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|xm@W w xDUUo lHwt p}O@D |xJQ=Bl} p}rLD w x} RHD OQm} wQ l} =[=kD
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OUT MA |L]UxU [7]u=Q=mty w |y=WwQUN
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OUT SRIMA |L]UwO [15]u=Q=mty w nv=}J
OUT MA |L]UwO [16]w=@ w =t
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OUT AR =@ Ct}k x@ T=UL |=[=kD |L]UwO w |R=wt u}t-=D xQ}HvR [20]u=Q=mty w =t

Q=@v= |OwHwt K]U T=U= Q@ AR |L]UwO [21]Tmt w =t
OUT VAR |L]UwO [22]nvw}r w lwUtU=m} Q}U
OUT ARMA,AR |}xrLQtOvJ [23]u=Q=mty w |r
OUT SARMA,VMA,VAR |L]UwO [24]|Qwr= w =H=Q=o =v
OUT ARMA |L]UxU [25]|R=Q}W w Qw}Om

Q=@v= |OwHwt K]U T=U= Q@ WMA |L]UwO [26]=t=}v; w xOmv
OUT AR |L]UwO [26]u=Q=mty w xQwDU=B
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\=kv |v}@V}B w |Q=PoM} Q=D x@ ltm |=Q@ 9 |x]@=Q j@=]t 4 w}UQoQwD= |xHQO w

[31]%O=O O=yvW}B |Q=HD |=ypm}U |DWoR=@
yt � �st = '1(yt�1 � �st�1) + '2(yt�2 � �st�2)+

'3(yt�2 � �st�2) + '4(yt�4 � �st�4) + "t
"t� IID(0;�2)
St = 0 or 1

(9)

|O=YDk= s} SQ QO OW=@ St = 0 Qo = &CU= |O=YDk= OWQ Q}eDt yt 'u; QO xm
u=wvax@ St "s}DUy jvwQ |O=YDk= s} SQ QO OW=@ St = 1 Qo = w s} Q=O Q=Qk OwmQ
p=tDL= "OwW|t h} QaD 'OQ}o|t OwN x@ K}LY Q}O=kt \ki xm |iO=YD Q}eDt l}
QO "OQ=O |oDU@ p@k |xQwO Q=Okt x@ \ki OW=@ j X=N Q=Okt Q@=Q@ St xm u}=

%CQwYu}=

P fst = jj st�1 = i; st�2 = k; :::g =

P fst = jj st�1 = ig = Pij
(10)

Qs = Q� � h
h+ s

(5)

I(
) = Qs
�

(6)

q0 = 
:� +
�D:T
2 + � (7)

Qm = Q� + (q0 +
�D:T
2 ) (8)

'QiY =@ Q@=Q@ q=m p} wLD u=tR COt '|QDWt |=[=kD \UwDt �D \@=wQ u}= QO
'pwB OL=w ?ULQ@ |QUm =@ xyH=wt |xv} Ry S 'C=WQ=iU u}@ |v=tR xrY=i T
OL=w ?UL Q@ |yOVQ=iU |xv} Ry C 'pwB OL=w ?ULQ@ |Q=Oxov |xv} Ry h
xOvvm`} RwD "OvDUy OQ=Ov=DU= p=tQv QDt=Q=B Q=Okt 
 w =[=kD Q=}at h=QLv= � 'pwB
R= l} Qy w Ovm|t |v}@V}B |}=yv |QDWt C=WQ=iU T=U= Q@ =Q OwN |=[=kD
[30]"Ovvm|t s=Ok= |v}@V}B x@ |Oa@ K]U VQ=iU u=R}t T=U= Q@ 'QDq=@ Kw]U

|v}@V}B VwQ "2"2
O}=@ xOvvmu}t-=D C=WQ=iU Tv=} Q=w w VwQixOQN |=[=kD Tv=} Q=w |x@U=Lt |=Q@
|v}@V}B |=Q@ nv}J}�wU � hmQ=t pOt R= j}kLD u}= QO "OwW xO=iDU= |v}@V}B R=
|v}@V}B |=Q@ lQLDt u}ov=}t w w}UQoQwD= |=yVwQ j} Q] R= w VwQixOQN VQ=iU

"OwW|t xO=iDU= xOvvmu}t-=D C=WQ=iU
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"""|
L]U

wOu
}t- =D

|xQ
}HvR

QO|
kqW

QF=|
x@U

=LtDt = �(St) +
pP
i=1

�i(St)(Dt�i � �(St�i)) + "t

"t� IID(0;�2)
(15)

x@ xDU@=w =y=]N Tv=} Q=w w =yQ}eDt ?}=Q[ 'u}ov=}t =@ nv}J}�wU � hmQ=t "4
sy w =yQDt=Q=B ?�=Q[ sy pOt u}= QO %(MSMAH-AR) w}UQoQwD= w s} SQ

