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à4Ë$ÑEÞ9× à4Ô¼ËgÖ½Ë:×¼Î½ÙCËgËZß½Î½Õ�ß½Ë°Þ9×�Ð¼Ë&�%Ë$×¼Ð�Ë$×�à�Õ�Ì½Ø�à4ÔºÜ<àEà�Ô¼Ë)�%Ë$Ï�~,Ñ6Þ
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f(X ; τ, t(τ), θ, η) =
∫

f(X, r(τ) ; τ, t(τ), θ, η)dr(τ)

=
∫

f(r(τ) ; τ, t(τ), θ, η)f(X ; r
(τ), τ, t(τ), θ, η)dr(τ)

=
∫

f(r(τ) ; τ, t(τ), η)f(X ; τ, r(τ) · t(τ), θ)dr(τ).
�tx_�
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f(X ; τ, r(τ) · t(τ), θ) =
∑

X
(τ)
I

f(X, X
(τ)
I ; τ, r(τ) · t(τ), θ).
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∏
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×�Û¼Ú$Õ
Ë$Î¯à4Þ9Ð¼ËjÚ$Î½Ù'�¼Þ9×ºÜ®à�Þ9Î¯×¼Ñ­à4ÔºÜ<àOÜ<Õ9Õ9Î�Í Ü¸Ö¯Þ
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à�Ô�ËoË$×¼Ð]Î	
nà�Ô¼ËoË:Ð¼Ö½Ë:ÑRÍRÔ�Ì ÍjËoÛ¼Ñ4Ë]�
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�^Ô¼Ë`Õ9Þ
Ý¯Ë$Õ
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L(τ, t(τ), θ, η) = f(X ; τ, t(τ), θ, η).
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Y�Ü<à�Ë �\Þ9Ñ'à�Ï4Þ/�¼Û�à4Þ9Î½× v�Û¼ÙCË$Ï4Þ
Ú�Ü¯Õ�ß¯Ü<Õ9Û¼Ë
r1 r1 ∼ Exp(100)

}3� } xz}|}
r2 log(r2) ∼ N(log(r1), ν(t1 + t2)/2)

}3� }|}-E��
r3 log(r3) ∼ N(log(r2), ν(t2 + t3)/2)

}3� }wx_^ }
r4 log(r4) ∼ N(log(r2), ν(t2 + t4)/2)

}3� }wxz}��
' î�ä�æ�(*)Gå*æ

ti +
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ν = 0.01
þ

WºÎ½ÏµË�1�Ü¯Ù��¼Õ9Ë<Øsà�Ô¼Ë«ÙÅÜ_1�Þ
Ù[Û¼Ù Õ
Þ9Ý¯Ë:Õ9Þ
Ô¼ÎÈÎ�Ð·Ë$Ñ'à�Þ
ÙÅÜ<à4Ë$Ñ
(τ̂ , t̂(τ̂), θ̂, η̂)

Þ9Ñ´à�Ô¼Ë�Ñ6Ë:àgÎ	
S�ºÜ¯Ï4Ü¯Ù«ËZà�Ë:Ï
ß<Ü¯Õ9Û�Ë$Ñ�à4ÔºÜ<à�ÙÅÜ_1�Þ
Ù«Þ��$Ë[à4Ô¼Ë�Õ9Þ
Ý¯Ë:Õ9Þ9Ô�ÎÈÎ�Ð%
�Û¼×¼ÚZà�Þ9Î¯×?�Dr,× Î½Û¼ÏµÑ.�%Ë$Ú$ÞL(ºÚ�ÙCÎÈÐ�Ë$ÕOÍÇËCÍÇÎ¯Û¼Õ9Ð Ô�Ë$×¼Ú:Ë
Ë$Ñ'à�Þ
ÙÅÜ<à4Ë�à�Ô¼Ëeà�Î	��Î½Õ
Î½Ö¯Ì¯Ø`à4Þ9ÙCË!~2à�Ï4Ë:ËeÜ¯×¼Ð

ν
��Ì ×�Û¼ÙCË$Ï6Þ9Ú�Ü<Õ9Õ
Ì Ù«Üj1ÈÞ9ÙCÞ��$Þ
×¼Ö

L(τ, t(τ), ν)
ÍRÞ
à4Ô

Ï4Ë:Ñ.�%Ë$ÚZàEà4Î
τ
Ø
t
(τ) Ü¯×¼Ð ν

�
r,× à�Ô�ËÅÑ4Þ
Ù���Õ9Ë$Ï´Ú$Ü¯Ñ4Ë<Øsà�Ï6Ë�Ü<à4Ë$Ð Þ
× à�Ô�ËÅÑ4Þ
Ù[Û¼Õ9Ü<à�Þ
Î½×·Ñ6à4Û¼Ð�Ì½ØpÍRÔ�Ë$Ï4Ë«à�Ô¼Ë«Ü¯Ú:à4ÛºÜ¯Õ¿×�Û¼Ù)�%Ë$ÏgÎ"


Ñ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×¼ÑeÞ9× Ë�Ü¯Ú�Ô Ñ4Þ�à�ËlÜ¯Õ9Î¯×¼Ö Ë�Ü¯Ú�Ô Ë$Ð¼Ö¯Ë Þ
Ñ Î-�¼Ñ4Ë:Ï6ß¯Ë$ÐGØoà�Ô�Ë\��Ï4Î-�ºÜ"�¼Þ9Õ
Þ
à,ÌÉÐ¼Þ9Ñ'à�Ï4Þ/�¼Û�à4Þ9Î½×
�%Ë$Ú$Î¯Ù«Ë:ÑÇÑ4Þ
Ù���Õ9Ë$Ï�� @ Þ�à�ÔÅà4Ô¼Þ9Ñ¿Ù«Î¯Ï4Ë�Ð¼Ë:à�Ü¯Þ9Õ
Ë$ÐÅÐ¼Ü<à�Ü�ÍjË¸Ü<Õ9Ñ4Î�Î-�¼Ñ6Ë$Ï6ß¯ËoÙ[Û¼Õ�à�ÞC��Õ9Ë^Ñ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×¼Ñ&�
� Ö½Þ�ß½Ë:× Ñ4Þ�à�Ë«ÍRÞ
Õ9Õ¿ÔºÜ�ß½ËÅà4Ô¼Ë�Ñ4Ü¯Ù«ËÅ×�Û�Ú$Õ9Ë:Î¯à�Þ
Ð¼ËÅÞ
×$�%Î¯à�Ô Ë:×¼Ð¼Ñ°Î	
�Ü<× Ë$Ð¼Ö¯Ë�Þ/
Là4Ô¼Ë$Ï6Ë�ÍÇË:Ï4Ë�×�Î
Ñ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×¼Ñ$Ø_�¼Û�à­Ü¯Õ
Ñ4Î^ÞL
Èà4Ô¼Ë$Ï6Ë`ÍjË$Ï6ËÇÜ®ànÕ9Ë�Ü<Ñ6àaà,ÍjÎEÑ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½×¼ÑnÜ¯×¼Ð´ÞL
Èà4Ô¼ËOÕ�Ü¯Ñ'ànÑ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×
ÍÇÜ¯Ñoà�Î à�Ô¼ËHÎ½Ï6Þ9Ö½Þ
×ºÜ¯Õr×�Û¼Ú$Õ
Ë$Î¯à4Þ9Ð¼Ë"�'@ Þ
à4ÔKà�Ô¼Þ
ÑoÙ«Î½Ï6Ë°Ð¼Ë:à�Ü¯Þ9Õ
Ë$Ð·ÐºÜ®à�ÜeÜ¯×¼Ð Î½Û¼ÏoÑ���Ë:Ú$ÞL(ºÚHÙ«Î�Ð¼Ë$Õ�Ø
à�Ô�Ël×�Û¼Ù'��Ë:Ï]Î"
gÑ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½×¼Ñ�
�Ï4Î½Ù Ð¼Þ/K�Ë$Ï6Ë$×�à]Ñ4Þ�à�Ë$ÑeÚ$Ü¯× �%ËlÜ¯Ö½Ö½Ï6Ë$Ö�Ü®à�Ë$Ð ÍRÞ�à�Ô¼Î½ÛÈàeÕ9Î½Ñ6Ñ]Î"

Þ9× 
�Î½Ï4Ù«Ü<à�Þ
Î½×GØ�Ñ4Î ÞL
jÍjËCÕ9Ë:à

y1, . . . , y2k−2

Ð�Ë$×¼Î¯à4ËCà4Ô¼Ë°à�Î¯à�Ü¯ÕO×�Û¼Ù)�%Ë$Ï´Î	
ÇÑ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½×¼ÑµÜ¯Õ
Î½×¼Ö
à�Ô�ËµÐ�Þ/K�Ë$Ï4Ë:×�àEË:Ð¼Ö½Ë:ÑRà4Ô¼Ë>�¼Ï4Î	�ºÜ	�¼Þ
Õ9Þ
à,Ì«Ð¼Þ
Ñ6à�Ï6ÞC�¼ÛÈà�Þ9Î¯×�Þ9Ñ^Ö½Þ�ß½Ë:×!��Ì

f(y1, . . . , y2k−2 ; τ, r(τ) · t(τ)) =
2k−2
∏

i=1

(nriti)
yie−nriti

yi

=
2k−2
∏

i=1

(nbi)
yie−nbi

yi

,

Ü��¼Ï4Î�Ð¼Û¼ÚZà Î	
«Ó­Î½Þ
Ñ4Ñ6Î½×#�¼Ï4Î-�¼Ü	�¼Þ9Õ
Þ
à4Þ9Ë$Ñ�� �^Ô¼Ë Õ9Þ9Ý<Ë$Õ
Þ9Ô¼Î�ÎÈÐ 
�Î½ÏKà4Ô¼Þ9ÑKÙCÎ½Ï6Ë Ð¼Ë:à�Ü¯Þ9Õ
Ë$Ð ÐºÜ®à�Ü Þ9Ñ
L(τ, t(τ), ν) =

∫

f(r(τ) ; τ, t(τ), ν)f(y1, . . . , y2k−2 ; τ, r(τ) · t(τ))dr(τ) �
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G Üj1ÈÞ
Ù[Û¼Ù Õ
Þ9Ý<Ë$Õ9Þ
Ô¼Î�ÎÈÐ[Ë:Ñ6à4Þ9Ù«Ü<à�Ë:ÑM
�Î½Ïpà�Ô¼ËRÙCÎÈÐ�Ë$Õ¼Ð¼Ë:Ñ4Ú:Ï4ÞC�%Ë$ÐÅÜ	�%Î*ß¯Ë^ÍÇË:Ï4Ë�Ð¼Ë$Ï6Þ
ß½Ë:Ð«×�Û¼ÙCË$Ï6Þ9Ú$Ü¯Õ9Õ�Ì

�Î½ÏgÜKÖ½Þ
ß¯Ë$× Ï4Î�Î¯à4Ë$ÐR��~2à�Üj1ÈÎ½× à4Ï4Ë:Ë	�\� Ï4Î�Î¯à�Ë:Ð-��~2à�Üj1ÈÎ½× à4Ï4Ë$Ë«ÍLÜ¯Ñ°Ú�Ô�Î½Ñ4Ë:×ÉÞ
× Î½Ï4Ð�Ë$Ïgà4Î·Ý¯Ë$Ë��
×�Û¼ÙCË$Ï4Þ
Ú�Ü¯Õb�¼Ï4Î-��Õ9Ë$ÙCÑLà�ÎCÜHÙ«Þ
×¼Þ9ÙgÛ¼Ù!�`�^Ô¼ËµÞ9×�à�Ë:Ï4×ºÜ<Õa×¼ÎÈÐ�Ë¸ÍLÜ¯Ñ�Ú�Ô¼Î½Ñ6Ë$×]à�ÎCÔºÜ�ß½ËµË&��ÛºÜ¯ÕGà4Þ9ÙCË!~
Õ9Ë:×¼Ö¯à4ÔP�76
}3� {	�Eà�Î à�Ô¼ËHÏ6ÎÈÎ¯àµÜ<Ñ´à4Î à�Ô¼Ë°à�Ë:Ï4ÙCÞ9×ºÜ<Õ9Ñ=��Ñ4Ë$Ë�WsÞ
Ö½Û¼Ï6Ë�^-����sÈÛ3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×lË:Ð¼Ö½Ë%~,Ï�Ü®à�Ë$Ñ
ÍjË$Ï4ËeÖ½Ë:×¼Ë$Ï4Ü<à�Ë:ÐÉÎ¯×¼Ú$ËeÜ¯Ú:Ú$Î½Ï6Ð¼Þ9×�ÖKà�Î·à�Ô¼Ë ÙCÎ�Ð¼Ë$ÕjÎ	
��^Ô¼Î½Ï4×�Ë¯ØjÊ´Þ
Ñ4Ô¼Þ
×¼Î Ü¯×¼ÐñÓ­Ü¯Þ9×�à�Ë:Ï��tx7E	E��Q�
ÍRÞ
à4Ô

ν = 0.01
��Ô¼Î�ÍjË:ß¯Ë$Ï$ØºÑ6Þ9×¼Ú:Ë\à�Þ
Ù«Ë�Þ9Ñ¿Î½×¼Õ�ÌCÖ½Þ
ß¯Ë$×�Þ
×�Ï4Ë:Õ�Ü<à4Þ
ß½ËRà�Ë:Ï4ÙCÑjà4Ô¼Ë¸Ñ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×ÅÏ�Ü®à�Ë

r1

ÍÇÜ¯ÑLÑ6Ë:àLà4ÎgË���Û¼Ü¯Õ�}3� }wxEÏ�Ü<à4Ô¼Ë$Ï:��Ë:Þ9×¼Ö[Ö¯Ë$×¼Ë:Ï�Ü<à4Ë$ÐZ
�Ï6Î½Ù à�Ô¼ËEË�1 ��Î¯×¼Ë$×�à�Þ9Ü¯ÕwÐ�Þ9Ñ6à4Ï4Þ/�¼Û�à�Þ
Î½× �2� �EÕ9Õ
Ï�Ü®à�Ë$Ñ�Ü¯×�Ð]à4Ô¼Ë$Þ
Ï^Ð¼Þ9Ñ'à�Ï4Þ/�¼Û�à4Þ9Î½×¼ÑLÜ¯Ï4ËoÖ½Þ�ß½Ë:×XÞ
×��­Ü	�¼Õ
Ë x-�

�^Ô¼ËgÏ6Ë$Ñ6Û¼Õ
à4Þ9×¼Ö�� ~�à4Ï4Ë:Ë�Þ
Ñ�Ñ6Ô¼Î�ÍR×KÞ9×!WsÞ
Ö½Û¼Ï4ËA^ � � �¸Ü®à�Ü �¼ÍÇÜ¯Ñ\Ö¯Ë$×¼Ë:Ï�Ü<à4Ë$Ð9
�Î½Ï^à4Ô¼Ï4Ë:Ë�Ð¼ÞLKwË:Ï4Ë:×�à
Ñ4Ë���Û¼Ë$×¼Ú:Ë Õ
Ë$×¼Ö¯à4Ô¼Ñ$Ò

n = 1000
Ø

n = 10000
ØEÜ¯×¼Ð

n = 100000
� WºÎ½Ï Ë$Ü¯Ú�Ô

n
à�Ô�ËlÐ¼Ü<à�Ü

(y1, ..., y4)
Ø¼à4Ô¼Ëµà4Î¯à�Ü<Õa×�Û�Ù)��Ë:ÏRÎ	
pÑ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½×¼Ñ�Ü¯Õ9Î¯×¼ÖHË�Ü¯Ú�ÔXË$Ð¼Ö½Ë<ØºÍLÜ¯ÑEÑ4Þ
Ù��¼Õ�Ì�Ñ6Ë:à�à�ÎCË&��ÛºÜ¯Õ

à�Ô�ËLÚ$Î½Ï6Ï4Ë:Ñ.�%Î½×¼Ð¼Þ
×¼ÖoË�1 �%Ë$Ú:à4Ë$Ð°ß<Ü¯Õ9Û�Ë$Ñ$Ø¯Ï4Î½Û¼×�Ð¼Ë$Ð°à�ÎEà�Ô¼ËL×�Ë�Ü¯Ï6Ë$Ñ6à`Þ
×�à�Ë$Ö¯Ë$Ï&��sÈÎ]
�Î½ÏsË�1�Ü¯Ù��¼Õ9ËjË$Ð¼Ö½Ë

