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Moving average modely (kizavé priemery)
L Motivacia

Priklad: Ceny kakaa

Ben Vogelvang: Econometrics. Theory and Applications with EViews., Pearson Education Limited, 2005.

Chapter 14.7. - The Box-Jenkins Approach in Practice

> Mesacné data, janudr 1960 - september 2002

P> pcocoa - cena kakka, zlogaritmujeme a kvoli stacionarite
budeme pracovat s diferenciami = modelujeme teda
percentudlnu zmenu ceny

Aln(p;) = hﬁm)—hﬂptl)zln<pil)

_ m@+m—mA>%m—mA
Pt—1 Pt—1

(lebo In(1 + x) ~ x pre x malé)
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Moving average modely (kfzavé priemery)

- Motivacia

» Priebeh dat: povodné, zlogaritmované, diferencie logaritmov

peocoa log(pcocoa) diff(log(pcocoa))
g
T T T T T T T T T T T T
1960 1970 1980 1990 2000 190 1970 1980 1990 2000 190 1970 1980 1990 2000
Time Time Time
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Moving average modely (kizavé priemery)
L Motivacia

> Modelujeme diferencie logaritmov
» Zobrazime si pre ne odhad ACF

Series: diff(log(pcocoa))

0.5
I

0.3
I

ACF
0.2

0.1

0.0
—_—

T T T T T
2 3 4
LAG
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I—Motivécia

» Prva vyrazne nenulova, ostatné skoro nulové
> Nevyzera to ako typicky priebeh pre AR proces:

» tam klesala ACF postupne
» priebeh tohto typu mala PACF
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Moving average modely (kizavé priemery)
[ Motivacia

Priklad z prvej prednasky
» Nech u; je biely Sum, definujme

Xt = U + Up—1

> Vypodcitali sme:

E(x:) = 0,D(x;) = 202

0.2
Cov(xe, Xe+k) = 0

pre k =1,
pre k=2,3,...

1/2 re k=1,
COT(Xt,Xt+k) = { O/ gre k = 2 3 P

» ACF je nulova pre k = 2,3,... - presne ta vlastnost, ktori
potrebujeme
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Moving average modely (kizavé priemery)
L Motivacia

Zovseobecnenie prikladu a plan prednasky

» Priklad zovseobecnime tak, aby

» sa zachovala nulovost korelacii okrem prvej
> prva koreldcia mohla nadobudat aj iné hodnoty ako 1/2 =
MA(1) procesy

» Procesy, ktoré maji prvych g nenulovych a ostatné nulové =
MA(q) procesy
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|—MA(l) procesy

MA(1) procesy

9/50



Moving average modely (kizavé priemery)
LMA(l) procesy

Definicia, stacionarita, momenty

» Nech u; je biely Sum, potom
Xt = j+ ur — Bue 1
sa nazyva moving average proces prvého radu - MA(1)

» Woldova reprezentécia: x; = (1 + >7%g 1jur—j, pre MA(1)
proces: 19 = 1,191 = —[3,1); = 0 pre j = 2,3,... — vzdy
stacionarny

> Momenty a ACF:

E(x) = 1. D(x) = (1 + )0
| —Bo? pre k=1,
Cov(xt, Xe1k) = { 0 pre k =2,3,...
Cor(xe, Xe4k) = —%332 e
ty Xt+k) — 0 prek:2737...
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Moving average modely (kizavé priemery)
|—MA(l) procesy

PACF

» Pripomenme si PACF:

1 p(1) p(1)
et P 1 p(2)
o plk=1) p(k—=2) ... p(k)
e 1 p(1) p(k—1)
get | P 1 p(k —2)
plk—=1) plk—2) 1

» Pre MA(1) proces dosadzujeme p(k) =0 pre k = 2,3, ...
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1 = p(1)

ing ave
|—MA(l) procesy
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|—MA(l) procesy

Cvicenie: Odvodte dalsi ¢len PACF:

. —p(1)*
4= T (1022 — (1)
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Moving average modely (kizavé priemery)
LMA(l) procesy

Priklad 1: vypocet ACF a PACF v R-ku, x; = u; + 0.7u;_1

ARMAacf(ma = c(0.7), lag.max = 10)

#i# 0 1 2 3 4
## 1.0000000 0.4697987 0.0000000 0.0000000 0.0000000 0.000(
## 8 9 10

