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3(#A! )'"!A#%* 6 (!&!1'*!%!'+, *1'+.< 0'1 &(! ,!-'%" -6,!7 &(! %+) !1 'C -').'%!%&, K

-6% $61D C1') E &' &(! %+) !1 'C ' ,!1$6&#'%, I /F-G6-(A6% 6%" H!!A7 8999;< I'%-!.&+6AAD7

#& #, 6,,+)!" &(6& !$!1D #%"#$#"+6A  !A'%*, &' !@6-&AD '%! +%>%'3% -').'%!%& &(6& (6, &'  !

"!&!1)#%!" C1') &(! "6&6< J+& 6, &(! "6&6 "' %'& ,+K-! &' )6>! +%#L+! 6,,#*%)!%&,7 '%AD

#%"#$#"+6A .1' 6 #A#&#!, &'  !A'%* &' 6 -').'%!%& -6%  ! !,&#)6&!" /M!"!A 6%" N6)6>+167

EOOP;<

Q6-( -').'%!%& k = 1, ..., K (6, 6 %'%4%!*6&#$! 3!#*(&7 .1' 6 #A#&D '1 )#@#%* .1'.'1&#'%

πk 3#&(
∑

k πk = 1< =(! B'#%& "!%,#&D 'C 6%D 16%"') $61#6 A! Y 7 ,+-( 6, .+1-(6,! #%-#"!%-!,

'C .1'"+-& -6&!*'1#!, '$!1 )61>!&  6,>!&,7 6%" 6 -').'%!%& k #,

/E; P (Y, k) = P (Y |k)πk

3#&( R C'AA'3#%* &(! "#,&1# +&#'% P (Y |k) = P (Y |βk) -'%"#&#'%6A '% k 3#&( βk 6, 6 $!-&'1 'C

-').'%!%&4,.!-#S- .616)!&!1,< TC &(! ,!*)!%&

 

#%"#-6&'1 k #, %'& ' ,!1$6 A!7 &(! )61*#%6A

/+%-'%"#&#'%6A; "#,&1# +&#'% 'C Y #, "!1#$!" 6, &(! )#@&+1!

/8; P (Y ) =
∑

k

P (Y, k).

M! #%&1'"+-! &(! C'AA'3#%* %'&6&#'%U 6 ,.!-#S- )61>!&  6,>!& i 3#&( i = 1, ..., I -'%&6#%,

 #%61D .+1-(6,! #%-#"!%-!, Yi = [Yi1, ..., YiJ ] 3#&( j = 1, ..., J #%"#-6&#%* .1'"+-& -6&!*'1#!,<

T% '&(!1 3'1",7 Yij = 1 "!%'&!, .+1-(6,! 'C -6&!*'1D j #%  6,>!& i7 '&(!13#,! Yij = 0<
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)6@#)#\#%* -+,&')!1< ], #% F-06""!%^, _6%"') `&#A#&D 016)!3'1> /EOYZ;7  6,>!& 6%"
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"!A#$!1, &' &(! -'%,+)!1< T% "!&6#A7 &(! "!&!1)#%#,&#- .61& 'C &(! +&#A#&D V (Yi) 'C 6 )61>!&

 6,>!& i #, C'1)+A6&!" 6,

V (Yi) =
∑

j

(αj + γjDISPij + ξjPREDij)Yij +
∑

j<l

θjlYijYil.

I6&!*'1D -'%,&6%&, αj ,&6%" C'1 &(! #%&1#%,#- +&#A#&D 'C 6 .1'"+-& -6&!*'1D j7 3(!1!6, γj

6%" ξj 61! -6&!*'1D4,.!-#S- )61>!&#%* )#@ -'!K-#!%&, C'1 "#,.A6D DISP 6%" .1#-! 1!"+-&#'%
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θjl = 0 "!%'&#%* #%"!.!%"!%-!7 θjl < 0 ,+ ,&#&+&#'% 6%" θjl > 0 -').A!)!%&61#&D< =(!1!
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j ,- #%*'+,"? l (& '3%#*>? *$' &%@' %& *$' (-2!'-#' ,) #%*'+,"? l ,- #%*'+,"? j7 (/'/ θjl = θlj

)," j 6= l/

A," % @,"' .'*%(>'. .'"(4%*(,- ,) *$' BCD @,.'> (- *$' #,-*'3* ,) @%"E'* F%&E'* %-%>?&(&7

&'' G!&&'>> %-. H'*'"&'- 6IJJJ< ," 8,K*!L %-. M(>.'F"%-.* 6IJJN</ A," *$' F%&(#  "(-#( >'&

,) BCD7 "')'" *, 8'&%+ 69:;O<7 P,3 69:;I<7 %-. P"'&&(' 69::Q</

P,@F(-(-+ AB &'+@'-*%*(,- %-. BCD @,.'>(-+ "'&!>*& (- *$' (-*'-.'. ABRBCD @,.'>/

S& =' %&&!@' $'*'",+'-'(*? ,4'" &'+@'-*& %-. $,@,+'-'(*? =(*$(- &'+@'-*&7 !*(>(*? ,) %

F%&E'* (& .'*'"@(-'. =(*$  %"%@'*'"& & '#(1# *, &'+@'-* k

6Q< V (Yi|k) =
∑

j

(αkj + γkjDISPij + ξkjPREDij)Yij +
∑

j<l

θkjlYijYil.

