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�Î½Ï6à4Ô ���W�Û�Ï6à�Ô�Ë$Ï$Ø
η
Ú$Ü¯× Ð¼Ë:×¼Î¯à4Ë

à�Ô�Ë)�ºÜ¯Ï4Ü¯Ù«ËZà�Ë:Ï4Ñ\Î"
Oà�Ô¼Ë[ÙCÎ�Ð¼Ë$ÕrÎ	
Oà�Ô�ËgË:ß¯Î½Õ9ÛÈà�Þ9Î¯×KÎ	
`Ñ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×KÏ�Ü<à4Ë$ÑEÎ*ß¯Ë$Ï¸à4Ô¼Ëgà�Þ
Ù«Ë%~�à4Ï4Ë$Ë"�
�^Ô¼ËRÚ$Ï6Û¼Ú$Þ9Ü¯Õ�Ü¯Ñ6Ñ4Û¼Ù���à�Þ
Î½×)
�Î½Ïpà4Ô¼ËRÚ$Õ�Ü<Ñ4Ñ`Î	
�Ù«Î�Ð¼Ë$Õ
ÑpÚ$Î¯×¼Ñ4Þ
Ð¼Ë$Ï6Ë$ÐCÞ9×°à�Ô¼ËS�ºÜ"��Ë:ÏOÞ9Ñpà�Ô¼Ü<à`à�Ô¼ËRÑ�Ü<Ù«Ë
Ë:ß¯Î½Õ9ÛÈà�Þ9Î¯×ñÎ"
=��Ï6Ë$Õ9Ü<à�Þ�ß½Ë7�[Ñ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½× Ï�Ü<à4Ë$Ñ«Ü	�6�¼Õ�Ì à�Î à�Ô¼ËeÍRÔ¼Î½Õ
ËeÑ4Ë&��Û¼Ë:×¼Ú$Ë Ù«Ë$Ü¯×¼Þ9×�Ö à4ÔºÜ<à
Ü Ô¼Þ
Ö½Ô Ñ6Û6�¼Ñ'à�Þ
à4Û�à�Þ
Î½× Ï4Ü<à�Ë«Ü<à[ÜXÖ½Þ�ß½Ë$× Õ9Þ9×�Ë�Ü¯Ö½ËCÞ9ÑµÏ4Ë��ºË$ÚZà�Ë:Ð Þ9× Ô�Þ9Ö½Ô Ñ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½× Ï4Ü<à�ËCÎ�ß½Ë:Ï
à�Ô�ËgÍRÔ¼Î½Õ
ËgÖ½Ë:×¼Î½ÙCËgÞ9×Xà�ÔºÜ<à\Õ9Þ
×¼Ë�Ü¯Ö¯Ë	���^Ô¼ËHÜ	�¼Ñ6Î½Õ9Û�à4ËgÑ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½×KÏ�Ü®à�Ë$ÑEÙÅÜ�Ì]Ô¼Î�ÍjË:ß½Ë:Ïoß¯Ü<Ï6Ì
Ï�Ü<×¼Ð¼Î½ÙCÕ
ÌgÜ¯×¼Ð��®Î½ÏOÑ6Ì�Ñ6à4Ë$Ù«Ü<à�Þ
Ú�Ü¯Õ
Õ
ÌµÎ�ß½Ë:Ï¿à4Ô¼Ë^Ö½Ë$×�Î½Ù«ËI��Û�à`à�Ô¼Þ
Ñpß¯Ü<Ï4Þ�Ü®à�Þ9Î¯×gÑ4Ô�Î½Û¼Õ9Ð=�%Ë^à�Ô¼ËRÑ�Ü<Ù«Ë
Î�ß½Ë:Ï�à4Ô¼ËoÍRÔ¼Î½Õ9Ë<��Ô�Ì�Õ
Î½Ö½Ë$×�Ë:à�Þ
Ú¸à�Ï6Ë$Ë	�

WºÎ½Ïsà�Ô�ËLÙ«Î�Ð¼Ë:Õ�Ñ.�%Ë$Ú:Þ/(ºË:ÐCÜ	��Î�ß¯ËLà�Ô¼Ë:Ï4Ë^Þ9Ñ×¼Î>�ºÜ¯Ï4Ü¯Ù«ËZà�Ë:Ï 
�Î½Ïsà4Ô¼ËLÑ���Ë:Ú$Þ9Ë:Ñ`Ë:ß½Î¯Õ9Û�à4Þ9Î½×[×�Î½Ï 
�Î½Ï
à�Ô�ËgË:ß¯Î½Õ9ÛÈà�Þ9Î¯× Î	
OÑ6Ë&��Û¼Ë:×¼Ú$Ë:ÑµÖ¯Þ
ß½Ë:× à�Ô�ËgÑ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×KÏ�Ü<à4Ë$Ñ:Ø �¼ÛÈà\à�Ô�Ë[Ù«Î�Ð¼Ë:ÕrÎ"
OÑ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×
Ï�Ü®à�ËgËZß½Î½Õ
Û�à�Þ
Î½×KÔºÜ<Ñ¸Î½×¼Ë)�¼Ü¯Ï�Ü¯ÙCË:à4Ë$Ï

