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MO0130 — 3. PRAKTIKUM : M0130pr03 ( Uvodni analyjza casovijch fad)
A. Roc¢ni data:

PRIKLAD 1

Méme k dispozici historickd roéni data, ktera se tykaji minimalnich (dolnich) hladin feky
Nil, a to v letech 622-1284.

> nile.low.levels <- c(1157, 1088, 1169, 1169, 984, 1322, 1178, 1103, 1211, 1292, 1124,
1171, 1133, 1227, 1142, 1216, 1259, 1299, 1232, 1117, 1155, 1232, 1083, 1020, 1394,
1196, 1148, 1083, 1189, 1133, 1034, 1157, 1034, 1097, 1299, 1157, 1130, 1155, 1349,
1232, 1103, 1103, 1083, 1027, 1166, 1148, 1250, 1155, 1047, 1054, 1018, 1189, 1126,
1250, 1297, 1178, 1043, 1103, 1250, 1272, 1169, 1004, 1083, 1164, 1124, 1027, 995,
1169, 1270, 1011, 1247, 1101, 1004, 1004, 1065, 1223, 1184, 1216, 1180, 1142, 1277,
1206, 1076, 1076, 1189, 1121, 1178, 1031, 1076, 1178, 1209, 1022, 1220, 1070, 1126,
1058, 1216, 1358, 1184, 1083, 1097, 1119, 1097, 1097, 1153, 1153, 1151, 1151, 1151,
1184, 1097, 1043, 1043, 1002, 1152, 1097, 1034, 1002, 989, 1092, 1115, 1115, 1047,
1040, 1038, 1085, 1126, 1058, 1067, 1115, 1263, 1124, 1110, 1097, 1097, 1157, 1000,
991, 995, 1013, 1007, 971, 971, 980, 993, 1043, 1097, 982, 971, 971, 1065, 1022,
1029, 989, 1029, 995, 982, 1090, 980, 971, 957, 989, 966, 989, 1022, 1074, 1110,
1110, 1061, 1151, 1128, 1074, 1043, 1034, 1074, 966, 1027, 1029, 1034, 1065, 989,
1034, 1002, 1128, 1178, 1097, 1142, 1466, 1097, 1137, 1097, 1259, 1313, 1173, 1169,
1173, 1088, 1191, 1146, 1160, 1142, 1128, 1169, 1162, 1115, 1164, 1088, 1079, 1083,
1043, 1110, 1092, 1110, 1047, 1076, 1110, 1043, 1103, 1034, 1074, 1052, 1011, 1097,
1092, 1110, 1115, 1097, 1196, 1115, 1162, 1151, 1142, 1126, 1108, 1187, 1191, 1153,
1254, 1187, 1196, 1331, 1412, 1349, 1290, 1211, 1232, 1166, 1124, 1146, 1079, 1108,
1097, 1106, 1072, 1065, 1128, 1340, 959, 959, 1137, 1133, 1137, 1151, 1117, 1157,
1157, 1133, 1110, 1155, 1189, 1260, 1189, 1151, 1097, 1209, 1130, 1295, 1308, 1250,
1205, 1310, 1250, 1155, 1101, 1100, 1103, 1121, 1121, 1097, 1106, 1259, 1261, 1124,
1196, 1205, 1205, 1119, 1088, 1250, 1094, 1198, 1121, 1164, 1211, 1153, 1146, 1126,
1288, 1175, 1171, 1081, 1133, 1164, 1155, 1155, 1155, 1160, 1094, 1054, 1067, 1044,
948, 1099, 1016, 1065, 1067, 1072, 1076, 1081, 1196, 1196, 1151, 1088, 1128, 1151,
1236, 1216, 1288, 1297, 1182, 1306, 1043, 1184, 1054, 1169, 1043, 980, 1072, 1189,
1151, 1142, 1193, 1151, 1097, 1144, 1097, 1094, 1153, 1108, 935, 1081, 1081, 1097,
1146, 1250, 1151, 1043, 1043, 1043, 1070, 1124, 1137, 1146, 1099, 1054, 1045, 1070,
1142, 1074, 1101, 1220, 1196, 1097, 1207, 1119, 1160, 1151, 1025, 1097, 1137, 1007,
1034, 1043, 1043, 980, 1079, 1169, 1250, 1324, 1209, 1142, 1061, 1000, 1088, 1128,
1142, 1259, 1142, 1148, 1088, 1142, 1119, 1130, 1088, 1250, 1137, 1108, 1110, 1173,
1173, 1196, 1189, 1200, 1351, 1274, 1227, 1310, 1148, 1151, 1151, 1182, 1182, 1151,
1133, 1130, 1151, 1166, 1070, 1200, 1074, 1110, 1292, 1178, 1128, 1097, 1304, 1103,
1259, 1119, 1119, 1119, 1081, 1196, 1085, 1101, 1103, 1146, 1211, 1169, 1144, 1191,
1189, 1182, 1243, 1243, 1227, 1189, 1191, 1155, 1209, 1218, 1211, 1209, 1164, 1135,
1121, 1137, 1254, 1457, 1299, 1277, 1277, 1178, 1270, 1313, 1333, 1270, 1245, 1245,
1211, 1265, 1346, 1346, 1290, 1295, 1286, 1259, 1254, 1421, 1268, 1263, 1335, 1313,
1265, 1319, 1351, 1277, 1317, 1268, 1263, 1112, 1207, 1292, 1205, 1223, 1205, 1153,
1182, 1245, 1205, 1151, 1079, 1151, 1081, 1128, 1209, 1157, 1277, 1259, 1209, 1220,
1184, 1220, 1193, 1247, 1252, 1259, 1299, 1173, 1182, 1180, 1180, 1331, 1207, 1236,
1151, 1182, 1142, 1191, 1259, 1166, 1196, 1241, 1252, 1241, 1252, 1157, 1126, 1164,
1088, 1173, 1252, 1288, 1301, 1286, 1223, 1232, 1184, 1207, 1250, 1256, 1211, 1216,
1209, 1209, 1207, 1151, 1097, 1097, 989, 966, 1047, 1056, 1110, 1290, 1151, 1166,
1196, 1196, 1110, 1110, 1119, 1119, 1074, 1106, 1128, 1218, 1098, 1044, 1056, 1058,
1098, 1043, 1038, 1142, 1142, 1193, 1103, 989, 936, 1142, 1142, 1151, 1151, 1180,
1259, 1196, 1142, 1169, 1196, 1142, 1128, 1043, 1097, 1142, 1205, 1205, 1164, 1160,
1196, 1112, 1169, 1110, 1178, 1133, 1153, 1139, 1155, 1187, 1196, 1220, 1166, 1128,
1101, 1157, 1175, 1142, 1187, 1254, 1198, 1263, 1283, 1252, 1160, 1234, 1234, 1232,
1306, 1205, 1054, 1151, 1108, 1097)



