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MO0130 — 8. PRAKTIKUM : M0130pr08 (Modelovdni sezonnosti)
A. Model I: Metoda malého trendu

Uvazujme regresni model ve tvaru:

Y, =Tri+ Sz + &4 EtNWN(O,U2).
Preindexujme Yi,...,Y, mna Y, j=1...,r r... pocet sezdén
Ely---5En Ejks k=1,....d d... délka sezdny.
Predpokladejme, ze trend je konstantni pro j-tou sezoénu, tj. T'rj = m;
a rovnéz sezénni hodnota je konstantni pro k-tou sezénni slozku, tj. Sz = si.

Regresni model muzeme napsat ve tvaru
: Yir = mj + s + € EjkNWN(0,0'2) j=1...,r k=1,....d.

Maticové, Ize tento model rozepsat takto
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oznagme X7, =X=(X(1)|X(2))

kde 14 je sloupcovy vektor délky d samych jednicek a I; je diagonalni jednotkova matice
typu d x d.

Matice planu Xj;, = X = (X(l) |X(2)) vSak neni plné hodnosti, nebot’ kdyz secteme prv-
nich r sloupcit, dostaneme vektor samych jednic¢ek, coz je rovno také souctu poslednich
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d sloupcu. Proto pridejme jesté jednu podminku, a to
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PRIKLAD 1: Navstévnost v Moravském krasu

Nacteme datovy soubor pomoci piikazu read.table() s parametrem header=TRUE, ne-
bot’ v prvnim radku jsou ndzvy proménnych. Piikazem str () vypiSeme strukturu prave
nacteného datového ramce.

> fileDat <- paste(data.library, "MorKrasNavstevnost.txt", sep = "")
> MorKras <- read.table(fileDat, header = TRUE)
> str(MorKras)

’data.frame’: 34 obs. of 6 variables:

$ Rok : int 1999 1999 1999 1999 1999 1999 1999 1999 1999 1999 ...

$ Mesic : Factor w/ 12 levels "bfezen","Gerven",..: 6 11 1 45 2 3 10 12 9 ...
$ Punkevni : int 2002 1694 4927 14186 29207 32158 39025 38629 19381 13625 ...

$ SloupskoSosuvske: int O 240 314 1498 4136 5343 12306 11725 2993 1629 ...

$ Katerinska : int 0 292 508 2141 7510 8822 18225 19681 3669 2212 ...

$ Balcarka : int 0 198 231 1265 4310 7445 10353 11243 1752 1400 ...

Pomoci funkce ts() vytvorime vicerozmérnou ¢asovou radu. Piikazem str() se podi-
vame na jeji strukturu.

> MorKrasTS <- ts(MorKras[, -(1:2)], start = 1999, frequency = 12)
> str(MorKrasTS)
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int [1:34, 1:4] 2002 1694 4927 14186 29207 32158 39025 38629 19381 13625 ...
- attr(*, "dimnames")=List of 2

..$ : NULL

..$ : chr [1:4] "Punkevni" "SloupskoSosuvske" "Katerinska" "Balcarka"

- attr(*, "tsp")= num [1:3] 1999 2002 12

- attr(*, "class")= chr [1:2] "mts" "ts"

Casové fady vykreslime pomoci pifkazu plot ().

> plot (MorKrasTS, type = "o", pch = 20, cex = 3)
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Obrézek 1: Pocty ndvstévniki ve vybranych jeskynich Moravského Krasu v letech 1999-2001
V prostiedi R se design matice planu pro kategoridlni proménné ridi pomoci kontrastu.

Chceme-li pouzit model
: YL = mj + s + € EjkNWN(O,O'2) j=1...,r k=1,....d
s dodatecnou podminkou

s1+ - +84=0,

budeme muset spravné nastavit kontrasty.



Praktikum z ndhodnych procest (8. praktikum)

Protoze na ro¢ni trovné (parametry my,...,m,) nejsou dodatetné podminky a matici
planu jsme (dost neobvykle) navrhli tak, ze neobsahuje vektor jednicek, tak pro parame-
try maq,...,m, plati

1 0 s 0 mi miy
0 —
o --- 0 1 my my
Vidime, ze matice kontrastu vztahujici se k mq, ..., m, bude jednotkova diagonélni ma-

tice fadu r x r.

Na rozdil od roc¢nich drovni m; jsou sezénni kolisani vdzdna podminkou
s1+--+s4=0.
Takze jednu slozku muzeme vyjadiit pomoci ostatnich, nejcastéji jde o posledni, tj.
Sqg=—81—+ " — S4-1-
Diky tomu muzeme vypustit posledni slozku. Celou reparametrizaci lze vyjadiit maticové
takto
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contr.sum
a matice typu d x (d — 1), kterou jsme oznacili jako contr.sum, je jiz v kontrastech
predem nachystana.

Vratime se k nactenym datim. Ze ¢tyi Casovych fad si vybereme prvni a vytvotrime
datovy ramec s kategoridlnimi proménnymi grY a grS, ktery déle pouzijeme pti definici
regresniho modelu.

xts <- MorKrasTS[, 1]

d <- frequency(xts)

n <- length(xts)

m <- ceiling(n/d)

shift <- start(xts)[2] - 1

r <-m* d - n - shift

Season <- factor(as.integer(gl(d, 1, n)) - shift)

Year <- factor(floor (time(xts)))

data <- data.frame(x = as.vector(xts), grS = Season, grY = Year)
str(data)

V VVVVVVYV\VYV

’data.frame’: 34 obs. of 3 variables:

$ x : int 2002 1694 4927 14186 29207 32158 39025 38629 19381 13625 ...
$ grS: Factor w/ 12 levels "1","2","3","4", ..: 123456789 10 ...
$ grY: Factor w/ 3 levels "1999","2000",..: 1111111111 ...