ν
�4@ ËgÔ¼Ë:×¼Ú$Ë°ÔºÜ�ß¯Ë

θ = ∅
��×¼ÎZ�ºÜ¯Ï�Ü<Ù«ËZà�Ë$Ï �EÜ¯×�Ð

η = νÞ9×eÎ½Û�Ï^Ñ.�%Ë$Ú$ÞL(ºÚ´Ë�1�Ü¯Ù��¼Õ9Ë<Ø6�¼Û�àS
�Î½Ï^Î<à�Ô¼Ë:Ï�ÙCÎ�Ð¼Ë$Õ
Ñ��Î<à�Ô
θ
Ü¯×¼Ð

η
Ú�Ü<×!�%Ë´Ù[Û¼Õ
à4Þ ~�Ð¼Þ9ÙCË$×¼Ñ6Þ9Î½×¼Ü¯Õ �

��� �
	!$�	!,�" , *� �!,�� *���,�	�� *�,��-& $-&!� "�,��- #" ,��(�����

@ ËeÍÇÜ¯×�àCà�ÎlÙÅÜ¯Ý<ËeÞ9×3
�Ë:Ï4Ë$×�Ú$ËXÜ	��Î¯Û�à°à�Ô¼Ë à4Þ9ÙCË!~�à4Ï4Ë:Ë Þ9Ù��¼Õ
Ì�Þ9×�Ö à�ÔºÜ®àCÍjË]Ñ4Ô¼Î½Û�Õ9ÐñÑ6à�Û�Ð�Ì à�Ô¼Ë
à�Ô�ËZ�¼Ï6Î-�ºÜ	�¼Þ
Õ9Þ�à,Ì·Ð¼Þ9Ñ'à�Ï6ÞC�¼Û�à4Þ9Î½×lÎ	
Là4Ô¼Ë«à4Ë$Ï6Ù«Þ
×ºÜ¯Õ`Ñ4Ë���Û�Ë$×¼Ú:Ë$Ñ

X
Ü¯ÑgÜ!
�Û¼×¼ÚZà�Þ
Î½× Î	
^à4Ô¼ËÅÏ6ÎÈÎ<à�Ë$Ð

à�Ï6Ë$ËÅà4Î-�%Î½Õ9Î½Ö<Ì½Ønà�Þ9ÙCË!~�Ð¼Û¼Ï4Ü<à�Þ
Î½×¼Ñ´Ü¯×¼Ð ÙCÎ�Ð¼Ë$ÕU�ºÜ¯Ï4Ü¯ÙCË:à�Ë:Ï4Ñ��9�^Ô¼Þ
ÑgÐ¼Þ
Ñ6à�Ï6ÞC�¼ÛÈà�Þ9Î¯× Ú$Ü¯×GØOÜ<àgÕ9Ë$Ü¯Ñ6à
Þ9× �¼Ï6Þ9×¼Ú:ÞC�¼Õ
Ë¯ØU�%ËXÎ-�Èà�Ü¯Þ
×¼Ë$Ð ��Ì Þ9×�à�Ë:Ö½Ï�Ü®à�Þ9×�Ö·Î*ß¯Ë$Ï«Ü¯Õ9Õ ��Î½Ñ6Ñ4Þ/�¼Õ9ËeÑ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×ñÏ4Ü<à�Ë:Ñ

r
(τ) Ü¯×�Ð

{



Ñ4Û�Ù«ÙCÞ9×¼Ö«Î�ß½Ë$ÏµÜ¯Õ
Õ �%Î½Ñ6Ñ4ÞC��Õ9ËgÑ6Ë&��Û¼Ë:×¼Ú$Ë:Ñ
X

(τ)
I

Î"
Oà�Ô¼Ë°Þ
×�à4Ë$Ï6×ºÜ¯Õs×�ÎÈÐ¼Ë:ÑoÞ9×¼Ú:Õ9Û¼Ð�Þ9×¼ÖCà�Ô¼Ë°Ï6ÎÈÎ¯à&�
r 

f(·)

Ð¼Ë:×¼Î¯à4Ë$Ñ�ÜCÖ¯Ë$×¼Ë:Ï4Þ9Ú<��Ï4Î-�ºÜ"�¼Þ9Õ
Þ
à,Ì«Ð¼Þ9Ñ'à�Ï4Þ/�¼Û�à4Þ9Î½×ÅÍjËµÔºÜ�ß½Ë¯Ò

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_�

r,× à�Ô¼Ë Õ�Ü<Ñ6àeÏ4Î�Í_Î	
���x_�«ÍjË ÔºÜ�ß¯Ë Ï6Ë$ÙCÎ*ß¯Ë$Ð
θ
Þ9× à�Ô¼Ë Ð¼Þ
Ñ6à4Ï4ÞC��Û�à�Þ
Î½× Î	


