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V.

Moving average proces prvého radivA(1)
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Data z minulej prednasky

Ben VogelvangEconometrics. Theory and Applicationswith EViews. Pearson Education
Limited, 2005.

Chapter 14.7. - The Box-Jenkins Approach in Practice

o Mesa&neé data, januar 1960 - september 2002

e pcocoa; - cena kakaa, zlogaritmujeme a kvoli
stacionarite budeme pracovat’ s diferenciami
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Data z minulej prednasky

e Odhadnuta ACF:

Series: diff(logpcocoa)

o
L)
. _
Q=
=L O
o [ T T Ll
o [T T I
I I [ I [ I
0.0 0.5 1.0 1.5 2.0 2.5

» Jedna vyrazne nenulova autokorelacia, ostatne skoro
nulove

ARMA modely c¢ast 2: moving average modely (MA) — p.4/24



Priklad z prvej prednasky

o Nechu, Je biely Sum, definujeme
Tt = Up + Up—1
o Vypocitali sme:
Elx:] =0, Var[zy] = 207

2
o preT =1
Covlzr, Teir] = { 0 preT =23
1/2 pre T =1

Corles, o] = { 0 prer =23

e ACF je nulova prer = 2,3, ... - presne ta vlastnost,
ktoru potrebujeme
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Zovseobecnenie - MA(1) proces

o Nechu, Je biely Sum, potom

T = p+ up — Pupq
sa nazyvanoving average proces prvého radu - MA(1)
» Woldova reprezentacia; = p+ Y- ¥jur—;
MA(1) procesy = 1,91 = —f5,¢; =0prej =2,3,...
e Momenty a ACF:
Elx] = p, Varlz] = (1 + 5%)o*

—Bo? pre T = 1

Covlar, Tir] = { 0 prer =223

)
——1f52 pre T =1

Cor|xt, Tiar| = <
21, e 0 preT =2.3,...

\
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MA(1) proces - priklady

1. Nechu, je biely Sum s rozdeleninv(0, 4), definujme

1
Tt = Ut + §Ut—1

Potom:E[z;] =0, Varlz] = (1+(1/2)?) x4 =5
(12 2/5 preT =1

Corlws, wpyr) = { 1T~
0 preT =2,3,...

\

2. Nechu; je biely Sum s rozdeleninv(0, 1), definujme
Y = U + 2up—1

Potom:F|y:] =0, Varjy] =(1+4)x1=5

{ﬁ_2/5 preT =1

COT[yta yt+¢] — 0 ore T — 2.3

Procesyr; ay; maju rovnaku ACF nedaju sa rozlisit
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MA(1) proces - zovseobecnenie prikladu

o Majme MA(1) proces, t.J. ACF tvaru

Cor|zy, Tiqr] =

,
—ﬂ%§ pre T =1

0 preT =2.3,...

\

» Predpokladajme teraz, ze mame danu hodnotu

p1 = p(1) achceme z

pL=—

nej spatneditr koeficient 3, t.}.

B
1+ (52

= 0 =7
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MA(1) proces - zovseobecnenie prikladu

o Mame teda rovnicu, = — 25 = 2+ L3+ 1=0

0.6

0.4 3 : e
//w
0.2 , SRR

o 0

-0.2

-04F

S I e S S R R
— dve riesenia, 5o, sgnaju sy = 1.

o Procesy

1
Ty = p+up — Bug—1, T =@+ U — U1

. p
maju rovnaku ACF

o Ak chceme jednozr@nu parametrizacipotrebujeme
dodat d'alSiu podmienku.
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Invertovatelnost’ procesu

o Budeme sa snazifapisat proces v tvare AR{):

T = [l + U + Y101 + Yoxy o +P3wp3 + ...

- ak sa to da spravitphroces sa nazyva invertovatelny
o Pre MA(1) proces:

vy = p+ (1—BL)uy
(1-BL) e = (1— B0 ptu

(1 — L)~ ! existuje pres| < 1, vtedy
(14+BL+ L%+ .. oy = p/(1 — B) +w

vt + Bri_y + Brro + ... = p/(1 = B) + uy
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MA(1) - invertovatelnost procesu

o Dostali sme tedaodmienku invertovatelnosMA(1)
procesuls| < 1
o Iny zapis tejto podmienky:

o mame proces; =+ (1 — SL)uy

o koren polynébmul — gL je1/p

o podmienka invertovatelnosti teda hovori, ze kore

1 — 8L = 0 musi byt v absolutnej hodnote vsi
ako 1, tedamimo jednotkovéeho kruhu
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MA(1) - vypocet PACF

o Pripomaé&me si vSeobecny vzorec;

[ 1 p(1) .. p(1) )

det

\ p(k—=1) p(k—2) ... p(k) )

[ 1 p(1) ... p(k—1)
o(1) 1 . plk—2)

(1) Prr =

det

\ p(k—1) p(k—2) ... 1)

o Pre MA(1) proces j@(k) =0 prek =2,3,...
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MA(1) - vypocet PACF

o PACF sa (narozdiel od AR procesu) nevynuluje:

¢ = p1)

