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0!%!3/#(%9$'*1%#$7/"(%!8.,(*$+%4/%#./%4$)!%0B52!>+%D$7.%>*./-7#/41%$7/%
4$)!% 85#)-% #$% 0*5*(=.$'!*(=% N/*-!#!*,).=% L]c\qv]bcbM% )!7/%
9$'*?% U!0!9#./% 8!'6*#(*$#/% -!#(1% $9(% !3/#$% .3A% 8!0!9./:,-*$%
8'&/&%750&.%,8/B#.B$%&$,$0;%!8.,$#<%8'&/&%XA/8$'0$1%=5,&<%9(+%*('$-
"!#/%#./%4$)!%*(,!)!>3.%0H*.;)51%$7/%4$)!%85#)-(%#$%-'64*(=.$'!*/4%
A/7.,./%LXA/8$'01%]bfeM?
W$%2B6*#<%&$7/-;%=!0/75%XA/8$'0$%#$7/"(1%4$)%,.;%*(0$4/1%5&#$+%-!1%

"/%*('$"$%!#%8'!97/=%!3/#(%8!0!9./:,-*$%*8'!,-%.%8'&/*.054/1%"/%&$-
3A!*$#./%9;0&./%8'69<%!8-(=$7#/2!%'!&*.<&$#.$%-/2!%8'!97/=5?%U!0%
-(=%*&27;0/=%=!0/7%XA/8$'0$%'6"#.%,.;%!0%=!0/75%K`/',)(h/2!1%)-6'(%
!0-*$'&$%&$3A!*$#./%*%,(-5$34.%!3/#(%8!0!9./:,-*$%&$%8!=!3<%!8.-
,51%)-6'(%8!=.=!%2!0#/4%&$5*$"/#.$%-'$D#!>3.%8'/0()34.1%#./%,8'$*.$%
*'$"/#.$1%"/%50$4/%=5%,.;%54<+1%3&(=%0-&%1#$&"%4/,-%!3/#$%8!0!9./:,-*$?%
_B6*#<%*$0<%=!0/75%XA/8$'0$%4/,-%#$-!=.$,-%9'$)%!267#!>3.?% !0/7%
!0#!,.% ,.;% -(7)!%0!%)$-/2!'..1%)-6'/% ,<%8!*.<&$#/%&%!9,/'*!*$#<%3/-
3A<%*%-/#%,8!,691%"/%3/3A;%)'(-/'.$7#<%8!,.$0$4<%!9./)-(1%)-6'(3A%*$'-
-!>+%L-4?%*$'-!>+%.3A%3/3A(%!9,/'*!*$#/4M%&$*./'$%,.;%*%,864#(=%.%3.<-
2B(=%8'&/0&.$7/?%U!#$0-!%=!0/7%XA/8$'0$%#./%4/,-%*%,-$#./%5*&27;0#.+%
-/#0/#3(4#!>3.%*%)7$,(E)!*$#.5%!9./)-6*%L#$%8'&()B$0%-/#0/#34.%0!%
5&#$*$#.$%!9./)-5%&$%8'&(#$7/"#/2!%0!%)$-/2!'..%8!=.=!%9'$)5%*(-

,-$'3&$4<3/2!%5&$,$0#./#.$M%759%*./0&(%!%-(=1%"/%8!,&5).*$#$%)$-/2!-
'.$%!2'$#.3&$%,.;%0!%8/*#(3A%8'&/0&.$B6*%&%*.;),&(=%8'$*0!8!0!-
9./:,-*/=%#."%0!% .##(3A?%Z!&*.<&$#.$%&$'6*#!%8'!97/=5%!267#!>3.%
,-'5)-5'(%0!85,&3&$7#(3A%)$-/2!'..1%4$)%.%#./=!"7.*!>3.%5*&27;0#./#.$%
*./0&(%$8'.!'(3&#/4%0!,-$'3&$%a$(/,!*,).%=!0/7%)$-/2!'(&$34.?
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?#&(0.2%3(-#$-4*

