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"3&*#;<=>#

"3%-%#!$#&#)!44%-#,-()/%+#3%-%5#"3%#&-41+%*"$#3&?%#@!"#

0!22%-%*"#?&/1%$7#&*0#9%#+1$"#%$"!+&"%#@A@!B;C#

,&-&+%"%-$#>>>#2(-#!*$"&*.%7#9!"3#D#E#F<#"3%-%#&-%#+(-%#

"3&*#@#)!//!(*#,&-&+%"%-$G

P y( )

P x y( )

!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2324 5



A3,$'"-$,*$1*!.'*$#/*$/.4*$'3?0(*B2#<$36$(*"1-2-4C$

,*$")).?*$#/*$'3-!2#23-"($2-!*0*-!*-'*$36$#/*$#"$%@

*%)1'#$%&'()%*#,'%2*)*3

631$2-)#"-'*&$,2#/$D.)#$#,3$"##127.#*)

,2#/$?31*$#/"-$E$"##127.#*)

P x
1
, x

2
y( ) = P x

1
x
2
, y( )P x

2
y( ) = P x

1
y( )P x

2
y( )

=4"*#(#4"-6+#"*%<%"*%"=%+-''>?<(#4"

P x y( ) ≈ P xk y( )
k=1

N

∏

!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2324 6





&'()"*)+)(,-"./%0()1)"/+231%

K6$"-<$36$#/*$! # 5"12"7(*)$/")$4 !266*1*-#$5"(.*)&$*$26$#/*1*$"1*$5

'("))*)&$#/*-$,*$?.)#$*)#2?"#*$2-$"(($!5F4LMJ$61**$0"1"?*#*1)$,2#/$

#/*$N"25*$8"<*)$+("))262*1$F#/2)$2-'(.!*)$-31?"(2O"#23-J$F'3?0"1*$

#/2)$,2#/$#/*$5F4#LMJ$0"1"?*#*1)$-**!*!$7<$"$'3?0(*#*$'("))262*1J

!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2324 8



6'+1/+3'3%"/+231%",+."./%0()1)"0-,%%)%"7 18)"9,3%%/,+"0,%)

/*1*$,*$?.)#$*)#2?"#*$E!5 0"1"?*#*1)$P$#/*$)/"0*$36$#/*$

!2)#127.#23-$:F;J$F#/2)$"!!)$.0$#3$"-3#/*1$5LM$0"1"?*#*1)J

P xn yk( ) =
1

2πσ nk

2
exp −

xn − µnk( )
2

2σ nk

2













!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2324 9



Q".))2"-$)0*'2"($'")*$,2#/$'("))L2-!*0*-!*-#$5"12"-'*$"-!$833(*"-$

'("))262'"#23-$F#,3$'("))*)$3-(<J@

P y = 0 x( ) =
P x y = 0( )P y = 0( )
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4"#5/3)(.)+#2'32'(()/*#6,/3).#2'32'(()/*7

,5%+4**'+&-(#4

@#(5+(5%+%A<4"%"(#-6+%A<-"'#4"+(5-(+@%+B>'(+84>"*+C(5%+64;#'(#=+%A<&%''#4"+84&++D+;#$%'+++

04&+-+;#$%"+'%(+48+, =6-''+*%(%&?#"-(#4"'+@5%&%+(5%+8&-=(#4"+48+-''#;"?%"('+(4+=6-''+E+

#'++++++++++++84&+-+<-&-?%(%&+$%=(4&+48++++++++++++++++++++++++++(5#'+64;+4**'+&-(#4+9%=4?%'++
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∑

n=1

wnxn

{x(k)
n }k=1,Kp(k)

ln
p(k)

1− p(k)
= w0 +

N
∑

n=1

wnx
(k)
n



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2324 45

,5%+%A<&%''#4"

#'+(5%+9-'#'+84&+-+;%"%&-6#3%*+6#"%-&+&%;&%''#4"F+(4+*%(%&?#"%+(5%+- <-&-?%(%&'G+

,5#'+=-"+9%+*4"%+@#(5+(5%+6%-'(+'H>-&%'+?%(54*F+@5%&%+4"%+?#"#3%'+

,5#'+64;#(+&%;&%''#4"+#'+48(%"+>'%*+#"+=6-''#8#=-(#4"+<&496%?'G++
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8"#9/:',#(','+.)/*

./0&1020%(3&+4%+#50&#6&$&7#"0)&50)03*(#2&5*$*(5*(3&(5&*#&50*&4+&$&*025(#2&80*-002&*/0&

+%0"(3*(902055&#6&$&7#"0)&:6#%&(25*$230&(2"(3$*0"&8;&*/0&24780%&#6&6%00&+$%$70*0%5<&

$2"&(*5&$8()(*;&*#&6(*&#850%9$*(#2$)&"$*$=&>90%5(7+)(5*(3&7#"0)5&#660%(21&$&+##%&6(*&

5/#4)"&#6&3#4%50&80&*/%#-2&#4*?&84*&5#&5/#4)"&7#%0&3#7+)0@&7#"0)5&*/$*&#660%&+##%&

+%0"(3*(90&+#-0%=&

./0%0&$%0&*-#&7$(2&*;+05&#6&7#"0)&50)03*(#2&5*$*(5*(3&*/$*&/$90&8002&450"&(2&*/0&

)(*0%$*4%0&5#&6$%=&A26#%7$*(#2&3%(*0%($&)##B&$*&*/0&805*C6(**(21&+$%$70*0%&9$)405&$2"&

$**$3/&$&+02$)*;&6#%&*/0&24780%&#6&+$%$70*0%5D&*/0;&$%0&05502*($));&$&*03/2(3$)&

6#%74)$*(#2&#6&E3/(C5F4$%0"&+0%&"01%005&#6&6%00"#7G&$%14702*5=&H;&3#2*%$5*?&*/0&

H$;05($2&09("0230&$++)(05&*/0&5$70&*;+0&#6&)(B0)(/##"&$2$);5(5&6$7()($%&6%#7&

+$%$70*0%&05*(7$*(#2?&84*&$*&*/0&)090)&#6&7#"0)5&%$*/0%&*/$2&+$%$70*0%5=&A*&

"0+02"5&#2&1##"2055&#6&6(*&$3%#55&*/0&02*(%0&7#"0)&+$%$70*0%&5+$30=

CI#**6%+J+-6GF+KLLMD
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!"#$"%&'()*+,#-$*(&.+$-%+$*(&/!'.01&

