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 7*(76(14u,(b)`8)i?(@A45PK?(70P‰(;$ 1:B3%F,(B(:$;)F*(JKF9(@C*(14u,(7i*$:(+9:4*

+?[).VC,(7`8)i?(e/;$/4S!  M9$(Barthwal, 2000) ^ ù4FW(e[).VFC,({VF?(#)FC*(:%Fu&?(7F*
7*(QV&&6VC8%E(/%9(H*)E(VC&6VU)*(4A;(b:%I^ 

# = !."(!,#)! $(",#)  Š!‹       
 #3(:/(7FF6P  ebd%FFcT?(MFFPC2Q  e{%FFcT?(:$VFF-?R 7FF&A].(:$VFF-? B(êFFC-TE(1)FF.

 Q;$VF,$(žG)FU(#$%F&'(7*(e7`9%E B(e1:B3%F,(14FCp#   MF9$(Q)FR&*(/%F9 ^ e7Fi*$:(@FA$(:/
+?(7uXY?(76(:%i,)P.7&A].(B(VC8%E(Ÿi9(e/%U B()F.(MFPC2(ŸiF9(;$(+`*)FE(Q)FR&*(1)F.

7&A].(:$V-? v4I(76(M9$(1).R&D +?/%U ^ 7Fi*$:(;$(4Fp$(e/%F9(1;)F94ˆ6$VX(1$4*
 7F&A].(B(VFC8%E(:$VF-?(1)F.4CZ5?(7*(ML>,( %W e/%FU(14FCp(ê5FO?(7`F9%E(B(êFC-TE(1)F.

MU$/(JC.$%G“ 

!. %"%# = %"
%# .&$ + '

 #3(:/(76&$ = ()*
(* M9$(+A)K,(7&A]. ^ b:)FL'(:/(7Fi*$:(@CW4Fm(f4Fk()*+

,.-  B
$/(JC.$%G(+5X$:(7*(e#/46(Q/)9MU“ 

 .,.- = ,/01
, . E2        Šl‹  

#3(:/(76 “ 

34 = (5
(. . .5    Š|‹  

)k)-E(+E)-C-TE(}O6l +? B(VU)* +F?(#)O, 7F&A].(VFI:/(‡FA(Q)FR&*(4Fp$(VF./ 1)F.

 +F?(4FCCZE(:VF-q()k)-E(:$V-?(eV./(}A$]W$($:(7`9%E(B(êC-TE VF*)A ^ b:)FL'(@CF&†P..
,.- 

   
1. Needham
2. Research elasticity of demand
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7&A].(ML>, +F?(#)FO,($:(aB4FW(7F*(7`F9%E(B(êFC-TE(1)F. bVFU(#$%F&'(MFTE(7F6(VF./

+?(Q/4*([),(#3(;$(b)-C-TE/%U ^ b:)L'6/7*
,  $(4F,48(žG)U(#)P.(]C, v4F`?(7F6(MF9

+?(/)A(Q)R&*(1:B3/%9(:)C`?(‡A(#$%&'(7*(B(Q/%*(/%9(7CU)X/%U^ 
+?(7uXY?(e %W(7i*$:(è)9$(4* 4F,48(žG)FU(B(b)F-C-TE(bVU(@C*(76(/%U!  7Fi*$:

 7F&A].(MLFF>,(7Fq(4FF.(7F6(+FF&`?(@FA$(7FF*(eMF9$(:$4FF24*(JC-5F>? 7FF*(7`FF9%E(B(êFC-TE(1)FF.
aB4WŠb)-C-TE(bVU ‹V*)A(}A$]W$(Q)R&*(‡A(:/ +F?(}A$]FW$(Q)R&*(#3(/%9(#$]C?(e VF*)A ^

 Q)FR&*(b)F-C-TE(bVU(B(:$;)*(JK9(@C*(7i*$:(Œ%cG(:/($:(4A;(7i*$:(7?$/$(:/([).VC, )F.
+?(b)LD$V&6 “

+
,.-

89:8;<=>.89?
@A
BC

:8D.B?BC
Š� ‹   

 #3(:/(763+  :$V-?(:/(4CCZE(7*(Q)R&*({%cT?(QVU()k)-E(:$V-?(:/(4CCZE(ML>,()*(4*$4*
7A)?491:$opl  MF9$(Q)FR&*(/%FG(xF9%E(7`9%E(B(êC-TE(:/^ 3EFGH  :/(4FCCZE(MLF>,(]FC,
7&A]. 1).R&D tC2:(Q)R&*| 7&A].(h6(:/(4CCZE(7* MF9$(Q)FR&*(/%G(7`9%E(B(êC-TE(1). ^
3+I  :/(4FCCZE(7F*(Q)FR&*(bd%FcT?(QVFU()Fk)-E(:$VF-?(:/(4FCCZE(MLF>,(;$(M>E:)L'(J. 
7&A]. )FL2:(7`9%E(B(êC-TE(1). ^ @CF&†P.3J  e:$;)F*(1)Fk)-E(+F5PC2(}FO63K  }FO6

 etC2:(+.)R&*(bd%cT?(1$4*()k)-E(+5PC2SL  M`&I({%cT?(;$(Q)R&*(JK9Š :$;)*(JK9
Q)R&* ‹ )5A)K,(BM2 tC2:(Q)R&*(JK9  MF9$(M`&I({%cT?(;$ ^ +E:)FL'(7F*M4 = ' ! MN 

M9$(tC2:(Q)R&*(:$;)*(JK9� ^+?(7uXY? JKF9()F*(Q)R&*(b)-C-TE(bVU(@C*(7i*$:(76(/%U
 /:$/(è%Fg`?(7Fi*$:(tFC2:(Q)FR&*(:$;)F*(JK9()*(B(75U$/(JC-5>?(7i*$:(Q)R&*(/%G(:$;)* ^ 7F*

   
1. Lerner Index
2. Outlay
3. Rival’s Firm

�^  )*($:(tC2:(Q)R&*(76(JA:$/(Q)R&*(B/(76(M9$(QVU(ù4Wr JC./(+?(#)O,^ 
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 E(+5`&FI(/)Fc52$(b)FC*/$(:/(7F6(4FCG$(7i*$:(è)9$4*(e+E:)L' [).VFC,({VF?(#$%F&'(MFT!  e
7&A].(ML>,(}A$]W$+?(w')*(Q)R&*(aB4W(7*(7`9%E(B(êC-TE(1). Q)R&*(:$;)*(JK9(76(/%U

V*)A(}.)6(:$;)*(:/(1B(tC2:(Q)R&*(JK9(B(}A$]W$(:B3%,(B(QV&&6(êC-TE^ 
+8(B(JC6l Šl‚‚˜ ‹7&A].(1).4CZ5?(h*)-5?(r)LE:$(+9:4*(7*(/%G(7`8)i?(:/ êFC-TE(1).

 B VF&5G$/4S(45CŽ?%FU(7CFk4W(#%?;3(t8)2(:/(:$;)*(JK9(B(7`9%E ^ )F*(/%FG(7F`8)i?(:/()FK,3
 B(VF&A$4W(1:B3%F,(1)F.4CZ5?(@CF*(7F6(V,VCF9:(7\C5,(@A$(7*(7&CK*({45&6(MW)C.:(;$(Q/)n59$

+&`?(r)LE:$(:$;)*(JK9()*({%cT?(VC8%E(:/(1:B3%,M9$(:$424*(1:$/ ^ B(JC6 :%u&?(7*((+8
,(7i*$:(#)C* b:%Fc*().(Q)R&*(/%9(H*)E(;$(:$;)*(JK9(B(7`9%E(B(êC-TE(1).(7&A].(@C*(14u

Q/%P,(Q/)n59$(4A;V,$ “ 
 ititittitit xaSQcp !!!" )(! ŠÅ‹  

 #3(:/(76i = 1, 2, …, N Q)R&*(+8/)`E(/$V`E(4R,)C*  +F?(M`&I(:/({)`W(1).  VFU)* ^
 :$;)*(MPC2(7i*$:(@A$(:/P  :$;)*(1)k)-E(BQt  7F6(QVFU(7F5W4p(4Fu,(:/($]F,B4*(b:%FI(7*

