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5,6+2/  !78  !""# $# %&&'(!)#%*+ ,- .+"# $%(% #/ /#&+*)#!.+*0% (+1 2/#

#*$#3#$'# &%* '* "%/% +(#"%$#% #* #*$+**#045 (+1 .+"+ $# /#&+*)#!.+*0%



 ! "#$%&'(' )* +(&,% -%./01% -% 2#(3&#4%'1/

5/1&#(% 67'5/ 2%.&' 1/( $#,#0,#8' 9*9: 7;/ 7% 8'../ 31# $'$'(#4%'1/ -% <"'5$(%/,.=*

># $,/7%.#&' 7;/ $/, %( -%./01' %1 ?3/.&%'1/ (# 7'1-%4%'1/ -%  !"!#!"$%$#& @ 0#,#1A

&%&# -#( 8#&&' 7;/B %1 (%1/# &/',%7#B 1'1 $'..'1' /../,7% &,#&&#&% 7'1 31 135/,' -%

./&&%5#1/ %18/,%',/ # C!B / -% 7'1./03/14# '()(*+*

"'5/ .% @ -/&&' 1/( $#,#0,#8' 9*DB .'1' .&#&/ 7'1-'&&/ (/ #1#(%.% $/, % E/1/F7%#,%

-% 31' -/% -3/ .3..%-%B 7;/ #2/../,' 31G/&H #( (%7/14%#5/1&' 6' $,/.31&' &#(/ $/, %

E/1/F7%#,% -/((G%1-/11%&H 7'1 ,/?3%.%&% ,%-'&&%: %18/,%',/ # CI #11%B / (%5%&#&#5/1&/

#0(% #11% !IIJ / !II!* K( 7#5$%'1/ 3&%(%44#&' 1/((G#1#(%.% 7'5$,/1-/ )BLMI ,/7',-B

!BMJD ,/(#&%2% #( .3..%-%' -% -%.'773$#4%'1/ ',-%1#,%# / 9BJCM #( .3..%-%' 7'1 ,/?3%.%&%

,%-'&&%*

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

+ $#,&%,/ -#((# -#&# -% (%7/14%#5/1&'B ,/0%.&,#&# 1/0(% #,7;%2% -/((G%1-/11%&H $/,

% E/1/F7%#,% -/( .3..%-%' ',-%1#,%'B ' ,%7'.&,3%&# # $#,&%,/ -#0(% ,( $/, % E/1/F7%#A

,% -/((G%1-/11%&H ,%-'&&#B .'1' .&#&% ,%7/,7#&% $/, '01% %1-%2%-3' &3&&% 0(% /$%.'-%

(#2',#&%2% 1/((G#,7' -/% -3/ #11% $,/7/-/1&%B / .'55#&/ (/ ./&&%5#1/ 7'1&,%E3&%2/

,/0%.&,#&/ 1/0(% #,7;%2%*
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&!/#%%!

8% 5,6+2%  !9 %  ! :'*&2/1' )/ (,*&2,;+0,'1% (%))% *%&&,:/1% 2,-'*&2+,&% (%, (+%

/2-<,=,! >../2% %=,(%1&% )/ .2%*%10/ (, %22'2, (, :,*+2/ 1%))/ 2,-'*&2+0,'1%? -'1

,1(,=,(+, -<% /../2%1&%:%1&% 1'1 .'**%66'1' , 2%@+,*,&, .%2 /--%(%2% /) *+**,(,'!

8% -/+*% *'1' )%6/&% .2,1-,./):%1&% /, *%6+%1&, A/&&'2,7

B! =/2,/;,)% /11+/)% (%))% *%&&,:/1% -'1&2,;+&,=%C

"! (%&&/6),' :%1*,)% (%, .%2,'(, (, ,1,0,' % D1% 2)C

4! .'**,;,)% *'=2/..'*,0,'1% (, %.,*'(, )/='2/&,=,C

E! .2%*%10/ (, .%2,'(, 1%+&2, (, -'1&2,;+0,'1%? 1'1 ,(%1&,D-/;,), 1%6), /2-<,=,!

