
Ïðîãíîç âðåìåííûõ ðÿäîâ ñ ïîìîùüþ àíñàìáëÿ íåé-
ðîííûõ ñåòåé â R: ïàêåò nnfor

Ââåäåíèå
Ïàêåò nnfor äëÿ R óïðîùàåò ïðîãíîçèðîâàíèå âðåìåííûõ ðÿäîâ ñ ïî-

ìîùüþ ìíîãîñëîéíûõ ïåðñåïòðîíîâ (MLP) è Extreme Learning Machines
(ELM). Â íàñòîÿùåå âðåìÿ îí èñïîëüçóåò ïàêåò íåéðîííîé ñåòè äëÿ R, êî-
òîðûé ïðåäîñòàâëÿåò âñå ìåõàíèçìû äëÿ îáó÷åíèÿ MLP. Îáó÷åíèå ELM
ðåàëèçîâàíî íåïîñðåäñòâíííî â ïàêåòå nnfor .

Èçâåñòíî, ÷òî áîëüøèå ñåòè, êàê ïðàâèëî, î÷åíü ìåäëåííî îáó÷àþòñÿ.
nnfor îòëè÷àåòñÿ îò ñóùåñòâóþùèõ ðåàëèçàöèé íåéðîííûõ ñåòåé äëÿ R
òåì, ÷òî ïðåäîñòàâëÿåò êîä äëÿ àâòîìàòè÷åñêîãî ïðîåêòèðîâàíèÿ ñåòåé ñ
ðàçóìíîé ïðîèçâîäèòåëüíîñòüþ ïðîãíîçèðîâàíèÿ, íî òàêæå îáåñïå÷èâà-
åò âñåñòîðîííèé êîíòðîëü äëÿ îïûòíîãî ïîëüçîâàòåëÿ. Àâòîìàòè÷åñêàÿ
ñïåöèôèêàöèÿ ðàçðàáîòàíà ñ ó÷åòîì ñîîáðàæåíèé ýêîíîìèè. Ýòî óâå-
ëè÷èâàåò íàäåæíîñòü ïîëó÷àåìûõ ñåòåé, íî òàêæå ïîìîãàåò ñîêðàòèòü
âðåìÿ îáó÷åíèÿ.

Ïðîãíîçèðîâàíèå ñ ïîìîùüþ MLP
Ñ ïàêåòîì nnfor ìîæíî ïðîèçâîäèòü ýêñòðàïîëÿöèîííûé (îäíîìåð-

íûé) ïðîãíîç èëè òàêæå âêëþ÷àòü íåçàâèñèìûå ïåðåìåííûå.
Îäíîìåðíîå ïðîãíîçèðîâàíèå
Îñíîâíàÿ ôóíêöèÿ mlp(), è â åå ïðîñòåéøåé ôîðìå íóæíî òîëüêî

ââåñòè âðåìåííîé ðÿä äëÿ ìîäåëèðîâàíèÿ ÂÐ. Çäåñü GAZP.win íîðìàëè-
çîâàííûé ÂÐ öåí àêöèé Ãàçïðîìà ñ 1 ÿíâàðÿ 2019 ãîäà ïî 1 äåêàáðÿ 2020
ãîäà.

library(nnfor)

fit1 <- mlp(GAZP.win)

print(fit1)

MLP �t with 5 hidden nodes and 20 repetitions. Series modelled in
di�erences: D1. Univariate lags: (1) Forecast combined using the median
operator. MSE: 9.3646.

Âûõîäíûå äàííûå ïîêàçûâàþò, ÷òî ïîëó÷åííàÿ ñåòü èìååò 5 ñêðûòûõ
óçëîâ, îíà áûëà îáó÷åíà 20 ðàç, à ðàçëè÷íûå ïðîãíîçû áûëè îáúåäèíåíû
ñ èñïîëüçîâàíèåì ìåäèàííîãî îïåðàòîðà. mlp(). Ôóíêöèÿ àâòîìàòè÷åñêè
ãåíåðèðóåò àíñàìáëè ñåòåé, îáó÷åíèå êîòîðûõ íà÷èíàåòñÿ ñ ðàçëè÷íû-
ìè ñëó÷àéíûìè íà÷àëüíûìè âåñàìè. Àíàëèç îñóùåñòâëåííûé ðÿäîì ýêñ-
ïåðòîâ ïîêàçàë,÷òî â êà÷åñòâå îïåðàòîðà êîìáèíàöèè ìåäèàíà ðàáîòàåò
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î÷åíü õîðîøî. Îíà îáåñïå÷èâàåò ëó÷øóþ ïðîèçâîäèòåëüíîñòü, íî òðåáó-
åò íåñêîëüêî áîëüøèõ àíñàìáëåé, à ñðåäíåå àðèôìåòè÷åñêîå, âåðîÿòíî,
ëó÷øå âñåãî èçáåãàòü!