+?(#)O,Q)R&*(V./ MPC2(). +?(4AoSV&U)* ^ 4CZ5?MOP  Q)FR&*(:$;)*(JK9(4R,)C*(]C,i Q:B/(:/([$
t +?VU)* ^+?(ù4W(@C&†P.  JK9(/%U Q)FR&*(1:$;)F* {%FcT?(MFCnC6(7F*(75F>*$B()F.ŠGit ‹

M9$ ^Q)R&*([)PE(76()\,3(;$  Q)FR&*(:$;)F*(JKF9(V&5F>.(7F‰$%?(#)F>gA(MPC2()*(M`&I(1).
7,%P,i #)?;(:/([$t  )*(M9$(4*$4*“  

##
""

"" N

j
jt

it
N

j
jt

it
it

G

G

PG

PGS

11
)/(

)/(
"

"

"

"

     Š„ ‹    

 #3(:/(76á v4c?(MC9)>X +?(d)6(MCnC6(7*(#)pV&&6 VU)* ^+?(ù4W  /%U0 < á

< 1  BSit  7*(ML>,Git v4c?(MC9)>X(B(4`-?  Q/;)F*()F*(MLˆ?(MCnC6(7*(ML>,(#)pV&&6
   
1. Needham model
2. Kim and Lee
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M9$(+8B], ^Q)R&*(76(M9$(@A$(ù4W(@A$(;$(4RA/(4C>nE(‡A  +F5CnC6(M*)2:(4RAVgA()*().
 @gP?()K,3($4A;(V,:$/v4c?(7g&A$()A(V&U)*(+5PC2(+,)LE(êW$%?(M9$  f)F=5,$(:/(#)pVF&&6

V&&6(M2/(#3(MCnC6(7*(x-W({%cT?^ 
+?(ù4W  MU)L,$(/%UGit VU)*(b:%I(4A;({%?4W(è)9$4*(#)?;({%m(:/“ 

ititit
it GaG

dt
dG

#!""
$ Š…‹  

#3(:/(76QRS  <:)=?R&D  B(Q/%*({%cT?ä  7F*(MLF>,([/4F?(MFLˆ?(+F-0E(}.)F6
 #)?;(+m(:/(MCnC6Š MCnC6(NYK59$(‘4,Git ‹+? VU)* ^ VFU:(7Fg&A$(7*(7‰%E()*(@C&†P.

7&A].(}.)6(7*(4\&?(1¡%8%&gE+?(VC8%E(1).+?(ù4W(e/%U  <:)F=?(/%FUR&D  VF&A34W
(xit) 7&A].(QV&.)6(1¡%8%&gE(1/%‰%?(e(Ait)  $:+?(}A$]W$(4A;(78/)`?(è)9$4* V./: 

ititit
it AXA

dt
dA

$!""
$  Š˜‹        

 #3(:/(76ñ  M*)D(NYK59$(‘4,Ait M9$ ^+?(ù4W(@C&†P.  JF\X(:/(}A$]FW$(/%FU
 x9%5?(7&A].(e7&A].(QV&.)6(1¡%8%&gE(Cit)  }.)6(4A;(b:%I(7*($: V./^ 

Šš ‹     itbA
it CeC !
"

 #3(:/(76C B(7C8B$(x9%5?(7&A].b  QVF&.)6(1¡%F8%&gE(+A)FK,(Q/;)F*()*(xLE4?(45?$:)S
M9$(x9%5?(7&A].(b$4CCZE(4D$:/(7&A].^ /%F9(a;:$(#)FA4‰(Q)FR&*(4F.(eùB4W(@A$(MTE

hA]&E(ž8)G +?(4ˆ6$VX(4A;(b:%I(7*($:(/%G(QVUV&6^ 

Š!‚‹  dtXaSQCPe ititittit
rt }){(0 !!!% !&

>?(1).VC2~;$(V&E:)L'(1;)9(4ˆ6$VX(78“ 

Š!! ‹  ititit
it GaG

dt
dG

#!""
$  Bititit

it AXA
dt

dA
$!""

$
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 #3(:/(760iG  B0iA  B(V&5>.(QVU(Q/$/(4A/)-?jtG  BjtA  ¢$;$(7*(]C,ji '  4A/)-?
 B(V&5>.(QVU(Q/$/r +?(M*)D(hA]&E(‘4, VU)* ^+?  4FA;(b:%FI(7F*($:(@C,%F50CP.(H*)FE(#$%E

/$/(hCgOE“ 
 Š!l‹ )()(}){( itittitittititititit AXGaXaSQCPH $%#& !(!(!!!" 

 Q)FFR&*(7FFg&A$(ù4FFW()FF*  b)PCPFFcE(Œ%FFcG(:/()FF.R&D Q)FFR&*  ù4FFW(4FFRA/(1)FF. 
},  hFX(B(+5C8)F9:%>,$4E(xA$4U(B({B$(7LE4?(xA$4U(#/%P,(£)T8(;$(•S(eV,:$/(+™%,:%6

/%*(V&.$%G(4A;(b:%I(7*(7\C5,(e@C,%50CP.(Q)R59/“ 
rOP" = $%

2:% T!!"SMRS
"U + V!"S + 4:W

X Y MRS" ! 4:W
X Z + W

X V[\MRS
" + [\"S + [\ XE

4:WY
Š!|‹ 

+?(JA4CR*([B/(B({B$(ê5O?(:$;)*(JK9(7*(ML>,(78/)`?(@A$(;$(4p$  45CŽ?%FU(7Ck4W(JC,$%E
JC™)P,(ŸA4OE($:(QVU4u,(VAV\E“ 

]2^_"
] àb"

= $%

2:% T!c!"SMRS" + V!"S + 4:W
X YZ + W

X àb"
           Š!� ‹   

@A$4*)&*(B“ 
]d2^_"
] àb

"d
Uef65b
65b

W
X àb

" Š!Å‹  

+?(#)O,(4CG$(bd/)`?  MF*)2:(xA$4U(MTE(1:B3%,(B(:$;)*(JK9(@C*)?(7i*$:(76(V&./
 hgU(7*(+5PC24C–U +?(è%g`? VU)*! ŠKim & Lee,2008‹^

+8(B(JC6Šl‚‚˜ ‹+?(+9:4*($:(1/:%?(e+0L2(7`8)i?(7?$/$(:/  1)F\*(MFCnC6(7F6(V&A)P,
+?(@CC`E($:({%cT?(:$;)*(JK9(eMPC2  VF&6 ^ MFPC2(7F6(+,)F?;  bB)Fn5?(bd%FcT?(1)F.

v4c?(eV&5>.  f)F=5,$(:/({%cT?(QVU(QV.)O?(MCnC6(V&,)P.($:(MPC2(#)pV&&6 #)FOA).

   
!" +8(B(JC6(76(M9$(MCP.$(]™)X(75g,(@A$(#)C*Šl‚‚˜ ‹ b:%c*(]C,(+5PC2(M*)2:(xA$4U(MTE($:(1:B3%,(B(:$;)*(JK9(@C*(7i*$:

 çA)5,(B(7L9)T?(7*)O?+?(hI)X($/V\?( %WM9$(QVO,(46œ(:)c5G$(MA)':(:%u&?(7*(b)LD$(hX$4?(e78)-?(@A$(:/(76(/%U ^ 
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+?(M8)G/ V&./ ^ eV&FU)*(75FU$/(+,)F>gA(MFCnC6(:$;)F*(:/({%FcT?(@AV&q(4p$({)ˆ?(1$4*
@CC`E(MPC2  /%F*(VF.$%G(bd%FcT?(;$([$VF64.(:$;)*(JK9(QV&&6 ^ QBYF`*(MFPC2(@A$4*)F&*

MC8)`W7A)?49(1).  +F?(7FL,)‰V&q(:)FcT,$(MF*)2:(:/(1:$op  4FCZ5?(‡FA(#$%F&'(7F*(VF,$%E
VU)*(‡A”E$459$ ^ ù4W+?  {%FcT?(MFCnC6(MLF>,(}A$]W$()*({%cT?(:$;)*(JK9(76(/%U

+?(4A;(b:%I(7*(1:$;)*(JK9(ù4W(@A$(7*(7‰%E()*(eV*)A(}A$]W$(MPC2(7*/%U“ 

?!}E 
#
"

" N

j
jtjt

itit
it

PG

PGS

1
)/(

)/(
"

" 

 @A$(4RA/(ù4W 4FA;(hgFU(7F*(Q)R&*(4.(QVU(hA]&E(ž8)G(/%9(a;:$(#)A4‰(76(M9$
+?(4ˆ6$VX  /%U“ 

Š!… ‹ dtXaSQCPe ititittitit
rt }){(0 !!!% !&

 
;$(V&E:)L'(1;)9(4ˆ6$VX(78)>?(1).VC2 “ 

Š!š ‹ BŠ!˜‹  ititit
it GaG

dt
dG

#!""
$  Bititit

it AXA
dt

dA
$!""

