW8AXA8ZY4[]\?^C_E` _Eab` _E\dcAe4aA8Ae4f=gKhA` \A8Ag
cA`?^CgKi4` [G\?8AcAaA_j_E\?f=g4cA`?_E` Xb\dX�PkcAgK_E_EeZHA<K@?FlVW` 8A_EgKf=XA\?^C_Ee4_Ef=e4cAaAg4f=gKhA` \?8A`?cA`?_j` XA\
8ZPkcAgK_E_EgmFon6FK9E9 BN9EDC;GF�gmpGDCJ JNFK9E9jDC;GFqV0r
st8ZaA8mQSRoT�^C\?8b\dXAgKf=_EeK8A_E\dXAftgK^CgK8A_E`?cAaAg4hA` aA8AuC` \?8A`?XAvt8	w�x e4hA` aA8AuC` \A8Ag4yAeK^CgKv
gKi4gK_E_E` _E\?f=g4P0QSvGz]VWg4x e4hA` aA8AuC` \?8Ag4yAeK^CgKv=[G\?x x gK_E_j\?f=g4P0QSv={�V0r|z]}Kx } ` 8A_EgKf=eKuC` \?8Ag4_Ef=e
~ aAgK^C_Eg4cAaAg4hA` aA8AuC` \A8A`?[]�Ag4f=g?8AcAg4` x�QSRUT�aA_j` x ` uCuCeKyA` x gd[G\?i4gdeKi4XAx ` ��` [GeK_E\Af=g4g
[G\?i4g4` 8A_EgKf=ftaA_E_E\?f=g�r

� gKhA8A`?[G\A8A�Sg?8AuC` \A8AeKx `?cAgKx x g4[]\?f=f=gK8A_E`Ewb` �-g4` �
XA\?^C` _E` �Sg4gK8A_jf=eK8A_E` ��` ��XA\?^C` _j` �SedaA^C[GgK8A_Eg�r
�bgKx?^C` i4yA\?x \d[G` f=[]aA` _EeKx g4aA8Aed�Nf=gK[G[G` e4` 8AcA` [Ge4` x
_EgKf=i4` 8AeKx g4cA`?gKi4gK_E_E` _E\?f=g�r�T�eKx g4��f=gK[G[]` e4Y
cA` f=gK_E_Ee4�SgKf=^C\dx } gK^C_EgKf=8b\dXAgKf�ab8Z8AXA8	r
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7	8mQSRUT/��ab8AuC` \A8Ae4` 8�;GFoLABNDG>	F <�9E9 B��l<��AB ;GFK9E9 <#^Cg4x e4hA` aA8AuG` \?8bg6QSvGz!Y
XA\?x eKf=` uCuCeK_Ee4` 8ZcA` f=gK_E_Ee4P
	|�k���
	

γ ≈0.6 
	�VWg4x e4hA` aA8AuC` \?8Ag6QSv={ Y4XA\?x eKf=` uCuCeK_Ee4` 8

` 8A�SgKf=^Ce4P
	|�k����	|�k�jV0r
` �AcA` XAgK8AcAg4cAe�	|�k��8AgKx x \d^C_EgK^C^C\di4\?cA\d` 8�[GaA`Ax e4[G\Af=f=gK8A_Eg4cA` XAgK8AcAg4cAeKx x e
_EgK8A^C` \?8Ag4` 8ZaA8Ae4hA` aA8AuC` \A8Ag4XAv=8	w

�l} gKi4gK_E_E` _E\?f=g4� ` gK8Ag4cAf=\?hAeK_E\Zi4\?x _E\
XA` �ZXAgK^CeK8A_EgKi4gK8A_Eg4cAgKx x e4yAeK^ogK�|` 8
i4\?cA\d[G�Ag4x ed[G\?f=f=gK8b_Eg4[G�Ag
eK_E_Ef=eK�SgKf=^Ce4x e4hA` aA8AuC` \?8Ag6QSvGz�^C` e
XAf=gK�SeKx gK8A_EgKi4gK8A_Eg4[G\?^C_j` _EaA` _EedcAe
gKx gK_E_Ef=\?8A`?Pk` 8A` gK_E_EeK_E`?cAe6z!` 8mQ V0r
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������
≈ �� �"! #$&%%('% )*+, ` 8Z[]aA`?` �.-jP0/21�354 687

