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Motivacio

qR

Oramundsen

Are you sure this is needed for time
series analysis?




Az ,RNN” csomag

Visszacsatolaso
s (recurrent)
neuralis halok

Adatelokészités:
(1) Data frame
(2) Data matrix

(3) 3D array




#Adatbehivds:
data <- sunspots #Bedpitett R-adatokkal dolgozunk
head(data)

#Nehdny ditaldnos tudnivali:
is.ts(data)
#/1] TRUE

plot.ts{data)
EEGIGE Y]
#[1] 51.26596

sd(data)
#[1] 43. 44897

#patra frame-mé alakitunk:
data_df =- as.data.frame(data)
names (data_df) =- c("gty")

#FFFIddadarok - évszdzad (¢}, éviized (d), év (), hdnap (month):
1ibrary(zoo)

times <- as.data.frame(as.yearmon(time{data)))
years <- as.data.frame(substr(times[, 1], 5, E))

months <- as.data.frame(substr(times[, 1], 1, 3))
months_numeric =- match(months[, 1], month. abb)

data_df <- cbind(data_df, years, months_numeric)
names {(data_df) =- c('gty”, "year”, "month")

data_dffc <- na
data_df$d =- ma
data_dffy <- nNa

for (i in 1:nrow({data_df)) {
data_df$c[i] <- as.numeric(as.character({substr{as.character(data_dfS$year[i]), 2, 2)))
data_df¥d[i] =- as.numeric(as.character (substr(as.character{data_dfS$year[i]), 3, 3)))
data_df$y[i] =- as.numeric(as.character{substr{as.character(data_dfiyear[i]}, 4, 4)))

b

#Training 46s rest setek szdérvdlaszrdsa:
train <- as.data.frame(data_df[as.numeric(as. character (data_df$year)) < 1960,]) #raining: 1950 elorr
names (train) <- names(data_df)

test <- as.data.frame(data_df[as.numeric(as.character (data _dffyear)) == 1960,]) #7est. 1960-1084
names (test) <- names{data_df)