$ 

 #3(:/(760iG  B0iA  B(QVU(Q/$/(4A/)-?jtG  BjtA  ¢$;$(7F*(]C,ji '  Q/$/(4A/)F-?
 B(QVUr V&5>.(M*)D(hA]&E(‘4, ^+?()? JC./(hCgOE(4A;(b:%I(7*($:(@C,%50CP.(JC,$%E “ 

 )()(}){( itittitittitititititit AXGaXaSQCPH $%#& !(!(!!!" Šl‚‹  
+?()? JA:B3(M9V*(7*)O?(aB:(7*($:(+5C8)9:%>,$4E(xA$4U(B({B$(7LE4?(xA$4U(JC,$%E^

+?(7W)k$(+0L2({B$(7LE4?(xA$4U(7*(MPC2(Œ%cG:/({B$(7LE4?(r4U JA:$/(B(/%U “ 

Šl! ‹     0)( ")
*

+
,
-

.

/

/
(

/

/
!("

/

/

it

it
tit

it

t
itititit

it P
SQS

P
QCPSQ

P
H 

Q/)9(êA4m(;$ +?( %W(78/)`?(1;)9JC94*(4A;(7i*$:(7*(JC,$%E “
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P
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 #3(:/(76
t

t

t

t

P
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Q
P
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/
!"' M9$(:$;)*(1)k)-E(+5PC2(}O6 ^+?(xA$4U(@A$(;$  JC,$%E
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Šl|‹ 

@C&†P.(B “

)lnln(ln **

$

$

(
(("

r
bcQS

b
X titit ?GPE 

+?(#)O,(4CG$(78/)`?  JKF9(B({%FcT?(7`F9%E(B(êC-TE(<:)=?(@C*(è%g`?(7i*$:(V./
 #)FC*(+F0L2(7F8/)`?(7*)FO?(B(MF9$(bB)Fn5?(+F0L2(MP>2(7\C5,()*(€Y?)6(76(/:$/(/%‰B(:$;)* 

+? êC-TE(<:)=?(7&CK*(Ÿi9(4*(V&A34W(7`9%E(B(êC-TE(<:)=?()*(xLE4?(1).45?$:)S(76V&6
:$op4D$({%cT?(7`9%E(B V&5>. ^+?(#)C*(4CG$(78/)`?  VF&A34W(7`F9%E(B(êC-TE(<:)=?(V&6

QV&.)6(‘4,()*(eM*)2:(:/(MPC2(4CD~E(J–4C0' +?(}A$]W$(:$;)*(JK9(7*(ML>,(1$ V*)A ^ 4F.(:/
 :/(/:$/(}.)F6(7F*(hFA)PE(:$;)*(JK9(}A$]W$()*({%cT?(7`9%E(B(êC-TE(<:)=?(78/)`?(B/

 V&A34W(7`9%E(B(êC-TE(<:)=?(7gC8)X/:$/(}A$]W$(7*(hA)PE(:$;)*(JK9(}A$]W$()* ^ HFP‰()*
78/)`?+?(M9V*(4A;(hgU(7*(h6(7`9%E(B(êC-TE(<:)=?(78/)`?(e4CG$(1). VA3
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2*2*

*2

itit

it

bSdS
rd $

!" ?G{E  

+?(#)O,(bd/)`?(@A$(ehL2(V&*(bd/)`?(7*)O?  <:)F=?(B(:$;)F*(JK9(@C*(7i*$:(76(V&./
 hgU(7*(7`9%E(B(êC-TEU +?(è%g`? VU)*^ 

 7F8)-?(@FA$(+0FI$(vVF.(B(VFA/4p(wFT*(hFcn?(b:%Fc*(76(45CŽ?%U(7A4u,(4*(QBY'
B:$(7A4u,(eM9$(7Ck4W(@A$(#%?;3!  :$;)F*(:)5G)F9(B(1:B3%F,(bVFU(@CF*(7Fi*$:(/:%F?(:/

 M9$(s4i?ŠEtro, Czarnitzki, and Kraft, 2011 ^‹+?(wT*(B:$ +.)W:(b$4D$(76(V&6
7&A]. +F?(/)F\A$(7F`?)‰(1$4F*(#$4p:)FcT,$(x9%E(76(1:B3%,(1). #)FA;(hF*)-?(:/(e/%FU

 4Fp$(+F5X(B:(@A$(;$(B(M9$(7‰%E(h*)2(b$:)cT,$(;$(+U),(+')P5‰$ 7F&A]. B(êFC-TE(1)F.
 75FU$/(+FS(:/($:(:B3%,(Q)R&*(#VU(4p:)cT,$(B(M`&I(]64PE(7‰:/(}A$]W$(#)g?$(7`9%E
 /:%F?(:B3%F,(Q)FR&*(VFA)*(B(MF9$(7F‰%E(h*)2(1:B3%,(;$(+U),(Q)W:(B(+')P5‰$(HW)&?(eVU)*

#)?;)9(B(M8B/(MA)PX /%U(H2$B(:$oR,%,)2(1).ŠLambertini, 2008^‹ 
]TST ab-Cc%+5b)dU  ^Cef&LSTR

 JFAY?({)F-5,$(+FiG4C–(aB:(e{VF?(@CP=E(1$4*(4k)X(êC-TE(:/(Q/)n59$(/:%?(aB:
/%G ‡C5>\8(+,%C94p:LSTR M9$^ #%F?;3(7F&C?;(:/(7F5W4p([)\,$(b)`8)i?(45OC*(:/

 7i*$:(/%‰B(4*(+&L?(45CŽ?%U(7Ck4Wu  _05=?(HA)&I(:/(:$;)*(JK9(B(1:B3%,(@C*(è%g`?
 HA)&I(70P‰(;$ aB:(;$(eV&5F>.(7F8)-?(@A$(vV.(76([4q(B(N)U%S(e+‰)>, {%FP`?(1)F.

M9$(QVU(Q/)n59$(B/(7‰:/(H*$%E()A(B(+iG ^ aB:(;$(Q/)n59$LSTR  aB:(7F*(ML>, 1)F.
M9$(MA]?(@AV&q(1$:$/(:%6o?“ 
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_8$" aB:(:/LSTR  B(+?%F.%?(4CZ5?(#/46(/:$B(7*(1;)C,(e4RA/(1)KUB:(vYG4*
M>gU(+9:4*1:)5G)9(1). M>gU(eaB:(@A$(/%G(76($4q(M>C, #)F?;({%Fm(:/($:().

+?(4.)¤(B(ž=O?(+9:4*(/:%?/;)9^
f  " :/(MF8)X(@A$(76(V&6(4CCZE(:)*(@AV&q(4CZ5?(B/(@C*(7i*$:(+R,%Rq(M9$(@gP?