�



^ÈØ�ÍRÞ
à�Ô«à�Þ9ÙCË�Õ9Ë$×�Ö¯à�Ô
t2 = 0.5

Ü<×¼Ð�Ñ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×�Ï�Ü<à4Ë
r2 = 0.0098

Ø�ÍRÞ
Õ9Õ�
�Î½Ï
n = 10000

Ô¼Ü�ß¯Ë
y2 = nb2 = nr2t2 = 49

Î-��Ñ4Ë$Ï'ß½Ë:ÐKÑ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×�ÑJ��ÍRÞ
à4Ô¼Þ9×�à4Ô¼Ë�xz}|}|}c}HÑ6Þ
à4Ë$ÑT�LÜ<Ñ�Þ
×6�¼Û�àRÐ¼Ü<à�Ü3�

t

t

t2

1

4

Time−tree

=1
=0.5

=0.5t3 =0.5

b−tree

b 1 =0.01
b

b

2

4

=0.00563b

=0.0054

=0.0049

1 2 3
1

2

3

WsÞ
Ö½Û¼Ï4Ë
^ÈÒ0�^Ô¼ËLà�Þ
Ù«Ë%~�à4Ï4Ë$ËjÜ¯×¼Ð+�d~�à�Ï6Ë$ËLÛ�Ñ4Ë$ÐHÞ
×�à�Ô�ËLÑ4Þ
Ù[Û¼Õ�Ü®à�Þ9Î¯×�Ñ'à�Û¼Ð�Ì	�M�^Ô¼Ë^Ñ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½×[Ï�Ü®à�Ë$Ñ
Ü¯Ï6Ë´à�Ü¯Ý¯Ë:×!
�Ï6Î½Ù �­Ü	�¼Õ9Ë x	� WºÎ½Ï^Ë21¼Ü<Ù��¼Õ
Ë¯Ø

b2 = r2t2 = 0.0098 × 0.5 = 0.0049
�U�^Ô¼ËµÚ�ÔºÜ¯×�Ö½Ë$Ñ

�%Ë:à,ÍjË$Ë$×Xà�Ô¼Ëoà�Þ
Ù«Ë%~�à4Ï4Ë$Ë¸Ü¯×¼Ð à�Ô¼Ë>� ~2à�Ï6Ë$ËµÜ¯Ï4Ë´Ë21¼Ü<Ö½Ë$Ï4Ü<à�Ë:ÐXÞ
×eà4Ô¼Ë<(ºÖ½Û¼Ï6Ë	�

�­ÎRÑ6Þ9Ù��¼Õ9ÞL
�ÌEÞ
×3
�Ë$Ï6Ë$×¼Ú:Ëpà�Ô¼ËOÏ6ÎÈÎ<à�Ë$Ðoà4Ï4Ë$Ëpà4Î-�%Î½Õ9Î½Ö<Ì
τ
Ü¯×�Ð´à4Ô¼ËOß<Ü¯Ï4Þ9Ü¯×¼Ú$Ë �ºÜ¯Ï�Ü<Ù«ËZà�Ë$Ï

ν = 0.01Þ9× à4Ô¼ËeÏ�Ü<à4Ë�ß<Ü¯Ï4Þ9Ü<à�Þ
Î½× ÙCÎÈÐ�Ë$Õ2Ø`Ü<Ï4ËeÜ¯Ñ6Ñ4Û¼ÙCË$ÐñÝ�×¼Î�ÍR×d�
τ
Ü¯×¼Ð

ν
Ü¯Ï4Ë Ô¼Ë:×¼Ú$ËeÎ½ÙCÞ
à6à�Ë:Ð Þ9× à�Ô�Ë

×¼Î¯à�Ü<à�Þ
Î½× �2�VWºÛ¼Ï6à4Ô¼Ë$Ï:Ø¼Ü¯ÑLÙCË$×�à4Þ9Î½×¼Ë:Ð Þ9×�à4Ô¼Ë4�¼Ï6Ë:ß�Þ9Î½Û�Ñ^Ñ4Ë$ÚZà�Þ
Î½×�ÍÇË´Ü<Ñ4Ñ4Û�Ù«Ë¸à4ÔºÜ<à^ÐºÜ®à�Ü[Ú$Î¯×¼Ñ4Þ
Ñ6à�Ñ
Î	
ÇÎ-�¼Ñ4Ë:Ï6ß�Þ9×�ÖXà�Ô�Ë�Ü¯ÚZà�ÛºÜ¯ÕO×�Û¼Ù'��Ë:ÏgÎ	
ÇÑ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½×¼Ñoà4ÔºÜ<à�ÔºÜ�ß½ËÅÎ�Ú$Ú:Û¼Ï4Ï6Ë$Ð Ü<Õ9Î½×¼ÖeË$Ü¯Ú�Ô Ë$Ð�Ö½Ë¯Ø
Ü¯Õ
Ñ4Î Ú$Î½Û�×�à4Þ9×¼Ö Ù[Û�Õ
à�Þ/�¼Õ9Ë«Ñ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×�Ñ&�F[ÇË$Ú$Ü¯Û¼Ñ6Ë

τ
Ü¯×¼Ð

ν
Ü¯Ï4Ë]Ü¯Ñ6Ñ4Û¼ÙCË$ÐñÝ�×¼Î�ÍR×ÆÜ¯×¼Ð à�Ô�Ë

à�Þ
Ù«Ëi
�Ï6Î½Ùmà�Ô�ËXÏ6ÎÈÎ¯àHà4Î à�Ô�ËXÕ
Ë�Ü�ß½Ë:ÑÅÞ9ÑHÐ¼Ë�(º×¼Ë:ÐÆà�ÎlË&��ÛºÜ¯Õ�x½Øjà4Ô¼Ë$Ï6Ë Þ
ÑCÎ¯×¼Õ
Ì Î½×�ËXÏ6Ë$Ù«Ü¯Þ9×¼Þ
×¼Ö
�ºÜ¯Ï4Ü¯ÙCË:à�Ë:Ï$Ò¸à4Ô¼ËCà4Þ9ÙCË

t2

�Ï4Î½Ù_à4Ô¼ËHÏ4Î�Î¯àoà�Î à4Ô¼Ë«Þ
×�à�Ë$Ï6×ºÜ¯Õp×�ÎÈÐ¼Ë"�=�^Ô¼Þ9Ñ´Þ9Ñoà4Ï4Û¼ËHÑ4Þ
×¼Ú$Ë

t1 = 1Ü¯×¼Ð
t3 = 1 − t2 = t4

��Ñ6Ë$Ë!WsÞ9Ö¯Û¼Ï4Ë!^-�2�P�^Ô¼Ë]Õ9Þ
Ý¯Ë$Õ
Þ9Ô¼Î�Î�Ð Þ9× � �Q�[Ô¼Ë:×¼Ú$ËXÎ½×¼Õ�Ì Ð¼Ë���Ë:×¼Ð¼ÑÅÎ¯×
à�Ô�Ëi�ºÜ¯Ï4Ü¯Ù«ËZà�Ë:Ï

t2
ÍRÔ�Ì ÍjË�Ð¼Ï6Î-� à�Ô¼ËÅÞ9×¼Ð¼Ë21 Ü¯×¼Ð ÍRÏ4Þ�à�Ë

L(t)
�BWºÎ½Ï´à�Ô�Ë�Ð¼Þ/K�Ë$Ï6Ë$×�à°Ñ6Ë&��Û¼Ë$×�Ú$Ë

Õ9Ë:×¼Ö¯à4Ô¼Ñ
n
Ø
L(t)

ÍLÜ<ÑoÚ$Î½Ù��¼Û�à4Ë$Ð%
�Î½Ï
t = 0.01, 0.02, . . . , 0.99

��r,×·Ë�Ü<Ú�Ô Ñ6Û¼Ú�Ô Ö½Ï4Þ
Ð,��Î½Þ
×�à
tà�Ô�ËLÕ9Þ
Ý¯Ë$Õ
Þ9Ô¼Î�Î�ÐµÍÇÜ¯ÑpÚ:Î½Ù���Û�à�Ë:Ð°×�Û�Ù«Ë:Ï4Þ9Ú$Ü¯Õ9Õ�Ì>��Ì=GXÎ½×�à4Ë�HLÜ¯Ï4Õ
Î\Ñ4Þ
Ù[Û¼Õ9Ü<à�Þ
Î½×?�0�^Ô¼Þ9Ñ­ÍLÜ¯ÑsÐ¼Î½×¼Ë
��Ì

Ö½Ë:×¼Ë$Ï4Ü<à�Þ
×¼Ö�xz}�}|}|}oÞ9×¼Ð�Ë&�%Ë$×¼Ð¼Ë:×�àÇÏ4Ü<à�Ë^ß½Ë:Ú:à4Î½Ï4Ñ
r = (r1, . . . , r4)

Ü¯Ú$Ú:Î½Ï4Ð¼Þ
×¼Öoà�Î´à�Ô¼ËRÙCÎÈÐ�Ë$ÕºÜ¯×�Ð
Ö½Þ�ß½Ë$×�à�Ô¼ËÇà4Þ9ÙCË!~2à�Ï4Ë:Ë¯Ø¯Ü¯×¼Ð'
�Î½Ï­Ë�Ü¯Ú�Ô°Ñ6Û¼Ú�Ô°ß½Ë:Ú:à�Î¯Ïsà�Ô¼Ë �¼Ï4Î-�¼Ü	�¼Þ9Õ
Þ
à,Ì4
�Û�×¼Ú:à4Þ9Î½×

f(y1, . . . , y4 ; r·t)ÍÇÜ¯Ñ¸Ú$Î¯Ù��¼ÛÈà�Ë$Ð%
�Î¯Ï�à4Ô¼Ë[Î-�¼Ñ6Ë$Ï'ß½Ë$Ð ÐºÜ®à�Ü,��ÍÇËHÜ¯Ñ6Ñ4Î�Ú$Þ9Ü<à�Ë
t = t2

ÍRÞ
à�Ô
t = (1, t, 1 − t, 1 − t)

���
�­Ü¯Ý�Þ9×¼Ö°à�Ô�ËµÙCË�Ü<×]Î"
­à4Ô¼Ë$Ñ6ËA�¼Ï6Î-�ºÜ	��Þ9Õ9Þ�à,Ì=
�Û¼×¼Ú:à4Þ9Î½×�Ñ�Ö¯Þ
ß½Ë:Ñ�ÜHÖ¯ÎÈÎ�Ð]Ü	�6�¼Ï6Î71ÈÞ
ÙÅÜ<à4Þ9Î½×ÅÎ	


L(t) = f(y1, . . . , y4; t) =
∫

f(y1, . . . , y4 ; r · t)f(r ; t)dr.
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×�àRÔ¼Ü�ß�Þ
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Õ9Þ
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×¼Ë$ÐeÛ¼Ñ6Þ9×¼Ö�G Ü<à4Õ�Ü	��ß¯Ë$Ï6Ñ4Þ9Î¯×:y3�

�
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×�à4Ë$Ï6Ë$Ñ6à&���^Ô�Þ9Ñµ×¼Ë$Ö�Ü®à�Þ
ß¯ËHÚ$Î½×¼Ú:Õ9Û¼Ñ6Þ9Î½× Þ
Ñ´à4Ï4Û¼Ë
ÍRÔºÜ<à4Ë:ß¯Ë$Ï�Ë$Ñ6à4Þ9Ù«Ü<à�Î¯ÏLÞ9Ñ^Û¼Ñ6Ë$ÐGØ�×¼Î¯× ~ �ºÜ<Ï�Ü¯ÙCË:à4Ï4Þ9Ú<Ø�Õ
Þ9Ý¯Ë:Õ9Þ
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(τ) à�Ô�Ï4Î½Û¼Ö¯Ôà�Ô�Ë$Þ9Ï>�¼Ï6ÎÈÐ�Û¼Ú:à�ß½Ë$ÚZà�Î½Ï
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Ñ6à�Ë:×�à�Õ
Ì¯ØaÜ¯×¼Ð ×¼Î<à
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(τ) Ü<×¼Ð
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�Ï6Î½Ù �V��ÛºÜ<à4Þ9Î½×

�tx7�jÍRÔ¼Ë$Ï6Ë�Þ�àLÍLÜ<ÑEÑ6Ô¼Î�ÍR×Xà�Ô¼Ü<à

L(τ, t(τ), θ, η) = f(X ; τ, t(τ), θ, η) =
∫

f(r(τ) ; τ, t(τ), η)f(X ; τ, r(τ) · t(τ), θ)dr(τ).

�\ÑOÙCÎ½Ï6Ë^Ü¯×¼ÐHÙCÎ½Ï4ËLÐ¼Ü<à�Ü���Þ;�(Ë"�sÕ
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Ë$ÚZà�Ë$Ð
f(X; τ, r(τ) ·t(τ), θ)
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ÙCÎ½Ï4Ë´Ü¯×�Ð]ÙCÎ½Ï6Ë<��Ë$Ü¯Ý¯Ë:ÐKÜ¯Ï6Î½Û¼×¼Ð

f(X; τ, b̂, θ)
Ø�ÍRÔ¼Ë:Ï4Ë

b̂
Þ9ÑLà�Ô�ËµÙ«Üj1ÈÞ9ÙgÛ¼ÙhÕ
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Ù«Ü<à�Î½ÏV
�Î½Ï
b
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Õ9Î�ÍRÑOà�ÔºÜ®à�Ø

Ü¯Ñ
n
Ö½ËZà�ÑRÕ�Ü¯Ï6Ö½Ë¯Ø

L(τ, t(τ), θ, η) ≈ f
r
(τ)(b̂(τ)/t(τ); τ, t(τ), η)f(X ; τ, b̂(τ), θ),
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�Û¼×¼ÚZà�Þ
Î½× Î½×·à�Ô¼ËHÏ4Þ
Ö½Ô�àoÔºÜ¯×�Ð Ñ6Þ9Ð¼Ë<Ø­Ü<ÑoÞ9×¼Ð¼Þ
Ú�Ü<à4Ë$ÐB��ÌKà�Ô�ËCÑ6Û6� ~�Þ9×¼Ð¼Ë21�ØrÞ
Ñ¸à�Ô¼Ë
�¼Ï6Î-�ºÜ	�¼Þ
Õ9Þ�à,Ì Ð�Ë$×¼Ñ6Þ
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(τ)/t(τ) = (b

(τ)
1 /t

(τ)
1 , . . . , b

(τ)
2k−2/t

(τ)
2k−2)

�$�EÑ«Ü

�Û¼×¼ÚZà�Þ
Î½× Î	


t
(τ) à�Ô¼ËCÑ4Ë:Ú$Î½×¼Ð$
�Ü<Ú:à�Î¯ÏµÎ¯× à�Ô�ËÅÏ4Þ
Ö½Ô�àµÔºÜ¯×¼Ð Ñ4Þ9Ð�ËÅÞ9Ñ´Ú:Î½×¼Ñ6à�Ü¯×�à°Ü¯×�Ð Þ9Ñ´à�Ô�Ë$Ï4Ë�
�Î½Ï4Ë