÷
1�354 689;:�VWYdXAf=\?XA\?f=uC` \A8AeKx g

eKx x } eKf=gKe4cAgKx x } gKi4gK_E_E` _E\?f=g4P
:|�jV0r
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A x `?gKx gK_E_jf=\?8A`A[G�Ag4eK_E_Ef=e?�SgKf=^CeK8b\dx e4hA` aA8AuC` \?8Ag6QSvGz!^C\A8A\di4` 8b\?f=` _EeKf=`A8AgKx x e4yAeK^CgK�
^C`?i4aA\?� \?8A\dXAgKf�cA` �N��aA^C` \A8Ag4� gKf=^C\dx e4hA` aA8AuC` \?8Ag6QSv={ g4XA\?^G^C\?8A\df=` [G\?i4yA` 8AeKf=g
[G\?8�x g4x eK[Gab8Ag4i4eKhAhA` \?f=` _EeKf=` g�rCB aAgKx x `?[]�Ag4f=eKhAhA` aA8AhA\A8A\dx edhA` aA8AuC` \A8Ag6QSv={ ^C\?8b\
^C\?^CXA` 8A_E`?` 8Z[]\?x x gK_E_j\?f=g4cAeKx?[Ge?i4XA\dgKx gK_E_Ef=` [G\dcAgKx x e4hA` aA8AuC` \?8bg6QSv={ ` 8Z` 8b�SgKf=^Ce
PkcA` f=gK_E_E\dcAe4{ e6QSV0r
� g4x \d^CXAgK^C^C\?f=g4cAgKx x e4yAeK^Cg4P
D �tVWY
^CaA���N` []` gK8A_EgKi4gK8A_Eg4XA` [][G\?x \dPkXA` �ZXAf=gK[G` ^CeKi4gK8A_Eg
^Cg�D �-Y4XA` [G[G\?x \Zf=` ^CXAgK_E_E\deKx x edx aA8AhA�AgKuCuCe4cA`
cA` ���NaA^C` \A8Ag4cAgKhAx `?gKx gK_E_Ef=\?8A`A` 8�yAeK^CgK�E�q�tVk�|x e
i4eKhAhA` \?f�XAeKf=_Eg4cAgKhAx `?gKx gK_E_Ef=\?8A`?` 8b` gK_E_EeK_E`
cAeKx x } gKi4gK_E_E` _E\?f=g4f=eKhAhA` aA8AhAg4` xA[G\?x x gK_E_j\?f=g�r
` �-Y4[G\?^C_E` _jaA` _Ee4cAe4x eK[Gab8Ag4gK8A_jf=eK8A_E`?cAeKx
_EgKf=i4` 8AeKx g4cA`?yAeK^Cg4XAgKf�f=` i4XA` eKuCuCeKf=g�wF1CVWx g
x eK[GaA8Ag4` 8A` gK_E_EeK_Eg4` 8ZgKi4gK_E_E` _j\?ftg4e4[GeKaA^Ce4cAgKx x e
XA\?x eKf=` uCuCeKuC` \?8Ag4cA` f=gK_E_Ee4cAgKx x edhA` aA8AuC` \A8Ag6QSvGz]�G VWx g4x eK[GaA8Ag4ft` []\?i4yA` 8AeK_Eg4[G\A8ZhAx `?gKx gK_E_Ef=\A8A`
` 8A` gK_E_EeK_E`?` 8ZyAeK^Cg4cAeKx x } gKi4gK_E_E` _E\?f=g�r
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�K` eK^C^CaAi4gK8AcA\�w
�le4hA` aA8AuG` \?8Ag6QSvGz!XA\?x eKft` uCuCeK_je4` 8ZcA` f=gK_E_Ee4Y4eK_E_Ef=eK�SgKf=^CeK_Ee4cAe
aA8Ae4[G\Af=f=gK8A_Eg4x e ~ aAeKx g4Y4` 8�x eKf=hAe4XAeKf=_Eg4f=eK[G[G\?x _Ee4cAeKx?[]\?x x g?_E_E\?f=g
PkXA\?x eKf=` uCuCeK_E\d` 8b�SgKf=^CeKi4gK8A_Eg4f=` ^CXAgK_E_E\deKx x e4yAeK^CgKVWg4^C\?x \d` 8
XA` [G[]\?x e4XAeKf=_Eg4cAeKx x e4yAeK^Cg�r
{�` �d` 8��S` ft_ �ZcA`?cAaAgd[GeKf=eK_E_EgKf=` ^G_E` [G�Ag4_Eg?[G8A\?x \?hA` []�Ag��kf=gKeKx ` uCuCeK_E` �Sg
��\?8AcAeKi4gK8A_EeKx `Ew
1CVWgKi4gK_E_E` _E\?f=g4i4\?x _E\dXA` �ZcAf=\AhAeK_E\dcAgKx x e4yAeK^Cg4P0�����0���
	�	 1CVt�
G VWf=` cA\?_E_E\d^CXAgK^C^C\?f=g4cAgKx x e4yAe?^Cg4P
D ���0�q��
�
 1CV0r
st8Z[G` f=[]aA` _E`A\?XAXA\?f=_Eab8A` � ~ aAgK^C_E\ZgK����gK_E_E\Z[G\?8A^Cg?8A_Eg4cA`?eKi4XAx ` ��` []eKf=g
^CgKhA8AeKx `?eKXAXAx ` [GeK_E`?eKx x e4hA` ab8AuC` \A8Ag4yAeK^CgKv=gKi4gK_E_E` _E\?f=g�r