./(5&-$5&"0%(90"&8;&I(%#*414&JB$(B0&(2&KLMN?&$2"&*$B05&*/0&6#%7&

-/0%0&B&(5&*/0&24780%&#6&+$%$70*0%5&(2&*/0&7#"0)=&./0&54853%(+*&E7$@G&(2"(3$*05&*/$*&#20&

5/#4)"&6(2"&*/0&+$%$70*0%&9$)405&;(0)"(21&*/0&/(1/05*&+#55(8)0&)(B0)(/##"&-(*/(2&*/0&7#"0)=&

!"#$%$&'()*%+&,-%.'+$%.$%.%/#)*%(0%12''.-%0.'+(,34%#)#+#.5567%.$%8.,.-&+&,$%.,&%.**&*7%+"&%

0#+%+(%*.+.%#-8,(9&$%,.8#*56%:)+#5%.%,&.$().;5&%0#+%#$%.'"#&9&*7%;:+%0:,+"&,%8.,.-&+&,$%

+"&)%.**%5#++5&%.)*%+"&%8&).5+6%+&,-%</%+./&$%(9&,= ./0&1020%(3&5/$+0&#6&*/0&JAO&$5&$&

6423*(#2&#6&24780%&#6&+$%$70*0%5&(5&$&%$+("&6$))?&$&7(2(747?&$2"&*/02&$&%(50=&./0&+%060%%0"&

7#"0)&5(*5&$*&*/0&7(2(747=

!"&%>?@%A.$%*&,#9&*%0,(-%#)0(,-.+#()B+"&(,&+#'%'()$#*&,.+#()$7%$8&'#0#'.556%.)%

.88,(C#-.+&%-#)#-#D.+#()%(0%+"&%E:55;.'/FG&#;5&,%#)0(,-.+#()%&)+,(86%A"#'"%-&.$:,&$%

+"&%*#$+.)'&%;&+A&&)%+A(%8,(;.;#5#+6%*#$+,#;:+#()$=

CI#**6%+J+-6GF+KLLMD

AIC = −2 lnLmax + 2k
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2#3%4$#(&'()*+,#-$*(&.+$-%+$*(&/2'.01

./(5&-$5&"0%(90"&8;&P("0#2&Q3/-$%R&(2&KLMS?&$2"&5*%#21);&%05078)05&*/0&JAO=&A*&(5&1(902&8;&

-/0%0&T&(5&*/0&24780%&#6&"$*$+#(2*5=&Q(230&$&*;+(3$)&"$*$50*&-())&/$90&)2T&U&V?&*/0&HAO&

(7+#505&$&5*%(3*0%&+02$)*;&$1$(25*&0@*%$&+$%$70*0%5&*/$2&*/0&JAO=&

?+%A.$%*&,#9&*%.$%.)%.88,(C#-.+#()%+(%+"&%H.6&$#.)%&9#*&)'&?&*#&80&"(534550"&20@*?&84*&

+"&%.$$:-8+#()$%,&I:#,&*%.,&%9&,6%,&$+,#'+#9&%.)*%:)5#/&56%+(%"(5*%#)%8,.'+#'&7%,&)*&,#)J%

+"&%.88,(C#-.+#()%I:#+&%',:*&=

CI#**6%+J+-6GF+KLLMD

BIC = −2 lnLmax + k lnN
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2#3%4$#(&%5$6%(7%

8*6%9&4%9%7-$*(&#$,4&-*&6%-%+,$(%&:;$7;&-;%*+%-$7#9&,*6%94&#+%&,*4-&<9#=4$>9%&

?$5%(&4*,%&6#-#@&:$-;*=-&(%7%44#+$93&7*(4$6%+$(?&<+%)%++%6&5#9=%4&*)&,*6%9&

<#+#,%-%+41

.*%-66:F+@%+@4>6*+6#7%+(4+%'(#?-(%+<4'(%&#4&+<&49-9#6#(#%'+4"+(5%+'%(+48+-66+=4?<%(#";+

?4*%6'+>'#";+N-:%'O+(5%4&%?P+

-"*+'%6%=(+(5%+9%'(+?4*%6+>'#";+(5%+4**'+&-(#4

4&+(5%+N-:%'+8-=(4&F+#8+@%+-''>?%+%H>-6+<&#4&+<&49-9#6#(#%'+84&+(5%+*#88%&%"(+?4*%6'P+

P (Mi|D, I) =
P (D|Mi, I)P (Mi|I)∑
k P (D|Mk, I)P (Mk|I)

Oi,j =
P (Mi|D, I)

P (Mi|D, I)
=

P (D|Mi, I)P (Mi|I)

P (D|Mj , I)P (Mj |I)

Bi,j =
P (D|Mi, I)

P (D|Mj , I)
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,5>' @%+'%%+(5-(+(5%+N-:%'+8-=(4&+#'+-+&-(#4+48+%$#*%"=%'

Q'+>'>-6F+%-=5+%$#*%"=%+#'+49(-#"%*+9:+?-&;#"-6#3#";+(5%+6#7%6#544*+@#(5+&%'<%=(+(4+(5%+

C<4(%"(#-66:+*#88%&%"(D+<-&-?%(%&'P

Bi,j =
P (D|Mi, I)

P (D|Mj , I)

P (D|Mi, I) =

∫

Θi

P (D|θi,Mi, I)p(θi|Mi, I)dθi
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./0&09("0230&#6&$&7#"0)&(5&*/45&*/0&$90%$10&)(B0)(/##"&#6&*/0&7#"0)&(2&*/0&+%(#%=&

W2)(B0&*/0&JAO&$2"&HAO?&(*&"#05&2#*&6#345&#2&*/0&805*C6(**(21&+$%$70*0%5&#6&*/0&7#"0)?&84*

$5B5&E#6&$))&*/0&+$%$70*0%&9$)405&;#4&*/#41/*&-0%0&9($8)0&806#%0&*/0&"$*$&3$70&$)#21?&

/#-&-0))&#2&$90%$10&"("&*/0;&6(*&*/0&"$*$XG=&Y(*0%$));?&(*&(5&*/0&)(B0)(/##"&#6&*/0&7#"0)&

1(902&*/0&"$*$=&

./0&09("0230&%0-$%"5&+%0"(3*$8()(*;&#6&7#"0)5?&+%#9("0"&*/0;&1(90&$&1##"&6(*&*#&*/0&"$*$?&

$2"&/0230&1(905&$2&$@(#7$*(3&%0$)(R$*(#2&#6&>33$7Z5&%$R#%=&

J&7#"0)&-(*/&)(**)0&+$%$70*0%&6%00"#7&(5&)(B0);&*#&6(*&"$*$&#90%&743/&#6&(*5&+$%$70*0%&

5+$30?&-/0%0$5&$&7#"0)&*/$*&3#4)"&7$*3/&+%0**;&743/&$2;&"$*$&*/$*&7(1/*&/$90&3%#++0"&