Êðîìå òîãî àâòîðàì ïàêåòà óñòàíîâëåíî, ÷òî îáó÷åíèå ñåòè íà çàãðó-
çî÷íûõ ñåðèÿõ èëè èñïîëüçîâàíèå íåñêîëüêèõ ñëó÷àéíûõ èíèöèàëèçàöèé
îáó÷åíèÿ ïðèâîäèò ê àíàëîãè÷íîé ïðîèçâîäèòåëüíîñòè, è ïîýòîìó äëÿ
ïðîãíîçèðîâàíèÿ âðåìåííûõ ðÿäîâ ìîæíî èçáåæàòü ýòàïà íà÷àëüíîé çà-
ãðóçêè, ÷òî çíà÷èòåëüíî óïðîùàåò ïðîöåññ. Ýòè ðåçóëüòàòû âñòðîåíû â
íàñòðîéêè ïî óìîë÷àíèþ nnfor .

Ìîæíî ïîëó÷èòü âèçóàëüíóþ ñâîäêó, èñïîëüçóÿ plot(�t1) ôóíêöèþ:
Ñåðûå âõîäíûå óçëû ïðåäñòàâëÿþò ñîáîé àâòîðåãðåññèþ (â íàøåì ëó-

÷àå ýòî îäíà àâòîðåãðåññèÿ), à ïóðïóðíûå (èõ ó íàñ íåò) - äåòåðìèíèðî-
âàííûå âõîäíûå äàííûå (íàïðèìåð, ñåçîííîñòü). Åñëè áû áûëè âêëþ÷åíû
êàêèå-ëèáî äðóãèå ðåãðåññîðû, îíè áûëè áû ïîêàçàíû ãîëóáûì öâåòîì.

Ôóíêöèÿ mlp() ïðèíèìàåò íåñêîëüêî àðãóìåíòîâ , ÷òîáû òî÷íî íà-
ñòðîèòü ðåçóëüòèðóþùóþ ñåòü. Àðãóìåíò hd îïðåäåëÿåò ôèêñèðîâàííîå
÷èñëî ñêðûòûõ óçëîâ. Åñëè ýòî îäíî ÷èñëî, òî íåéðîíû ðàñïîëîæåíû â
îäíîì ñêðûòîì óçëå. Åñëè ýòî âåêòîð, òî îíè ðàñïîëîæåíû â íåñêîëüêî
ñëîåâ. Îáû÷íûå íåéðîííûå ñåòè, ïðîãíîçèðóþùèå îòäåëüíûå âðåìåííûå
ðÿäû, íå âûèãðûâàþò îò íåñêîëüêèõ ñêðûòûõ ñëîåâ. Ïðîáëåìà ïðîãíî-
çèðîâàíèÿ îáû÷íî íå òàêàÿ ñëîæíàÿ!

library(nnfor)

fit2 <- mlp(GAZP.win,hd = c(5,2) )

print(fit2)

plot(fit2)

MLP �t with (5,2) hidden nodes and 20 repetitions. Series modelled in
di�erences: D1. Univariate lags: (1) Forecast combined using the median
operator. MSE: 9.3689.

Èç ñâîäêè âèäíî, ÷òî½ ââåäÿ äîïîëíèòòåëüíûé ñêðûòûé ñëîé, ìû äà-
æå íåìíîãî ïðîèãðàëè â òî÷íîñòè ìîäåëè.

Àðãóìåíò reps îïðåäåëÿåò, ñêîëüêî òðåíèðîâî÷íûõ ïîâòîðåíèé èñ-
ïîëüçóåòñÿ. Åñëè âû õîòèòå îáó÷èòü åäèíñòâåííóþ ñåòü, âû ìîæåòå èñ-
ïîëüçîâàòü åå reps=1, õîòÿ åñòü íåîïðîâåðæèìûå äîêàçàòåëüñòâà òîãî,
÷òî ýòî áåñïîëåçíî. Ïî óìîë÷àíèþ reps=20 ýòî êîìïðîìèññ ìåæäó ñêîðî-
ñòüþ òðåíèðîâêè è ïðîèçâîäèòåëüíîñòüþ, íî ÷åì áîëüøå ïîâòîðåíèé âû
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Ðèñ. 1: Ñòðóêòóðà íåéðîííîé ñåòè, ïîñòðîåíîé nnfor
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Ðèñ. 2: Ñòðóêòóðà íåéðîííîé ñåòè, ïîñòðîåíîé nnfor ïðè hd = c(5,2)
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ìîæåòå ñåáå ïîçâîëèòü, òåì ëó÷øå. Îíè ïîìîãàþò íå òîëüêî â ïðîèçâî-
äèòåëüíîñòè ìîäåëè, íî è â ñòàáèëüíîñòè ðåçóëüòàòîâ ïðè ïåðåîáó÷åíèè
ñåòè.