>=%1(' / (,*.'*,0,'1% *')&/1&' +1/ =/2,/;,)% ,1%2%1&% /))% *%&&,:/1% -'1&2,;+F

&,=% 1%))G,1&%2' /11' (, 2,A%2,:%1&'? 1'1 H *&/&' .'**,;,)% 2,-'*&2+,2% -'1 %*/&&%00/

@+/1&% *%&&,:/1% A'**%2' %$%&&,=/:%1&% ,:.+&/;,), /) .%2,'(' (, ,1&%2%**%! I, =%(/

/ &/) .2'.'*,&' )G%*%:.,' (, *&'2,/ )/='2/&,=/ ,1 5,6+2/  !J7 .%2 )G%.,*'(,' K>L *,

2%6,*&2/1' )% *%&&,:/1% -'1&2,;+&,=% .%2 )G,1&%2' /11' B333? :/ *'1' +&,), .%2 ,)

2/66,+16,:%1&' (%, 2%@+,*,&, -'1&2,;+&,=, *')&/1&' )% *%&&,:/1% -<% =/11' (/ (+%

/11, .2,:/ (%) ),-%10,/:%1&' M),1%/ /2/1-,'1%N ,1 .',! I, H ('=+&' *+..'22%? (+1F

@+%? -<% )% *%&&,:/1% A'**%2' +1,A'2:%:%1&% (,*&2,;+,&% *+ &+&&' )G/**% &%:.'2/)%?



 ! "#$%&'(' )* +(&,% -%./01% -% 2#(3&#4%'1/

#..314%'1/ 1'1 1/5/..#,%#6/1&/ 2/,%&%/,#7 6# 1'1 #2/1-' # -%.$'.%4%'1/ 3(&/,%',%

/(/6/1&% (831%5# $'..%9%(/*

:%03,# )*;<  !"#$%& '% !(&)%* +*,&)*(%,*

=1'(&,/7 5'6/ .% > 2%.&' 1/((/ $,'5/-3,/ -% #99%1#6/1&' &,# % 2#,% #,5?%2% @$#A

,#0,#B' C*DE7 (/ 2#,%#9%(% -% %1%4%' / F1/ ,( -/0(% #,5?%2% (#2',#&%2% ?#11' -/&&#0(%'

6/1.%(/7 G3%1-% 1'1 > $'..%9%(/ ,%5'.&,3%,/ 5'1 /.#&&/44# %1%4%' / F1/ -/% 2#,% /$%.'A

-% (#2',#&%2%7 5'1 5'1./03/1&/ #$$,'..%6#4%'1/ -/((# -3,#&# -/((8/$%.'-%'* H/6$,/

5'1 ,%B/,%6/1&' #((# :%03,# )*;7 1'1 > $'..%9%(/ %-/1&%F5#,/ 5'1 /.#&&/44# (# FA

1/ -/((8/$%.'-%' (#2',#&%2' I+J / (8%1%4%' -/((8/$%.'-%' IKJ* L# $,/5%.#&' $/,M 5?/

1/( 5'1&/.&' .$/5%F5' -/((# F03,#7 (8#$$,'..%6#4%'1/ 1'1 5,/# $,'9(/6%7 %1 G3#1&'

(-((" (/ ./&&%6#1/ 5'1&,%93&%2/ $/, ,/0%.&,#&/ $/, (8/$%.'-%' IKJ 5'15',,'1' #((#

B',6#4%'1/ -/((/ ./&&%6#1/ 3&%(% $/, (8%10,/..' %1 %1-/11%&N7 6/1&,/ $/, (8/$%.'-%'

I+J &3&&/ (/ ./&&%6#1/ -/( DOOP .'1' .'66#9%(%Q %1 #(&,% 5#.%7 $/,M7 > 1/5/..#,%'

,%5'.&,3%,/ 31# -#&# -% %1%4%' / F1/ ,(7 #- /./6$%' G3#1-' 58> 31 /$%.'-%' (#2',#&%2'

5?/ %1%4%# (' .&/..' #11' .'(#,/ -/((# -#&# -% %1%4%' -/% -3/ #11% 3&%(%7 6# %1 31 6/./

