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Analyzacasovych radov

o Mame mesanée data - poty cestujucich aerolinkami:
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rok

G. E. P. Box, G. M. Jenkinglime Series Analysis: Forecasting and Contral

o Otazka: aky bude d'alsi vyvoj?

o Intuitivne: zachova sa rastuci trend a sezdénnost (ak
nenastane nejaky Sok)

e Ako to vyjadrit kvantitativne? Ako wit presnost
odhadov, ako zostrojit’ intervalovy odhad?

Uvod do modelovania éasovych radov v softvéri R — p.2/7¢



Box a Jenkins

. Time Series Analysis:
Forecasting and Control, 4th
Edition

George E. P. Box, Gwilym M. Jenkins,
Gregory C. Reinsel

ISBN: 978-0-470-27284-8

Time Series

Hardcover

Analysis s

"A modernized new edition of one of the most trusted books
on time series analysis. Since publication of the first editi

In 1970, Time Series Analysis has served as one of the mos
Influential and prominent works on the subject."”

http://eu.wiley.com
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Box a Jenkins

"The first
as a brea

S

paper you wrote with Jenkins has been considere
Kthrough In statistics. How do you become

Interested

INn time series?"

Rozhovor s G. E. P. Boxom po oslave jeho 80. narodenin

http://halweb.uc3m.es/esp/Personal/personas/dptal@s/boxIJFinter4.PDF
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Softvér R, nacCitanie a zobrazenie dat
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Softvéer R

http://www.r-project.org/

o Free software
» Baliky (package) so Specializovanymi funkciami
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Spustenie R

Eile: Edit Miew Misc Packages ﬂindcrw; Help

S CIEEEICE

R R Console ||

B version 2.13.2 (Z2011-0%9-30)

Copyright (C) 2011 The B Foundation for Statistical Computing
ISEM 3-900051-07-0

Platform: i38b-pc-mingw3Z2/1386 (32-bit)

E iz free software and comes with ABSOLUTELY NO WAREAMTY.
You are welcome to redistribute it under certain conditions.
IType "license|)' or '"licence ()" for distributicon details.

E i=s a collaborative project with many contributors.
IType '"contributors()' for more information and
"'citation()' on how Lo cite B or B packages in publications.

Iype "demo ()" for saome demos, 'help ()" for on—-1line belp, or
'Belp.=start )" for an HIML browser interface to helrn.

Type "gli)"'" to guit E-.

> |

CTRL+L - vymaze sa okno (premenné v pamati zostavaju)
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Nastavenie pracovného adresara

o Budeme odtial naitavat data, ukladat'.
o Prikazsetwd- skratka zcset working directory
o Napriklad:setwd("e://CRVR")

- I RGui :
@Dﬂ d Data(E] » CRWR File Edit View Misc Packages Window
F ’ S EIBEAEEINE
Nazov Datum nasnimania Znacky % R Console
. BIF o setwd('e://CRVR")
| Textowy dokument
{ 718E
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Nacitanie dat

o V pracovnom adresari mame sul@ortxt s datami

e Nacitanie datdo R:

y=read.table("air.txt")
- data zo suborair.txt sa ulozia do premenng;
o Napisanim nazvu premennej ju vypiseme.

yveread. table (‘aizioxs')

bt

= B =1 o i el Ld R

Vi
3312
1318
132
128
1231
135
148
148
136

B X218
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Transformacia dat

o Premenné sa daju transformovat'.

o Napriklad sme videli, ze pre data, ktoré sme prave
nacCitali, sa modeluju ich logaritmy.

o Prepiseme premenmiviozime do nej jej logaritmus
(log prestavuje prirodzeny logaritmus):

y=log(y)

> y=log(¥]

b

Vi
- 184849
. TTO6ES
.882802
-858812
SIBRE
903273
L2972 3

d neon oW L R
B T T = T R~
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Casova Struktira dat

o NaSe data majaasovu Strukturu, do R tato informaciu
zadame prikazorts (skratka zime seriey napr.ts(y)
je casovy rad vytvoreny z dat v premennej

o frequency - frekvencia dat (mesaeé - frequency=12,
kvartalne - frequency=4)

o start - napriklad:

o start=c(1990,1)pri mes&nych datach je 1. mesiac
roku 1990

o start=c(1990,1)pri kvartalnych datach je 1.
kvartal roku 1990

o My mame mesene data zeéinajluce v januari 1949,
takze:

y=ts(y, frequency=12, start=c(1949,1))
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Casova Struktira dat