## 0.0000000 0.0000000 0.0000000

ARMAacf (ma

c(0.7), lag.max = 10, pacf = TRUE)

## [1] 0.46979866 -0.28322062 0.18563127 -0.12601048 O
# [7] 0.04214074 -0.02944844 0.02059677 -0.01441187
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Moving average modely (kizavé priemery)
|—MA(l) procesy

plot (ARMAacf(ma = c(0.7), lag.max = 10, pacf = TRUE),
type = "h", col = "blue", lwd = 3)
abline(h = 0, col = "grey", 1lty = 2)

10, pacf = TRUE)
0.4
1

0.2
I

¢(0.7), lag.max
0.0
1

ARMAacf(ma

2 4 6 8 10
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Moving average modely (kizavé priemery)
LMA(l) procesy

Priklad 2: simulované data, x; = u; + 0.7u;_1

set.seed(123)
x <- arima.sim(model = list(ma = c(0.7)), n = 200)
plot(x)
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Moving average modely (kizavé priemery)
|—MA(l) procesy

Odhad ACF a PACF:

acf2(x) # naraz ACF (bez lagu 0) a PACF, balik astsa

Series: x

0.4
L

ACI
0.0 0.2

PACF
0.0
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Moving average modely (kizavé priemery)
I—MA(1) procesy

Priklad 3: procesy s rovnakou ACF
» Nech u; je biely Sum s rozdelenim N(0,4) , definujme

Xy = Ut + U1

2
Potom: E(x;) =0, D(x) = (1 + (1/2)?) x4 =5

12 _
COI"(Xbe_k) e 1+1/4 2/5 pre k 17
0 pre k=12,3,...
» Nech u; je biely Sum s rozdelenim N(0, 1) , definujme
Xt = Ut -+ 2Ut 1

Potom: E(x;) =0, D(x;) = (1+2%) x1 =5

=2/5 pre k=1,
COI"(XtaXH—k) :{ 6+4 / Ere k=223, ...
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|—MA(l) procesy s danou ACF, invertovatelnost

MA(1) procesy s danou ACF, invertovatelnost
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Moving average modely (kizavé priemery)
LMA(l) procesy s danou ACF, invertovatelnost

MA(1) procesy s danou ACF

» Zovseobecnime priklad 3 (pre dva procesy vysla rovnakd ACF)
» Majme MA(1) proces, teda ACF tvaru

B prek=1
Cor(xt, xt1k) = { 0 I+p2 ire k = 273

» Predpokladjme teraz, ze madme dan( hodnotu p; = p(1) a
chceme z nej spatne urcit koeficient 3:
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Moving average modely (kizavé priemery)

|—MA(l) procesy s danou ACF, invertovatelnost

» Mame teda rovnicu

g

1+52:>62+ Lori=o0

P11 = —

0.4

0.2

korelacia rho_1
0.0
L

-0.4
L

T T T T T
-4 -2 0 2 4

parameter beta
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Moving average modely (kizavé priemery)
I—MA(1) procesy s danou ACF, invertovatelnost

» Rovnica 3° + %B +1 =0 ma pre [p1| < 1/2 dve rieSenia
/817/82. ktoré Spl'ﬁajl_,] 61/82 =1
» Procesy

Xt = p+ U — Bue 1,Xe = pi+ Ut — — U1

B

majd rovnakd ACF

» Ak chceme jednoznalnil parametrizaciu, potrebujeme dodat
dalSiu podmienku
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Moving average modely (kizavé priemery)
I—MA(1) procesy s danou ACF, invertovatelnost

Invertovatelnost
» Budeme sa snazit zapisat proces v tvare AR(oc0):
Xe = i+ Ut + P1xe—1 + Paxe—2 + P3xe—3 + . ..