4+&-())&1(90&$&80**0%&6(*&*#&*/0&$3*4$)&"$*$&84*&#2);&(2&$&57$))&%01(#2&#6&(*5&)$%10%&

+$%$70*0%&5+$30?&+4))(21&*/0&$90%$10&)(B0)(/##"&"#-2=

CI#**6%+J+-6GF+KLLMD
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K"#'"%$+.+#$+#'$L

>6&*/050&5*$*(5*(35?&-0&-#4)"&$"9#3$*0&45(21&[ -/0%090%&+#55(8)0&[ */0&H$;05($2&09("0230?&

-/(3/&(5&$&64))&(7+)0702*$*(#2&#6&H$;05($2&(260%0230&$2"&3$2&80&"(%03*);&(2*0%+%0*0"&(2&*0%75&

#6&7#"0)&+%#8$8()(*(05=&A*&(5&3#7+4*$*(#2$));&3/$))021(21&*#&3#7+4*0?&80(21&$&/(1/);&+0$B0"&

74)*("(7025(#2$)&(2*01%$)?&84*&%0302*&$)1#%(*/7&"090)#+702*&/$5&7$"0&(*&60$5(8)0&(2&

3#57#)#1(3$)&3#2*0@*5=&

?0%+"&%H.6&$#.)%&9#*&)'&%'.))(+%;&%'(-8:+&*7%+"&%H?@%'.)%;&%*&85(6&*%.$%.%$:;$+#+:+&= A*&(5&

743/&5(7+)0%&*#&3#7+4*0&$5&#20&200"&#2);&6(2"&*/0&+#(2*&#6&7$@(747&)(B0)(/##"&6#%&0$3/&

7#"0)= M(A&9&,7%#)+&,8,&+#)J%#+%'.)%;&%*#00#':5+=%?+$%-.#)%:$&0:5)&$$%#$%.$%.)%.88,(C#-.+#()%

+(%+"&%&9#*&)'&7%;:+%+"#$%"(5*$%()56%0(,%J.:$$#.)%5#/&5#"((*$%.)*%8,(9#*&*%+"&%*.+.8(#)+$%

.,&%#)*&8&)*&)+%.)*%#*&)+#'.556%*#$+,#;:+&*= ./0&)$**0%&3#2"(*(#2&/#)"5&+##%);&6#%&*/0&34%%02*&

1)#8$)&3#57#)#1(3$)&"$*$50*?&*/#41/&(*&3$2&+#*02*($));&80&(7+%#90"&8;&8(22(21&#6&*/0&"$*$?&

/0230&"03%0$5(21&*/0&T&(2&*/0&+02$)*;&*0%7=

./0&JAO&/$5&8002&-("0);&450"&#4*5("0&$5*%#+/;5(35?&84* (5&#6&"08$*$8)0&4*()(*;=&?+%".$%;&&)%

$"(A)%+(%;&%1*#-&)$#().556%#)'()$#$+&)+37%-&.)#)J%+".+%#+%#$%)(+%J:.,.)+&&*%+(%J#9&%+"&%

,#J"+%,&$:5+%&9&)%#)%+"&%5#-#+%(0%#)0#)#+&%:);#.$&*%*.+.= A*&7$;&80&45064)&6#%&3/03B(21&*/0&

%#845*2055&#6&3#23)45(#25&"%$-2&45(21&*/0&HAO=&!"&%&9#*&)'&%.)*%H?@%.,&%*#-&)$#().556%

'()$#$+&)+=

CI#**6%+J+-6GF+KLLMD
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P | d, I( ) =
P d | , I( )

P d | I( )
·P | I( )

=
L d,( )

P d | I( )
·P | I( )∝ L d,( )

1*!2(-+#0!$"-!)1"!(*#

A1$1&//'#&*#!+,-(,%-#,-!(-C

/!H%/!3((0

2-$#/2)$F"0013B2?"#*J$)*##2-4&$#/*$GHI$*)#2?"#*$'32-'2!*)$,2#/$

#/*$GT$*)#2?"#*=

%?!0%*.%

U*'"(($#/*$?"B=$(2V*(2/33!$012-'20(*@
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L d,( ) = p di( )
i

∏

93%*#0&"&#&-%#!*0%,%*0%*"#&*0#!0%*"!.&//'#0!$"-!)1"%0#A!>!>0>C#9%#2!*0#"3%#2(//(9!*4#

/!H%/!3((0#21*."!(*

&*0#9%#%$"!+&"%#"3%#,&-&+%"%-$#)'#+&:!+!I!*4#"3%#/!H%/!3((0#21*."!(*

(-7#%J1!?&/%*"/'7#!"$#/(4&-!"3+

A!*#-%&/#/!2%7#"3!$#,-(.%01-%#!$#(2"%*#.(+,/%:#&*0#&/+($"#!*?&-!&)/'#!"#-%J1!-%$#&#

*1+%-!.&/#$(/1"!(*C

ˆ = argmaxL d,( )

 

ˆ = argmax logL d,( ) 
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!"#$%&$'()*+,-".$,/$0/#1$-*$.'2,.,3#$(,4#(,"**1$5,-"$,67*.8(#-#$,69*+.'-,*6:$'61$,-$

"'/$-5*$.',6$/-#8/$-"'-$'+#$,-#+'-#1$06-,($7*6;#+)#67#<

!"#%A<%7-#-$*(&*)&-;%&9*?B9$"%9$;**6@&#5%+#?%6&:$-;&+%4<%7-&-*&,$44$(?&6#-#C

$"#,#A$,$D#-$*(&*)&-;%&#5%+#?%6&9*?B9$"%9$;**6&:$-;&+%4<%7-&-*&<#+#,%-%+4C

Q ,
n−1( )( ) = Ey log p x,y( ) x, n−1( )





= log p x,y( )  p y x,
n−1( )( )dy

Y

∫

n( )
= argmaxQ ,

n−1( )( )

6#7%6#544*

?%-'>&%*+

*-(-

?#''#";

*-(-

<-&-?%(%&'+C@#(5+&%'<%=(+(4+

@5#=5+@%+@-"(+(4+?-A#?#3%+

(5%+%A<&%''#4"

<&%$#4>'+<-&-?%(%&+

%'(#?-(%+C=4"'(-"(+

$-6>%'D
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>0%?@,'A#%*#'0@'2)?'*.#B).=#%*#'0@/*'*.)%,#?/:',#