>oy=taiy: Freguepoy—12 start=c{1549,.1) |
5 W
Jan Feb Mar Apr May oun ol
18493 4.718499 4.7T0aE85. 4,.882802 4. 850812 4_795791 4.905275.4.,897212
1850 4.7445332 4.8362582 . 4.948760 4.905275:-4.828314 5.00394€ 5.1357598
1851 4. 976734 5 0306355181788 S 0083750 501474584 5181784 52093305
18952 . 5.143664 51820957 5. 262600 501098497 520094846 .5.384495. 5. 438079
1853 527815 527815« 5. 303832 5. 459580 5. 333722 - 5.3453061 5. 575845
1854 5. 3181208 523649432 .5.859588 . 5.9248950 - 5.355321 5. 575949 5. 719427
1855 5.9880838. 5. 481038 5. 5873498 5. 50894711 5. SOR432 B _JTRISTI LK. BOTI54
1856 5.6£45974 5.624018 5.758902 5.T746€203 5.762051 5.9242506 6.02344%5
18957 - 5.752573 .5.T707110-.5:8745931 5852202 5.872118 ..6. 0450056142037
1858 5.828840 57620501 5.891644 5.852202 5.8894403 6.075346 €.136444
1959 5.386104 5.834811 6£.006353 5.981414 £.040255:6.156979  6.306275
1960 &£.033080 S5.965708 6£.037871 €.133398 6£.156979 6.282267 &£.432940
Aug Sep Cct How Dec
1949 4.897212 4.912655 4.779123 4.644381 4.7TO0685
18580 -5.,335798 5. 0625954890349 4.7306188 4.941642
1951 5.293305- 5214936 5. BETE9E 4. 98 3607 5111588
18952 - 5.48858938 - 5.342334 5252273 .5.147484 5. 267858
1853 5. 605802 5. 468060 5 351858 5.302957 -5:..303305
1954 L5.680173 . 5.556828 5.433722 5.313206 . 5.433722
18555, 849325 5.T43003 . 5. 013128 5.49468060 - 5.627621
1956 6.003887 58723118 5. T23585. - 5.602119:- 5. T23585
1857 &6.146325% 6.001415: 5. 8453325 5.720312 5. 817111
1858 &.224558 &£.001415.-5.883322 5.736572 5.8320083
1859 6. 326145 6. 137727 6. 088813 5.891644 6. 003887
19640 &£.406880 £.230481 £.1333598 5.966147 £.0658426
> |
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VVykreslenie priebehu

o Prikazomplot(y) vykreslime premenny
» Casovy rad bude mat na x-ovej osi mat spraviag

% R Graphics: Device 2 (ACTIVE) E=HEol ="
=2
D
; -
o
=

I I I I I I
1950 1932 1954 1956 1958 1960

Time
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VVykreslenie priebehu

o xlab (popis x-ovej osi)ylab (popis y-ovej 0si), ...
e Spravime:
plot(y, xlab="rok", ylab="log(air)")

logiair)

5.0
|

I I I I I I
1930 1952 1954 1956 1958 1960

rok
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1.
Autoregresne (AR) modely
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Priklad

» Co sl AR modely?

o PrikladCasového radu (index ozn&uje cas:
t=1,2,.3,...)":

Tt — O.8£Ct_1 + Uy

kdew je ndahodnéa odchylka
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Priklad

o Ukazka priebehu:

0 20 40 60 &0 100

Time
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A

R procesy

» Casovy rad z predchadzajuceho prikladu:
T = 0.81:-1 + uy

o Hodnota procesu zavisi ¢gobdnot toho isteho procesu
v predchadzajuich obdobiach nazyva sa
autoregresny proces

o Explicitne zavisi odednej predchadzajucej hodnoty
autoregresny procegsveho radu

o Ozn&ujeme:AR(1)
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A

R procesy

o Dalsie priklady:
o xp = 022,71 +u; - AR(1) proces
o xp =x4-1 — 0.92,9 +u; - AR(2) proces
o = 0.601 1402249 —0.32:_3+us - AR(3) proces
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Ako vyzeraju priebehy AR procesov

o Ukazka:

R R Consale (==
> y=arima.simin=50,lizt far=c{0.6,0.2,=0.3})}) i
> platiy)
> | 0 =
T R Graphics: Device 2 (ACTIVE) f G |
N —
= o -
o
]
I | [ | [ |
0 10 20 30 40 50
Time
o
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Ako vyzeraju priebehy AR procesov

e Iny proces:

R R Conhsole E=E B CT >l
Fymaring. Sinin=ol i liantar=e (1 =008) 1 ) {
plotiv)
> | 5 R Graphics: Device 2 (ACTIVE] == ECR 55
-q— —]
W —
1N ]
L R
I
LU R
[]
[ I I [ I [
0 10 20 30 40 20
Time
4
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Staciondrne procesy

o M0zeme narazit na problém:

T R Console
> y=arinms AN ian=sls last {ar=c{i,=1}} ]
Error in arima.=2imnin = 59, listlar = of{il, —=L)¥} =

ar' part of model iz not stationary
> |

o Otazka:Co znamena ttis not stationary"a preo je to
problém?

o Co jestacionarny proces

o matematicky: stredna hodnota, disperzia,
kovariancie sa hemeniadase

o praktické problémy: v datach je trend (t.j. meni sa
stredna hodnota)

e AR (aJ ARMA) modely sa daju pouzit' len ak su
stacionarne
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Staciondrne procesy

o Ak je v datachtrend, treba pouzitiny model(budeme
robit neskor).

o Napriklad data zo Zaatku - cestujicu lietadlami:

6.0

log(air)

5.0

| | |
1950 1952

|
1954 1956 1958

1960
rak

- rastuci trend
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Priklad 1

o Data:
The Econometric Modelling of Financial Time
Series
View Observations Download Observations
(right click on txt file)
R5: 91 day Treasury Bill rate, maonthly, March 1952 to RS

