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V.

Moving average proces prveho radA(1)
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Simulované data z minulej prednasky

Correlogram of X4

Cate: 09/14/41 Time: 10:30
Sample: 1 200
Included observations: 200

Autocorrelation Fartial Correlation AC PAC Q-Stat Prob

E— === -0.578 -0.578 67.767 0.000
I A E= 0.134 -0.300 71.426 0.000

(- -0.077 -0.247 ¥2.631 0.000

C 0.072 -0.120 73.703 0.000

B -0.093 -0.172 75453 0.000
(092 -0.079 ¥7.270 0.000
-0.059 -0.072 78.006 0.000
0.028 -0.162 78.172 0.000
0016 -0.178 78.229 0.000
0.056 -0.081 78.903 0.000
-0.026 -0.028 79.052 0.000

-0.025 -0.072 73188 0.000
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o AR(p) proces - ACF rychlo klesa (monotdonne alebo
oscilujuco), PACF sa po p hodnotach rovna nule

e tu je to v podstate naopak nebude to AR proces
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Realne data s podobnou ACF

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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Realne data - pokt@vanie

e Odhadnuta ACF:

Correlogram of D{LOGPCOCOA)

Sample: 1560M01 2002M09
Correlogram of LOGPCOCOA Included observations: 512

Sample: 1960M01 2002M09

Included observations: 513 Autocorrelation Partial Correlation AC  PAC Q-5tat Prob
Autocorrelation AC | = 1 0313 0313 50303 0.000
1 EL 2 -0.012 -0122 50382 0.000
=== 1 po90g 1| 1 3-0.007 0.040 50405 0.000
=—=1| 2 0975 i 1|1 4 0.010 -0.003 50452 0.000
=——=1| 3 096 i i 5 -0.035 -0.043 51.101 0.000
E===1| 4 (955 | i 6§ 0.000 0032 51101 0.000
I 5 (.944 i gl 7 -0.043 -0.067 52087 0.000
== 5 0934 Il p 8 0.017 0.062 52235 0.000
E===1| 7 (924 I I 9 0.071 0.045 54.862 0.000
| | g (915 Ji D 10 0.097 0066 59751 0.000
== g ga0s il Il 11 0.018 -0.026 59.930 0.000
== 10 0394 ! |1 12 .0.012 -0.007 60.012 0.000
| | 11 0882 | |1 13 0021 0.013 60.247 0.000
— L R i r 14 -0 N RN BN RAN N AN

- 7 y . . ’
o Logaritmy - ACF klesa velmi pomaly- typicke pre

data, ktoré treba zdiferencovat

o Diferencie logaritmov - jedna vyrazne nenulova
autokorelacia, ostatné skoro nulové
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Priklad z prvej prednasky

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

o>  prer =1

Covlws, wrir| = { 0 prerT =23

1/2 pre T =1

Corlzs, Tiir] = { 0 prer =223

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

p+ up — Pur—q
sa nazyvemoving average proces prveho radu - MA(1)
 Woldova reprezentaciay =y + Y2 tjus—;
MA(1) proces:y = 1,91 = —5,¢; =0prej =2.3, ...
e Momenty a ACF:
Elzy] = p, Varlz] = (14 3%)0°

—Bo? pre 7 =1
C : —
ovlt, Tt1] { 0 preT =2.3,...

p _
— preT =1

Cor|zs, x — 1+52
7t, Tt { 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
1/2
= 2/5 =1
Cor[xt, $t+7] _ 1+1/4 / pre 7
0 preT =2.3,...

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

Yt = Ut + 2Uup—1

Potom:F|y:] =0, Varjy] =(1+4)x1=5
2

— =2/5 rer =1

Corlyt, Ye+r| = { e / i

0 preT =2.3,...
Procesyr; ay; maju rovnaki ACF— nedaju sa rozlisit
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MA(1) proces - zovseobecnenie prikladu

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

B _
— preT =1
Cor|xe, x — 1+52
zt, Tter) { 0 preT =2,3,...

» Predpokladajme teraz, ze mame danu hodnotu
p1 = p(1) a chceme z nej spatneditr koeficient s, t.).

B
P1 = 11 3
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MA(1) proces - zovseobecnenie prikladu

» Méme teda rovnicy = — 15 = 32+ L3+ 1=0

0.6

0.4 o - o
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S e S S R R
— dve rieseniad;, 3o, sgnaju 5,8, = 1.

e Procesy

1
Ty = p+up — Bug—1, T =+ U — SU—1

. o
maju rovnaku ACF

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

o Budeme sa snazifapisat’ proces v tvare AR{):

Tt = [b+ U + Y101 + Yoxy o +P3wr-3 + ...