6C,D2&#%*:#E/@@F7

K!43"#)1/)$#2&!/#2(//(9!*4#&*#%:,(*%*"!&/#0!$"-!)1"!(*#9!"3#+%&*#2&!/1-%#"!+%#

!*$#/-,.'-#$-"#$.#'6$-5*$#28#+,.#6-/$'+#$8#+9*+.#1

;>#6 /!43"#)1/)$#&-%#"%$"%07#&//#2&!/1-%#"!+%$#0! &-%#-%.(-0%0#

@>#. /!43"#)1/)$#&-%#"%$"%07#(*/'#"3%#"("&/#*1+)%-#+ (2#)1/)$#2&!/%0#&"#"!+%#- &-%#

-%.(-0%0

M=$

E=

θ

 

L =
1

θ
exp −

u
i

θ






i=1

n

∏ =
1

θ n
exp −

u
i

i

∑
θ














=
1

θ n
exp −

n u

θ






 

L =
1

θ
exp −

v
i

θ






i=1

m

∏
?#''#";+*-(-V
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(34L(2V*(2/33!

−n lnθ −
n u

θ
− lnθ +

v
i

θ






i=1

m

∑

1

θ n
exp −

n u

θ





·

1

θ
exp −

v
i

θ






i=1

m

∏

'3?72-*!$(2V*(2/33!
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*B0*'#*!$6"2(.1*$#2?*$631$"$7.(7$#/"#$

2)$)#2(($7.1-2-4$"#$#2?*$# t +θ

*B0*'#*!$6"2(.1*$#2?*$631$"$7.(7$#/"#$

2)$-3#$7.1-2-4$"#$#2?*$#
θ −

t exp − t θ( )
1− exp − t θ( )
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D("%#(*#+%&*#2&!/1-%#"!+%#2(-#&#)1/)#"3&"#!$#*("#)1-*!*4#&"#"!+%#-

p ′t( )∝
1

θ
e
− ′t θ

0 ≤ ′t ≤ t

normalization = p ′t( )d ′t
0

t

∫ =
d ′t

θ
e
− ′t θ

0

t

∫ = 1− e−t θ

mean failure time = ′t p ′t( )d ′t
0

t

∫ =
1

1− e−t θ
′t e− ′t θ d ′t

θ
0

t

∫

=
θ

1− e−t θ
1− e−t θ − t θ( )e−t θ 

= θ −
te

−t θ

1− e−t θ
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Q = E −n lnθ −
n u

θ
+ − lnθ −

v
i

θ







i=1

m

∑









= − n +m( ) lnθ −
n u

θ
−
r

θ
θ −

t exp − t θ( )
1− exp − t θ( )







−
m − r( )
θ

θ + t( )

"5*1"4*$(34L(2V*(2/33!

!"#$%&'($%!"&%&)*&+!,!#-'%$!&*
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Q = − n +m( )lnθ −
1

θ
n u + r θ −

t exp − t θ( )
1− exp − t θ( )







+ m − r( ) θ + t( )
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'"-$7*$63.-!$7<$?"B2?2O2-4$#/*$"0013B2?"#*$*B01*))23-

Q ≈ − n +m( )lnθ −
1

θ
n u + r θ k( ) −

t exp − t θ k( )( )
1− exp − t θ k( )( )












+ m − r( ) θ k( )

+ t( )














dQ

dθ
≈ − n +m( )

1

θ
+
1

θ 2
n u + r θ k( ) −

t exp − t θ k( )( )
1− exp − t θ k( )( )












+ m − r( ) θ k( )

+ t( )













= 0
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θ k+1( )
=

1

n +m
n u + r θ k( ) −

t exp − t θ k( )( )
1− exp − t θ k( )( )












+ m − r( ) θ k( )

+ t( )














dQ

dθ
≈ − n +m( )

1

θ
+
1

θ 2
n u + r θ k( ) −

t exp − t θ k( )( )
1− exp − t θ k( )( )












+ m − r( ) θ k( )

+ t( )













= 0

#/2)$631?.("$).??"12O*)$*B0*'#"#23-$

"-!$?"B2?2O"#23-@$#/*1*631*&$#/*$1*'20*$

2)$#3$2#*1"#*$#/2)$.-#2($'3-5*14*-'*$===
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<='#>9#?'.=/:#)(#/-.'*#D(':#./#'(.)?%.'#.='#@%2%?'.'2(#/-#

G?)0.D2'#?/:',(H"

p x
n( ) = α

i
p
i
x
n i( )

i=1

M

∑
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= α
1
,…,α

M
;

1
,…,

M
( )

α
i
= 1

i=1

M

∑
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L*#"3!$#.&$%7#"3%#+!:"1-%#+(0%/#3&$#"9(#M&1$$!&*#.(+,(*%*"$

93%-%#"3%#?%."(-#(2#,&-&+%"%-$#!$

N3%#-%$1/"!*4#/(4#/!H%/!3((0#9!"3#6 9&!"!*4#"!+%$#5! !$#

θ = (α, µ1, µ2, σ1, σ2)

lnL =
∑

i

ln [αN(wi;µ1, σ1) + (1− α)N(wi;µ2, σ2)]

p(w|θ) = αN(w;µ1, σ1) + (1− α)N(w;µ2, σ2)
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O%#$1)$"!"1"%#"3%#/!H%/!3((0#9!"3#"3%#*%9#(*%7#.(*"&!*!*4#1*()$%-?%0#0&"&5

93%-%#"3%#*%97#1*()$%-?%0#0&"&#=! &-%#!*0!.&"(-#?&-!&)/%$#"3&"#$%/%."#%:"-&."!(*#

2-(+#"3%#2!-$"#A=! E#;C#(-#"3%#$%.(*0#A=! E#<C#M&1$$!&*#A!>%>7#-5*$7('//#/C>##

N3%*#

L =
∏

i

αyi(1− α)1−yi [N(wi;µ1, σ1)]
yi [N(wi;µ2, σ2)]

1−yi

lnL =
∑

i

[

yi lnα+ (1− yi) ln(1− α) + yi

(

−
1

2
ln(2πσ1)−

(wi − µ1)
2

2σ2
1

)

+(1− yi)

(

−
1

2
ln(2πσ2)−

(wi − µ2)
2

2σ2
2

)]
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N3%#,-()&)!/!"'#"3&"#&#4!?%*#

"!+%#!*"%-?&/#)%/(*4$#"(#"3%#

2!-$"#M&1$$!&*#!$

$,#-'./01"1#2#$3'#-'"2-0')45"2'$0'$,)'()"%'