A napfoltok szama 1749 és 1984 kozott

Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov  Dec
1749 58.0 62.6 70.0 55.7 B85.0 83.5 94.8 66.3 75.9 75.5 158.6 B85.2
1750 73.3 75.9 89.2 88.3 90.0 100.0 85.4 103.0 91.2 65.7 63.3 75.4
1751 70.0 43.5 45.3 56.4 60.7 50.7 66.3 59.8 23.5 23.2 28.5 44.0
1752 35.0 50.0 71.0 59.3 59.7 39.6 78.4 29.3 27.1 46.6 37.6 40.0
1753 44.0 32.0 45.7 38.0 36.0 31.7 22.2 39.0 28.0 25.0 20.0 6.7
1754 0.0 3.0 1.7 13.7 20.7 26.7 18.8 12.3 8.2 24.1 13.2 4.2
1755 10.2 11.2 6.8 6.5 0.0 0.0 8.6 3.2 17.8 23.7 6.8 20.0
1756 12.5 7.1 5.4 9.4 12.5 12.9 3.6 6.4 11.8 14.3 17.0 9.4
1757 14.1 21.2 26.2 30.0 38.1 12.8 25.0 51.3 39.7 32.5 64.7 33.5
1758 37.6 52.0 49.0 72.3 46.4 45.0 44.0 38.7 62.5 37.7 43.0 43.0
1759 48.3 44.0 46.8 47.0 49.0 50.0 51.0 71.3 77.2 59.7 46.3 57.0
1760 67.3 59.5 74.7 58.3 72.0 48.3 66.0 75.6 61.3 50.6 59.7 61.0
1761 70.0 ©91.0 80.7 71.7 107.2 99.3 94.1 91.1 100.7 B88.7 89.7 46.0
1762 43.8 72.8 45.7 60.2 39.9 77.1 33.8 67.7 6B8.5 69.3 77.8 77.2
1763 56.5 31.9 34.2 32.9 32.7 35.8 54.2 26.5 68.1 46.3 60.9 61.4
1764 59.7 59.7 40.2 34.4 44.3 30.0 30.0 30.0 28.2 28.0 26.0 25.7
1765 24.0 26.0 25.0 22.0 20.2 20.0 27.0 29.7 16.0 14.0 14.0 13.0
1766 12.0 11.0 36.6 6.0 26.8 3.0 3.3 4.0 4.3 5.0 5.7 19.2
1767 27.4 30.0 43.0 32.9 29.8 33.3 21.9 40.8 42.7 44.1 54.7 53.3 1800
1768 53.5 66.1 46.3 42.7 77.7 77.4 52.6 66.8 74.8 77.8 90.6 111.8
1769 73.9 64.2 64.3 96.7 73.6 94.4 118.6 120.3 148.8 158.2 148.1 112.0 Time
1770 104.0 142.5 80.1 51.0 70.1 83.3 109.8 126.3 104.4 103.6 132.2 102.3
1771 36.0 46.2 46.7 64.9 152.7 119.5 67.7 58.5 101.4 90.0 99.7 95.7
1772 100.9 ©90.8 31.1 92.2 38.0 57.0 77.3 56.2 50.5 78.6 61.3 64.0
1773 54.6 29.0 51.2 32.9 41.1 28.4 27.7 12.7 29.3 26.3 40.9 43.2
1774 46.8 65.4 55.7 43.8 51.3 28.5 17.5 6.6 7.9 14.0 17.7 12.2 ead(data df)
177 4.4 0.0 11.6 11.2 3.9 12.3 1.0 7.9 3.2 5.6 15.1 7.9 CdlliUdla Ul )
1776 21.7 11.6 6.3 21.8 11.2 19.0 1.0 24.2 16.0 320.0 35.0 40.0
1777 45.0 36.5 39.0 95.5 80.3 80.7 95.0 112.0 116.2 106.5 146.0 157.3 qty year month c d b
1778 177.3 109.3 134.0 145.0 238.9 171.6 153.0 140.0 171.7 156.3 150.3 105.0 1 58.0 1749 1 7 4 9§
1779 114.7 165.7 118.0 145.0 140.0 113.7 143.0 112.0 111.0 124.0 114.0 110.0
1780 70.0 98.0 98.0 95.0 107.2 88.0 B86.0 86.0 93.7 77.0 60.0 58.7 2 62.6 1749 2 7 4 9
1781 98.7 74.7 53.0 68.3 104.7 97.7 73.5 66.0 51.0 27.3 67.0 35.2
1782 54.0 37.5 37.0 41.0 54.3 38.0 37.0 44.0 34.0 23.2 31.5 30.0 3 70.0 1749 3 7409
1783 28.0 38.7 26.7 28.3 23.0 25.2 32.2 20.0 18.0 8.0 15.0 10.5 - - -
1784 13.0 8.0 11.0 10.0 6.0 9.0 6.0 10.0 10.0 8.0 17.0 14.0 4 33.7 1749 4 7489
1785 6.5 8.0 9.0 15.7 20.7 26.3 36.3 20.0 32.0 47.2 40.2 27.3 7 7
1786 37.2 47.6 47.7 B85.4 92.3 59.0 83.0 89.7 111.5 112.3 116.0 112.7 5> 85.0 1748 57 48
1787 134.7 106.0 87.4 127.2 134.8 99.2 128.0 137.2 157.3 157.0 141.5 174.0 o B2.5 1749 o 7 4 9
1788 138.0 129.2 143.3 108.5 113.0 154.2 141.5 136.0 141.0 142.0 94.7 129.5
1789 114.0 125.3 120.0 123.3 123.5 120.0 117.0 103.0 112.0 89.7 134.0 135.5
1790 103.0 127.5 96.3 94.0 93.0 91.0 69.3 87.0 77.3 B84.3 82.0 74.0
1791 72.7 62.0 74.0 77.2 73.7 64.2 71.0 43.0 66.5 61.7 67.0 66.0
1792 58.0 64.0 63.0 75.7 62.0 61.0 45.8 60.0 59.0 59.0 57.0 56.0