Êàê ðàçëè÷íûå ó÷åáíûå ïîâòîðû îáúåäèíåíû óïðàâëÿåòñÿ àðãóìåí-
òîì comb, êîòîðûé ïðèíèìàåò ïàðàìåòðû median, mean è mode. Ñðåäíåå
çíà÷åíèå è ìåäèàíà î÷åâèäíû. Ðåæèì ðàññ÷èòûâàåòñÿ ñ èñïîëüçîâàíè-
åì ìàêñèìóìà îöåíêè ïëîòíîñòè ÿäðà ïðîãíîçîâ äëÿ êàæäîãî ïåðèîäà
âðåìåíè.

Àðãóìåíò lags ïîçâîëÿåò âûáðàòü àâòîðåãðåññèîííûå çàäåðæêè, ó÷è-
òûâàåìûå ñåòüþ. Åñëè ýòî íå ïðåäóñìîòðåíî, òîãäà ñåòü èñïîëüçóåò ëàã
1. Ýòî ïðåäëàãàåìûå ëàãè, êîòîðûå ìîãóò íå îñòàâàòüñÿ â îêîí÷àòåëüíûõ
ñåòÿõ. Âû ìîæåòå ïðèíóäèòåëüíî èñïîëüçîâàòü ýòî ñ ïîìîùüþ àðãóìåíòà
keep èëè ïîëíîñòüþ îòêëþ÷èòü àâòîìàòè÷åñêèé âûáîð ââîäà ñ ïîìîùüþ
àðãóìåíòà sel.lag=FALSE.

library(nnfor)

fit2 <- mlp(GAZP.win,hd = c(5,2), ,reps=25, lags=1:24)

plot(fit2)

MLP �t with (5,2) hidden nodes and 25 repetitions. Series modelled in
di�erences: D1. Univariate lags: (2,13,14,24) Forecast combined using the
median operator. MSE: 9.0079.

library(nnfor)

fit2 <- mlp(GAZP.win,hd = c(5,2), ,reps=25, lags=1:24, sel.lag=FALSE)

plot(fit2)

MLP �t with (5,2) hidden nodes and 25 repetitions. Series modelled in
di�erences: D1. Univariate lags: (1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,

16,17,18,19,20,21,22,23,24) Forecast combined using the median operator.
MSE: 4.5847.

Íåéðîííûå ñåòè íå î÷åíü õîðîøè â ìîäåëèðîâàíèè òðåíäîâ. Ïîýòîìó
ïîëåçíî óäàëèòü òðåíä èç âðåìåííîãî ðÿäà ïåðåä åãî ìîäåëèðîâàíèåì.
Ýòî îáðàáàòûâàåòñÿ àðãóìåíòîì di�order. Åñëè di�order=0 íèêàêîå ðàç-
ëè÷èå íå ïðîâîäèòñÿ. Äëÿ di�=1 âûïîëíÿþòñÿ ðàçíîñòè óðîâíåé. Àíà-
ëîãè÷íî, åñëè di�order=12 âûïîëíÿåòñÿ ðàçíîñòü 12-ãî ïîðÿäêà. Åñëè
âðåìåííîé ðÿä ÿâëÿåòñÿ ñåçîííûì ñ ñåçîííûì ïåðèîäîì 12, òîãäà ýòî
áóäóò ñåçîííûå ðàçëè÷èÿ. Âû ìîæåòå èñïîëüçîâàòü îáà di�order=c(1,12)
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Ðèñ. 3: Ñòðóêòóðà íåéðîííîé ñåòè, ïîñòðîåíîé nnfor ïðè sel.lag=TRUE
è sel.lag=FALSE)

èëè ëþáîé äðóãîé íàáîð ðàçíîñòíûõ îðäåðîâ. Åñëè di�order=NULL òî-
ãäà êîä ðåøàåò àâòîìàòè÷åñêè. Åñëè åñòü òðåíä, èñïîëüçóþòñÿ ïåðâûå
ðàçíîñòè. Ñåðèàë òàêæå òåñòèðóåòñÿ íà ñåçîííîñòü. Åñëè äà, òî èñïîëü-
çóåòñÿ òåñò Êàíîâû-Õàíñåíà, ÷òîáû îïðåäåëèòü, ÿâëÿåòñÿ ëè îí äåòåðìè-
íèðîâàííûì èëè ñòîõàñòè÷åñêèì. Åñëè ïîñëåäíåå, òî òàêæå äîáàâëÿþòñÿ
ñåçîííûå ðàçëè÷èÿ.