 +FP,(;B4F*(79(B(B/(7‰:/(H*$%E {VF?()&PFk(B(VF&6 JFA¡:(/$VF`E((JFAY?({)F-5,$(1)F. )FA()F.
 @CC`E(êC2/(:%m(7*(4CZ5?(B/(@C*(7i*$:(+R,%Rq+?/%U^

< "aB:(:/ M'4F9(+&`A(4RA/(JA¡:(7*(JA¡:(‡A(;$({)-5,$(+R,%Rq(;$(e4RA/(1).
+P,(JA¡:({)-5,$:/(e/:B3(M9V*(+L9)&?(b)'Ym$(#$%E  {)F-5,$(V,B:(#VU(ž=O?(7gC8)X

+?(aB:(@A$(;:)*(B(JK?(+p”AB(;$()KPA¡:(@C*VU)*^
/ "@gP?  Q/)n5F9$(b:%Fc&A$(:/(VU)*(#:)-5?),(B(+iG4C–(4CZ5?(B/(@C*(r)LE:$(M9$

aB:(;$ 7‰:/(H*$%E()A(B(+iG(1).l  B|  Q/)n5F9$(b:%FI(:/(B(/%*(V.$%G(]CR,$(4*(wT*
MU$/(V.$%=,(/%‰B(+,$4R,(1$4*(+A)‰(aB:(@A$(;$!^

Q "Q/$/(/$V`E(@5U$/(M9/(:/(b:%I(:/ Q/%*(d)*(aB:(@A$(M2/(e/)A;(1). çA)5,(B
+?(hI)X(14EVCn?/%U^ 

 +F?(4FCCZE(+iG4C–(b:%I(7*(4CZ5?(B/(@C*(r)LE:$(4k)X(aB:(:/ VF&6 ^ 7gCE:%FI(:/
 #3(eVF*)A(4FCCZE(#)F?;({%Fm(:/(4CZ5?(B/(@C*(r)LE:$ +F?(€)XYiFI$(Q)Fp JFA¡:(4FCCZE(VF&A%p

 ž=O?(7,)593(Ÿi9(#$%&'(MTE(eJA¡:(4CCZE(7i-,(B(75W4p(b:%I+? /%FU ^ 1%FR8$(@FA$
$+?(#)C*(1/)c52 /%‰B(4RA/(7CX),(:/(7C-*(B(7CX),(‡A(:/().4CZ5?(;$(14A/)-?(4p$(76(V&6

 V&U)*(75U$/ŠJA¡: V&FU)*(75FU$/(+Fn05=?(1)F.‹ +X$%F,(:/()F.4CZ5?(@FA$(1/)Fc52$(xF*$B:(e
/%*(V.$%G(bB)n5?(_05=? ^aYE(@C8B$(:/{V?(1$4*(). QVFAVS(@C&q(1;)9 {VF?(e1$ 1)F.
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$:$(+,)Kp),(4CCZE JFA¡:(;$(+.)F&5?(/$V`E(76(M9$(QVU(7™ MF9$(QVFU(ù4FW(_F05=?(1)F. ^
JA¡:(@C*(bd)-5,$(@A$(7g&A$(hC8V* +,)FKp),(b$4FCC`E(;$(4E4AoFS(v)Fi`,$(B(JAY?(:%m(7*().

+?(b:%I{V?(;$(+'%,(@C--T?(e/4CpQ/46(7™$:$(4A;(hgU(7*($:(+,)Kp),(4CCZE(1).V,$!“ 
Šl… ‹  0 1 0 1 ttttt uscGzzy (2(2" ,,. ()*  

 %W(7i*$:(:/0 12"2 p**** ,...,, 10  B0 12"2 p)))) ,...,, 10  {V?(45?$:)S(1).:$/4*

V&5>.^ 

tz  7Fn2B(h?)U(+TCk%E(1).4CZ5?(:$/4* ;$(+A)F. #B:/(4FCZ5? #B4F*(4FCZ5?(B($; +F&`A($;

0 1 0 12"
2

" !! kttptttptt xxyyzzz ,...,,,...,,1,...,,1 111 +?VU)* ^tu  )F*()FiG(7F0P‰(]C,
+?(#)>gA(h-5>?(HA;%EVU)* ^ H*)EG  /BVFT?(‡A(B(4nI(@C*(76(M9$(759%CS({)-5,$(H*)E

+?VU)* ^ H*)FE(1VX(M8)X(B/()K&E(7,(MK‰(@A$(7*G  +F?(Q/$/(ŸCFk%E({VF?(xF9%E /%FU
 75F9%CS(M8)X(‡A(@C&†P.(7g0*;$(1$G  VF,:$/(:$4F2((1VFX(:$VF-?(B/(@FA$(@CF* ^ 45?$:)FS

etCU( M9$({)-5,$(M'49(žG)U ^ 7,)593(45?$:)Sc 7i-,(7* /:$/(Q:)U$(1$ B({)F-5,$(76
+?( )nE$(JA¡:(4CCZE()AV5W$ ^ {)-5,$(4CZ5?ts  VF,B:()FA(+TCFk%E(1)F.4CZ5?(;$(+FgA(¥d%FP`?
+?%P'(B(M9$(+,)?;{)-5,$(H*)E([4W(@A4EG M9$(b:%I(@AV* “ 
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 _8$" {V?(žC=OE:  ]C8)F,3(jB4FU(7Fi-,(#$%F&'(7F*(+FiG({V?(‡A()*({V?(žC=OE

+?(;)–3 aB:(;$(Q/)n5F9$()*(}=*(@A$(76(/%UAR  {VF? +F?(1;)F9 //4Fp ^ }F=*(@CF?B/

   
!. D. Van dijk, Nonlinear time series models in empirical finance
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f)=5,$(e+iG4C–(#%?;3(h?)Uts JFA¡:({)F-5,$(b)F`W/(/$VF`E(/:%F?(:/(14FCp(JCPcE(B
 @C*(;$(f)=5,$(+&`ALSTR1  BLSTR2+?VU)*^ 

f" {V?(@CP=E “ {V?(@CP=E(B(+iG4C–(@CP=E(1$4*(7C8B$(t9)&?(4A/)-?(@5W)A(h?)U
+?VU)*^ 

<" {V?(+*)A;:$ “ 3()F*(Q$4FP.(1:$/%FP,(+F9:4*(h?)FU(¥d%FP`?({V?(+*)A;$ #%F?; 1)F.
 B(QVF,)PC2)*(+FiG4C–(e45?$:)S(#/%*(M*)D(4C–(e+R5>LP./%G(1)iG(4Cu,(+n05=?ARCH 

+?VU)* ^
 {V?(‡A(žC=OE({B$(70X4?STR  +,%CF94p:/%G({V?(f)=5,$(eAR  MF9$(+FiG ^

+?({V?(@A$(:/#B:/(4CZ5?(‡A(#$%E $;ty  #B4F*(4CZ5?(@AV&q(B QVF&./(ŸCFk%E(B($;tx  B
7n2B/46(/:$B($:()K,3;$(+A). ^7n2B(;$(+ƒ`*(voX()*(@C&†P. 4*(MA/BVT?(e4CZ5?(B/(;$().

+?({)P'$({V?/%U^! 
#%?;3()*(Q$4P.(4A;(:/(76(M9$(1/V`5?(/:$%?(h?)U({V?(žC=OE 7F™$:$(r%F*4?(1)F.

+?/%U“ 
${)-5,$(4CZ5? “{)-5,$(4CZ5?ts  7Fn2B()FA(QVFU(/:$B(1)F.4CZ5?(;$(+gA(VA)* )FK,3(;$(+A)F.
VU)* ^+?/%P,(f)=5,$({)-5,$(4CZ5?(#$%&'(7*(]C,($:(V,B:(#$%E^
$MA/BVT?({)P'$ “ 4Fu,(/:%F?(4FCZ5?(7F*(r%F*4?(45?$:)FS(#/$/(:$4F2(4nFI(1B)F>?()F* 

+?MA/BVT?(#$%E/46(hCPTE({V?(4*($:(+A). ^+?(J.(;%&.(QVU(<:)G(1).4CZ5? 7*(V&,$%E
 MA/BVT?({)P'$()*(7q4p(eV,%U(f)=5,$({)-5,$(4CZ5?(#$%&'0"" ii )*  B/(4F.(;$()FK,3

+?(voX(+iG4C–(B(+iG(MP>2V,%U^

   
! ^ MP>2(7*(V&,$%E(+?(45OC*(7`8)i?(7*(#$V&P2Y'help :$]W$([4,jmulti V&A)P,(7`‰$4?^

www.SID.ir

www.SID.ir


Arch
ive

 of
 SID

   f3%DS*0$*0):%;*gKH*4;*N0<hA/*41i%6 J)43)*c%ZAM*<*L4d*#8e%C/ 
 
 

80 

$+iG4C–(#%?;3 “ j%F,(;$(+FiG4C–(7Fi*$:(/%F‰B({4F5&6(1$4F*(#%F?;3(@A$STR 
 +F?(Q/)n59$ @CF*(f)F=5,$(B({)F-5,$(4FCZ5?(žC=FOE(7F*(@CF&†P.(/%FULSTR1  BLSTR2 
+?(‡P6V&6^ 

 {)-5,$(4CZ5?(4p$ts  ;$(14c&'tz  Q/)n5F9$(4FA;(+FLA4-E(#%C94p:(e/%U(75W4p(4u,(:/
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 7*({V?(#/%*(+iG(4nI(7Ck4W(7i*$:(@A$(:/+?(h*)-?(b:%IVU)*“ 

 0: 3210 """ +++H

 #%?;3(Q:)?3(]C,(7Ck4W((1$4*(Q/)n59$(/:%?(#%?;3(Q:)?3F +? 4FA;(b:%I(7*(76(VU)*
M9$“ 
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76T  B(#)?;K M9$(+TCk%E(1).4CZ5?(/$V`E ^0SSR  QVF,)PC2)*(:Bo\?(j%P\? )F.
 B(MA/BVT?(#BV*(M8)X(:/1SSR QV,)PC2)*(:Bo\?(j%P\? MA/BVFT?()F*(MF8)X(:/()F.