�

1  �! #����$%��'�����'�1�� $ ���� ���'�1�� $  ��$%&($	����'0��*+��$ 12*+&(��)+$
�le4[GeKf=eK_E_EgKf=` ^C_j` [Ge4` �tvt� �k��PkcAgK_E_Eemp=<K;=<�9E9EFo;=B @?9 BNp=<��ABAB >ALA;GFo@C@?D <C�mFon6FK9E9 BN9EDC;GF
pGDCn6MG>	FqVWY4cAgKx?_EaA_E_j\d^C` i4` x gdeKx x e4[GeKf=eK_E_EgKf=` ^C_E` [Ge4stv8	 cA`?aA8�cA` \?cA\de4hA` aA8AuC` \?8Ag
XAv=8	r�{�\?i4g4` 8Zab8ZcA` \?cA\de4hA` aA8AuC` \A8AgK�|x e4_EgK8A^C` \A8Ag6QSvGz!eKcZaA8Ae4cAeK_Ee4` �
cA` i4` 8AaA` ^G[Gg4eKx x } eKaAi4gK8A_EeKf=g4cAgKx x e4_EgKi4XAgKf=eK_EaAf=e4cA`?[G` ft[Ge G i 	���� r
�lg4[GeKf=eK_E_EgKf=` ^C_j` [G�Agd` �tvt� �k��ed��` ^G^CeK_Eg4` �-PkcAgK_E_Egmp=<K;=<�9E9EFo;=B @?9 BNp��	F �AB�MG@?p=BN9 <4<C�
Fon6FK9E9 BN9EDC;GF4pGDCn6M]>	FqVW^C\?8A\Z[]eKf=eK_E_EgKf=` uCuCeK_Eg4cAe4` �-` 8AcA` XAgK8AcbgK8A_E`?cAe4� �k��XAgKf
�SeKx \?f=`AcA`?���k��i4eKhAhA` \?f=`?cA` ~ aAeKx [G�Ag�3�r(1 	��|\?� �SgKf=\Z��` 8A_Ee?8A_E\Z[G�Ag4x e4hA` ab8AuC` \?8Ag
QSv={ Y4` 8Z` 8b�SgKf=^Ce4\dcAgKyA\?x i4g?8A_Eg4` 8ZcA` f=gK_E_Ee�r
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stxbL	MG<C�A<KLA>	D @?9 <�9 BNp]D �AB�p]DC;=;GFC>	9EF%<4HA<K@?F4pGDCn6MG>	F�P
α�
VWY4cbgK��` 8A` _j\d[]\?i4g4` x

f=eKXAXA\?f=_E\d_Ef=e4x e4[]\?f=f=gK8A_Eg4cA`A[]\?x x gK_E_E\?f=g4g ~ aAgKx x e4cA`?gKi4gK_E_E` _j\?f=g�w

�
�

�	�
�

≡α
st8Z� ` f=_ �ZcAgKx x g4hA` 
4i4gK8AuC` \?8AeK_jg4[GeKf=eK_E_EgKf=` ^C_E` []�Ag4f=gKeKx ` uCuCeK_E` �Sg4cAgKx�QSRUT��

α�
Y4ab8

8AaAi4gKf=\dXAf=\?^C^C` id\deKc 1CPk_E` XA` []eKi4gK8A_Eg4[G\?i4XAf=gK^C\d_Ef=e�3�r �de 3�r �����?V0r

�eKx?i4\?i4gK8A_E\Z[G�Ag4` � /�` ����` �t��_Ef=e4` �-gKcZ` ��^CaA^C^C` ^C_Eg4x e4^CgKhAaAg?8A_Eg4f=gKx eKuC` \?8Ag�w

���
�
�

�
���

β
α

α =
−

= �
8AgKx x e ~ aAeKx g4^C`?Y4cAgK��` 8b` _E\d` xbL	MG<C�A<KLA>	D @?9 <�9 BNpGD �AB	pGDG;=;GFo>	9EF <C�mFon6FK9E9 BN9EDC;GF
pGDCn6MG>	F�P

β �
VW[G\?i4g�w

�
�

�
�

���
�

α
αβ
−

=≡ �

β �
Y4aA8Z8AaAi4gKf=\dhAf=eK8AcAg4f=` ^CXbgK_E_E\deKc 1 PkhAgK8AgKf=eKx i4gK8A_Eg4[G\Ai4XAf=gK^C\d_Ef=e 1�3dg1�3 3 3Z[G\A8Z�SeKx \?f=g4_E` XA` [G\ 1 3 3?Vl�|\?� �SgKf=\d` �-Y4aA8Aed�SgKf=^C` \?8Ag4e?i4XAx ` ��` [GeK_Ee4cAgKx x e4` �]r