4

4

N Y, I S T =

o (O oy O T o Oy O o O o
[ Mo I o}

[ R |
[ S

I B e I L |
J 0 own B Ly

[N |

[ |

108 B Co o8 B

L = R =

Modellezés I. - Normalizalas

Tibrary(rnn)
set.seed(12345)

Tibrary(plyr)
train_min =- apply(data.matrix(train), 2, FUN = min)
train_max =<- apply(data.matrix(train), 2, FUN = max)

train_norm <- data.frame(matrix{nrow = nrow(train), ncol = ncol(train)))

for (i in 1:nrow(train)) {
for (J in 1:ncol(train)) {
train_norm[i, j] =- (as.numeric(as.character(train[i, jl)) - trairn_min[j])/
(train_max[j] - train_min[j])
I
¥

names(train_norm) =- names(data_df)
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Modellezés II. - Data frame, data matrix, 3d array

train_norm_gty_df <- data.frame(matrix{nrow = nrow(train_norm) - 12, ncol = 12))
train_norm_c_df <- data.frame(matrix(nrow = nrow(train_norm) - 12, ncol 12))
train_norm_d_df <- data.frame(matrix(nrow = nrow{train_norm) - 12, ncol = 12)})
train_norm_y_df =<- data.frame(matrix(nrow = nrow(train_norm) - 12, ncol = 12))
train_norm_month_df <- data.frame(matrix(nrow = nrow(train_norm) - 12, ncol = 12))

for (i in 1:nprow(train_norm_gty_df)) {
train_norm_qty_df[i, ] = train_norm[i:(i+11), "qg
train_norm_c_df[i, ] = train_norm[i:(i+11), "c’]
]

1

ty"]

C
train_norm_d_df[i, 1 = train_norm[i:(i+11), “d”
train_norm_y_df[i, ] train_norm[i:(i+11), "y"
train_norm_month_df[i, ] = train_norm[i:(i+11), "month"]

train_norm_gty_m <- data.matrix(train_norm_qty_df)
train_norm_c_m <- data.matrix(train_norm_c_df)
train_norm_d_m <- data.matrix(train_norm_d_df)
train_norm_y_m <- data.matrix{train_norm_y_df)
train_norm_month_m <- data.matrix(train_norm_month_df)

train_norm_qty_fin <- array(c(train_norm_qty_m),
dim=c(dim(train_norm_qty_m), 1))

train_norm_predictors_fin <- array(c(train_norm_c_m, train_norm_d_m, train_norm_y_m, train_norm_month_m),
dim=c({dim{train_norm_month_m), 4))



Modellezés III. - trainr fliggvény

122 model =- trainr(y=train_norm_qty_fin[,1l:dim(train_norm_gty_fin)[2],],
123 X=train ﬂnrm_pred1ctnr5 _fin[,1:dim{train_norm_predictors_fin)[2],],
124 learningrate 0. 00

125 hidden_dim 10,
126 numepochs = 100,

12 network_type = "lstm”)

¢ Learning rate: tanuldsi faktor
¢ Hidden_dim: rejtett dimenziok szama
& Numepoch: ismétlésszam

& Network_Type: visszacsatolasos halozat tipusa, itt: , long short-term memory”



El6rejelzés 1. - Normalizalas, DF/DM/3DA

123 =

124

125~

126

127

128

129 test_norm <- data.frame(matrix{nrow = nrow(test), ncol = ncol(test)))

130

131 - for (i in 1l:nrow(test)) {

132 ~ for (j in 1:ncol(test)) {

EE test_norm[i, j] <- (as.numeric{as.character(test[i, j1)) - train_min[j])/

134 (train_max[j] - train_min[j])

135 ¥

136 ¥

137

1328 names(test_norm) <=- names{test)

139

140

141

142  test_norm_c_df =- data.frame(matrix(nrow = nrow(test), ncol = 12))

143 test_norm_d_df <=- data.frame(matrix(nrow = nrow(test), ncol = 12))

144  test_norm_y_df <=- data.frame(matrix(nrow = nrow(test), ncol = 12})