Pomoci funkce 1m() odhadneme regresni model. Nesmime zapomenout potlacit prvni
sloupec jednicek a spravné nastavit kontrasty.
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> M1 <- 1m(x ~ grY + grS - 1, data, contrasts = list(grY = diag(l, length(levels(data$grY))),
grS = contr.sum))
> summary (M1)

Call:
Im(formula = x ~ grY + grS - 1, data = data, contrasts = list(grY = diag(1,
length(levels(data$grY))), grS = contr.sum))

Residuals:
Min 1Q Median 3Q Max
-1628.21 -252.20 -47.25 320.60 1280.83

Coefficients:

Estimate Std. Error t value Pr(>|tl)
grY1999 16730.2 229.6 72.870 < 2e-16 ***
grY2000 17462.6 229.6 76.060 < 2e-16 ***
grY2001 17967.1 261.8 68.637 < 2e-16 ***
grsi -15629.3 441.6 -35.391 < 2e-16 ***
grs2 -15513.6 441.6 -35.129 < 2e-16 ***
grs3 -12933.0 441.6 -29.285 < 2e-16 ***
grs4 -2467.6 441.6 -5.588 1.81e-05 ***
grss 14105.0 441.6 31.939 < 2e-16 ***
grsé 15960.4 441.6 36.140 < 2e-16 ***
grs7 22575.4 441.6 51.119 < 2e-16 ***
grs8 22070.4 441.6 49.976 < 2e-16 ***
grs9 3104.4 441.6 7.029 8.09e-07 *xx
grs10 -4128.3 441.6 -9.348 9.71e-09 ***
grsil -13099.9 538.4 -24.330 2.49e-16 ***
Signif. codes: O ’*xx’ 0.001 ’**’ 0.01 ’%’ 0.056 ’.” 0.1’ > 1

Residual standard error: 795.3 on 20 degrees of freedom
Multiple R-squared: 0.9993, Adjusted R-squared: 0.9988
F-statistic: 2074 on 14 and 20 DF, p-value: < 2.2e-16

Vidime, ze vsechny koeficienty jsou vysoce signifikantni, coz znamend ze se statisticky
vyznamné 1is{ od nuly (testovdno pomoci statistik t).

Také p—hodnota u statistiky F' naznacuje vyznamnost modelu jako celku.

Jestlize pracujeme s regresnim modelem, kde matice planu nemda prvni sloupec tvoreny
jednotkami (ve vypisu chybi proménna (Intercept) ), koeficient determinace (Multiple
R-squared), popi. upraveny koeficient determinace (Adjusted R-squared) nemd inter-
pretaci. Proto je lepsi takovému modelu se spise vyhnout.

Chceme-li posoudit vyznamnost faktoru grY a grs ne po slozkéch (jak to nabizi jednotlivé
t—testy) ale jako celek, musime pouzit F—testy, jejichz hodnotu ziskdme pouzitim funkce
anova().

> anova(M1)
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Analysis of Variance Table

Response: x

Df Sum Sq Mean Sq F value Pr(>F)
grY 3 1.1295e+10 3765109314 5952.4 < 2.2e-16 *xx*
grs 11 7.0702e+09 642748531 1016.1 < 2.2e-16 *xx*
Residuals 20 1.2651e+07 632534

Signif. codes: O ’*xx’ 0.001 ’*x’ 0.01 ’%’ 0.056 *.” 0.1’ > 1

Vysledky F testt ukazuji, ze jak faktor roku (grY), tak faktor sezény (grsS) jsou statisticky
vyznamné.

Abychom dostali koeficienty

m;  G=1...1) a s (k=1,...,d

pouzijeme funkci predict () s volbou type="terms". Protoze neuvadime parametr newdata,
pocitaji se predikce z dat, ktera vstupovala do modelu. Matici M1.terms si podrobné pro-
hlédneme.

> M1.terms <- predict(M1, type = "terms")
> str(M1.terms)

num [1:34, 1:2] 16730 16730 16730 16730 16730 ...
- attr(*, "dimnames")=List of 2

..$ : chr [1:34] "im nQn n3dn wgn

..$ : chr [1:2] "grY" "grs"
- attr(*, "constant")= num O

Ukazeme, ze fitované hodnoty jsou souc¢tem dvou sloupcti matice M1.terms oznacenych
grY a grS .

> pom <- cbind(M1.terms, M1.terms[, 1] + Mi.terms[, 2], fitted(M1))
> colnames (pom) <- c(colnames(M1.terms), "grY+grS", "fitted(M1)")
> print(pom[1:6, 1)

grY grS  gr¥+grS fitted(M1)
16730.17 -15629.292 1100.875 1100.875
16730.17 -15513.625 1216.542 1216.542
16730.17 -12932.9568 3797.208  3797.208
16730.17 -2467.625 14262.542 14262.542
16730.17 14105.042 30835.208 30835.208
16730.17 15960.375 32690.542 32690.542

O Ul WN -

Ze vSech hodnot matice M1.terms vybereme praveé ty, keré se tykaji koeficientti m; a sy.

> (M1.mj <- Mi.terms[seq(1, n, d), 11)

1 13 25
16730.17 17462.58 17967.12



RNDr. Marie Forbelska, Ph.D. 7

> (M1.sk <- Mi.terms[1:d, 2])

1 2 3 4 5 6 7 8
-15629.292 -15513.625 -12932.958 -2467.625 14105.042 15960.375 22575.375 22070.375
9 10 11 12

3104.375 -4128.292 -13099.875 -14043.875

Sezénni kolisani graficky znédzornime.

> SK <- M1.sk
> nf <- layout (matrix(c(1, 2), nrow = 1), width = c(2.75, 1.25))
> txtS <- paste("S", 1:length(SK), " =", sep = "")
> par(mar = c(2, 2, 0, 0) + 0.05)
> plot(1:length(SK), SK, type = "o")
> plot(c(0, 1), c(0, length(SK)), type = "n", axes = FALSE)
> text(rep(0, length(SK)), rev(1l:length(SK)), txtS, adj = c(0, 1), cex = 1.125)
> text(rep(1, length(SK)), rev(1l:length(SK)), round(SK), adj = c(1, 1),
cex = 1.125)
8 | S1= -15629
S S2= -15514
° S3= -12933
S S4 = -2468
S S5 = 14105
S6 = 15960
S7 = 22575
© S8 = 22070
S9 = 3104
8 S10= -4128
S 7 S11= -13100
I S12 = -14044
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Obréazek 2: Sezénni slozky ziskané metodou malého trendu pro data Pocéty ndvstévniku

v Punkevnich jeskynich v Moravského Krasu v letech 1999-2001

Vysledky celé dekompozice vykreslime do jediného grafu.