���

$ �@� $	����' � $%, � $%12*+) � * *+� � '�)+$
� z]����gK_E_E\ z]eKf=x �
� QSf=gKe��ScA\��%8
� {�\?f=f=gK8A_Eg4cA`?XAgKf=cA` _Ee4cAgKx x e4hA` aA8AuC` \A8Ag6QSv={ Pksk���CV
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�lg4[GeKf=eK_E_EgKf=` ^C_j` [G�Ag4cA`A` 8AhAf=gK^C^G\d` �tv=� �k�j�|XA` aA_E_E\?^C_j\d[]�Ag4aA8A} ab8b` [Ge4[]aAf=�Se4XAgKf�_Eab_E_E`
`?�SeKx \Af=`?cA`A� �k�j�|^C\A8A\ZaA8Ae4��eKid` hAx ` e4cA`?[GeKf=eK_E_EgKf=` ^C_j` []�Ag4[G�Ag4^C`A^CXA\?^C_EeK8A\d�SgKf=^G\dx g
� �k��[Gf=gK^G[GgK8A_E`?eKx x } eKaAi4gK8A_EeKf=g4cA`?� �k�Cr4st8b��eK_E_E` �|eKx x } eKaAi4gK8A_EeKftg4cA`?� �k�j�|eKaAi4gK8A_Ee
x e4f=gKhA` \?8Ag4^C� aA\?_EeK_Ee4cAgKx x e4hA` aA8AuC` \A8Ag6QSv={ g4^C`?f=` cAab[Gg4x } eKi4XA` gKuCuCe4cAgKx x e
f=gKhA` \?8Ag4cA`?yAeK^Cg4[G�Ag4hAx `?gKx gK_E_jf=\?8A`?` 8A` gK_E_EeK_E`?cAeKx x } gKi4gK_E_E` _E\Af=g4cAgK�S\?8A\dXAgKft[G\?f=f=gKf=g
XAf=` i4e4cA`?gK8A_Ef=eKf=g48AgKx x e4f=gKhA` \A8Ag4eKcZeKx _E\d[GeKi4XA\dgKx gK_E_Ef=` [G\dPU@jI%Fo@C@?DC;GF4F�����BEp=<�pGF�AB?HA<K@?FqV0r 
�`?[G\A8A^CgKhAaAgK8AuCe4cA` i4` 8AaA` ^G[Gg4x e4f=` []\?i4yA` 8AeKuC` \A8Ag4` 8ZyAeK^Cg4g4XAgKf=_EeK8A_E\
cA` i4` 8AaA` ^G[Gg4` � r
�lg4[GeKf=eK_E_EgKf=` ^C_j` [G�Ag4cA`AaA^C[]` _Ee4` �tv=� �l��` 8b�SgK[Gg4cA`?gK^C^CgKf=g4\?f=` uCuG\A8A_EeKx `?^C\?8b\
[GeKf=eK_E_EgKf=` uCuCeK_Eg4cAe4aA8ZXAgK8AcAgK8AuCe4XA\?^C` _E` �Se4[G` ft[Ge4[]\?^C_EeK8A_Egd8AgKx x e4f=gKhA` \?8Ag4eK_E_E` �Se
cA` f=gK_E_Ee�r 
�` i4` 8AaAgK8AcA\Z` 8A��eK_E_j` ��eKx?[Gf=gK^C[GgKf=g4cA`A� �k�j��x e4[G\?i4Xb\?8AgK8A_Eg4cA`?` �-cA\A�SaA_Ee
eKx x e4f=` [G\?i4yA` 8AeKuC` \?8Ag4` 8ZyAeK^CgK�|cAgK�Sg4[G\?8A_EgK^C_jaAeKx i4gK8A_Eg4eKaAi4gK8A_EeKf=g4x e4[G\?f=f=gK8b_Eg
cA`?x eK[GaA8Ag4` 8A` gK_E_EeK_Eg4` 8ZgKi4gK_E_E` _E\?f=g4PkXA\?` []�AY4` �-Y4[G\?^C_EeK8A_EgKV0rK{�` �d��eK}K^��A[G�Ag
eKaAi4gK8A_E`?eK8A[G�Agd` �Ag ~ aA` 8AcA`?` �0r �lg4gK^C_EgK8A^C` \?8b`?cAgKx x g4[GeKf=eK_E_Eg?f=` ^C_E` []�Ag4cA`?aA^G[G` _Ee
[G\?8b�SgKf=hA\?8b\deKXAXAf=\?^C^C` i4eK_E` �Se?i4gK8A_Eg4_EaA_E_Eg4` 8Zab8A\d^C_EgK^C^C\dXbaA8A_E\dcAgKx x } eK^C^Cg
cAgKx x g4� �k��8AgKhAeK_E` �Sg�r�stxA�SeKx \?f=gdeK^C^C\?x aA_E\dcA`?_EeKx gd�SeKx \?f=g4cA`A� �l��Y4cAgK_E_E\ 9EFo>A@CBNDC>	F�AB��b<K;=J �br