Praktikum z ndhodnych procest (3. praktikum)

Vytvoiime ¢asovou fadu, kterou vykreslime.

> NileTS <- ts(nile.low.levels, start = 622, frequency = 1)
> par(mar = c(2, 2, 0, 0) + 0.5)
> plot(NileTS, type = "o")
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Obrazek 1: Minimalni ro¢ni hladiny feky Nil v letech 622-1284 (Roda Island, Cairo)

Vyzkousime, jak bude vypadat graf ¢asové fady s volbou type="h"

> par(mar = c(2, 2, 0, 0) + 0.5)
> plot(NileTS, type = "h")
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Obrézek 2: Minimalni roéni hladiny feky Nil v letech 622-1284 - s volbou type="h"
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Nyni vytvorime histogram, jadrovy odhad hustoty vstupnich dat a navic jesté vykreslime
normalni hustotu, kde stfedni hodnota a rozptyl jsou uréeny vybérovymi odhady.

\%

x <- NileTS

par(mar = c(4, 2, 1, 0) + 0.75)

h <- hist(x, probability = TRUE, breaks = "FD", xlab = "Low-Water Levels of the Nile River",
main = "Histogram, Kernel Density Estimate, Normal Curve")

xfit <- seq(min(x), max(x), length = 512)

yfit <- dnorm(xfit, mean = mean(x), sd = sd(x))

lines(xfit, yfit, col = "dodgerblue", lwd = 2)

lines(density(x, n = 512), lwd = 2, col = "red", lty = 2)

rug(x, side = 1, ticksize = 0.02, col = "grey20")

legend("right", legend = c("Histogram", "Kernel Density Estimate",
"Normal Density"), col = c("black", "red", "dodgerblue"),
1ty = c¢(1, 2, 1), bty = "n", title = "Line Types")
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Obréazek 3: Histogram, jadrovy odhad hustoty, norméalni hustota pro ro¢ni minima
Meésicni data:
PRIKLAD 2

V tomto pfipadé mame k dispozici mésicni data, kterd udavaji pocet nezaméstnanych
mladych zen ve véku od 16 do 19 let v USA od ledna 1961 do srpna 2002.

Nejprve nac¢teme popis ¢asové fady, ktery je v datovém souboru umistén na prvnich dvou
fadcich. Muzeme to udélat nékolika zpisoby.



Praktikum z ndahodnych procesu (3. praktikum)

Prvni moznosti je pouzit piitkaz readLines. Protoze je piikaz v zavorkach, ihned se
zobrazi obsah proménné popis.