Ak sa to da spravit, proces sa nazyva invertovatelny
» Pre MA(1) proces:

xe = p+(1-pL)u
1-8L""% = Q=L utu
inverzia (1 — BL)~! existuje pre |3| < 1, vtedy

(1+6L+52L2+...)xt:$+ut
2 __H

Xt + Bxe-1+ Xt—2+"‘—m+ut

Xt:ﬁ%—ut—ﬁxt_l—ﬁzxt_g—...
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Moving average modely (kizavé priemery)
LMA(l) procesy s danou ACF, invertovatelnost

» Dostali sme teda podmienku invertovatelnosti MA(1) procesu:
Bl <1
> Iny zapis tejto podmienky:
» mame proces x; = i1+ (1 — BL)u;
» korefi polynému 1 — 5L je 1/
» podmienka invertovatelnosti teda hovori, ze koren polynému
1 — BL musi byt v absolttnej hodnote vacsi ako 1, pri zakresleni
do komplexnej roviny mimo jednotkového kruhu

» Tato podmienka sa eSte objavi v sivislosti s predikciami.
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|—Rea’lne data: ceny kakaa zo zaciatku slajdov

Reélne data: ceny kakaa zo zaciatku slajdov
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Moving average modely (kizavé priemery)

LRea’Ine data: ceny kakaa zo zadiatku slajdov

» Odhadneme MA(1) model pre diferencie logaritmov cien (teda
percentudlne zmeny cien):

#i#t Estimate SE t.value p.value
## mal 0.3520 0.0402 8.7585 0.0000
## xmean 0.0024 0.0037 0.6501 0.5159

» ZapiSeme model pre premenn( x; = Aln(pcocoa;):

Xt = 00024 + U —+ 0.3520Ut71

26 /50



Moving average modely (kizavé priemery)

|—Rea’lne data: ceny kakaa zo zaciatku slajdov

» Rezidua st v poriadku - model je dobry

ACF

04

02

ACF of R

a
o T T 1 ' T I TT
)
o
T T T T T
0.0 05 1.0 15 20 25
LAG
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Moving average modely (kizavé priemery)

LRea’Ine data: ceny kakaa zo zadiatku slajdov

» Predikcie z R-ka na nasledujtci rok.
» Vsimnime si, Zze nie st konstantné. Preco nie st konstantné
predikcie z modelu x; = p + uy — fur—1— k tomu sa vratime.

0.05

diff(log(pcocoa))

0.00

T T T T T T T T T T
1994 1996 1998 2000 2002 2004
Time 28 /50
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[ MA(q) procesy

MA(q) procesy
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Moving average modely (kizavé priemery)
LMA(q) procesy

Definicia, momenty, ACF, PACF, invertovatelnost

» Nech u; je biely Sum, potom

Xt = p+ Uy — Prus—1 — Potp_p — -+ - — /Bqut—q

sa nazyva moving average proces radu q - MA(q)
> Woldova reprezentacia: x; =y + > Yjur—j, pre MA(q)

proces: 1o = 1,91 = —f1,...,¢g = —fq¥j=0pre j > q —
vzdy je stacionarny

> Momenty a ACF:
E(xe) = p, D(xe) = (1457 + ... 55)02

Cov(xt,xt+x) =0pre k=q+1,9+2,...
Cor(x¢,x¢4k) =0pre k=q+1,9+2,...
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Moving average modely (kizavé priemery)
LMA(q) procesy

» Vypocet prvych g autokorelacii:

Cov(xt,xe1k) = E[(ur — frug—1—--- — 5qut—q) X
(Utyk — —PrUpyk—1 — - — Pqlitk—q)]

» Postupne dostaneme

k=1 = (1) = (P14 B1f2+ -+ Bg-184)0°
k=2 = ~(2)= (P24 B1fs+ -+ Bg_2Bq)0°

k=q = 7(q) = (-54)o’

» Pre konkrétny model je praktickejSie pocitat to priamo,
namiesto dosadzovania do tychto vztahov (tie si uzito¢né kvéli
postupu)

» ACF: autokovariancie vydelime disperziou

» PACF: ACF dosadzujeme do vSeobecného vzorca
31/50



Moving average modely (kizavé priemery)
LMA(q) procesy

Cvicenie
Uvazujme proces x; = 10 + vy + 0.5u; 1 — 0.2u; 5 + 0.1us_3

> Ukazte, Ze je invertovatelny.
» Vypoditajte jeho ACF
» Vypoditajte prvé tri hodnoty jeho PACF

Na kontrolu:

ARMAacf (ma=c(0.5,-0.2,0.1), lag.max = 4)[-1] # wynechame a

## 1 2 3 4
## 0.29230769 -0.11538462 0.07692308 0.00000000

ARMAacf (ma=c(0.5,-0.2,0.1), lag.max = 3, pacf = TRUE)