%�16 |x]@=Q� OvQ}}eD p=L QO R}v =ys} SQ |] QO =y Tv=} Q=w
Dt = �(St) +

pP
i=1

�i(St)(Dt�i � �(St�i)) + "t

"t� IID(0;�2(St))
(16)

-=O@t R= ZQa =@ nv}J}�wU � hmQ=t |=ypOt �?
p@=k sy Qo}O |=ypOt xH}Dv QO OW=@ -=O@t R= ZQa QO C=Q}}eD Q@ =v@t Qo =
xO}t=v (MSI) -=O@t R= ZQa =@ nv}J}�wU � hmQ=t |=ypOt xm CU= u}tND

"OwW|t
ẁv u} QD|twta %(MSI-AR) w}UQoQwD= w -=O@t R= ZQa =@nv}J}�wU �hmQ=t "1
CU=ys} SQ |] QO Ov}=Qi -=O@t R= ZQa C(St) u; QO w CU= Cr=L u}= pOt

&�17 |x]@=Q�
Dt = C(St) +

pP
i=1

�iDt�i + "t

"t� IID(0;�2)
(17)

w s} SQ x@ xDU@=w |=y=]N Tv=} Q=w w -=O@t R= ZQa =@ nv}J}�wU � hmQ=t "2
p=LQO =ys} SQ |] QO =yTv=} Q=w xm 'Cr=L u}= QO %(MSH-AR) w}UQoQwD=

&O};|t CUO x@ 18 |x]@=Q 'OvW=@ Q}}eD
Dt = C +

pP
i=1

�iDt�i + "t

"t� IID(0;�2(St))
(18)

w s} SQ x@ xDU@=w =yQ}eDt ?}=Q[ w -=O@t R= ZQa =@ nv}J}�wU � hmQ=t "3
19 |x]@=Q 'OW=@ Q}}eD p=LQO Q}eDt ?}=Q[ Qo = %(MSA-AR) w}UQoQwD=

&O};|t CUOx@
Dt = C +

pP
i=1

�i(St)Dt�i + "t

"t� IID(0;�2)
(19)

=y=]N Tv=} Q=w w =yQ}eDt ?}=Q[ '-=O@t R= ZQa =@ nv}J}�wU � hmQ=t "4
'Q}eDt ?�=Q[ Cr=L u}= QO %(MSIAH-AR) w}UQoQwD= w s} SQ x@ xDU@=w

%�20 |x]@=Q� CU= Q}}eD p=L QO xty -=O@t R= ZQa w =y=]NTv=} Q=w
Dt = C(St) +

pP
i=1

�i(St)Dt�i + "t

"t� IID(0;�2(St))
(20)

=[=kD Q}eDt |=yxO=O |=Q@ ? w hr= |=ypOt R= l} Qy VR=Q@ =@ xar=]t u}= QO
"OwW|t ?=NDv= pOt u} QDy@ Qo}Om} =@ =yv; |xU}=kt w

j}kLD G}=Dv "3
|] |kqW QF= |x@U=Lt w |v}@V}B pOt ?=NDv= '=yxO=O |UQQ@ x@ VN@ u}=

"OR=OQB|t hrDNt |=yw} Q=vU

K}[wD Pij Q=Po p=tDL= =@ s} SQ N =@ hmQ=t |xQ}HvR l} u=wvax@ |Ov}=Qi u}vJ
u=}@ =Q OW=@ xDW=O p=@vO x@ =Q j s} SQ 'i s} SQ xm u}= p=tDL= Pij xm &OwW|t xO=O

[33w32]"�11 |x]@=Q� Ovm|t

P =

2666664
P11 P21:::::::Pn1
P12 P22:::::::Pn2

;

P1n P2n:::::::Pnn

3777775
NX
j=1

Pij = 1 st i = 1; 2; ::; N and 0 � Pij � 1 (11)

'n =@ Q@=Q@ xikw Q=Okt w yt Q}eDt |=H x@ (Dt)t xQwO QO =[=kD Q}eDt uO=O Q=Qk =@
%OwW|t p}O@D 12 |x]@=Q x@ 9 |x]@=Q

Dt � �st = '1(Dt�1 � �st�1) + '2(Dt�2 � �st�2)

+:::::::::+ 'n(Dt�n � �st�n) + "t
"t� i:i:d:N(0;�2)
St = 1 or 1

(12)

xDU@=w w}UQoQwD= pOt CtUk s=Om xm u}= x@ xHwD =@ 'nv}J}�wU � hmQ=t |=ypOt
xJv; "OwW|t |Ov@xk@] hrDNt ẁv wO x@ 'O@=} p=kDv= u; Q}F-=D CLD w OW=@ s} SQ x@
� hmQ=t |=ypOt Cr=L wO pt=W 'CU= xHwD OQwt QDW}@ |O=YDk= C=ar=]t QO