Äåòåðìèíèðîâàííóþ ñåçîííîñòü ëó÷øå ìîäåëèðîâàòü ñ èñïîëüçîâàíè-
åì ñåçîííûõ ôèêòèâíûõ ïåðåìåííûõ. Ýòî ìîæíî êîíòðîëèðîâàòü ñ ïî-
ìîùüþ ëîãè÷åñêîãî àðãóìåíòà allow.det.season. Äåòåðìèíèðîâàííàÿ ñå-
çîííîñòü ìîæåò áûòü ëèáî íàáîðîì äâîè÷íûõ ôèêòèâíûõ ïåðåìåííûõ,
ëèáî ïàðîé ñèíóñ-êîñèíóñîâ (àðãóìåíò det.type). Åñëè ñåçîííûé ïåðèîä
áîëüøå 12, òî äëÿ ýêîíîìèè ðåêîìåíäóåòñÿ òðèãîíîìåòðè÷åñêîå ïðåä-
ñòàâëåíèå. Ëîãè÷åñêèé àðãóìåíò outplot äàåò ãðàôèê ñîîòâåòñòâèÿ ñåòè
ÂÐ.

library(nnfor)

fit2 <- mlp(GAZP.win,hd = c(5,2), reps=25, lags=1:24, outplot=TRUE)

Êîëè÷åñòâî ñêðûòûõ óçëîâ ìîæåò áûòü ëèáî ïðåäâàðèòåëüíî óñòà-
íîâëåíî ñ ïîìîùüþ àðãóìåíòà, hd ëèáî óêàçàíî àâòîìàòè÷åñêè, êàê îïðå-
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Ðèñ. 4: Ãðàôèê ñîîòâåñòâèÿ ñåòè ÂÐ öåí àêöèé Ãàçïðîìà 2018-01-01, 2020-
12-01
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äåëåíî ñ ïîìîùüþ àðãóìåíòà hd.auto.type.
Ïî óìîë÷àíèþ ýòî hd.auto.type="set"è èñïîëüçóåò ââîä, ïðåäîñòàâ-

ëåííûé â hd (ïî óìîë÷àíèþ 5).
Âû ìîæåòå óñòàíîâèòü ýòî çíà÷åíèå hd.auto.type="valid"äëÿ òåñòè-

ðîâàíèÿ ñ èñïîëüçîâàíèåì âûáîðêè ïðîâåðêè (20 % âðåìåííîãî ðÿäà)
èëè hd.auto.type="cv"äëÿ èñïîëüçîâàíèÿ 5-êðàòíîé ïåðåêðåñòíîé ïðî-
âåðêè. Êîëè÷åñòâî ñêðûòûõ óçëîâ äëÿ îöåíêè óñòàíàâëèâàåòñÿ àðãóìåí-
òîì hd.max.

library(nnfor)

fit2 <- mlp(GAZP.win, hd.auto.type="valid", hd.max=8)

print(fit2)

MLP �t with 5 hidden nodes and 20 repetitions. Series modelled in
di�erences: D1. Univariate lags: (1) Forecast combined using the median
operator. MSE: 9.3619.

Ó÷èòûâàÿ, ÷òî îáó÷åíèå ñåòåé ìîæåò çàíÿòü ìíîãî âðåìåíè, âû ìî-
æåòå ïîâòîðíî èñïîëüçîâàòü óæå óêàçàííóþ / îáó÷åííóþ ñåòü. Â ñëåäó-
þùåì ïðèìåðå ìû ïîâòîðíî �t2 èñïîëüçóåì íîâûé âðåìåííîé ðÿä.

library(nnfor)

fit2 <- mlp(X, model=fit2 )

Ýòî ñîõðàíÿåò êàê ñïåöèôèêàöèþ, òàê è îáó÷åíèå èç �t2. Åñëè âû
õîòèòå èñïîëüçîâàòü òîëüêî ñïåöèôèêàöèþ, íî ïåðåîáó÷èòü ñåòü, òî èñ-
ïîëüçóéòå àðãóìåíò retrain=TRUE.