S##,".(-+>?7 *$' F%&E'*  !"#$%&'  ",F%F(>(*? +(4'- &'+@'-* k (&

6O< P (Yi|k) =
exp(V (Yi|k))∑
Y ∗ exp(V (Y ∗|k))

=$(#$ (& % @!>*(4%"(%*' >,+(* @,.'>7 =(*$ Y ∗
*$' &'* ,) %>>  ,*'-*(%> F%&E'*&/

T$(& >'%.& *, *$' &'+@'-*R& '#(1# #,-.(*(,-%> #%*'+,"?  !"#$%&'  ",F%F(>(*('&

6U< P (Yij|Yil, k) =
exp(YijV (Yij = 1|Yil, k))

1 + exp(V (Yij = 1|Yil, k))

=(*$

6V< V (Yij = 1|Yil, k) = αkj + γkjDISPij + ξkjPREDij +
∑

l 6=j

θkjlYil.
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%2(2-'05 -' ,0*6!( i ,!5-'12'1 (- *!17!'( k# 28!8 l ∈ Skj 2. θkjl 6= 08 9- /50"2.3# '-( -'53 $!

055-$ .-" :0"32'1 ;0"07!(!" :05+!* -:!" *!17!'(* ,+( 05*- .-" %2<!"!'( *+,*!(* -. 2'/5+%!%

=28!8 *21'2&/0'(> 2'(!"0/(2-' !<!/(*8 ?2:!' *!17!'(4*;!/2&/ *!(* -. 2'(!"0/(2'1 ;0"07!(!"* Skj#

$! "!.-"7+50(! ()! %!(!"72'2*(2/ *!17!'(4*;!/2&/ /-'%2(2-'05 /0(!1-"3 ;+"/)0*! +(252(3 0*

=@> V (Yij = 1|Yil, k) = αkj + γkjDISPij + ξkjPREDij +
∑

l∈Skj

θkjlYil.

A+" 50*( 0**+7;(2-' 2* ()0( 0 )-+*!)-5% h = 1, ..., H %!/2%!* 0//-"%2'1 (- 0 +(252(3 .+'/(2-'

$)2/) 2* /-'*2*(!'( 0'% /-'*(0'( -:!" 055 )2* ;+"/)0*!*8 9)!"!.-"!# 0 )-+*!)-5% h $2() 055 )2*

,0*6!(* 2* 0**21'!% (- -'! *!17!'( k $2() ;"-,0,252(3

=B> ̟kh = P (zh = k|z\h, Y, β) ∝ P (zh = k|z\h)
∏

i∈h

P (Yi|βk).

9)2* ;"-,0,252(3 %!;!'%* -' ()! 0**21'7!'( -. -()!" )-+*!)-5%* \h (- /-7;-'!'(*# z\h# 0*

$!55 0* -' ()! ;0"07!(!"* βk = (αk, γk, ξk, θk) 0'% -' P (Yi|k) = P (Yi|βk)# ()! 526!52)--% -.

,0*6!(* i ∈ h 12:!' *!17!'( k8 C!17!'( *)0"!* .-55-$ 0* πk =
∑H

h=1 ̟kh/H8

 ! "#$%&'$%()

9)! *(0'%0"% 0;;"-0/) (- !*(270(! ;0"07!(!"* 2' 0 5-12( 7-%!5 2* 70D27+7 526!52)--% =EF>

$2()

=G> ML(β) ≡ L(β) =
∏

i

P (Yi) → max.

H-" 70"6!( ,0*6!( 0'053*2*# ()2* $-+5% 2'%+/! 70D272I0(2-' -:!" ()! J-2'( ,0*6!( ;+"/)0*!

;"-,0,252(2!* P (Yi) =21'-"2'1 *!17!'( 2'%2/0(-"* k> 8 9)2* %!'-72'0(-"# /055!% '-"7052I2'1

/-'*(0'( -" ;0"(2(2-' .+'/(2-'#

=KL> Z(β) =
∑

Y ∗

exp(V (Y ∗))

2* 0 *+7 -:!" |Y ∗| = 2J *+770'%* $)2/) /0+*!* !'-"7-+* /-7;+(0(2-'05 ;"-,5!7* =E--'
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7& *+ '2+"  "++*52( &" 8"!/ 8*&1 &1( ('+*(! &" %'2%$2'&(  +($#" 2*/(2*1""# 9:4; <(+')0 =>?@A

&1'& *+ ' 1($!*+&*% '  !"B*.'&*"- &" &1( (B'%& 34 '-# 'C"*#+ &1( %'2%$2'&*"- "D &1(  '!&*&*"-

D$-%&*"- 9E!(++*(0 =>>F; G'-) (& '260 HIIIA6 J1( :4 .'/(+ $+( "D &1( D'%& &1'& &1( 5'+/(&

 $!%1'+(  !"5'5*2*&*(+ P (Yi|k) %'- 5( + 2*& *-&" J %"-#*&*"-'2 %'&()"!K  $!%1'+(  !"5'5*2*&*(+