�=�
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�le4[G\Af=f=gK8A_Eg4cA`?[]\?x x gK_E_j\?f=g4eKabi4gK8A_Ee4f=eKXA` cAeKi4gK8A_Eg ~ aAeK8AcA\dx e4_EgK8A^C` \?8Agd� �k��^G`
eK�S�S` [G` 8Ae4eKcZaA8Z�SeKx \?f=g4[Gft` _E` []\d[G�Ag4Y4cAgK_E_E\ 9EFo>A@GBNDC>	F �AB?HA;]Fo<$# �	D�%	>Z<C�
Fon6FK9E9 BN9EDC;GF4pGDCn6M]>	F r 
 aAg4cA` ^C_E` 8A_E`A��gK8A\?i4gK8A`A��` ^C` [G`?XA\?^C^G\?8A\ZXAf=\?�S\A[GeKf=g4_EeKx g
[G\?i4XA\?f=_EeKi4gK8A_E\	wF1CVWx eZBEDC>AB OGOC<KOCBNDC>	F �A<4B n%I	<�9E9ED'&-\?� �SgKf=\Zx e4hAgK8AgKf=eKuC` \?8Ag4cA`
[G\?XAXA` g4gKx gK_E_Ef=\?8b` v=x e?[GaA8Ae4e4^Cg?hAaA` _E\dcAgKx x g4[]\?x x ` ^C` \?8b`?cA`?gKx gK_E_jf=\?8A`A\dx eK[Gab8Ag
gK8AgKf=hAgK_E` [G�Ag4[]\?8Z` x?f=gK_E` []\?x \Z[]f=` ^C_EeKx x ` 8A\d8AgKx x g4f=gKhA` \?8A`?eKcZgKx gK�SeK_E\d[GeKi4XA\
gKx gK_E_Ef=` [G\dPl8AgKx?[GeK^C\dcAgKx�QSRUT/8bgKx x e4f=gKhA` \?8Ag4^C� aA\?_EeK_Ee4cAgKx x edhA` aA8AuC` \A8Ag6QSv={�VWg4x e
[G\?8A^CgKhAaAgK8A_Eg4ft\?_E_EaAf=e4cA`Ax gKhAeKi4`?[G\A�SeKx gK8A_E`?Pk` 8 ~ aAgK^C_E\Z[GeK^C\d^C`?XAeKf=x e4cA`b;GD?9E9jMG;=<
I%Fo; �l<KJ <K>ALA<#\�<��l<KJ <K>�p��	F%HA;]Fo<$# �	D�%	>KV)( G V ` x]I%MG>�p��+*=9 �A;]DAMGL �4cAgKx x e4yAeK^CgK�
\?� �SgKf=\d` x?[G\?i4XAx gK_E\Z^C� aA\?_EeKidgK8A_E\dcAgKx x e4f=gKhA` \?8Ag4cA`?yAeK^Cg4[]\?8Z[]\?8A^CgKhAaAgK8A_Eg
[G\?f=_j\?[G` f=[Gab` _E\dcAgKx x g4f=gKhA` \A8A`?cA`AgKi4gK_E_E` _E\?f=g4g4[G\?x x gK_E_j\?f=g�r
�le4_EgK8A^C` \A8Ag4cA`?f=\?_E_jaAf=e4Pkx e ~ aAeKx g4cA` XAgK8AcAg4cAe4XAeKf=eKi4gK_Ef=` ~ aAeKx `?` x?cAf=\?hAeKhAhA` \dcA`
[G\?x x gK_E_j\?f=g4g4` x

β �
8AgKx?[GeK^C\dcAgKx x } eK�SeKx eK8A[]�Ag4yAf=gKe��ScA\��%8Zg4` xAcAf=\?hAeKhAhA` \dg4x \

^CXAgK^C^C\?f=g4cA`?yAeK^Cg48AgKx?[GeK^C\dcAgKx?XAaA8A[]�Av=_E�Aft\?aAhA�AV [G\?^C_E` _jaA` ^G[Gg4aA8Zx ` i4` _Eg4eKx x e
i4eK^C^C` i4e4� �k��eKXAXAx ` [GeKyA` x g4eKx	QSRUT�r
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�le4hA` aA8AuG` \?8Ag6QSv={ Y4eK_E_Ef=e?�SgKft^CeK_Ee4Pk\?x _Ef=g4[G�Ag4cAeKx x e4[]\?f=f=gK8A_jg4cA`?gKx gK_E_Ef=\?8A`
XAf=\?�SgK8A` g?8A_E`?cAeKx x } gKi4gK_E_E` _E\?f=gKV cAeKx x e4[G\?f=f=gK8A_Eg4cA`?XAgKf=cA` _Ee4` 8A� gKf=^Ce4Pksk���CV0r 
�`
[G\?8A^CgKhAaAgK8AuCe4` �-8b\?8Z^C`?e?8A8Aabx x e4XAgKf�� �k��/
3di4e4�SeKx g4` �

≈
v=sk� �?r�st8b\?x _Ef=g4ab8Ae

[G\?f=f=gK8b_Eg4cA`?[G\Ax x gK_E_E\?f=gd8A\?8Z_jfteK^C[GaAf=eKyA` x g4Pk` 8 ~ aAeK8b_E\dXAeKf=`?edsk��� � β �
sk���CVWXAa �

[G` ft[G\?x eKf=g4eK8b[G�Ag4[]\?8Z` � /
3�r

�j�

���! )+� ' ����*+��$ ��'���*+,  ��$���)��
stx�QSRUT�XA8AXZY4[]\?^C_E` _Eab` _E\dcAe4ab8Ae4f=gKhA` \?8Ag4cA`?^CgKi4` [G\A8AcAaA_E_j\Af=g4cA`?_E` XA\d8ZPqHA<K@?FqV
` 8A_EgKf=XA\?^C_Ee4_Ef=e4cAaAg4f=gKhA` \A8A`?cb`?_E` XA\dXZP Fon6FK9E9 BN9EDC;GF�gmpGDGJ JNFK9E9jDC;GFqV0r
stx?��ab8AuC` \A8AeKi4gK8A_E\dcAgKx?_Ef=eK8A^C` ^G_E\?f=g4XA8AXZY4cAgKx?_EaA_E_E\d^G` i4` x g4e ~ aAgKx x \dcAgKx�QSRUT
8AXA8ZPkaA8Aed�S\?x _Ee4` 8A�SgKf=_j` _Eg4x gdXA\?x eKf=` _ 
4cAgKx x g4_EgK8A^C` \A8A`?g4`A�SgKf=^C`?cAgKx x g4[G\?ftf=gK8A_E` V0r

s-^CgKhA8A`?[G\A8A�Sg?8AuC` \?8AeKx `?cAgKx x g
[G\?f=f=gK8b_E`?Pk` �-g4` �-XA\?^C` _E` �Sg4aA^C[]gK8A_E`
g4` ��XA\?^C` _E` �Se4gK8A_Ef=eK8A_EgKVW^C\?8b\
~ aAgKx x `?f=gKeKx i4gK8A_Eg4eK^C^CaA8A_E`A` 8
f=gKhA` \?8Ag4eK_E_E` �Se4cA` f=gK_E_Ee4Pk[G\?idg4hA` 

XAgKf�` x�QSRUT�8AXA8AV0r
�bgKx?^C` i4yA\?x \d[G` f=[]aA` _EeKx g
x } gKi4gK_E_E` _E\?f=g4Y4` 8AcA` [GeK_E\ZcAe4ab8Ae
��f=gK[][G` e4gK8A_Ef=eK8A_Eg�r
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�lg4[GeKf=eK_E_EgKf=` ^C_j` [G�Ag4^C_EeK_j` [G�Ag4cbgKx?_Ef=eK8A^C` ^C_E\?f=g4yA` XA\Ax eKf=g4XA8AX�^C\?8A\daAhbaAeKx `?e
~ aAgKx x g4cAgKx?_Ef=eK8A^C` ^C_E\?f=gd8AXA8Z[]\?8Zx } aA8b` [Ge4cA` ����gKf=gK8AuCed[G�Ag4x gd_EgK8A^C` \?8A`?^G\?8A\
[GeKi4yA` eK_Eg4cA`?^CgKhA8A\�r
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st8ZaA8ZeKi4XAx ` ��` [GeK_E\?f=g4eKcZgKi4gK_E_E` _E\?f=g4[]\?i4aA8Ag4` x?_EgKf=i4` 8AeKx g4cb`?gKi4gK_E_E` _E\?f=g4cAgKx
QSRUT�g�� [G\?i4ab8Ag4eKx x e4XA\?f=_Ee4cb`?` 8AhAf=gK^C^C\dPk^CaAx x e4yAeK^Cg4cAgKx�QSRUT�VWg4e ~ aAgKx x e4cA`
aA^C[G` _Ee4Pk^CaAxA[G\Ax x gK_E_E\?f=gKV0r
�lg4cAaAg4eKx ` i4gK8A_EeKuC` \?8b` 	|�k�-g�	|�k�-��` ^C^CeK8A\Zx e I%DCJ <K;=B OCOC<KOCBNDG>	F�cAgKx�QSRUT�` 8Zab8
I%MG>	9ED �AB?J <
�SDC;]D @?9 <�9 BEpGD�` 8Z[Gab`?g�� XA\?^C^C` yA` x g4x } eKi4XAx ` �N` [GeKuC` \?8bg4cAgKx?^CgKhA8AeKx g4cA`
` 8AhAf=gK^C^C\�r�stx?hAgK8AgKf=eK_E\Af=g4cA`?_EgK8A^C` \?8Ag4^C` 8AaA^C\A` cAeKx g4��� �jPk_EVWhAgK8AgKf=e4` x?^CgKhA8AeKx g4cA`
` 8AhAf=gK^C^C\�r

���

:�XAXAx ` [GeK8AcA\dx e4sks-x gKhAhAg4cA` �S` f=[G�A�b\?�N��eKxA[G` ft[GaA` _j\dcA`?` 8AhAf=gK^C^G\?�|^C`?\?_E_E` g?8Ag�w
 )� ,-' � ' � $%, 12'���12��'0��* � '6'�)+./��$%� � *