+?VU)*^ 
${)-5,$(4CZ5?(f)=5,$ “ f)F=5,$(1$4F*ts  +F?(etF9)&? $:({)F-5,$(Q%-8)F*(4FCZ5?(4F.(#$%FE
/%?;3 ^ @A4F5P6(7F*(r%F*4?(4CZ5?(B(75W4p([)\,$(+*)=5,$(1).4CZ5?(;$([$V6(4.(1$4*(#%?;3
 :$V-?p +?(/:(145A%2(:%i*(#%?;3(:/(76(14CZ5?(+&`A f)=5,$({)-5,$(4CZ5?(#$%&'(7*(e/%U

+?/%U^ 
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$MA/BVT?(hCPTE). “+? f)=5,$(#%?;3(#$%E $:(#/%F*(+FiG4C–()FA(B(#/%*(+iG
 MA/BVFT?({)FP'$()* 1B:(+A)F.)  /$/([)F\,$ ^ {)FP'$()F*((4FCZ5?(‡FA0"i)  MPF>2(;$
+?(voX(+iG4C– /%FU ^ #/$/(:$4F2()F*(]FC,(+FiG(MPF>2(:/0"j+  4FCZ5?jz  @FA$(;$

/%U(+?(voX(MP>2^
 
gT hCMX&+1+!*ij& 

Q/$/(1:)?3(_CI%E(7*($V5*$(}=*(@A$(:/ :/(1:B3%F,(B(:$;)*(JK9(4Cu,(78)-?(JK?(1).
 {)F9(+Fm(#$4FA$([4Fq(B(N)FU%S(e+‰)>,(HA)&I!|˜„!  +F?(7F5G$/4S 7F*(7F?$/$(:/(B(/%FU

{V? +?(:$42(+9:4*(/:%?(êC-TE(çA)5,(hC0TE(B({V?(@CP=E(1;)9/4Cp ^ 
 {BV‰Š! ‹žG)U(;$(+G4* e+‰)>,(HA)&I(:$;)*(JK9(B(1:B3%,(1).4CZ5?(1:)?3(1).

 {)9(+m($:(#$4A$([4q(B(N)U%S!|˜„ +?(#)O,V./“ 
 

k1K6S  lmF-. ,-./0+456-78+9*-:;+%<+%$=-#+>?@+1+A%1B/8+A-c)CnoU+A%-UB+A-c 
($)*$+2)3+1

"#$%&'()* +#,*)#& -)#.&'/0"1*0 23#45 23#6#7 
7&A].7`9%E(B(êC-TE(1). |’l…„ �!‚ ‚ l„Å˜ 

:$;)*(JK9(x9%5? �||�! „!!‚ l�… l˜„|Å| 
M`&I(aB4W �‚‚Åš„| Ål‚Å…� !|�š�Å l‚��|˜Ål 
1:B3%,(bVU¦ ‚‚‚„…„’‚ ‚‚‚‚š!’‚ ‚‚‚llš�’‚ 

oG)? “êC-TE(b)L9)T? 
 ¦7*(1:B3%,(bVU 7&A].(ML>,(b:%I QVU(7L9)T?(aB4W(7*(7`9%E(B(êC-TE(1).M9$^ 

   
!^ 7*(76(#$4A$(M`&I(}=*(7*(r%*4?(:)?3(@A4G3(78)-?(@A$(a:)R,(#)?;(:/  QVFU(4FO5&?(#$4FA$(:)?3(]64?(x9%E(+P9:(b:%I

 {)9(7*(r%*4?(eM9$!|˜„ M9$ ^ 
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 +F?(7uXY? {)F9(:/(7F6(/%FU!|˜„  7F&A].(xF9%5? HA)&FI(:/(7`F9%E(B(êFC-TE(1)F.
 {/)`?(#$4A$([4q(B(N)U%S(e+‰)>,|’l…„  MF9$(Q/%F*({)FA:(#%C0C? ^ @A4F5P6(7FgC8)X(:/

7&A].(#$]C? 7F*(r%F*4?(+F9:4*(/:%F?(+FP2:(:)FKq(1).VF6(@CF*(:/(7`F9%E(B(êFC-TE(1).
9/(JC‰)‰(B(%0A;(B(JC0p(VC8%E(M`&I v)L5Š{)A:(4nI ‹ 7F&A].(@A45FOC*(eMF9$(Q/%F* 1)F.

 M`&I(e7`8)i?(/:%?(HA)&I(:/({)9(@CP.(:/($:(7`9%E(B(êC-TE Q/)F?3  1;)F9   +pV&F>A:(B  
v)C8$   <%>&?Šl„Å˜ {)A:(#%C0C? ‹ Q/$/(Œ)c5G$(/%G(7* M9$ ^ HA)&FI(:$;)*(JK9(x9%5?

 {)9(:/(]C,(:%6o?!|˜„  {/)`?�||�!  /:B34*({)A:(#%C0C? JKF9(@A4F5P6(7F6(M9$(QVU
 #)PF>A:(B(f)F&m(VC8%E(M`&I(7*(r%*4?(:$;)*Šl�…  {)FA:(#%FC0C? ‹ :$;)F*(JKF9(@A45FOC*(B

Q/)?3(M`&I(7*(r%*4? 1;)9  +pV&>A:(B  v)C8$   <%>&?Šl˜„|Å|{)A:(#%C0C? ‹ MF9$(Q/%* ^
7&A].(ML>,(x9%5? 1:B3%F,(bVU(7`8)i?(@A$(:/(76(]C,(aB4W(7*(7`9%E(B(êC-TE(1). )FA

[),(1:B3%, HA)&FI(:/(eM9$(QVU(1:$op  {)F9(:/(#$4FA$([4Fq(B(N)FU%S(e+‰)F>,!|˜„ 
 {/)`?‚‚‚„…„’‚ M9$(QVU(7L9)T? ^+8)X(:/(@C&†P.  @CF*(:/(1:B3%,(bVU(@A45P6(76

 v)L5F9/(JC‰)F‰(B(%F0A;(B(JCF0p(VC8%E(M`&I(7*(r%*4?(+9:4*(/:%?(+P2:(:)Kq(1).V6
Š{)A:(4nI ‹ bVU(@A45OC*(eM9$(Q/%* e7F`8)i?(/:%F?(HA)&FI(:/({)9(@CP.(:/($:(1:B3%,

 M`&I :$/]G(M9%S(;$(N)U%S(1)&ˆ59$(7*(N)U%S(VC8%EŠ‚‚llš�’‚ ‹ Œ)Fc5G$(/%G(7*
 M9$(Q/$/Š {BV‰!^‹ 

 {)F-5,$(+FiG4C–(MFW)C.:(@CF&†P.(B(êFC-TE(+F*4\E(b)`8)i?(B(14u,(+,)L?(è)9$(4*
/%G(JAY? F9:4*(1$4*(4A;({V?(e‡C5>\8(+,%C94p: 1:B3%F,(B(:$;)F*(JKF9(@CF*(7Fi*$:(+

M9$(QVU(ŸA4cEŠ(“|l‹ 
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 #3(:/(76MS :$;)*(JK9!  BINNO  1:B3%F,l  B(Q/%F*tz  7Fn2B(:$VF-?(;$(1:$/4F* :$/
 +TCk%E(B(75>*$B(1).4CZ5?ŠMS, INNO ‹ MF9$ ^ $VF5*$(MF9$([;d(e{VF?(@CFP=E(;$(hFL2