r
(τ) Ü<×¼Ð η

Þ9× à�Ô¼Ë
Ð¼Þ
Ñ6à�Ï6ÞC�¼ÛÈà�Þ9Î¯×·Î	


X
��Ë:Ú�Ü¯Û¼Ñ6ËCà4Ô¼Ë:ÌlÐ¼Î¯× �"à�Ü"K�Ë$ÚZà�à4Ô¼ËCÐ¼Þ9Ñ'à�Ï4Þ/�¼Û�à4Þ9Î½×¼Ñ��iG]Î½Ï4ËHÞ9Ù��%Î½Ï6à�Ü¯×�à�Õ
Ì¯ØGà�Ô¼Ë

Ð¼Þ
Ñ6à�Ï6ÞC�¼ÛÈà�Þ9Î¯× Î	

X
Ø`Ö½Þ
ß¯Ë$× à�Ô¼Ë�à4Î-�%Î½Õ9Î½Ö<Ì

τ
Ü¯×�ÐF�¼Ü¯Ï�Ü¯ÙCË:à4Ë$Ï

θ
Ø`Ð¼Ë&�%Ë$×¼Ð�Ñ«Î½×�Õ
Ì Î¯×

r
(τ) Ü¯×�Ð

t
(τ) à�Ô¼Ï6Î½Û¼Ö½Ô«à�Ô¼Ë:Þ9Ï �¼Ï4Î�Ð¼Û¼ÚZà

r
(τ) · t(τ) = b

(τ) Ø�à�Ô¼ËEË�1 �%Ë$Ú:à4Ë$Ðe×�Û¼Ù)�%Ë$ÏjÎ	
aÑ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×¼ÑLÜ¯Õ
Î½×¼Ö
à�Ô�ËoÐ¼Þ/K�Ë$Ï6Ë$×�àI�¼Ï4Ü¯×¼Ú�Ô¼Ë:Ñ&� �^Ô¼Þ9Ñ^Ð¼Þ
Ñ6à4Ï4ÞC��Û�à�Þ
Î½×ÅÞ
ÑLÞ9×Åà4Û¼Ï4×eÎ-�Èà�Ü¯Þ
×¼Ë$Ð���Ì�Ñ6Û¼ÙCÙ«Þ
×¼Ö[Î�ß½Ë:ÏI��Î½Ñ6Ñ4Þ/�¼Õ9Ë
ß<Ü¯Õ9Û�Ë$Ñ^Î	
rà�Ô¼Ë´Ë21Èà4Ë$×¼Ð�Ë$ÐKÐºÜ®à�Ü°Ñ4ËZà\Ü<Õ9Ñ4ÎHÚ:Î½×�à�Ü¯Þ
×¼Þ9×¼Ö°Þ
×�à�Ë$Ï6×ºÜ¯ÕG×�ÎÈÐ¼Ë´Ñ6Ë&��Û¼Ë$×�Ú$Ë$Ñ:Ò

f(X ; τ, r(τ) · t(τ), θ) =
∑

X
(τ)
I

f(X, X
(τ)
I ; τ, r(τ) · t(τ), θ).

� ^-�

r,×,WsÞ
Ö½Û¼Ï6Ë�xA
�Î¯Ï\Ë�1�Ü¯Ù��¼Õ
Ë¯Ø
X

(τ)
I

ÍjÎ½Û¼Õ
Ð%��Ë�à�Ô¼Ëi��Û¼×¼Ý�×¼Î�ÍR× �\Ñ6Ë&��Û¼Ë:×¼Ú$Ë:ÑµÎ"
Oà�Ô¼Ë[Ï6ÎÈÎ<à¸Ü¯×�Ð à�Ô¼Ë
�¼Ï4Ü¯×¼Ú�Ô¼Þ
×¼Ö���Î¯Þ9×�à¸à�Ô¼Ü<àoÑ.��Õ9Þ
à4Ñ¸Þ9×�à4Î�à�Ë$Ï6Ù«Þ
×ºÜ¯Õ ^�Ü¯×¼Ðh�3�J�^Ô¼ËHÎ-�¼Ñ6Ë$Ï6ß¯Ë$ÐlÑ4Ë���Û�Ë$×¼Ú:Ë$Ñ

X
Ü<Ï4Ë)
�Î½Ï

à�Ô�Ë´à4Ë$Ï6Ù«Þ
×ºÜ¯Õ9Ñ x½Ø ^°Ü¯×¼ÐD�3�
WºÎ½ÏÇà�Ô�ËµÑ���Ë:Ú$ÞL(ºÚoÙ«Î�Ð¼Ë:ÕwÐ¼Ë�(º×¼Ë$Ð]Þ9×�à4Ô¼Ë>�¼Ï4ËZß�Þ9Î½Û¼Ñ^Ñ6Ë$ÚZà�Þ9Î¯×]Þ
×�ÍRÔ¼Þ9Ú�Ô

η = ν
Ø¼à4Ô¼ËoÐ¼Þ9Ñ'à�Ï6ÞC�¼Û ~

à�Þ
Î½×gÎ"
¼à�Ô¼ËjÏ�Ü<à4Ë$Ñ:Ø
f(r(τ) ; τ, t(τ), ν)

Ø½Ñ.�¼Õ
Þ
à4ÑÛ6�gÞ9×�à�ÎEÜ]�¼Ï6ÎÈÐ¼Û�Ú:à�Ø<Î½×¼Ë 
�Ü¯Ú:à4Î½Ï`
�Î¯ÏsË�Ü<Ú�Ô[Ï�Ü<à4Ë
r