[34]"OvDUy (MSI) -=O@t R= ZQa w (MSM) u}ov=}t =@ nv}J�wU
|O=yvW}B pOt "2"2"2

|v}@V}B |=Q@ hrDNt |=ypOt [34]u}W}B C=ar=]t R= |wQ}B =@ xar=]t u}= QO
%OwW|t O=yvW}B =[=kD

(MSM) u}ov=}t =@ nv}J�wU � hmQ=t �hr=
Q}}eD p=L QO =ys} SQ x@ xHwD =@ =[=kD Q}eDt u}ov=}t OwW|t ZQi Cr=L u}= QO

%R= Ow@ Oy=wN CQ=@a =ypOt u}= `=wv= "CU=
13 |x]@=Q j@=]t %(MSM-AR) w}UQoQwD= w u}ov=}t =@nv}J}�wU � hmQ=t "1
=ys} SQ |] QO Q=}at h=QLv= w Q}}eD p=L QO =[=kD u}ov=}t\ki xmCU= |Dr=L

&OW=@ C@=F
Dt = �(St) +

pP
i=1

�i(Dt�i � �(St�i)) + "t

"t� IID(0;�2)
(13)

w s} SQ x@ xDU@=w |=y=]N Tv=} Q=w w u}ov=}t =@ nv}J}�wU � hmQ=t "2
Tv=} Q=w w Q}}eD p=L QO u}ov=}t R}v Cr=L u}= QO %(MSMH-AR)w}UQoQwD=

&Ovm|t C}a@D 14 |x]@=Q R= w CU= s} SQ x@ xDU@=w =y=]N

Dt = �(St) +
pP
i=1

�i(Dt�i � �(St�i)) + "t

"t� IID(0;�2(St))

St = 0 or 1
(14)

w}UQoQwD= w s} SQ x@ xDU@=w =yQ}eDt ?}=Q[ w u}ov=}t =@ nv}J}�wU � hmQ=t "3
?}=Q[ xm OyO|t MQ |v=tR Cr=L u}= '15 |x]@=Q j@=]t %(MSMA-AR)

&OvW=@ Q}}eD p=L QO =ys} SQ Q}}eD |] QO sy pOt |=yQ}eDt |v}tND
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1|
xQ=t

W'
37

�1
|xQ

wO'
�14

00
u=DU

@=D�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt "(MSMA (3)�AR(4)) (TP) Cr=wD p=tDUO Q}eDt xv}y@ pOt u}tND G}=Dv "2 pwOH
�p=tDL= Q=Okt� t xQ=t; Q=}at h=QLv= ?}=Q[ Q}eDt

20 7�0 00� 4 059 83 87 �\UwDt |=[=kD� 0 s} SQ -=O@t R= ZQa
15 2�0 00� 3 299 50 21 �sm |=[=kD� 1 s} SQ -=O@t R= ZQa
49 7�0 00� 2 43 120 89 �O=} R |=[=kD� 2 s} SQ -=O@t R= ZQa

�1751 53 log-likelihood

9 34 AIC

9 55 SC

Chi2(2) = 1 92[0 38] Normality Test

Chi2(12) = 1 85[0 3947] ARCH Test

Chi2(14) = 82=8[0 00] Linearity LR-test

%O};|t CUOx@ 23 w 22 |=yx]@=Q R=

MSE =

sP
(Yt � Ŷt)2

n
(22)

MAPE = 1
n

X����Yt � ŶtY

���� � 100 (23)

u}vJty w CU= t u=tR QO xOW|v}@V}B Q=Okt w |QU Q}O=kt ?}DQD x@ Ŷ w Yt
|}=ypOt |=Q@ xm CU= pmW u}= x@ =ypOt |xU}=kt OvwQ "CU= xvwtv O=OaD n
Q}O=kt w 12 pO=at AR Q}eDt |xikw xv}W}@ OW=@ Q}}eD p=L QO -=O@t R= ZQa xm
p=L QO u}ov=}t xm |}=yCr=L |=Q@ u}vJty "CU= xOW ZQi 3 w 2 Q@=Q@ =ys} SQ
AR Q}eDt |xikw u} QDW}@ Ov=xOW QDO@ =yQ=}at 4 |xikw R= xm =Hu; R= 'CU= Q}}eD
xU}=kt sy =@ =ypOt |xty w CU= xOW xO=O Q=Qk 3 w 2 =ys} SQ Q}O=kt w 5 Q@=Q@
|rOt �Cr=wD p=tDUO� TP Q}eDt |=Q@ pOt u} QDy@ xm O=O u=Wv G}=Dv [37]"Ov=xOW
Q}}eD p=L QO =yQ}eDt?}=Q[ 'u}ov=}t xm |Dr=L QO 4 Q}eDt |xikw w xt} SQxUCU=
�|Pe=m p=tDUO� PT Q}eDt |=Q@ u}vJty (MSMA(3)�AR(4)) OvDUy
Tv=} Q=w w ?}=Q[ 'u}ov=}t =@ nv}J}�wU � hmQ=t pOt |v}@V}B pOt u} QDy@
(MSMAH(3)�AR(2)) 2 Q@=Q@ AR Q}eDt xv}y@ xikw xHQO w Q}}eD p=L QO