P A NTC R WY A (Y
bW p@ ) e 0 )y

ODY = = —
det ! p(1) det ! p(1) e
p(1) 1 p(l1) 1
1 p(1) p(1) L p(1) p(1)
det [ p(1) 1 p(2) det [ p(1) 1 0
p(2) p(1)  p(3) 0 p(1) O p(1)3
o33 = = = 5
1 p(1) p(2) 1 p(1) 0 L= 2p(1)
det | p(1) 1 p(1) det [ p(1) 1 p(1)
p(2) p(1) 1 0 p(1) 1
5, = —p(1)*

(1= p(1)%)? —p(1)?
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|

Realne data - ceny kakaa

o Déta zo zaiatku prednasky

o MA(1) model pre diferencie logaritmov cien
(premenng vo vystupe z R-ka):

> zarima(v,0,0,1,details=FALSE)
£fitc
Call:
stats: rarima (X = xdata, order = cip, d, g9}, =Seasonal = li=t (order = c(P, D,
Q), period = 5), Xreg = xmean, include.mean = FALSE, optim.control = 1li=s$s
EEPCET = 1, reltol = tol))
Coefficients:
mal Xmean
0.3520 0.0024
=z.e, 0.0402 0.0037
Sigma™2Z2 estimated a= 0.003897: log likelihood = €93.861, aic = -1381.21
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Realne data - ceny kakaa

e ACF rezidui:

ACF of Residuals
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o Ljung-Boxova statistika:

p values for Ljung-Box statistic

p value
04 08

L1 1 1 1 1
u]

0.0

lag

o Model vyhovuje
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VI.
Moving average procegteho radu- MA(Q)

ARMA modely cast 2: moving average modely (MA) — p.16/24



MA(q) proces - definicia a vlastnosti

o Nechu, Je biely Sum, potom

T = b+ U — Prup—1 — Pour—2 — ... — Bgt_q
sa hazyvanoving average procesteho radu - MA(Q)
» Woldova reprezentacia; = p+ Y- ¥jur—;

MA(Q) procesg = 1,91 = —B1,...9g = = B4, ¢ =0
pre; > g — MA(Q) proces je vzdy stacionarny

e Momenty, ACF, PACF:

Ele = p, Varle] = (1457 +...87)0”
Cov|xy, x447] =0 preTt=q+1,q+2,...

= Cor|zy, v =0 preTr=q+1,qg+2,...
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MA(q) proces - definicia a vlastnosti

» Vypocet prvychg autokorelacii (mézeme uvazovat

1= 10):
COU[I’t, th+7] — E[(Ut - 51“75—1 T oee e T ﬁqut—q) X
(ut+T — 51Ut+7—1 e T 6qut+T—Q>]
= E[ut (Ut+T — 61Ut+7—1 e T 6qut+T—Q)]
—B1E w1 (upr — Brtlpyr—1 — ... — Byllpyr—g)]
—BqE[ut—q(ut—l—T — Blut—I—T—l .. T 5qut+T—Q)]
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MA(q) proces - definicia a vlastnosti

o Vypocet prvychg autokorelacii - pokreovanie:

(—B1+ B1fB2 + ...+ By_184)0°
(—B2+ B1Bs + ... + Bg—2Bq)0”

T=1 = (1)
T=2 = (2

Fq = (g) = (—By)o”

o PACF- dosadenim vypdtanych autokorelacii do
vSeobecného vzorca (1)
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MA(q) proces - definicia a vlastnosti

e |nvertovatelnost':

Ty = A+ u— Srug—1 — Poup—2 — ... — Byui—q
vy = p+(1—-50L—...—B,LYuy
o Existencia inverzného operatora
(1= B1L — ... - B,L9)~1 - korene polynému
1—pL—...—p,L%=0musia byt mimo

jednotkoveho kruhu
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Cvicenie

o Diferencie logaritmov cien kakaa - vyberova PACF:
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o Priebeh PACF- odhadnime AR(2) model
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Cvicenie

o Odhadnuty model:

W]

> zarima(v,2,0,0,detail==FLL3SE)

£Efic

Call:

statz:iarima(x =
), period =
REEPCET = 1,

xdata, order =
5), xreg =

reltol = tol))

Coefficients:
arl

0.3522

0.0435

EmMean
0.0024
0.0036

ars
-0.1170
s5.2. 0.0438

gigma”? estimated as 0.003899:

= =
Xmean,

sgeasonal = li=st(oxrder = (P, D,
optim.control = 1liss

d, dl.
include.mean = FALSE,

log likelihood = £93.47, aic = -13T7EB.94
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Cvicenie
o ACF rezidui:

ACF of Residuals

ACF
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o Ljung-Boxova statistika:

p values for Ljung-Box statistic

p value
04 08

L1 1 1 1 1
u]

0.0

o Aj AR(2) model vyhovuje
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Cvicenie

o Ako je mozné, ze vyhovuje] MA(1) model, aj AR(2)
modeP

e Uvidime, Ze nie su "az tak" odliSné

e CVICENIE:

Vypocitajte Woldovu reprezentéaciu tychto dvoch
procesov a porovnajte ich
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