CDecember 2005 (648 ohservations)

R20: Yield on 20 Year UK Gilts, monthly, March 1952 to R20
Cecember 2005 (648 ohservations)

—
R5Q: 91 day Treasury Bill rate, guarterly, 195201 to RS0
200504 (216 observations)
R20Q: Yield on 20 Year UK Gilts, quarterly, 1952Q1 to R200Q
200504 (216 observations) VI

http://www.lboro.ac.uk/departments/sbe/cup/datal.htm

o Budeme modelovaspread - rozdiel medzi dlhodobou
a kratkodobou urokovou mierou
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Priklad 1

o NacCitame data do R:
rs=read.table("RSQ.txt")
r20=read.table("R20Q.txt")
o Vytvorime modelovanu premennu:

spread=r20-rs
spread=ts(spread,frequency=4,start=c(1952,1))
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Priklad 1

e Priebeh premennegpread

o —

'q-_

N_

i —

| -

‘C!'_

I I I I I I
19350 1960 1970 1980 1990 2000

o Otazky:
o Ako odhadnut parametre zvoleneho modelu?
o Ako si vybrat model, ktory ideme odhadovat'?
o Ako overit, Ci sme vybrali dobry model?
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Ako odhadnut parametre

e V R boli urCité problemy s odhadovanim tychto
modelov (pOZI'.http://v\ANW.stat.pitt.edu/stoffer/tsaZ/Rissues.)tm

o Budeme pouzivat skripty na pracicasovymi radmi
Z0 stran IQ/nttp://WV\AN.stat.pitt.edu/stoﬁer/tsa,?))\/éetky Sa dajl:I
stiahnut v subord¢sa3.rda- nie su sgastou R, priich
pouziti treba uviest' referenciu

o NaCitame:
load("tsa3.rda")

o Parametre modelu odhadujeme funkcsauima .
o AR(p) model pre daty:

sarima(y,p,0,0)

Uvod do modelovania ¢asovych radov v softvéri R — p.27/7¢



Priklad 1 - pokraovanie

o Odhadnem@&R(1) modelprespread

IR R Censole = [&]E=]
Fosgrimg (Spread,. 1 0, 8, decrila=FALSE) 2
Sfit i e : =
I R Graphics: Device 2 (ACTIVE) =|[-=-[E3=
Call:
arima(x = xdata, order Standardized Residuals
Xreqg = Xmean, incly
reltol = taoll) ]
e
Coefficienta: T T T T T T
arl HImEaAn 1850 1980 1970 1880 1550 F000
O.5155 A.04F3 )
s.6. 0.0266 ©0.5491 Time
2igma™2 eatimated as.-gO ’ .
® ACF of Residuals @ Normal Q-G Plot of 5td Residuals
SAIC o E -
A o el | L
(1] ©O.34631&84 63 = o
L :I % o __|:_I____I__|._III____|_I_'___I___ E "—\:’I ——Eﬂ/ﬂ—
& I T | T I | = foe 1] T | T | I
5 =
BLEE §. 2 B 4 B B 2 e T R T T
[1] ©0.3561018
LAaG Theoretical Quantiles
ERIC
[1] -0.&22429
p values for Ljung-Box statistic
> |
g m
€| !;_Tu' e
. n -
(=l = e e Y e e e e e e e e e e e e e e e e e e e T e e e e e e e e ey
[ I
5 10 15 20
lag
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Priklad 1 - pokraovanie

e Odhadnem@&R(2) modelprespread

R B Censole E=ali=AlEs

> =arims (zpread; 2,;0,;0,detail==FALSE) =

efit [ i :
I5L R Graphics: Device 2 (ACTIVE) ==

B b B

arima(x = xdata, order
Xreg = Xmean, incl

reltol
Coefficient=s:
arl
1.18858
;N 0.0658

= tol})

fu

M
oy P

[}
R
oy o

o
]
i
=]

gigma™2 estimated a=s O

$aICc
[1] 0.277955

Standardized Residuals

40 4
L1l

1950 1860 1870 1820 1550 2000
Time
ACF of Residuals i Normal Q-(1 Plot of 5td Residuals
L i] E i =1 = —
e e ;EM
5 T T | | T | Sl | | T T |
1 2 3 4 5 6 a -3 -2 - 0 1 2 3
LAG Theoretical Quanties
p values for Ljung-Box statistic
[+4] [}
2 o
E g FeweiBa e el T B8 B B T B vevsmnennaed
o T T T T
5 10 18 20

lag
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Viyber a testovanie vhodnosti modelu

e Znovu sa dostavame k otazke:niektory z tychto
modelov dobry, t.. dobre popisuje vyvoj premennej
spread?

e Rezidua modelu:

reziduum = (skutona hodnota) - (hodnota odhadnuta
modelom)

e Rezidua musia byt nezavislé.

o Mame teda konkrétnejSiu otazk#iko zistit, Ci su
hodnoty nezavislé?
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Autokorela&na funkcia

o Autokorelana funkcia(autocorrelation functiom\CF)

o korelacia medzi hodnotami dnes a hodnotami pred
k obdobiami:

ACF (k) = Corr(zt, xs_y)
o nezavislost
ACF(k)=0

o odhadnutad ACF z dat: ak je hodnota vnutri
vyznaeného intervalu spoflahlivosie "mala”,
neodliSuje sa Statisticky vyznamne od nulg, sa
povazovat za nulovl

o Pre rezidua dostanem&CF rezidui musi lezat
vnutri intervalov spolahlivosti
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Priklad 1 - pokraovanie

e R Console =@ [z5]
Fo2arimg |l fpread, 1 0,8 detaiia=FALSE) =
$fit (r— =
I R Graphics: Device 2 (ACTIVE) [ = [ = [
Call:
arima(x = xdata, order Standardized Residuals
Xreg = Xmean, incliy
reltal = tal}) -
o

Coefficients: T T T T T T

ari XInEan 1950 1960 1970 1830 15990 2000

.8156 1.0473

s.6. 0.0%66 0.5491 ~ Time
2igma™2 estimated as o < .
ACF of Residuals i Normal Q-0 Plot of 5td Residuals
EAIC iy E [a =S
5 i s =1, L
[1] ©.3463184 o5 = =
.-|-:| % o __I:_I____|_4_II____|_I____I___ ?:.’ L"\I-l __p/ﬂ-
= T T | T I T = [ | T | T T
SAICE s
1 2 3 d 5 3] o =3 -2 -1 i 1 2 3
[1] ©0.3561018
LAG Theoretical Quantiles

EEIC _../

[1] =0.622429

¥ I
5

FE

p values for Ljung-Box statistic

P walle

oo os

e o e e e e i i i o o Py o o o e g s g s e g e g ey ]

lag
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Priklad 1 - pokraovanie

o ACF rezidui z AR(1) modelwfavo) a z AR(2)
modelu {pravg

ACF of Residuals ACF of Residuals

o

]
e ey My R e s G G B S G G G
e e S S g = L] I

i R T e T e e R 5 A P N e P o sl B 27T o R P R

o =

' I | I T I | ' | T | I | I

1 2 3 & 1 2 3 4 5 5
LAG LAy

o AR(1): prva hodnota prilis velka, aj zopar d'alSich
o AR(2): vyhovuje
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Dalsi test reziduf

o Ljung-Boxova Statistika testuje,Ci su korelacie do
raduk vSetky sicasne nulove

p values for Ljung-Box statistic

p value
oo o4 08

__tl___lj'__Ei__'l‘T'l___Cl'__'I:l___cr__ﬁ__tll___lj'__ti__TI___I:I'__EII__T__Cl'__ﬁ___lj'__tli__

10 15 20

lag

o P hodnota najmensSia hladina vyznamnosti, na ktorej
sa hypotéza zamieta

« Standardne sa pouziva 5 percentna hladina
vyznamnosti - na obrazku je vyzoena (0.05)

e P hodnoty pre rezidua teda musia byt nad
vyznacenymi 5 percentami.
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Priklad 1 - pokraovanie

e R Console =@ [z5]
Fo2arimg |l fpread, 1 0,8 detaiia=FALSE) =
$fit (r— =
I R Graphics: Device 2 (ACTIVE) [ = [ = [
Call:
arima(x = xdata, order Standardized Residuals
Xreg = Xmean, incliy
reltal = tal}) -
.
Coefficients: T T T T T T
aril FIpean 1950 1960 1970 1930 1590 2000
0.9158 1.9473 a
s.e. 0.0266 0.5491 T
2igma™2 estimated as o b .
ACF of Residuals w Normal Q-Q Plot of 5td Residuals
EATIC o E [ =
F B =X o —
[1] ©0.34631E4 & = e T _
.-|-:| E o __I:_I____|_4_II____|_I____I___ ?:.’ L"\I-l __p/ﬂ-
g T T | T T T o e | T | T |
SAICE T
1 2 3 4 5 o o - -2 -1 0 1 2 3
[1] 0.3561018
LAG Thegretical Quanties
EBIC
[1] -0.622429 -~ .
p values for Ljung-Box statistic
> |
: o m
€| 5_7;: i
: o 3
o = ol 2 el 2 el 2 el ' el s o el el el 2 el = Pl sl Pl 2 e el 2 bl e el o el e ol ex Sl
=
5 10 15 20
H—_ |Eg __J
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Priklad 1 - pokraovanie

o Q Statistika pre AR(1) model - model zamietame

p values for Ljung-Box statistic

p value
oo o4 08

“ti“‘r_'-"‘ti“'?“‘c-'“t-“‘tr“ﬁ"'?“‘c-“‘ti“ti“‘c-'“tll““cr“c-'“ti‘“r_'-'“tli“
10 15 20

lag

o Q statistika pre AR(2) model - model vyhovuje

p values for Ljung-Box statistic

.
o
]
5 5
B o4 o o 5 o
o B o g o o a H
o
] DR o o o o o
O Fmmmm e e e e
= | 1 | |
10 1 20

lag
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Predikcie

o Ak sme nasli dobry model, vieme robpredikcie
buducich hodnot

o Ak mameAR(p) model pre datg, predikcie pre
nasledujucich K obdobidostaneme prikazom

sarima.for(y,K,p,0,0)
o NAas priklad:
o premenn&pread
o AR(2) model

o spravime teraz predikcie pre nasledujucich 5 rokov,
t.J. 20 kvartalov (mame kvartalne data)