K/!'.$%K/#/#9$5=$%.%_'.s-A,$%L[\\]M%4/,-%!8$'-$%#$%8'!,-(=%&$B!-
"/#.51% "/%*#.!,)!*$#./%!%8!0!9./:,-*./% 4/,-% ,&3&/267#(=%8'&(8$0-

)./=%*#.!,)!*$#.$%a$(/,!*,)./2!%La$(/,1%]ciwM?%C9(%53&(#.+%8'&/0-

,-$*./#./% =!0/75% K/#/#9$5=$% .% _'.s-A,$% B$-*./4,&(=1% 9(+% =!"/%
*,)$&$#/%9;0&./%*%-(=%=./4,35%)'6-)./%8'&(8!=#./#./%#$%3&(=%8!7/-
2$%*#.!,)!*$#./%a$(/,!*,)./?
K*./'0&/#./%a$(/,$%!0#!,.%,.;%0!%*#.!,)!*$#.$%!%8'$*0!8!0!-

9./:,-*./%*$'5#)!*(=% L (h|dMM% &0$'&/#.$% h% L8'$*0!8!0!9./:,-*!1%
"/% *(,-<8.% &0$'&/#./% h1% 4/"/7.% *(,-<8.B!% &0$'&/#./% dM% #$% 8!0,-$*./%
8'$*0!8!0!9./:,-*$%*$'5#)!*/2!% L (d|hMM% &0$'&/#.$%d% !'$&%8'$*-

0!8!0!9./:,-*%9/&*$'5#)!*(3A%&0$'&/:% %.%h?%Z/25B;%*#.!,)!*$#.$%
!9'$&54/%*&6'%LqMS

U!*(",&$1%#$%8./'*,&(%'&5-%!)$%0!>+%,)!=87.)!*$#$1%'/7$34$%!)$-
&54/%,.;%9(+%#./,B(3A$#./%8!"(-/3&#(=%#$'&;0&./=1%4/"/7.%5>*.$0!=.-
=(%,!9./1%"/%h%=!"/%!&#$3&$+%8'$*0&.*!>+%!)'/>7!#/4%A.8!-/&(1%$%d 

F%!9,/'*$34;%8/*#/2!%&9.!'5%0$#(3A?%G%-/#%,8!,691%&#$4<3%*.$'(2!0-

#!>+% 0$#(3A% Llikelihood,  (d|hMM1% )-6'<% &*()7/%=!"#$% B$-*!% !97.3&(+1%
8'$*0!8!0!9./:,-*!%$8'.!'(3&#/%A.8!-/&(%L !&#!- !#.+.&2&13,  (hMM%!'$&%
8'$*0!8!0!9./:,-*!%9'&/2!*/%0$#(3A%L4+!(&'+2- !#.+.&2&13  (dMM1%=!-
"/=(%!)'/>7.+%8'$*0!8!0!9./:,-*!1%"/%'!&*$"$#$%A.8!-/&$%4/,-%8'$*-

0&.*$% L #%1"!&#!-  !#.+.&2&13,  (h|dMM?% T)'/>7/#./% 8'$*0!8!0!9./:,-*$%
A.8!-/&(%#$%8!0,-$*./%&$!9,/'*!*$#(3A%0$#(3A%=!"#$%9/&%&9(-#./4%
8'&/,$0(%5&#$+%&$%2B6*#(%3/7%/=8.'(3&#/2!%8!&#$#.$%>*.$-$?%QA!0&.%
-5%#./%-(7)!%!%8!&#$#./%&$%8!=!3<%#$'&;0&.%0!,-$'3&$#(3A%8'&/&%#$5).%
/=8.'(3&#/1%$7/%8'&/0/%*,&(,-).=%!%8!&#$#./%9;0<3/%50&.$B/=%!'2$-
#.&=6*%"(4<3(3A%*% >*./3./?%Q&(=%9!*./=% 4/,-1% #$% 8'&()B$01% !3/#$%
!07/2B!>3.%!9,/'*!*$#/2!%8'&/0=.!-51% 4/"/7.%#./%!,&$3!*$#./=%'!&-
)B$05% 8'$*0!8!0!9./:,-*$% 8!% A.8!-/&$3A% L!07/2B!>3.$3AM% #$% 8!0-