P (Yij|Yil, k) '-# )(-(!'22K !('#+ '+

9==A PL(β) =
∏

i

∏

j

P (Yij|Yil; β)

81*%1 1'+ &" 5( .'B*.*L(# 9<(+')0 =>?M0 =>?@; E!(++*(0 =>>FA6 J1*+ #(%". "+*&*"- *+ '-'2")N

*%'2 &" O:P+ Q%"-#*&*"-'2 %1"*%( + (%*R%'&*"-S .(-&*"-(# *- +(%&*"- =6 J" '%%"$-& D"! &1( K

#*,(!(-& +().(-&+0 &1(  +($#" 2*/(2*1""# %". "-(-&+ '!( -"& #*!(%&2K .$2&* 2*(# "C(! .'!/(&

5'+/(&+6 7-+&('#0 ' 8(*)1&(# 'C(!')(  (! 5'+/(& *+ %'2%$2'&(# 8*&1 &1(  !"5'5*2*&*(+ "D ' 5'+/(&

5(2"-)*-) &" ' +().(-& '+ 8(*)1&+6 J1(  +($#" 2*/(2*1""# *+

9=HA PL(β) =
∏

i

(
∑

k

̟ki(
∏

j

P (Yij|Yil; βk))).
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&%$ "%$) 1J7A  !) &)+ !)." .)%$*80 0("&$,&) $*+02

!

K"+"%)??>4  !"> &*+0$0 *C ) '*#"? , 

'")08%" 1 %)#$ $*+)??>4  !" ?*3-?$E"?$!**# LLA )+# ) ("+)? > .)?8" C*% '*#"? &*'(?"L$ > 1 !"

+8'/"% *C "0 $') "# ()%)'" "%0A )+# !)."  * /" '$+$'$M"#2 F"??-"0 )/?$0!"# &%$ "%$) )%"

BJ7 1N&!6)%M4 OP@QA4 5J7 15E)$E"4 OP@RA4 *% SJ7 1N($"3"?!)? "% " )?24 9::9A4  !" B)>"0$)+

."%0$*+ *C 5J74 6!$&! !)." /""+ )((?$"# 08&&"00C8??> $+  !" &*+ "L *C ,+$ " '$L 8%" ?*3$ 
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C%*' (0"8#* ?$E"?$!**# "0 $') $*+2

J+ *%#"%  * %"+#"% )?? "0 $') $*+0 &*'()%)/?"4 6" 80" (%"#$& $." '*#"? 0"?"& $*+ 1U)8#

)+# J/%)!$'4 OPPV< 7)%?$+ )+# U*8$04 9:::A2 I!" $#") $0 W !) 3**# '*#"?04 )'*+3  !*0"

8+#"% &*+0$#"%) $*+4 0!*8?# ')E" (%"#$& $*+0 &?*0"  * 6!) !)0 /""+ */0"%."# X 1U)8# )+#

J/%)!$'4 OPPV4 (29RPA2 G"+&"4  !" '*#"? Mm $0 &!*0"+ 6!$&! '$+$'$M"0  !" "L("& "# .)?8" *C

) 3$."+ #$0&%"()+&> C8+& $*+ E[D(Y s, Y |Mm)] =
1
S

∑
s D(Y s, Y |Mm) /" 6""+ */0"%."# #) )

Y )+# 0)'(?"# #) ) 0" 0 Y s
1s = 1, . . . , SA )+# ("+)?$M"0 $+  !$0 6)> .)%$)/$?$ > 1)+# )0 08&!

&*'(?"L$ >A *C ) '*#"?2 U)8# )+# J/%)!$' 1OPPVA (%*(*0" ) ?*00 &%$ "%$*+ /)0"# *+ 0Y8)%"#

"%%*%2 Z*% *8% /$+)%> #) )4  !$0 &*%%"0(*+#0  *  !" )/0*?8 " #".$) $*+2

1O;A E[D(Y s, Y |Mm)] =
1

S

∑

s

∑

i

∑

j

(Y s
ij − Yij)

2 =
1

S

∑

s

∑

i

∑

j

|Y s
ij − Yij|

I!" +"6 #) ) 0" 0 Y s
)%" 0)'(?"# /)0"# *+ &*"D&$"+ .)?8"0 0)."# #8%$+3 $ "%) $*+0

6!$?" "0 $') $+3 '*#"? Mm2 Z*% "."%> 0"3'"+ k4 ) 0)."# $ "%) $*+ *C ()%)'" "% .)?8"0 βs
k $0

%)+#*'?> &!*0"+2 K$."+ ) /)0E" [0 (%*/)/$?$ > /"?*+3$+3  * 0"3'"+ k &*+#$ $*+)? *+ βs
k4 )

#$0&%" " )00$3+'"+ *C Yi )+# Y s
i %"0("& $."?>  * ) 0"3'"+ k $0 0)'(?"#2 βs

k $0 80"#  * 8(#) "
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I6(D6 B!* &$ "%! %&G*!%&B7* D$ 46"!E&(D46B F&()1

2>



M(K = 4)

PLL

M(K = 4)

PLL PLL B1



−157, 544.32 B2! "#$ #%&%'$($%)* &%+$, -."# .("$/01".%(* 2)" -."#%)" &0/3$".(' &.4!