Teda:
sarima.for(spread,20,2,0,0)
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Priklad 1 - pokraovanie

Dostaneme:

spread

1980 1965 1950 1995 2000 2005 2010

Time

- predikcie+ intervaly spolahlivostsi
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AKko si vybrat’ model na odhadovanie

R6zne modely implikuju réznu zavislost medzi
hodnotami premennej

O tomto hovori aputokorelgna funkcia- jedna z
pomocok pri ucovani modelu

Dal3ou jeparcialna autokoretaé funkcia- PACF(k)
vyjadruje korelaciu medzt, ax;_, po cCisteni o vplyv
Lt—1yee e Tt—f—1-

AR(p) proces je charakteristicky tym, ze

PACF(k)=0 prek=p+1,p+2,...

Softvér R - odhad PACF premenngej acf2(y)

Prvych p hodnot PACF je velkych, ostatné blizke
nule - toto nasveduje tomu, ze ide o AR(p) proces
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Priklad 1 - ACF, PACF

o ACF, PACF premenngpread

acf2(spread)
e Dostaneme:
g:_"{'J'j"‘"‘"L'*"I""|"i"'|"l""""f" """""" o
B —5— T — T — —
1 2 A 4 ) 6
LAG
éz_{
T Fia s e T i DA
e R i
1 2 3 4 o G

o Na zaklade tohto grafu zaeme tym, ze vyskusame
AR(2) model
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Zhrnutie

o NacCitame data.

o Zobrazime ACF a PACF.

o Rozhodneme sa pre model, ktory ideme vyskusat'.
o Odhadneme zvoleny model.

e Pozrieme sa na rezidua - autokoosla funkcia,
Ljung-Boxova Statistika

o Ak model vyhovuje, zapiseme si jeho koeficienty a
spravime predikcie
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Este raz spread - cely postup

o NaCitame data.
e Zobrazime ACF a PACF.

HHHHHH, ——————————— i

ACF
02 04 10
[ )

1 , 3 4 5 6
LAG
o

Sl {

S ]

I A A e M A Ao o i s s
. e TR PN o e N o AP R e e N RS R P L L o N NP e
o Loesg
! | | | | | |

1 2 3 4 5 G
LAG

Na zaklade tohto sa rozhodneme pre AR(2) model.
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FSte raz spread - cely postup

o Odhadneme AR(2) model:

R R Corisole E=AINSH |l
*> sarima [spread,2,0,0,detail=s=FALSE) =
sfic i : ;
I R Graphics: Device 2 (ACTIVE) =] =
Call:
arima (x = xdata, order Standardized Residuals
Xreg = xmean, incly
RhEel T R g hwwwﬁwwvw%w
|:| -
Coefficient=: T T T T T T
arl arl2 1950 1960 1970 1980 1880 2000
1.180% -0.2886 -
s.e. 0.0650 0.0851 B
gigma"2?2 estimated a=z O . .
ACF of Residuals @ Normal (10 Plot of 5td Residuals
SAIC , E 4 -
1] D.2678181 o i e Rt b Hharr st g o :M
e s W i e e Pt o T1—2
st 24 | T 1 T | T - iy 1 T T | T T
b 5 1 2 3 4 ) g o -3 -2 -1 0 1 z 3
[11 0.277855
LaG Theoretical Quanties
SBIC
(1] -0.6853031
p values for Ljung-Box statistic
=
R
4 w® O 3
I 2 a Dm0 020 e 808 B B 0 B e
o | ] | |
) 10 T 20
lag
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Este raz spread - cely postup

o Skontrolujeme korelaciu v reziduach (ACF,
Ljung-Box) - je to OK:
[ i R Graphites: Deviee 2 (ACTIVE) ==

Standardized Residuals

1850 1850 1870 1820 1880 2000
Time
ACF of Residuals @ Normal Q-G Plot of S5td Residuals
L 8 E - — R
o e e g o -_M_
% o ] P TPy [ J.__I____I_ _______ o Pk e
5 T T T T T T B T T T T T T
1 2 3 4 8 L SN S, SR ) S 2 3
LAG / Theoretical Cuanties
p values for Ljung-Box statistic
o]} [1a]
3J o
= o :__D___E__E__f'__f'__f___‘:‘___n___‘:'___‘:‘___n___cl__cl__i__u__e___':‘__p__
B s T T T T
10 15 20
~""'Ilun__ IEQ __-ll""
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FSte raz spread - cely postup

o ZapiSeme si parametre modelu:

i% L Cansoie

o parima spread, 2,0, 08, deteil s=TAT

ifdt o :
2 R crapnic
Call:
arimai{x = xdata, order
¥rog — HEReon, imely Coefficients:
reltol = tol)) g aril ar Xmean
1. 1809 —g.2886¢ .I1.04989
Coefficients: =.e. 0.0650 g.065F 0.48232
arl arl
¥ o = R 9.288%

gve.  0.0650 0.06851

sigma”s estimated as 0

SAIC
[1] O.2&78181

ACF
0.2

i1

i

SAICe
[1] O,277955

1

$BIC
[1] —-0.6853031

> |

[2h

p valug

oo o8
|
=]
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FSte raz spread - cely postup

o Spravime predikcie:

spread

1980 1983 1950 1995 2000 2005 2010

Time
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1.
Moving average (MA) modely
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Priklad 2

o Déta - mesane, januar 1960 - september 2002:

Empirical data sets

Format: Microsoft Word® .doc

instructions (=0.1 MB)

Format: Microsoft Excel® xls

- All of the following files are described in Chapter 2 of the book:

The examples

proccoftea (<0.1 MB) pcdata (<0.1 MB)

The macroeconomic data

http://lwww.pearsoned.co.uk/highereducation/res@ivogelvangeconometrics/

e pcocoa.txt- ceny kakaa zo subomcoccoftea.xls

e pcocoa=read.table("pcocoa.txt")
ncocoa=ts(pcocoa, frequency=12, start=c(1960,1))
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Priklad 2

o Modelujemerelativnu zmenu cerfpreco nie priamo
cenu - kvoli stacionarite, podrobnejsie neskor), t..
rozdiel logaritmov

o Rozdiely (diferencie) v Rdiff() ,teda
y=diff(log(pcocoa))

e Priebenh:

IIIIII IIII

[ I I I I
1960 1970 1980 1990 2000
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Priklad 2

o ACF a PACF premennsgy:

Series: y

o
[
Sl
-:I:!:!
T
i e e e b o e e e o 50 e
| i | | | |
0.0 0.5 1.0 15 2.0 25
LAG
© |
[
6 -
< _|
gc’_ L
. O S Rt i v e Yl 1 N e S A TR e =T e s T i - il ey o
o i P T T s R 57 2 T e e
[ | [ [ [ [
0.0 05 1.0 15 20 25
LAG
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Priklad 2

o Pripomeéme si,Co vieme 0 AR procesoch:
Prvychp hodnot PACF je velkych, ostatné blizke nule -
nasvedcuje to tomu, ze ide o AR(p) proces

o Tu to ale vyzera skor naopalkedna vacsia hodnota
ACF, ostatneé skoro nulové

Series: y
o
o
il
= O
= "L """""" 4 s i TR U e T el e Rl et e [ =]
e e e A o P e G O IO A ) T e e N PR P R e
I I I I I I
0.0 0.5 1.0 1.5 2.0 2.5
LAG

o Takduto vlastnost maju tzymoving average procesy
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MA modely

AR proces, napr. AR(2)i; = 241 — 0.924_9 + uy, L. |.
kombinacia niekolkych predchadzajucich hodnot
procesu + sum

MA proces napr. MA(2):x; = uy +us—1 — 0.9us o, 1. J.
kombinacia hodnot Sumu; da sa (z&itych
podmienok na koeficienty) prepisat ako AR)

MA(qQ) proces je charakteristicky tym, ze
ACF(k)=0 prek=q+1,q+2,...

Prvych ¢ hodnot ACF je velkych, ostatné blizke
nule - toto nasveduje tomu, ze ide o MA(Q) proces

OdhadovanidMA(g) modelu v R pre datg:
sarima(y,0,0,q)
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Priklad 2 - pokraovanie

o Odhadneme MA(1) model a skontrolujeme rezidua:

Standardized Residuals

11- —
]
D :
o _
T T T I T
1580 1570 1630 1000 2000
Time
ACF of Residuals Normal Q-0 Plot of S5td Residuals
&
7] = = = (=LA
=i E' ]
Le e E’ 2
[} = Al ]
o2 S O B O i o O L P @ 9
) ) . LT oerr e TX = -
L E o
‘:u' | I I | | I L% I | | I | | I
0.0 0.5 1.0 1.5 2.4 2.5 3 -2 -1 ] 1 2 3
LAG Theoretical Guantiles
p values for Ljung-Box statistic
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V.
Zmiesane ARIMA modely
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ARMA modely

o Niekedy sa nepodari najst AR alebo MA model - v
takom pripade sa daju AR a M&eny skombinovat’

o ARMA(p,q) model -p AR clenov,q MA Clenov

» Co najmensi peetélenov
o OdhadovanidRMA(p,q) modelu v R pre datg:
sarima(y,p,0,9)
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Priklad 2 - pokraovanie

o Vratme sa k cene kakaa a spravme predikcie:

0.10

0.00

-0.10

e e i e e e

1994 1996 1998 2000 2002 2004 2006

Time

o KvOli stacionarite sme museli robit' s transformovanou
premennou, alehceli by sme predikcie pre cenu

o Modelovali sme diferencie logaritmov cien - vieme
robit’ predikcie pre logaritmy cien
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ARIMA modely

o ARIMA(p,d,q) model
o spravimei-te diferencie
o pre tieto diferencie mam@RMA(p,q) model

o Odhadovani@&RIMA(p,d,gq) modelu v R pre datg:
sarima(y,p,d,q)
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Priklad 2 - pokraovanie

o V priklade o cenach kakaa:
o zobrali sme logaritmy ceny, tlog(pcocoa)
o spravili smeprvé diferencie
o pre tieto diferencie sme spravMA(1) model
to znamena®RIMA(0,1,1) model pre log(pcocoa)

o Odhadneme model:
sarima(log(pcocoa),0,1,1)
o Spravime predikcie:
sarima.for(log(pcocoa),36,0,1,1)

Uvod do modelovania ¢asovych radov v softvéri R — p.58/7¢



Priklad 2 - pokraovanie

o Ziskaneé predikcie:

logipeocoa)

1994 1996 1998 2000 2002 2004 2006

Time
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V.