"OW ?=NDv=
TP Q}eDt xv}y@ pOt |=yQDt=Q=B u}tND "2"2"3

pOt TP Q}eDt |=Q@ |@=NDv= pOt 'OW xQ=W= p@k VN@ QO xm Qw]u=ty
xOW xOQw; 2 pwOH QO pOt u}= u}tND G}=Dv "CU= MSMA(3)�AR(4)

xm CU= u; R= |m =L pOt x@ \w@ Qt |=yQDt=Q=B u}tND R= pY=L G}=Dv "CU=
|=[=kD Cr=L xU x@ l}miD p@=k TP |=[=kD Q}eDt 'xar=]t OQwt |xQwO QO
ZQa� CU= �2 s} SQ� O=} R |=[=kDw �0 s} SQ� \UwDt |=[=kD '�1 s} SQ� sm
u=QwO Qou=Wv 50 21 =[=kD u}ov=}t =@ 1 s} SQ xm |Qw] x@ '�2 w 1 '0 -=O@t R=
120 88 w 83 87 |=y=[=kD u}ov=}t =@ 2 w QiY s} SQ w sm |=[=kD |=Q=O
xOy=Wt t |=yxQ=t; x@ xHwD =@ "CU= O=} R w\UwDt |=[=kD |=Q=O |=yxQwO Qou=Wv
xm LR uwtR; G}=Dv "OvDUy Q=O=vat |Q=t; ^=Lr R= =yu}ov=}t ?}=Q[ xm OwW|t
u}vJty w |]NQ}e |x]@=Q OwHw xm CU= u}= |=Q@ xOW xO=O u=Wv 2 pwOH QO
V}=tv =Q hrDNt |=ys} SQ x@ l}miD u}}aD QO nv}J}�wU � hmQ=t pOt |}=v=wD
� hmQ=t pOt R= u=wD|t \}=QW u}= =@ TB "CU= |]N x}[Qi OQ R= u=Wv xm 'OyO
QO |v=QL@ Q}O=kt x@ xHwD =@ |Y}NWD |=yxQ=t; OQwt QO "OQm xO=iDU= nv}J}�wU
xHwD =@ =y=]N uOw@ xDU@tyOwN w uOw@ p=tQv Q}e QiY x}[Qi ?}DQD x@ 2 pwOH

=yxO=O h}YwD "1"3
pwYLt wO |=yxO=O x@ \w@ Qt j}kLD u}= QO xO=iDU= OQwt =[=kD |=yxO=O
1994 =D 1989 |=yp=U |] (PT) |Pe=m p=tDUO w (TP) Cr=wD p=tDUO
|@=} Q=R=@ RmQt R= xm CU= xDiy 383 |=Q@ wo =m}W QO 112 xQ=tW |WwQixOta QO
"CU= xOW G=QNDU= [35]"wo =m}W x=oWv=O Q=mw ?Um u=tDQ=BO x@ xDU@=w TDr}m
u} QDsm Cr=wD p=tDUO pwYLt |=Q@ OyO|t u=Wv =yxO=O u}= |i}YwD Q=t;
?}DQD x@ |Pe=m p=tDUO |=Q@ R}v w 190 Q@=Q@ u; u} QDW}@ w 2 Q@=Q@ =[=kD
|=yQ=Ri= sQv R= =y|v}@V}B w =ypOt u}tND OQ=wt s=tD |=Q@ "CU= 204 w 10
xO=iDU= SPSS Q=Ri=sQv R= |Q=t; ZQi uwtR; w EViews 8 'OX�Metrics7

"CU= xOW

|v}@V}B "2"3
nv}J}�wU � hmQ=t pOt R= xO=iDU= =@ VwQixOQN VQ=iU |v}@V}B j}kLD u}= QO
OwW|t pt=W =Q xQwO 20 VwQixOQN VQ=iU |v}@V}B |=yxQwO O=OaD xm =Hv; R= w
R= sy xOvvmu}t-=D C=WQ=iU |v}@V}B u}=Q@=v@ "CU= sm |v}@V}B |=Q@ O=OaD u}=
xOW xO=iDU= 2 lQLDt u}ov=}t w 1 Q}N-=D xHQO =@ 'AR(1) 'w}UQoQwD= j} Q]