> tt <- as.vector (time(xts))

> xx <- as.vector(xts)

> fit <- fitted(M1)

> tr <- rep(M1.mj, each = d, length.out = n)

> ylim <- range(range(xx), range(fit), tr)

> par(mfrow = c¢(1, 1), mar = c(2, 2, 2, 0) + 0.5)

> plot(tt, xx, type = "o", pch = 20, col = "black", ylim = ylim)

> lines(tt, fit, type = "o", pch = 22, col = "red", bg = "yellow", cex = 0.85)
> lines(tt, tr, type = "s", col = "dodgerblue", lwd = 2)

> abline(v = as.numeric(as.character(levels(data$grY))), col = "gray",

1ty = 2)

> legend(par("usr")[1], par("usr")[4], bty = "n", legend = c("puvodni",
"odhady"), 1ty = c(1, 1), pch = c(20, 22), bg = c("black", "yellow"),
col = c("black", "red"))
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Obrazek 3: Metoda malého trendu pro data Pocty ndvstévniku v Punkevnich jeskynich
v Moravského Krasu v letech 1999-2001

Pokusme se vychozi model M; modifikovat tak, aby matice planu méla v prvnim sloupci
samé jednicky.

Toho Ize dosdhnout, budeme-li uvazovat nasledujici model

M}m)dif s Yjg=p+my+ s+ e EjkNWN(0,0'2), j=1....r, k=1,...,d

Pfidanim nového parametru p (celkovy prumeér) dostaneme opét model s nedplnou hod-
nosti. Protoze budeme chtit jediné feSeni, pfidame dvé doplnujici podminky, a to

Sl++3d:0 a m1++mr:0

Regresni model dostaneme obdobnym zptisobem jako u modelu M7, pouze zménime
kontrasty pro kategoridlni proménnou grY a nevynechame konstantni ¢len.

> Mim <- Im(x ~ grY + grS, data, contrasts = list(grY = contr.sum, grS = contr.sum))
> summary (Mim)

Call:
Im(formula = x ~ grY + grS, data = data, contrasts = list(grY = contr.sum,
grS = contr.sum))

Residuals:
Min 1Q Median 3Q Max
-1628.21 -252.20 -47.25 320.60 1280.83

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 17386.62 139.02 125.063 < 2e-16 **x*
gryl -656.46 192.09 -3.417 0.00273 *x

gry2 75.96 192.09 0.395 0.69671
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grsSi -15629.29 441.62 -35.391 < 2e-16 *x**
grsS2 -15513.62 441.62 -35.129 < 2e-16 ***
grsS3 -12932.96 441.62 -29.285 < 2e-16 ***
grs4 -2467.63 441.62 -5.588 1.81e-05 *x**
grsSb5 14105.04 441.62 31.939 < 2e-16 ***
grs6 15960.38 441.62 36.140 < 2e-16 ***
grS7 22575.38 441.62 51.119 < 2e-16 ***
grsS8 22070.38 441.62 49.976 < 2e-16 ***
grs9 3104.37 441.62 7.029 8.09e-07 **x
grS10 -4128.29 441.62 -9.348 9.71e-09 *x**
grSil -13099.88 538.43 -24.330 2.49e-16 ***
Signif. codes: O ’*xx’ 0.001 ’**’ 0.01 ’%’ 0.05 ’.” 0.1 7 > 1

Residual standard error: 795.3 on 20 degrees of freedom
Multiple R-squared: 0.9982, Adjusted R-squared: 0.9971
F-statistic: 871.2 on 13 and 20 DF, p-value: < 2.2e-16

> anova(Mim)

Analysis of Variance Table

Response: x

Df Sum Sq Mean Sq F value Pr(>F)
gryY 2 93946520 46973260 74.262 5.542e-10 ***
grs 11 7070233840 642748531 1016.149 < 2.2e-16 ***

Residuals 20 12650673 632534

Signif. codes: 0O ’*xx’ 0.001 ’*x’ 0.01 ’%’ 0.056 ’.” 0.1’ > 1

Z vypisu vysledku vidime, ze souhrnné charakteristiky (statistika F, koeficient deter-
minace a upraveny koeficient determinace) jsou tplné stejné. Tato situace vsak musela
nastat, nebot’ jsme provedli pouze reparametrizaci.

Parametry myq,...,m, v tomto pripadé vSak maji jinou interpretaci. Nejsou ro¢ni hladi-
nou, ale ukazuji kolisani kolem prumérné hladiny dané parametrem (Intercept), ktery
modi f

je odhadem parametru p v modelu M,

Pro ziskani koeficientu

m; (jzl,...,’l") a Sk (kzl,,d)

opét pouzijeme funkci predict () s volbou parametru type="terms" a bez volby newdata,
takze se predikce pocitaji z dat, kterd vstupovala do modelu.

> Mim.terms <- predict(Mlm, type = "terms")
> str(Mim.terms)

num [1:34, 1:2] -622 -622 -622 -622 -622 ...
- attr(*, "dimnames")=List of 2

..$ : chr [1:34] "im nmQn n3dn wgn

..$ : chr [1:2] "grY" "grs"
- attr(*, "constant")= num 18151
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Ukézeme, ze tentokrat (protoze model obsahuje (Intercept)) fitované hodnoty jsou
souc¢tem dvou sloupcti matice Mim.terms oznacenych grY a grS a konstanty, kterou
ziskame volbou attr (Mim.terms, "constant").

> pom <- cbind(Mlm.terms, Mim.terms[, 1] + Mim.terms[, 2] + attr(Mim.terms,
"constant"), fitted(Mim))

> colnames(pom) <- c(colnames(Mim.terms), "grY+grS+constant", "fitted(Mim)")

> print(pom[1:6, ])

grY grS grY+grS+constant fitted(Mim)
1 -622.3113 -16427.637 1100.875 1100.875
2 -622.3113 -16311.971 1216.542 1216.542
3 -622.3113 -13731.304 3797.208 3797.208
4 -622.3113 -3265.971 14262.542 14262.542
5 -622.3113 13306.696 30835.208  30835.208
6 -622.3113 15162.029 32690.542  32690.542

Vybereme nyni piislusné koeficienty s, a p+m;

> (Mim.sk <- Mim.terms[1:d, 2])

1 2 3 4 5 6 7 8
-16427.637 -16311.971 -13731.304 -3265.971 13306.696 15162.029 21777.029 21272.029
9 10 11 12

2306.029 -4926.637 -13898.221 -14842.221

> (Mim.mj <- attr(Mim.terms, "constant") + Mlm.terms[seq(1, n, d), 1])

1 13 25
17528.51 18260.93 18765.47

Sezénni kolisani s vykresleme opét do grafu.