$,/5/-/1&/*

=1'(&,/ %1 #(531% 5#.% /,#1' $,/./1&% .'2,#$$'.%4%'1% -% /$%.'-% (#2',#&%2%7 5?/

?#11' $',&#&' # 5#(5'(#,/ $/, #(531% %1-%2%-3% 31 136/,' -% ./&&%6#1/ 5'1&,%93&%2/

.3$/,%',% #((/ PO! 1/% -3/ #11%Q %( $,'9(/6#7 %1'(&,/7 > #55/1&3#&'7 #15?/ %1 G3/.&'

5#.'7 -#( -/&&#0(%' 6/1.%(/ -/0(% ,(7 5?/ ,/1-'1' %6$'..%9%(/ (8%-/1&%F5#4%'1/ -%

#(531/ .'2,#$$'.%4%'1% @#- /./6$%' ./ %( 6/./ -% F1/ -% 31 /$%.'-%' (#2',#&%2' > ('

.&/..' 6/./ -% %1%4%' -% 31 #(&,' /$%.'-%'E*
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56+)&,7' .2'8)%7/9 :%2'*,7,)7%1&% .2%*%1&% .%2 +1 1+7%2' ),7,&/&' (, .%2*'1%9

; )/ -/+*/ .,< .2'8/8,)% (%))/ .2%*%10/ ,1 ,1(%11,&= (, ,1(,:,(+, ->% /../2%1&%7%1?

&% *'1' 7')&' )'1&/1, (/) .'**%(%2% , 2%@+,*,&, .%2 /--%(%2:,9 '::%2' )/ .2%*%10/

(, @+%)), ->% )6ABCD ->,/7/ E.%2,'(, 1%+&2, (, -'1&2,8+0,'1%F G-H2 ./2/I2/H' "!"J!

5/ .2%*%10/ (, &/), %.,*'(,9 1'1 2%I,*&2/&, 1%I), /2->,:, ABCD9 :,%1% :%2,K-/&/ E-/*'

.%2 -/*'F /) 7'7%1&' (%))/ -'1*%I1/ (%))/ ('7/1(/ .%2 )6,1I2%**' ,1 ,1(%11,&=9 %

1'1 *'1' ,1 1%**+1 7'(' ,(%1&,K-/8,),! 5/ .2%*%10/ (, &/), %.,*'(, -'7.'2&/ +1'

*.'*&/7%1&' /))6,1(,%&2' (%))/ (/&/ / ./2&,2% (/))/ @+/)% :%1I'1' -'1&%II,/&% )% *%&?

&,7/1% (, -'1&2,8+0,'1% G*%7.2% -'1 2,H%2,7%1&' /))/ L,I+2/  !M9 +1' *.'*&/7%1&'

:%2*' *,1,*&2/ (%))/ ),1%/ /2/1-,'1%J!

N @+/1&' (%&&' :/ /II,+1&' ->% .%2 , 8%1%K-,/2, (%))6,1(%11,&= -'1 2%@+,*,&,

2,('&&,9 -'7% *, ; :,*&'9 1'1 *, (,*.'1% (, 1%**+1/ (/&/ (, ),-%10,/7%1&'9 @+,1(,

/1->% )6%:%1&+/)% 7'7%1&' (, ),-%10,/7%1&' ; H2+&&' (, +1/ 2,-'*&2+0,'1% / ./2&,2%

(/I), /2->,:, 2)O -,P >/ .'2&/&' /( +16+)&%2,'2% /..2'**,7/0,'1% )%I/&/ /))/ K1%*&2/

(, '**%2:/0,'1% G*%7.2% ,1 L,I+2/  !M9 ,) .%2,'(' ->% :/ (/))/ ),1%/ /2/1-,'1% /))/

),1%/ 8)+J!

Q, -'1*%I+%10/9 / -/+*/ (%I), %22'2, (, 7,*+2/9 ,) (,*%I1' 1'1 -'22,*.'1(% /)

(,*%I1' &%'2,-' (, EL+00R SQQF -'1 &2/&&/&, *')' /))/ (%*&2/ (%))/ *'I),/! T,'1'?

