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"D$+ +"% 90.#2 1.2%: peEb ," 7#. !

<4). 0.#2 )%%$2+,-  !)  !" &#), +, "."% .) " %" 35 /#22"./+)& 3),8% '"4",'% 4#%+>

 +*"&5 #,  !" % ) " #0  !" 3$%+,"%% /5/&"6 7" 2#'"&  !" /#,C+/ #0 +, "."% #0  !" /#22"./+)&

3),8% ).+%+,- 0.#2  !" ,#,>%"4).) +#, 3" 7"", /#22"./+)& ),' +,*"% 2", 3),8+,- )/ +*>

+ +"% 35 )%%$2+,-  !) )%  !" 4.#%4"/ +*" ." $.,% +,  !" "D$+ 5 2).8" % +,/.")%"6 3),8%

'"2),' ) !+-!". +, "."% .) " #, &#),% 0.#2 1.2%  # "D$)&+K"  !" 4.#1 % #0  !"  7# +,*"% >

2", )/ +*+ +"%6 %# 7" 7.+ "

il(Y, r
e
e) = ilo + iy (Y − Yo) + γe(r

e
e − reeo) 9L:

7!"." iy(> 0) ."4."%", %  !" .")/ +#, #0  !" &#), .) " 7+ ! ."%4"/  #  !" ."&) +*" &"*"&

#0 "/#,#2+/ )/ +*+ 5 92")%$."' 35  !" '+M".",/" 3" 7"", )/ $)& ),' % ")'5 % ) " #$ 4$ :

 

 ! "#! $%&'()*!+, -&./().&01 /2& 3+#!!45/&#6#++  7/ )8 9:;; 6%&#/+, %&!/%(7/&0 /2& #<(+(/, )8 <#.=! /)

7).0*7/ /2& #7/('(/(&! #!!)7(#/&0 "(/2 !&7*%(/(&! >%-!1 (.!*%#.7& 7)-$#.(&!1 -&%72#./ <#.=!1 #.0 )/2&%

>.#.7(#+ 7)-$#.(&!? 5*72 # !&$#%#/(). <&/"&&. 7)--&%7(#+ #.0 (.'&!/-&./ <#.=(.6 (.!/(/*/().! "#!

#<)+(!2&0 <, /2& 3%#--4@&#724A+(+&,  7/ )8 9:::1 !&& A#%/2 &/ #+? BCDDDE?

N



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

ree 0( ')$ $*3$&'$" # '$ +, #$'4#! +! $540'0$( 6'+ 2$ "$7!$" 2$1+89: ;)$ $<$&' +, (4&)

 (3$&07& '0+! +, ')$ 1+ ! # '$ 0( ('# 0=)',+#8 #"> 0, ,+# $* /31$  ('+&- / #-$' 2++/

' -$( 31 &$? ')$ &+//$#&0 1 2 !-( 8011 0!&#$ ($ ')$ 1+ ! # '$? 8)0&) 0( 10-$1@ '+ #$"4&$ ')$

$!'#$3#$!$4#0 1 ($&'+# "$/ !" ,+# 1+ !(  !" ')4( ')$ 1$A$1 +, $&+!+/0&  &'0A0'@:

 

;+ -$$3 +4# /+"$1  ( 3 #(0/+!0+4(  ( 3+((021$ 8$ &+!(0"$# ')$ 0!'$#$(' # '$ +! '0/$

"$3+(0'( id  (  =0A$! / =!0'4"$: B)$&- 21$ "$3+(0'( #$3#$($!' /+!$@ $!"+=$!+4(1@ =$!.

$# '$" 2@ ')$ &+//$#&0 1 2 !-0!= (@('$/ ')#+4=) ')$0# 1+ !( 6 3#+&$(( 8$ 8011 0!A$('0= '$

1 '$# 0! ')$ 3 3$#9: C0') #$(3$&' '+ &$!'# 1 2 !- /+!$@ 0' 0( 0/3+#' !' '+ !+'$ ') ' 0!

')$ 3#$($!' ,# /$8+#- ')$ /+!$@ /41'0310$# 0( =0A$! 2@

M = D1 +Hh =
1 + ρh
ρb + ρh

H ≡ αmH,

8)$#$ H(= Hh + R) "$!+'$( ')$ )0=) 3+8$#$" /+!$@ 0((4$" 2@ ')$ &$!'# 1 2 !-?  !"

Hh = ρhD1,  !" R = ρbD1 #$3#$($!' ')$ & () )+1"0!=( +, )+4($)+1"(  !" ')$ #$($#A$

#$540#$/$!'( +, &+//$#&0 1 2 !-(? #$(3$&'0A$1@ 6 3+(0'0A$ #$($#A$ #$540#$/$!' # '0+ ρb > 0

0(  ((4/$" +! c−"$3+(0'(? 24' !+!$ +! t−"$3+(0'(9? $A$! ')+4=) ')0( /+!$@ /41'0310$# 0(

)+8$A$#  ((4/$" ,+# ')$ '0/$ 2$0!=  ( 0! &'0A$ 0! ')$ %+8  &&+4!' +, 2 !-(?  ( 8$11  ( ')$

&) !=$( 0! &)$&- 21$ "$3+(0'( 0! ')0(  &&+4!':

D( 3#$A0+4(1@ /$!'0+!$"? &+//$#&0 1 2 !-( ($#A$ ')$ 1+ ! "$/ !" +, 7#/( "$#0A$" ,#+/

')$0# ($''0!= +, ')$ 1+ ! # '$: ;)0( &#$ '$( '$/3+# #01@ &)$&- 21$ "$3+(0'( ,+# 7#/( 8)0&)

8)$! ')$ &0#&40' +! /+!$@ 0( 7!0()$"  #$ &)$&- 21$ "$3+(0'( +, )+4($)+1"(: ;)0( /+!$@

=$!$# '0+! 3#+&$(( 0( )$#$  ((4/$" '+ ) 33$! 0!(' !' !$+4(1@  !" ,+# ')$ '0/$ 2$0!= 8$

 1(+  ((4/$ ') ' )+4($)+1"( 0!(' !' !$+4(1@ '# !(,$# ')0( /+!$@ 0!'+ '0/$ "$3+(0'( 8)0&)

 11+8 4( '+ -$$3 ')$ #$($#A$( +, ')$ &+//$#&0 1 2 !-( &+!(' !': ;)0( 0( "+!$ 0! +#"$# '+

&+!&$!'# '$ +! ')$ /+!$@ &#$ '0+! 3#+&$(( 0! 0'( (0/31$(' ,+#/:

E0! 11@? 8$  ((4/$ ') ' ')$ 3#+7'(

Πbh = ilL+ rEb − idD2 6F9

/ "$ 2@ ')$ &+//$#&0 1 2 !-( #$/ 0! 3+(0'0A$ 0! ')0( 3 3$#  !"  #$ '# !(,$##$" '+ ')$0#

+8!$#(? ')$ )+4($)+1" ($&'+#: ;)$ %+8  &&+4!' +, ')$ &+//$#&0 1 2 !-0!= ($&'+# 0( ()+8!