6"25)'07'$,)'#%8#9"$0/'6"/#"12)

pi =
α×N(wi;µ1, σ1)

α×N(wi;µ1, σ1) + (1− α)×N(wi;µ2, σ2)

=
α(k) exp[−(wi − µ

(k)
1 )2/2(σ

(k)
1 )2]/

√

2π(σ
(k)
1 )2

α(k) exp[−(wi − µ
(k)
1 )2/2(σ

(k)
1 )2]/

√

2π(σ
(k)
1 )2 + (1− α(k)) exp[−(wi − µ

(k)
2 )2/2(σ

(k)
2 )2]/

√

2π(σ
(k)
2 )2
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D(97#%&'(%)*+)#,-'#./)#.*0'.*-//1#2*,-#('34'5,#,/#,-'#6+/73'(&'1#1%,% 9%#2!*0

A"3%#+%&*#?&/1%#(2#"3%#!*0!.&"(-#?&-!&)/%#!$#%J1&/#"(#"3%#.1--%*"#%$"!+&"%#(2#"3%#

,-()&)!/!"'#αC

8'9, 2'#:%9*:*;'#2*,-#('34'5,#,/#%..#,-'#(':%*+*+)#4%(%:','(37#&*0#9%#2!*05#

Q(θ,θ(k)
) =

∑

i

[

p
(k)
i lnα+ (1− p

(k)
i ) ln(1− α) + p

(k)
i

(

−
1

2
ln(2πσ

2
1)−

(wi − µ1)
2

2σ2
1

)

+(1− p
(k)
i )

(

−
1

2
ln(2πσ

2
2)−

(wi − µ2)
2

2σ2
2

)]

α(k+1) =
1

N

∑

i

p
(k)
i

(

σ
(k+1)
1

)2

=

∑

i p
(k)
i (wi − µ

(k)
1 )2

∑

i p
(k)
i

; µ
(k+1)
1 =

∑

i p
(k)
i wi

∑

i p
(k)
i

(

σ
(k+1)
2

)2

=

∑

i(1− p
(k)
i )(wi − µ

(k)
2 )2

∑

i(1− p
(k)
i )

; µ
(k+1)
2 =

∑

i(1− p
(k)
i )wi

∑

i(1− p
(k)
i )
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P!*&//' 9%#3&?%#"3%#2(//(9!*4#$%"#(2#%J1&"!(*$5#

p
(k)
i =

α(k) exp[−(wi − µ
(k)
1 )2/2(σ

(k)
1 )2]/

√

2π(σ
(k)
1 )2

α(k) exp[−(wi − µ
(k)
1 )2/2(σ

(k)
1 )2]/

√

2π(σ
(k)
1 )2 + (1− α(k)) exp[−(wi − µ

(k)
2 )2/2(σ

(k)
2 )2]/

√

2π(σ
(k)
2 )2

α(k+1) =
1

N

∑

i

p
(k)
i

(

σ
(k+1)
1

)2

=

∑

i p
(k)
i (wi − µ

(k)
1 )2

∑

i p
(k)
i

; µ
(k+1)
1 =

∑

i p
(k)
i wi

∑

i p
(k)
i

(

σ
(k+1)
2

)2

=

∑

i(1− p
(k)
i )(wi − µ

(k)
2 )2

∑

i(1− p
(k)
i )

; µ
(k+1)
2 =

∑

i(1− p
(k)
i )wi

∑

i(1− p
(k)
i )
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k
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!"#$#%&'$#()'*(#%+

a4?<-&#'4"+48+(5%+4&#;#"-6+*-(-+@#(5+(5%+?#A(>&%+?4*%6+49(-#"%*+@#(5+(5%+WY+

-6;4&#(5?
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N3#*)@$

EG (5%+-<<&4-=5+4>(6#"%*+#"+(5#'+K1=4?<4"%"(+X->''#-"+?#A(>&%+?4*%6+=-"+9%+

;%"%&-6#3%*+(4+?4&%+(5-"+(@4+=4?<4"%"('

KG (5%+-''#;"?%"(+(4+*#88%&%"(+=4?<4"%"('+C5#**%"+#"*%A+$-&#-96%D+-?4>"('+(4+(5%+

'46>(#4"+48+-+=6-''#8#=-(#4"+<&496%?+
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➙ ◆✁✎☎❤♦✂ ✄☎❛❤✄ ❛☎ ✆t❤☎� ♦❤ t✂ ♠❛☎☎✁❤ ✟❤♦♠ ♠✁❤❣t✂❣ ✂✁✎☎❤♦✂ ✄☎❛❤✄ ❛❤✁ ☎�✁ ♦✂❧☛ ✏❧❛✞✁✄ t✂ ☎�✁ ✎✂t✈✁❤✄✁✡ ❛✏❛❤☎ ✟❤♦♠ ☎�✁

❇t❣ ❇❛✂❣✡ ✇�✁❤✁ ✂✁✎☎❤t✂♦✄ ✆✁✞♦♠✁ ☎❤❛✏✏✁❞ ❛✂❞ ♠✎✄☎ ❞t✟✟✎✄✁ ☎�❤♦✎❣� �t❣� ❞✁✂✄t☎☛ ♠❛☎☎✁❤ ☎♦ ✁✈✁✂☎✎❛❧❧☛ ✁✄✞❛✏✁✳
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❙�✁✂ ✐✁✄�☎✆✝✞✆ ✁✐♠✂✟✆�✞✂✟ ❝�✞❝✂☎✞✐✞✠ ❞✐✟❝�✈✂☎✐✂✟ ✝❛�✡✆ ✞✂✡✆☎�✞ ✟✆✝☎✟ ✐✞❝♠✡❞✂☛

✶☞✌✍ ❘✡✆✎✂☎✏�☎❞ ✄☎✂❞✐❝✆✟ ✂①✐✟✆✂✞❝✂ �✏ ✆✎✂ ✞✂✡✆☎�✞♥

✶☞✑✶ ▲✝✞❞✝✡ ✝✞✆✐❝✐✄✝✆✂✟ ✟✐✞✠♠✂s✞✡❝♠✂✡✟ ✟✆✝☎✟ ✭✞�✆ ✄☎✂❝✐✟✂♠♣ ✞✂✡✆☎�✞ ✟✆✝☎✟✒♥

✶☞✑✌ ❈✎✝❞✓✐❝✔ ❞✐✟❝�✈✂☎✟ ✆✎✂ ✞✂✡✆☎�✞♥

✶☞✑✕ ❲♥ ❇✝✝❞✂ ✝✞❞ ❋♥ ❩✓✐❝✔♣ ❬✖✗ ✟✡✠✠✂✟✆ ✆✎✝✆ ✞✂✡✆☎�✞ ✟✆✝☎✟ ✝☎✂ ✆✎✂ ✂✞❞ ✄☎�❞✡❝✆ �✏ ✟✡✄✂☎✞�✈✝✂♥