Äëÿ ñîñòàâëåíèÿ ïðîãíîçîâ èñïîëüçóåòñÿ ôóíêöèÿ forecast(), äëÿ êî-
òîðîé òðåáóåòñÿ îáó÷åííûé ñåòåâîé îáúåêò è ãîðèçîíò ïðîãíîçà h.

frc <- forecast(fit2,h=12)

print(frc$mean)

Time Series:
Start = c(2020, 336)
End = c(2020, 360)
Frequency = 365
t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9
185.02 185.36 185.37 185.45 185.49 185.54 185.58 185.63 185.67
t+10 t+11 t+12 t+13 t+14 t+15 t+16 t+17 t+18
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Ðèñ. 5: Ãðàôèê ÂÐ öåí àêöèé Ãàçïðîìà 2019-01-01, 2020-12-01 è ïðîãíîç
íà 25 äíåé

185.72 185.76 185.81 185.85 185.90 185.94 185.99 186.03 186.08
t+19 t+20 t+21 t+22 t+23 t+24 t+25
186.12 186.17 186.21 186.26 186.30 186.35 186.40

plot(frc)

Íà ãðàôèêå ïðîãíîçîâ ñåðûì öâåòîì ïðåäñòàâëåíû ïðîãíîçû âñåõ
ó÷àñòíèêîâ àíñàìáëÿ. Ðåçóëüòàò forecast() ÿâëÿåòñÿ êëàññîì forecast. Äëÿ
äîñòóïà ê òî÷å÷íûì ïðîãíîçàì èñïîëüçóåòñÿ frc$mean, à frc$all.mean ñî-
äåðæèò ïðîãíîçû îòäåëüíûõ ÷ëåíîâ àíñàìáëÿ.

Èñïîëüçîâàíèå ðåãðåññîðîâ
Â mlp() ôóíêöèè åñòü òðè àðãóìåíòà , êîòîðûå ïîçâîëÿþò èñïîëü-

çîâàòü îáúÿñíÿþùèå ïåðåìåííûå: xreg, xreg.lags è xreg.keep. Ïåðâûé èñ-
ïîëüçóåòñÿ äëÿ ââîäà äîïîëíèòåëüíûõ ðåãðåññîðîâ. Îíè äîëæíû áûòü
îðãàíèçîâàíû â âèäå ìàññèâà è áûòü ðàâíîé äëèíå âðåìåííîãî ðÿäà â
âûáîðêå ïëþñ ãîðèçîíò ïðîãíîçèðîâàíèÿ, õîòÿ ìîãóò áûòü è áîëåå äëèí-
íûìè. Ïðåäïîëîæèì, ÷òî ìû õîòèì èñïîëüçîâàòü â êà÷åñòâå ðåãðåññîðà
äëÿ ïðîãíîçèðîâàíèÿ âðåìåííîãî ðÿäà àêöèé Ãàçïðîìà ñ 2018-01-01 ïî
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Ðèñ. 6: Ñòðóêòóðà ñåòè ñ ðåãðåññîðîì (îòìå÷åí ãîëóáûì öâåòîì) ïðè
xreg.lags=list(0) /list(1:5)

2020-12-01 ÂÐ öåí íåôòè Brent c 2018-01-01 ïî 2020-12-10. Ñíà÷àëà ìû ñî-
çäàåì âõîäíûå äàííûå. Îáÿçàòåëüíî, ÷òîáû ðåãðåññîð èìåë class "matrix
array"Ïîñëå ñîçäàíèÿ äàííûõ ìîäåëèðóåì ñåðèþ.

Brent_z <-subset(Brend_xx3,t >= "2018-01-01")

z <-Brent_z[,2]

z <- cbind(z)

fit2 <- mlp(GAZP.win,reps=25,lags =1:22,xreg=z,

xreg.lags=list(0),xreg.keep=list(TRUE),outplot=TRUE)

print(fit2)

plot(fit2)

MLP �t with 5 hidden nodes and 25 repetitions. Series modelled in
di�erences: D1. Univariate lags: (2,4,7,9,14) 1 regressor included. - Regressor
1 lags: (0) Forecast combined using the median operator. MSE: 6.3952.

Â ìîäåëè èñïîëüçóåòñÿ îäèí ðåãðåññîð, íî ìîæíî âêëþ÷èòü ëþáîå
êîëè÷åñòâî ðåãðåññîðîâ.