SK <- Mlm.sk
nf <- layout(matrix(c(1, 2), nrow = 1), width = c¢(2.75, 1.25))
txtS <- paste("S", 1:length(SK), " =", sep = "")
par(mar = c(2, 2, 0, 0) + 0.05)
plot(1:length(SK), SK, type = "o")
plot(c(0, 1), c(0, length(SK)), type = "n", axes = FALSE)
text (rep(0, length(SK)), rev(1:length(SK)), txtS, adj = c(0, 1), cex = 1.125)
text (rep(1, length(SK)), rev(1:length(SK)), round(SK), adj = c(1, 1),
cex = 1.125)

V VVV VYV VYV
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Obréazek 4: Sezénni slozky ziskané modifikovanou metodou malého trendu pro data Pocty

ndvstévniky, v Punkevnich jeskynich v Moravského Krasu v letech 1999-2001
Vysledky celé dekompozice vykreslime do jediného grafu.

> fit <- fitted(Mim)

> tr <- rep(Mim.mj, each = d, length.out = n)

> ylim <- range(range (xx), range(fit), tr)

> par(mfrow = c(1, 1), mar = c(2, 2, 2, 0) + 0.5)

> plot(tt, xx, type = "o", pch = 20, col = "black", ylim = ylim)

> lines(tt, fit, type = "o", pch = 22, col = "red", bg = "yellow", cex = 0.85)

> lines(tt, tr, type = "s", col = "dodgerblue", lwd = 2)

> abline(v = as.numeric(as.character(levels(data$grY))), col = "gray",

1ty = 2)

abline(h = attr(Mim.terms, "constant"), 1ty = 2, col = "gray35")

> legend(par("usr") [1], par("usr")[4], bty = "n", legend = c("puvodni",
"odhady"), 1ty = c(1, 1), pch = c(20, 22), bg = c("black", "yellow"),
col = c("black", "red"))
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Obrazek 5: Modifikovana metoda malého trendu pro data Pocty ndvstévniki v Punkev-
nich jeskynich v Moravského Krasu v letech 1999-2001

Presvédéeme se na zavér, ze obé dvé metody davaji uplné stejné odhady.
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> cbind(fitted(M1), fitted(Mim))[1:6, ]

O Ul WN -

[,1] [,2]

1100.875 1100.875
1216.542 1216.542
3797.208 3797.208
14262.542 14262.542
30835.208 30835.208
32690.542 32690.542

Abychom mohli obé dvé metody pouzit i na jind data, vytvorime dvé nové funkce,
nejdiive funkci SzSmallTrend () a nasledné SzSmallTrendModif (). Doplnime jesté jednu
pomocnou funkei FindPositionForLegend (), kterd hledd nejvhodnéjsi pozici pro uve-
deni legendy grafu.

> SzSmallTrend <- function(xts, figure = TRUE) {

}

if (class(xts) != "ts")
stop("xts must be a time series (ts)")
d <- frequency(xts)
n <- length(xts)
m <- ceiling(n/d)
shift <- start(xts)[2] - 1
r <-m*d - n - shift
Season <- factor(as.integer(gl(d, 1, n)) - shift)
Year <- factor(floor (time(xts)))
data <- data.frame(x = as.vector(xts), grS = Season, grY = Year)
M11 <- Im(x ~ grY + grS - 1, data, contrasts = list(grY = diag(1,
length(levels(data$grY))), grS = contr.sum))
M11.terms <- predict(M11, type = "terms")
M11.sk <- Mi11l.terms[1:d, 2]
M11.mj <- M1i1l.terms[seq(l, n, d), 1]
if (figure) {
tt <- as.vector(time(xts))
xx <- as.vector(xts)
fit <- fitted(M11)
tr <- rep(M11.mj, each = d, length.out = n)
ylim <- range(range(xx), range(fit), tr)
par (wfrow = c(1, 1), mar = c(2, 2, 2, 0) + 0.5)
plot(tt, xx, type = "o", pch = 20, col = "black", ylim = ylim)
lines(tt, fit, type = "o", pch = 22, col = "red", bg = "yellow",

cex = 0.85)

lines(tt, tr, type = "s", col = "dodgerblue", lwd = 2)

abline(v = as.numeric(as.character(levels(data$grY))), col = "gray",
1ty = 2)

legend (FindPositionForLegend (xx), bty = "n", legend = c("original",
"estimate"), 1ty = c(1, 1), pch = c(20, 22), bg = c("black",
"yellow"), col = c("black", "red"))
F
return(list (model = M11))

> SzSmallTrendModif <- function(xts, figure = TRUE) {

if (class(xts) != "ts")

stop("xts must be a time series (ts)")
d <- frequency(xts)
n <- length(xts)
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m <- ceiling(n/d)
shift <- start(xts)[2] - 1
r <-m*d - n - shift
Season <- factor(as.integer(gl(d, 1, n)) - shift)
Year <- factor(floor(time(xts)))
data <- data.frame(x = as.vector(xts), grS = Season, grY = Year)
Mim <- Im(x ~ grY + grS, data, contrasts = list(grY = contr.sum,
grS = contr.sum))
Mim.terms <- predict(Mlm, type = "terms")
Mim.sk <- Mim.terms[1:d, 2]
Mim.mj <- attr(Mim.terms, "constant") + Mlm.terms[seq(1, n, d),
1]
if (figure) {
tt <- as.vector(time(xts))
xx <- as.vector(xts)
fit <- fitted(Mim)
tr <- rep(Mim.mj, each = d, length.out = n)
ylim <- range(range(xx), range(fit), tr)
par (mfrow = c(1, 1), mar = c(2, 2, 2, 0) + 0.5)
plot(tt, xx, type = "o", pch = 20, col = "black", ylim = ylim)
lines(tt, fit, type = "o", pch = 22, col = "red", bg = "yellow",

cex = 0.85)

lines(tt, tr, type = "s", col = "dodgerblue", lwd = 2)

abline(v = as.numeric(as.character(levels(data$grY))), col = "gray",
1ty = 2)

abline(h = attr(Mlm.terms, "constant"), lty = 2, col = "gray")
legend (FindPositionForLegend (xx), bty = "n", legend = c("original",
"estimate"), 1ty = c(1, 1), pch = c(20, 22), bg = c("black",
"yellow"), col = c("black", "red"))
}
return(list(model = Mim, mu = coef(Mim)[1], mj = Mim.mj, sk = Mim.sk))
}
> FindPositionForLegend <- function(x) {

if (min(dim(as.matrix(x))) > 1)
stop("x is not a vector")

n <- length(x)

m <- trunc(n/3)

MaxT <- c(max(x[1:m]), max(x[(m + 1):(n - m)]), max(x[(n - m + 1):n]))

MinB <- c(min(x[1:m]), min(x[(m + 1):(n - m)]), min(x[(n - m + 1):n]))

indT <- which.min(MaxT)

indB <- which.max(MinB)

if (max(abs(diff(MaxT[c(1:3, 1)1))) > max(abs(diff(MinB[c(1:3, 1)1))))
PositionLegend <- c("topleft", "top", "topright")[indT]

else PositionLegend <- c("bottomleft", "bottom", "bottomright") [indB]

return (PositionLegend)
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B. Model II: polynomicky trend za celé obdobi spolu se sezénnosti

Uvazujme regresni model ve tvaru Y; =Try + Sz +e, e ~WN(0,0%).