����	��
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T�eKx g4g ~ aAeKuC` \?8Ag4f=eKXAXAf=gK^CgK8A_Ee4` x?� ` 8A[]\?x \Z[G�Ag4` x?[G` f=[]aA` _E\dgK^C_jgKf=8A\d` i4XA\?8Ag4^Cab`
�SeKx \?f=`AcA`?� �k��g4` �]r��le4^CaAe4f=eKXbXAf=gK^CgK8A_EeKuC` \?8Ag4hAf=eK��` [Ge4g�� aA8be4f=gK_E_Ee4cAgKx?XA` eK8A\d` �
v�� �k�j�|cAgK_E_EeZ;GFK9E9 <��AB�p=<K;=BEpGD >�FoJCI	B <K>	D �	FoJ JNF4p=<K;=<�9E9EFo;=B @?9 BNp���F �AB?B >ALA;GFo@C@?D�r
st8A\?x _jf=g4� �k��g4` �-cAgK�S\A8A\deKXAXAeKf=_EgK8AgKf=g4eKx x e4[GeKf=eK_E_EgKf=` ^C_E` [Ge4cA`A` 8AhAf=gK^C^C\dcAgKx�QSRUT�r
s-�SeKx \Af=`?cA`A� �k��g4` �-[G�Ag4^G\?cAcA` ^C��eK8A\dgK8A_Ef=eKi4yAg4`A�S` 8b[G\?x `?^C\A8A\dx g4[]\?\?f=cA` 8AeK_Eg4cAgKx
XAaA8A_E\dcA`?` 8A_EgKf=^CgKuC` \A8Ag4_Ef=e4x ed[GeKf=eK_E_EgKf=` ^C_E` [Ge4cA`?` 8AhAf=gK^C^C\dcAg?x�QSRUT�g4x e4f=gK_E_Ee4cA`
[GeKf=` []\�r
stx]I%MG>	9jD �AB?J <�� DC;GD @?9 <�9 BNpGD%\
I%MG>	9ED �AB?;tB I%DC@?D�^C`A\?_E_E` gK8Ag
XA\?8AgK8AcA\d��� �jPk_EV0/
3�r :�xA�SeKf=` eKftg4cA`
��� ��8AgKx?_EgKi4XA\?�|` x]I%M]>	9ED �ABAJ <��SDC;]D
B @?9 <K>	9 <K>	FKD�^C`?^CXA\?^C_Ee4^C\?XAf=edg
^C\?_E_E\d` x?XbaA8A_E\ZcA`?f=` XA\?^G\�r
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:�XAXAx ` [GeK8AcA\dx e4sks-x gKhAhAg4cA` �S` f=[G�A�b\?�N��eKxA[G` ft[GaA` _j\dcA`?aA^G[G` _EeK��^C`?\?_E_E` gK8Ag�w

����	
 � ������
+=

T�eKx g4g ~ aAeKuC` \?8Ag4f=eKXAXAf=gK^CgK8A_Ee4` x?� ` 8A[]\?x \Z[G�Ag4` x?[G` f=[]aA` _E\dgK^C_jgKf=8A\d` i4XA\?8Ag4^Cab`
�SeKx \?f=`AcA`?���k��g4` �]r��le4^CaAe4f=eKXbXAf=gK^CgK8A_EeKuC` \?8Ag4hAf=eK��` [Ge4g�� aA8be4f=gK_E_Ee4cAgKx?XA` eK8A\
` �tv=���k�j�|cAgK_E_EeZ;GFK9E9 <��AB�p=<K;tBNpGD >	FoJCI	B <K>	D �	FoJ JNF4p=<K;=<�9E9EFo;tB @?9 BEp��	F �AB�MG@?p=BE9 <�r�st8A\Ax _Ef=g
� �k��g4` �-cAgK�S\A8A\deKXAXAeKf=_EgK8AgKf=g4eKx x e4[GeKf=eK_E_EgKf=` ^C_E` [Ge4cA`?aA^G[G` _Eed[G\?f=ft` ^CXA\?8AcAgK8A_Eg4eKx
�SeKx \?f=g4cA`?` �-XAf=g?[GgKcAgK8A_EgKi4gK8A_Eg4\?_E_EgK8AaA_E\�rKs-�SeKx \?f=`?cA`A� �k��gd` �-[]�Ag4^C\?cAcA` ^C��eK8A\
gK8A_Ef=eKi4yAg4`?�S` 8b[G\?x `?^C\?8b\dx g4[]\?\?f=cA` 8AeK_Eg4cAgKx?XAaA8b_E\dcA`?` 8A_EgKft^CgKuC` \?8Ag4_Ef=e4_EeKx g
[GeKf=eK_E_EgKf=` ^C_E` [Ge4cA`?aA^C[]` _Ee4g4x e4ftgK_E_Ee4cA`?[GeKf=` []\�r
� g4��� ��eKaAi4gK8A_EeK�|eKaAi4gK8A_Ee4eK8A[G�Ag
` ��Pk�SgKcA`?[GeKf=eK_E_EgKf=` ^C_j` [Ge4cA`
` 8AhAf=gK^C^C\?V0r�{�` \ � [G\?i4XA\?ft_Ee4� �l�
cA` i4` 8AaA` ^G[Ge4Pk�SgKcA`?[GeKf=eK_E_EgKft` ^C_E` [Ge4cA`
aA^C[G` _EeKV0r�stx?^CgKhA8AeKx g4cA`A` 8AhAf=gK^G^C\
f=` ^CaAx _Ee4XAgKf=_EeK8A_E\Z` 8b�SgKf=_E` _j\�r
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����� �jPk_EV0/
3�r �

^C` 8AP G 3 353
π
_EV0r�T�f=\A�SeKf=g4` x?XbaA8A_j\dcA`?f=` XA\?^C\dgd`?�SeKx \?f=`?i4eK^C^C` i4`?g4i4` 8A` i4`?cA`A� �k�Cr