145 test_norm_month_df <- data.frame(matrix(nrow = nrow(test), ncol = 12))

146

147 test_norm_c_df[1, ] =- chind(train_norm_c_df [nrow(train_norm_c_df), 2:12], test_norm$c[1])
148 test_norm_d_df[1, ] =- cbhind(train_norm_d_df [nrow(train_norm_d_df}, 2:12], test_norm$d[1])
149 test_normy_df[1, ] <=- cbhind(train_norm_y_df [nrow(train_norm_y_df), 2:12], test_normdy[1])
150 test_norm_month_df[1, ] =- chind(train_norm_month_df [nrow(train_norm_month_df), 2:12], test_normimonth[1])
151

152« for (i in 2:nrow(test_norm_c_df)) {

153 test_norm_c_df[i, ] =- chind(test_norm_c_df[i-1, 2:12], test_norm$c[i]l)

154 test_norm_d_df[i, ] <=- cbhind(test_norm_d_df[i-1, 2:12], test_norm$d[i])

155 test_norm_y_df[i, ] <=- cbhind(test_norm_y_df[i-1, 2:12], test_norm$y[i])

156 test_norm_month_df[i, ] =- chind({(test_norm_month_df[i-1, 2:12], test_normimonth[i])

157 %

158

159

160

161 test_norm_c_m <- data.matrix(test_norm_c_df)
162 test_norm_d_m <- data.matrix(test_norm_d_df)
162 test_norm_y_m <- data.matrix(test_norm_y_df)
164 test_norm_month_m <- data.matrix(test_norm_month_df)

165

166

167

168 test_norm_predictors_fin <=- array(c(test_norm_c_m, test_norm_d_m, test_norm_y_m, test_norm_month_m),
169 dim=c(dim(test_norm_month_m), 4))



El6rejelzés 1I. - predictr fiiggvény, ellendrzés

172

173

174 predictions =- predictr(model, test_norm_predictors_fin)
175

176 predictions_final <- Tist()

177

178« for(i in 1:nrow(test)) {

179 predictions_final[i] =- as.data.frame(predictions)[i, 12] * (train_max[1l] - trairmmin[l]) + train_min[1]
180 }

181

182

182 real =- ts(data_df[(nrow(data_df)-(nrow(test)-1)) :nrow(data_df), "qty"])

184 pred <- ts(unlist{predictions_final))

185

186 ts.plot(real, pred, gpars = list({col = c("blue”, "red”)), main = "L5TM results")

187 legend("topleft”, legend = c("predicted”, "real”), col = c("dark red”, "blue™), Tty = 1:1)
J._l_l

_‘l



ElGrejelzett vs. valos adatok

LSTM results




Alternativ paraméterezés

Koszonet Ujtalusi Sandornak (Ujtalusi.Sandor@gmail.com)!

& Hosszabb, a napciklusokon ativel6 ciklusok- pl. 300 honap

& Egyszertibb modell, gyorsabb training vs. pontosabb eredmények!

model <- trainr(y=train_norm_qty_fin[,l:dim{train_norm_gty_fin)[2],],
X=train_norm_predictors_fin[,l:dim{train_norm_predictors_fin)[2],],
learningrate = 0.1,
hidden_dim = 10,
numepochs = 5,
network_type = "rnn’)



El6rejelzett vs. valos adatok - Alternativ paraméterezés




Kdszénom a figyelmet!




Hivatkozasok
¢ Kép 1. - Uveggomb (sajat felirat):
& Kép 2. - Napfoltok:
¢ Keép 3. - Csomag;:

& Kép 4. - Josno:

A bemutatott kod letolthet6 innen:

https:/ / github.com/milibakeszter /rnn_sunspots


https://www.pinterest.com/pin/369435975662444401/
http://pcpult.hu/it-technologia/hirek-ujdonsagok/szenzacios-napfolt-kepeket-keszitett-az-nst.html
https://raphaelhertzog.com/2010/10/21/the-secret-plan-behind-the-3-0-quilt-debian-source-package-format/
http://www.joylaneclinic.co.uk/mystic-meg-not