Diferencie, testovanie jednotkového korena
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Diferencovanie

o Datay; — diferenciey; — y;_1
o Ak data nie su stacionarne, niekesly diferencovanim
da ziskat stacionarngasovy rad
o diferencovanim sa napriklamtistrani trend
o dalSie pouzitie je pripad tzyednotkového konea
(nadzov suvisi s charakterizaciou stacionarity
pomocou koraov urciteého polynému)

o Ak pracujeme gogaritmamj diferencie vyjadruju
relativnu zmenijakcie - vynos, HDP - rychlost rastu,

)
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Diferencovanie

o Ak ACF klesa velmi pomalycasovy rad treba
diferencovat.

e Priklad o cenach kakaa:

Series: log(pcocoa)

= T

LAG
o Nie vzdy je to takéto zrejmé- existujustatisticke
testy,podla ktorych sa uii, Ci data treba diferencovat
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Testovanie jednotkového kore

e V R potrebujeme balikirca

o Ak uz je nainsStalovany (ak ni¢2ackages— Install
package(s)a niektory server), matame ho: z menu
vyberiemePackages— Load packagea potom zo
zOoznamuurca:

'JI'RG"“—— aelect one
File Edit View Misc Windows Help ‘
. - e e : —
= E-E ] E"f Load package... seaird
[ R i I Set CRAN mirror... ol '
Select repostones.. jorea |

% | - utils
Install package(s)...

Lpdate packages...

| I QK l I Cancel I

Install package(s} from local zip files...
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Testovanie jednotkového kore

o Jednotkovy korg = data treba diferencovat
e Hypotéza testu: data maju jednotkovy kiore
o V softveri R pre daty:
summary(ur.df(y, type="...", lags=...,
selectlags="BIC"))
o summary - inak by sme dostali len hodnotu Statistiky,
a napr. kritické hodnoty nie

» selectlags="BIC" - odhaduje sa pomocny model, toto
je kritérium jeho vyberu, m6zeme to ponechat

o lags=...- objasnime na priklade
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Testovanie jednotkového kore

o type="..." - podla priebehu dat:
o trend - linearny trend
o drift - nenulova stredna hodnota, ale bez trendu
o none- nulova stredna hodnota
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Testovanie jednotkového kore - priklad

o Zoberieme data z prikladu o cenach kakaa -
log(pcocoa)

5.5
|

5.0
|

logipcocoa)

1904 1996 1998 2000 2002

Time
o Bez linearneho trendu, nenulovy priemertype=drift
o Mesa&né data— skusimdags=12

o summary(ur.dfy(log(pcocoa), type="drift", lags=12,
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Testovanie jednotkového kore - priklad

z L]
o Z vystupu:
¥ summaryiur.df (Iog{pocochs), Eype="gdrifc" lags=12, selectliags="0IC"))
i i i R e it
# Dugmented Dickey—-Fuller Test Unit Root Test #
FREEEEEEEEEEERHEREE RS EE R ER SRR ER RS EEESS

Te=t regres=ion drift

Call:
Imn{formala = z.diff ~ Z2.1lag.X + I + z.diff.lag)
Besiduals:

Min 10 Median 30 Max

—-2.149782 -0.040288 -0.004252 @.8355376 0.2543180

Coefficients:

Estimate 5td. Error t wvalue Priz|t]}
(Intercept) 8.835515 0.8189092 1.860 0.0634 .
z lacr g —0 . 008284 0.80494714 -1.757 g.8785 .
Z.diff.1agl JE8.352156 0.844512 T 5158 f.6Fc=1g Wb
z.diff.lag? FO0.111626 0.044563 —-2.505 0.01Z26 *

o Vyznatené premenneé - optimalizuje sa icltpg
medzi0 alags(mali sme 12)

o Zvoleny paet nie je na hranici - ok
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Testovanie jednotkového kore - priklad

o Statistika a kriticka hodnotaprva Statistika a prvy
riadok kritickych hodnot

Value of test-ztatistic is:| -1I.75T74)1.8859

Critical walues for test statistics:

ipct Spoct I0pct
Canz -3.493 288 =2.87
pEil 643 42583 2 FU78

o Statistika =1.7574 kritick& hodnota (5 percentna
hladina vyznamnosti) =2.86

o Ak je hodnota Statistiky mensSia ako kriticka hodnota,
hypotézu o jednotkovom koreni zamietame.