> fileDat <- paste(data.library, "MontlyUnemplWomen.dat",
Sep =N H)

> con <- file(fileDat)

> (popis <- readLines(con, n = 2))

[1] "Monthly unemployed young women between ages 16 and 19"
[2] "in the U.S. from January 1961 to August 2002"

> close(con)

Dalsi moznosti je pouzit pitkaz scan.

> (txt <- scan(fileDat, what = "", nlines = 2))
[1] "Monthly" "unemployed" "young" "women" "between"
[6] "ageS" " 16" "and" " 19|| " in"
[11] "the" "g.s." "from" "January" "1961"
[16] "to" "August" "2002"

Vidime, ze kazdé slovo se nacetlo zvIast’, chceme-li vSechna slova spojit v jediny text,
piSeme

> (Txt <- paste(txt, collapse = " "))

[1] "Monthly unemployed young women between ages 16 and 19 in the U.S. from January 1961 to August 2002"

Nyni nac¢teme zbytek dat pomoci piifkazu scan a volbou skip3 zajistime pieskoceni
prvnich dvou Fadku s textem a jednoho volného fadku.

> UnemplWomen <- scan(fileDat, skip = 3)

7 nactenych dat vytvofime ¢asovou fadu a vykreslime ji.

> UnemplWomenTS <- ts(UnemplWomen, start = 1961, frequency = 12)
> par(mar = c(2, 2, 0, 0) + 0.5)
> plot (UnemplWomenTS)
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Obrézek 4: Pocet nezaméstnanych mladych zen ve véku od 16 do 19 let v USA od ledna

1961 do srpna 2002

Abychom mohli pouzivat graf, ve kterém budou zietelné oddéleny ro¢ni bloky dat, nejprve

vytvorime funkci

> plot.band <- function(x, lwd = 1.5, type =

o) T
plot(x, ...)
a <- time(x)
i1
i2
y1
y2
if (par("ylog")) {
y1 <= 107y1
y2 <- 107y2
}
for (i in seq(from
polygon(c(i, i
y2), col =
}
par(new = T)
plot(x, lwd = lwd,

<- floor(min(a))
<- ceiling(max(a))
<- par("usr") [3]
<- par("usr") [4]

"o", pch = 20,

= i1, to =i2 - 1, by = 2)) {
+1, i+ 1, 1), c(y1, y1, y2,
"grey", border = NA)

type = type, pch = pch, ...)




Praktikum z ndhodnych procest (3. praktikum)

Tuto funkci pak pouzijeme pro grafické oddéleni jednotlivych let.

>
>
>
>

par(mar = c(2, 2, 2, 0) + 0.5)
plot.band(UnemplWomenTS, type = "1", lwd = 1)
mtext (popis[1], line = 1, font = 3)

mtext (popis[2], line = 0.125, font = 3)

Monthly unemployed young women between ages 16 and 19
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Obrézek 5: Pocet nezaméstnanych mladych zen ve véku od 16 do 19 let v USA od ledna
1961 do srpna 2002 — ro¢ni bloky

Nyni vytvorime histogram, jadrovy odhad hustoty vstupnich dat a navic jesté vykreslime
normalni hustotu, kde stfedni hodnota a rozptyl jsou uréeny vybérovymi odhady.
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x <- UnemplWomenTS

par(mar = c(4, 2, 1, 0) + 0.75)

h <- hist(x, probability = TRUE, breaks = "FD", xlab = "Monthly unemployed young women",
main = "Histogram, Kernel Density Estimate, Normal Curve")

xfit <- seq(min(x), max(x), length = 512)

yfit <- dnorm(xfit, mean = mean(x), sd = sd(x))

lines(xfit, yfit, col = "dodgerblue", lwd = 2)

lines(density(x, n = 512), lwd = 2, col = "red", lty = 2)

rug(x, side = 1, ticksize = 0.02, col = "grey20")

legend ("topright", legend = c("Histogram", "Kernel Density Estimate",
"Normal Density"), col c("black", "red", "dodgerblue"),
1ty = c¢(1, 2, 1), bty = "n", title = "Line Types")
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Obréazek 6: Histogram, jadrovy odhad hustoty, normélni hustota pro po¢ty mladych ne-
zameéstnanych zen

Jak je vidét z pfedchoziho grafu, vstupni data jsou smési ti{ rozdéleni.

Data s desetinnou ¢arkou:

PRIKLAD 3

Datovy soubor ZiveNarozeni.dat obsahuje v prvnim fadku popisku dat, druhy radek
je volny, od tretiho fadku jsou k dispozici data, ve kterych je misto desetinné tecky
desetinna carka.

Nejprve nacteme popis datového souboru.
> fileDat <- paste(data.library, "ZiveNarozeni.dat", sep = "")

> con <- file(fileDat)
> (popis <- readLines(con, n = 1))

[1] "CR: Zivd narozeni na 1000 obyvatel v letech 1785 - 2009"

> close(con)

Nyni nac¢teme samotnd data pomoci piikazu scan. Volba skip=2 zajisti pfeskoceni po-
pisného a volného fadku a volba dec="," umozni nacist ¢islo s desetinnou ¢arkou. Pokud
bychom to neudélali, prikaz scan by vstupni data bral jako typu character.