0! ; 21$ G:

 

 !" #$%"&'() $* +!" ,$##"-,'.& /.(012 ,$(3',+ $* '(+"-"1+ +!-$4)! +!" &$.( '(+"-"1+ -.+" '1 . -"14&+ $*

+!" .114#5+'$( +!.+ +!" .,+4.& &"6"& $* ("7 &$.(1 '1 *4&&8 %"+"-#'("% /8 +!" "(+-"5-"("4-'.& 1",+$-9 :""

;&.1,!"& "+ .&9 <=>??@ *$- .( .&+"-(.+'6" 15",'A,.+'$( 7!"-" /.(01 %'-",+&8 ,$(+-$& +!" .#$4(+ $* &$.(1

)-.(+"%9
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 !"#$ %& '#() *++(,-. (/ .0$ 1(22$3+4!# 5!-64-7 8$+.(3

 !"! #"!$%&'"!

4-.$3$9. 3!.$ :!;2$-.9 idD2 #(!- 3!.$ :!;2$-.9 ilL

3$9$3<$ !=>,9.2$-. Ṙ = 0 +0!-7$ 4- c−=$:(94.9

Ḋ1 = L̇− ṗeE
s
b = 0, ρb > 0

=49.34",.$= :3(?.9 Πbh =4<4=$-=9 rEb

#(!-9 @+3$=4. =$2!-= (/ ?329A L̇ = peE
s
b +0!-7$ 4- t−=$:(94.9 Ḋ2 = 0, (ρb2 = 0)

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

 0$ "!#!-+$ 90$$. (/ 0(,9$0(#=9 49 !#9( 9$#/B$C:#!-!.(3; !-= 90()- 4-  !"#$ DE

 !"#$ D& 5!#!-+$ 80$$. (/ .0$ F(,9$0(#= 8$+.(3

(!!")! *+,-+.+)+"!

+!90 Hh

c−=$:(94.9 D1

t−=$:(94.9 D2

GH,4.4$9 peEh

',3.0$32(3$I /(3 942:#4+4.; )$ !99,2$ .0!. :34<!.$ +(-9,2:.4(- 49 ! /,-+.4(- (/ .0$

0(,9$0(#=9J 4-+(2$ !-= .0,9 (/ .0$ !+.4<4.; #$<$# (/ .0$ $+(-(2;I !-= !9 4- .0$ 4-<$9.2$-.

/,-+.4(-I (/ .0$ 2$!9,3$ (/ .0$ 9.!.$ (/ +(-?=$-+$ (pe − peo)EE  0,9 )$ )34.$

C = cyY + ce(pe − peo)E + C̄ (cy > 0, ce > 0). @KA

 0$ L() !++(,-. (/ .0$ 0(,9$0(#= 9$+.(3 @ !"#$ MA 2433(39 .0$9$ =4N$3$-. !+.4<4.4$9 !-=

2(3$(<$3 90()9 !7!4- 0() #(!-9 !3$ ?-!-+$= .03(,70 .0$ +3$!.4(- (/ .42$ =$:(94.9E O,$

.( .0$9$ (:$3!.4(-9 )$ !99,2$ .0!. .0$ 9!<4-79 (/ 0(,9$0(#=9 7( 4-.( .0$ -$) $H,4.; 9,::#;

(/ ?329 !-= .0$ .42$ =$:(94.9 7$-$3!.$= "; .0$ "!-64-7 9;9.$2E  0$ !773$7!.$ 4-+(2$ (/

0(,9$0(#=9 +(-949.9 (/ )!7$ 4-+(2$I =4<4=$-= 4-+(2$ !-= #(!- 3!.$ 4-+(2$ @)04+0 +(2:349$

(/ .42$B=$:(94. 4-+(2$I ",. 49 3$=,+$= "; .0$ =$/!,#.4-7 #(!-9AE

P(.$ .0!. )$ 942:#4/; =4<4=$-= =49.34",.4(- "; !99,24-7 .0!. !## =4<4=$-=9 !3$ +0!--$#$=

"!+6 @(-$ )!; (3 .0$ (.0$3A 4-.( .0$ 0(,9$0(#= 9$+.(3I !-= .0!. .0$ 9!<4-79 (/ 0(,9$0(#=9 49

Q



 !"#$ %& '#() *++(,-. (/  0$ 1(,2$0(#3 4$+.(5

 !"! #"!$%&'"!

6(-2,78.9(- C )!:$2 wN

+0!-:$ 9- +!20 0(#39-:2 Ḣh = 0 9-.$5$2. (- t−3$8(29.2 idD2

c−3$8(29.2 +0!-:$ Ḋ1 = 0 39;93$-32 r(Eh + Ec)

t−3$8(29. +0!-:$ Ḋ2 = 0 "!-<2= 85(>. Πbh = ilL+ rEb − idD2

0(,2$0(#32 $?,9.@ 3$7!-3 ṗeE
d
h

9-+(7$ Yh wN + rE + ilL

395$+.$3 .()!532 .0$ 3$7!-3 (/ -$) $?,9.9$2 2(#$#@ !-3 .0!. .0$95 8(5./(#9( 92 !#2( 7(39>$3

"@ .0$ #(!- A $?,9.@ $B+0!-:$ (/ +(77$5+9!# "!-<2C '9-!##@D -(.$ !#2( .0!. 39;93$-32 !5$

8!93 8$5 ,-9. (/ $?,9.@ !-3 -(. 8$5 ,-9. (/ ;!#,$ (/ .0$ 2.(+<2 !-3 !5$ .0,2 9-3$8$-3$-. (/

.0$ (++,55$-+$ (/ 2.(+< 7!5<$. 5!##9$2C

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

E. 92 +,55$-.#@ !22,7$3 .0!. .0$ 7(-$.!5@ !,.0(59.@ 92 +(78#$.$#@ 9-!+.9;$D ",. 0!2 !++,A

7,#!.$3 .05(,:0 9.2 (8$- 7!5<$. (8$5!.9(-2 F)09+0 9- .092 7(3$# +!- (-#@ +(-+$5- .0$

$?,9.@ 7!5<$.G >-!-+9!# !22$.2 9- .0$ 8!2.C  !"#$ H 20()2 .0$ "!#!-+$ 20$$. (/ .0$ +$-.5!#

"!-<C

 !"#$ H& I!#!-+$ 40$$. (/ .0$ 6$-.5!# I!-< F+G

(!!")! *+,-+.+)+"!

J?,9.9$2 (/ >572 peEc 09:0 8()$5$3 7(-$@ F+!20G H = Hh+R

-$. )(5.0

 !"#$ K& L(-$.!5@ M(#9+@ F'#()2G

 !"! #"!$%&'"!

$?,9.@ 3$7!-3 0 N8$- L!5<$. M(#9+9$2 0

6I 4,58#,2& rEc → 0(,2$0(#3 2$+.(5 39;93$-32 rEc

O



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

 !"#$%"&"' ()$ *+",-&#. !/ $01&(+ 2%&#$. 3$ ,..1-$ /!% .&-24&#&(+ (),( ()$+ ,%$ *$($%-&"$*

5+ ()$ 2!%(/!4&! #)!&#$ 6*$.&%$* 2!%(/!4&! %$,*71.(-$"(8 5$(3$$" -!"$+ 241. t−*$2!.&(.