o V nasom pripade teda hypotézu o jednotkovom koreni
nezamietame

Uvod do modelovania ¢asovych radov v softvéri R — p.68/7¢



Testovanie jednotkového kore

» Co znamena nezamietnutie hypotézy?
o~ Nezamietame, ze v datach je jednotkovy kore

o Jednotkovy koré znamena, ze data treba
diferencovat’

o Zdiferencujeme teda data a zistingey tychto
diferenciach je alebo nie je jednotkovy kaore

o Skortime, ked' sa jednotkovy konezamietne a pre
tie data hfadame ARMA model

e Teda:

o Statistika< krit. hodnota=- pre tieto data hfadame
ARMA model

o Statistika> krit. hodnota=- spravime diferencie a
testujeme d'alej tie
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Testovanie jednotkového kore - priklad

o Pokra&ujeme v analyzég(pcocoa)

o Pripomeime si: Statistika =1.7574 kriticka hodnota
(5 percentna hladina vyznamnosti}Z 86

o Musime testovat diferencie.

o Priebeh diferencii - nulovy priemet v Specifikacii

testu budeype="none"

01 00 01 02
I I
—

|

d

by

1960 1970

1960

I I
1990 2000
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Testovanie jednotkového kore - priklad

> o summaryiur.df(diff (logipcocog) ) . type="none®™, lage=1i2,.selectlags="BIC"))

it R i
# Augmented Dickey-Fuller Test Unit Root Test #
ettt s st s ittt it s st s s s iy

Test regression Done

Call:

in{formmla = 2.diff = lagedl-— 1 +-2.diff - lag)
Residuals:

Min L] Median 20 Ma=x
—0.147189 —0.037878 —9.001196 0.036475. 0.255566

=

Coefficients:

Esztimate Std. Error t walue Pr{>{tl}
Zxlag.l —-0.76710 §.05225--14.681 C2a=1g AR
zxdiffAag: B-11778 0.04458 2.6842 g.0ags. AR

SEguiTscoodes:) B W GELOEL IR LB YW LB T el A

Residual standard -error: 0.06313 on 497 degrees of freedom
Multiple R—sguared: 0.351&, Adjusted R-sgquared: 0.348%9
Festatistic: 134.7 -on 2 and 4397 DF,.. p-owalue: < 202818

Value of test—-statclistic is: -14.68811

Critical wvalues for:test . stagisticsa:
1pct. Spoct 10pct
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Testovanie jednotkového kore - priklad

o Statistika =14.6811 kriticka hodnota (5 percentna
hladina vyznamnosti) =1.95

o Statistika< krit. hodnota=- pre tieto diferencie
hfadame ARMA mode(to sme aj robili)
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VI.

SARIMA - modelovanie sezénnych dat
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Sezonne data

o Priklad - p@et cestujucich aerolinkami zo @atku
prednasky

o y=read.table("air.txt")
y=ts(y, frequency=12, start=c(1949,1))

o Priebeh logaritmov:

5.0

I I I I I I
1930 1952 1954 1956 1958 1960
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Sezonne data

o Uzitocné postupy pri modelovani sezonnych dat:

o sezonne diferencienapr. pre mesanych datach
r; — 112 Pri mes@&nych datach (medzioma
zmena)

o sezonne ARCleny- napr. namiesto
vy = 0.874_1 + u; budexr; = 0.824_19 + uy

o sezonne MACleny

o daju sa kombinovat

o Model treba vytvorit tak, aby mal dobré rezidua (ACF,
Ljung-Boxova statistika)
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SARIMA modely

o Pripomeéime siARIMA (p,d,q) :
o p - pocet ARClenov
o d - kolkokrat data diferencujeme
o ¢ - pocet MA Clenov

o SARIMA (p,d,q) x (P, D,Q)s ma naviac:
o P - pocet sezonnych AKRlenov
o D - kolkokrat data sezonne diferencujeme
o () - pocet sezobnnych MAlenov
o s - peridda dat

o Model softveri R:sarima(y,p,d,q,P,D,Q,s)
o Predikcie na K obdobgarima.for(y,K,p,d,q,P,D,Q,s)
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"Airline" model

o Nazov podla prvej aplikacie od Boxa a Jenkinsa

o Je toSARIMA (0,1,1) x (0,1,1)s model

o To znamena:
o data raz sezénne diferencujeme - kvoli sezonnosti
o data raz klasicky diferencujeme - kvoli trendu

o jeden MACIen
o jeden sezonny MAlen
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Priklad 3

o Odhadneme "airline model" pre logaritmuscho
cestujucich aerolinkami, t.jog(y)

e RoCna sezonnost, megaé data= s=12
o Takze:sarima(log(y),0,1,1,0,1,1,12)

ACF

P value

04 08

0.a

ACF of Residuals
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Priklad 3

o Predikcie na d'alSie tri roky:

R R Cornsole [El=EIE]
> sgrimd. . For{logliy) 236,03, 5,0,1,1,312) ?
Epre_d i

T2 R Graphics: Device 2 (ACTIVE) [E=H | Eo{ >

L5

logly)

L4

I I I I I I
1924 1956 1958 1960 1962 1964

Time
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