Praktikum z ndhodnych procest (3. praktikum)

> ZiveNarozeni <- scan(fileDat, skip = 2, dec = ",")
> str(ZiveNarozeni)

num [1:225] 43.1 45.1 46 44.9 42 44.6 41.6 44.4 43.2 44.1 ...

7 nactenych dat vytvofime ¢asovou fadu a vykreslime ji.

> ZiveNarozeniTS <- ts(ZiveNarozeni, start = 1785, frequency = 1)
> par(mar = c(2, 2, 1, 0) + 0.5)

> plot(ZiveNarozeniTS, type = "o", pch = 20)

> mtext(popis, line = 0.125, font = 3)

CR: Zive narozeni na 1000 obyvatel v letech 1785 — 2009
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Obrézek 7: Pocet zivé narozenych déti na 1000 obyvatel v Ceské republice v letech 1785
- 2009.

Nyni vytvorime histogram, jadrovy odhad hustoty vstupnich dat a navic jesté vykreslime
normalni hustotu, kde stfedni hodnota a rozptyl jsou uréeny vybérovymi odhady.

> x <- ZiveNarozeniTS

par(mar = c(4, 2, 1, 0) + 0.75)

h <- hist(x, probability = TRUE, breaks = "FD", xlab = "Live births",
main = "Histogram, Kernel Density Estimate, Normal Curve")

xfit <- seq(min(x), max(x), length = 512)

> yfit <- dnorm(xfit, mean = mean(x), sd = sd(x))
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> lines(xfit, yfit, col = "dodgerblue", lwd = 2)

> lines(density(x, n = 512), lwd = 2, col = "red", 1ty = 2)

> rug(x, side = 1, ticksize = 0.02, col = "grey20")

> legend("topleft", legend = c("Histogram", "Kernel Density Estimate",
"Normal Density"), col = c("black", "red", "dodgerblue"),
1ty = ¢(1, 2, 1), bty = "n", title = "Line Types")
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Obréazek 8: Histogram, jadrovy odhad hustoty, normalni hustota pro poéty zivé naroze-
nych déti.

K vykresleni dat muzeme pouzit i grafy z knihovny lattice, kdy médme moznost rozsitit
volbu type=c("o","r") tak, aby se navic daty prolozila regresni piimka.

> library(lattice)
> print(xyplot(ZiveNarozeniTS, type = c("o", "r"), pch = 20,
main = popis))
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Praktikum z ndahodnych procesu (3. praktikum)

CR: Zive narozeni na 1000 obyvatel v letech 1785 - 2009
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Obrézek 9: Pocet zivé narozenych déti na 1000 obyvatel v Ceské republice v letech 1785
- 2009 spolu s regresni piimkou.

Na zaveér jesté vysSetiime, jak dopadnou odhady rozdéleni, pokud z ¢asové fady odstra-
nime linedrni trend, tj. vykreslime histogram, jadrovy odhad hustoty a normalni hustotu
pro rezidua, ktera ziskdme z jednoduchého regresniho modelu s linedrnich trendem.

Time <- 1:length(ZiveNarozeni)

x <- residuals(Ilm(ZiveNarozeni ~ Time))

par(mar = c(4, 2, 1, 0) + 0.75)

h <- hist(x, probability = TRUE, breaks = "FD", xlab = "residuals",
main = "Histogram, Kernel Density Estimate, Normal Curve')

xfit <- seq(min(x), max(x), length = 512)

yfit <- dnorm(xfit, mean = mean(x), sd = sd(x))

lines(xfit, yfit, col = "dodgerblue", lwd = 2)

lines(density(x, n = 512), lwd = 2, col = "red", 1ty = 2)

rug(x, side = 1, ticksize = 0.02, col = "grey20")

legend("left", legend = c("Histogram", "Kernel Density Estimate",
"Normal Density"), col = c("black", "red", "dodgerblue"),
Ity = c(1, 2, 1), bty = "n", title = "Line Types")
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Obrazek 10: Histogram, jadrovy odhad hustoty, normélni hustota pro residua.

Srovname-li obrazky 8 a 10, vidime, ze pokud je u casovych fad vyrazny trend, nemé
smysl odhadovat rozdéleni dat, nebot’ v nich velkou vahu m& deterministicka slozka. Tu
je tfeba nejprve odstranit a pak teprve zkoumat rozdéleni zbyvajici stochastické slozky.

D. Ukol.

Pro casové fady, které jste si nasli v minulém praktiku, proved’te ivodni analyzu.