✶☞✑☞ ❖✄✄✂✞✎✂✐✁✂☎ ✝✞❞ ❱�♠✔�✏✏ ❬✘✗ Þ✞❞ ✆✎✝✆ ✠✂✞✂☎✝♠ ☎✂♠✝✆✐✈✐✆♣ ✄☎✂❞✐❝✆✟ ✝ ✁✝①✐✁✡✁ ✁✝✟✟ ✏�☎ ✞✂✡✆☎�✞ ✟✆✝☎✟♥

✶☞✙✕ ❍�♣♠✂② ◆✝☎♠✐✔✝☎ ✝✞❞ ❲✎✂✂♠✂☎ ❬✚✗ ✄☎✂❞✐❝✆ ✆✎✝✆ ✞✂✡✆☎�✞ ✟✆✝☎✟ ☎�✆✝✆✂ ☎✝✄✐❞♠♣♥

✶☞✙✛ ❍✂✓✐✟✎ ✝✞❞ ❖✔�♣✂ ❬✜✗ ❞✐✟❝�✈✂☎ ✝✞ ✐✞✆✂✞✟✂ ☎✝❞✐� ✟�✡☎❝✂ ✐✞ ✆✎✂ ❈☎✝❛ ✞✂❛✡♠✝✂② ♠✝✆✂☎ ✟✎�✓✞ ✆� ❛✂ ✝ ✞✂✡✆☎�✞ ✟✆✝☎♥

✶☞✙✙ ❈�♠✠✝✆✂ ✝✞❞ ❲✎✐✆✂ ❬✾✗ ✄✂☎✏�☎✁ ✟✐✁✡♠✝✆✐�✞✟ �✏ ❝�☎✂s❝�♠♠✝✄✟✂ ✟✡✄✂☎✞�✈✝✂ ☎✂✟✡♠✆✐✞✠ ✐✞ ✏�☎✁✝✆✐�✞ �✏ ✞✂✡✆☎�✞ ✟✆✝☎✟♥

✶☞✙✢ ❈♥ ❙❝✎✐✟♠✂☎ ❞✐✟❝�✈✂☎✟ ✝ ❞�✣✂✞ ✄✡♠✟✐✞✠ ☎✝❞✐� ✟�✡☎❝✂✟② ✐✞❝♠✡❞✐✞✠ ✆✎✂ ❈☎✝❛② ✡✟✐✞✠ ❝♠✝✟✟✐Þ✂❞ ✁✐♠✐✆✝☎♣ ☎✝❞✝☎♥ ❍✂

☎✂✈✂✝♠✂❞ ✎✐✟ ❞✐✟❝�✈✂☎✐✂✟ ✐✞ ✷✤✤✚♥ ▲✝✆✂☎ ✐✞ ✥✾✘✚ ❍✂✓✐✟✎② ❇✂♠♠② P✐♠✔✐✞✠✆�✞② ❙❝�✆✆ ✝✞❞ ❈�♠♠✐✞✟ ❬✥✤✗ ❞✐✟❝�✈✂☎ P❙❘

✥✾✥✾✦✷✥ ✭❍✂✓✐✟✎ ☎✂❝✂✐✈✂✟ ✥✾✚✧ ◆�❛✂♠ P☎✐✣✂✒♥

★✩✪✫ ✬✮✯✰ ✱✲✳✴✯✮ ✵✸✴✹✺✻❡✮❡✵ ✼✽✽✿ ✯❀✵ ✱✲✳✴❡ ✱❡✮✸✺✵ ❢✺✲❀✵ t✺ ✰❡ ✸❀✹✮❡✯✴✸❀❁❂ ✹❃✯✮✯✹t❡✮✸✴t✸✹ ✺❢ ✴✱✸❀❀✸❀❁ ✴t✯✮✴ ✰✲t ❀✺t

✰✸❀✯✮✸❡✴ ✺✮ ✻✸✰✮✯t✸❀❁ ✴t✯✮✴❄ ❚❃✸✴ ✯✳✴✺ ✹✳✸❀✹❃❡✵ t❃❡ ✹✺❀❀❡✹t✸✺❀ ✇✸t❃ ✴✲✱❡✮❀✺✻✯❡❄ ❚❃❡ t❡✮❅ Õ✱✲✳✴✯✮Õ ❆✮✴t ✯✱✱❡✯✮✴ ✸❀

✱✮✸❀t ✸❀ t❃❡ ❉❊●■❏ ❑▼■◗❯❊❳❨❄

★✩✪✩ ❭❪✳✸t✹❃❡✴❭ ✺✰✴❡✮✻❡✵ ✼✽❫✿❂ ✱✮✺✻✸✵✸❀❁ ❡✻✸✵❡❀✹❡ ❢✺✮ ✴✲✱❡✮❴✲✸✵✸t❵ ✸❀ t❃❡ ❀❡✲t✮✺❀ ✴t✯✮ ✹✮✲✴t ✼✽❜✿❄

★✩❣★ ❤✹✹✮❡t✸✺❀ ✱✺✇❡✮❡✵ ❥❦✮✯❵ ✱✲✳✴✯✮✴ ✵✸✴✹✺✻❡✮❡✵ ✰❵ t❃❡ ❧❃✲✮✲ ✴✯t❡✳✳✸t❡ ✼✽♦✿❄

★✩❣q ❚❃❡ ❆✮✴t ✰✸❀✯✮❵ ✱✲✳✴✯✮❂ r✉③ ✽④✽❜⑤✽⑥❂ ✵✸✴✹✺✻❡✮❡✵ ✰❵ ⑦✲✳✴❡ ✯❀✵ ❚✯❵✳✺✮ ✼✽⑧✿ ⑨⑩✺✰❡✳ r✮✸❶❡ ✽④④❜❷❄ ❸tÕ✴ ✺✮✰✸t✯✳

✵❡✹✯❵ ✸✴ t❃❡ ❆✮✴t ✺✰✴❡✮✻✯t✸✺❀ ✼✽⑥✿ ✱✮✺✻✸❀❁ ❡❹✸✴t❡❀✹❡ ✺❢ ❁✮✯✻✸t✯t✸✺❀✯✳ ✮✯✵✸✯t✸✺❀❄ ❺✯tt✸❅❡✮ ✯❀✵ ✉✹❃✮✯❅❅ ✼✽❻✿ ✴✲❁❁❡✴t