,-$*./% 0$#(3A% L0*5*(=.$'!*/2!% !9'$&5% #$% ,.$-)6*3/MY% U'!97/=%
*#.!,)!*$#.$%!%8'$*0!8!0!9./:,-*./%A.8!-/&%#$%8!0,-$*./%0$#(3A%
4/,-1%!3&(*.>3./1%-$)"/%3/#-'$7#(=%&$2$0#./#./=%*#.!,)!*$#.$%,-$-(-

,-(3&#/2!%*%#$5)$3A%8'&('!0#.3&(3A?%V/0#$)"/1%3A!3.$"%-*./'0&/#./%
a$(/,$%0!,-$'3&$%#$'&;0&.$%0!%'!&*.<&$#.$%-/2!%8'!97/=5%*8'!,-1%-!%
*3.<"%9$'0&!%8!*,&/3A#$%4/,-%8!>'/0#.$%!3/#$%8'$*0!8!0!9./:,-*$%
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A.8!-/&%#$%8!0,-$*./%*.$'(2!0#!>3.%0$#(3A%L!,B$*.!#(%2'$#.3&#(%8!-
&.!=%.,-!-#!>3.% M?
X8!>'60% -'&/3A% *("/4% *(=./#.!#(3A% *$'-!>3.1% *3A!0&<3(3A%

*%,)B$0%8'$*/4%,-'!#(%*&!'5%a$(/,$1%5&(,)$#./%8'$*0!8!0!9./:,-*$%
9'&/2!*/2!%0$#(3A%=!"/%#$,-';3&(+%#$4*.;),&(3A%-'50#!>3.?%X(-5$34$%
4/,-%4/0#$)%,-!,5#)!*!%8'!,-$1% 4/"/7.%=!"/=(%!2'$#.3&(+%5#.*/',5=%
'!&*$"$#(3A% A.8!-/&% 0!% 8/*#/2!% &9.!'5?%G% -/4% ,(-5$34.% 8'$*0!8!-
0!9./:,-*!% 9'&/2!*/% 0$#(3A%  (dM% 4/,-% '6*#/% ,5=./% *.$'(2!0#!>3.%
9'&/2!*(3A%0$#(3A%8!%*,&(,-).3A%A.8!-/&$3A%LhhM%#$7/"<3(3A%0!%-/2!%
&9.!'51%LH1%*&6'%fM1

U!0!9#./1% 4/"/7.%A.8!-/&$% 4/,-%*('$"!#$%8'&/&%*$'-!>+%8$'$=/-'5%
L}M% #$7/"<3<%0!%8/*#/2!% 3.<2B/2!%8'&/0&.$B51% 8'$*0!8!0!9./:,-*!%
9'&/2!*/%0$#(3A% 4/,-% '6*#/% 3$B3/% 8!%*,&(,-).3A%=!"7.*(3A%*$'-!-
>3.$3A%-/2!%8$'$=/-'5%L*&6'%iM1

Z!&*$"=(% #$,-;854<3(% 8'&()B$0?% N$,&(=% 3/7/=% 4/,-% */'(E)$-
34$% -*./'0&/#.$1%"/%8/*#$%!,!9$%3/3A54/%,.;%&0!7#!>3.<%0!%8'/)!2#.-
34.?%K/,-/=%#./3A%9;0&./%!02$0#.;3./%*(#.)5% ,./0=.5%)!7/4#(3A% '&5-

-6*%=!#/-<?%W$B6"=(1%"/%'&/3&!#$%!,!9$%8'&/3A!0&.% -/,-%8!=(>7#./?%
W$,-!,!*$#./%,-$-(,-(3&#/4%$#$7.&(%3&;,-!>3.!*/4%&!9!*.<&54/%#$,%0!%
!0'&53/#.$%A.8!-/&(%&/'!*/4%Lh