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

vy = p+(1—pBL)wy
(1-BL) 2 = (1— L) ptu

(1 — BL)~! existuje preés| < 1, vtedy
(14+BL+ L2+ .. oy = p/(1 = B) +w

Ty + Bri—1 + BPai_o+ ... =p/(1 = ) +
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MA(1) - invertovatelnost procesu

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

o mame proces; =y + (1 — SL)uy

o koren polynébmul — gL je1/s

o podmienka invertovatelnosti teda hovori, ze kore

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

o Pripomaéme si vSeobecny vzorec;

det

(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:

¢ = p(1)

JS B GO R R A B €Y
o) P2 ) o) 0 ) )

O = = —
det ! p(L) det ! p(1) e
p(1) 1 p(1) 1
L p(1) (1) 1 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
P33 = = —
L p(1) p(2) 1 p1) 0 L= 2p(L;
det [ p(1) 1 p(1) det [ p(1) 1 p(1)
p(2) p(1) 1 0 p(1) 1
5, = —p(1)*
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Realne data - ceny kakaa

o Data zo zaiatku prednasky
o MA(1) model pre diferencie logaritmov cien:

Dependent YVariable: D(LOGPFCOCOA))
Method: Least Sguares

Oate: 08/14/08 Time: 1451

Sample (adjusted): 19680MO2 2002M09
Included ohservations: 512 after adjustments
Convergence achieved after B iterations

A Backcast 1960M01

Coefficient Std. Errar t-Statistic Frob.

C 0.002454 0.003738 0626614 08117
WA 0.352651 0.041550 0487292 0.0000
F-sguared 0112273 Mean dependent var 00023498
Adjusted F-squared 0110532 5.0, dependent war 0066320
=.E. of regression 0062548  Akaike info criterion -2.701880
Sum squared resid 1885221 Schwarz criterion -2 685324
Log likelihood HY4. 6813  Hannan-Cluinn criter. -2 6353480
F-statistic B4 50046 Durbin-\VWatson stat 1557514
Frob(F-statistic) 0.oooooo
Inverted MA Foots -.34
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Realne data - ceny kakaa

e |nvertovatelnost':

MA Root(s) Modulus Cycle

-0.352651 0.352651

Mo root lies outside the unit circle.
AREMA model is invertible.

o ACF rezidui:
Correlogram of Residuals

Sample: 1960M02 2002M09
Included observations: 512
(-statistic probabilities adjusted for 1 ARMA termi(s)

Autocorrelation Fartial Correlation AC PAC (-Stat

FProb

i ! 1 0.003 0.003 0.0055
i ! 2 -0.008 -0.008 0.0371
| ! 3 -0.014 -0.014 0.1382
| Il 4 0.032 0.032 0.6730
I ! 5 -0.0567 -0.057 2.3587
Il Il 6 0.037 0.033 3.073

|
|
| |
|
[
| |
gl gl 7 -0.062 -0.063 5.0529
| |
| |
| |
| |
| |
| |
| |

Il

Il 1L g 0.026 0.025 53311
Il 1L 9 0.034 0.037 60032
1 10 0.089 0.083 10.1581
! 11 -0.004 0.004 10130
! 12 -0.008 -0.015 10.224
! 13 -0.015 -0.008 10.336
! 14 -0.016 -0.024 10.471
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0.847
0.933
0.880
0.670
0.689
0.537
0.612
0.647
0.336
0.424
0.510
0.586
0.655
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VI.
Moving average procegteho radu- MA(Q)
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MA(q) proces - definicia a vlastnosti

o Nechu, Je biely Sum, potom

= p+up — Brug—1 — Boug—2 — ... — ByUi—q
sa hazyvanoving average procesteho radu - MA(Q)

» Woldova reprezentacia; =y + > .~ ¥jur—j

MA(CI) procesiyy = 1,11 = —[1, .. wq @pwj =0
pre; > ¢ — MA(Q) proces je vzdy stacionarny

e Momenty, ACF, PACF:
Elze = p, Varlzd =1+ 8{+...687)0°

Cov|x, x447] =0 preT=q+ 1,q+2,...
= Cor|zy, v ] =0 preTt=q+1,g+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 - ﬁlut—l e T ﬁqut—Q) X
(ut+T _ 61Ut+7—1 e T 6qut+7—q)]
— E[ut(ut+7 — ﬁlUHT—l e e T ﬁqutJrT—QH
—B1E 1 (upr — B1tlpyr—1 — ... — Bgllpyr—g)]
—ﬁqE[ut_q(uH—T — 61Ut—|—7—1 I ﬁqut—FT—Q)]
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MA(q) proces - definicia a vlastnosti

o Vypocet prvychg autokorelacii - pokreovanie:

(=81 + B1fBo+ ... + By-18,)0°
(—B2+ B1f3 + ... + By—28,)0"

T=1 = (1)

T=2 = (2

F—q = 2q) = (—8,)0"

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

e |nvertovatelnost':

Ty = WA+ u— Frup—1 — Poup—2 — ... — Byup—q
vy = p+(1—-060L—...—08,LY)u
» Existencia inverznéeho operatora
(1— 1L —...— 3,L9)~1 - korene polynému
1—pL—...—pB,L%=0musia byt mimo

jednotkoveho kruhu
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Cvicenie : simulované data

o Vyberova ACF a PACF z dat:

| Correlogram of Y

Date: 10/04/11  Time: 10:42
Sample: 1 150
Included observations: 148

Autocorrelation Partial Correlation AC PAC Q-5tat Prob
| = [ 1 0214 0.214 68844 0.009
E | BN | 2 -0.212 -0.270 13.740 0.001
Ff! I B3 3 0026 0.160 13.845 0.003
g ! N | 4 -0.061-0.198 14426 0.006
Lft | 5 0.037 0.190 14643 0.012
L] O ! 6 0.017 -0.160 14 687 0.023
L]t = 7-0.011 0.149 14707 0.040
N B g -0.020 -0.173 14770 0.064
o PACF nie je po nejakom e Clenov nulova—

nebude to AR proces

o ACF ma prvé dve hodnoty vyraznejsie, ostatné skoro
nulové— skusime odhadnut MA(2) proces
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Cvicenie : simulované data

o Odhadnuty MA(2) proces:

Dependent Variable: Y

Method: Least Squares

Date: 10/04/11 Time: 10:42

Sample {adjusted): 3 150

Included observations: 148 after adjustments
Convergence achieved after 7 iterations
Backcast: 12

Variable Coefficient  Std. Error  t-Statistic Prob:
& (1538822 00254438 2117305 0.0000
MA(T) 0505575 0.078037 6. 478657 0.0000
MAL2) -0.373660 0.078641 4.751449 0.0000
R-squared 0262481 Mean dependent var 0 538148

Adjusted R-squared 0252309 5.D. dependent var 035777
S.E. of regression 0273049  Akaike info criterion 0.261734

Sum squared resid 10.81062  Schwarz criterion 0.32248%9
Log likelihood -16.36834  F-statistic 25.80258
Durbin-VWatson stat 1.998332 Prob{F-statistic) 0.000000
Inverted MA Roots 41 - 91
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Cvicenie : simulované data

o Stacionarita - MA proces je vzdy stacionarny
o Invertovatelnost - je invertovatelny:

Inverse Hoots of AR/MA Polynomial(s)
specification: Y C MA({1) MA[Z2)

Date: 10/04/11 Time: 10:44

Sample: 1 150

Included observations: 148

MA Root{s) Modulus Cycle
-0.914272 0.914272
0.408657 0.408697

Mo root lies outside the unit circle.
ARMA model is invertible.
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Cvicenie : simulované data

o ACF rezidui, Q statistika - v poriadku:

Date: 10/04/11
Sample: 3 150

Time: 10:51

Included observations: 148
(i-statistic probabilities adjusted for 2 ARMA term(s)

Autocorrelation Partial Correlation

AC  PAC

Q-Stat

Prob

1
2
3
g 4
5
B

1! ¥
L] 8
Ig | g
I ! 10
I 11
RN 12
L] 13
RN 14
LR £
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-0.015 -D.015
0.025 0.025
0.069 0.060
-0.082 -0.081
0.062 0.057
-0.004 -0.003
-0.044 -D.038
0.033 0.019
-0.139 -0.128
0.064 0.063
0.053 0.053
0.041 0.083
0.049 0.018

0.067 0.074
M AAR NAAR

0.0325
0.1285
0.6652
1.6924
22881
2292
2.5360
2.767%
5.8385
6.4875
6.9495
7.2232
7.6173

9.1590
A CARD

0.415
0.429
0.515
0.682
0.762
0.837
0.559
0.593
0.642
0.704
0.747

0.773
n ang
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