M + D2 ,"* $01&(&$. E ,( ()$ ,''%$',($ 4$9$4:

 

;$%$ 3$ 1.$ , *+",-&# ,22%!,#) &"

24,#$ !/ , <!5&"&," $01&4&5%&1- *$($%-&",(&!" !/ ()$ .),%$ 2%&#$ 5+ ,..1-&"' (),( , .(!#=

&-5,4,"#$ &" ()$ $#!"!-+>. '%!.. 2!%(/!4&!? peE
d− peE? 4$,*. (! , /%,#(&!",4 @!3 *$-,"*

/!% $01&(&$. αe(peE
d − peE)? αe ∈ (0, 1)?! 3)&#) &" (1%" '$"$%,($. , .),%$ 2%&#$ &"@,(&!"

6!% *$@,(&!"8 ,##!%*&"' (!

p̂e = βeαe

(

peE
d − peE

peE

)

, 6A8

3&() βe ()$ ,*71.(-$"( .2$$* !/ .),%$ 2%&#$. 3)$%$5+ $01&4&5%&1- &" ()$ .(!#= -,%=$( &.

%$$.(,54&.)$*:

B" ()$ /!44!3&"' 3$ ,..1-$ (),( ()$ "!-&",4 *$-,"* /!% $01&(&$. Ed
&. , /1"#(&!" !/

()$ $C2$#($* %,($ !/ %$(1%" !" ()&. ,..$( (+2$? *$D"$* ,.

ree =
r(Y )

peE
+ πe

e 6E8

3)$%$ r(Y )/(peE) *$"!($. ()$ *&9&*$"* %,($ !/ %$(1%" ,"* πe
e ()$ $C2$#($* #,2&(,4 ',&".?

(),( &.

peE
d = fe(r

e
e)E, fe(r

e
eo)E = peE, f

′

e > 0.

F/($% &".$%(&"' ()$.$ $C2%$..&!". &( #," 5$ $,.&4+ .$$" (),( .),%$ 2%&#$ &"@,(&!" 6!%

*$@,(&!"8 &. '&9$" 5+

p̂e = βeαe

(

fe(r
e
e)E − peE

peE

)

!%? !" -,=&"' 1.$ !/ 6E8 ,"* ()$ *$D"&(&!" !/ p̂e? 5+

ṗe = βeαe

[

fe

(

r(Y )

peE
+ πe

e

)

− pe

]

. 6GH8

 

 !"#!$%&#'() *+,- -(&.+,&'- /-,0!+#0 +1 '2- 3)#&*!%0 +1 '2- $#&#%!&( 0-%'+, 4&#3 &(0+ +1 '2- ,-&( 0-%'+,5

&,- 6,+/!3-3 -7"7 !# 80&3&9 :(&0%2-(9 ;+<&=!( &#3 >,+&?+ 4@ABB59 '2-,- 2+C-/-, +# '2- .&0!0 +1 D+.!#E0

6+,'1+(!+ -F<!(!.,!<* &66,+&%2 !# 6(&%- +1 '2- 3-(&)-3 3!0-F<!(!.,!<* &3G<0'*-#' 6,+%-00-0 C- %+#0!3-, !#

'2- 6,-0-#' 0-%'!+#7

!

D2!0 06-%!$%&'!+# !*6(!-0 '2&' C2-# '2- 2+<0-2+(30 +.0-,/- & 0'+%= !*.&(&#%- !# '2-!, ",+00 6+,'1+(!+9

'2-) C!(( &3G<0' '2-!, -F<!') 2+(3!#"0 !# & ",&3<&( *&##-,9 %+,,-%'!#" !# -&%2 4!#$#!'-0!*&(5 6-,!+3 +#() &

6-,%-#'&"- αe +1 '2- '+'&( !*.&(&#%- peE
d
− peE7

GH



 ! "#$%# &" '"$%( &)% &#%!$*+),-.!/ 0%,&1#% "0 %23%+&%$ +,3.&,( /,.!- "4-%#5,4(% .! &)%

#%,( 6"#($ "! &)% &)%"#%&.+,( (%5%( "!% +"1($ 1-% &)% -+)%'% "0 !%-&%$ ,$,3&.5% %23%+&,&."!-

π̇e
e = βπe

e
(p̂e − πe

e) = βπe
e

(

βeαefe

(

r(Y )

pe
+ πe

e

)

− πe
e

)

7889

,- .- $"!% 0"# .!-&,!+% .! :(,-+)%( %& ,(; 7<=889> "# "&)%# 4,+?6,#$ (""?.!/ '%+),!.-'-> 41&

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

#%,((@ &" ,!@ .!+#%,-% .! .!-./)&; A! &)% "&)%# ),!$> ,$$.!/ 01!$,'%!&,(.-& 4%),5."# +"1($

4% 1-%$ &" ,$$ -&,4.(.B.!/ %(%'%!&- &" &)% +"!-.$%#%$ %23%+&,&."!- 0"#',&."!> 41& ,/,.!

&).- 6"1($ !"& (%,$ &" ,!@ #%,( +),!/% .! 6),& 6% -),(( -)"6 4%("6;

 

 ! &)% !%2& -%+&."! 6% ,!,(@B% &)% 0%%$4,+? '%+),!.-'- ,!$ &)% -&,4.(.&@ 3#"3%#&.%- "0

&)% &)%"#%&.+,( '"$%( $.-+1--%$ ,4"5%;

 

 !"#"$ !% !&'()*!'%+ *," *#' ()#& '- .'*!'% /!0"% 12 "3&4 5678 )%$ 5668 9 #,!:, &,'# *," $2%).!:& '-

;%)%:!)( .)<="*& )& ><!.)<!(2 $<!0"% 12 *," !%*"<):*!'% 1"*#""% ):*?)( :)>!*)( /)!%& )%$ "@>":*"$ '%"& 9

/!0" <!&" *' ) *#'A$!."%&!'%)( &2&*". #!*, *," -'(('#!%/ B):'1!)% .)*<!@ 5"0)(?)*"$ )* *," &*")$2 &*)*"8

Jo =

(

βeαe[−f
′

e(·)
r(·)

p2
e

]pe βeαef
′

e(·)pe

βπe

e

βeαe[−f
′

e(·)
r(·)

p2
e

] βπe

e

[βeαef
′

e(·)− 1]

)

=

(

− +

− ±

)

C!%:" *," $"*"<.!%)%* '- *,!& .)*<!@ J !& )(#)2& >'&!*!0"+ *," (':)( &*)1!(!*2 '- *,!& &2&*". $">"%$& &'("(2

'% *," *<):" '- J 4 D,!& /!0"& <!&" *' *," :<!*!:)( &*)1!(!*2 :'%$!*!'%

β
H
πe

e

=
βeαef

′

e(·)
r(·)
pe

βeαef
′

e(·)− 1
> 0.