01#.$5$* 0 PLL 50,)$ %6 −149, 943.86 -."# 0( 05$/0'$ %6 110.45 .("$/01".%(* 

702,$ 89 :%+$, ;0,.2/0".%(

PLL D
 !"#$%&'()

B1 <=>?!>@@ 8A B@!==8 CB

B2 <=@B!B@8 CD B8!?8> ?>

*&+" *,-!. M
K = 1 <=8A!?A= BD C=!8?= =A

K = 2 <=AB!?=? DE ?B!A88 >>

K = 3 <=AB!EAD AE ?C!8@B 8@

K = 4 <=A?!DBD @? ??!8D? =@

K = 5 <=A?!@>? =8 ??!BA@ BB

7#$ .("/%+)1".%( %6 &0/3$".(' &.4 1%$F1.$("* GB2 → M(K = 1)H /$*),"* .( 0 &)1# #.'#$/

.(1/$0*$ %6 PLL "#0( "#$ .("/%+)1".%( %6 +.I$/$(" *$'&$("* GM(K = 1) → M(K > 1)H J".,,!

K" 10( 2$ .&L/%5$+ 2M 0 &%+$, "#0" $4L,.1.",M 0,,%-* 6%/ #$"$/%'$($."M N '/%-.(' ()&2$/ %6

*$'&$("* "$(+* "% $(#0(1$ K"! 0* 0**)&$+ .( /0 :%+$,* -."# K5$ *$'&$("* 0,/$0+M L/%+)1$

*%,)".%(* -."# 0" ,$0*" %($ 5$/M *&0,, *$'&$(" 7#$/$6%/$! 0 /0.*$ %5$/ K5$ 1%&L%($("* +%$*

(%" *$$& /$0*%(02,$ M(K = 4) .* "#$ 2$*" &%+$, 011%/+.(' "% D! "#$ L/%L%*$+ &%+$,

*$,$1".%( 1/."$/.%( 

O$"0.,* %( PQ $*".&0".%(* 0/$ L/$*$("$+ .( "02,$ @ R%/ $5$/M &%+$,! -$ '.5$ "#$ ()&2$/ %6

.("$/01".%( $I$1"* .( "#$ +.I$/$(" 1%&L%($("* 

 !

7#$ "%"0, ()&2$/ %6 L0/0&$"$/* L$/ *$'&$("

.* 8= 1%(*"0("* S @E &0/3$".(' &.4 1%$F1.$("* S .(+.5.+)0, ()&2$/ %6 .("$/01".%( $I$1"* 

T$ 0,*% L/%5.+$ /$,0".5$ 1%&L%($(" *.U$* - / " #%)*$#%,+* 0(+ &0/3$" 20*3$"* 7#$ )LL$/

,.($ 1%("0.(* "#$ L$/1$("0'$ %6 #%)*$#%,+* "#0" -$/$ %( 05$/0'$ %5$/ 0,, ."$/0".%(* 0,,%10"$+

"% %($ *$'&$(" 7#$ ,%-$/ ,.($ 1%("0.(* "#$ ()&2$/ %6 20*3$"* "#0" -$/$ %( 05$/0'$ 0,,%10"$+

"% %($ *$'&$(" N* "#$ ()&2$/ %6 20*3$"* L$/ #%)*$#%,+ 50/.$* *"/%(',M %5$/ "#$ #%)*$#%,+*!

"#$*$ L$/1$("0'$* 0LL0/$(",M +.I$/ 

7#$ ,0/'$/ L0/" %6 .("$/01".%(* 10( 2$ 1,$0/,M +$,$"$+ 6/%& "#$ &%+$, -."# $41,)*.%(

L/%202.,.".$* %5$/ CE L$/1$(" G*$$ K')/$ 8H V$($/0,,M *L$03.('! %(,M 0 *&0,, L$/1$("0'$ %6

.("$/01".%( $I$1"* .* +$"$/&.($+ 0* /$,$50(" T#0" .* /$&0/302,$ 0" K/*" *.'#" .* "#0" &%*"

&%+$,* *#%- 0 "$(+$(1M "% /$5$0, "-% ,0/'$ *$'&$("* -#.1# &0M 2$ .("$/L/$"$+ 0* W(%/&0,W

L)/1#0*$ L0""$/(* 0* -$,, 0* 0" ,$0*" %($ *&0,, 1%&L%($(" "#0" 1%("0.(* #%)*$#%,+* (%"

K"".(' L/%L$/,M .("% %"#$/ *$'&$("* 0(+ *% /$L/$*$("* +.I$/$(" "ML$* %6 W02(%/&0,W *#%LL.(' 

;%(*.*"$(",M %5$/ +.I$/$(" &%+$, +.&$(*.%(*! %($ %6 "#$ ,0/'$ *$'&$("* 1%&L/.*$* &0(M

.("$/01".%( $I$1"*! "#$ %"#$/ ,0/'$ *$'&$(" 1%("0.(* %(,M 6$- .("$/01".%( $I$1"* 

X$")/(.(' "% %)/ "$(+$(1M $4L$1"0".%(*! -$ ,%%3 &%/$ +$"0.,$+ .("% -#.1# .("$/01".%(

 !