(τ)
i

Ø
Ü¯Ñ¿Ñ.�%Ë$Ú:Þ/(ºË:Ð���ÌHà4Ô¼Ë4GXÜ¯Ï4Ý<Î*ß«ÙCÎÈÐ¼Ë:Õ �`@ Þ
à�ÔHà�Ô�Ë\Ë�1ÈÚ:Ë&��à4Þ9Î½×�Î"
wà�Ô�Ë\Ë$Ð�Ö½Ë$ÑjÑ6à�Ë:Ù«ÙCÞ9×�ÖJ
�Ï6Î½Ù à�Ô¼Ë
Ï4Î�Î¯à$Ø�à4Ô¼ËgÕ
Î½Ö�Ü¯Ï6Þ
à4Ô¼Ù«Ñ^Î"
OÎ-�¼Ñ6Ë$Ï6ß¯Ë$Ð Ë$Ð�Ö½Ë!~�Ï�Ü<à4Ë$Ñ¸Ü<Ï4Ëg×�Î½Ï4Ù«Ü¯Õ9Õ�Ì�Ð¼Þ
Ñ6à4Ï4ÞC��Û�à�Ë:ÐXÍRÞ
à4Ô ÙCË�Ü¯× Ë&��ÛºÜ¯Õ
à�Î�à4Ô¼Ë[Õ
Î½Ö�Ü¯Ï6Þ
à�Ô�Ù Î	
Oà�Ô¼Ë°ÙCÎ¯à4Ô¼Ë$ÏEÏ�Ü<à4Ë°Ü¯×¼ÐKß<Ü¯Ï6Þ�Ü¯×¼Ú:ËgË���Û¼Ü¯Õsà�Î

ν
à�Þ9ÙCË$Ñ�à�Ô¼ËHÜ�ß¯Ë$Ï�Ü<Ö½Ë[Î	
`à�Ô�Ë

ÙCÎ¯à�Ô¼Ë:ÏRÜ¯×¼Ð]ÐºÜ¯Û¼Ö¯Ô�à4Ë$ÏRË$Ð�Ö½Ë!~2à�Þ9ÙCË$Ñ��
WºÎ½Ï`Î½Û¼Ï¿Ñ4Þ9Ù��¼Õ
Ë^Ù«Î�Ð¼Ë$Õ`��ÍRÞ
à4Ô

θ = ∅
�ZØ�à�Ô¼Ë�Ñ4Û�Ù«Ù«Ü¯×¼Ð¼Ñ¿Î½×Hà�Ô¼Ë�Ï4Þ
Ö½Ô�à¿ÔºÜ¯×¼Ð«Ñ4Þ9Ð�ËEÎ	
V� ^	�OÚ$Ü¯×

Ü¯Õ
Ñ4Îi�%ËgÍRÏ4Þ�à4à4Ë$×·Ë�1 �¼Õ
Þ9Ú:Þ
à�Õ�Ì-�]cnËZà
b
(τ)
i = r

(τ)
i t

(τ)
i

Ð¼Ë:×¼Î¯à�Ë[à4Ô¼Ë[Ë213�%Ë$ÚZà�Ë:Ð ×�Û¼Ù)�%Ë$Ï\Î	
`Ñ4Û6��Ñ6à�Þ�à�Û ~
à�Þ
Î½×¼Ñ<�%Ë$Ï´Ñ4Þ�à�ËCÜ¯Õ
Î½×¼Ö��¼Ï4Ü¯×¼Ú�Ô

i
���^Ô¼Ë$× à�Ô¼Ë��¼Ï6Î-�ºÜ	�¼Þ
Õ9Þ�à,ÌXÎ"
LÔºÜ�ß�Þ9×¼Ö à4Ô¼ËHÑ�Ü¯ÙCËH×�Û�Ú$Õ9Ë:Î¯à�Þ
Ð¼Ë°Þ9×

�%Î¯à�Ô]Ë$×¼Ð�Ñ\Î	
à�Ô¼Þ
Ñ�Ë:Ð¼Ö½ËgÜ<àEÜCÖ½Þ�ß½Ë:× Ñ4Þ�à�Ë´Ë&��ÛºÜ<Õ9Ñ
p(b

(τ)
i ) = (1 + 3e−3b

(τ)
i

/4)/4
��à�Ô¼Þ
Ñ�Þ
ÑRÑ4Ô¼Î�ÍR×

��Ì Ú$Î¯×¼Ð¼Þ
à4Þ9Î½×�Þ9×¼ÖXÎ½× à�Ô¼Ë ×�Û¼Ù'��Ë:Ï°Î	
�Ñ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½×¼Ñ ��� [ÇË$Ú$Ü¯Û¼Ñ4ËeÎ	
�Þ
×¼Ð¼Ë&�%Ë$×�Ð¼Ë$×¼Ú:Ë���ËZà,ÍÇË:Ë$×
Ñ4Þ�à�Ë:Ñ$Ø�Ü¯×¼Ð��%Ë:à,ÍjË$Ë$×XË$Ð¼Ö¯Ë$Ñ�Ö½Þ
ß¯Ë$× à�Ô¼Ë>�¼Ï4Ü¯×¼Ú�ÔXÕ9Ë$×�Ö¯à�Ô¼Ñ

b
(τ) �

= r
(τ) · t(τ) �ÇÞ
àI
�Î¯Õ9Õ9Î�ÍRÑÇà4ÔºÜ<à

f(X, X
(τ)
I ; τ, r(τ) · t(τ)) ∝ f(m1, . . . , m2k−2; τ,b(τ)) =

2k−2
∏

i=1

p(b
(τ)
i )mi

(

1 − p(b
(τ)
i )