"CU=
=[=kD |=yxO=O x@ xHwD =@ |v}@V}B |=Q@ pOt u} QDy@ ?=NDv= "1"2"3

"OwW|@=} RQ= pOt OQmrta O}=@ VR=Q@ Ov}=Qi R=TB R}v w �VR=Q@� |R=UpOt s=ovy x@
=]N |=yQ=}at w 9 (LL) |}=tvCUQO xv}W}@ |xQ=t; 8'(AIC) l}�=m ; Q=}at
OYQO jr]tQOk u}ov=}t w 10 (RMSE) =]N C=a@ Qt ẁtHt u}ov=}t QPH Ovv=t
QO [36]"CU= xOW O=yvW}B hrDNt |=ypOt |xU}=kt |=Q@ 11 (MAPE) =]N
|=yQ=}at 'l}�=m ; Q=}at Q=Okt u} QDsm R=hrDNt |=ypOt |xU}=kt |=Q@ xar=]t u}=
CUO x@ 21 |x]@=Q R= l}�=m ; Q=}at "OwW|t xO=iDU= MAPE w RMSE |=]N

%O};|t

AIC = ln(SSE
n

) + 2K
n

(21)

x@ \w@ Qt swO VN@ w pOt j=@]v= x@ \w@ Qt pw= VN@ w QDt=Q=B O=OaD k 'u; QO xm
|=Q@ pOt OW=@ QDsm xt} QH Q=Okt u}= xJQy "CU=yQDt=Q=B O=OaD |wQ xt} QH p=ta=
?}DQD x@ MAPE w RMSE |=]N |=yQ=}at u}vJty "CU= QD?U=vt u}tND
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"""|
L]U

wOu
}t- =D

|xQ
}HvR

QO|
kqW

QF=|
x@U

=Lt"(MSMAH (3)�AR(2)) (PT) |Pe=m p=tDUO Q}eDt xv}y@ pOt u}tND G}=Dv "3 pwOH
�p=tDL= Q=Okt� t xQ=t; Q=}at h=QLv= ?}=Q[ Q}eDt

24 9�0 00� 3 24 84 02 �O=} R |=[=kD� 0 s} SQ -=O@t R= ZQa
36 9�0 00� 1 36 50 26 �sm |=[=kD� 1 s} SQ -=O@t R= ZQa
4 66�0 00� 15 25 71 06 �\UwDt |=[=kD� 2 s} SQ -=O@t R= ZQa

�1527 55 log-likelihood

8 097 AIC

8 25 SC

Chi2(2) = 1 32[0 5164] Normality Test

Chi2(12) = 1 4[0 4951] ARCH Test

Chi2(11) = 209 01[0 00] Linearity LR-test

"Qy@ x@ Qy@ |yOVQ=iU CU=}U uDiQo Q_v QO =@ pw= |w} Q=vU hrDNt |=yCr=L "4 pwOH
Qy@ x@ Qy@ |yOVQ=iU sDU}U

|=yxO=O =@ nv}J}�wU � hmQ=t |=yxO=O =@ nv}J}�wU � hmQ=t |=yxO=O =@ nv}J}�wU � hmQ=t uwO@ nv}J}�wU � hmQ=t VwQixOQN |v}@V}B�4� swO s} SQ QO OwHwt �3� l} s} SQ QO OwHwt �2� QiY s} SQ QO OwHwt �1�=ys} SQ uDiQo Q_v QO

w}UQoQwD= w}UQoQwD= w}UQoQwD= w}UQoQwD= xOvvmu}t-=D |v}@V}B
pw= Cr=L

lQLDt u}ov=}t lQLDt u}ov=}t lQLDt u}ov=}t lQLDt u}ov=}t xOvvmu}t-=D |v}@V}B
swO Cr=L

'|kqW QF= VHvU |DvU VwQ [2]"�u}t-=D |xQ}HvR QO |DUOq=@ |=yxQo CtU x@
=[=kD Tv=} Q=w x@ �|HwQN� xOW O=H}= C=WQ=iU Tv=} Q=w C@Uv R= xO=iDU=
pFt |rt=wa uDiQo Q_v QO =@ =Q |kqW QF= hrDNt C=ar=]t QO "CU= �|OwQw�
C=Q}}eD '|yOVQ=iU |=yCU=}U '|OwHwt |=yCU=}U '=[=kD|v}@V}B QO =]N
QO 'C}iQ_ C}OwOLt 'u}t-=D |xQ}HvR Kw]U O=OaD 'p} wLD u=tR COt 'Ct}k
xar=]t u}= QO wQ u}= R= "Ov=xOQm x@U=Lt """ w C=WQ=iU C=aq]= uOw@ TQDUO
|xQ}HvR l} QO |yOVQ=iU |=yCU=}U w |v}@V}B hrDNt |=yVwQ Q}F-=D
|xQ}HvR xm =Hv; R= "OQ}o|t Q=Qk |UQQ@ OQwt |kqW QF= Q=Okt Q@ |L]UwO u}t-=D
� hmQ=t pOt R= xO=iDU= =@ =[=kD |=yxO=O |wQ R= =OD@= 'CU= |L]UwO u}t-=D
'|rm |v}@V}B Q}O=kt uDiQo Q_v QO =@ TBU w xOW s=Hv= |v}@V}B nv}J}�wU