7n2B 7&CK*(1).NY?(è)9$(4*(+TCk%E(B(75>*$B(4CZ5? f)F=5,$(tF9)&?(7Fn2B(@CFC`E(1)F.
/%U| ^ )*(4*$4*(1:)?3(b$V.)O?(/$V`E(7g&A$(7*(7‰%E()*(7`8)i?(@A$(:/Ål  ;$(45P6(B(QV.)O?
!‚‚ +?]E:$%U(NY?(;$(7&CK*(7n2B(f)=5,$(1$4*($o8(eVU)*"  MF9$(QVFU(Q/)n59$(@A]C* ^ :/

E(7*(r%*4?(çA)5,(4A;({BV‰ HA)&FI(:/(1:B3%,(B(:$;)*(JK9(1).4CZ5?(1$4*(7&CK*(7n2B(@CC`
M9$(QVU(7™$:$(#$4A$(N)U%S(B([4q(e+‰)>,“
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! l | � Å „ … ˜ 
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1:B3%,(4CZ5? l!’l„¦ �|’l˜ šš’l… …Å’l… š‚’l„ šl’l„ ‚l’l… Å�’l… 

 

   
! ^7*(:$;)*(JK9  aB4W(ML>,(b:%I+?(_A4`E(M`&I(aB4W(7*(Q)R&*/%U ^ HA)&FI(:/({)`W(Q)R&*(4.(:$;)*(JK9($V5*$(7`8)i?(@A$(:/

Q)R&*(:$;)*(JK9(x9%5?(;$(•Ž9(B(7L9)T?(@C`?({)9(‡A(+m(e+‰)>, #3(:/(M`&FI(:$;)F*(JKF9(žG)FU(#$%&'(7*({)9(#3(:/().
M9$(QVU(Q/)n59$({)9 ^ 

l ^A].(JK9(b:%I(7*(7`8)i?(@A$(:/(e1:B3%,7&M9$(QVU(7L9)T?(M`&I(‡A()A(Q)R&*(‡A(aB4W(h6(;$(7`9%E(B(êC-TE(1). ^ :/
7&A].(bVU(e1:B3%,(žG)U(@A$(7*(+*4\E(b)`8)i?(;$(+G4*M9$(QVU(75np(]C,(7`9%E(B(êC-TE(bVU()A(B(7`9%E(B(êC-TE(1). ^

]P59/(ML>,(B(7`9%E(B(êC-TE(1).VX$B(:/(h–)U(h&94S(/$V`E(]C,(b)`8)i?(;$(+G4* MFG$/4S(/]P5F9/(h6(;$()K,3(7*(+5G$/4S(/
+?(Q/)n59$(1:B3%,(žG)U(#$%&'(7*($:(QVUVA)P, ^žG)U+?(h?)U($:( %W(žG)U(B/(4.(76(]C,(+LC64E(1). ;$(+FG4*(:/(e/%FU

M9$(QVU(7‰%E(b)`8)i?^(Martin, PP. 445-474)^ 
| ^ 7`8)i?(/:%?(+,)?;(Q:B/(7g&A$(7*(7‰%E()*(7`8)i?(@A$(:/!|…�“! & !|˜„“� Q/$/(B(Q/%* Q/$/(7F*(7,d)9(1:)?3(b)'Ym$(B(). 1)F.

QVU((hAVLE(+0cWV,$ ^Q/$/(MC.)?(è)9$(4*($o8+?(e+0cW(1:)?3(1).7n2B(/$V`E(V,$%E @C*().�  +8$˜  7F6(/%FU(7F5W4p(4u,(:/(7n2B
 4ˆ6$VX(7`8)i?(@A$(:/˜ M9$(QVU(75W4p(4u,(:/(7n2B^ 
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]E:$%U(#%?;3(Q:)?3(:$V-?(@A45P6"  7n2B(7*(r%*4?(@A]C*!  )F*(4F*$4*(7F6(Q/%F*‚š’l… 
+?M9$(QVU(@CC`E(‡A(75>*$B(4CZ5?(7&CK*(7n2B($o8(eVU)* ^ Q:)F?3(:$VF-?(@A4F5P6(@CF&†P.

]E:$%U(#%?;3"  7n2B(7*(r%*4?(@A]C*!  )*(4*$4*(B(Q/%*l!’l„ +? 4FCZ5?(7&CK*(7n2B($o8(eVU)*
+?(‡A(]C,(#$4A$(N)U%S(B([4q(e+‰)>,(HA)&I(:/(1:B3%, VU)*Š {BV‰l^‹ 

 @CFFP=E(@CFF&†P.(B(7FFC8B$(r)FF-,(B({VFF?(j%FF,(f)FF=5,$(+FF9:4*(e{VFF?(@CFFP=E(7FF?$/$(:/
+?({V?(1).45?$:)S 4A;(:/(76(VU)*QVU(Q/$/(s4U(:)c5G$(7*V,$ ^

JA¡:(/$V`E(@CC`E(1$4*($:({V?(VA)*(e/%U(/:({V?(#/%*(+iG(4nI(7Ck4W(7gC?)R&. )F.
 @C*(f)=5,$(BLSTR1  BLSTR2 /46(#%?;3 ^7Ck4W b:%FI(7F*(#%F?;3(/:%?(4nI(1).

+?(b:%I(+,%C94p:(78/)`?(1B:(4*(76(M9$(4A;/4CpŠ(“||‹ 
1. 0: 304 "+H

2. 00: 3203 "" ++H  
3. 00: 32102 """ +++H

#%?;3(Q:)?3 4F*$4*(tFCE4E(7F*(d)F*(4nFI(1)F.(7CFk4W(7*(r%*4?(1).4F  B3F  B2F 
M9$ ^ 7Ck4W(/:(b:%I(:/03H {VF?(eLSTR2  )FAESTR  4nFI(7CFk4W(#/%F?;3()F*(B

21 cc " +?(f)=5,$(B/(@A$(;$(+gA//4p ^7Ck4W(/:(b:%I(:/ 1)F.04H  B02H  {VF?
LSTR1 +?(f)=5,$ /%UŠ {BV‰| ^‹ 

 

k1K6 Vl k-Po8$+)CnoU+1+s@-:U+kKU+`-fo8$

4CZ5?  Q:)?3F  Q:)?3F2 Q:)?3F3  Q:)?3F4 1/)K&OCS({V? 

INNO(t-1) ….‚˜e-!Å �.‚še-!| Å.‚!e-‚� |.||e-‚š LSTR1 
 

 ,$(M'4F9(jB4FU(4A/)F-?(e7F`8)i?(;$(14RA/(}=*(:/5 {)F-Š( ‹ 7,)5F93(:$VF-?(BŠc ‹
+?(/:B34*  V,%UŠ {BV‰�^‹ 

www.SID.ir

www.SID.ir


Arch
ive

 of
 SID

 8mb_*j>%Db&Y " J)43)*0$*N$4;0%O*…N$%&'()*o%R^%p>*8.\<†M   @<)*@%H "  +0%mZ!"  0%K;!I‡!  |Q 

 k1K6S l ^CCd&!8-o@B+%$KPU+1+k-Po8$+at)@+)*<-PU

 )iG(:Bo\?(j%P\?ŠSSR‹  :$V-?Š(‹  7,)593(:$V-?ŠC1‹ 

89:88;<=>?@A !‚ ššl|š˜˜„ÅÅ� 
 

 {VF?(e7,)5F93(:$VF-?(B({)F-5,$(M'49(4A/)-?(è)9$(4*(eV`*(70X4?(:/LSTR1  @CFP=E
+?(Q/;/%U ^ 4*(1:B3%,(4D$(V&A34*(è)9$(@A$(4* N)FU%S(B([4q(e+‰)>,(HA)&I(:$;)*(JK9

M9$(:$424*(]C,(+iG4C–(}=*(1$4*(MC`kB(@CP.(B(Q/%*(MLˆ?(+iG(}=*(:/(#$4A$ ^ 7F*
hL2(Q:B/(B(1:)‰(Q:B/(:/(1:B3%,(žG)U(x9%5?(e4RA/(b:)L'e  HA)&FI(:$;)F*(JKF9(4F*

 +F&`?(B(MLˆ?(4CD~E(#$4A$(N)U%S(B([4q(e+‰)>, MF9$(75FU$/(+FiG4C–(}F=*(:/(:$/ ^ ;$
 4F*(hFL2(Q:B/(7F*(MLF>,(1:)F‰(Q:B/(1:B3%,(4D$(e %W({BV‰(çA)5,(è)9$(4*(e4RA/(v4m