)n−mi

,

ÍRÔ¼Ë:Ï4Ë
mi

Þ9Ñ^à4Ô¼Ë´Î-�¼Ñ4Ë:Ï6ß¯Ë$Ð·×�Û¼Ù)�%Ë$Ï�Î	
pÑ6Þ
à4Ë$Ñ�Ü<àRÍRÔ¼Þ9Ú�ÔXË$Ð¼Ö¯Ë
i
ÔºÜ�ß½Ëµà�Ô¼ËµÑ�Ü¯ÙCË´×�Û¼Ú$Õ
Ë$Î¯à4Þ9Ð¼Ë´Þ9×

�%Î¯à�Ô°Ë:×¼Ð¼Ñ`Î	
�à�Ô¼Ë^Ë:Ð¼Ö½Ë<Ø�Ü¯×¼Ð
n−mi

Þ9Ñsà4Ô¼Ë^×�Û¼Ù)�%Ë$ÏOÎ	
%Ñ6Þ
à�Ë:ÑpÍRÔ¼Ë$Ï6Ë^à�Ô¼Ë^×�Û¼Ú:Õ9Ë$Î<à�Þ9Ð�Ë$ÑpÐ¼ÞLKwË:Ï&� r,×
à�Ô�Ë¸Ù«Þ
Ð¼Ð¼Õ
Ë�Ë21 �¼Ï4Ë:Ñ4Ñ4Þ
Î½×�ÍjËoÔºÜ�ß½Ë¸Õ
Ë�
�àjÎ½Û�àLÑ6Î½ÙCË\Ú$Î¯Ù)�¼Þ9×¼Ü<à�Î½Ï6Þ�Ü¯Õ¼à4Ë$Ï6Ù«ÑjÑ.�%Ë$Ú$ÞL
�Ì�Þ9×¼Ö[Ô�Î*Í Ù«Ü¯×�Ì
×�Û¼Ú$Õ
Ë$Î¯à4Þ9Ð¼ËjÚ$Î½Ù'�¼Þ9×ºÜ®à�Þ9Î¯×¼Ñà4ÔºÜ<àOÜ<Õ9Õ9Î�Í Ü¸Ö¯Þ
ß½Ë:×°Ñ4Þ�à�Ëjà4ÎoÔºÜ�ß½ËLà4Ô¼ËLÑ�Ü<Ù«Ë �<Ð¼Þ/K�Ë$Ï6Ë$×�àp×�Û¼Ú:Õ9Ë:Î¯à�Þ
Ð¼Ë^Ü<à
à�Ô�ËoË$×¼Ð]Î	
nà�Ô¼ËoË:Ð¼Ö½Ë:ÑRÍRÔ�Ì ÍjËoÛ¼Ñ4Ë]�

∝
��Ø¼Ð�Ë$×¼Î¯à4Þ9×¼ÖA� �¼Ï4Î	��Î½Ï'à�Þ
Î½×ºÜ¯Õ�à�Î"��Ø�Ï4Ü<à�Ô¼Ë:ÏLà�ÔºÜ<×]Ë���ÛºÜ¯Õ9Þ�à,Ì-�

�^Ô¼Ë`Õ9Þ
Ý¯Ë$Õ
Þ9Ô¼Î�Î�Ð8
�Û¼×¼ÚZà�Þ
Î½×<
�Î½Ïwà�Ô�Ë¿Ð¼Ü<à�Ü^Þ9ÑwÑ4Þ9Ù��¼Õ�ÌEà4Ô¼ËU�¼Ï4Î-�¼Ü	�¼Þ9Õ
Þ
à,Ì�Ð¼Þ
Ñ6à�Ï6ÞC�¼ÛÈà�Þ9Î¯×4�¼Û�àaß�Þ9ËZÍÇË:Ð
Ü¯Ñ�Ü)
�Û¼×¼ÚZà�Þ9Î¯×]Î"
à4Ô¼Ë>�ºÜ¯Ï�Ü<Ù«ËZà�Ë$Ï6Ñ^Ï�Ü<à4Ô¼Ë$Ï^à4ÔºÜ¯×]Î	
à4Ô¼Ë´ÐºÜ<à�Ü�Ò

L(τ, t(τ), θ, η) = f(X ; τ, t(τ), θ, η).
� �Q�

y
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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 +
ìaãZô�æsä�ã�ïZæ6ò*,�ô2îZç ä�å*æpä2è(çLæ£÷9ä�ô2æ'æpî-,�.�è0/ �*ô2æ21*í®ã�ò<ý

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) �

3 ,54 �!"�$+*�,��'& � *��(� �

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.