 ! "#$! %&'( )*! &+,-!. %/ #&)!.01)#%& !2!1)3 '0."!. )*0& 45564

=>



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

 !"#  $%&' M

k = 1 k = 2 k = 3 k = 4 k = 5
 !"

- ,.*$/!0*,1.( 2%344

 !#

- ,.*$/!0*,1.( 5367 8936:

; 1< !## =1)($=1#>( 5734: %6322

; 1< !## "!(?$*( %937% 5@366

 !$

- ,.*$/!0*,1.( 8395 56392 @35:

; 1< !## =1)($=1#>( 5432% %53%7 :387

; 1< !## "!(?$*( 72378 55384 53@:

 !%

- ,.*$/!0*,1.( %434@ 4538@ 7324 4237%

; 1< !## =1)($=1#>( 77395 5379 753@9 :5385

; 1< !## "!(?$*( %:344 4937: :%388 :4329

 !&

- ,.*$/!0*,1.( %:357 8398 535: %367 46378

; 1< !## =1)($=1#>( :6328 %6345 4%3:4 4387 4439%

; 1< !## "!(?$*( 7%342 7536: 493:5 7352 46378

A,B)/$ 7& C,(*1B/!D 1< EF0#)(,1. G/1"!",#,*,$( 1< H.*$/!0*,1. EI$0*( ,. M(K = 4)
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M(K = 1)

M(K > 1)

M

M(K = 1)

M(K = 4)

M(K = 4)

M(K = 1) M(K = 4)

M(K = 4)



 !"#!$% &

'!"()*+$" #(),!%+$" #+- ./!0.+!$% 1 2/%3 *+ 45(6 ($* 4)+.! )!*7.%+/$ !-!)% %3! !-4!.%!*

4/ +%+8! +$97!$.! /$ %3! 47).3( ! 4)/2(2+5+%6 /: ( .(%!"/)6& ;$56 :/) .(%!"/)+! <+%3 8!)6

5/< 47).3( ! :)!=7!$.+! 1 !&"& 2!!) ($* (5!1 %3! #/*!5  /#!%+#! :(+5 %/ 4)/*7.! %3! ./))!.%

 +"$ +$ (55  !"#!$% & >3! #(),!%+$" #+- !?!.% *+?!) +$  %)!$"%3 2!%<!!$  !"#!$% & @! */

$/% A$* ($6  !"#!$% %3(% 3( ./$ + %!$%56 !+%3!)  #(55!) /) 5()"!) ./!0.+!$% %3($ %3! /%3!)

 !"#!$% +$ %3! #/*!5&

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

B+,! C$*)!< ($* D7))+# EFGGFH1 <! !-(#+$! +$ (  72 !=7!$%  %!4 +:  !"#!$% *+?!) <&)&%&

%3!+)  /.+/*!#/")(43+. 8()+(25! ( <!55 ( %3!+)  3/44+$" 2!3(8+/)& I/) %3!  (,! /: ./#4()J

+ /$ E !! %(25! KH1 <! (  +"$!* !8!)6 3/7 !3/5* %/ %3! /$!  !"#!$% %3(% +% <( #/ % /:%!$

 (#45!* %/ *7)+$" +%!)(%+/$ & >3+ ($(56 + + (445+!* %/ M(K = 4)1 <3+.3 <( *!%!)#+$!*

( %3! 2! % #/*!5& >3! %(25!  3/< %3! #!($ /: 2( ,!%  +L! ($* $7#2!) /: 2( ,!% 4!)

3/7 !3/5* ( <!55 ( %3! #/ % +#4/)%($% +$%!)(.%+/$ !?!.% 4!)  !"#!$% E+&!& <+%3 %3! 5()"! %

(2 /57%! 8(57! H +$ *! .!$*+$" /)*!) <3!)! +%(5+. +$*+.(%! (  72 %+%7%+8! )!5(%+/$& >3! 5( %

5+$! /: %3!  3/44+$" 2!3(8+/)  !.%+/$ ./$%(+$ %3! #/ % /:%!$ 47).3( !* .(%!"/)+! 4!)  !"J

#!$% <3!)! 2/5* .3()(.%!) +$*+.(%! ( 47).3( ! :)!=7!$.6 /8!) KG 4!).!$% ($* +%(5+. +$*+.(%!