0
M1%)-6'$%=6*.1%"/%9$0$#$%!,!9$%#./%8!-

,.$0$%&0!7#!>3.%0!%8'/)!2#.34.%.%5&#$#.$1%"/%!*$%&0!7#!>+%4/,-%*%4/4%8!-
,.$0$#.51%8!#./*$"%8'$*0!8!0!9./:,-*!%&$!9,/'*!*$#.$%!-'&(=$-
#/2!%*(#.)5%4/,-%=#./4,&/%#."%fr%L -m%\1\\ceM1%4/"/7.%A.8!-/&$%&/'!*$%
4/,-%8'$*0&.*$?%Z!&*$"=(%-/'$&%-/#%,$=%8'!97/=1%,-!,54<3%*#.!,)!-
*$#./%a$(/,!*,)./?%N$48./'*%!)'/>7=(%*$'-!>3.%*3A!0&<3/%*%,)B$0%
*&!'5%LqM?%G.$'(2!0#!>+%0$#(3A%8'&(%&$B!"/#.5%A.8!-/&(%#/2$-(*#/4%
L9$0$#$%!,!9$%#./%8!,.$0$%&0!7#!>3.%0!%8'/)!2#.34.1% (d|h

n
MM%4/,-%'6*#$%

0,57 m%\1\\ce?%G.$'(2!0#!>+%0$#(3A%8'&(%&$B!"/#.5%A.8!-/&(%8!&(-(*-

#/4%L (d|h
 
MM%4/,-%'6*#$%]?%U'&(4=.4=(%-$)./%$8'.!'(3&#/%8'$*0!8!0!-

9./:,-*!% A.8!-/&1% )-6'/% *('$"$% 5=.$')!*$#./% ,.7#/% #./0!*./'&$#./%
*% .,-#./#./% 9$0$#/2!% D/#!=/#51% #./3A%  (h

n
M% m% \1bbb1% $%  (h
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$%&'%()* +%,-.* /0* 1234506%36)-'70* 261+&323&38%0945+3* :%2350')*
23')5)+70;* ;045* '71-'7%0*(7%0;4'0* 7%/* 261+&323&38%0945+3*:%2350-

')*70<15)+70;*  (h
n
|d"*=*>? (h

 
|d"*=*@.AB".*-3*23+%773*4CD37%E*714*&3*

3&6'F-07%1*50;*2%06+4'0;G
H3+)/4')*26')CD1&*'3451D*&38617)*51C.*18)*F+)2FCI%E*20+%07*263-

8I0(*+%J/J-)*4%,*'*+7%34C3+17%0(*K1)043+4C%(G*L38M6*261+&323-

&38%0945+1*126%36)-'70<3*:%2350'*;045*+*5)(*26')21&CF*7%0-3*168%561I-
7)G*$)61/1*37*26'0C3717%0*171I%'F;J-0<3.*/0*%457%07%0*260C3<7%-;%*;045*
(1D3*261+&323&3870G*N3/71*26')2F4'-'1E.*/0*56F&73*8)D38)*F')4C1E*
51C%0* 26%36)* +* +)7%CF* C374074F4F* 34M8* 60260'075F;J-)-:* +4')45C%0*
(3/I%+0*45173+%4C1*+*50;*C+045%%G*O1*4'-',P-%0*&38M6*26%36M+*-',453*
7%0*45173+%*2638I0(F.*237%0+1/*+*+%0IF*26')21&C1-:*+7%34C3+17%1*
(1()*&3*-')7%07%1*'*;0&7J*'*56'0-:*7145,2F;J-)-:*(3/I%+3P-%G