�^Ô¼Ëi��Ü	�6��Ï4Î�1ÈÞ9Ù«Ü<à�Ë���G!c�~�Ë$Ñ'à�Þ9Ù«Ü<à4Ë�Þ
ÑRà4Ô¼Ë$× Ð¼Ë�(º×�Ë$Ð Ü¯Ñ�à�Ô¼ËµÖ½Ï4Þ
Ð ~ �%Î½Þ
×�àRÔ¼Ü�ß�Þ
×¼ÖÅÔ¼Þ
Ö½Ô¼Ë:Ñ6à¸Õ
Þ9Ý<Ë!~
Õ9Þ
Ô¼Î�ÎÈÐ?��sÈÞ9ÙgÛ¼Õ�Ü<à4Þ9Î½×�ÑLÜ¯×¼Ð�(ºÖ¯Û¼Ï4Ë:Ñ�ÍjË$Ï6Ë�Î-�Èà�Ü¯Þ
×¼Ë$ÐeÛ¼Ñ6Þ9×¼Ö�G Ü<à4Õ�Ü	��ß¯Ë$Ï6Ñ4Þ9Î¯×:y3�

�
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Ño×¼Î¯à
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ÑrÙCË�Ü<×¼ÑGà�ÔºÜ®à�Ø*Ë:ß¯Ë$×gÞL
�à�Ô¼Ë¿Ü¯Ð¼Î	��à�Ë:ÐµÙCÎ�Ð¼Ë$Õ½Ð�Ë$Ñ4Ú:Ï4Þ/��Ë:ÑrÏ6Ë�Ü¯Õ
Þ
à,Ì8��Ë:Ï�
�Ë:Ú:à�Õ�Ì½Ø®Î½×¼ËOÚ$Ü¯×¼×¼Î¯à
(º×¼Ð°à4Ô¼ËLÏ4Ë:Õ�Ü<à4Þ
ß¯ËLÐ¼Þ
ß¯Ë$Ï6Ö½Ë$×¼Ú:ËLà�Þ
Ù«Ë:ÑÍRÞ
à4ÔHÜ¯Ï.��Þ
à�Ï4Ü¯Ï6ÌµÔ¼Þ
Ö½Ô)�¼Ï6Ë$Ú:Þ9Ñ4Þ
Î½×+��Ì[Ú:Î½Õ9Õ
Ë$Ú:à4Þ9×¼ÖEÑ4Û��CÚ:Þ9Ë$×�à4Õ
Ì
Õ9Î¯×¼Ö��\v8� Ñ4Ë���Û�Ë$×¼Ú:Ë$Ñ'
�Ï6Î½Ù_à�Ô�ËHà4Ë$Ï6Ù«Þ
×ºÜ¯Õ9Ñ\Î	
LÞ
×�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$ÐGØ�×¼Î¯× ~ �ºÜ<Ï�Ü¯ÙCË:à4Ï4Þ9Ú<Ø�Õ
Þ9Ý¯Ë:Õ9Þ
Ô¼ÎÈÎ�ÐZ�¼Ü¯Ñ4Ë:Ð Î½Ï^Î¯à4Ô¼Ë$Ï��

�^Ô¼Ë Ú$Î½×�Ú$Õ9Û�Ñ4Þ9Î¯×P
�Î½Õ9Õ
Î�ÍRÑ�
�Ï4Î¯Ù à4Ô¼Ë·Î-�¼Ñ6Ë$Ï6ß<Ü<à4Þ9Î½× Ü<Õ9Ï4Ë$Ü¯Ð�ÌñÙCË$×�à�Þ
Î½×¼Ë$Ð Þ
×Æà�Ô¼Ë,GXË:à4Ô¼ÎÈÐ�Ñ
Ñ4Ë:Ú:à4Þ9Î½× �Gà4Ô¼Ë'
�Ü¯ÚZà¸à�Ô¼Ü<à¸ÐºÜ®à�Ü�Î½×¼Õ�ÌXÜ"KwË:Ú:à¸à4Ô¼Ëgà4Þ9ÙCË[Ü¯×¼Ð Ï�Ü<à4Ëgß½Ë:Ú:à�Î¯Ï4Ñ

t
(τ) Ü<×¼Ð

r
(τ) à�Ô�Ï4Î½Û¼Ö¯Ôà�Ô�Ë$Þ9Ï>�¼Ï6ÎÈÐ�Û¼Ú:à�ß½Ë$ÚZà�Î½Ï

b
(τ) = r

(τ) · t(τ) ���\Ñ�ÜXÚ:Î½×¼Ñ4Ë���Û¼Ë$×¼Ú:Ë¯Ø`Î½×¼Õ�Ì
b

(τ) Ú�Ü<× �%Ë«Ë:Ñ6à�Þ
ÙÅÜ®à�Ë$Ð
Ú$Î¯×¼Ñ4Þ
Ñ6à�Ë:×�à�Õ
Ì¯ØaÜ¯×¼Ð ×¼Î<à

t
(τ) Ü<×¼Ð

r
(τ) Ñ4Ë��ºÜ¯Ï�Ü®à�Ë$Õ�Ì-�J�^Ô¼Þ9Ñ\Þ9Ñ¸ÙCÎ½Ñ6à\Ë�Ü¯Ñ6Þ9Õ�ÌXÑ6Ë$Ë:×\
�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
Î½×¼Ö½Ë:ÏpÑ4Ë���Û�Ë$×¼Ú:Ë$ÑT�OÞ9ÑOÚ:Î½Õ9Õ
Ë$ÚZà�Ë$Ð
f(X; τ, r(τ) ·t(τ), θ)