( 47).3( ! :)!=7!$.6 7$*!) FK 4!).!$%& @! (5 / "+8! *!#/")(43+. ($*  /.+/!./$/#+. *(%(M

%3! #!($ /: :(#+56  +L!1 %3! 4!).!$%("! /: #())+!* 3!(* /: 3/7 !3/5* ($* /: 3/7 !3/5* 

<+%3/7% .3+5*)!$ 7$*!) NO ( <!55 ( %3! %3)!! #/ % /:%!$ (44!()+$" .5(  ! /: 3/7 !3/5*

+$./#!

 !

& P!4()(%!* :/) :!#(5! ($* #(5! 3!(* /: 3/7 !3/5*1 %3! %(25! (5 /  3/< %3! %3)!!

#/ % /:%!$ (44!()+$" .5(  ! /: ("! ($* !*7.(%+/$

 "

&

C /$!<(6 CQ;RC  3/< %3(% %3!  !"#!$% *+?!)  +"$+A.($%56 +$ #!($ 2( ,!%  +L! EF =

59.038, p = .000H ($* $7#2!) /: 2( ,!% 4!) 3/7 !3/5* EF = 510.451, p = .000H& >3! #/ %

+#4/)%($% +$%!)(.%+/$  3/<  /#! /8!)5(41 !-.!4% :/)  !"#!$% 3 <3+.3 3( %3!  #(55! % #!($

2( ,!%  +L! ./$ !=7!$%56 )! 75%+$" +$ :!< ($* /$56 $!"(%+8! +$%!)(.%+/$ /: ./$ +*!)(25!  +L!&

S+5,1  (5%6  $(., 1 .()2/$(%!* 2!8!)("! 1 ($* ./5* .!)!(5 1 <3+.3 ()! /8!)(55 %3! :/7) #/ %

/:%!$ 47).3( !* .(%!"/)+! 1 ()! (5 / 4)! !$% +$ %3!  +- #/ % /:%!$ 47).3( !* .(%!"/)+! 4!)

 !"#!$%& >3+ /8!)5(4 + 7$!-4!.%!*56 5()"!&

@+%3 )!"()* %/  /.+/*!#/")(43+. 8()+(25! 1 %3!)! +  /#! 8()+(%+/$ 2!%<!!$  !"#!$% 1 :/)

!-(#45! +$ :(#+56  +L! EF = 13.621, p = .000)& @3!)!( %3! #/*! /: .(%!"/)+.(5 8()+(25! 

()!  7)4)+ +$"56 ./$ + %!$% /8!)  !"#!$% 1 χ2
J%! %  3/< %3(% %3!+) *+ %)+27%+/$ 8()+! E:/)

(55 χ2 > 65, p = .000H& P!"#!$% F %!$* %/ 3(8! %3! 6/7$"! % 3/7 !3/5* <+%3 %3! 3+"3! %

+$./#!1 %3! 2! % !*7.(%+/$1 %3! 5()"! % :(#+56  +L!1 %3! 3+"3! % 4!).!$%("! /: #())+!* 3!(* 

/: 3/7 !3/5* ($* %3! 5/<! % 4!).!$%("! /: 3/7 !3/5* <+%3/7% .3+5*)!$ 7$*!) NO 6!() T +% 

 !

 !"#$%!&' ()*!+$ () ,%!"#-)' ./01

 "

 /2 %(3% #*%!!&4 52 *!&&$3$4 6/2 ,$*%)(*-& #*%!!&4 782 9!#,3:-'"-,$ ;!:<1 /52 #!+$ *!&&$3$= ;%-, +$-)#

,%-, ,%$ 9$:#!) &$>, *!&&$3$ ;(,%!", - '$3:$$1

NO



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

k = 1 k = 2 k = 3 k = 4

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

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

1234$5  !"#$%" .,*60 ,7*/7 -*-+ +*.6

89"%  !"# !$% &'(#)*( $( # ( % **+#),)  !"#$!% &-!# !$%  !"# !$

'3:95%!;% ".(# !$% /(0#/,1 23$#23&% /("#),) &'(#)!* 2( # ( % 23$#23&

';%$5!<%'9;" 23$#.(&% $-"# ( /(0#/,1% +!2#/'. $( # ( % +!.#)$(

89"% 9=%$;  !"% )(. #$%& '(" &'(+ ,!( +"4% )(.

:25<>!"$? +!.% +"4  !"%  ( )-(+ &-" 0!5% /'.