"OwW|t x@U=Lt |kqW QF= w} Q=vU wO QO hrDNt |=ys} SQ QO |v}@V}B

Qy@ x@ Qy@ |yOVQ=iU sDU}U uDiQo Q_v QO %pw= |w} Q=vU "1"3"3
(LFL)

pwYLt wO Qy |=Q@ xt=O= QO w xOW xOQw; 4 pwOH QO w} Q=vU u}=hrDNt |=yCr=L
"OwW|t =QH= w} Q=vU u}=

Qy@ x@ Qy@ |yOVQ=iU CU=}U uDiQo Q_v QO =@ |kqW QF= |x@U=Lt �hr=
TP pwYLt |=Q@

Q=yJ QO nv}J}�wU � hmQ=t pOt R= xO=iDU= =@ VwQixOQN |=[=kD |v}@V}B
'Qy@ x@ Qy@ |yOVQ=iU sDU}U ZQi =@ "OW s=Hv= xQwO 20 |=Q@ hrDNt Cr=L
|v}@V}B |xvwtv 20 R= "OW xO=O VQ=iU xOvvmu}t-=D x@ |v}@V}B Q=Okt xR=Ov= u=ty
w OW xO=iDU= u}tND |=Q@ xvwtv 10 \ki VwQixOQN |}=yv |=[=kD |=Q@ xOW

ARCH uwtR; |Y}NWD |=yxQ=t; x@ xHwD =@ u}vJty w xOW OQ wO|J xQ=t; x@
"OwW|t OQ |v=Uty=v QiY x}[Qi

PT Q}eDt xv}y@ pOt |=yQDt=Q=B u}tND "3"2"3
u}tND G}=Dv "CU= MSMAH (3)�AR(2) pOt PT Q}eDt |=Q@|@=NDv= pOt
\w@ Qt |=yQDt=Q=B u}tND R= pY=L G}=Dv "CU= xOW xOQw; 3 pwOH QO pOt u}=
p@=k TP |=[=kD Q}eDt xar=]t OQwt |xQwO QO xm CU= u; R= |m =L pOt x@
|=[=kD w �2 s} SQ� \UwDt |=[=kD ' �1 s} SQ� sm |=[=kD Cr=L xU x@ l}miD
u}ov=}t =@ 1 s} SQ xm |Qw] x@ '�2 w 1 '0 -=O@t R= ZQa� CU= �0 s} SQ� O=} R
u}ov=}t =@ QiY w swO s} SQ w sm |=[=kD |=Q=O u=QwO Qou=Wv 50 26 =[=kD
"CU= O=} R w \UwDt |=[=kD |=Q=O |=yxQwO Qou=Wv 84 02 w 71 06 |=y=[=kD
OYQO 5 K]U QO =yu}ov=}t ?}=Q[ xm OwW|t xOy=Wt t |=yxQ=t; x@ xHwD =@
|x]@=Q OwHw |UQQ@ |=Q@ 3 pwOH QO LR uwtR; G}=Dv "OvQ=O=vat |Q=t; ^=Lr R=
|=ys} SQ x@l}miD u}}aD QO nv}J}�wU �hmQ=t pOt |}=v=wD u}vJty w |]NQ}e
� hmQ=t pOt R= u=wD|t TB 'CU= |]N x}[Qi OQ R= |m =L G}=Dv "CU= hrDNt
QO |v=QL@ Q}O=kt x@ xHwD =@ |Y}NWD |=yxQ=t; OQwt QO "OQm xO=iDU= nv}J}�wU
xHwD =@ =y=]N uOw@ xDU@tyOwN w uOw@ p=tQv Q}e QiY |x}[Qi ?}DQD x@ pwOH
ARCH uwtR; |Y}NWD |=yxQ=t; x@ xHwD =@ u}vJty w xOW OQ wO|J xQ=t; x@

"OwW|t OQ R}v |v=Uty=v QiY x}[Qi

|kqW QF= |x@U=Lt "3"3
|DUOu}}=B |=yxQo R= CmQL QO =[=kD C=v=Uwv O}OWD� %R= CU= CQ=@a |kqW QF=

52



1|
xQ=t

W'
37

�1
|xQ

wO'
�14

00
u=DU

@=D�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt "(TP) Cr=wD p=tDUO |=Q@ Qy@ x@ Qy@ |yOVQ=iU CU=}U |w} Q=vU |=Q@ |kqW QF= |x@U=Lt "5 pwOH
Qy@ x@ Qy@ |yOVQ=iU sDU}U

�4� �3� �2� �1� VwQixOQN |v}@V}B
2622 66 8 13 108 50 28 58 VwQixOQN =[=kD Tv=} Q=w
595 32 0 013 0 2 0 39 �w}UQoQwD=� xOvvmu}t-=D Tv=} Q=w
2135 36 10 43 129 705 32 42 �lQLDt u}ov=}t� xOvvmu}t-=D Tv=} Q=w