>G*$1653P-%*26%36M+*&170*4J*38%0C5)+7%0G* Q0/0I%*81&170*';1+%4C3*
;045*(7%0;*51;0(7%-'0*7%/*26')+3D170*23+)/0;.*71*26')CD1&*(1()*&3*
-')7%07%1*'*50450(*+)C6)+1;J-)(*20+7J*-:3638,.*C5M60;*-',453PE*+)-

45,23+17%1*+*&170;*232FI1-;%*;045*71(*'7171.*(3/0()*F/)E*%7R36(1-;%*
3*261+&323&38%0945+%0*126%36)-'7)(*:%2350').*'1(%145*;0*4'1-3+1EG*
S*23&387J*4)5F1-;J*(1()*&3*-')7%07%1.*C%0&)*602I%CF;0()*81&17%1.*
C5M6)-:*+)7%C%*4J*71(*'7170G*$)7%C%*2326'0&7%-:*81&19*45173+%J*5F-

51;*&34C371D)*26%36*&I1*81&19*C3I0;7)-:G
TG*$1653P-%*26%36M+*7%0*+2D)+1;J*71*+)7%C%*171I%')G*U0-:J*+7%3-

4C3+17%1*K1)043+4C%0<3*;045*53.*/0*%(*+%,C4'0<3*'8%36F*&17)-:*F/)-

+1()*&3*171I%').*5)(*+%,C4')*+2D)+*71*261+&323&38%0945+3*123-

4506%36)-'70*(1;J*&170.*%*5)(*(7%0;4')*+2D)+*(1;J*26%36)G*$*261C5)-0*
171I%'*4515)45)-'7)-:*+)7%CM+*81&19*0(2%6)-'7)-:*-',453*'&16'1*4%,.*
/0*171I%'3+170*'836)*&17)-:*4J*51C*&F/0.*/0*171I%'1*&1;0*50*41(0*+)-

7%C%* 7%0'1I0/7%0* 3&*+1653P-%* 26%36M+.* 3* %I0* 50* 345157%0* 7%0* 26');(F;J*
23451-%*63'CD1&M+*3*4C61;7)-:*+1653P-%1-:*2161(056M+G

VG*O%0*-:-0()*26'0C1')+1E*/1&70;*%7R36(1-;%*'1*23(3-J*26%36M+G*
N3/0*4%,*'&16')E.*/0*7%0*(1()*/1&7)-:*3-'0C%+19.* -3*&3*261+&'%-
+3P-%*:%2350'G*$*50;*4)5F1-;%*(3/71*F/)E*26%36M+*7%0%7R36(1-);7)-:.*
'+17)-:* 50/* 2D14C%(%G* W1C%0* 26%36)* 7%0* R1+36)'F;J* /1&70;* '* 63'+1-

/17)-:* :%2350'G* $* 23+)/4')(* 26')CD1&'%0* 26%36)* 2D14C%0* (%1D)8)*
+1653PE* (h

n
"*=* (h

 
"*=*@.!G*$7%34C3+17%0*K1)043+4C%0.*321650*3*26%36)*

7%0%7R36(1-);70* '+)CI0*&1;0*+)7%C%* '8I%/370*&3*+7%34C3+17%1* -',-

453P-%3+0<3G*O1I0/)* ;0&71C*&3&1E.* /0* 6M/7%-0*+* 503605)-'7)-:*23&-

451+1-:* 38F* 63&'1;M+* 171I%'* 23'+1I1;J* %750626053+1E* 51C%0* +)7%C%*
+*7%0-3*%77)*4234M8G

S145343+17%0*+7%34C3+17%1*K1)043+4C%0<3*&3*3-07)*23&38%09-

45+1* +)(1<1* 3&23+%0&7%0;* %750626051-;%* 23;,E* X:%2350'1Y* %* X&170YG*
$*(3&0IF*W070781F(1*%*Z6%[5:41.*23&387%0*;1C*+*(3&0IF*\:0216&1.*