<!%$@95'$" $!%+  - +!.% $( )!*+ ,". ,!(+ )!*

 ",$"-(."&+)#!$,/

A!3'BC &'($ ,*-, ,*+0 ,*,) ,*0,

D;<93$ 60E00F,0E)0F/0E.77 .77GF/0E.77F60E00 ,0E)0F)0E60F60E00 )0E60F,0E)0F60E00

H 8!55'$? /7*7. +7*I0 0-*77 -0*+/

H 19 J>'B?5$; /,*/7 /.*6) +6*77 /-*,6

8!B$ K@$ -0GF00E-6F60E06 60E06F00E-6F-0G -0GF00E-6F60E06 -0GF60E06F00E-6

A$3!B$ K@$ -0GF00E-6F60E06 60E06F00E-6F)0E66 -0GF00E-6F60E06 -0GF60E06F00E-6

8!B$ L?2<!%'9; M&FJF&J JFM&FN& M&FJFN& M&F&JFJ

A$3!B$ L?2<!%'9; M&F&JFJ JFM&FOP M&F&JFN& M&F&JFJ

,..,0)($ )0 0$3-$1( 45

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

6$ )1(/,*7+$ ! 81)($ -)9(7/$ -7#():!/)!($ #,3)( -,*$# +,-./)0)13 ! :!/)!"#$ 0$#$+(),1 0($. (,

!1!#;<$ ")1!/; -!/=$( "!0=$( *!(!5 6$ 81* (>!( ! 81)($ -)9(7/$ -,*$# 0)31)8+!1(#; )-./,:$0

8( ,:$/ ! >,-,3$1$,70 -,*$# !1* /$:$!#0 0$3-$1(0 ?)(> *)@$/$1( /$!+(),10 (, -!/=$()13

)10(/7-$1(0A 0>,..)13 "$>!:),/ !1* 0,+),*$-,3/!.>)+ +>!/!+($/)0()+05

B1,?#$*3$ ,1 +!($3,/)$0 ?>)+> )1($/!+( )0 ,2 "$1$8( (, ! -!1!3$/ ?>, ?!1(0 (, )1+/$!0$

(>$ 17-"$/ ,2 .7/+>!0$0 )1 ,(>$/ +!($3,/)$05  , (>)0 $1* 0>$ +!1 -!=$ !1 !../,./)!($ +!($3,/;

-,/$ !((/!+():$ (, +70(,-$/0 ";A $535A 0!#$0 ./,-,(),1A !*:$/()0)13 ,/ !00,/(-$1( *$+)0),105

C2 0>$ "!0$0 07+> *$+)0),10 ,1 (>$ >,-,3$1$,70 -,*$#A 0>$ ,:$/$0()-!($0 (>$ $@$+( ,2 07+>

-$!07/$0 "$+!70$ (>$ >,-,3$1$,70 -,*$# )-.#)$0 4D )1($/!+(),10 ?>)+> !/$ 1,( +,10)*$/$*

/$#$:!1( !++,/*)13 (, (>$ 2,7/ 0$3-$1( -,*$#5

6$ 3):$ ! 2$? $9!-.#$0 2,/ (>$ 3/,+$/; 0(,/$ ?>,0$ *!(! ?$ !1!#;<$* "!0$* ,1 (>$ 2,7/

0$3-$1( -,*$#5 E,/ (>)0 .7/.,0$ ?$ */!? -!)1#; ,1 (>$ /$07#(0 3):$1 )1 (!"#$ %5 C2 .7/+>!0$0

!+/,00 !## +,10)*$/$* +!($3,/)$0 0>,7#* "$ )1+/$!0$*A +!($3,/)$0 ?)(> 0$:$/!# 0(/,13 .,0)():$

)1($/!+(),10 0>,7#* "$ 0$#$+($*A $535A +!($3,/)$0  FGA  H A !1* GH 5 F1 (>$ ,(>$/ >!1*A

-!/=$()13 -$!07/$0 )1 +!($3,/)$0 ?>)+> ,1#; !@$+( .7/+>!0$0 ,2 2$? ,(>$/ +!($3,/)$0 !/$

+#$!/#; )1!../,./)!($ (, !+>)$:$ (>)0 3,!#5 E,/ ,7/ *!(! (>)0 !..#)$0 (, (>$ +!($3,/)$0 IFEA

JJIA !1* KHL $!+> ,2 ?>)+> ,1#; >!0 ,1$ 0(/,13 )1($/!+(),1 )1 0$3-$1( M ?>)+> )0 (>$

0-!##$0( 0$3-$1( ",(> ?)(> /$0.$+( (, (>$ 17-"$/ ,2 >,70$>,#*0 !1* (>$ 17-"$/ ,2 "!0=$(05

K!1!3$-$1( +,7#* !#0, (!=$ !*:!1(!3$ 2/,- )12,/-!(),1 ,1 *)@$/$1+$0 "$(?$$1 -!/=$(

NO



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

%3! %5(  %)($" ,( /%/6! /$%!)+1%/($ (0 787 /$  !"#!$% 9  4""! %  +-! ,)(#(%/($ #!+ 4)! 