Äëÿ ñîñòàâëåíèÿ ïðîãíîçîâ èñïîëüçóåì forecast() ôóíêöèþ, íî òåïåðü
èñïîëüçóåì xreg ââîä. Ñïîñîá âûïîëíèòü ýòó ðàáîòó - ââåñòè ðåãðåññîðû,
íà÷èíàÿ ñ òîãî æå íàáëþäåíèÿ, êîòîðîå èñïîëüçîâàëîñü âî âðåìÿ îáó÷å-
íèÿ ñåòè, ðàñøèðåííûõ ïî ìåðå íåîáõîäèìîñòè äëÿ ïîêðûòèÿ ãîðèçîíòà
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ïðîãíîçà. Íå íóæíî óäàëÿòü íåèñïîëüçóåìûå ðåãðåññîðû. Îá ýòîì ïîçà-
áîòèòñÿ ñåòü.

frc.reg <- forecast(fit2,xreg=z, h=7)

Time Series:
Start = c(2020, 336)
End = c(2020, 342)
Frequency = 365
t+1 t+2 t+3 t+4 t+5 t+6
185.1302 184.5792 184.2239 184.6864 184.7219 184.7174
t+7
184.7047
Â ïðèëîæåíèè ïðåâåäåíà ïîëíàÿ ñâîäêà ïàðàìåòðîâ ôóíêöèè mlp ().
Ïðîãíîçèðîâàíèå ñ ïîìîùüþ ELM
×òîáû èñïîëüçîâàòü Extreme Learning Machines (EML), ye;yj ghbvtybnm

ôóíêöèþ elm(). Ìíîãèå âõîäíûå äàííûå èäåíòè÷íû mlp(). Ïî óìîë÷à-
íèþ ELM íà÷èíàþòñÿ ñ î÷åíü áîëüøîãî ñêðûòîãî ñëîÿ (100 óçëîâ), êî-
òîðûé ïðè íåîáõîäèìîñòè óäàëÿåòñÿ.

Íà ãðàôèêå ñåòè åñòü íåñêîëüêî ÷åðíûõ è íåñêîëüêî ñåðûõ ëèíèé.
Ïîñëåäíèå îáðåçàþòñÿ. Óñòàíîâëåíî 20 ñåòåé (êîíòðîëèðóåìûõ àðãóìåí-
òîì reps). Êàæäàÿ ñåòü ìîæåò èìåòü ðàçíûå êîíå÷íûå ñîåäèíåíèÿ. Ìîæ-
íî ïðîâåðèòü èõ, èñïîëüçóÿ plot(�t3,1), ãäå âòîðîé àðãóìåíò îïðåäåëÿåò,
êàêóþ ñåòü ñòðîèòü.

fit3 <- elm(GAZP.win,lags =1:21,sel.lag=FALSE)

print(fit3)

plot(fit3)

ELM �t with 100 hidden nodes and 20 repetitions. Series modelled in
di�erences: D1. Univariate lags: (1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21)
Forecast combined using the median operator. Output weight estimation
using: lasso. MSE: 9.6171.

par(mfrow=c(2,2))

for (i in 1:4){plot(fit3,i)}

par(mfrow=c(1,1))
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Ðèñ. 7: Ñòðóêòóðà ñåòè- ðåçóëüòàò ðàáîòû ôóíêöèè elm

12



Ðèñ. 8: Âàðèàíòû ñîåäèíåíèé ñåòåé
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Êàê âûïîëíÿåòñÿ îáðåçêà, êîíòðîëèðóåòñÿ àðãóìåíòîì. type Ïî óìîë-
÷àíèþ èñïîëüçóåòñÿ ðåãðåññèÿ LASSO (type = ¾lasso¿). Â êà÷åñòâå àëü-
òåðíàòèâû ìîæíî èñïîëüçîâàòü ¾ãðåáåøîê¿ äëÿ ðåãðåññèè ãðåáíÿ, ¾øàã¿
äëÿ ïîøàãîâîé OLS è ¾lm¿ äëÿ ïîëó÷åíèÿ ðåøåíèÿ OLS áåç îòñå÷åíèÿ.

Äðóãîå îòëè÷èå îò mlp() ôóíêöèè - barebone àðãóìåíò. Êîãäà ýòî
FALSE, òîãäà eml() ñòðîÿòñÿ íà îñíîâå ïàêåòà íåéðîííîé ñåòè . Åñëè
óñòàíîâëåíî çíà÷åíèå, TRUE èñïîëüçóåòñÿ äðóãàÿ âíóòðåííÿÿ ðåàëèçà-
öèÿ, êîòîðàÿ ïîìîãàåò óñêîðèòü âû÷èñëåíèÿ ïðè çíà÷èòåëüíîì êîëè÷å-
ñòâå âõîäîâ.