E&2.>*'*!: &*)1!(!*2 1":'."& ('&* )* *," F'>-A1!-?<:)*!'% >'!%* βH
πe

e

+ #,"<" *," &2&*". ('&"& !*& &*)1!(!*2

!% ) :2:(!:)( -)&,!'%+ !% /"%"<)( *,<'?/, *," $!&)>>")<)%:" '- ) &*)1(" :'<<!$'< )<'?%$ *," &*")$2 '< *,"

1!<*, '- )% )**<):*!%/ (!.!* :2:(" 5>"<&!&*"%* G?:*?)*!'%& !% &,)<" ><!:"&8 !- *," &2&*". !& ) %'%A(!%")< '%"

5#,"<" $"/"%"<)*" F'>-A1!-?<:)*!'%& )<" '- .")&?<" H"<' !% *," >)<)."*"< &>):" ?%$"< :'%&!$"<)*!'%84

E& $!&:?&&"$ !% I()&:,"( "* )(4 5J7668+ 12 !%*<'$?:!%/ ) D'1!%A(!=" :)>!*)( /)!%& *)@ τe 5%'* )& *,"&"

)?*,'<& ,)0" ><'>'&"$ !*K ) *<)%&):*!'% *)@8 #!*, <"&>":* *' *," &*':= .)<="*+ &?:, !%&*)1!(!*2 -")*?<"&

:)% 1" ,'#"0"< 1" &?>><"&&"$4 D,!& .'$!;"& *," &":'%$ ()# '- .'*!'%+ -'< :)>!*)( /)!%& "@>":*)*!'%&+ *'

π̇
e
e = βπe

e

(p̂e − π
e
e) = βπe

e

[

(1− τe)βeαefe

(

r(Y )

pe
+ π

e
e

)

− π
e
e

]

)%$ (")$& *'

β
H
πe

e

=
βeαef

′

e(·)
r(·)
pe

(1− τe)βeαef
′

e(·)− 1
> 0

&,'#!%/ *,)* *," $"&*)1!(!H!%/ ;%)%:!)( .)<="* )::"("<)*'< :)% *,"<"-'<" )(#)2& 1" *)."$ *,<'?/, *,"

!%*<'$?:*!'% '- )% )>><'><!)*" ("0"( '- ) :)>!*)( /)!%& *)@4
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 !""#$%&' ("&)%*+,-, %*# ./%$+0+/1 2345"3/+", 6*#"3 734%# 7%*'+*8

 !" #$$%&"' &#()* '"+"*&,-#-+$ ). /)-$%&0+,)- #-' ,-1"$+&"-+ ,&023 .)* +!" #44*"4#+"

'"&#-' .%-/+,)- +!" "50*"$$,)-

Y d = ayY + ae(pe − peo)E − al(L− Lo) + Ā (ay < 1), 6789

:,+! ay = cy + νy; ae = ce + νe; Ā = C̄ + Ī + δK<  !" #44*"4#+" '"&#-' .%-/+,)- ,$ +!%$

=#$"' )- ,-/)&" ">"/+$ 6/)-/"*-,-4 =)+! !)%$"!)2' /)-$%&0+,)-

 

#-' ?*& ,-1"$+&"-+9;

$+#+" ). /)-?'"-/" ">"/+$ )- ?*& #-' !)%$"!)2' 4))'$ '"&#-' ; #-' $"2.@',$/,02,-" )*

"-.)*/"' ',$/,02,-" ). ?*&$ :,+! *"$0"/+ +) +!",* 2"1"2 ). '"=+< A%*+!"*; :" #$$%&" #

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

Ẏ = βy(Y
d − Y )

= βy(ayY + ae(pe − peo)E − al(L− Lo) + Ā− Y ).

A)* +!" '3-#&,/$ ). +!" 2)#- *#+"; #.+"* ,-$"*+,-4 +!" "50*"$$,)-$ .)* il #-' ree ,-+)

"B%#+,)- 6C9 .)* -": 2)#-$; :" )=+#,-

L̇(Y, il(Y, pe)) = ly (Y − Yo)− li (ilo + iy (Y − Yo) + γe(r
e
e − reeo)− ilo)

= (ly − liiy) (Y − Yo)− liγe

(

r(Y )

pe
+ πe

e −
r(Yo)

peo
− πe

eo

)

D- +!" .)22):,-4 :" :,22 /)-$,'"* +!" ,-+"*#/+,)- ). $!#*" 0*,/"$ :,+! +!" /*"',+ /!#--"2

). +!" "/)-)&3 =3 E""0,-4 /#0,+#2 4#,-$ "50"/+#+,)-$ #+ +!",* $+"#'3 $+#+" 1#2%" πe
eo +)

E""0 )%* #-#23$,$ #$ $+*#,4!+.)*:#*' #$ 0)$$,=2"<

!"

F-'"* +!,$ #$$%&0+,)- +!" $3$+"& ).

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

Ẏ = βy((ay − 1)Y + ae(pe − peo)− al(L− Lo) + Ā),

L̇ = (ly − liiy) (Y − Yo)− liγe

(

r(Y )

pe
−

r(Yo)

peo

)

,

ṗe = βeαe

[

fe

(

r(Y )

pe
+ πe

eo

)

− pe

]

,

:,+! Yo(= Ā/(1− ay)); Lo #-' peo(= r(Yo)/ilo) #$ +!" $+"#'3 $+#+" 2"1"2$ ). +!" '3-#&,/

1#*,#=2"$ ). +!" $3$+"&<

 

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

!"

4.'( *(($2&%'#0 1*0 5! 6$(%'7!) 5, 2!*0( #- * 4#5'0 %*+ #0 1*&'%*/ 8*'0( %.*% '( 1.#(!0 ($91'!0%/,
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 !" #$ %&'!(!) *&+#$ ,)$" &- "%! ./-012+ 2-"!)0+"2&- &* "%! )!03 $2.! &* "%! !+&-&1/

4/ +&-$2.!)2-5 "%! $#4$/$"!1 52(!- 4/ "%! "'& 30' &* 1&"2&-$ *&) Y 0-. L 6!!72-5 pe 0"

2"$ $"!0./ $"0"! 3!(!3 peo8 9%#$ '! +&-$2.!)

Ẏ = βy((ay − 1)Y + ae(pe − peo)E − al(L− Lo) + Ā),

L̇ = (ly − liiy) (Y − Yo)− liγe

(

r(Y )

pe
−

r(Yo)

peo

)

.

9%! 10")2: &* 70)"203 .!)2(0"2(!$ &* "%! ;0+&420- &* "%2$ $/$"!1 0" "%! $"!0./ $"0"! 2$

52(!- 4/

J =

(

βy(ay − 1) −βyal
(

ly − liiy − liγe
r′(Yo)
peo

)

0

)

=

(

− −

± 0

)

9%! 10")2: &* 70)"203 .!)2(0"2(!$ $%&'$ "%0" "%! +)!.2" +%0--!3 .!$+)242-5 "%! 2-"!)0+"2&-

&* ,)1 .!4" '2"% !+&-&12+ 0+"2(2"/ .!"!)12-!$ '%!"%!) "%! $"!0./ $"0"! &* "%! $/$"!1 2$

$"043! &) &* 0- #-$"043! $0..3!<7&2-" "/7! .!7!-.2-5 &- '%!"%!)

γe <
peo

lir′(Yo)
(ly − liiy) &) γe >

peo
lir′(Yo)

(ly − liiy).

9%! !+&-&12+ )0"2&-03! &* "%2$ )!$#3" 2$ $")025%"*&)'0).= 4!+0#$! 0- 2-+)!0$! 2- &#"7#"

3!0.$ &- "%! &-! %0-. "& 0 %25%!) .!10-. *&) 3&0-$> 4#" &- "%! &"%!) %0-. "& 0- 2-+)!0$!