1'*&/1&% *, ; (%-,*' (, .2'-%(%2% -'7+1@+% /))/ :%2,K-/ (%))% (,*-'1&,1+,&= .2% %

.'*& ),-%10,/7%1&' .%2 :%2,K-/2% *% )6%22'2% (, 7,*+2/ ,1U+%10/**% ' 7%1' )/ *&,7/

(%))6,7./&&' *+, T'7.),%2*!

 !"!" #$%&'()$(*$)+ (,- ./00'1)' 2$ 3/-2

T'7% *, ; :,*&' 1%) -/.,&')' V!V9 +1/ (%))% -'1(,0,'1, 1%-%**/2,% .%2 )6/..),-/8,),&=

(%) EL+00R SQQF ; )/ .2%*%10/ (, +1/ (,*-'1&,1+,&= 1%))/ .2'.'20,'1% (, &2/&&/&,

&2/ ,) )/&' *,1,*&2' % ,) )/&' (%*&2' (%))/ *'I),/! A.'&,00/1('9 .%2 *%7.),-,&= (,

%*.'*,0,'1%9 +1 /1(/7%1&' ),1%/2% G% (, -'1*%I+%10/ *% *, *&,7/**% )/ (,*-'1&,1+,&=

-'1 +1 7'(%))' (, 2%I2%**,'1% ),1%/2%J9 *, /:2%88% ,1 H'27+)%W

D = α + β · X + δ · I(X > x0) + ǫ G !XJ



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

4. δ 5 -%/0%67#&%1#8.0&. ,%1.+-' ,# 3.+' $29 .--.+. 2&%(%33#&' 7'8. ,.0'8%0#&'+.

,.( +#$$'+&' ,% :#(, $.+ (# -&%8# ,.((;%8$#&&') * &#( $+'$'-%&' 1%.0. $+.-.0&#&#

(# <%/2+# !)=> 7?. 8'-&+# 7?%#+#8.0&. 7'8. (# 7'0,%3%'0. -%# 1.+%67#&#> 7'0 20#

,%-7'0&%02%&@ 0.((# $+'$'+3%'0. ,% A.0.67%#+% #( -2--%,%' ,% ,%-'772$#3%'0. ,% '(&+.

1.0&% $20&% $.+7.0&2#(% . -&#&%-&%7#8.0&. ,%1.+-# ,# 3.+')
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&#(. ,# $'&.+ -&%8#+. 20 %8$#&&' ,.( -2--%,%' #% (%8%&% ,.((# -'/(%#) 4% 5 $#--#&%

,20C2. #( 7#(7'(' ,.( 028.+#&'+. ,.( +#$$'+&' ,% :#(,> %( 7'-%,.&&'  !"#!"$%! &%

&'#("> $.+ % 1#+% &#--% ,% '772$#3%'0. $+. . $'-& (%7.03%#8.0&')

D( $+%8' '2&7'8. 5 +.(#&%1' #% &#--% ,% '772$#3%'0. 1.0&%C2#&&+' 8.-% $+%8#

,.( (%7.03%#8.0&') E# <%/2+# !) 8'-&+# (# &'&#(. #--.03# ,% ,%-7'0&%02%&@ -2((#

-'/(%#> F#7.0,' -2$$'++. 7?. %( 7'0,%3%'0#8.0&' #((. -.&&%8#0. 7'0&+%A2&%1. +%7'G

-&+2%&. %0 $+.7.,.03#> .(%8%0% ,%H.+.03. &+# %( /+2$$' ,% &+#&&#8.0&' . %( /+2$$' ,%

7'0&+'((' I-% +%7'+,# 7?. -. %( 028.+#&'+. ,.( J#$$'+&' ,% :#(, 5 $#+% # 3.+'> (' 5

,% 7'0-./2.03# #07?. (;.H.&&' ,.( &+#&&#8.0&'K)

4. %01.7. -% 7% -$'-&# -.8$(%7.8.0&. ,% 20 8.-. #1#0&%> '11.+' 1.0&%&+L 8.-% $+%G

8# ,.( (%7.03%#8.0&' I<%/2+# !)MNK> -% +%-7'0&+# 20# ,%-7'0&%02%&@ -&#&%-&%7#8.0&.
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