 M9$(45OC*(#$4A$([4q(B(N)U%S(e+‰)>,(HA)&I(1:)‰(Q:B/(:$;)*(JK9Š {BV‰Å^‹ 
k1K6 gl  kKU+^Cef&LSTR1

{V?(1).(}=*  tA4k:$V-?*  Q:)?3(:$V-?tP_value 
+iG   

Constant š˜’!š˜˜!l| ‚|’l ‚‚!’‚ 

MS(t-1)l|’l |l’| ‚‚!’‚ 

INNO(t)„„’!‚| ‚š’!! ‚‚‚!’‚' 

INNO(t-1) �…’˜„" l!’Å" ‚‚‚!’‚' 
+iG(4C–    

MS(t-1)˜‚’‚" „…’l" ‚‚!’‚ 

INNO(t)…�’!!l ||’˜ ‚‚‚!’‚' 

INNO(t-1) lÅ’!‚| ‚š’� ‚‚!’‚ 
R2=šš’‚, SC=l!’|‚ 
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 1$4*(7?$/$(:/ #%F?;3(;$(eQVFU(Q/;(@CP=E(+iG4C–({V?(+*)A;:$ hFˆ?(+FcC=OE(1)F.
 MF*)D(#%?;3(e+W)k$(+iG4C–(4CZ5?(/%‰B([V'(#%?;3(e+R5>LP./%G(/%‰B([V'(#%?;3

 #%?;3(e).45?$:)S(#/%*ARCH- LM  Q/)n5F9$({Y5G$(bYP‰(HA;%E(#/%*({)?4,(#%?;3(B
+?/%U ^7n2B(;$(‡C†C.(:/()K,%?;3(#3([)\,$()* ). +R5F>LP./%G(/%F‰B(7*(r%*4?(1)iG

7n2B(:/(+R5>LP./%G(B(Q/%L,(:$424*75>*$B(4CZ5?(1).Š:$;)*(JK9‹ /:$VF,(/%F‰B(eŠ {BVF‰
„ ^‹ 

k1K6 ul  ^C#+5vo7Qec</F</61+2Kt+(/U=B+r*-o8w  )CnoU+!pq1MS

7n2B(/$V`E  Q:)?3(:$V-?F df1df2 p-value 
! lÅ’‚ ! |š …Å’‚ 
l „�’‚ l |… „‚’‚ 
| Ål’‚ | |Å …˜’‚ 
� �š’‚ � || ˜˜’‚ 
Å l…’‚ Å |! š!’‚ 
„ !Å’‚ „ lš šš’‚ 
… ˜‚’‚ … l… š˜’‚ 
˜ l„’‚ ˜ lÅ šš’‚ 

 

 ;$(QVFU(/:B34F*({V?(:/({)-5,$(4CZ5?(/%‰B([V'(B({V?(t9)&?(ŸA4cE(;$(#)&CPm$(1$4*
Q:)?3 #%?;3(1).F +?(Q/)n59$/%U ^#3(7\C5, +?(#)O, {)F-5,$(4FCZ5?(7F6(VF./ :/(14FRA/

 HA)&I(:$;)*(JK9(B(1:B3%,(@C*(r)LE:$(+9:4*(1$4*(QVU(ŸA4cE({V?(B(75U$V,(/%‰B({V?
+P,({V?(ŸA4cE(a:%E(1$:$/(#$4A$([4q(B(N)U%S(e+‰)>,VU)*  {BV‰Š…^‹ 
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k1K6 xlkKU+y@/&+JKY8+J<$<+zC[/&+5"F)CG+!"#$%+</61+2Kt+(/U=B

{)-5,$(4CZ5? FF2F3 F4 
INNO(t-1) 9AB9 98B9 9<B8 88B9 

 
uT !jCo8A)C{ 

 +FP2:(:)FKq(HA)&FI(:$;)F*(JKF9(B(1:B3%F,(@CF*(+FiG4C–(7Fi*$:(+F9:4*(7*(78)-?(@A$
{)9(+m(#$4A$(N)U%S(B([4q(e+‰)>, 1).!|…�"!|˜„ M9$(75G$/4S ^ B(:%Fu&?(@A$(1$4*

 Q/$/(;$({VF?(1).4CZ5?(:/(+iG4C–(:)5W:(}A)P, 1)K8)F9(1$4F*(+0FcW(+,)F?;(14F9(1)F.
!|…�"!|˜„  MF9$(QVFU(Q/)n5F9$(‡C5F>\8(JFAY?({)F-5,$(#%CF94p:(+iG4C–(MW)C.:(B ^

 #%C94p:({V?(@CP=E(;$(hI)X(çA)5,Š{BV‰�‹ 1:B3%F,(4D$(V&A34*(MLˆ?(4CD~E(4*(M8d/(e
 MC`FkB(@CFP.(B(/:$/(+FiG(}=*(:/(#$4A$(N)U%S(B([4q(e+‰)>,(HA)&I(:$;)*(JK9(4*

+?(:$424*(]C,(+iG4C–(}=*(1$4*U)*V ^ Q:B/(B(1:)F‰(Q:B/(:/(1:B3%F,(e4RA/(b:)L'(7*
 +F&`?(B(MFLˆ?(4CD~FE(#$4FA$(N)FU%S(B([4q(e+‰)>,(HA)&I(:$;)*(JK9(4*(hL2 }F=*(:/(:$/

M9$(75U$/(+iG4C– ^ 1:)‰(Q:B/(1:B3%,(4D$(e{V?(@CP=E(çA)5,(è)9$(4*(e4RA/(v4m(;$
 [4q(e+‰)>,(HA)&I(1:)‰(Q:B/(:$;)*(JK9(4*(hL2(Q:B/(7*(ML>, +6VF,$(#$4FA$(N)FU%S(B

 +F?(:)p;)F9(]C,(j%k%?(14u,(+,)L?()*(7\C5,(@A$(76(M9$(45OC* VFU)* ^ @FA$(;$ +F?(eB: #$%FE
7&A]. 1:B3%F,(7F*(+*)C59/(:%u&?(7*(76($:(Q)R&*(7`9%E(B(êC-TE(1).Š :/(1:B3%F,(;$(JF'$

{%cT?(:/(1:B3%,()A(V&A34W ‹+? 7A)?4F9(+'%,(7*)ˆ?(7*($:(e/%U VFA4G(B(1:$oFp +FA$:$/
+?((‡0K5>?(#)?;({%m(:/(e+A$:$/(j%,(@A$(a;:$(76(/%P,(ù4W/%U ^ çA)F5,(7F*(7F‰%E()*

7CI%E(#$%&'(7*(4A;(/:$%?(e}.B”S(@A$(;$(QV?3(M9/(7* eM8B/(7*(7`8)i?(@A$(+59)C9(1).
Q)R&*(#$4AV? #$:$oR5F9)C9(B(HA)&FI(B(b:)\E(b:$;B(@C8%§>?(e#$4A$(:/({)`W(+5`&I(1).

;)*(JCu&E+?(7™$:$((#$4A$(N)U%S(B([4q(e+‰)>,(+P2:(:)Kq(HA)&I(#d)`W(B(:$/%U“ 
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 }A$]FW$(7F6(@FA$(4F*(+F&L?(1VFC8%E(1).VFX$B(7F*(+,)F9:(jYm$()*(%>gA(;$(VA)*(M8B/
 êFA4m(;$(4RA/(1%9(;$(B(V./(}A$]W$($:()K,3(/%9(B(:$;)*(JK9(V,$%E(+?(+E)-C-TE(<:)=?