Äëÿ ïðîãíîçà èñïîëüçóéòå forecast() ôóíêöèþ òàê æå, êàê è ðàíüøå.

frc <- forecast(fit3,h=25)

print(frc$mean)

Time Series:
Start = c(2020, 336)
End = c(2020, 360)
Frequency = 365
t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8
185.3796 185.4192 185.4588 185.4983 185.5379 185.5775 185.6171 185.6567
t+9 t+10 t+11 t+12 t+13 t+14 t+15 t+16
185.6963 185.7359 185.7755 185.8150 185.8546 185.8942 185.9338 185.9734
t+17 t+18 t+19 t+20 t+21 t+22 t+23 t+24
186.0130 186.0526 186.0922 186.1317 186.1713 186.2109 186.2505 186.2901
t+25
186.3297
Ïî ññûëêå ìîæíî çàãðóçèòü àðõèâ, êîòîðûé ñîäåðæèò ôàéëû ñêðèï-

òîâ è äàííûõ äëÿ îñóùåñòâëåíèÿ ïðîãíîçà öåí àêöèé Ãàçïðîìà ñî 2 äå-
êàáðÿ 2020 ãîäà íà 25 äíåé ñ èñïîëüçîâàíèåì ñëåäóþùåé mlp() ôóíêöèè

fit1 <- mlp(GAZP.win,hd = c(8,4,2),reps=55,lags=1:15,outplot=TRUE)

Ýòîì æå àðõèâå íàõîäÿòñÿ ãðàôè÷åñêèå ðåçóëüòàòû ðàáîòû ýòîé ìî-
äåëè

Ïðèëîæåíèå ôóíêöèÿ mlp()
Ôóíêöèÿ mlp ìíîãîóðîâíåâûé ïåðöåïòðîí äëÿ ïðîãíîçèðîâàíèÿ âðå-

ìåííûõ ðÿäîâ
Îïèñàíèå
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mlp(y, m = frequency(y), hd = NULL, reps = 20, comb = c("median",

"mean", "mode"), lags = NULL, keep = NULL, difforder = NULL,

outplot = c(FALSE, TRUE), sel.lag = c(TRUE, FALSE),

allow.det.season = c(TRUE, FALSE), det.type = c("auto", "bin",

"trg"), xreg = NULL, xreg.lags = NULL, xreg.keep = NULL,

hd.auto.type = c("set", "valid", "cv", "elm"), hd.max = NULL,

model = NULL, retrain = c(FALSE, TRUE), ...)