Pieindexujme Yi,...,Y, mna Yjy, j=1,...,r . pocet sezdén
€ly---,En Ejk, k=1,...,d d... délka sezdny.

<

Je-li trend polynomicky za celé obdobi T'ry=08g+p1t+---+3nt™

a k-ta sezdénni slozka je rovna Sz, = S,

pak regresni model muzeme napsat ve tvaru:

Myrl: Y;k:ﬂo—l-ﬂlt—l-'”—l-ﬂmtm—l-sk—i-éjk, j=1...,r k=1,...,d

t=(j—1)d+k
Matice planu je pak tvaru

1 1 1 1 0 0
1 2m 1 0 0
: 0 0 0
: : : : Lo o0
1 d d™ 0 0 0 1
1 d+1 -  (@d+D)™ |10 0 - 0
1 d+2 - (d+2™ |0 1 0 0
. . : : 0 0 0
: : : : Lo 0
1 2d (2d)™ 00 0 1
X'=1: : : : 10 0 0
01 0 0
0 0 0
- 0
: : : 0 0 0 1
1 r—1)d+1 - [r-Dd+1"[1 0 0 - 0
1 (r—1)d+2 - [(r—1)d+2"|0 1 0 0
: : : : 0 0 0
: : : : P (
1 rd (rd)™ 00 - 0 1

Matice planu vSak neni plné hodnosti, nebot’ kdyz se¢teme poslednich d sloupcu, do-
staneme vektor samych jednicek. Proto pouzijeme tvz. metodu horniho rohu a polozime
prvni sezénu rovnu nule

81:0.

Této reparametrizaci na matici plné hodnosti v prostedi R odpovida implicitné nastaveny
kontrast contr.treatment.

Za téchto predpokladu lze model maticové napsat ve tvaru
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Yiy 1 1 m 00 -0 11
. 1 2m 10 -0
0’ -0
: S 00
Y; 1 d e dm 0 - 0 1 -
Yld 1 d+1 - (@+n™ [0 0 ---0 Sld
21 1 d+2 - (d+2™ |1 0 -0 =21
. . . . 0 0 4
: : : : D .0 I}
: 1 2d - (2™ 0. 0 1 :
YQd _ . . . . 00 L0 Bm +| €24
. 5 .
10 -0 .
.0 5
. _
. 0 -0 ozn.(3
§; : : : : 0 - 01 -
" I r—1d+1 -~ [(r—Dd+1]™ [0 0 --- 0 —L
1 (r—1)d+2 - [(r=1)d+2™ |1 0 --- 0
. . . . 0 0
: : : : : P | :
Yya 1 rd o (rd)™ 0-- 0 1 Erd

oznacme XM”:X
Odhad vektoru nezndmgyjch parametri metodou nejmensich ¢tvercu je dan vztahem

B=(X'X)"1X'Y.
PRIKLAD 2: Navstévnost v hromadnych ubytovacich zafizenich v CR
v letech 2000-2010

V datovém souboru NavstevnostHromadUbytZar2000_2010Q.dat jsou obsazena Ctvrt-
letni data, kterd se tykaji ndvstévnosti v hromadnych ubytovacich zafizenich v CR v le-
tech 2000-2010. Hromadnym ubytovacim zafizenim se rozumi zafizeni s minimalné péti
pokoji nebo deseti luzky.

Ctvrtletni data v jednotlivych sloupcich obsahuji

1. sloupec — pocet hostu
2. sloupec — pocet prenocovani

Datovy soubor nacteme pomoci piikazu read.table(). Vzhledem k tomu, Ze obsahuje
v prvnim fadku nézvy proménnych, v piikazu read.table nesmime zapomenout nastavit
header=TRUE. Piikazem str () vypiSeme strukturu datového ramce.

> fileDat <- paste(data.library, "NavstevnostHromadUbytZar2000_2010Q.dat",

sep = " n)
> navstevnost <- read.table(fileDat, header = TRUE)

Vedle na¢teného datového ramce vytvorime i vicerozmérnou ¢asovou radu, pomoci pii-
kazu str() se podivame na jeji strukturu.
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> TS <- ts(navstevnost, start = 2000, frequency = 4)
> str(TS)

int [1:44, 1:2] 2082827 2915857 3903838 1961250 2089561 3081402 3963317 2148905 2183879 2899998 ...

- attr(*, "dimnames")=List of 2

..$ : NULL

..$ : chr [1:2] "pocet_hostu" "pocet_prenocovani'
- attr(*, "tsp")= num [1:3] 2000 2011 4
- attr(*, "class")= chr [1:2] "mts" "ts"

Casové fady vykreslime pomoci pifkazu plot().

> plot (TS, type = "o", pch = 20, cex = 3)

TS
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Obrazek 6: Ndvstévnost v hromadngjch ubytovacich zaiizenich v CR v letech 2000-2010

Uvazujme nejprve regresni model plné hodnosti (s m = 1)
Z Y}k:ﬁo—l—ﬁlt—l—---—l—ﬁmtm—l—sk—l-&jk, j=1....r k=2,...,d
t=(j—1)d+k
ve kterém se predpoklada, ze s; = 0.
Ze dvou casovych fad vybereme napiiklad prvni. Protoze data nabyvaji hodnot v fadu

miliénu, budeme je ddle uvazovat v tisicich. Z takto upravenych hodnot vytvoiime novy
datovy ramec s kategorialnimi proménnymi pro rok i sezénu, i kdyz bychom v nasem
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piipadé vystacili s jedinou kategorialni proménnou, a to sezénou. Ale bude praktické mit
datovy ramec nachystany i pro vyuziti metod malého trendu.

xts <- TS[, 1]/1000

d <- frequency(xts)

n <- length(xts)

m <- ceiling(n/d)

shift <- start(xts)[2] - 1

r <-m*d - n - shift

Season <- factor(as.integer(gl(d, 1, n)) - shift)
Year <- factor(floor(time(xts)))

Time <- (1:n) - mean(1:n)

Data <- data.frame(x = as.vector(xts), grS = Season, grY = Year, Time = Time)
str(Data)

VVVVVVVYVVVYV

’data.frame’: 44 obs. of 4 variables:

$ x : num 2083 2916 3904 1961 2090 ...