Þ9Ï6Ï4Ë:Õ9Ë:ß<Ü¯×�à

�Î¯Ï^Þ9×3
�Ë:Ï4Ë$×�Ú$ËoÎ½×
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Õ9Î¯×¼Ö½Ë$ÏwÑ4Ë&��Û¼Ë:×¼Ú$Ë:ÑOÜ¯Ï6ËOÚ$Î½Õ
Õ9Ë$ÚZà�Ë:Ð´ÍRÔ�Þ9Ú�ÔµÞ9Ù��¼Õ9Þ
Ë$Ñ�à4ÔºÜ<àaà4Ô¼ËOÞ9×3
�Î¯Ï4Ù«Ü<à�Þ
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à�Ô°ÙCË�Ü<×
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(τ) = r
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�Î½Ï�Ü¯×XÞ
Õ9Õ
Û¼Ñ6à4Ï�Ü<à4Þ9Î½× �2�M�^Ô¼Þ
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Ìh��Ì Ú:Î½Õ9Õ
Ë$Ú:à4Þ9×¼Ö Õ9Î½×�Ö½Ë$Ï«Ü¯×¼Ð Õ
Î½×¼Ö½Ë:Ï«Ñ6Ë&��Û¼Ë$×�Ú$Ë$Ñ��
�EÎ�ÍjË:ß¯Ë$Ï$ØÈÖ½Þ
ß¯Ë$×°à�Ô�Ë��d~�à�Ï6Ë$Ë<Ø�Ð¼Ü<à�ÜoÔºÜ¯Ñ`×¼ÎµÜ¯Ð�Ð¼Þ
à4Þ9Î½×ºÜ<ÕÈÞ
×3
�Î½Ï4Ù«Ü<à4Þ9Î½×gÜ	��Î¯Û�àOà�Ô¼Ë^à4Þ9ÙCË!~�à4Ï4Ë:Ë¯Ø�Ü¯×�Ð
à�Ô�ËJ�d~�à�Ï6Ë$Ë´Ð¼Î�Ë$ÑR×¼Î¯à�Ü<Õ9Õ9Î�Í à�Ô�Ë´à4Þ9ÙCË!~2à�Ï4Ë:Ë\à�Î=�%Ë´Ë$Ñ6à4Þ9Ù«Ü<à�Ë:Ð ÍRÞ
à�Ô�Î½Û�àRÛ¼×¼Ú:Ë$Ï'à�Ü¯Þ
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�^Ô¼Ë°Ú$Î¯×¼Ú$Õ
Û¼Ñ4Þ
Î½×Kà�ÔºÜ®àoÐ¼Þ
ß¯Ë$Ï6Ö½Ë$×¼Ú:Ë[à�Þ
Ù«Ë:Ñ\Ú�Ü<×¼×¼Î¯à>�%Ë[Ë$Ñ'à�Þ
ÙÅÜ<à4Ë$Ð·Ú:Î½×¼Ñ4Þ
Ñ6à4Ë$×�à�Õ�Ì Ô¼Î¯Õ9Ð¼Ñ\à4Ï4Û¼Ë
Ü¯Õ
Ñ4ÎlÞ/
´ÜR[LÜ�Ì½Ë$Ñ6Þ�Ü¯×ÉßÈÞ
Ë:ÍS�%Î½Þ9×�à«Þ9Ñ«Ü¯Ð¼Î-�Èà�Ë$Ðb�Cr,×Éà�Ô¼Ë![LÜ�Ì½Ë:Ñ4Þ�Ü<× 
�Ï�Ü¯ÙCË:ÍjÎ½Ï4Ý à4Ô¼Þ9ÑHÍjÎ½Û¼Õ9Ðh��Ë

�Î½Ï6Ù[Û¼Õ�Ü®à�Ë$Ð!��ÌKÑ�Ü�Ì�Þ9×�ÖÅà�ÔºÜ®à¸à�Ô¼Ë'��Î½Ñ'à�Ë:Ï4Þ9Î¯ÏEÐ¼Þ
Ñ6à4Ï4ÞC��Û�à�Þ
Î½× Î	
Oà4Ô¼Ë[Ð¼Þ�ß½Ë:Ï4Ö½Ë:×¼Ú$Ë[à4Þ9ÙCË$Ñ\Ð�ÎÈË:Ñ¸×¼Î¯à
Ú$Î¯×�ß¯Ë$Ï6Ö½Ë�à4Î«Ü=�%Î½Þ9×�àRÙ«Ü¯Ñ4Ñ�Ü<àRà�Ô�Ë´à4Ï4Û¼Ë´Ð¼Þ�ß½Ë:Ï4Ö½Ë:×¼Ú$Ëµà�Þ9ÙCË$Ñ:ØºÜ¯ÑRÕ9Î¯×¼Ö½Ë$ÏRÜ<×¼ÐXÕ
Î½×¼Ö½Ë:Ï^Ñ4Ë���Û�Ë$×¼Ú:Ë$Ñ
Ü¯Ï6Ë Ú$Î¯Õ9Õ9Ë:Ú:à4Ë$Ð?�1r,× à4Ô¼Ë,[LÜ�Ì½Ë:Ñ4Þ9Ü¯×P
�Ï�Ü<Ù«ËZÍÇÎ½Ï6ÝñÜR�¼Ï6Þ9Î½ÏCÐ¼Þ9Ñ'à�Ï6ÞC�¼Û�à4Þ9Î½×

π(τ, t(τ), θ, η)

�Î½ÏHà�Ô�Ë

�ºÜ¯Ï4Ü¯ÙCË:à�Ë:Ï4ÑoÔºÜ<Ñ´à4Î���Ë°Ñ���Ë:Ú$Þ/(¼Ë$Ð Ü<Ð¼Ð¼Þ
à4Þ9Î½×¼Ü¯Õrà4Î à�Ô¼ËHË:ß¯Î½Õ9ÛÈà�Þ9Î¯×ºÜ¯Ï6ÌXÙCÎÈÐ¼Ë:Õ �A�^Ô¼Ë«Ý�×¼Î�ÍRÕ
Ë$Ð¼Ö½Ë
Ü	�%Î½Û�àµà�Ô¼Ë��ºÜ¯Ï4Ü¯Ù«ËZà�Ë:Ï4Ñ$ØsÜ"
�à�Ë:Ï�à4Ô¼ËÅÐºÜ®à�Ü

X
ÔºÜ¯ÑA��Ë:Ë$× Ú$Î¯Õ9Õ9Ë:Ú:à4Ë$ÐGØ­Þ9Ñ´à�Ô¼Ë:× Ë�1 �¼Ï6Ë$Ñ4Ñ6Ë$Ð Þ9×là�Ô¼Ë

�%Î½Ñ6à4Ë$Ï4Þ
Î½ÏrÐ¼Þ9Ñ'à�Ï4Þ/�¼Û�à4Þ9Î½×
π(τ, t(τ), θ, η| X)

� �^Ô¼ËjÏ4Ë:Õ�Ü<à4Þ9Î½×J��ËZà,ÍÇË:Ë$×°à�Ô�Ë �%Î½Ñ6à4Ë$Ï4Þ
Î½ÏnÐ¼Þ9Ñ'à�Ï6ÞC�¼Û�à4Þ9Î½×
Ü¯×¼Ð��¼Ï6Þ9Î½ÏLÐ�Þ9Ñ6à4Ï4Þ/�¼Û�à�Þ
Î½×eÜ¯×¼ÐeÕ
Þ9Ý¯Ë:Õ9Þ
Ô¼ÎÈÎ�ÐÅÑ4Ü<à�Þ
Ñ�(ºË:Ñ

π(τ, t(τ), θ, η| X) ∝ π(τ, t(τ), θ, η)L(τ, t(τ), θ, η).
� {-�

[ÇË:Ú�Ü¯Û¼Ñ6Ëµà4Ô¼Ë´Õ9Þ
Ý¯Ë$Õ
Þ9Ô¼Î�Î�ÐÅÍRÞ9Õ
Õw×¼Î¯à�Ö½ËZàRÙ«Î¯Ï4Ë´Ü¯×¼Ð]ÙCÎ½Ï4Ë<�%Ë�Ü¯Ý<Ë$Ð Ü¯Ï4Î½Û�×¼Ð]à4Ô¼Ëoà�Ï6Û¼Ë´Ð¼Þ
ß¯Ë$Ï4Ö¯Ë$×¼Ú:Ë
à�Þ
Ù«Ë:Ñ`Þ
à`Ô¼Ë:×¼Ú$Ë�
�Î½Õ9Õ
Î*ÍRÑOà4ÔºÜ<à¿×¼Î½Ï`ÍRÞ9Õ
Õ�à�Ô¼Ë��%Î½Ñ6à4Ë$Ï4Þ
Î½Ï`Ð¼Þ9Ñ'à�Ï6ÞC�¼Û�à4Þ9Î½×b� � Ú$Î½×�Ñ4Ë&��Û¼Ë:×¼Ú$Ë8
�Ï4Î½Ù à4Ô¼Þ9Ñ
Þ9ÑRà�Ô¼Ü<àEà4Ô¼ËµÚ�Ô¼Î½Þ9Ú:ËgÎ	
 �¼Ï4Þ
Î½ÏRÐ¼Þ9Ñ'à�Ï6ÞC�¼Û�à4Þ9Î½×eÍRÞ9Õ
ÕGÔºÜ�ß½Ë[Ü��¼Þ
Ö«Þ
Ù��ºÜ<Ú:à�Þ9Ï6Ï4Ë$Ñ���Ë:Ú:à4Þ
ß½ËµÎ	
OÔ�Î*Í Õ
Î½×¼Ö
Ñ4Ë���Û¼Ë$×¼Ú:Ë$ÑµÜ¯Ï6ËgÚ$Î¯Õ9Õ9Ë:Ú:à4Ë$Ð?���^Ô¼Þ9ÑEÞ9ÑEÞ9× Ú:Î½×�à�Ï4Ü¯Ñ6àEà�ÎÅà4Ô¼ËgÛ¼Ñ6ÛºÜ¯Õ­Ñ4Þ
à4ÛºÜ<à4Þ9Î½×eÍRÔ¼Ë$Ï6Ëgà�Ô�Ë[Ú�Ô¼Î½Þ
Ú$ËgÎ"

�¼Ï6Þ9Î½Ï
�%Ë$Ú:Î½ÙCË$ÑRÕ9Ë:Ñ4ÑRÞ9Ù���Î¯Ï6à�Ü<×�à^Ü¯ÑRÙ«Î½Ï6Ë¸ÐºÜ<à�Ü°Þ9ÑRÚ$Î½Õ
Õ9Ë:Ú:à�Ë:Ð?�

3 ,54 �!"�$+*�,��'& �  � �!" *��

r,×�WsÞ
Ö½Û¼Ï6Ë:� ÍÇËKÑ6Ô¼Î�Í Õ9Þ9Ý<Ë$Õ
Þ9Ô¼Î�ÎÈÐ �¼Õ
Î¯à�Ñ=
�Î½Ï
t = t2


�Î½ÏCà�Ô¼Ë:��~�à�Üj1ÈÎ½× Ë21�Ü¯Ù���Õ9Ë��¼Ï4Ë:Ñ4Ë$×�à4Ë$Ð
Ë�Ü<Ï4Õ9Þ
Ë$Ï:Ø 
�Î½ÏCÑ4Ë&��Û¼Ë:×¼Ú$Ë Õ
Ë$×¼Ö¯à4Ô¼ÑÅË���ÛºÜ¯ÕRà�Î

n = 1000
Ø

n = 10000
Ü¯×¼Ð

n = 100000
��@ Ë

ÔºÜ�ß½ËeÜ<Õ9Ñ4Î!�¼Õ9Î<à4à�Ë:Ð à�Ô�Ë�Õ9Þ
Ý¯Ë$Õ
Þ9Ô¼Î�Î�ÐB
�Î¯Ï
n = ∞

ÍRÔ¼Ë$Ï6Ë�ÍÇËÅÛ¼Ñ4Ë:ÐñË���ÛºÜ<à�Þ
Î½× � ef�´ÍRÔ¼Þ
Ú�Ô Þ9ÑgÜ¯×
Ë&��ÛºÜ<Õ9Þ
à,ÌKÞ9×·à�Ô¼ËHÕ
Þ9ÙCÞ
à��)[ÇË$Ú$Ü¯Û¼Ñ4ËHà�Ô�Ë=(¼Ï4Ñ6àµà�Ô�Ï4Ë$Ë=(ºÖ½Û�Ï4Ë$Ñ�Ü¯Ï6ËCÎ	��à�Ü¯Þ
×¼Ë$Ð Û¼Ñ6Þ9×¼Ö9GXÎ½×�à4ËZHLÜ<Ï4Õ9Î
Ñ4Þ
Ù[Û¼Õ9Ü<à�Þ
Î½×¼ÑEà4Ô¼Ë:Ì·Ü¯Ï4Ë=�¼Õ
Î¯à4à4Ë$Ð·Û¼Ñ6Þ9×¼ÖeÐºÜ¯Ñ6Ô¼Ë$Ð Õ9Þ
×¼Ë$ÑoÜ<ÑµÎ	�6��Î¯Ñ4Ë$Ð à�Î à4Ô¼ËHË�1�Ü¯Ú:àµÕ
Þ9Ý¯Ë:Õ9Þ
Ô¼ÎÈÎ�Ð Î"

à�Ô�ËXÕ9Ü¯Ñ6à��¼Õ9Î<à��Qr,×ñà�Ô¼Ë�(ºÖ½Û¼Ï6ËXÞ�à«Þ
Ñ«Ñ6Ë$Ë:× à�ÔºÜ®à�Ø^Ü¯ÑHà�Ô�Ë Ñ4Ë���Û¼Ë$×¼Ú:ËKÕ9Ë:×¼Ö¯à4Ô

n
Þ9×¼Ú:Ï4Ë�Ü<Ñ4Ë$Ñ:ØLà�Ô¼Ë

Õ9Þ
Ý¯Ë:Õ9Þ9Ô�ÎÈÎ�ÐeÖ½Ë:à4Ñ¸Ù«Î¯Ï4ËJ��Ë$Ü¯Ý¯Ë:Ð à4Î�Ñ6à�Ü¯Ï6à\Î	KR�¼Û�à\à4ÔºÜ<àEà�Ô¼Þ
Ñ\Ú$Î¯×¼Ú$Ë:×�à4Ï�Ü<à4Þ9Î½×Kà4Ô¼Ë$× Ñ6à�Î	�¼Ñ&� �pß½Ë:×

�Î½Ï

n = ∞
à�Ô�Ë\Õ9Þ
Ý¯Ë:Õ9Þ9Ô�ÎÈÎ�ÐHÞ9ÑÇ×�Î¯àL×¼Ë:Ö½Õ9Þ
Ö½Ë&��Õ9ËI
�Î½Ïjß<Ü¯Õ
Û¼Ë$ÑjÎ	


t
Þ9×Cà�Ô¼Ë\Ï�Ü¯×¼Ö¯Ë+� } � ef^�Øw}3� {-^-�`Ñ�Ü�Ì+*

Ï4Ë:Ú�Ü¯Õ
Õ¼à�ÔºÜ®à¿à4Ô¼ËRà�Ï4Û�Ë
t
Ë&��ÛºÜ¯Õ
Ñ }3� { �M�^Ô�Þ9Ñ`Þ9Õ
Õ9Û¼Ñ'à�Ï�Ü®à�Ë$Ñpà4ÔºÜ<à`à�Ô�ËEÐ¼Þ�ß½Ë:Ï4Ö½Ë:×¼Ú$Ë�à�Þ9ÙCË

t2 = t
Ú$Ü¯×¼×¼Î<à

�%ËCË:Ñ6à4Þ9Ù«Ü<à�Ë:ÐlÚ:Î½×¼Ñ6Þ9Ñ6à4Ë$×�à�Õ�Ì-�=�^Ô¼ËCÙÅÜ_1�Þ
Ù[Û¼Ù Õ9Þ
Ý¯Ë$Õ
Þ9Ô¼Î�Î�ÐKË$Ñ'à�Þ9Ù«Ü<à4Ë°Þ9Ñ
t̂ ≈ 0.47


�Î½Ï´Ü¯Õ
ÕpÐºÜ<à�Ü
Ñ4ËZà�Ñ���Þ �"Ë	�wÑ6Ë&��Û¼Ë:×¼Ú$ËCÕ9Ë:×¼Ö¯à�Ô�ÑT����v�Î¯à�Ëgà4ÔºÜ<à¸à4Ô¼Þ9ÑEß¯Ü<Õ9Û¼Ë�Ð¼Þ/K�Ë$Ï6Ñ]
�Ï4Î½ÙSà�Ô�Ë[à�Ï4Û�Ëgß<Ü¯Õ9Û¼Ë

t2 = 0.5
�

�^Ô¼ËHÏ4Ë$Ü¯Ñ4Î¯×\
�Î½Ï¸à4Ô¼Þ9ÑoÐ�Þ/K�Ë$Ï4Ë:×¼Ú$ËHÞ
Ñ¸à�ÔºÜ<à$Ø ��Ì Ú�ÔºÜ¯×¼Ú:Ë¯Ønà�Ô¼ËHÚ$Î¯Ï4Ï4Ë:Ñ.�%Î½×¼Ð¼Þ
×¼ÖeÑ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×·Ï4Ü<à�Ë
r2 = 0.0098