�gK_EgKf=i4` 8AeKf=g4` x?hbaAeKcAeKhA8A\dcA`A_EgK8A^C` \?8Ag�r
1CV 
�gK_EgKf=i4` 8AeKuC` \A8Ag4cA`?` ���C��` ��	�

���|` ��	 � �Cr
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G V 
�gK_EgKf=i4` 8AeKuC` \A8Ag4cA`?���k� �C��� �k� 	 

���|���k� 	 � �Cr

�=�

$%� $%��12'�5%'�* =��
G V 
�gK_EgKf=i4` 8AeKuC` \A8Ag4cAgKx?hAaAeKcAeKhA8A\dcA`?_EgK8A^C` \A8Ag�r

{�\?8A^C` cAgKf=eK8AcA\dXA` a � XAaA8A_j`?Pk\?x _Ef=g4� �k� �C��� �k� 	 

���|���k� 	 � �jVWg�� Xb\?^C^C` yA` x g4[]\?^C_Ef=ab` f=g4x e
��\?f=i4e4cA} \?8AcAe4� �l�jPk_EVk�|x e ~ aAeKx g4f=` ^CaAx _Ee4ab8Ae4^C` 8AaA^G\?` cAg4cA`?eKi4XA` gKuCuCe G 	��
��f=g ~ aAgK8AuCe4aAhAaAeKx g4e ~ aAgKx x e4cbgKx?^CgKhA8AeKx g4cA`?` 8AhAf=gK^C^C\dP01�3 353���uCVWg4` 8A�SgKft_E` _Ee�r
stx?hAaAeKcAeKhA8A\dcA`?_EgK8A^C` \?8Ag4f=` ^GaAx _Ee4XAgKf=_EeK8A_E\	w":�� /�v G �
3�r �;/2/�v���r
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st8Zf=gKeKx _Ee�� x e4_EgK8A^C` \?8Ag4cA`?aA^G[]` _Ee4cAgKhAx `?eKi4XAx ` ��` [GeK_j\?f=` ���������	��

�
����

��������������������������������
 r�{�` \ � e4[GeKaA^Ce4cAgKx x e48A\?8Avtx ` 8AgKeKf=` _EeK}?cAgKx x g
[GeKf=eK_E_EgKf=` ^C_E` [G�Ag4cAgKx�QSRUT�Pk[]aAft�SeK_EaAf=e48b\?8Z8baAx x e4g4^CXAeKuC` eK_Eabf=e48A\?8Zab8A` ��\?f=i4g4eKx
�SeKf=` eKf=g4cA`?` �tV0r � `?cA` [Gg4[]�Ag4x } eKi4XAx ` ��` [GeK_E\?f=g4�Ae4` 8A_Ef=\?cA\?_j_E\dab8Ae �AB @?9EDC;=@CBNDG>	F%>	DG>
J B >	Fo<K;GF��
�bgKx x } gK^CgKf=[G` uC` \deKXAXAgK8Ae4^C�S\?x _E\Z^Cg
x } eKi4XA` gKuCuCe4cA`?��� ��g�� eKaAi4gK8A_jeK_Ee4e1?r G 	��+x e4cA` ^C_E\?f=^C` \?8Ag4^Ca�� �k��f=` ^CaAx _Ee
i4\?x _E\dXA` a � gK�S` cAgK8A_Eg�r
s-XA` [G[]�A`?XA\?^G` _E` �S`?cA`A� �k��^G\?8A\d_jeKhAx ` eK_E`
e 1�3 	 P0/�	|�k�tVW` 8Z[]\?f=f=` ^CXA\A8AcbgK8AuCe
cAgKhAx `?` ^C_EeK8A_E`?` 8Z[Gab`?` �

≈
` �

≈
3�r

s-XA` [G[]�A`A8AgKhAeK_E` �S`?cA`A� �l��^C\?8b\Z_EeKhAx ` eK_E`
e4[G` f=[Ge�3�r G v83�r  	�� ~ aAeK8AcA\d` �Wg��
[G\?^C` � hbf=eK8AcAg4cAe4^CXA\?^C_EeKf=g4` x?XAaA8A_E\
cA`?x eK�S\?ft\d` ^C_EeK8A_EeK8AgK\Z8AgKx x e4f=g?hA` \?8Ag
cAgKx x g4[GeKf=eK_E_EgKf=` ^C_E` [G�Ag4cA`?aA^G[G` _je4` 8Z[Gab`
� �k�

≈
3�r G v83�r  	 XAgKf ~ aAeKx aA8 ~ aAg4` �]r

�j�

� '�����*+��� ' *+)+$ )+*+) ,-'�)+$	 ��$ =@?
�l} eKi4XAx ` ��` [GeKuC` \?8Ag48b\?8Z` 8A_Ef=\?cbaA[Gg4eKXAXAf=gKuCuCeKyA` x g4cA` ^C_E\?f=^C` \A8bg48A\?8Zx ` 8AgKeKf=g4^C\?x \
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