$ grS : Factor w/ 4 levels "1","2","3","4": 1 2 3 4 12 ...

$ grY : Factor w/ 11 levels "2000","2001",..: 1 1 1 233 ...

$ Time: num -21.5 -20.5 -19.5 -18.5 -17.5 -16.5 -15.5 -14.5 -13.5 -12.5 ...

1234
1222

V prostiedi R pouzijeme pro odhad parametri modelu M;j; funkci 1m(), ve které jsou
pro kategoridlni proménné implicitné nastaveny kontrasty contr.treatment, takze je
nemusime uvadeét.

> summary(MP1 <- lm(x ~ Time + grS, Data))

Call:
Im(formula = x ~ Time + grS, data = Data)

Residuals:
Min 1Q Median 3Q Max
-791.15 -91.76 25.92 101.63 365.18

Coefficients:
Estimate Std. Error t value Pr(>|tl|)
(Intercept) 2242.113 60.124 37.292 < 2e-16 **x*
Time 11.668 2.372 4.918 1.62e-05 **x*
grs2 893.463 84.912 10.522 5.93e-13 **x
grsS3 1951.342 85.011 22.954 < 2e-16 *x**
grs4 114.688 85.176 1.346 0.186
Signif. codes: O ’*xx’ 0.001 ’**’ 0.01 ’%’ 0.05 ’.” 0.1 7 > 1

Residual standard error: 199.1 on 39 degrees of freedom
Multiple R-squared: 0.9475, Adjusted R-squared: 0.9421
F-statistic: 175.8 on 4 and 39 DF, p-value: < 2.2e-16

> anova(MP1)

Analysis of Variance Table

Response: x
Df Sum Sq Mean Sq F value Pr(>F)
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Time 1 1154275 1154275 29.131 3.552e-06 *xx
grs 3 26716293 8905431 224.748 < 2.2e-16 *x*x
Residuals 39 1545337 39624

Signif. codes: O ’*xx’ 0.001 ’**’ 0.01 ’%’ 0.05 ’.” 0.1 7 > 1

K vykresleni ¢asové fady po jednotlivych slozkéach je tfeba je nejprve ziskat, coz se déje
pitkazem predict().

> MP1.terms <- predict(MP1, type = "terms")
> str(MP1.terms)

num [1:44, 1:2] -251 -239 -228 -216 -204 ...
- attr(*, "dimnames")=List of 2

..$ : chr [1:44] "qm n2m n3n ngn

..$ : chr [1:2] "Time" "grS"
- attr(*, "constant")= num 2982

Také tentokrat, protoze model obsahuje (Intercept), fitované hodnoty jsou souctem
dvou sloupcii matice MP1.terms oznacenych Time a grS a konstanty, kterou ziskdme
volbou attr (MP1.terms, "constant").

> pom <- cbind(MP1.terms, MP1.terms[, 1] + MP1.terms[, 2] + attr(MP1.terms,
"constant"), fitted(MP1))

> colnames (pom) <- c(colnames(MP1.terms), "Time+grS+constant", "fitted(MP1)")

> print(pom[1:6, ])

Time grS Time+grS+constant fitted(MP1)
1 -250.8655 -739.8733 1991.248 1991.248
2 -239.1973 153.5897 2896.379 2896.379
3 -227.5291 1211.4689 3965.926 3965.926
4 -215.8610 -625.18562 2140.940 2140.940
5 -204.1928 -739.8733 2037.920 2037.920
6 -192.5247 153.5897 2943.051 2943.051

Sezénni slozky s vykreslime do grafu.

> (MP1.sk <- MP1.terms[1:d, 2])

1 2 3 4
-739.8733 153.5897 1211.4689 -625.1852

SK <- MP1.sk
nf <- layout(matrix(c(1, 2), nrow = 1), width = c(2.75, 1.25))
txtS <- paste("S", 1:length(SK), " =", sep = "")
par(mar = c(2, 2, 0, 0) + 0.05)
plot(1:length(SK), SK, type = "o")
plot(c(0, 1), c(0, length(SK)), type = "n", axes = FALSE)
text (rep(0, length(SK)), rev(1:length(SK)), txtS, adj = c(0, 1), cex = 1.125)
text(rep(1, length(SK)), rev(l:length(SK)), round(SK), adj = c(1, 1),
cex = 1.125)

V VVVVVVYyV
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Obrézek 7: Sezénni slozky ziskané modelem M;j; pro data Ndvstévnost (v tisicich) v hro-
madnych ubytovacich zarizenich v CR v letech 2000-2010 (pocet hostii)

Do jediného grafu se budeme snazit zakreslit fitované hodnoty a trendovou komponentu

modelu.

> tt <- as.vector (time(xts))

> xx <- as.vector(xts)

> fit <- fitted(MP1)

> tr <- attr(MP1.terms, '"constant") + MP1.terms[, 1]

> ylim <- range(range (xx), range(fit), tr)

> par(mfrow = c(1, 1), mar = c(2, 2, 2, 0) + 0.5)

> plot(tt, xx, type = "o", pch = 20, col = "black", ylim = ylim)

> lines(tt, fit, type = "o", pch = 22, col = "red", bg = "yellow", cex = 0.85)

> lines(tt, tr, col = "dodgerblue", lwd = 2)

> abline(v = as.numeric(as.character(levels(Data$grY))), col = "gray",
1ty = 2)

\%

abline(h = attr(MP1.terms, "constant"), 1ty = 2, col = "gray35")

> legend(par("usr") [1], par("usr")[4], bty = "n", legend = c("original",
"estimate"), 1ty = c(1, 1), pch = c(20, 22), bg = c("black", "yellow"),
col = c("black", "red"))
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Obrazek 8: Dekompozice pomoci modelu My; pro data Ndvstévnost (v tisicich) v hro-
madnyjch ubytovacich zarizenich v CR v letech 2000-2010 (pocet hostii)
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Mnohem vhodnéjsim modelem vzhledem k interpretaci sezénnich slozek bude jisté model,
ve kterém dodatec¢nou podminku s; = 0 nahradime sou¢tovou podminku

S14+ - +54=0

a budeme uvazovat modifikovany model ve tvaru (s m = 1)

MM Vi = Bo+ Bt + -+ Bt + sp e, G=1,...,r k=1,....d—1

t=(j—1)d+k
V prostiedi R pouzijeme pro odhad parametru tohoto modelu funkci 1m(), ve které
vhodné nastavime kontrasty.