�%Ë$Ú$Î¯Ù«Ë:Ñ
ÙCÎ½Ï4Ë´Ü¯×�Ð]ÙCÎ½Ï6Ë<��Ë$Ü¯Ý¯Ë:ÐKÜ¯Ï6Î½Û¼×¼Ð

f(X; τ, b̂, θ)
Ø�ÍRÔ¼Ë:Ï4Ë

b̂
Þ9ÑLà�Ô�ËµÙ«Üj1ÈÞ9ÙgÛ¼ÙhÕ
Þ9Ý<Ë$Õ9Þ
Ô¼Î�ÎÈÐ«Ë$Ñ6à4Þ ~

Ù«Ü<à�Î½ÏV
�Î½Ï
b
ÍRÔ¼Þ9Ú�ÔÅÜ¯Õ9Ñ6Î[Ü	�3�¼Ï4Î�Ü<Ú�Ô¼Ë$Ñ¿à�Ô¼ËRà�Ï6Û¼Ë]�ºÜ<Ï�Ü¯ÙCË:à4Ë$ÏOß<Ü¯Õ9Û¼Ë"�VWºÏ4Î½Ù à4Ô¼Þ9Ñ¿Þ
àU
�Î½Õ
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),

�5ef�

ÍRÔ¼Ë:Ï4ËHà�Ô¼Ë)(ºÏ6Ñ6à>
�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
à,Ì$
�Î½Ï

r
(τ) ËZß¯Ü<Õ9ÛºÜ<à4Ë$Ð Þ
×

b̂
(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×
t
(τ) �V�^Ô¼Ë<(ºÏ4Ñ'à�
�Ü<Ú:à�Î¯ÏLÐ¼Î�Ë$ÑR×¼Î¯àRÖ½ËZàRÙ«Î¯Ï4ËoÜ¯×�Ð]ÙCÎ½Ï6Ë<��Ë$Ü¯Ý¯Ë:Ð Ü¯Ñ

Õ9Î¯×¼Ö½Ë$ÏwÑ4Ë&��Û¼Ë:×¼Ú$Ë:ÑOÜ¯Ï6ËOÚ$Î½Õ
Õ9Ë$ÚZà�Ë:Ð´ÍRÔ�Þ9Ú�ÔµÞ9Ù��¼Õ9Þ
Ë$Ñ�à4ÔºÜ<àaà4Ô¼ËOÞ9×3
�Î¯Ï4Ù«Ü<à�Þ
Î½×¸Ü	�%Î½Û�àaà4Ô¼Ë`Ñ4Û6��Ñ6à�Þ�à�Û�à4Þ9Î½×
Ï�Ü®à�Ë$Ñ

r
(τ) Ð�ÎÈË:Ñ×¼Î<àà4Ë$×¼Ðµà�Î�Þ9×3(º×�Þ
à,Ì-��r�àrÍRÞ9Õ9Õ�Ô¼Ü�ß¯ËLÜRÙÅÜ_1�Þ
ÙÅÜ<Õ¯ß<Ü¯Õ9Û¼Ë<Ø"��Û�àà4Ô¼Ë¿Ð¼Ë$×¼Ñ6Þ
à,Ì´ß<Ü¯Õ9Û�Ë¿Î"


Î¯à4Ô¼Ë$Ï�%Î½Þ
×�à4Ñ
r
Ü¯Ï6Ë¸Ú$Î½Ù��ºÜ¯Ï4Ü	�¼Õ
ËEÞ
×�Ñ4Þ��$ËoÜ¯×�ÐÅà�Ô¼Ë:Þ9ÏjÏ4Ë$Õ9Ü<à�Þ
Î½×ÅÞ
ÑÇÞ
×¼Ð¼Ë&�%Ë$×�Ð¼Ë$×�àRÎ	
aà4Ô¼Ë¸Ñ4Ë���Û¼Ë$×�Ú$Ë

Õ9Ë:×¼Ö¯à4Ô
n

��Ñ4Ë$ËJWsÞ
Ö½Û¼Ï6Ë��+
�Î¯ÏRÜ¯×XÞ
Õ9Õ
Û¼Ñ6à4Ï�Ü<à4Þ9Î½×�
�Ï4Î½Ù à�Ô¼Ë´Ñ4Þ
Ù[Û¼Õ9Ü<à�Þ
Î½×ÅÑ'à�Û¼Ð�Ì3�2�
� Ù«Î¯Ï4ËKÞ
×�à4Û¼Þ
à4Þ
ß¯Ë Ë�1 �¼Õ9Ü¯×ºÜ<à4Þ9Î½×Æà4Î ÍRÔ�ÌÆà�Ô¼Ë·Ð�Þ
ß½Ë:Ï4Ö½Ë:×¼Ú$Ë·à4Þ9ÙCË$Ñ�Ú$Ü¯×¼×¼Î¯ài��Ë·Ë:Ñ6à�Þ
ÙÅÜ®à�Ë$Ð