2- "%! 3&0- 2-"!)!$" )0"! 0-. 2- "%! .2(2.!-.$ ?.#! "& r′(Y ) > 0@> 0-. "%#$ "& 0- 2-+)!0$! 2-

ree> "%! !:7!+"!. )0"! &* )!"#)- &- !A#2"2!$> "%! ,-03 !B!+" &- "%! 3!(!3 &* -!' 3&0-$ L̇ +0-

4! !2"%!) 7&$2"2(! &) -!50"2(!8 C* "%! !B!+" 2$ 7&$2"2(! ?∂L̇/∂Y > 0@> "%!- "%! .!"!)12-0-"

&* "%! ;0+&420- 10")2: '233 4! 7&$2"2(! 0-. "%! $"!0./ $"0"! &* "%! 04&(! $#4$/$"!1 '233

4! 3&+033/ $"043!8 D %25%!) &#"7#" 3!(!3 '233 3!0. "& -!' 3&0-$> 0-. "%#$ "& 0 30)5!) .!4" &*

"%! !-")!7)!-!#)203 $!+"&) '%2+% 2- "#)- '233 -!50"2(!3/ 0B!+" "%! &#"7#" ./-012+$> 0+"2-5

"%#$ 2- 0 $"04232E2-5 10--!)8 F- "%! +&-")0)/> 2* ∂L̇/∂Y < 0> "%!- 0- 2-+)!0$! 2- &#"7#"

'233 3!0. "& 0 3&'!) 3!(!3 &* -!' 3&0-$> '%2+% 2- "#)- '233 2-G#!-+! "%! &#"7#" ./-012+$ 2-

0 7&$2"2(! 0-. "%#$ .!$"04232E2-5 10--!)8

C" $%&#3. 4! +3!0) "%0" "%! -!" !B!+" &* Y &- L̇ .!7!-.$ (!)/ 1#+% -&" &-3/ &- r′(Y )>

4#" 03$& &- γe> "%! 70)01!"!) )!7)!$!-"2-5 "%! $"&+6 10)6!" &)2!-"0"2&- &* "%! +&11!)+203

40-62-5 $!+"&)8 9%! 30)5!) γe "%! 1&)! -!50"2(! '233 4! "%! 2-G#!-+! &* Y &- L̇8
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 !" #$ %&' (&%$)*!+ ",! &+)-)%./ 0&*!/ ')", ",! *1%.0)( /.' &2 0&")&% 2&+ ",! !3#)"1

4+)(!$ pe5 ",#$ '! (&%$)*!+

Ẏ = βy((ay − 1)Y + ae(pe − peo)− al(L− Lo) + Ā),

L̇ = (ly − liiy) (Y − Yo)− liγe

(

r(Y )

pe
−

r(Yo)

peo

)

,

ṗe = βeαe

[

fe

(

r(Y )

pe
+ πe

eo

)

− pe

]

.

6,! (&++!$4&%*)%- 7.(&8).% &2 ",)$ 9: $#8$1$"!0 !;./#."!* ." ",! $"!.*1 $"."! &2 ",!

$1$"!0 )$

J =







J11 J12 J13
J21 J22 J23
J31 J32 J33






=







∂Ẏ /∂Y ∂Ẏ /∂L ∂Ẏ /∂pe
∂L̇/∂Y ∂L̇/∂L ∂L̇/∂pe
∂ṗe/∂Y ∂ṗe/∂L ∂ṗe/∂pe






,

.%* )" )$ . $)04/! 0.""!+ "& (./(#/."! ",."

J11 = βy(ay − 1), J12 = −βyal, J13 = βyae,

J21 = ly − liiy − liγe
r′(Yo)
peo

, J22 = 0, J23 = liγe
r(Yo)
p2eo

,

J31 = βeαef
′

e( · )
r′(Yo)
peo

, J32 = 0, J33 = −βeαe

(

f
′

e( · )
r(Yo)
p2eo

− 1
)

.

<$ (.% 8! (/!.+/1 &8$!+;!*5 ",)$ 7.(&8).% 0."+)= ,.$ ",! 2&//&')%- $)-% $"+#("#+!

J =







− − +

± 0 +

+ 0 −






,

#%*!+ ",! .$$#04")&% ",." f
′

e( · )r(Yo) > p2eo>

<((&+*)%- "& ",! ?&#",@A#+')"B $".8)/)"1 (&%*)")&%$ 2&+ . 9: *1%.0)(./ $1$"!05 ",!

$"!.*1 $"."! )$ .$104"&")( /&(.//1 $".8/! )2

ai > 0 (i = 1, 2, 3) .%* a1a2 − a3 > 0,

',!+! a1 = −"+.(!(J)5 a2 =
∑3

k=1 Jk ')",

J1 =

∣

∣

∣

∣

∣

J22 J23
J32 J33

∣

∣

∣

∣

∣

, J2 =

∣

∣

∣

∣

∣

J11 J13
J31 J33

∣

∣

∣

∣

∣

, J3 =

∣

∣

∣

∣

∣

J11 J12
J21 J22

∣

∣

∣

∣

∣

.
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 !" a3 = − det(J)#

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

'& +) J = βy(ay − 1)− βeαe

(

f
′

e( · )
r(Yo)

p2eo
− 1

)

= −a1

 !" '() ")')&.-! !' -0 1-2)! ,3

|J | = −βyalliγe
r(Yo)

p2eo
βeαef

′

e( · )
r′(Yo)

peo

−βyalβeαe

(

f
′

e( · )
r(Yo)

p2eo
− 1

)(

ly − liiy − liγe
r′(Yo)

peo

)

= −βyalβeαe

[(

f
′

e( · )
r(Yo)

p2eo
− 1

)

(ly − liiy)− liγe
r′(Yo)

peo

]

= −a3.

4! %&")& '( ' |J | = 0 5) ( 2) '() 6 & .)')& &)7 '-%!0(-6

(

γa3e
lir
′(Yo)

peo

)

=

(

f
′

e( · )
r(Yo)

p2eo
− 1

)

(ly − liiy)

'( ' -0

γa3e =

(

f
′

e( · )ilo − r(Yo)/ilo
lir′(Yo)

)

(ly − liiy)

$%& '() 08. %9 '() '(&)) 6&-!+-6 7 .-!%&0 %9 %&")& '5% a2 = J1+J2+J3  ! "#$ %&' ()&*

+&",)- J .$ /$"

a2 = βy(1−ay)βeαe

(

f
′

e( · )
r(Yo)

p2eo
− 1

)

−βyaeβeαef
′

e( · )
r′(Yo)

peo
+βyal

(

ly − liiy − liγe
r′(Yo)

peo

)

.

01 .)"# "#$ 2,$3) 41 1"&()5)"6 ' *7)") *8 .$ '&5'45&"$ "#$ "#,$1# 57 3&54$ ! , a2 = 0 &1

γa2e =
(1− ay)βeαe(f

′

e( · )ilo − r(Yo)/ilo)

allir′(Yo)
+

r(Yo)(ly − liiy)

ilolir′(Yo)
−

aeβeαef
′

e( · )

alli
.