> Time <- (1:n) - mean(1:n)
> summary(MP1m <- Ilm(x ~ Time + grS, Data, contrasts = list(grS = contr.sum)))

Call:
Im(formula = x ~ Time + grS, data = Data, contrasts = list(grS = contr.sum))

Residuals:
Min 1Q Median 3Q Max
-791.15 -91.76 25.92 101.63 365.18

Coefficients:
Estimate Std. Error t value Pr(>|tl|)

(Intercept) 2981.986 30.009 99.369 < 2e-16 **¥x*

Time 11.668 2.372 4.918 1.62e-05 **x*

grsi -739.873 52.099 -14.201 < 2e-16 **x

grs2 153.590 51.991 2.954 0.00529 **

grsS3 1211.469 51.991 23.302 < 2e-16 **x

Signif. codes: O ’*xx’ 0.001 ’**’ 0.01 ’%’ 0.05 ’.” 0.1 7 > 1

Residual standard error: 199.1 on 39 degrees of freedom
Multiple R-squared: 0.9475, Adjusted R-squared: 0.9421
F-statistic: 175.8 on 4 and 39 DF, p-value: < 2.2e-16

> anova(MP1m)

Analysis of Variance Table

Response: x

Df Sum Sq Mean Sq F value Pr(>F)
Time 1 1154275 1154275 29.131 3.552e-06 **x*
grs 3 26716293 8905431 224.748 < 2.2e-16 **¥x
Residuals 39 1545337 39624

Signif. codes: O ’#xk’ 0.001 ’#%’ 0.01 ’x’ 0.05 .’ 0.1 * * 1
Opét, abychom byli schopni vykreslit dekompozici ¢asové rady po jednotlivych slozkach,
pouzijeme piikaz predict () k jejich ziskani.

> MP1lm.terms <- predict(MP1lm, type = "terms")
> str(MPim.terms)
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num [1:44, 1:2] -251 -239 -228 -216 -204 ...
- attr(*, "dimnames")=List of 2

..$ : chr [1:44] "qim n2n n3dn wgn

..$ : chr [1:2] "Time" "grs"
- attr(*, "constant")= num 2982

Také tentokrdt, protoze model obsahuje (Intercept), fitované hodnoty jsou souctem
dvou sloupct matice MP1m.terms oznacenych Time a grS a konstanty, kterou ziskdme
volbou attr (MP1m.terms, "constant").

> pom <- cbind(MP1m.terms, MP1.terms[, 1] + MPlm.terms[, 2] + attr(MPlm.terms,
"constant"), fitted(MP1m))

> colnames (pom) <- c(colnames(MPim.terms), "Time+grS+constant", "fitted(MP1m)")

> print(pom[1:6, ])

Time grS Time+grS+constant fitted(MP1im)
1 -250.8655 -739.8733 1991.248 1991.248
2 -239.1973 153.5897 2896.379 2896.379
3 -227.5291 1211.4689 3965.926 3965.926
4 -215.8610 -625.18562 2140.940 2140.940
5 -204.1928 -739.8733 2037.920 2037.920
6 -192.5247 153.5897 2943.051 2943.051

Sezénni kolisani s vykresleme opét do grafu.

> (MP1im.sk <- MPim.terms[1:d, 2])

1 2 3 4
-739.8733 153.5897 1211.4689 -625.1852

> SK <- MP1m.sk
> nf <- layout (matrix(c(1, 2), nrow = 1), width = c(2.75, 1.25))
> txtS <- paste("S", 1:length(SK), " =", sep = "")
> par(mar = c(2, 2, 0, 0) + 0.05)
> plot(1:length(SK), SK, type = "o")
> plot(c(0, 1), c(0, length(SK)), type = "n", axes = FALSE)
> text(rep(0, length(SK)), rev(1l:length(SK)), txtS, adj = c(0, 1), cex = 1.125)
> text(rep(1, length(SK)), rev(l:length(SK)), round(SK), adj = c(1, 1),
cex = 1.125)
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Obrazek 9: Sezénni slozky ziskané modelem M}'Imdif pro data Ndvstévnost (v tisicich)
v hromadnych ubytovacich zarizenich v CR v letech 2000-2010 (pocet hostu)

Do jediného grafu se zakreslime fitované hodnoty a trendovou komponentu modelu.
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> tt <- as.vector(time(xts))

> xx <- as.vector(xts)

> fit <- fitted(MP1m)

> tr <- attr(MPim.terms, "constant'") + MPim.terms[, 1]

> ylim <- range(range (xx), range(fit), tr)

> par(mfrow = c(1, 1), mar = c(2, 2, 2, 0) + 0.5)

> plot(tt, xx, type = "o", pch = 20, col = "black", ylim = ylim)

> lines(tt, fit, type = "o", pch = 22, col = "red", bg = "yellow", cex = 0.85)

> lines(tt, tr, col = "dodgerblue", lwd = 2)

> abline(v = as.numeric(as.character(levels(Data$grY))), col = "gray",
1ty = 2)

> abline(h = attr(MPim.terms, "constant"), 1ty = 2, col = '"gray35")

> legend(par("usr") [1], par("usr")[4], bty = "n", legend = c("original",
"estimate"), 1ty = c(1, 1), pch = c(20, 22), bg = c("black", "yellow"),
col = c("black", "red"))
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Obrazek 10: Dekompozice pomoci modelu M}}wdif pro data Ndvstévnost (v tisicich) v hro-

madngch ubytovacich zaiizenich v CR v letech 2000-2010 (pocet hostii)

Nyni jesté vytvorime funkci SzPolTrend (), ktera pro zadany stupen polynomu provede

dekompozici ¢asové fady podle modelu M}?}Odzf .