/$ %3/ 1+%!"():&

7!6!)+- #(2!- 6+)/+%/($ +)! 5()%353/-! 1($ /2!)/$"& '() /$ %+$1!. %3! 4 ! (0 + 1($%/$4(4 

#/*%4)! #(2!- #/"3% +4"#!$% #(2!- +114)+1: ;4% #+: ;! -!  3!-,04- 0)(# + #+$+"!)/+-

,(/$% (0 6/!5& <3! (,%/#+- $4#;!) (0  !"#!$% #/"3% +- ( ;! ! %/#+%!2 !$2("!$(4 -: ;:

2!%!)#/$/$" + ,)/() +$2 2)+5/$" %3! $4#;!) /$ +$ +22/%/($+-  +#,-/$"  %!, =>1?+13-+$ +$2

@!!-. 9AAAB&

')(# + #+$+"!#!$% ,(/$% (0 6/!5. /% 5(4-2 ;! /$%!)! %/$" %( #(2!- #+)C!%/$" #/* !D!1% 

$(% ($-: ($ 1+%!"(): 1($ %+$% ;4% +- ( ($ /$%!)1+%!"(): !D!1% & <3/ / + ,)!1($2/%/($ %(

 !,+)+%! 1($ 4#,%/($ 1(#,-!#!$%+)/%: 0)(# #+)C!%/$"E#/* 1(#,-!#!$%+)/%: !D!1% . /&!& %3!

2/)!1% /#,+1% (0 + #+)C!%/$" +1%/6/%: 0() ($! 1+%!"(): ($ %3! ,4)13+ ! ,)(;+;/-/%: (0 +  !1($2

1+%!"(): =F/)+G !% +-&. 9AAHB. +$2 %34 %( 1($%)(- !*,-/1/%-: 0() 2!#+$2 +$2 ,)(I% /#,+1% 

(0 #+)C!%/$" #!+ 4)! & <3! (;6/(4 ,)(;-!# (0 %3/ !*%!$ /($ / +$ !*,-( /($ (0 ,+)+#!%!) &

'() (4) 2+%+  !% 5! 5(4-2 3+6! %( 1(,! 5/%3 3 · (31 · 30) = 2790 +22/%/($+- ,+)+#!%!) 0()

!+13  !"#!$%&

J$(%3!) /2!+ 0() + 04)%3!) 2!6!-(,#!$% / #(2!-/$" %3! ,4)13+ ! K4+$%/%: 2!1/ /($. 53/13

3+ $(% ;!!$ +13/!6!2 /$ 04-- !*%!$%& F/)+G !% +-& =9AAHB ,)(,( ! + %5(E %+"! ;/6+)/+%! -("/%

#(2!- 0() ,4)13+ !L$($E,4)13+ ! /$ %3! 1+%!"(): = %+"! MB +$2 0() ($! 4$/%L#()! %3+$ ($!

4$/% ,4)13+ !2 = %+"! 9B& <3! !*+1% K4+$%/%: / $(% )!0!))!2 %(& N$-: O+$" !% +-& =9AAPB

!*,-/1/%-: #(2!- %3! !*+1% $4#;!) (0 ,4)13+ !2 ,)(241% Q %3!: ,)(,( ! + #4-%/6+)/+%! ,(/  ($

#(2!- 0() %3! +$+-: / (0 1)(  E1+%!"():  %()! ;)+$2 ,4)13+ /$" /$ I6! ,)(241% 1+%!"()/! &

9A



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

 !"# "#!$ %&"#'() "#& *+,+-. %'(&/ !$ &$"!%0"&( !1 t = 1, ..., T !"&20"!'1$ '3&2 "#2&& $0%,

4/!15 $"&4$6 *!2$") "#& 42'707!/!"8 '9 &0:# #';$&#'/( h 7&/'15!15 "' $&5%&1" k !$ &$"!%0"&(6

<!3&1 01 0$$!51%&1" '9 #';$&#'/($ "' :'%4'1&1"$ 70$&( '1 "#& 42'707!/!"!&$ !1  !"# $) "#&

:'%4'1&1"$ 02& !1(&4&1(&1" =>#! &" 0/6) ?@@AB6 C$ %&1"!'1&( 7&9'2&) D& 0$$;%& "#0" 1'" 0//

!1"&20:"!'1 &E&:"$ :'1"2!7;"& "' "#& &F4/010"!'1 '9 4;2:#0$& 7&#03!'2 01( !1:/;(& 0 302!07/&

$&/&:"!'1 $"&4 "#0" (&"&2%!1&$ D#!:# &E&:"$ 02& 1'" $!51!G:01"/8 (!E&2&1" 92'% H&2') !6&6 D#!:#

:0"&5'2!&$ 02& 40!2D!$& !1(&4&1(&1" = !"# % B6 I#!$ $;70/5'2!"#% !$ /':0"&( 7&"D&&1 $&5%&1,

"0"!'1 01( 4020%&"&2 &$"!%0"!'16 C9"&2D02($) :'%4'1&1",$4&:!G: 4020%&"&2$ 02& (20D1 78

0 #872!( +'1"& J02/' $"&4 =K;01& &" 0/6) LMNOP Q'2'D!"H) LMMLP R&0/) LMMSB "#0" $!%;/0"&$ 0

(810%!:0/ =Q0%!/"'1!01B $8$"&% = !"# & B6 I#& 0(301"05& '9 0 #872!( +J 0/5'2!"#% !$ "#&

4'$$!7!/!"8 "' $;442&$$ 201('% D0/T$ 9'2 0 $&U;&1:& '9 $"&4$ L "#;$ &107/!15 0 5;!(&( $&02:#
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