9" )1  (3) 41 "#&" "#$ ',)")'&5 1"&()5)"6 ' *7)") *

a1a2 − a3 > 0

.)55 ($ !45:55$7 &*7 "#41 1"&()5)"6 .)55 ($ /4&,&*"$$7 ! , &55 γe < min{γa2e , γa3e } .#)5$ "#$,$

.)55 ($ )*1"&()5)"6 )* "#$  22 1)"$ '&1$;

<=



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

$!" /"-2*"- $3+4-'1",#'+,%( #)#$"1 -'#*2##"- %&+5" 3'$! /"#6"*$ $+ $!" 7,%,*'%( 1%/8"$

+/'",$%$'+, 6%/%1"$"/ γe9 :$ '# !+3"5"/ ',$"/"#$',0 $+ ,+$" $!%$ $!'# $!/""4-'1",#'+,%(

#)#$"1 %((+3# 2# .+/ ";%16(" $+ ',*+/6+/%$" ',$+ +2/ 1+-"( %--'$'+,%( "<"*$# +/ #$)('="-

.%*$# #2*! %# $!" 6+#'$'5" *+//"(%$'+, &"$3"", #$+*8 1%/8"$ &++1# >!'0!"/ "?2'$) 6/'*"#@

%,- ',*/"%#"# ', ,"3 */"-'$A /"6/"#",$"- &) $!" ",$/) J23 ', $!" %&+5" B%*+&'%, 1%$/';9
  

:, $!" ,";$ #"*$'+, 3" /"*+,#'-"/ $!" '16('*%$'+,# C'#!"/D# >EFGH@ EIIJ41+,") 6/+6+#%(

%# % 1+-'7*%$'+, +. +2/ 1+-"(',0 ./%1"3+/8 +. % *+11"/*'%( &%,8',0 #)#$"1 $!%$ %*$# +,
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&) L" K/%23" >NIIO@9 :, $!" 1%',#$/"%1 $";$&++8 ('$"/%$2/"A !+3"5"/A #"" .+/ ";%16("

C/"';%# %,- P+*!"$ >NIIO@A $!'# '-"% ('5"# %$ &"#$ % #!%-+3) ";'#$",*"A $!+20! +. *+2/#" $!"

$+6'* +. &%,8 /2,# '# -"7,'$"() +. '16+/$%,*" ', $!" 1%',#$/"%1 ('$"/%$2/"A #"" .+/ ";%16("

P+*!"$ >NIIO@ %,- Q',, >NIIF@9

R**+/-',0 $+ $!" ,%//+3 &%,8',0 5'"3A *+11"/*'%( &%,8# #!+2(- ,+$ &" %((+3"- $+

",-+0",+2#() */"%$" 1+,") +2$ +. $!" *",$/%( &%,8 1+,") ', $!"'/ &%(%,*" #!""$ >3!"/"
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 ! "#$ #%!&' () "#$ *$!"+%, -%!./ "#$ 0% ! +%" (!%,$ )(+ -%!. +1!' (! *#$*.%-,$ &$2(' "'

3(1,& & '%22$%+/ %' "#$ 21-, * 3(1,& .!(3 "#%" %,, *#$*.%-,$ &$2(' "'  ! "#$ #%!&' () "#$

*(00$+* %, -%!.' 3 ,, -$ '122(+"$& -4 # 5#62(3$+$& 0(!$4 )+(0 "#$ *$!"+%, -%!.7 8#$

2+ 0%+4 +(,$ () "#$ *(00$+* %, -%!.' 9 -$' &$' -$ !5 &$2(' "%+4  !'" "1" (!' 9 3(1,& %5% !

-$ *(!:!$& "( "#$ %*" ;$ *+$%" (! () t−&$2(' "' "#+(15# "#$ + ,(%! '122,4 &$* ' (!' ; % "#$

* +*1 " () 0(!$4/ 2('' -,4 '122(+"$&  ! %&& " (! -4 % 0(!$4 '122,4 (+ 3 "#&+%3%, +1,$ ()

"#$ *$!"+%, -%!. <"( -$ *(!' &$+$& ,%"$+ (!=7

>! "#$ -%' ' () 3#%" 3$ #%;$ 0(&$,$& %!&  !;$'" 5%"$&  ! "#$ *%'$ () -+(%& -%!. !5/

,$" 1' "#$+$)(+$ -$5 ! 3 "# "#$ & '*1'' (! () !%++(3 -%!. !5 -4 0$%!' () "#$ )(,,(3 !5

0(& :*%" (!' () "#$ -+(%& -%!. !5 '4'"$0 2+$; (1',4 & '*1''$&7 ?$ :+'" () %,, %''10$

"#%" *(00$+* %, -%!.' %+$ !(" %,,(3$& "( "+%&$  ! :!%!* %, %''$"' %!40(+$/ -$4(!& "#$

, 0 "' "#%" %+$ '$" -4 "#$ +1,$' +$51,%" !5 -%!. !5 *%2 "%, <3# *# %+$ #$+$ %''10$& "( -$

@$+(=7 A(+$(;$+/ 3$ !(3 %''10$ 9 "( , 0 " '1*# % -$#%; (+ )+(0 "#$  &$%, 2$+'2$*" ;$ ()

B '#$+ <CDEF= 9 "#%" *#$*.%-,$ &$2(' "' D1 #%;$ "( -$ -%*.$& 12 -4 % +$'$+;$ +$G1 +$0$!"

() CHHI <ρb = 1= %!& %+$ "#1' !( ,(!5$+ %" "#$ & '2('%, () *(00$+* %, -%!.' )(+ "#$

2+(; ' (! () ,(%!'/ '( +$&1* !5 *(00$+* %, -%!.' "( 21+$,4 &$2(' "(+4  !'" "1" (!'7 ?$

%''10$  !'"$%& <%' % :+'" $J%02,$= "#%" %!  !K(3 () *#$*.%-,$ &$2(' "'  ' +$%,,(*%"$& -4

#(1'$#(,&'  ! $G1%, 2(+" (!'  !"( '1*# &$2(' " #(,& !5' %!& t−&$2(' "'7 L) *(00$+* %,

-%!.'  !"$!& "( 2+(; &$ ,(%!' () %0(1!" L̇/ "# ' %''102" (!  02, $' "#$ *#%!5$  ! "#$ K(3

%**(1!" () "#$ *(00$+* %, -%!.'  !& *%"$&  ! 8%-,$ D7

8%-,$ DM N%++(3 O(00$+* %, P%!. !5

 !"! #"!$%&'"!

idD2 il(Y )L

Πbh = il(Y )L− idD2

Q(%! R122,4 L̇ = lb(Y − Yo) N$3 t−S$2(' "' Ḋ2 = L̇

O#%!5$'  ! T$'$+;$' Ṙ = Ḋ1 N$3 c−S$2(' "' Ḋ1 = L̇, ρb = 1

L! *(!"+%'"/ 3$ %''10$ !( +$'$+;$ +$G1 +$0$!"' (! " 0$6&$2(' "' D2/ 3# *# %+$ '%)$6

51%+&$& -4 ("#$+ 0$%!' < !*,1& !5 *(!"+%*" ,$!5"# %!& 3 "#&+%3%, 2$!%," $'= %5% !'" -%!.

+1!'7 8 0$ &$2(' "' $%+! %!  !"$+$'" +%"$ "#%"  '  !"$++$,%"$& 3 "# "#$ ,(%! +%"$ (! "#$

*+$& " 5 ;$! -4 :+0' %!& 0%! 21,%"$& %22+(2+ %"$,4 "( $!'1+$ "#%" "#$ %''10$& +%" ( ()

0.5 *#%+%*"$+ @$' #(1'$#(,&' +$%,,(*%" (! () +$*$ ;$& *#$*.%-,$ &$2(' "'7 8#(15# !$3 ,(%!'