## [1] 0.2923077 -0.2195911 0.2093677
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L Reslne data: vymenné kurzy

Realne data: vymenné kurzy
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Moving average modely (kizavé priemery)

LReélne data: vymenné kurzy

» Data: vymenné kurzy voci euru, zo stranky Eurdpskej
centralnej banky

» 7 tychto dat zoberieme hodnoty pre Novy Zéland
(novozélandsky dolar, NZD) z rokov 2021 a 2022.

https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/index.en.htm

dataVsetky <- read.csv('"data/eurofxref-hist.csv")
head(dataVsetky)

#i# Date USD JPY BGN CYP CZK DKK EEK
## 1 2023-09-05 1.0731 158.20 1.9558 N/A 24.161 7.4533 N/A
## 2 2023-09-04 1.0801 158.11 1.9558 N/A 24.108 7.4527 N/A
## 3 2023-09-01 1.0844 157.47 1.9558 N/A 24.118 7.4528 N/A
## 4 2023-08-31 1.0868 158.49 1.9558 N/A 24.072 7.4523 N/A
## 5 2023-08-30 1.0886 159.15 1.9558 N/A 24.107 7.4531 N/A
## 6 2023-08-29 1.0803 158.93 1.9558 N/A 24.163 7.45293H4ﬁ



Moving average modely (kizavé priemery)

LRea’Ine data: vymenné kurzy

» Vektor s tymito hodnotami dataNZD je pripraveny vo workfile
MAprednaska.Rdata

load("MAprednaska.Rdata")
plot(dataNZD, type = "1") # z-ova os len cislo pozorovania

dataNZD
1.70
1

1.65
I

1.60
I
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Moving average modely (kfzavé priemery)

LReélne data: vymenné kurzy

Opacné poradie riadkov v data frame:

» (Casto sa stretneme s tym, Ze najnovsie pozorovania st na
zaciatku a najstarsie na konci:

head(dataVsetky$Date)

## [1] "2023-09-05" "2023-09-04" "2023-09-01" "2023-08-31"
## [6] "2023-08-29"

» Jednoduchy postup, ako ich otocit:

dataVsetkyUsporiadane <- dataVsetky[nrow(dataVsetky):1, 1]
head (dataVsetkyUsporiadane$Date)

## [1] "1999-01-04" "1999-01-05" "1999-01-06" "1999-01-07"
## [6] "1999-01-11"
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Moving average modely (kizavé priemery)

LRea’Ine data: vymenné kurzy

» Budeme pracovat znovu s diferenciami logaritmov, teda
modelujeme percentualne zmeny

acf1(diff (log(dataNzD)))

Series: diff(log(dataNZD))

0.2

0.1

ACF

0.0
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LRea’Ine data: vymenné kurzy

» Odhadneme MA(3) a pozrieme si Ljung-Boxov test pre rezidua:

ma3 <- sarima(diff (log(dataNzZD)), 0, O, 3, details = FALSE]

1.0

p value
0.6
.

0.4
I

0.2

0.0
I

LAG
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Moving average modely (kizavé priemery)

LRea’Ine data: vymenné kurzy

» Predikcie - znovu si vS§imnime, Ze nie st konstantné

sarima.for(diff (log(dataNzD)), 20, 0, 0, 3)

o
2
24
S
" \
8 A |
3 /
S v
g
s
584 Sfm;
8o
k=3
3
S
E
3
0
3 \
S+ A
S V
T v
o
3 \
34 \
S /) E—
T v
T T T T T T
420 440 460 480 500 520

Time 39/50



e
Moving average modely (kizavé priemery)

|—Nepovinné dodatky

Nepovinné dodatky

40/50



Moving average modely (kizavé priemery)
L Nepovinné dodatky

Nacitanie dat zo zip archivu

P> Data sa zo stranky centralnej banky stiahnu ako zip archiv, v
ktorom je csv stbor:

unzip("data/eurofxref-hist.zip", list = TRUE)
P p

## Name Length Date
## 1 eurofxref-hist.csv 1713117 2023-09-05 15:55:00
» So zip archivom sa da v R pracovat aj priamo:

# rovnaky data frame ako dataVsetky
dataVsetky2 <- read.csv(unzip("data/eurofxref-hist.zip"))
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Moving average modely (kizavé priemery)
[ Nepovinné dodatky

Datumy v R
class(dataVsetky$Date)

## [1] "character"

datum <- "2022-01-01"
class(datum)