 %O?+8)?(1).! Š 7F&A].(:/(V?3:/4*(b)C8)?(#$4L‰()A(MCW)`?(hCL2(;$ 1)F.R&D }A$]FW$(e
}.B”S(1$4*(7‰/%* Q$:(1$4F*(7F,$:)A(1)Fi'$(e+5`&FI(1). 1).VFX$B(]FCK\E()FA(B(1;$VF,$

R&D Q)R&*(:/ 7A)?4F9(b$]FCK\E(4F*(+F64Pp(ù:$%F'(MFCW)`?(e:%FO6(+5`&FI(1)F. 1$
#$4RO.B”S(B(VCE)9$(;$(MA)PX(e+E)-C-TE(1).VX$B  1/4*:)F6(b)F-C-TE(7F6(+.)RFO,$/

+?([)\,$(M`&I(}=*(1$4* 7F*(4nFI(+F5X(B(@CA)FS(/%F9(‘4F,()F*(bYCKF>E(1)i'$(eV&./
Q$:(:%u&? B(+Fk)-5?(+5`&I(1).VX$B(7*(7`9%E(B(êC-TE(1).VX$B(]CK\E()A(B(1;$V,$ ‹(^^^

MC8)`W(}A$]W$(7&C?; N)U%S(e+‰)>,(1VC8%E(1).VX$B(:/($:(7`9%E(B(êC-TE(1). [4Fq(B
J.$4W(:%O6 /:B3 ^ 

+?(7CI%E( %W(1).(75W)A(7*(7‰%E()* e+‰)>,(HA)&I(:$;)*(JK9(}A$]W$(:%u&?(7*(76(/%U
+?(M8B/(#$4A$([4q(B(N)U%S B(êFC-TE(1)F.(7F&A].(4*(7,$:)A(4Cu,(+A).:$]*$(HkB()*(V,$%E

7A)?49(e7`9%EMC8)`W(B(7`9%E(B(êC-TE(MP9(7*($:(). %F9(+5`&I(b)-C-TE(1). B(Q/$/(( 
V*)A(M9/(vV.(@A$(7* ^7&A].(e7`8)i?(@A$(çA)5,(è)9$(4*(@C&†P. :/(7`F9%E(B(êC-TE(1).

 :/(7F6(MF9$(+FA$:$/(+'%F,(VA4G(7*)O?(:%O6([4q(B(N)U%S(e+‰)>,(+5`&I(1).VX$B
 Q)FR&*(/%F9(4F*(@A$4*)&*(B(:$;)*(JK9(4*(QV&.)6(‘4,()*(#)?;({%m MFC8)`W(:/(7F6(+A)F. 1)F.

`9%E(B(êC-TE7A)?49(7Q/%P,(1:$op/:$/(MLˆ?(4D$(eV,$^ 

   
!^  1).(7&A].(:/(V?3:/4*(b)C8)?(#$4L‰(eb:%I(7*(V,$%E(+?(+8)?(1)K2%O?(@A$(;$(+G4*R&D 4*(+64Pp(ù:$%'(MCW)`?( e

 1).VX$B( :/( ;)C,( /:%?(1$( 7A)?49(b$]CK\ER&D +0G$/( [Y2$( /:%?( :/( JC-5>?( 4C–(b)C8)?(MW)A:/( ;$( #/46( 4u,(v4I( e
 1).VX$B(x9%E(QVU(1:$VA4GR&D  B ^^^^VU)*^ 
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 7F6(Mnp(VA)*(+iG(aB:()*(7>A)-?(:/(+iG4C–(aB:(MA]?(Œ%cG(:/ “! hFC8/(7F*
@A$ VU)*(#:)-5?),(B(+iG4C–(4CZ5?(B/(@C*(r)LE:$(M9$(@gP?(76 ^@A$(:/  ;$(Q/)n59$(b:%I

 7‰:/(H*$%E()A(B(+iG(1)KUB:l  B| /%*(V.$%G(]CR,$(4*(wT* ^6(+'%k%? b:%FI(:/(7
 /%F‰B(]FC,(+F,$4R,(@FA$(1$4F*(+A)F‰(4FRA/(7F`8)i?(@FA$(:/(Q/)n59$(/:%?(aB:(;$(Q/)n59$

MU$/(V.$%=,^! aB:(:/(+E:)L'(7* 79(7‰:/()A(B/(7‰:/({V?(‡A(ê-T?(e+iG4C–(1).
+?(/:B34*(B(ŸA4cE($:+8)X(:/(eV&6  e7F`8)i?(@FA$(:/(Q/)n59$(/:%?(+iG4C–(aB:(:/(76

 {V?(#/%*(+iG4C–#B:/(b:%c*+?(ž=O?($; #B4F*(b:%Fc*($:({VF?(êF-T?(B(/%U $;
+P,(hCPTEV&6 ^ B(1:B3%F,(@CF*(+FiG4C–(7Fi*$:(4R,)FC*()F-C2/(]C,(hI)X(çA)5,(eB:(@A$(;$

+?(N)U%S(B([4q(e+‰)>,(HA)&I(:/(:$;)*(JK9VU)* ^ 7F&A].(4FD$(#/%F*(+iG4C–(@C&†P.(

%S(e+‰)>,(HA)&I(:$;)*(JK9(4*(7`9%E(B(êC-TE(1). #)FC*(#$4A$([4q(B(N)U 7F5g,(@FA$(4Fp
7&CK*(VX(76(M9$(JK?7&A].(;$(1$ Q)FR&*(1$4F*(7`F9%E(B(êFC-TE(1). HA)&FI(:/({)F`W(1)F.

 JKF9(#VFU(4ˆ6$VX(7*(4\&?(76(7&CK*(VX(@A$(@CC`E(B(/:$/(/%‰B([4q(B(N)U%S(e+‰)>,
Q)R&*(:$;)*q([)\,$(76(VU)*(14RA/(7`8)i?(j%k%?(V,$%E(+?(e/%U( %W(1). 7F`8)i?(@C& 1$
+?(7CI%E/%U^ 
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_8$(M9%CS “:%O6(;$(<:)G(B(hG$/(:/(1:B3%,(B(:$;)*(JK9(Œ%cG(:/(+0L2(b)`8)i?(4*(1:B4? 

k1K6 | lA%1B/8+1+%$=-#+>?@+}/~F+%<+!o.�{+\-d€-"U+)#+A%1)U
 ()*

CD3EFG* H)I /DJ 2.K)L&'MF)%*'2NOP 

@*! !šÅ„ 
 B(1:)5G)9(h?$%'(@C*(7i*$:

:$;)*(1/4g0P'

 4*(e:$;)*(1:)5G)9(4CZ5?(‡A(#$%&'(7*(]64PE
 eaB4W(B(:$;)*(JK9(e1:B3/%9(4Cu,(+A).4CZ5?

+‰:)G(B(+0G$/(aB4W(;$(J'$ Šb$:/)I ‹ 4D%?
M9$^ 

M0W4,:Bl !š˜l  B(:$;)FFF*(JKFF9(@CFFF*(7FFi*$:
1:B3/%9 

+?(QV.)O?(+`A)&I(:/(4Ed)*(/%9(1)KG4,  /%U
 JK9(x9%5?()K,3(:/(76 +?(4Ed)*()K.)R&*(1:$;)*

VU)*^ 

%™)6), !š˜| 

 hFFF*)-5?(r)FFFLE:$(+FFF9:4*
 e1:B3/%FFFFF9(1)FFFFF.4CZ5?

+* MFCnC6(e:$;)*(JK9(+E)LD
 7FFF&A].(B({%FFFcT? 1)FFFF.

b)ZC0LE

7&A].7&A].(B(+ZC0LE(1). e7`9%E(B(êC-TE(1).
+*(4*(4D%?(h?$%'(@A45PK? HA)&I(:$;)*(JK9(+E)LD

V,$(Q/%*(:%6o?^ 

:V,4*|  B
4>&Ž9$� 

!š˜� 

 7FF*(MFF*)2:(4FF*(4D%FF?(hFF?$%'
 4Ed)FF*(JKFF9(tFF>6(:%FFu&?
 b$:/)FFFFFFI(:/(1:$;)FFFFFF*

{%cT? 

 b$:/)I(#$]C?(4*(+E$:/)I({%cT?(:$;)*(:)5G)9
{%cT?(#3Š@C*(1).:$;)*(:/(:$;)*(JK9+00P8$ ‹

M9$(:$op4D$^ 

B:/BBÅ !š˜… 
7&A].(4CD~E 4F*(+E)FZC0LE(1).

:$;)*(JK9(1:$VA)S),
7&A]. 1).+P,(b)ZC0LE +F*(B(1:$VA)S),(V,$%E +E)FLD

V./(}.)6(HA)&I(:/($:(:$;)*(JK9^ 

45,„ !ššl 

 7F*(1:$;)F*(JKF9(@CF*(7Fi*$:
 1:)5G)F9(4FCZ5?(‡A(#$%&'
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