%,, :+'" +$%22$%+ %' *#$*.%-,$ &$2(' "'  ! "#$ 0(!$4 #(,& !5' () "#$ #(1'$#(,& '$*"(+/ FHI

+$%22$%+ %' t−&$2(' "'7 L) "# ' 2+(*$''  '  "$+%"$&  ! ; +"1%, " 0$ <3#$+$ ,(%!' %+$ !(" 4$"
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c = Ḣ = −peĖ
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'*% 7&$&"%'%$ tm 3* +* )%'%$" (%! Ḋ2  ! & 7#! ' E% ,8(+' #( #, '*%  ('%$%!' $&'% id #(

' "%I)%7#! '!0 ;*% '&!. 3#85) '*%( -% '# +*##!% & )%7#! ' $&'% id !8+* '*&'

tm(id)
1−tm(id)

> 1

*#5)! '$8%0

K# ,&$ 3% *&E% +#(! )%$%) '*% +$%) ' '# )%7#! ' "85' 75 %$! &! 3#$. (/  ( E $'8&5 ' "%

3 '*  (:( '% !7%%)0 ?$#" '*% 7$&+' +&5 7# (' #, E %3 '* ! &!!8"7' #(  ! *#3%E%$ (#' $%&554

(%+%!!&$42 ! (+% '*%$%  ! & +#(' (8#8! 9#3 #, 5#&(I#8'78'L)%7#! 'I (78' '47%  ( !8+* &(

%+#(#"40 1( '*% !'%&)4 !'&'% '* ! 9#3 3#85) -&5&(+% 5#&(! &() '*% +$%&' #( #, )%7#! '!  (

'*% &!!8"%) 3&4  ( &+'8&5 ' "%2 3* 5% ,#$ 98+'8&' (/ 5#&(! !#"% ,8$'*%$ 9%6 - 5 '4 #, '*%

-&(. (/ !4!'%" "&4 -% (%%)%)  ( #$)%$ '# &+* %E% '*% $%!85' '*&' ' "%I)%7#! '! &$% &53&4!

+$%&'%) '# !8+* & )%/$%% '*&' '*%4 -&5&(+% '*% 5#&( +$%&' #( #, -&(.!0

K8+* 9%6 - 5 '4 +#(+%$(! '*% 7$&+' +&5 ! '8&' #( '*&' '*% $%!%$E% $&' # #( +*%+.&-5% )%I

7#! '! )#%! (#' (%%) '# -% < &! *&! -%%( &!!8"%) !# ,&$2 -8' +&( -% &)M8!'%)  ( & )#3(3&$)

) $%+' #( '# & +%$'& ( )%/$%%  , '* ! 3%$% (%%)%)  ( E %3 #, '*% +8$$%(' 5#&( )%"&()0 @/& (

'*%  ('%$%!' $&'% #( ' "%I)%7#! '! &() '*% #(% #( 5#&(! "&4 -% &)M8!'%)  ( !8+* & 3&4 &!

'# -&5&(+% 5#&( )%"&() 3 '* 5#&( !87754 #8' #, ' "%I)%7#! '!0 ? (&5542 '*%$% "&4 %6 !'

E#58('&$4 ' "%I)%7#! ' $%!%$E%! *%5) -4 '*% -&(. (/ !4!'%"0 @ 7$#7%$ "&(&/%"%(' #, '*%

-&(. (/ !4!'%" "&4 '*%$%,#$% -% (%%)%)  ( &)) ' #( '# '*%  )%&5 +#(!'$8+' #(! 3% *&E%

+#(! )%$%)  ( '* ! !%+' #(0

 !

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

NN



 ! "#$ %& &#'$ !( "#)*!#)* # !)"&+,&-(')! .#!)( tm > 0.5 )* !)"&' (/ # *(."#0 (-&.#!)(*

(/ !1& &2(*("$ #*, )!' %#*3)*4 '$'!&"5 67! )* !)"&' (/ 8*#*2)#0 '!.&''9 :1&.& 0);7),)!$

-.&/&.&*2& )' )*2.&#')*49 !1& .#!)( tm "#$ /#00 %&0(: <=>5 ?1)' 8.'! (/ #00 .#!)(*' 2.&,)!

,&"#*, :1)21 !( # 2&.!#)* ,&4.&& "#$ %& # 4((, !1)*49 )/ !1&.& #.& 8."' !1#! #.& *(!

.&#00$ @)#%0& )* '721 # ')!7#!)(* #*, :1)21 (*0$ 2(*'7"& 8*#*2)#0 .&'(7.2&' :)!1(7! "721

21#*4& )* !1&). ,&/#70! -(')!)(*5 A&2(*,0$9 ')*2& !1)' )' "('! 0)3&0$ )* # ')!7#!)(* :)!1 0(:

#*, /#00)*4 '!(23 "#.3&! -.)2&'9 !1& 2&*!.#0 %#*3 "#$ )"-0&"&*! # "(*&!#.$ -(0)2$ #' :&

1#@& 2(*'),&.&, )! #%(@&9 )* (.,&. !( )*2.&#'& !1& 0(#* '7--0$ #*, !( )"-.(@& !1& ')!7#!)(*

(* !1& '!(23 "#.3&! ')"70!#*&(7'0$5 B)*#00$9 !1&.& "#$ #0'( %& # ;7#*!)!#!)@& &#')*4 -(0)2$

(/ !1& 2&*!.#0 %#*39 !1#! )' # '7--0$ (/ 2&*!.#0 %#*3 "(*&$ !( !1& %#*3)*4 '$'!&" #! # 0(:

.#!& (/ )*!&.&'! /.(" :1)21 *&: 2.&,)!' 2#* %& 4&*&.#!&,5

 !"#$%&'("#'

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

%#*3)*4 '$'!&" :1&.& 2(""&.2)#0 %#*3' #.& #00(:&, !( !.#,& )* 2#-)!#0 #''&!' C1&.& &;7)+

!)&'D #' # '7%'!)!7!& /(. !.#,)!)(*#0 0&*,)*4 #2!)@)!)&'5 E')*4 # ')"-0& ,$*#")2 "70!)-0)&.

#--.(#21 (* !1& "#.3&! /(. 4((,' #*, # ')"-0& .#!& (/ .&!7.* ,.)@&* #,F7'!"&*! .70& /(.

'!(23 -.)2&' :& 1#@& '1(:* !1#! '721 # '2&*#.)( )' 0)3&0$ !( %& #* 7*'!#%0& (*&9 &@&* )/

#* #--.(-.)#!& "(*&!#.$ -(0)2$ (/ !1& 2&*!.#0 %#*3 )' #,,&, !( !1& 2(*'),&.&, ,$*#")2'5

G& !1&* 2(*'),&.&, # *#..(: %#*3)*4 '$'!&" ,&8*&, %$ # B)'1&.)#* <HHI .&'&.@& .#!)(

/(. 21&23#%0& ,&-(')!' #*, !1& &J207')(* (/ '!(23 !.#,& /(. 2(""&.2)#0 %#*3'5 ?1)' :(70,

)"-0$ # ')4*)82#*! .&,72!)(* (/ -.(-.)&!#.$ !.#,)*4 (/ !1& %#*3)*4 '&2!(.5 G& '1(:&, )* #

*#..(: %#*3)*4 '$'!&" !1#!K #D !1& .#!)(*#0& /(. %#*3 .7*' *( 0(*4&. &J)'!' #' #00 21&23#%0&

,&-(')!' #.& %#23&, %$ 1)41+-(:&.&, 2&*!.#0 %#*3 "(*&$K %D '-&270#!)@& %&1#@)(. %$ %#*3'