✵❡✹✺❅✱✮❡✴✴✸❀❁ ❀❡✲t✮✺❀ ✴t✯✮ ❅✯tt❡✮ ❢✮✺❅ ❅❡✮❁✸❀❁ ✹✺❅✱✯✹t ✰✸❀✯✮✸❡✴ ✳❡✯✵✴ t✺ ✴❵❀t❃❡✴✸✴ ✺❢ ✮❦✱✮✺✹❡✴✴ ❡✳❡❅❡❀t✴❄

★✩✫❼ ❚❃❡ ❆✮✴t ❅✸✳✳✸✴❡✹✺❀✵ ✱✲✳✴✯✮❂ r✉③ ❽✽④❜❻⑤❫✽❂ ✵✸✴✹✺✻❡✮❡✵ ✰❵ ❽✯✹❾❡✮ ❡t ✯✳❄ ✼✽❿✿

★✩✩✪ ➀✸✴✹✺✻❡✮❵ ✺❢ t❃❡ ✹✳✺✴❡✴t ❀❡✲t✮✺❀ ✴t✯✮ ③❥ ➁✽❿⑧⑥❦❜❻⑧♦ ✰❵ ➂✯✳t❡✮ ❡t ✯✳❄ ✼✽④✿❄

★✩✩✫ ➃✺✲✻❡✳✸✺t✺✲ ✵✸✴✹✺✻❡✮✴ t❃❡ ❆✮✴t ❅✯❁❀❡t✯✮ ✼❫➄✿❄
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E$,<9%&%A%+7$4%P+*%&#$%+(5%+/%@(4"#-"+$%&'#4"+48+(5%+,46?-"1[<<%"5%#?%&1e4674$+

%H>-(#4"+84&+<&%''>&%+-"*+?-''+48+-+"%>(&4"+'(-&

dp

dr
= −

Gρ(r)M(r)

r2
= −

Gǫ(r)M(r)

c2r2

M(r) = 4π

∫ r

0

ρ(r′)r′2dr′ =
4π

c2

∫ r

0

ǫ(r′)r′2dr′
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*%"'#(:+C(5%+%"%&;:+*%"'#(:+-"*+<&%''>&%+-&%+=4""%=(%*+9:+(5%+WH>-(#4"+[8+2(-(%F+W[2DG+

Ap(r) = Ap(r + dr) +
G[ρ(r)Adr]M(r)

r2

dp

dr
= −

Gρ(r)M(r)

r2
= −

Gǫ(r)M(r)

c2r2

M(r) = 4π

∫ r

0

ρ(r′)r′2dr′ =
4π

c2

∫ r

0

ǫ(r′)r′2dr′



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2324 6:

�✁✂ ✄☎✆✆✝✞✟✠✡☛✁✂✂☞✂✆ ✌✍✎☎✏✝✟✠ ✟✑ ✒✏☎✏✂ ✑✟✆ ✓✟☞✔✕ ✖✂☎✔

✗☎✏✏✂✆

!"
#
$
%&
'%
(
'%
)
*
#
"+
,
-%
./
01
2
3
%4
#
0,
5
%1
+
6
%)
7$
,
%8
1
"9
5
.:
%;
#
"<
#
+
%=
>
?
?
@
A



!
"
#
$
%"
#
&'
()#
**(&+

,
$
-
.
/
($
0
&'
.
*1
#
"
/
&+
'
$
-
&2
3
2
4

6
;

!"#$%&'%('%)*#"+,-%./0123%4#0,5%1+6%)7$,%81"95.:%;#"<#+%=>??@A



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2324 73

!"
#
$
%&
'%
(
'%
)
*
#
"+
,
-%
./
01
2
3
%4
#
0,
5
%1
+
6
%)
7$
,
%8
1
"9
5
.:
%;
#
"<
#
+
%=
>
?
?
@
A

!"#$%&'(#$')&

*+,(-.&'(#$')



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2324 74

❋�✁✂ ✷✂ ▼✄☎☎✆✝✄✞✟✠☎ ✞✟✄❞✝✄✡ ❢☛✝ ♥☞✠✌✝☛♥ ☎✌✄✝☎s ❇✍✄✎✏ ✭❞✝☞☞♥✑ ✎✠✝❝☞☎ ✄✝☞ ❢☛✝ ♥☛✝✡✄✍ ✡✄✌✌☞✝ ✭✒✓▼✑

☞❡✠✄✌✟☛♥☎ ☛❢ ☎✌✄✌☞ ❬❢☛✝ ✞☞✔♥✟✌✟☛♥☎ ☛❢ ✌t☞ ✍✄❧☞✍☎✕ ☎☞☞ ✭✖✗✑✮s ❘☞❞✟☛♥☎ ☞✘✎✍✠✞☞✞ ❧❜ ❞☞♥☞✝✄✍ ✝☞✍✄✌✟❝✟✌❜

✭✙❘✑✕ ✎✄✠☎✄✍✟✌❜✕ ✄♥✞ ✝☛✌✄✌✟☛♥ ✎☛♥☎✌✝✄✟♥✌☎ ✄✝☞ ✟♥✞✟✎✄✌☞✞s ❈☛♥✌☛✠✝☎ ☛❢ ✝✄✞✟✄✌✟☛♥ ✝✄✞✟✟ ✚✛ ✄✝☞ ❞✟❝☞♥ ❧❜
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!"#$%&'%('%)*++,$-"%*./%('%0"*1*234%563-%0372,82%#!%9-:+"#.%;+*"25<%

;8,-.8-%=>?%@A>>?B%C=D%%
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>/*$?"))L1"!2.)$1*("#23-$2)$2?031#"-#$#3$02-$!3,-$#/*$W[\&$"-!$

/*-'*$#/*$'3?03)2#23-$36$#/*$-*.#13-$)#"1$-.'(*.)=

>/*$NK+WU$FN*.#13-$)#"1$K-#*1231$+3?03)2#23-$WB0(31*UJ$?2))23-$

2)$)#*"!2(<$01352!2-4$-*,$2-631?"#23-)$3-$-*.#13-$)#"1)$

F1*)3(.#23-$37#"2-*!$3-$1"!2.)$]$S=^$V?J
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,5%+/.aWS+#"'(&>?%"(+4"94-&*+(5%+.22

:,)';</"3':#(#%&'=%-$/5()%$'*;:=+'90%-#-$-'07'"%'"//"3'07'