0 23 0 0015 0 0018 0 01 �w}UQoQwD=� |kqW QF=
0 81 1 28 1 19 1 13 �lQLDt u}ov=}t� |kqW QF=

"(TP) Cr=wD p=tDUO Qy@ x@ Qy@ |yOVQ=iU CU=}U |kqW QF= Tv=} Q=w w u}ov=}t |Q@=Q@ ZQi uwtR; G}=Dv "6 pwOH
ZQi Tv=} Q=w uwtR; |=Q@ F uwtR; |=Q@ t xQ=t;

�99 K]U QO �99 K]U QO u}ov=}t |Q@=Q@
BW(MA)- OvQ@=Q@ =yTv=} Q=w 0 922�0 374� 8 919�0 000�
BW(AR) OvDU}v Q@=Q@ =yTv=} Q=w 8 919�0 000�

"(PT) Cr=wD p=tDUO |=Q@ Qy@ x@ Qy@ |yOVQ=iU CU=}U |w} Q=vU |=Q@ |kqW QF= |x@U=Lt "7 pwOH
Qy@ x@ Qy@ |yOVQ=iU sDU}U

�4� �3� �2� �1� VwQixOQN |v}@V}B
0 76 0 43 52 27 1 78 VwQixOQN =[=kD Tv=} Q=w

0 000012 0 00016 0 024 0 00041 �w}UQoQwD=� xOvvmu}t-=D Tv=} Q=w
0 98 0 5958 68 18 2 12 �lQLDt u}ov=}t� xOvvmu}t-=D Tv=} Q=w

0 000015 0 00037 0 0004 0 000232 �w}UQoQwD=� |kqW QF=
1 29 1 38 1 30 1 19 �lQLDt u}ov=}t� |kqW QF=

"(PT) Cr=wD p=tDUO Qy@ x@ Qy@ |yOVQ=iU CU=}U |kqW QF= Tv=} Q=w w u}ov=}t |Q@=Q@ ZQi uwtR; G}=Dv "8 pwOH
ZQi Tv=} Q=w uwtR; |=Q@ F uwtR; |=Q@ t xQ=t;

�99 K]U QO �99 K]U QO u}ov=}t |Q@=Q@
BW(MA)- OvQ@=Q@ =yTv=} Q=w 3 639�0 105� 33 118�0 000�
BW(AR) OvDU}v Q@=Q@ =yTv=} Q=w 33 118�0 000�

ZQi OyO|t u=Wv u}ov=}t |Q@=Q@ G}=Dv xm Qw]u=ty "OW xOQw; 6 pwOH QO u;
w OWv xDiQ}PB �99 u=v}t]= K]U QO Cr=L wO QO |kqW QF= u}ov=}t |Q@=Q@ QiY
|xQ=t; x@ xHwD =@ |rw OQ=O OwHw Cr=L wO u=}t |Q=O=vat hqDN= Cio u=wD|t
Cr=L wO Tv=} Q=w Cio u=wD|t w OWv OQ Cr=L wO |=yTv=} Q=w |Q@=Q@ ZQi F

"OQ=O Q}F-=D |kqW QF= |x@U=Lt QO R}v |v}@V}B VwQ ẁv TB "CU= u=Um}
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CU= =yQ}eDt C=Q}N-=D u=R}t |v}@ V}B |=ypOt ?=NDv= QO syt pt=wa R= |m}