## [1] "character"

datum <- as.Date(datum, format = "%Y-%m-%d")
class(datum)

## [1] "Date"
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Moving average modely (kizavé priemery)

L Nepovinné dodatky

» Na ukazku (jazyk sa da zmenit pomocou Sys.setlocale):

format (datum, format = "Y%b %y")
## [1] "Jan 22"
format (datum, format = "%B %Y")

## [1] "January 2022"

P Existuji aj iné moznosti prace s datumami a ¢asovymi radmi,
napr. tu sa neda pouzit typ ts - roky nemajd rovnaky pocet
dni, nedd sa zadat frequency

» Baliky: zoo (Z's Ordered Observations) xts (eXtensible Time
Series)
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L Nepovinné dodatky

Takto mdzeme z data framu s datumami spravit krajsi graf:

load ("MAprednaskaSDATUMOM.Rdata")
str(dataNZDsdatumom)

## 'data.frame': 515 obs. of 2 variables:
## §$ Date: Date, format: "2021-01-04" "2021-01-05"
## $ NZD : num 1.71 1.7 1.69 1.69 1.69 ...
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LNepovinné dodatky

plot(NZD ~ Date, dataNZDsdatumom, xaxt = "n", type = "1")
axis(1, dataNZDsdatumom$Date,
format (dataNZDsdatumom$Date, "%B %y"))

1.70
I

NZD

January 21 March 21 June 21 August 21 November 21 February 22 May 22 July 22  October 22
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L Nepovinné dodatky

Hladanie riadkov s datumom v danom roku
» Uzito€na je tu funkcia grep
# v ktorych retazcoch sa mnachadza "ok"

grep(pattern = "ok", x = c("pondelok", "streda", "piatok").

## [1]1 1 3

> Vyvorme si datumy (dalSia uZitoén4 funkcia je outer):

datumy <- outer(month.abb, 2020:2023, paste)
head (datumy)

## [,1] [,2] [,3] [,4]

## [1,] "Jan 2020" "Jan 2021" "Jan 2022" "Jan 2023"

## [2,] "Feb 2020" "Feb 2021" "Feb 2022" "Feb 2023"

## [3.7] "Mar 2020" "Mar 2021" "Mar 2022" "Mar 2023" 46 /50
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L Nepovinné dodatky

head(c(datumy))

## [1] "Jan 2020" "Feb 2020" "Mar 2020" "Apr 2020" "May 20:

datumy <- c(datumy)
head(datumy, 30)

## [1] "Jan 2020" "Feb 2020" "Mar 2020" "Apr
## [7] "Jul 2020" "Aug 2020" "Sep 2020" "Oct
## [13] "Jan 2021" "Feb 2021" "Mar 2021" "Apr
## [19] "Jul 2021" "Aug 2021" "Sep 2021" "Oct
## [25] "Jan 2022" "Feb 2022" "Mar 2022" "Apr

grep(pattern = "Jan", x = datumy)

## [1] 1 13 25 37

2020"
2020"
2021"
2021"
2022"

"May
"Nov
"May
"Nov
"May
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LNepovinné dodatky

grep(pattern = as.character("2020"), x = datumy)

## [1] 1 2 3 4 5 6 7 8 9 10 11 12

# dva roky -> vystup bude list (vektor pre kazdy rok)
# -> preto “lapply’
lapply(2021:2022,
function(rok) grep(pattern = as.character(rok),
x = datumy))

## [[1]]

## [1] 13 14 15 16 17 18 19 20 21 22 23 24
i

## [[2]]

## [1] 25 26 27 28 29 30 31 32 33 34 35 36
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LNepovinné dodatky

# spravime vektor
vyberList <- lapply(2021:2022,
function(rok) grep(pattern = as.charac
x = datumy))
vyberVektor <- unlist(vyberList)
vyberVektor

## [1] 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

head (vyberVektor)

## [1] 13 14 15 16 17 18

tail (vyberVektor)

## [1] 31 32 33 34 35 36
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LNepovinné dodatky

> Takto sa z dat dataVsetky daji vybrat hodnoty zo zvoleného
obdobia

» Zmena zvoleného obdobia je len prepisanie hladaného vektora -
moze to byt parameter funkcie, ¢im sa z vyberu dat podla statu
a obdobia stane jedno zavolanie funkcie
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