>?';</"3'@90%9)%$/"$0/A'0.$#9-'"%8'("$9,#%&'-#2#90%'

8)$)9$0/-B'C,#9,'/)90/8'$,)'$#()-'07'"//#6"2'*DEE'%-'

/)-025$#0%+'"%8')%)/&#)-'07'#%8#6#85"2';</"3'.,0$0%-'*EFG<

DG'H)I+F':,)'."320"8'5-)-'"%'0%<10"/8'JKL'/)9)#6)/'$0'

/)&#-$)/'.,0$0%'8)$)9$#0%-'$0'./)9#-)'JKL'$#()'"%8'

.0-#$#0%B'C,#2)'"'-$"/<$/"9H)/'9"()/"'&5#8)-'$,)'.0#%$#%&'

-3-$)(B'C,#9,'5-)-'&#(1"2)8'"9$5"$0/-'$0'$/"9H'$"/&)$-'

C#$,'$,)';:=F'
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3>>8>?>;64@(/)(*'(/)&A*$"B(C#A)*%($-*$()C/')(%&#D-AE(F>>($/G")(C"%()"H&'B(*'B(/)(88:(

C*%)"H)(I4@4>>(A/D-$(E"*%)J(0%&G(=*%$-@(/'($-"(H&')$"AA*$/&'(K/)H")L .(M(4L8(N 4L;(.&O(

%*B/#)(M(48(PG

M0$-.0$-'/0$"$)'#%'$C0'-9)%"/#0-'70/'$,)'.52-"/'NEEOEPEQ>DB'1"-)8'0%'"%"23-#-'07'R=STU'8"$"FS/)8#$V'

RWLWX-'J088"/8'L."9)'Y2#&,$'S)%$)/ZS='["1
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f =
(m2 sin i)

3

(m1 +m2)
2

>,3$)*#)$36$!"#"

mass function



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2324 79

f, M, mc → f̂ , M̂ , m̂c

"%-'01'$2)'3",#"45)/'
5#/$).'"403)

$0$"5'("//

("//'01'
60(7"%#0%

()"/8,).'3"58)/

!"#$$%"&'(%)*(%+,,-$.'

P (x|x̂, I) =
1

√

2πσ2
x

exp

[

−
(x− x̂)2

2σ2
x

]

("//'
18%6$#0%



!"#$%"#&'()#**(&+ ,$-./($0&'.*1#"/&+ '$-&2324 7:

Q1-#"&-4%"5#0%"%-+!*%#"3%#1,,%-#&*0#/(9%-#)(1*0#2(-#"3%#DR#+&$$#0!$"-!)1"!(*>#

N3%#,-!(-#0!$"-!)1"!(*#!$#0%"%-+!*%0#2-(+#?%-'#4%*%-&/#.(*$!0%-&"!(*$

Mu > mu > ml > Ml

Mu ≈ 3M⊙

7/0('9"5-"2#$3'"%8'

&)%)/"2'/)2"$#6#$3

Ml ≈ 0.1M⊙

7/0('05/'5%8)/-$"%8#%&'

07'$,)'T\L
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!"! !"# $"! $"# %"! %"# &"!
!"!

!"#

$"!

$"#

%"!

%"#

&"!

ml

mu

Q'/0&%G(C%/&%(B/)$%/R#$/&'(

0&%($-"(G*))(R&#'B)

P (ml,mu|I) =
2

(Mu −Ml)2
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P (ml,mu|D, I) =
P (D|ml,mu, I)

P (D|I)
P (ml,mu|I)

I3)#*1231$!2)#127.#23-$631$#/*$?"))$73.-!)

>/"-V)$#3$#/*$2-!*0*-!*-'*$36$2-!252!."($?*").1*?*-#)

N*B#$,*$/"5*$#3$*5"(."#*$#/*$!266*1*-#$'3-#127.#23-)$#3$#/*$

2-!252!."($(2V*(2/33!)

P (D|ml,mu, I) =
∏

n

P (Dn|ml,mu, I)
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P (m̂c, M̂ |ml,mu, I) =

∫

P (m̂c, M̂ |mc,M, I)P (mc,M |ml,mu, I)dmcdM

P (mc,M |ml,mu, I) = P (mc,M −mc|ml,mu, I) =
1

(mu −ml)2

9%#&$$1+%#"3&"#"3%#+&$$%$#!*#"3%#)!*&-'#&-%#!*0%,%*0%*"

R!+!/&-/'

3(9%?%-7#3%-%

P (f̂ , M̂ |ml,mu, I) =

∫

P (f̂ , M̂ |f,M, I)P (f,M |ml,mu, I)dfdM

P (f,M |ml,mu, I) = P (f |M,ml,mu, I)P (M |ml,mu, I)
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P (f,M |ml,mu, I) = P (f |M,ml,mu, I)P (M |ml,mu, I)

N3%#"9(#0!$"-!)1"!(*$#(*#"3%#->3>$>#.&*#)%#%?&/1&"%0#$%,&-&"%/'

93%-%
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U*).(#)
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<../1/'+,-"()=)()+0)%>"

!"#$%&'$%$()*"+

SL(T/BBA"@(KL(.#P-"%U""@(VL(K*%P/')&'+(W.&B"A()"A"H$/&'(/'(H&)G&A&DEW@(S)$%&'&GE(X(Y"&C-E)/H)(

;:(IF>>7J(;L8>@(-$$C)+ZZ*H*B"G/HL&#CLH&GZ*)$%&D"&Z*%$/HA"Z;:Z;Z;L8>ZF>754F

,!&-%."/*)01

/ SL(KL(V"GC)$"%@(!L(.L(T*/%B@(*'B(VL([L(1#R/'+(!.*\/G#G(A/P"A/-&&B(0%&G(/'H&GCA"$"(B*$*(]/*($-"(

=.(*AD&%/$-G"@(3&#%'*A(&0($-"(1&E*A(<$*$/)$/H*A(<&H/"$E()"%/")([@(23&I4^::J(4

/ 3L([/AG")+(!S(Y"'$A"(,#$&%/*A(&0($-"(=.(SAD&%/$-G(*'B(/$)(SCCA/H*$/&'($&(K*%*G"$"%(=)$/G*$/&'(

0&%(Y*#))/*'(./\$#%"(*'B(_/BB"'(.*%P&](.&B"A)"@(`a<`(C%"C%/'$(,19^:9>F4(I4^^5J

/ [L(bA#%E *'B(SL(c&CCd@(!=\"%H/)")(/'(=." SG"%/H*'(<$*$/)$/H/*'@(45&IF>>>J(F>:L