Ú$Î¯×¼Ñ4Þ
Ñ6à�Ë:×�à�Õ
Ì Þ
Ñ°à�ÔºÜ<àHà4Ô¼Ë
2k − 2

Ñ6Û6�¼Ñ'à�Þ
à4Û�à�Þ
Î½×ñÏ�Ü<à4Ë$Ñ«Ü¯Ï4Ë]Ö½Ë$×�Ë$Ï�Ü®à�Ë$ÐÉÎ½×¼Õ�Ì Î½×¼Ú:ËXÑ6Þ9×¼Ú:Ë]à4Ô¼Ë
Ñ4Û3�¼Ñ6à4Þ
à�ÛÈà�Þ9Î¯×µÏ4Ü<à�ËOÎ"
ºÜ^Ñ.�%Ë$Ú:Þ/(ºÚ`Ë$Ð�Ö½Ë`Þ9ÑGà�Ô�Ë¿Ñ6Û6�¼Ñ'à�Þ
à4Û�à�Þ
Î½×´Ï�Ü<à4ËV
�Î½ÏaË:ß¯Ë$Ï6Ì´Ñ6Þ
à4Ë	� HÇÎ½×¼Ñ4Þ
Ñ6à4Ë$×¼ÚZÌ½Ø¯Î¯×
à�Ô�Ë¸Î¯à�Ô�Ë$ÏÇÔ¼Ü¯×¼ÐGØÈÏ4Ë$Õ
Þ9Ë:ÑjÎ½×«à�Ô¼Ë]
�Ü<Ú:àÇà4ÔºÜ<àÇÙ«Î½Ï6Ë\Ü<×¼Ð Ù«Î¯Ï4Ë�Ï�Ü¯×¼Ð�Î½Ù ��Û¼Ü¯×�à�Þ
à4Þ9Ë:ÑLÜ¯Ï6Ë\Î-�¼Ñ6Ë$Ï'ß½Ë$ÐwØ
Ü¯×¼Ð´à�Ô¼Ü<àaà�Ô¼Ë¿Ü�ß½Ë:Ï�Ü¯Ö¯ËjÎ	
�à�Ô�Ë$Ñ4Ë¿Ù«Ü¯×�ÌoÏ�Ü¯×�Ð¼Î½Ùd��ÛºÜ¯×�à4Þ
à�Þ
Ë$Ñ �%Ë$Ú:Î½Ù«Ë:ÑnÕ9Ë$Ñ6ÑrÜ¯×¼ÐµÕ9Ë$Ñ6ÑnÏ�Ü¯×¼Ð�Î½Ù Ð¼Û¼Ë
à�Î[à4Ô¼ËoÕ�Ü�Í Î	
rÕ�Ü¯Ï6Ö½Ë\×�Û¼Ù'��Ë:Ï4Ñ&� WºÎ½ÏLÞ
×¼Ñ6à�Ü¯×¼Ú:Ë¯Ø�à4Ô¼Ë´Ü�ß½Ë$Ï4Ü¯Ö½Ë´×�Û¼Ù)�%Ë$Ï^Î	
rÑ6Û6�¼Ñ6à4Þ
à4Û�à�Þ
Î½×¼ÑRÜ¯ÙCÎ½×¼Ö
à�Ô�Ë«Ð¼ÞLKwË:Ï4Ë:×�àµÑ6Þ
à�Ë:Ñ$ØÜ¯Õ9Î¯×¼Ö]Ü¯× Ë:Ð¼Ö½ËHÔºÜ�ß�Þ9×¼ÖXÑ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½× Ï�Ü®à�Ë

r
Ü¯×¼Ðlà�Þ9ÙCË°Ð¼Û¼Ï4Ü<à�Þ
Î½×

t
ÍRÞ
Õ9Õ

à�Ë:×¼Ð à4Î
b = rt

Ë:ß¯Ë$×�à�Ô¼Î¯Û¼Ö½Ô·Ë�Ü<Ú�Ô·Ñ4Û¼Ú�ÔGØb��Ë:Ït~,Ñ6Þ
à4Ë¯Ø�×�Û¼Ù)�%Ë$Ï\Î"
`Ñ4Û6�¼Ñ'à�Þ�à�Û�à4Þ9Î½×¼Ñ�Þ9ÑEÜ¯×KÎ¯Û�à�Ú:Î½Ù«Ë
Î	
�ÜoÓÎ¯Þ9Ñ4Ñ6Î½×HÏ�Ü¯×�Ð¼Î½Ù ß¯Ü<Ï4Þ�Ü"�¼Õ9Ë¿ÍRÞ
à�Ô°ÙCË�Ü<×

b
�VHÇÎ½×¼Ñ4Ë���Û¼Ë$×�à�Õ�Ì°à�Ô¼ËI�¼Ü¯Ï�Ü¯ÙCË:à4Ë$Ï

b
(τ) = r

(τ) ·t(τ)Þ9ÑS�%Î½Ñ4Ñ6ÞC�¼Õ
Ë¸à�ÎCË$Ñ'à�Þ9Ù«Ü<à4ËµÚ:Î½×¼Ñ6Þ9Ñ6à4Ë$×�à�Õ�Ì\��Ñ6Ë$Ë'WsÞ9Ö½Û�Ï4Ë<e=
�Î½Ï�Ü¯×XÞ
Õ9Õ
Û¼Ñ6à4Ï�Ü<à4Þ9Î½× �2�M�^Ô¼Þ
Ñ�ÙCË�Ü<×¼Ñ�à4ÔºÜ<à
à�Ô�Ë%� ~�à4Ï4Ë:ËKÚ�Ü¯×P��ËKË:Ñ6à4Þ9Ù«Ü<à�Ë:ÐÆÚ$Î½×�Ñ4Þ9Ñ'à�Ë:×�à4Õ
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
×�à,Ì	�

E



�^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 = ∞
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