ÍÇÜ¯Ñ^Ï4Ë:Õ�Ü<à4Þ
ß¯Ë$Õ
ÌCÑ6ÙÅÜ¯Õ
Õ�Ú:Î½Ù��ºÜ¯Ï4Ë:Ð�à�Î[à4Ô¼Ë¸Î¯à4Ô¼Ë$ÏLÑ6Û6�¼Ñ'à�Þ
à4Û�à�Þ
Î½× Ï�Ü®à�Ë$Ñ��V�^Ô¼Þ9Ñ^Ù«Ü¯Ý<Ë$Ñ
à�Ô�Ë�Ú$Î½Ï6Ï4Ë:Ñ.�%Î½×¼Ð¼Þ
×¼Ö%�¼Ï4Ü¯×¼Ú�Ô Õ9Ë:×¼Ö¯à4Ô

b2 = r2t2 = 0.0049
Ï4Ë:Õ�Ü<à4Þ
ß¯Ë$Õ
Ì Ñ6ÙÅÜ<Õ9Õ9Ë:Ï���Ú$Î¯Ù��ºÜ<Ï4Ë«à4Ô¼Ë

Ë$Ð�Ö½Ë$Ñ�Þ9× à�Ô�Ë´à4Þ9ÙCË!~2à�Ï4Ë:Ë´Ü¯×¼Ð à�Ô�ËA� ~2à�Ï6Ë$Ë´Þ9×�WsÞ
Ö½Û¼Ï4Ë<^-���U�\×�ÐGØ�ÔºÜ�ßÈÞ
×¼ÖCÜCÑ6ÙÅÜ<Õ9Õb��Ï�Ü¯×¼Ú�ÔXÕ9Ë:×¼Ö¯à�Ô
b
Þ
Ù��¼Õ
Þ9Ë:Ñjà�Ô¼Ü<à^à�Ô¼Ë´Ë:Ñ6à�Þ
ÙÅÜ®à�Ë$Ð

t
~2ß<Ü¯Õ9Û¼Ë¸ÍRÞ
Õ9Õ%à�Ë$×�Ð]à4Î��%Ë´Ñ4Ù«Ü¯Õ9Õ
Ë$ÏÇà4ÔºÜ¯×eÞ
à4ÑLà�Ï6Û¼Ëoß¯Ü<Õ9Û¼Ë"�

�\ÑRÜgÚ:Î½Ù��ºÜ¯Ï4Þ
Ñ4Î½×«ÍÇË´Ü¯Õ
Ñ4Î�Ñ4Ô¼Î�Í Õ9Þ9Ý<Ë$Õ
Þ9Ô¼Î�ÎÈÐ��¼Õ
Î¯à�Ñ 
�Î½Ïjà4Ô¼ËoÚ$Î½Ï6Ï4Ë:Ñ.�%Î½×¼Ð¼Þ
×¼Ö)�¼Ï4Ü¯×¼Ú�ÔeÕ9Ë:×¼Ö¯à�Ô
b = b2


�Î½ÏLà4Ô¼ËoÑ�Ü¯ÙCË¸Ñ6Ë:à�Î	
rÑ4Ë���Û�Ë$×¼Ú:ËgÕ9Ë:×¼Ö¯à4Ô¼Ñ>��Ñ6Ë$ËJWsÞ
Ö½Û¼Ï4Ë]ef��� r 
rà�Ô¼Ë:Ñ4Ë>�¼Õ
Î¯à�Ñ^Ü<Ï4ËoÚ$Î¯Ù��ºÜ<Ï4Ë$Ð
ÍRÞ
à4ÔXà4Ô¼ËA��Õ9Î¯à4Ñ�Î"


L(t)
Þ9×9WsÞ9Ö½Û�Ï4Ë��CÞ�à�Þ9Ñ�Ñ4Ë$Ë:× à�Ô¼Ü<à

L(b)
Ú$Î¯×¼Ú$Ë:×�à4Ï�Ü<à4Ë$Ñ\Ü<à¸ÜCÔ¼Þ9Ö¯Ô¼Ë$ÏRÏ�Ü®à�Ë�Ü¯Ñ

n
Þ
×¼Ú$Ï6Ë�Ü¯Ñ6Ë$Ñ:ØwÜ¯×�Ð·Ü¯Õ9Ñ6ÎCà4ÔºÜ<à$Ø�Þ
×]à4Ô¼ËgÕ
Þ9ÙCÞ
àRÜ¯Ñ

n
à4Ë$×¼Ð�ÑEà�Î«Þ9×3(¼×¼Þ
à,Ì¯Ø�Ü<Õ9ÕaÙ«Ü¯Ñ4ÑEÚ$Î½×¼Ú:Ë$×�à�Ï4Ü<à�Ë:ÑoÜ<à

à�Ô�Ë�à4Ï4Û¼Ë^ß<Ü¯Õ9Û�Ë
b2 = 0.0049

� �^Ô¼Þ9Ñ`Þ9Õ
Õ9Û¼Ñ'à�Ï4Ü<à�Ë:Ñpà�ÔºÜ<à`à4Ô¼Ë8��Ï�Ü¯×¼Ú�Ô«Õ9Ë:×¼Ö½Ô�à�Ñ
bi
Ú�Ü¯×���ËRË:Ñ6à�Þ
ÙÅÜ®à�Ë$Ð

Ú$Î¯×¼Ñ4Þ
Ñ6à�Ë:×�à�Õ
ÌÅÍRÔ¼Ë$Ï6Ë�Ü¯ÑRà�Ô¼Ë´Ï6Ë$Õ�Ü®à�Þ
ß¯Ë¸à�Þ
Ù«Ë:Ñ
ti
Ú�Ü¯×¼×�Î¯à��

@ Ë�Ñ6à4Ï4Ë$Ñ6ÑEà4ÔºÜ<à�à�Ô¼ËµÑ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×]Ï�Ü®à�Ë$Ñ
(r1, . . . , r4)

Ü¯Ï4ËµÎ½×¼Õ�Ì Ö½Ë:×¼Ë$Ï4Ü<à�Ë:ÐKÎ½×¼Ú:ËJ
�Ï6Î½Ù à�Ô¼Ë
ÙCÎÈÐ¼Ë:Õ ��r 
�Ü\×¼Ë:ÍÉÑ4ËZà`Î	
%Ñ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×gÏ�Ü<à4Ë$ÑpÍjË$Ï4Ë^Ö¯Ë$×¼Ë:Ï�Ü<à4Ë$Ð°ÍÇËLÍjÎ½Û¼Õ
Ð°Ö½Ë:àOÜ¸Ð¼Þ/K�Ë$Ï6Ë$×�àV� ~2à�Ï4Ë:Ë	�
�^Ô¼Ë°Õ
Þ9Ý¯Ë:Õ9Þ
Ô¼ÎÈÎ�Ð!
�Î¯Ï

t = t2
ÍÇÎ¯Û¼Õ9Ð·à�Ô�Ë$× Õ9Î�Î½ÝeÑ4Î½ÙCË:ÍRÔ¼Ü<à´Ð¼Þ/K�Ë$Ï6Ë$×�à�Øb�¼Û�à´Þ
à\ÍÇÎ½Û�Õ9Ð·Ñ6à4Þ9Õ
Õ­ÔºÜ�ß¯Ë

xz}
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a) L(t), n=1000
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d) L(t), n=infinity
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Ö½Û¼Ï4Ë ��Ò<caÞ9Ý<Ë$Õ9Þ
Ô¼Î�ÎÈÐ%��Õ9Î¯à4Ñ¸Î	
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�Î½ÏEà�Ô¼Ë°Ñ6Þ9Ù[Û¼Õ9Ü<à�Þ
Î½× Ë21�Ü¯Ù���Õ9Ë¯Ø?
�Î¯Ï¸Ð¼Þ/K�Ë$Ï6Ë$×�à´ß<Ü¯Õ9Û¼Ë:Ñ¸Î	
¿à�Ô¼Ë
Ñ4Ë���Û¼Ë$×¼Ú:Ë�Õ9Ë:×¼Ö½Ô�à

n
���^Ô¼Ë=(ºÏ4Ñ'à´à�Ô¼Ï6Ë$Ë��¼Õ9Î¯à4Ñ´Ü¯Ï4ËHÎ-�Èà�Ü¯Þ
×¼Ë$ÐlÛ¼Ñ4Þ
×¼Ö!GXÎ½×�à�ËZHLÜ¯Ï6Õ9ÎeÑ4Þ
Ù[Û¼Õ�Ü®à�Þ9Î¯×¼Ñ

Ü¯×¼Ð à4Ô¼ËÅÕ9Ü¯Ñ6à'�¼Õ9Î<àgÞ
Ñ'�¼Õ
Î¯à4à4Ë$Ð ÍRÞ�à�Ô à4Ô¼Ë�Õ9Þ
Ù«Þ�à�Þ
×¼Ö Õ9Þ
Ý¯Ë$Õ
Þ9Ô¼Î�Î�Ð?� r�à°Þ9Ñ�Ñ4Ë$Ë:× à�ÔºÜ®à°Þ9×3
�Î¯Ï4Ù«Ü<à�Þ
Î½×
Ü	�%Î½Û�à[à4Ô¼Ë�Ï6Ë$Õ�Ü®à�Þ
ß¯ËÅà�Þ
Ù«Ë

t
Þ9×¼Ú:Ï4Ë�Ü<Ñ4Ë$Ñ[ÍRÞ�à�Ô

n
��Û�à[à�Ô�ËeÜ¯Ù«Î¯Û¼×�à[Î	
�Þ9× 
�Î½Ï4Ù«Ü<à�Þ
Î½×lÞ9ÑgÕ
Þ9ÙCÞ
à4Ë$Ð

Ù«Ü¯Ý�Þ9×¼Ö°Ú:Î½×¼Ñ4Þ
Ñ6à4Ë$×�à\Ë:Ñ6à4Þ9Ù«Ü<à�Þ
Î½×i�%Î½Ñ4Ñ6ÞC�¼Õ
Ë	�

×¼Î½×�×¼Ë$Ö½Õ
Þ9Ö½Þ/�¼Õ9Ë�Õ9Þ
Ý¯Ë$Õ
Þ9Ô¼Î�Î�ÐXß<Ü¯Õ9Û�Ë$Ñ4
�Î½Ï´ÜeÏ�Ü¯×�Ö½Ë°Î	

t
~�ß<Ü¯Õ9Û�Ë$ÑµÜ¯Ñ¸à�Ô�ËCÑ6Ë&��Û¼Ë:×¼Ú$Ë�Õ
Ë$×¼Ö¯Ô�à

n
Ö½Ï6Ë:Í>�

�^Ô¼Ë«Õ9Þ9Ý<Ë$Õ
Þ9Ô¼Î�ÎÈÐ,
�Î½Ï
b = b2

ØsÎ½× à4Ô¼ËÅÎ<à�Ô¼Ë:Ï�ÔºÜ<×¼ÐGØsÍjÎ½Û¼Õ
Ð �6Û¼Ñ'à[Õ9Þ
Ý¯Ë���Ë�
�Î½Ï4ËCà�Ë:×¼Ð à�Î Ü!�%Î½Þ9×�à
Ù«Ü¯Ñ4Ñ:Ø��¼Û�àR×¼Î�Í Ü¯Ï6Î½Û¼×¼Ð à4Ô¼Ë´×¼Ë:Í à�Ï4Û�Ë´ß<Ü¯Õ
Û¼ËoÎ	


b2 = r2t2 = 0.5r2
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�^Ô¼ËµÑ4Þ9ÙgÛ¼Õ�Ü<à4Þ9Î½×«Ë�1�Ü¯Ù��¼Õ9ËoÚ:Î½×�à�Ü¯Þ
×¼Ñ^Ñ4ËZß½Ë:Ï�Ü¯ÕrÛ¼×¼Ï6Ë�Ü¯Õ
Þ9Ñ6à4Þ9ÚEÑ4Þ9Ù��¼Õ
Þ/(ºÚ$Ü<à�Þ
Î½×¼Ñ&� WsÞ9Ï6Ñ6à$ØÈà�Ô�ËµËZß½Î ~

Õ9ÛÈà�Þ9Î¯×ºÜ¯Ï6ÌCÙCÎÈÐ�Ë$ÕwÞ
ÑÇß½Ë:Ï6Ì Ñ6Þ9Ù��¼Õ9Ë�ÍRÞ
à4Ô�à�Ô¼ËoÑ4Ü¯Ù«Ë\Ñ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½× Ï4Ü<à�Ë]
�Î¯ÏLË�Ü¯Ú�Ô]Ñ4Þ�à�ËoÜ<×¼Ð!O¯Û¼Ý¯Ë:Ñ
HLÜ¯×�à�Î¯ÏLà,Ì �%Ë´Ñ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×eÙCÎÈÐ�Ë$Õ � �EÎ�ÍÇËZß½Ë:Ï$Øºà�Ô¼Ë´Ñ4Ü¯Ù«Ë<��ÛºÜ<Õ9Þ
à�Ü<à�Þ�ß½ËEÏ4Ë$Ñ6Û¼Õ
à^ÍjÎ½Û¼Õ
ÐeÑ6à�Þ
Õ9Õ�Ô¼Î½Õ9Ð
Þ/
sÜHÙ«Î½Ï6ËoÖ½Ë$×�Ë$Ï�Ü<ÕaÑ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½×]Ï�Ü<à4Ë´Ù«Î�Ð¼Ë$Õ�ÍÇÎ½Û�Õ9Ð���Ë´Û¼Ñ6Ë$ÐGØ�Ü¯×¼ÐXÜ¯Õ9Ñ6ÎHÞ/
rà�Ô¼Ë´Ù«Ü¯Ö½×¼Þ�à�Û¼Ð¼ËoÎ"

à�Ô�ËoÑ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½×�Ï4Ü<à�Ë:ÑÇß<Ü¯Ï4Þ
Ë$Ð Î�ß½Ë:ÏLà�Ô¼Ë\Ñ4Ë&��Û¼Ë:×¼Ú$ËµÞ9×eÜ�Ñ6Ì�Ñ6à4Ë$Ù«Ü<à�Þ
ÚoÜ¯×¼Ð��®Î½ÏLÏ�Ü<×¼Ð¼Î½Ù ÍLÜ�Ì	� �
Ú$Ï6Û¼Ú$Þ9Ü¯Õ�Ü¯Ñ4Ñ6Û¼Ù��Èà�Þ9Î¯×Z
�Î½Ï¿Î½Û¼ÏÇÏ6Ë$Ñ6Û¼Õ
àLà4Î[Ï4Ë:ÙÅÜ<Þ9×Hà�Ï4Û�Ë¸Þ9×Åà4Ô¼Ë\Õ9Ü<à4à4Ë$ÏjÚ�Ü¯Ñ6Ë¸Þ9Ñ¿à�ÔºÜ<àjà�Ô¼Ë)��Ï6Ë$Õ�Ü®à�Þ
ß¯Ë7�
Ë:ß¯Î½Õ9ÛÈà�Þ9Î¯×KÎ	
`à�Ô¼ËgÑ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½×KÏ4Ü<à�Ë:ÑoÎ�ß½Ë$Ï¸à4Ô¼Ëgà4Ï4Ë$ËgÞ9Ñ\à4Ô¼Ë[Ñ�Ü<Ù«Ë'
�Î¯Ï\Ð¼ÞLKwË:Ï4Ë$×�à´Ñ6Þ
à�Ë:Ñ&�<@ Ô¼Ë:×
à�Ô�Þ9ÑjÜ¯Ñ4Ñ6Û¼Ù��Èà�Þ9Î¯×�
�Ü¯Þ
Õ9ÑOÍjË¸Ü¯Ï6ËEÞ
×�Ü�Ð�Þ/K�Ë$Ï4Ë:×�àÇÚ:Õ�Ü¯Ñ6ÑjÎ	
GÙ«Î�Ð¼Ë$Õ
ÑOÍRÔ¼Þ9Ú�Ô Ü<Ï4Ë�Ð¼Þ9Ñ6Ú$Û¼Ñ6Ñ4Ë$Ð���Ï4Þ9Ë��¼ÌHÞ9×
à�Ô�Ë�×�Ë�1�à¿Ñ4Ë$ÚZà�Þ
Î½×?�M�E×¼Î¯à�Ô�Ë$Ï`Ñ4Þ
Ù��¼Õ
Þ/(ºÚ$Ü<à�Þ
Î½×µÞ9×°à�Ô¼ËRË21¼Ü<Ù��¼Õ
Ë^Þ9Ñpà4ÔºÜ<àOÍjËEÜ<Ñ4Ñ4Û�Ù«Ë^à�Ô¼Ü<àOà�Ô¼Ë^à4Ï4Ë$Ë
à�Î	��Î½Õ
Î½Ö¯Ì]Þ9Ñ\Ý�×�Î*ÍR×wØrà4ÔºÜ<à