259+#,)$!-$.#&/)!01#&!2)3,&4!5!61)*$/-#&1&.#/)7!0,%#281

23;0&)7-'1*38406+1-;1*38%0C5F*a.*3*C5M6)(*+%0().*/0*71I0/)*&3*C150-

<36%%*IF8*C5M6)*-:-0()*&32%063*23&&1E*C150<36)'1-;%.*;045*6M+73+1/71*
'*20+7J*+1653P-%J*71*63'+1/17)(*+)(%16'0G*S*C3I0%*:%2350'1*h*'3451-

D1*+*5)(*(3&0IF*'&0]7%3+171*;1C3*'8%M6*+1653P-%*71*5)(*+)(%16'0G*
^%2350'1*;045*261+&'%+1.*;0/0I%*a   C (a*234%1&1*+D1473PE*C6)506%1I7J"*
+50&)*%*5)IC3*+50&).*<&)*a   h.*<&'%0*C*3'71-'1*C150<36%,G*Q1C3*&170*
561C5F;0*4%,*38406+1-;,.*/0*3C60PI37)*'8%M6*38%0C5M+*71I0/)*&3*C150<3-

6%%G*LI1*F2634'-'07%1.*+*&1I4'0;*-',P-%*50C45F*8,&J*63'+1/170*26')21&-

C%.*+*C5M6)-:*38%0C5)*32%4)+170*4J*71* ;0&7)(*+)(%16'0.*1I0*(3&0I*
6M+7%0*&386'0*(3/0*'3451E*3&7%04%37)*&3*4)5F1-;%.*+*C5M60;*'16M+73*
:%2350'1.*;1C*%*38%0C5*4J*'&0]7%3+170*;1C3.*3&23+%0&7%3.*+0C536*23&-

'8%36M+*H
 
*%*+0C536*+1653P-%*a G*_2%4*'1*23(3-J*+)/0;*'&0]7%3+170<3*

4D3+7%C1.* 26'0&451+%370<3* +-'0P7%0;* 26')CD1&F.* (M<D8)* +)<IJ&1E*
7145,2F;J-3*O%0-:*63'+1/17)(*+)(%160(*8,&'%0*+1<1*3+3-F.*1*C6)-

506%F(*26')71I0/73P-%*&3*C150<36%%*C.*;1C*2326'0&7%3*`*;0<3*;1&1I73PEG*
^%2350'J*h*(3/0*8)E*26'0&'%1D*3&*T@@*&3*!@@*<61(M+.*-3*3'71-'1.*/0*
:%2350'1*h*;045*261+&'%+1*+50&)*%*5)IC3*+50&).*<&)*+4')45C%0*3+3-0*
;1&1I70*+1/J*7%0*(7%0;*7%/*T@@*%*7%0*+%,-0;*7%/*!@@*<61(M+G*N3/0()*
50/*26');JE.*/0*(1()*&3*&)423')-;%*&170*+*23451-%*&+M-:*38406+1-;%*
;1&1I7)-:*3+3-M+*a

1
*=*Ta@*<61(M+*%*a

2 
=*!T@*<61(M+G*O%056F&73*'1-

F+1/)E.*/0*23&17)*'8%M6*&17)-:*R1I4)]CF;0*:%2350',*h.
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59,90,'7-6'.,90A'3&E(,,-'2%'A%/%+,0':2,%6'(5(<0'('9,,-<='&(+(8%<=@'

,91'540/-')/-'A%/%+,-.9'(&%2%E-'39D'7-6'(5(<0'('320832-.'3;0&48:.'
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9' (<20&95%,-<='5-,9&*5'5,9(3&(5%,9%>' i&:4&90.' 40A' ()*+,(F<9' A034'

.(1+95(F6' 5-590/20,9%' 2' .(/0+:' G%-03(53&90)(' /5*<=' 5%1,-<='

.(/0+9'&%40)(8-2%<-A,-<=^'.(/0+:'$k083&-l0)('9'.(/0+:'i=0;%8/%>

L8:)B'2%+04B'.(/0+:'G%-03(53&90)('A034'4(@'10';(/(7,90'A%&'.(-
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