)' 0)3&0$ !( %& ')4*)82#*!0$ 0(:&.K :1)0& 2D # '7L2)&*! 0(#* '7--0$ !( &*!.&-.&*&7.' 2#* %&

47#.#*!&&, )* '721 # /.#"&:(.35

M(: #*, /#00)*4 '!(23 "#.3&! -.)2&'9 )*2.&#')*4 0);7),)!$ -.&/&.&*2& #*, 2.&,)! .#!)(*)*4

#.& # %)4 -.(%0&" /(. #*$ %#*3)*4 '$'!&"9 %7! )* !1& *#..(: %#*3)*4 2(*'),&.&, 1&.&

#! !1& @&.$ 0&#'! !1& &J207')(* (/ %#*3 .7*' C<HHI .&'&.@&'D "#$ 0&#, !( # "(.& '!#%0&

.&#0+8*#*2)#0 "#.3&! )*!&.#2!)(* #*, -.&'7"#%0$ #0'( # "(.& &L2)&*! 2.&,)! '7--0$ !1#* )*

!1& 2#'& :1&.& !1& !.#,)!)(*#0 /7*2!)(* (/ 2(""&.2)#0 %#*3' #' 2.&,)! )*'!)!7!)(*' %&2("&'

")J&, 7- :)!1 )*@&'!"&*! %#*3)*4 #*, !1& 0)3&5 N#..(: %#*3)*4 !17' 2#* *(! (*0$ -.(@),&

# 4.&#!&. '$'!&")2 '!#%)0)!$9 %7! #0'( #! 0&#'! #' "721 &L2)&*2$ )* !1& 2.&,)! 2.&#!)(* -.(2&''

#' !1& -.&'&*! %#*3)*4 '$'!&"5 B7.!1&."(.& :1)0& *#..(: %#*3)*4 #--&#.' # !(( &J!.&"&

>O



 !"# $% &# '()*#(#+$#, '+ -#!*'$./ '$" 0#!$1-#" "2%3 $2# '()-%4#(#+$" '+ (! -%5+!+ '!*

"$!&'*'$. 32' 2  !+ &# !$$!'+#, '0 &-%!, &!+6'+7 3#-# $% &#  %+"$-!'+#,8

 !"!#!$%!&

9,-'!+/ :8/ ;%#+ 2/ <8 !+, =8=8 =2'+ >?@A@BC ;! -% -'"6 )-#('1( !+, '+$#-(#,'!-.

&!*!+ # "2##$ D1!+$'$'#"8 E#,#-!* F#"#-4# G!+6 %0 H#3 I%-6 =$!J F#)%-$ K?L8

9"!,!/ :8 E*!" 2#*/ M8 ;%1!6'*/ :8 !+, N8F8 M-%!O% >?@AABC  !"#$%"$&$'(" )"*(+(*,-

)..%* )""/'/0!*($& !&1 2$#*3$0($ 45$("%6 ) 7%,&%.(!& 2%#.8%"*(+%8 M!*7-!4# P

;! ('**!+/ G!"'+7"$%6#/ Q!()"2'-#/ 0%-$2 %('+78

G!-$2/ R8F8/ G-1(&!172/ F8S8 R-8 !+, R898 T'* %U >?@@@BC :2# F#)#!* %0 V*!""W=$#!7!**

!+, $2# 9,4#+$ %0 G-%!, G!+6'+7/ 9$/#&!0 $3 :"$&$'(" 2%#.8%"*(+%./ AK>?B/ AXAW?@K8

G#-+!+6#/ G8 !+, V#-$*#-/ ;8 >AXLXB8 97#+ . N%"$"/ H#$ T%-$2/ !+, G1"'+#"" E*1 $1!W

$'%+"/ )'%#("!& :"$&$'(" ;%+(%</  !>AB/ AKWYA/ ;!- 28

G%-,%/ ;8 >?@@ZB/ :2# N-'"'" %0 ?@@ZC :2# =!(# [*, =$%-./ [+*. $2# M*!.#-" Q!4#

N2!+7#,8 F#(!-6" )-#)!-#, 0%- $2# E#,#-!* F#"#-4# G!+6 %0 N2' !7% !+, \+$#-+!W

$'%+!* ;%+#$!-. E1+,  %+0#-#+ #] V*%&!*'^!$'%+ !+, =."$#(' F'"68 N2' !7%/ \**'+%'"

=#)$#(&#- ?L/ ?@@Z8

G-1++#-(#'#-/ ;8 !+, I8 =!++'6%4 >?@A@BC 9 (! -%# %+%(' (%,#* 3'$2 ! 5+!+ '!*

"# $%-/ T%-6'+7 M!)#-/ M-'+ #$%+ _+'4#-"'$.8

S# V-!13#/ M8 >?@@LBC F#$1-+'+7 $% +!--%3 &!+6'+78 N#+$#- 0%- <1-%)#!+ M%*' . =$1,'#"C

N<M= N%((#+$!-. >H%48 AK/ ?@@LB8

E'"2#-/ \8 >AXY`BC =>> ? @  $&%,8 H#3 I%-6C 9,#*)2'8

E*!" 2#*/ M8/ Q!-$(!++/ E8/ ;!*'6!+#/ N8 !+, T8 =#((*#- >?@AABC G-%!, G!+6'+7/ E'W

+!+ '!* ;!-6#$" !+, $2# F#$1-+ %0 $2# H!--%3 G!+6'+7 \,#!/ 9$/#&!0 $3 :"$&$'("

).,''%*#(%./ 0%-$2 %('+78

E-#'U!"/ a8 !+, R8WN8 F% 2#$ >?@@LBC  ("#$%"$&$'(". $3 A!&B(&CD N!(&-',7#/ ;9C :2#

;\: M-#""8

V%-$%+/ V8G8 >?@@XBC E0!88%1 (& *5% F!"% G, *5% H&+(.(G0% I!&16 A!&B(&C !&1 *5% 2!&("

$3 J>>K/ H#3 I%-6C [U0%-, _+'4#-"'$. M-#""8

?K



 !"#!$%  &'& ()*+*,- ./01#2!$1 3$4 5$160"1 57!/# #80 92$3$:23; <"2121% ='>? @!"A2$B

C3D0" +EFGF&

H2$4;070"B0"% <& 3$4 5;270"% ?& ()**E,%  !"#!$% &!"#'$ !"( )*!$+,$- . /#$01*2 13 4#5

"!"'#!6 )*#$,$% E#8 042#2!$& =06 I!"A- @2;0J&

K2$1AJ% L& (+MG),- )!" #0 /!77," .8!#"9 :$$!2$ 1" ;"$0!<#6#02 !"( 4#"!"',- =06 I!"A-

K&>& N83"D0&

K2$1AJ% L& (+MGO,- =0!<#6#>#"8 !" ?"$0!<6, ,'1"1@2- 5 . AB,"0#,0+ ),"0C*2 4C"( D,71*0%

=06 L3P0$QR!$4!$- I3;0 S$2P0"12#J C"011&

N2$$% L&T@& ()**M,- D#$E5A!E#"8% F#@#0,( F#!<#6#02 !"( 0+, G!"E#"8 )*#$#$& K/$2:8-

<>N2U!&

)E