ν = 0.01
Þ9ÑoÝ�×¼Î�ÍR×GØrÜ¯×¼Ð·à4ÔºÜ<à¸ÍjËHÎ-�¼Ñ4Ë:Ï6ß¯ËCà4Ô¼ËHÜ¯Ú:à4ÛºÜ¯ÕpÎ�Ú$Ú:Û¼Ï4Ï6Ë$Ð

×�Û¼Ù)�%Ë$Ï¸Î"
`Ñ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½×¼Ñ)��Ú:Î½Û¼×�à�Þ
×¼Ö Ü¯Õ
Ñ4Î�Ù[Û�Õ
à�Þ/�¼Õ9Ë´Ñ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½×¼ÑT��Ü¯Õ9Î¯×¼ÖÅË$Ü¯Ú�Ô Ë$Ð¼Ö½ËgÎ	
Oà�Ô¼Ë

x|x
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�Î½Ï\à�Ô�Ë°Ñ4Þ9ÙgÛ¼Õ�Ü<à4Þ9Î½×XË�1�Ü¯Ù��¼Õ9Ë<Øb
�Î½Ï¸Ð�Þ/K�Ë$Ï4Ë:×�à¸ß<Ü¯Õ9Û¼Ë:ÑoÎ	
`à�Ô¼Ë
Ñ4Ë���Û¼Ë$×¼Ú:ËKÕ9Ë:×¼Ö½Ô�à
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�h�^Ô¼ËKÜ¯ÙCÎ½Û¼×�àHÎ	
\Þ9×3
�Î¯Ï4Ù«Ü<à�Þ
Î½× Þ9×�Ú$Ï4Ë$Ü¯Ñ4Ë:Ñ«à4Î Þ
×3(º×¼Þ�à,Ì ÍRÞ
à4Ô

n
Ù«Ü¯Ý�Þ9×¼Ö

Ú$Î¯×¼Ñ4Þ
Ñ6à�Ë:×�à\Ë:Ñ6à�Þ
ÙÅÜ®à�Þ9Î¯×i��Î¯Ñ4Ñ4Þ/�¼Õ9Ë"�

à�Ï6Ë$Ë"� �pß¯Ë$×eÍRÞ
à�Ô�à4Ô¼ËoÑ4Þ
Ù���Õ9Ë\ÙCÎ�Ð¼Ë$Õ%à�Ï4Ë$Ü<à�Ë:ÐeÞ9×�à�Ô�ËoË�1�Ü¯Ù��¼Õ9Ë\à4Ô¼Þ9ÑÇÞ9Ñ^×¼Î¯àÇß½Ë$Ï'Ì Ï4Ë$Ü¯Õ9Þ
Ñ6à4Þ9Ú¯Øg�¼Û�à
��ÌeÜ¯Ñ6Ñ4Û¼ÙCÞ9×¼Ö[à4Ô¼Þ9Ñ^Ð¼Ü<à�Ü°Ï�Ü®à�Ô¼Ë:ÏLà�ÔºÜ¯×eÑ6Ë&��Û¼Ë$×�Ú$ËgÐ¼Ü<à�Ü°Ù«Ü¯Ý¯Ë:Ñ�Þ
×3
�Ë$Ï6Ë$×¼Ú:ËoÙ«Î¯Ï4Ë<�¼Ï6Ë$Ú$Þ
Ñ4Ë<ØºÑ4Î°à�Ô¼Ë
Õ9Þ
Ý¯Ë:Õ9Þ9Ô�ÎÈÎ�ÐR
�Î½Ï

t
�ºÜ¯Ñ6Ë$ÐñÎ½× Ñ4Ë���Û�Ë$×¼Ú:Ë ÐºÜ<à�Ü·Ñ4Ô¼Î½Û�Õ9Ð ��Ë ËZß½Ë:× Õ9Ë:Ñ4Ñ=�%Ë�Ü¯Ý<Ë$Ð?�FWsÞ
×ºÜ¯Õ9Õ�Ì½ØpÞ
× à�Ô¼Ë

Ë�1�Ü¯Ù��¼Õ
ËgÍÇËHÎ½×�Õ
ÌKÚ:Î½×¼Ñ6Þ9Ð¼Ë:Ï´Ü�Ï4Î�Î¯à�Ë:Ð à4Ï4Ë:Ë)
�Î½Ï¸à�Ô¼Ï6Ë$Ë[à4Ë$Ï4ÙCÞ9×¼Ü¯Õ9Ñ��A�^Ô¼ËHÏ6Ë�Ü¯Ñ6Î½×,
�Î½Ï\à�Ô�Þ9Ñ¸ß½Ë:Ï6Ì
Ñ4Ù«Ü¯Õ
Õ�Ë�1�Ü¯Ù��¼Õ9Ë¿Þ9Ñrà�Î\Ý<Ë$Ë��°×�Û�Ù«Ë:Ï4Þ9Ú$Ü¯Õf�¼Ï4Î	�¼Õ9Ë:Ù«Ñnà�Î\Ü\Ù«Þ
×¼Þ9ÙgÛ¼Ù!�?W�Î¯Ï­ÙCÎ½Ï4Ë¿Ï4Ë$Ü¯Õ9Þ
Ñ6à4Þ9Ú�Ü<Õ9Õ
ÌEÑ4Þ��$Ë:Ð
Ë�1�Ü¯Ù��¼Õ
Ë$ÑoÞ
à\Þ9Ñ´Ü�Ð¼Þ �CÚ$Û¼Õ�ào×�Û¼Ù«Ë:Ï4Þ
Ú�Ü¯Õ �¼Ï4Î-��Õ9Ë$Ù à�Î Î-�Èà�Ü¯Þ
×Kà�Ô¼Ë°Õ
Þ9Ý¯Ë:Õ9Þ
Ô¼ÎÈÎ�Ð�
�Û¼×¼Ú:à4Þ9Î½×·Î¯ÏoË:ß½Ë:×
Ü¯×]Ü	�6��Ï4Î�1ÈÞ9Ù«Ü<à�Þ
Î½× Î	
­Þ
à�Ø �¼Û�àRà�Ô�Þ9ÑI�¼Ï6Î-�¼Õ9Ë:Ù Þ9Ñ^Î¯Û�à�Ñ6Þ9Ð¼Ë¸à4Ô¼Ë´Ñ4Ú$Î	��Ë´Î	
rà�Ô¼Ë>�¼Ï6Ë$Ñ6Ë$×�àoÜ¯Ï'à�Þ
Ú$Õ9Ë"�

�g����

� ���$�!�"�

r,×Hà�Ô¼ËS�¼Ï6Ë:ß�Þ9Î½Û�Ñ¿Ñ6Ë$ÚZà�Þ9Î¯×«Þ�àOÍLÜ¯Ñ`Ñ6Ô¼Î�ÍR×«à�Ô¼Ü<à`Þ
à`Þ
ÑOÞ9Ù���Î½Ñ6Ñ4Þ/�¼Õ9ËÇà4Î´Ë$Ñ6à4Þ9Ù«Ü<à�ËLà4Ô¼ËRÏ4Ë:Õ�Ü<à4Þ
ß½Ë^Ð�Þ
ß½Ë:Ït~
Ö½Ë:×¼Ú$Ë¸à4Þ9ÙCË$ÑLÎ	
rÜ)��Ô�Ì�Õ
Î½Ö½Ë$×�Ë:à�Þ
Ú¸à�Ï6Ë$Ë¸Ú:Î½×¼Ñ4Þ
Ñ6à4Ë$×�à�Õ�Ì½Ø6��Ì�à�Ü¯Ý�Þ9×¼Ö[Õ
Î½×¼Ö½Ë:ÏLÜ¯×�Ð]Õ
Î½×¼Ö½Ë:ÏÇÑ6Ë&��Û¼Ë$×�Ú$Ë$Ñ:Ø
ÍRÞ
à4Ô¼Î½Û�àEÜ¯Ñ6Ñ4Û¼ÙCÞ9×�ÖHà4Ô¼Ë´Ù«Î¯Õ9Ë$Ú:Û¼Õ�Ü<ÏLÚ$Õ
ÎÈÚ�Ý Ü<Ñ4Ñ4Û�Ù���à4Þ9Î½×b�:�EÕ
à�Ô�Î½Û¼Ö½ÔeÐ¼Þ �«Ú:Û¼Õ
à4Þ9Ë:Ñ^Þ9×]Ë$Ñ6à4Þ9Ù«Ü<à�Þ
×¼Ö
Ð¼Þ�ß½Ë$Ï6Ö½Ë$×�Ú$Ë\à4Þ9ÙCË$Ñ`ÍRÔ¼Ë$× Ñ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½×ÅÏ4Ü<à�Ë:Ñjß<Ü¯Ï6ÌCÎ�ß½Ë:ÏÇà�Ô�Ë]�¼Ô�Ì�Õ9Î½Ö¯Ë$×¼ËZà�Þ9Ú�à�Ï6Ë$Ë\Ô¼Ü�ß¯Ë4�%Ë$Ë$× Ï6Ë!~
�%Î½Ï6à4Ë$Ð��¼Ï4ËZß�Þ9Î½Û¼Ñ6Õ
Ì,��Ë	�"Ö6� s�Ü<×¼Ð¼Ë$Ï6Ñ4Î½×wØ���Ë:Ï4Ñ4Î¯×ºÜ¯ÕGÚ:Î½Ù«ÙgÛ¼×¼Þ9Ú$Ü<à�Þ
Î½×GØ�Ü¯×¼Ð��^Ô¼Î¯Ï4×¼ËµÜ¯×¼Ð]ÊoÞ9Ñ6Ô¼Þ9×�Î¼Ø
^c}|}-^-�\à�Ô¼Þ
Ñ�Ï6Ë$Ñ4Û�Õ
à�ÔºÜ¯Ñg×�Î¯à'�%Ë$Ë:× Ð¼Þ
Ñ4Ú$Î�ß¯Ë$Ï4Ë:Ð��¼Ï4ËZß�Þ9Î½Û¼Ñ6Õ
Ì	�WsÈÞ9×¼Ú:Ë«Ú:Î½×¼Ñ6Þ9Ñ6à4Ë$×¼ÚZÌ Þ
Ñ�Î¯×¼Ë«Î"
Là�Ô¼Ë

x_^



ÙCÎ½Ñ6àHÞ
Ù��%Î½Ï6à�Ü¯×�à)�¼Ï6Î-�%Ë$Ï6à4Þ9Ë:Ñ[ÍRÔ¼Ë$×ñÙÅÜ<Ý�Þ
×¼Ö,�ºÜ¯Ï4Ü¯ÙCË:à�Ë:Ï°Þ9×3
�Ë:Ï4Ë:×¼Ú$Ë<ØÇÜ·Ï4Ë:Õ9ËZß¯Ü<×�à=��Û¼Ë:Ñ6à4Þ9Î½×ñÞ9Ñ
Þ/
¿Ë:Ñ6à�Þ
ÙÅÜ®à�Þ9Î¯×·Þ9ÑoÚ$Î¯Ù��¼Õ
Ë:à4Ë$Õ
ÌXÛ¼Ñ6Ë$Õ9Ë:Ñ4ÑµÞ9×·à�Ô�ËCÑ6Þ
à4ÛºÜ<à�Þ
Î½×Kà�Ï6Ë�Ü<à4Ë$Ð?�=�^Ô¼ËCÜ¯×�Ñ6ÍjË$Ï´à�Î à�Ô¼Þ
Ñ<��Û¼Ë$Ñ�~
à�Þ
Î½×KÞ
Ñ\×¼Î�*]à4Ô¼Ë$Ï6Ë[Þ9Ñ¸Þ
×3
�Î½Ï6ÙÅÜ<à4Þ9Î½×]Ü	�%Î½Û�à\à�Ô¼Ë[Ð�Þ
ß½Ë:Ö½Ë$×�Ú$Ë[à�Þ
Ù«Ë:Ñ\Þ
× à�Ô¼Ë°Ð¼Ü<à�Ü�ØwÜ¯Õ
à4Ô¼Î½Û¼Ö¯Ô à�Ô¼Ë
Ü¯ÙCÎ½Û¼×�àRÎ	
­Þ9×3
�Î¯Ï4Ù«Ü<à�Þ
Î½×�Þ9Ñ^Õ
Þ9ÙCÞ
à4Ë$Ð�ËZß½Ë$× Ü¯Ñ^à�Ô¼Ë´Ñ6Ë&��Û¼Ë$×�Ú$ËgÕ
Ë$×¼Ö<à�Ô]Þ9×¼Ú:Ï4Ë�Ü<Ñ4Ë$ÑA��Ñ4Ë$ËAWsÞ
Ö½Û¼Ï4Ë��-���
�^Ô¼Þ
Ñ\Þ9Ù��¼Õ
Þ9Ë$ÑLà4ÔºÜ<àEà�Ô¼Ë�Ð¼Þ
ß¯Ë$Ï4Ö¯Ë$×¼Ú:Ëgà�Þ
Ù«Ë:Ñ\Ü¯Ï6Ëg×¼Î<à\Û¼×�Þ9Ð¼Ë:×�à4Þ/(�Ü"�¼Õ9Ë ��Ñ6Î½Ù«Ë�Ñ4ËZà�Ñ¸Î	
pÐ¼Þ
ß¯Ë$Ï4Ö¯Ë$×¼Ú:Ë
à�Þ
Ù«Ë:ÑµÜ¯Ï4Ë«Ù«Î½Ï6ËHÕ9Þ9Ý<Ë$Õ�ÌKà�ÔºÜ<× Î¯à4Ô¼Ë$Ï6Ñ$ØOÜ¯×�Ð Ù«Üj1ÈÞ9Ù[Û¼Ù_Õ9Þ9Ý<Ë$Õ
Þ9Ô¼Î�ÎÈÐ·Ë:Ñ6à4Þ9Ù«Ü<à�Ë:Ñ�Ë21�Þ
Ñ6à4Ñ[Ü¯×¼Ð Ü¯Ï4Ë
Û¼×¼Þ/��Û¼Ë���Ñ6Ë$Ë+
�Î½Ï¸Ë21¼Ü<Ù��¼Õ
Ë+Y�Ü¯×¼×ºÜ¯Õ9Ü�Ø ^ }|}Q^ÈØN
�Î½ÏoÜ Ð¼Þ9Ñ6Ú$Û¼Ñ6Ñ4Þ
Î½×·Î½× Û¼×¼Þ
Ð¼Ë$×�à�ÞL(�Ü	�¼Õ
Ë'�ºÜ<Ï�Ü¯ÙCË:à4Ë$Ï4Ñ
Þ9×°Î�ß¯Ë$Ï.�¼Ü¯Ï�Ü¯ÙCË:à4Ï4Þ
Ñ4Ë$ÐCÙCÎÈÐ¼Ë:Õ9Ñ ��� �EÎ�Í à4Ô¼Ë^ÙÅÜ_1�Þ
Ù[Û¼Ù Õ9Þ
Ý¯Ë$Õ
Þ9Ô¼Î�Î�Ð�� G!c �sË:Ñ6à4Þ9Ù«Ü<à�ËLÎ"
GÜoÑ.�%Ë$Ú:Þ/(ºÚ
Ë$Ð�Ö½Ëoà�Þ9ÙCË!~�Õ9Ë:×¼Ö¯à�ÔÅÞ9×eÜ+�¼Ô�Ì�Õ9Î½Ö½Ë:×¼Ë:à4Þ9Ú¸à4Ï4Ë$Ë´Ï6Ë$Õ�Ü®à�Ë$ÑLà4Î[à�Ô¼Ëoà4Ï4Û¼Ë¸à4Þ9ÙCË!~,Õ
Ë$×¼Ö<à�Ô�Ð¼Ë���Ë:×¼Ð¼Ñ�Î½× à�Ô¼Ë
Ñ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×CÏ4Ü<à�Ë:ÑjÎ"
�à4Ô¼ËRË$Ð¼Ö½ËEÜ¯×¼ÐHà�Ô�Ë�Ñ6Û¼Ï4Ï6Î½Û¼×¼Ð�Þ9×¼ÖµË$Ð¼Ö¯Ë$Ñ ��à,Ìg�¼Þ9Ú$Ü¯Õ9Õ�Ì°ÜoÑ4Ù«Ü¯Õ
Õ¼Ñ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×
Ï�Ü®à�Ë¸Î	
­Ü¯×eË:Ð¼Ö½ËoÞ9Ù��¼Õ
Þ9Ë$Ñ`à�Ô¼Ü<àLà�Ô�ËJG9ci~,Ë$Ñ'à�Þ
ÙÅÜ<à4Ë\Î	
nà4Ô¼Ë¸à�Þ
Ù«Ë%~,Õ9Ë:×¼Ö¯à4ÔÅÎ	
nà�Ô�Þ9ÑLË:Ð¼Ö½ËoÞ9ÑÇÑ4Ù«Ü¯Õ9Õ
Ë$Ï
à�Ô¼Ü¯×·Þ
à4ÑEà�Ï6Û¼Ëgà4Þ9ÙCË!~,Õ
Ë$×¼Ö<à�Ô ��Ú�
��%à�Ô¼ËgÑ4Þ9ÙgÛ¼Õ�Ü<à4Þ9Î½×]Ñ6à4Û¼Ð�Ì3��� ��Î*ÍjË:ß¯Ë$Ï:Ø`�%Ë$Ú$Ü¯Û¼Ñ6ËHÜÅÑ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×
Ï�Ü®à�ËLÚ$Ü¯×[Ë$Þ�à�Ô¼Ë:ÏM�%ËLÕ�Ü¯Ï6Ö½Ë¿Î½ÏsÑ6ÙÅÜ¯Õ
Õ2Ø*à�Ô¼Ë:Ï4Ë^Þ
Ñs×¼Î¸Ñ'Ì�Ñ6à�Ë:ÙÅÜ®à�Þ9Ú �¼Þ�Ü¯Ñ­Þ9×gà4Ô¼ËLË:Ñ6à�Þ
ÙÅÜ®à�Î½Ï6Ñ`
�Î½Ï­à�Ô¼ËLÐ�Þ ~
ß½Ë:Ï4Ö½Ë:×¼Ú$ËEà�Þ9ÙCË$Ñ�� �^Ô¼Þ
ÑjÙCË�Ü<×¼ÑOà�ÔºÜ<à¿à�Ô�ËEÐ¼Þ�ß½Ë:Ï4Ö½Ë:×¼Ú$Ë�à�Þ9ÙCË$Ñ`Ú$Ü¯×��%Ë�Ë$Ñ6à4Þ9Ù«Ü<à�Ë:Ð«Þ
×ÅÜ<×ÅÛ¼×f�¼Þ9Ü¯Ñ4Ë:Ð
ÍÇÜ�Ì]Ü<ÕC�%Ë$Þ
àÇ×¼Î¯à�Ú$Î¯×¼Ñ4Þ
Ñ6à�Ë:×�à�Õ
Ì	�

�\Þ
ß¯Ë$Ï6Ö½Ë$×¼Ú:Ëjà4Þ9ÙCË$ÑaÚ�Ü<×�Î	
�Ú$Î½Û�Ï4Ñ4Ë �%Ë¿Ë:Ñ6à4Þ9Ù«Ü<à�Ë:ÐµÞ
×´Ñ4Ë:ß¯Ë$Ï4Ü¯Õ �¼Ü¯Ï�Ü¯ÙCË:à4Ï4Þ
ÚOÎ½Ïa×¼Î½× ~ �ºÜ¯Ï4Ü¯Ù«ËZà�Ï6Þ9Ú
��Ë"�(Ö3�]�ºÜ¯Ï6Ñ4Î½ÙCÞ9×�Ì3�LÍLÜ�Ì�Ñ&�\r 
`Î¯×¼ËgÝ�×¼Î�ÍRÑ¸à�Ô¼Ü<àEà4Ô¼Ë[ÙCÎÈÐ�Ë$ÕnÞ9Ñ�Ú$Î½Ï6Ï4Ë:Ú:à¸à4Ô¼Ë$×BG!c�~�Ë$Ñ'à�Þ9Ù«Ü<à4Þ9Î½×]Þ9Ñ
Î	
�à4Ë$×[à�Ô�ËI�¼Ï4Ë�
�Ë$Ï4Ï6Ë$ÐHÙCË:à�Ô�ÎÈÐ?� � 1ÈÚ$Ë&�Èà 
�Î¯Ïsà�Ô¼ËÇÚ�Ü¯Ñ6ËLÍRÞ
à�Ô[ß¯Ë$Ï'Ì[Ñ4Ù«Ü¯Õ
Õ�à4Ï4Ë$Ë:Ñ`Ü¯×¼Ð°Ñ6Þ9Ù��¼Õ9ËjË:ß½Î¯Õ9Û ~
à�Þ
Î½×ºÜ¯Ï'ÌÅÙCÎ�Ð¼Ë$Õ
ÑSG9ci~,Ë:Ñ6à�Þ
ÙÅÜ®à�Ë$ÑÇÚ�Ü¯×��%Ë<�¼Ï�Ü¯ÚZà�Þ
Ú�Ü¯Õ
Õ
ÌCÞ9Ù���Î¯Ñ4Ñ4Þ/�¼Õ9ËRà�ÎHÐ¼Ë:Ï4Þ�ß½ËoÐ¼Û¼Ë¸à4ÎH×�Û�Ù«Ë:Ï4Þ9Ú$Ü¯Õ
�¼Ï6Î-�¼Õ9Ë:Ù«Ñ���Ü¯×°Þ9Ñ6Ñ4Û¼ËÇ×¼Î¯àpà4Ï4Ë�Ü®à�Ë$ÐHÞ
×gà�Ô¼ËI��Ï4Ë$Ñ6Ë$×�à �ºÜ	�%Ë$Ï�� r,×HÑ4Û¼Ú�ÔHÑ6Þ
à�Û¼Ü<à�Þ
Î½×¼ÑsÎ<à�Ô¼Ë:ÏpË$Ñ'à�Þ9Ù«Ü<à4Î½Ï4Ñ
Ù«Ü�Ì��%Ë<�¼Ï4Ë�
�Ë$Ï4Ï6Ë$Ð?�U�E×¼Î¯à�Ô�Ë$ÏLÏ6Ë�Ü¯Ñ6Î½× ÍRÔ�ÌÅÎ¯à�Ô�Ë$Ï^Ë$Ñ'à�Þ
ÙÅÜ<à4Î½Ï4ÑjÚ�Ü¯×��%Ë4�¼Ï6Ë�
�Ë$Ï6Ï4Ë:Ð]Þ
ÑLÞ/
aà4Ô¼Ë:Ì�Ü¯Ï4Ë
ÙCÎ½Ï4Ë�Ï4Î-�¼Û�Ñ6àoÞ
× à�Ô¼ËgÑ4Ë$×�Ñ4Ë°à�ÔºÜ®à\à�Ô�Ë:Ì·Ü<Ï4ËgÕ
Ë$Ñ6ÑoÑ4Ë$×�Ñ4Þ
à4Þ
ß¯Ëgà�Î�ÙCÎ�Ð¼Ë$Õ­Ü¯Ñ4Ñ6Û¼Ù���à�Þ
Î½×¼Ñ&����×3
�Î½Ï'à�Û ~
×ºÜ<à4Ë$Õ�Ì¸Þ
à 
�Î¯Õ9Õ9Î�ÍRÑb
�Ï6Î½Ù à4Ô¼ËU�ºÜ	�%Ë$Ïaà�ÔºÜ®àn×¼ÎEÎ<à�Ô¼Ë:ÏaË$Ñ6à4Þ9Ù«Ü<à�Î¯Ïb
�Î½ÏnÏ4Ë:Õ�Ü<à4Þ
ß½ËsÐ¼Þ
ß¯Ë$Ï4Ö¯Ë$×¼Ú:Ë¿à4Þ9ÙCË$ÑaÚ�Ü<×
�%ËCÚ:Î½×¼Ñ6Þ9Ñ6à4Ë$×�àµË$Þ�à�Ô¼Ë:Ï&�)@ Ô¼Ë:× Ú�Ô¼Î�Î½Ñ4Þ
×¼ÖeË$Ñ'à�Þ9Ù«Ü<à4Î½Ï¸Ï4Î	�¼Û¼Ñ6à4×¼Ë$Ñ6ÑgÜ<×¼Ð ×�Û¼ÙCË$Ï6Þ9Ú$Ü¯Õsà�Ï4Ü¯Ú:à�Ü	�¼Þ
Õ9Þ
à,Ì
Ü¯ÑRÍÇË:Õ9Õ­Ü¯Ñ\Ñ'à�Ü<à4Þ9Ñ'à�Þ9Ú$Ü¯Õ �¼Ï6Î-��Ë:Ï6à4Þ9Ë$Ñ�Ñ4Û�Ú�Ô Ü¯Ñ\Ü"�6�¼Ï4Î�1ÈÞ9Ù«Ü<à4ËµÛ�×g��Þ�Ü¯Ñ6Ë$Ð¼×¼Ë:Ñ4Ñ´Ü¯×�Ð Ñ4Ù«Ü¯Õ
ÕaÑ6à�Ü<×¼ÐºÜ¯Ï6Ð
Ð¼ËZßÈÞ9Ü<à�Þ
Î½× Ñ4Ô�Î½Û¼Õ9Ð��%ËoÚ$Î½×¼Ñ6Þ9Ð¼Ë:Ï4Ë:Ð?�
r,× à�Ô¼Ë,[ÇÜ�Ì¯Ë$Ñ6Þ�Ü¯× 
�Ï4Ü¯Ù«ËZÍÇÎ¯Ï4Ý à�Ô¼Ë,�%Î½Ñ6à4Ë$Ï6Þ9Î½Ï«Ð¼Þ9Ñ'à�Ï4Þ/�¼Û�à4Þ9Î½×ñÏ4Ë��ºË$ÚZà�Ñ à�Ô¼Ë Û¼×¼Ú$Ë:Ï6à�Ü¯Þ9×�à,ÌÆÎ"


à�Ô�ËXÐ¼Þ�ß½Ë:Ï4Ö½Ë:×¼Ú$Ë]à�Þ9ÙCË$Ñ�� �oÞ
ß¯Ë$× à�ÔºÜ®àCà4Ô¼Ë��¼Ï4Þ
Î½ÏHÐ¼Þ9Ñ'à�Ï4Þ/�¼Û�à4Þ9Î½× Þ
ÑCÚ:Î½Ï4Ï6Ë$ÚZà=* Ü¯×¼ÐÉÞ
à�ÑHÞ
Ù��ºÜ<Ú:à
Þ9Ño×�Î¯à´×¼Ë$Ö¯Õ9Þ9Ö¯ÞC�¼Õ
Ë�ËZß½Ë$×lÍRÔ¼Ë$×lÕ9Î¯×¼Ö Ñ4Ë���Û�Ë$×¼Ú:Ë$Ñ°Ü¯Ï6Ë°Ú$Î½Õ
Õ9Ë:Ú:à�Ë:Ð��J*Xà�Ô�Ë��%Î½Ñ'à�Ë$Ï6Þ9Î½Ï\Ð¼Þ9Ñ'à�Ï4Þ/�¼Û�à4Þ9Î½×
Ñ4Û�Ù«Ù«Ü¯Ï4Þ��$Ë:Ñpà�Ô¼Ë�Þ9×3
�Î¯Ï4Ù«Ü<à�Þ
Î½×°Ü	�%Î½Û�à`à�Ô�ËEÐ¼Þ�ß½Ë:Ï4Ö½Ë:×¼Ú$ËRà�Þ
Ù«Ë:Ñ¿Ú:Î½Ï4Ï6Ë$ÚZà�Õ
Ì	� �EÎ�ÍjË:ß¯Ë$Ï$Ø�Ü¯Ñ ��Î½Þ
×�à�Ë$Ð
Î½Û�à>�%Ë�
�Î¯Ï4Ë¯Øaà4Ô¼Ë°Ð¼Þ9Ñ'à�Ï6ÞC�¼Û�à4Þ9Î½× Ð¼ÎÈË:Ñ´×¼Î¯à´Ö½ËZà´Ù«Î½Ï6ËHÜ¯×¼Ð ÙCÎ½Ï4Ë)�%Ë�Ü<Ý¯Ë$ÐwØsÜ¯Ñ´Î½×�Ë[ÍÇÎ½Û�Õ9Ð Ô¼Î-�%Ë¯Ø
ÍRÔ¼Ë:× Õ9Î¯×¼Ö½Ë$ÏÇÑ4Ë&��Û¼Ë:×¼Ú$Ë:ÑoÜ¯Ï6ËoÚ$Î½Õ
Õ9Ë$ÚZà�Ë:Ð?�

�^ÔºÜ<àgÐºÜ<à�ÜXÚ$Î½×�à�Ü<Þ9×¼Ñ�Þ9×3
�Î½Ï6ÙÅÜ®à�Þ9Î¯× Ü	��Î¯Û�àgà4Ô¼ËÅÐ¼Þ�ß½Ë:Ï4Ö½Ë:×¼Ú$ËÅà4Þ9ÙCË$Ñ�Ü¯Õ9Ñ6Î Þ
Ù��¼Õ
Þ9Ë:Ñ¸à�ÔºÜ<à�à�Ô¼Ë
ÙCÎ½Õ9Ë:Ú$Û¼Õ9Ü¯ÏnÚ$Õ9Î�Ú�Ý�� G%HI�rÜ¯Ñ4Ñ6Û¼Ù���à�Þ
Î½×gÚ$Ü¯×+��Ë¿à�Ë:Ñ6à�Ë:ÐGØ�Ü¯×¼Ð�à�Ô¼Ë:��Î�ÍjË$ÏpÎ	
�à�Ô¼Þ
Ñ­à�Ë:Ñ6àsÚ�Ü¯×+�%ËÇÙ«Ü¯Ð¼Ë
Ü¯Ï��¼Þ
à4Ï�Ü¯Ï'Ì<��Î�ÍjË$Ïa
�Û¼Õ ��ÌµÚ$Î¯Õ9Õ9Ë:Ú:à4Þ9×¼Ö�Ñ4Û��CÚ:Þ9Ë$×�à4Õ
Ì´Õ9Î¯×¼ÖEÑ6Ë&��Û¼Ë:×¼Ú$Ë:Ñ]��Ñ4Ë:Ë
cnÜ¯×¼Ö½Õ
Ë:ÌµÜ¯×�Ð)WsÞ�à�Ú�ÔGØdx7E8�"e
Ü¯×¼Ð·Î<à�Ô¼Ë:Ï\Ï4Ë�
�Ë$Ï6Ë$×¼Ú:Ë$Ñ´Ù«Ë:×�à�Þ9Î¯×¼Ë$ÐKÞ
× à�Ô�Ë[Þ9×�à�Ï6ÎÈÐ�Û¼Ú:à4Þ9Î½×�
�Î½ÏEà4Ë$Ñ6à4ÑoÎ½×Kà�Ô�Ë=G%H ~£Ü<Ñ4Ñ4Û�Ù���à4Þ9Î½×����
WºÎ½Ï¿Ù«Î½Ñ'àÇÑ6Ë:à4ÑLÎ	
aÐºÜ®à�Ü�à4Ô¼Ë<G%HÆÜ<Ñ4Ñ4Û�Ù���à4Þ9Î½×ÅÞ9Ñ¿Ï4Ë��6Ë:Ú:à4Ë$Ð ÙCË�Ü¯×¼Þ
×¼Ö´à�ÔºÜ<àjà�Ô¼Ë�à�Þ
Ù«Ë%~�à�Ï6Ë$ËRÞ9Ñj×¼Î¯à
�¼Ï6Î-��Î¯Ï6à�Þ
Î½×ºÜ¯Õ%à�Î°à�Ô�ËJ�d~�à�Ï6Ë$Ë"�

�\Ü�ß�Þ9×¼Ö«Ú$Î½×�Ú$Õ9Û�Ð¼Ë$Ð à4ÔºÜ<àEÏ4Ë:Õ�Ü<à4Þ
ß½ËµÐ¼Þ�ß½Ë$Ï6Ö½Ë$×�Ú$Ë�à4Þ9ÙCË$ÑRÚ�Ü<×¼×¼Î¯à]��ËµË$Ñ'à�Þ9Ù«Ü<à4Ë$Ð Ú:Î½×¼Ñ6Þ9Ñ6à4Ë$×�à�Õ�Ì½Ø
Û¼×¼Ð�Ë$Ï«à4Ô¼Ëeà,Ì �%Ë Î"
¸ÙCÎÈÐ¼Ë:Õ9ÑCÜ¯×¼ÐÉÐºÜ<à�Ülà�Ï6Ë�Ü<à4Ë$ÐÉÞ9× à�Ô¼Ë!�¼Ï4Ë:Ñ4Ë$×�àZ�ºÜ	�%Ë$Ï$ØÇÙÅÜ¯Ý<Ë$Ñ«Þ
àHÏ4Ë:Õ9ËZß¯Ü<×�à
à�Î Ü¯Ñ4Ý Û¼×�Ð¼Ë$ÏgÍRÔ¼Ü<à[Ü<Õ
à�Ë:Ï4×ºÜ®à�Þ
ß¯Ë«Ð¼Ü<à�Ü]Ñ4Ë:à4Ñ°Ü¯×¼Ð �<Î½ÏµÙ«Î�Ð¼Ë$Õ`Ü<Ñ4Ñ4Û�Ù���à4Þ9Î½×�ÑgÐ¼Þ�ß½Ë$Ï6Ö½Ë$×�Ú$Ë«à4Þ9ÙCË$Ñ
Þ9×�Ð¼Ë$Ë:Ð�Ú�Ü¯×Z��ËEË$Ñ6à4Þ9Ù«Ü<à�Ë:ÐÅÚ:Î½×¼Ñ4Þ
Ñ6à4Ë$×�à�Õ�Ì-� r 
GÍjË](ºÏ6Ñ6àLÕ
ÎÈÎ¯ÝHÜ<àÇÎ<à�Ô¼Ë:Ï$Ø�ÙCÎ½Ï6ËEÞ
×3
�Î½Ï4Ù«Ü<à4Þ
ß½Ë<Ø½à,Ìg��Ë:Ñ
Î	
ÇÐºÜ<à�ÜÈØrÞ�à´Þ9Ñ´Ú$Õ
Ë�Ü¯Ïoà4ÔºÜ<àJ�¼Ï4Ë:Ú$Þ
Ñ4Þ9Î¯× Þ
×¼Ú$Ï6Ë�Ü¯Ñ6Ë$Ñ´à�Ô¼ËHÙCÎ½Ï4Ë+
�Î½Ñ6Ñ4Þ9ÕOÐ¼Ü<à�Þ
×¼Ö½Ñoà�ÔºÜ®àgÜ<Ï4ËCÜ�ß¯Ü<Þ9Õ�Ü"�¼Õ9Ë"�
�EÎ�ÍjË:ß¯Ë$Ï$Ø�Þ
à`Ñ4Ë:Ë$ÙCÑÇÜ<ÑjÞL
b�¼Ï6Ë$Ú:Þ9Ñ4ËS
�Î½Ñ6Ñ4Þ9Õ�ÐºÜ®à�Þ9×�Ö½Ñ`Ü¯Ï4Ë�×¼Ë:Ú$Ë$Ñ6Ñ�Ü¯Ï'Ì=
�Î½Ï¿Ü¯Õ9Õº×¼Î�Ð¼Ë:Ñ¿ÍRÔ¼Ë:Ï4Ë�Ñ4Û6��Ñ6à�Þ�à�Û ~

xz�



à�Þ
Î½×eÏ�Ü<à4Ë$Ñ�Ú�ÔºÜ¯×¼Ö¯Ë�Þ
×eà4Ô¼Ë´à�Ï4Ë:Ë�Þ
×eÎ½Ï4Ð¼Ë:Ï^à�ÎCË$Ñ6à4Þ9Ù«Ü<à�Ë´Ð¼Þ�ß½Ë:Ï4Ö½Ë:×¼Ú$Ë´à�Þ
Ù«Ë:Ñ^Ú$Î½×¼Ñ6Þ9Ñ'à�Ë$×�à4Õ
Ì½Ø%Ü¯×�Ð Þ/

à�Ô�ËoÑ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½×�Ï4Ü<à�Ë\Þ9Ñ
�%Ë$Õ
Þ9Ë:ß¯Ë$Ð�à4Î°Ú�ÔºÜ¯×¼Ö½ËoÞ
×�ÙCÎ½Ï4Ë¸Î¯ÏÇÕ9Ë:Ñ4ÑRÜ¯Õ
Õ�×�ÎÈÐ¼Ë:ÑLà�Ô¼Þ
ÑÇÐ¼Î�Ë$Ñ^×�Î¯à^Ñ4Ë:Ë$Ù
Õ9Þ
Ý¯Ë¸Ï6Ë�Ü¯Õ
Þ9Ñ'à�Þ9ÚEÐºÜ<à�Ü3�VWºÛ¼Ï6à4Ô¼Ë$Ï:Ø3
�Î½Ñ6Ñ4Þ9ÕwÐºÜ<à�Þ
×¼Ö½Ñ^Ü<Ï4Ë¸Û¼Ñ6ÛºÜ¯Õ
Õ
Ì«×¼Î¯àLß¯Ë$Ï6Ì���Ï4Ë$Ú:Þ9Ñ6ËoÞ9× Þ
à4ÑLÕ9Î�Ú�Ü®à�Þ9Î¯×ÅÞ9×
Ü°à�Ï4Ë:Ë�×�Î½Ï^à�Ô¼Ë�Ü¯Ú:à4ÛºÜ¯ÕnÐºÜ<à4Þ9×¼Ö3� WºÎ½ÏLà4Ô¼Ëµà,Ìg�%Ë�Î"
pÙCÎÈÐ¼Ë:ÕaÚ$Î½×�Ñ4Þ9Ð�Ë$Ï4Ë:Ð Ô¼Ë:Ï4Ë´ÍÇË�Ô¼Ë$×�Ú$ËgÔ¼Ü�ß¯Ë�×�Î
Î-��ß�Þ9Î½Û�ÑÇÑ4Û�Ö½Ö½Ë$Ñ'à�Þ
Î½×�Î	
nÚ:Î½Ù���Õ9Ë$ÙCË$×�à�Ü¯Ï6ÌHÐºÜ®à�Ü�à4ÎgÙ«Ü¯Ý¯ËEÚ$Î½×¼Ñ6Þ9Ñ'à�Ë$×�à^Ë:Ñ6à4Þ9Ù«Ü<à�Þ
Î½×��%Î½Ñ6Ñ4ÞC��Õ9Ë¯Øg�¼Û�à
ÙCÎ½Ï4Ë¸ÍjÎ½Ï4ÝÅÞ9Ñ^×¼Ë:Ë$Ð¼Ë:Ð Þ9× à4Ô¼Þ9ÑRÜ¯Ï6Ë�Ü3�
r 
OÍÇË�Þ9×¼Ñ'à�Ë$Ü¯Ð Õ
ÎÈÎ½ÝeÜ®à¸Ü¯Õ�à�Ë:Ï4×ºÜ<à4Þ
ß¯ËµÙCÎ�Ð¼Ë$Õ
ÑS
�Î¯Ï�ÍRÔ¼Þ
Ú�ÔKÚ$Î¯×¼Ñ4Þ
Ñ6à�Ë:×�à¸Ë$Ñ'à�Þ
ÙÅÜ<à4Þ9Î½×eÞ
Ñ�
�Ë$Ü¯Ñ4Þ/�¼Õ9Ë

ÍjË�(ºÏ6Ñ6à«Ï4Ë:Ú�Ü¯Õ
ÕÇà�ÔºÜ®àCà4Ô¼Ë]Ï4Ë�Ü<Ñ4Î½× 
�Î½ÏH×¼Î¯àCÎ-��à�Ü¯Þ9×�Þ9×¼Ö·Ú:Î½×¼Ñ4Þ
Ñ6à4Ë$×¼ÚZÌ ÍLÜ¯ÑHà�Ô¼Ü<àHà�Ô¼ËR��Ï4Ü¯×¼Ð¼Î¯Ùi�
Ñ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯× Ï�Ü®à�Ë$ÑRÍjË$Ï4ËgÎ½×¼Õ
Ì�Ö½Ë$×¼Ë:Ï�Ü<à4Ë$ÐKÎ¯×¼Ú$ËJ
�Î½ÏEË$Ü¯Ú�ÔKË:Ð¼Ö½ËgÞ
×]à4Ô¼Ë�à4Ï4Ë:Ë	�	r 
pà�Ô�Ë�ß<Ü¯Ï4Þ9Ü<à�Þ
Î½×
Î	
¿Ñ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×·Ï�Ü<à4Ë$ÑoÎ�ß½Ë:ÏµÕ
Þ9×¼Ë$Ü¯Ö½Ë:Ñ¸Þ9ÑoÜ<Õ9Õ9Î�ÍjË$ÐKà4Î Ð¼Þ/K�Ë$Ï4
�Î½Ï\Ð¼Þ/K�Ë$Ï6Ë$×�à´Ö½Ï4Î¯Û6�¼ÑoÎ	
¿Ñ4Þ�à�Ë:Ñ$Ø?
�Î½Ï
Ë�1�Ü¯Ù��¼Õ
Ë4��ËZà,ÍÇË:Ë$×]Ö½Ë$×�Ë$Ñ$ØÈà�Ô¼Ë:×eà4Ô¼Þ9ÑÇÑ4Ô¼Î½Û�Õ9Ð Ù«Ü¯Ý¯Ë¸Ú:Î½×¼Ñ6Þ9Ñ6à4Ë$×�àRË$Ñ'à�Þ
ÙÅÜ<à4Þ9Î½×«Î	
nà�Ô¼Ë\Ð¼Þ
ß¯Ë$Ï4Ö¯Ë$×¼Ú:Ë
à�Þ
Ù«Ë:ÑJ
�Ë$Ü¯Ñ4Þ/�¼Õ9Ë"�%WºÎ½ÏµË�1�Ü¯Ù��¼Õ9Ë<ØsÞL
^à�Ô¼ËCß¯Ü<Ï4Þ�Ü®à�Þ9Î¯× Î	
LÑ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½× Ï4Ü<à�Ë:Ñ'
�Î½Ï�Ü Ñ.�%Ë$Ú:Þ/(ºÚÅÖ½Ë$×¼Ë
Þ9ÑeÙCÎÈÐ�Ë$Õ9Õ
Ë$Ð Ü¯ÑeÞ
× à4Ô¼Ë\�¼Ï4Ë:Ñ4Ë$×�àXÙ«Î�Ð¼Ë:Õ2Ø]��Û�àXÜ¯Ñ4Ñ6Û¼Ù«Þ
×¼Ö à�ÔºÜ®àXÑ6Û6�¼Ñ'à�Þ
à4Û�à�Þ
Î½× Ï�Ü<à4ËB��ËZà,ÍÇË:Ë$×
Ð¼ÞLKwË:Ï4Ë$×�à´Ö½Ë:×¼Ë$Ñ´Ü<Ï4Ë°Ú$Î¯Ù��¼Õ
Ë:à4Ë$Õ
Ì]Þ
×¼Ð¼Ë&�%Ë$×�Ð¼Ë$×�à�Øaà4Ô¼Ë$× Þ
à\Þ9Ñ<�%Î½Ñ4Ñ6ÞC�¼Õ
Ë�à4Î Ë$Ñ6à4Þ9Ù«Ü<à�ËgÐ¼Þ
ß¯Ë$Ï4Ö¯Ë$×¼Ú:Ë
à�Þ
Ù«Ë:Ñ`Ú$Î½×¼Ñ6Þ9Ñ'à�Ë$×�à4Õ
Ì=��ÌCÚ$Î½Õ
Õ9Ë$ÚZà�Þ
×¼ÖJ�\v8� Ñ4Ë���Û�Ë$×¼Ú:Ë$Ñ

�Ï4Î¯Ù Ù«Î½Ï6Ë�Ü¯×¼ÐÅÙCÎ½Ï6Ë�Ö¯Ë$×¼Ë:Ñ&�U�^Ô¼Ë�Ï4Ë$Ñ6Û¼Õ
à
Ñ4Ô�Î½Û¼Õ9Ð]Ô¼Î½Õ
Ð]à4Ï4Û¼Ë´ËZß½Ë$× Þ/
­Ñ4Î½ÙCË´Ñ4Ù«Ü¯Õ9ÕGÚ:Î½Ï4Ï6Ë$Õ9Ü<à�Þ
Î½×���ËZà,ÍÇË:Ë$×KÑ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½×XÏ4Ü<à�Ë:ÑRÎ	
pÐ¼ÞLKwË:Ï4Ë:×�à
Ö½Ë:×¼Ë$Ñ^Þ
Ñ^Ü¯Õ9Õ
Î�ÍÇË:ÐGØÈÍRÞ�à�Ô�à�Ô�Ë¸Ë�K�Ë$ÚZà�à4ÔºÜ<àRÜ[Ô�Þ9Ö½Ô�Ñ6Û6�¼Ñ'à�Þ
à4Û�à�Þ
Î½× Ï�Ü®à�Ë]
�Î½ÏÇÎ½×¼Ë¸Ö½Ë:×¼ËoÎ	
­Ü[Ñ.�%Ë$Ú:Þ/(ºÚ
Õ9Þ
×¼Ë�Ü<Ö½Ë�Ù«Ü¯Ý¯ËeÔ¼Þ
Ö½Ô Ñ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½× Ï�Ü®à�Ë$Ñ+
�Î½ÏHÎ¯à4Ô¼Ë$ÏHÖ½Ë:×¼Ë$ÑHÎ½× à�Ô�Ë]Ñ4Ü¯ÙCË]Õ
Þ9×¼Ë$Ü¯Ö½Ë�Ñ6Î½ÙCË:ÍRÔºÜ<à
ÙCÎ½Ï4Ë´Õ9Þ
Ý¯Ë:Õ
Ì-�I�rÎÅÙCÎ�Ð¼Ë$ÕaÑ6Û¼Ú�Ô·Ú$Î½Ï6Ï4Ë:Õ�Ü<à4Þ9Î½×eÚ�Ü<×%��ËµÐ¼Î½×�ËgÞ9×]Ð¼ÞLKwË:Ï4Ë$×�àEÍLÜ�Ì�Ñ$Ø�Ñ4Ë$ËJ
�Î½Ï�Ë�1�Ü¯Ù��¼Õ9Ë
�^Ô¼Î½Ï6×¼Ë�Ü¯×¼ÐCÊoÞ9Ñ6Ô¼Þ9×¼Î+� ^c}|}-^-�ZØ�Ü<×¼ÐHÔ¼Î�Í Ú:Î½Ï4Ï6Ë$Õ�Ü®à�Ë$ÐHÑ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½×°Ï�Ü<à4Ë$ÑOÚ$Ü¯×=��Ë<Ø�Ñ6à�Þ
Õ9Õ�Ü¯Õ9Õ
Î*ÍRÞ
×¼Ö
Ú$Î¯×¼Ñ4Þ
Ñ6à�Ë:×�à\Ë:Ñ6à�Þ
ÙÅÜ®à�Þ9Î¯×GØÈÏ6Ë$Ù«Ü¯Þ9×�Ñ^Ü¯×]Î-��Ë:×!��Ï4Î-�¼Õ
Ë$Ù��

� 
��T����� ���S�����	� �	�����

rOÍLÜ<×�à^à4Î[à�ÔºÜ<×¼Ý�Ê��¯Ï6Ë<[ÇÏ4Ë:Ù«Ë:Ï 
�Î½ÏLÞ
×�à�Ë$Ï6Ë$Ñ'à�Þ9×�Ö[Ð¼Þ9Ñ6Ú$Û¼Ñ6Ñ4Þ
Î½×¼Ñ^Î½×��¼Ô�Ì�Õ9Î¯Ö½Ë$×¼ËZà�Þ
ÚoÞ9×3
�Ë:Ï4Ë$×�Ú$ËoÜ¯×�Ð
GXÞ
Ú�ÔºÜ¯Ë$Õ s�Ü<×¼Ð¼Ë$Ï6Ñ4Î½×!
�Î½ÏS��Î½Ñ6Þ9×¼Ö°à4Ô¼ËA��Û¼Ë:Ñ6à4Þ9Î½×XÎ	
pÚ:Î½×¼Ñ4Þ
Ñ6à4Ë$×¼ÚZÌ-�SWsÞ
×ºÜ¯×¼Ú:Þ�Ü¯ÕGÑ6Û6�6�%Î½Ï6à�
�Ï4Î¯Ùcà�Ô¼Ë
s�ÍjË$Ð¼Þ
Ñ4Ô9Y�Ë:Ñ4Ë�Ü<Ï4Ú�Ô,HÇÎ¯Û¼×¼Ú$Þ
ÕGÞ9Ñ^Ö¯Ï�Ü<à4Ë�
�Û¼Õ
Õ
ÌÅÜ¯Ú�Ý�×¼Î�ÍRÕ9Ë$Ð�Ö½Ë$Ð?�

�	��

������
	����������

���

������� ��!#"�$�%'&�()&8��x7E��|y-�AY�Ü<à�Ë:Ñ[Î	
��\v�� Ñ4Ë���Û�Ë$×¼Ú:ËXËZß½Î½Õ
Û�à�Þ
Î½× Ð¼ÞLKwË:Ï'�%Ë:à,ÍjË$Ë$× à�Ü_1�Î¯×¼Î½ÙCÞ9Ú
Ö½Ï6Î½Û6�¼Ñ��+*-,/. �/01, �32�4#5 	 Ò xz�-E|� ~ xz�-E��3�
������� ��67"�$-89&:$��;&=<�>7!#?A@
B�"�$-CD&)EF�G"H"=!#��IJ��!#"OØ�Ü<×¼ÐLKD&�����!#@	!M�M� ^c}c}Q^ �pÓOÔ�Ì�Õ9Î½Ö¯Ë$×¼ËZà�Þ9Ú
ÐºÜ<à4Þ9×¼Ö[ÍRÞ�à�Ô]Ú$Î½× (ºÐ¼Ë$×�Ú$ËµÞ9×�à�Ë:Ï6ß<Ü¯Õ9Ñ^Û�Ñ4Þ9×�ÖCÙCË�Ü<×��¼Ü<à�Ô ~�Õ9Ë:×¼Ö½Ô�à�Ñ�� GXÎ½Õ �`ÓOÔ�Ì�Õ � �pß½Î½Õ;��4ONrÒ {���~ y8{ �
P�!#?AIQ!#"=IR��!M�G"�$�(�� x7E��wx-� �pß½Î¯Õ9Û�à4Þ9Î½×ºÜ<Ï6Ì à4Ï4Ë:Ë$Ñ<
�Ï4Î½Ù �\v8� Ñ4Ë���Û¼Ë$×¼Ú:Ë$Ñ:ÒHÜeÙ«Üj1ÈÞ9ÙgÛ¼Ù Õ
Þ9Ý<Ë$Õ9Þ ~
Ô¼Î�ÎÈÐ]Ü	�3�¼Ï4Î�Ü<Ú�Ô?�:O3� GXÎ½Õ;� �Oß¯Î½Õ � 	TS Ò �|y���~ �8�cy3�
P�!#?AIQ!#"=IR��!M�G"�$U()&�Ø¸Ü¯×�ÐWVD&;CX&9Y�ZH[=�1\ Z=�G?A? � x�E-E|y3� �NÔ¼Þ
Ð¼Ð¼Ë$× G Ü¯Ï6Ý¯Î�ß Ü	�6��Ï4Î�Ü¯Ú�Ô à�Î
ß<Ü¯Ï4Þ9Ü<à�Þ
Î½× Ü¯ÙCÎ½×¼Ö°Ñ6Þ
à4Ë$ÑRÞ9×eÏ�Ü®à�ËoÎ	
­Ë:ß¯Î½Õ9Û�à4Þ9Î½×b� GXÎ½Õ �U[jÞ9Î½Õ;� �pß½Î½Õ;� 	 5GÒ E|��~+xz}	e6�
(][=^7!#I_$�89&a`b&�Ø�Ü¯×¼ÐcYd&e%'&�Y�B�"���67�M��x7E|y-E � �pß½Î½Õ
Û�à�Þ
Î½× Î"
V�¼Ï4Î<à�Ë$Þ
×KÙCÎ½Õ9Ë:Ú$Û¼Õ
Ë$Ñ&�EÓV�?�>^ x!~��Q^
.G0 �A�'vA�NG]Û¼×¼Ï4Î�ØºË$Ð?�:G Ü¯ÙCÙ«Ü¯Õ9Þ9Ü¯×Z�¼Ï6Î¯à�Ë:Þ9×eÙCË:à�Ü"��Î½Õ
Þ9Ñ6Ù!�`�^Ú�Ü¯Ð�Ë$ÙCÞ9Ú<�¼Ï6Ë$Ñ4Ñ:Ø vEË:Í X¿Î½Ï4Ý �
KF�GIJZH�G"=6f`9&g$�(M&ehi&78�ZH67��"=!GØ�Ü<×¼Ðkjl&e()&e���)[H"=6:�]^c}|}wx	�EÓrË$Ïa
�Î½Ï4Ù«Ü¯×¼Ú:ËgÎ	
¿ÜCÐ¼Þ
ß¯Ë$Ï4Ö¯Ë$×¼Ú:Ë
à�Þ
Ù«Ë¿Ë$Ñ'à�Þ
ÙÅÜ<à4Þ9Î½×�Ù«ËZà�Ô¼Î�Ð[Û¼×�Ð¼Ë$Ï`Ü]��Ï4Î-�ºÜ"�¼Þ9Õ
Þ9Ñ6à4Þ9Ú`ÙCÎÈÐ¼Ë:ÕÈÎ"
�Ï4Ü<à�ËjË:ß¯Î½Õ9Û�à4Þ9Î½×b�VGXÎ½Õ;� [jÞ9Î½Õ;� �pß¯Î½Õ �
	Am Ò �8{	^ ~��|y x-�

x�e



h�B�"�� ?A!��i$�Yd&�`9&�Ø�Ü¯×�ÐDj &�� &�P�����\ ZV��x7E8�je6� �E×�Ë�1�Ü¯ÙCÞ9×ºÜ®à�Þ9Î¯×«Î	
wà�Ô¼ËEÚ$Î½×¼Ñ6Þ9Ñ'à�Ë$×�Ú:Ì�Î"
Gà�Ô¼Ë
Ï�Ü®à�ËoÎ	
sÙ«Î½Õ
Ë$Ú:Û¼Õ�Ü¯ÏjË:ß¯Î½Õ9Û�à4Þ9Î½×b�UO3�NGXÎ½Õ;� �Oß¯Î½Õ ��5GÒ xzywx�~+x �|� �
h7� $�jl&��3`+��x7E	E8� � GXÎ½Õ
Ë$Ú:Û¼Õ�Ü¯ÏÇË:ß½Î¯Õ9Û�à4Þ9Î½×?� s�Þ9×ºÜ¯Û�Ë$Ï$ØpsÈÛ¼×¼Ð¼Ë:Ï4Õ9Ü¯×¼ÐGØNG Ü<Ñ4Ñ&�
�c[=IQ!�$	��& E�� ^c}|}|}3� �M1�Ü¯ÙCÞ9×�Þ9×¼ÖCÏ�Ü<à4Ë$ÑEÜ¯×¼Ð!�ºÜ<à4à4Ë$Ï6×¼Ñ\Î	
p×�Û�Ú$Õ9Ë:Î¯à�Þ
Ð¼ËµÑ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½×]Þ9×��¼Õ�Ü<×�à4Ñ&�
ÓOÕ�Ü¯×�à8GXÎ¯Õ �U[ÇÞ
Î½Õ �HN14GÒ ^|{ ~ e8�3�
%
B�@�
MB [=�e$�CD&�Ø�Ü¯×�Ð hi&H���16�@	Z=BH@'� x�E-E��3� �OÑ6à4Þ9Ù«Ü<à�Þ
×¼Ö°Ð¼Þ�ß½Ë$Ï6Ö½Ë$×�Ú$ËµÐºÜ<à�Ü)
�Ï6Î½Ù ÙCÎ½Õ9Ë:Ú$Û¼Õ9Ü¯Ï
Ñ4Ë���Û¼Ë$×¼Ú:Ë$Ñ��SGXÎ½Õ;�V[ÇÞ9Î¯Õ ���pß½Î¯Õ � 	
� Ò e-eQ^ ~ e-e��3�
%
B�"="=BH?_B �>��^c}c}Q^ ��r,Ð¼Ë:×�à�Þ/(ºÜ	�¼Þ9Õ
Þ
à,ÌHÎ	
0�¼Ü¯Ï�Ü¯ÙCË:à4Ë$Ï6ÑLÞ9×�G9HIG%H [LÜ�Ì¯Ë$Ñ4Þ9Ü¯× Þ9× 
�Ë$Ï4Ë:×¼Ú$Ë\Î	
`�¼Ô�Ì ~
Î½Õ
Î½Ö½Ë$×�Ì	� s�Ì�Ñ6à�� [ÇÞ
Î½Õ � � 	 Ò �|{"e ~��cy|}3�
%�6�� !#��I	(M&��F�"^c}|} x-�MGXÜj1ÈÞ9Ù[Û¼Ù Õ9Þ9Ý<Ë$Õ
Þ9Ô¼Î�ÎÈÐ\Ë$Ñ6à4Þ9Ù«Ü<à�Þ
Î½×oÎ	
3�¼Ô�ÌÈÕ
Î½Ö½Ë:×¼Ë:à4Þ9Ú`à�Ï4Ë:Ë$ÑrÞ9ÑnÚ$Î¯×¼Ñ4Þ
Ñ6à�Ë:×�à
ÍRÔ¼Ë:×ÅÑ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×CÏ4Ü<à�Ë:ÑOß¯Ü<Ï6ÌHÜ¯Ú:Ú$Î½Ï6Ð¼Þ9×�Ö´à4Îoà�Ô¼ËRÞ9×�ß<Ü¯Ï6Þ�Ü	�¼Õ
ËÇÑ6Þ
à�Ë:ÑU�¼Õ9Û¼Ñ`Ö�Ü<Ù«Ù«Ü\Ð¼Þ
Ñ6à�Ï6ÞC�¼ÛÈà�Þ9Î¯×?�
s�Ì�Ñ6à&� [ÇÞ9Î½Õ;� ��� Ò � x`��~t�-^	^ �
�#BH"��H!#�=IJ67"�$�� & (�� x7E	E8� � � ×¼Î¯×6�ºÜ¯Ï4Ü¯Ù«ËZà�Ï6Þ9Ú�Ü	�6�¼Ï6Î�Ü¯Ú�ÔCà�ÎµË$Ñ6à4Þ9Ù«Ü<à�Þ
×¼Ö´Ð¼Þ
ß¯Ë$Ï6Ö½Ë$×¼Ú:Ë�à4Þ9ÙCË$Ñ`Þ9×
à�Ô�Ë�Ü"�¼Ñ4Ë:×¼Ú$ËµÎ	
­Ï�Ü<à4ËµÚ:Î½×¼Ñ'à�Ü¯×¼ÚZÌ-�:GXÎ½Õ;�U[ÇÞ9Î¯Õ ���pß½Î¯Õ � 	 NnÒ x_^dx���~ x7^c�wx-�
�#BH"��H!#�=IJ67"�$�� &d( �
^c}|}Q^ � �OÑ6à4Þ9Ù«Ü<à�Þ
×¼Ö Ï4Ü<à�Ë:Ñ�Î	
µÙCÎ½Õ9Ë:Ú$Û¼Õ9Ü¯Ï«ËZß½Î½Õ
Û�à�Þ
Î½× Ü¯×�Ð Ð¼Þ
ß¯Ë$Ï4Ö¯Ë$×¼Ú:Ë
à�Þ
Ù«Ë:Ñ$Ò`Ü+�%Ë$×ºÜ¯Õ
Þ��:Ë$ÐeÕ9Þ
Ý¯Ë$Õ
Þ9Ô¼Î�Î�Ð�Ü	�6��Ï4Î�Ü¯Ú�Ôb� G]Î½Õ �V[jÞ9Î½Õ;���pß½Î½Õ;� 	�� Ò xz}wx�~+xz}-E3�
8�BH^7!�� B�^�� $��9&g$HCD& %	Z=!#��IJ^��jØ%Ü¯×¼Ð�� &�� !#� �
x7E-E|{ �LÓOÔ�Ì�Õ9Î½Ö½Ë:×¼Ë:à4Þ9Ú´à�Ë:Ñ6à¸Î"
sà�Ô�ËgÙCÎ½Õ9Ë:Ú$Û¼Õ9Ü¯Ï
Ú$Õ
ÎÈÚ�Ý�Ü¯×¼ÐeÕ9Þ
×¼Ë�Ü¯Ï6Þ��:Ë$Ð�à�Ï6Ë$Ë:Ñ&�:GXÎ½Õ;�U[ÇÞ9Î½Õ;���pß½Î½Õ;� 	 4aÒ �Q^c� ~��|�|� �
8�ZH6��="=!�$D(M&9hi&�Ø¸Ü¯×¼ÐW`9&9KF�GIJZH�G"=6:� ^c}|}-^ � �\Þ�ß½Ë:Ï4Ö½Ë:×¼Ú$Ëlà�Þ9ÙCËlÜ¯×¼Ð Ë:ß¯Î½Õ9Û�à4Þ9Î½×¼Ü¯Ï6Ì Ï4Ü<à�Ë
Ë$Ñ'à�Þ
ÙÅÜ<à4Þ9Î½×«ÍRÞ
à�ÔeÙ[Û�Õ
à�Þ
Õ9Î�Ú$Û¼ÑjÐºÜ<à�Ü3� s�Ì�Ñ6à&� [ÇÞ
Î½Õ � �&	 Ò y��-E ~t�c}Q^g�
8�ZH6��="=!�$9()&dhi&g$'`b&dK'�GIJZ=�G"H6¿Ø¸Ü¯×¼Ð�� &��=&�� B��G"���!#�V� x7E	E��3� �`Ñ'à�Þ
ÙÅÜ<à4Þ9×¼Ölà�Ô¼Ë·Ï4Ü<à�Ë·Î"

Ë:ß¯Î½Õ9ÛÈà�Þ9Î¯×]Î"
­à4Ô¼Ë´Ï�Ü<à4ËoÎ	
sÙCË$Õ
ÎÈÚ:Û¼Õ�Ü<ÏÇË:ß¯Î½Õ9ÛÈà�Þ9Î¯×?� GXÎ½Õ;�V[ÇÞ9Î¯Õ ���pß½Î¯Õ � 	
� Ò xzy"e � ~ x`y8{|� �
 �BH"���$"!�&�Ø¸Ü<×¼Ð � &'%
B�"="=BH?_B � x�E-E8� � [LÜ�Ì¯Ë$Ñ4Þ9Ü¯× �¼Ô�ÌÈÕ
Î½Ö½Ë:×¼Ë:à4Þ9Ú Þ9×3
�Ë:Ï4Ë:×¼Ú$Ë Û¼Ñ6Þ9×¼Öh�\v8�
Ñ4Ë���Û¼Ë$×¼Ú:Ë$Ñ:Ò^Ü�G Ü¯Ï4Ý<Î�ßeÚ�ÔºÜ¯Þ9×!GXÎ¯×�à4ËAHLÜ¯Ï4Õ
ÎCÙCË:à4Ô¼Î�Ð?� GXÎ½Õ;�V[ÇÞ9Î¯Õ ���pß½Î¯Õ � 	 NnÒ � xz� ~t�-^je6�
!=[=\ ^7!#��?ABH"��H?)$�#
&�ØÈÜ<×¼Ð hi&���B [=?]�G"�� � x�E|y8{ � �Oß¯Î½Õ9ÛÈà�Þ9Î¯×ºÜ¯Ï6Ì[Ð¼Þ
ß¯Ë$Ï4Ö¯Ë$×¼Ú:Ë\Ü¯×�ÐÅÚ$Î¯×�ß¯Ë$Ï6Ö½Ë$×¼Ú:Ë
Þ9×A�¼Ï4Î<à�Ë$Þ
×¼Ñ&�­ÓV�?�VE8�z~ xzy|y�.G0%$'�	[ÇÏ'Ì�Ñ4Î½×°Ü<×¼Ð �A�"O3�&$`Î½Ö½Ë:Õ2Ø®Ë$Ð¼Ñ����pß½Î½Õ�ßÈÞ
×¼Ö\Ö¯Ë$×¼Ë:ÑOÜ¯×¼ÐA�¼Ï4Î¯à4Ë$Þ
×¼Ñ&�
�^Ú�Ü<Ð¼Ë$ÙCÞ9Ú<�¼Ï6Ë$Ñ6Ñ$Ø vEËZÍ X¿Î½Ï4Ý �

x {