> SzPolTrend <- function(xts, Dgr = 1, figure = TRUE) {

if (class(xts) != "ts")
stop("xts must be a time series (ts)")
nn <- 300

d <- frequency(xts)

n <- length(xts)

m <- ceiling(n/d)

shift <- start(xts)[2] - 1

r <-m *d - n - shift

grS <- factor(as.integer(gl(d, 1, n)) - shift)

grY <- factor(floor (time(xts)))

Time <- (1:n) - mean(1:n)

Data <- data.frame(x = as.vector(xts), grS = grS, Time = Time)
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T.terms <- "Time"

if (Dgr > 1)
T.terms <- c(T.terms, paste("I(Time"~", 2:Dgr, ")", sep = ""))
strF <- paste("x™", paste(T.terms, collapse = "+"), "+grS", sep = "")

pomf <- as.formula(strF)
M <- Im(pomf, Data, contrasts = list(grS = contr.sum))
m.terms.grS <- predict(M, type = "terms", terms = "grS")
m.sk <- m.terms.grS[1:d]
if (figure) {
tt <- as.vector(time(xts))
xx <- as.vector(xts)
TTime <- Time
TT <- tt
if (n < nn) {
TTime <- seq(Time[1], Time[n], length.out = nn)
TT <- seq(tt[1], tt[n], length.out = nn)
}
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newdata <- data.frame(Time = TTime, grS = rep(grS[1:d], length = length(TTime)))

m.terms.Time <- predict(M, newdata = newdata, type = "terms",
terms = T.terms)

Constant <- attr(m.terms.Time, "constant')

tr <- Constant + apply(m.terms.Time, 1, sum)

fit <- fitted (M)

ylim <- range(range(xx), range(fit), tr)

plot(tt, xx, type = "o", pch = 20, col = "black", ylim = ylim)

lines(tt, fit, type = "o", pch = 22, col = "red", bg = "yellow",

cex = 0.85)

lines(TT, tr, col = "dodgerblue", lwd = 2)

abline(v = as.numeric(as.character(levels(Data$grY))), col = "gray",
1ty = 2)

abline(h = Constant, 1ty = 2, col = "gray35")

legend (FindPositionForLegend (xx), bty = "n", legend = c("original",
"estimate"), 1ty = c(1, 1), pch = c(20, 22), bg = c("black",
"yellow"), col = c("black", "red"))

F
return(list(model = M, sk = m.sk))

Funkci vyzkousime u ¢asové fady ulozené v proménné xts, a to pro ruzné stupné poly-

nomu (napiiklad 3, 5, 7, 9).

Vysledky nechame vykreslit do grafu. Kromé toho do kazdého grafu doplnime odhady
sezonnich slozek, abychom mohli posoudit, jak velky vliv ma volba stupné polynomu

na odhady sezoénnich slozek.

> par(mfrow = c(2, 2), mar = c(2, 2, 2, 0) + 0.5)
> for (dgr in c(3, 5, 7, 9)) {
vysl <- SzPolTrend(xts, Dgr = dgr)
txtS <- paste(paste("S", 1:length(vysl$sk), "=", round(vysl$sk),

sep = ""), collapse = " ")
txtDgr <- paste("degree of polynom =", dgr)
mtext (txtDgr)

mtext (txtS, side = 1, line = -1, cex = 0.85)
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Praktikum z ndhodnych procest (8. praktikum)
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Obréazek 11: Dekompozice pomoci M}?}Odif pro ruzné stupné polynomu pro data Ndvstév-
nost (v tisicich) v hromadnijch ubytovacich zarizenich v CR v letech 2000-2010 (pocet
hosti)

Funkce decompose() a stl1() v prostiedi R

Pro dekompozici ¢asové tady jsou v prostiedi R k dispozici dvé funkce decompose() a
st1().

(a) Funkce decompose () — Classical Seasonal Decomposition by Moving Averages

> decl <- decompose(xts)
> str(decl)

List of 5
$ seasonal: Time-Series [1:44] from 2000 to 2011: -748 153 1216 -621 -748 ...
$ trend : Time-Series [1:44] from 2000 to 2011: NA NA 2717 2738 2766 ...
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$ random : Time-Series [1:44] from 2000 to 2011: NA NA -29 -155.8 70.6 ...
$ figure : num [1:4] -748 153 1216 -621

$ type : chr "additive"

- attr(*, "class")= chr "decomposed.ts"

> decl$seasonall[1:d]
[1] -747.5080 152.6937 1216.0461 -621.2319

> plot(dec1)
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Obrazek 12: Dekompozice pomoci funkce decompose () pro data Ndvstévnost (v ti-
sicich) v hromadngjch ubytovacich zarizenich v CR v letech 2000-2010 (pocet hostii)

Funkce st1() — Seasonal Decomposition of Time Series by Loess

> dec2 <- stl(xts, "periodic")
> str(dec2)

List of 8
$ time.series: mts [1:44, 1:3] -745 150 1213 -617 -745 ...
..— attr(*, "dimnames")=List of 2
..$ : NULL
.. ..$ : chr [1:3] "seasonal" "trend" "remainder"
..— attr(*, "tsp")= num [1:3] 2000 2011 4
..— attr(*, "class")= chr [1:2] "mts" "ts"

$ weights tnum [1:44] 1111111111 ...
$ call : language stl(x = xts, s.window = "periodic")
$ win : Named num [1:3] 441 7 5

..— attr(*, "names")= chr [1:3] "s" "t" "1"
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$ deg : Named int [1:3] 0 1 1

..— attr(*, "names")= chr [1:3] "s" "t" "1"
$ jump : Named num [1:3] 45 1 1

..— attr(*, "names")= chr [1:3] "s" "t" "1"
$ inner : int 2
$ outer : int O

- attr(*, "class")= chr "stl"
> dec2$time.series[1:d, 1]
[1] -745.4963 150.1728 1212.5610 -617.2366

> plot(dec2)
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Obrazek 13: Dekompozice pomoci funkce st1() pro data Ndvstévnost (v tisicich)
v hromadngjch ubytovacich zaiizenich v CR v letech 2000-2010 (pocet hostii)

D. Ukoly:

(a) Na pravé nactenou ¢asovou fadu vyzkousejte s vyuzitim funcki SzSmallTrend() a

SzSmallTrendModif () obé dvé metody malého trendu.
(b) Totéz vyzkousejte na vhodné sezénni ¢asové fadé, kterou si sami najdete.
(¢) Na vasi ¢asové radé také odhadnéte model MEO‘W pomoci funkce SzPolTrend().

(d) Prostudujte a aplikujte funkce decompose () a st1() na vasi sezénni ¢asovou fadu.