"CU= �|kqW QF=� Q@ Q=PoQ}F-=D pt=wa R= |m} Q}N-=D xH}Dv QO

|Q}oxH}Dv "5
hrDNt Kw]U QO |v}@V}B Cw=iDt |=yVwQ Q}F-=D |UQQ@ x@ Q[=L j}kLD
|v}@V}B xar=]t u}= hOy "CW=O X=YDN= u; |kqW QF= Q@ u}t-=D |xQ}HvR
|L]UwOu}t-=D |xQ}HvR QO|kqW QF= |x@U=Lt w xOvvmu}t-=D wVwQixOQN|=[=kD
|w} Q=vU wO QO xOvvmu}t-=D w VwQixOQN |=[=kD |v}@V}B |=Q@ =DU=Q u}= QO "Ow@
(q0 wQm) VQ=iU |x]kv |yOVQ=iU sDU}U w Qy@ x@ Qy@ |yOVQ=iU sDU}U
QF= "OW O=iDU= lQLDt u}ov=}t w w}UQoQwD= w nv}J}�wU � hmQ=t pOt R= ?}DQD x@
VwQixOQN |=[=kD Tv=} Q=w Q@ xOvvmu}t-=D |=[=kD Tv=} Q=w s}UkD =@ R}v |kqW
|yOVQ=iU CU=}U sDU}U R= xm |Dr=L QO O=O u=Wv j}kLD G}=Dv "OW x@U=Lt
QO =Q} R OQ=Ov OwHw |kqW QF= =} sm |kqW QF= Q=Okt qta OwW xO=iDU= Qy@ x@ Qy@
xOvvmu}t-=D w OUQ|t xOvvmu}t-=D CUO x@ =t}kDUt VwQixOQN C=aq]= Cr=L u}=
x=Qty C=v=Uwv =@ xQ}HvR qta w OyO VQ=iU VwQixOQN R=}v xR=Ov= x@ Ov=wD|t
'CW=O OwHw (q0 w Qm) VQ=iU x]kv |yOVQ=iU xm |Dr=L QO =t= "CU}v
'j}kLD |=yxO=O x@ xHwD =@ "O=O MQ |kqW QF= =yCr=L |xty |=Q@ Cr=L u}= QO
lQLDt u}ov=}t VwQ x@ C@Uv w}UQoQwD= |v}@V}B VwQ R= xOvvmu}t-=D xm |Dkw
TP |q=m wO C=v=Uwv xm =Hv; R= "Ot; CUOx@ |QDsm |kqW QF= Q=Okt 'OQm xO=iDU=
VwQ R= w |rwYLt wO sDU}U R= |D; C=k}kLD |=Q@ u=wD|t CU= sy x}@W PT w
CtU |=[=kD OQw;Q@ |=Q@ |Q=OQ@ xDU@tyOwN nv}J}�wU hmQ=t pOt |v}@V}B

"OQm xO=iDU= VwQixOQN

|xv} Ry C = 3 'xQwO Qy |=Q@ pwB OL=w ?ULQ@ |Q=Oxov |xv} Ry h = 2 'pwB
%CU=[=kD Q=}at h=QLv= � = 22 2253 'pwB OL=w ?ULQ@ |yOVQ=iU

�T+L = �D(L+ T ) = 60 7389� (0 + 1) = 60 7389
Q� =

q
2C �D
h �

q
h+s
s =

q
2�3�60 7389

2 �
q

2+4
4 =

13 498 � 1 22 = 16 46
Qs = Q� � h

h+s = 16 46 � 2
2+4 = 5 489

I(
) = Qs
� = 5 489

22 2253 = 0 24699! 
 = 0 35
q0 = 
:� + �D:T

2 + � =

0 35 � 22 2253 + 60 7389 � 1=2 + 60 7389 = 98 88
Qm = Q� + (q0 + �D:T

2 ) =

16 46 + (98 88 + 60 7389=2) = 145 71
uDiQo Q_v QO =@ "Ot; CUO x@ �98 88 w 145 71� VQ=iU |x]kv sDU}U Q=Okt
Ovv=t w OW xOQw; 11 pwOH QO G}=Dv xYqN PT Q}eDt |=Q@ |yOVQ=iU CU=}U
u}= w CU= xOW O=H}= |kqW QF= xm OW xOy=Wt R}v Q}eDt u}= |=Q@ TP pwYLt
|xty QO |kqW QF= OwW|t xOy=Wt xm Qw]u=ty "CU= QDW}@ swO s} SQ |=Q@ QF=
OW xO=iDU= w}UQoQwD= VwQ R= xm |Dr=L QO xOvvmu}t-=D |v}@V}B VwQ |=Q@ OQ=wt
u}ov=}t |Q@=Q@ ZQi uwtR; u}vJty "Ot; CUOx@ lQLDt u}ov=}t VwQ R= QDsm
xOt; 12 pwOH QO lQLDt u}ov=}t w w}UQoQwD= |v}@V}B VwQ wO |=Q@ |kqW QF=
QF= u}ov=}t |Q@=Q@ QiY ZQi OyO|t u=Wv u}ov=}t |Q@=Q@ G}=Dv xm u=vJ "CU=
hqDN= Cio u=wD|t w OwW|t xDiQ}PB �99 u=v}t]= K]U QO Cr=L wO QO |kqW

"OQ=Ov OwHw |kqW QF= u}ov=}t wO u=}t |Q=O=vat

|D} Q}Ot |=yxDi=} "4
?=NDv= |xwLv OQwt QO?U=vt|D} Q}Ot |=yVv}@ x�=Q= xar=]t u}= hOy|rm Qw]x@
|xQ}HvR QO |kqW QF= |Q}oxR=Ov= |=Q@ ?U=vt |=yQDt=Q=B w |v}@V}B |=ysDU}U
xOt; |D} Q}Ot |=yVv}@ R= |NQ@ w C}U=UL p}rLD xt=O= QO "Ow@ |L]UwO u}t-=D

"CU=
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1. bullwhip e�ect
2. moving average
3. exponential smoothing
4. autoregressiv
5. autoregressive moving average
6. weighted moving average
7. vector autoregressive
8. akaike information criterion
9. log-likelihood
10. root mean square error
11. median absolute percentage error
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