ÀÐÃÓÌÅÍÒÛ
y Âõîäíîé âðåìåííîé ðÿä. Ìîæåò áûòü îáúåêòîì ts èëè msts
m ×àñòîòà âðåìåííîãî ðÿäà. Ïî óìîë÷àíèþ çàáèðàåòñÿ èç y
hd Êîëè÷åñòâî ñêðûòûõ óçëîâ. Ýòî ìîæåò áûòü âåêòîð, ãäå êàæäîå
÷èñëî ïðåäñòàâëÿåò êîëè÷åñòâî ñêðûòûõ óçëîâ äðóãîãî ñêðûòîãî ñëîÿ.
reps Êîëè÷åñòâî ñåòåé äëÿ îáó÷åíèÿ, ðåçóëüòàò - àíñàìáëåâûé
ïðîãíîç
comb Êîìáèíèðîâàííûé îïåðàòîð äëÿ ïðîãíîçîâ, êîãäà
êîëè÷åñòâî ïîâòîðåíèé > 1. Ìîæåò áûòü ¾median¿, ¾ðåæèìîì¿
(íà îñíîâå îöåíêè KDE) è ¾mean¿.
lags Ëàãè y äëÿ èñïîëüçîâàíèÿ â êà÷åñòâå âõîäíûõ äàííûõ.
Åñëè íè÷åãî íå óêàçàíî, èñïîëüçóåòñÿ 1: ÷àñòîòà (y).
Èñïîëüçóéòå 0, ÷òîáû íå äîïóñêàòü îäíîìåðíûõ çàäåðæåê.
keep Ëîãè÷åñêèé âåêòîð, çàñòàâëÿþùèé ëàãè îñòàâàòüñÿ
â ìîäåëè, åñëè sel.lag == TRUE. Åñëè NULL, òî
keep = rep (FALSE, length (lags)).
di�order Âåêòîð, âêëþ÷àÿ ðàçíîñòíûå çàïàçäûâàíèÿ. Íàïðèìåð,
c (1,12) ïðèìåíèò ïåðâóþ è ñåçîííóþ (12) ðàçíèöû. Äëÿ íåðàçëè÷åíèÿ
èñïîëüçóéòå 0. Äëÿ àâòîìàòè÷åñêîãî âûáîðà èñïîëüçóéòå NULL.
outplot Ïðåäîñòàâüòå ãðàôèê ñîîòâåòñòâèÿ ìîäåëè. Ìîæåò èìåòü
çíà÷åíèå TRUE èëè FALSE.
sel.lag Àâòîìàòè÷åñêè âûáèðàòü ëàãè. Ìîæåò èìåòü çíà÷åíèå TRUE
èëè FALSE. allow.det.season Ðàçðåøèòü ìîäåëèðîâàíèå ñåçîííîñòè
ñ ïîìîùüþ äåòåðìèíèðîâàííûõ ôèêòèâíûõ ïåðåìåííûõ.
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det.type Òèï èñïîëüçóåìûõ ìàíåêåíîâ äåòåðìèíèðîâàííîé
ñåçîííîñòè. Ýòî ìîæåò áûòü ¾bin¿ äëÿ äâîè÷íîé ïàðû
ñèíóñ-êîñèíóñ. Ñ ¾auto¿, åñëè èñïîëüçóåòñÿ òîëüêî îäíà ñåçîííîñòü
è ïåðèîäè÷íîñòü äî 12, òî èñïîëüçóåòñÿ ¾bin¿, â ïðîòèâíîì
ñëó÷àå - ¾trg¿.
xreg Ýêçîãåííûå ðåãðåññîðû. Êàæäûé ñòîëáåö ïðåäñòàâëÿåò ñîáîé
îòäåëüíûé ðåãðåññîð, è ðàçìåð âûáîðêè äîëæåí áûòü íå ìåíüøå
öåëåâîãî íàáîðà â âûáîðêå, íî ìîæåò áûòü áîëüøå
xreg.lags Ýòî ñïèñîê, ñîäåðæàùèé ëàãû äëÿ êàæäîé ýêçîãåííîé
ïåðåìåííîé. Êàæäûé ñïèñîê ïðåäñòàâëÿåò ñîáîé ÷èñëîâîé âåêòîð,
ñîäåðæàùèé ëàãè. Åñëè xreg èìååò 3 ñòîëáöà, òî ñïèñîê xreg.lags
äîëæåí ñîäåðæàòü òðè ýëåìåíòà. Åñëè NULL, òî îí àâòîìàòè÷åñêè
óêàçûâàåòñÿ
xreg.keep Ñïèñîê ëîãè÷åñêèõ âåêòîðîâ, çàñòàâëÿþùèõ ëàãû xreg
îñòàâàòüñÿ â ìîäåëè, åñëè sel.lag == TRUE. Åñëè NULL, òî âñå
âíåøíèå ëàãè ìîãóò áûòü óäàëåíû. Ñèíòàêñèñ äëÿ íåñêîëüêèõ
xreg òàêîé æå, êàê äëÿ xreg.lags.
hd.auto.type Èñïîëüçóåòñÿ òîëüêî åñëè hd == NULL. "set"
ôèêñèðóåò hd = 5. ¾Äåéñòâèòåëüíûé¿ èñïîëüçóåò 20%
ïðîâåðî÷íûé íàáîð (ñëó÷àéíûì îáðàçîì), âûáðàííûé äëÿ
ïîèñêà íàèëó÷øåãî êîëè÷åñòâà ñêðûòûõ óçëîâ "cv"èñïîëüçóåò
ïÿòèêðàòíóþ ïåðåêðåñòíóþ ïðîâåðêó. ¾elm¿ èñïîëüçóåò ELM
äëÿ îöåíêè êîëè÷åñòâà ñêðûòûõ óçëîâ (ýêñïåðèìåíòàëüíî)
hd.max Åñëè äëÿ hd.auto.type óñòàíîâëåíî çíà÷åíèå ¾valid¿
èëè ¾cv¿, òî ýòîò àðãóìåíò ìîæåò èñïîëüçîâàòüñÿ äëÿ óñòàíîâêè
ìàêñèìàëüíîãî êîëè÷åñòâà ñêðûòûõ óçëîâ äëÿ îöåíêè, â
ïðîòèâíîì ñëó÷àå ìàêñèìàëüíîå çíà÷åíèå óñòàíàâëèâàåòñÿ
àâòîìàòè÷åñêè
model Ðàíåå îáó÷åííûé îáúåêò mlp. Åñëè ýòî ïðåäóñìîòðåíî,
òî òà æå ìîäåëü
àïïðîêñèìèðóåòñÿ ïî y áåç ïîâòîðíîé îöåíêè êàêèõ-ëèáî
ïàðàìåòðîâ ìîäåëè.
retrain Åñëè ïðåäóñìîòðåíà ïðåäûäóùàÿ ìîäåëü, ïåðåîáó÷àòü
ñåòü èëè íåò.
... Äîïîëíèòåëüíûå âõîäû äëÿ ôóíêöèè íåéðîííîé ñåòè.
Ìîé ñàéò
Àðõèâ ñêðèïòîâ, äàííûõ è ãðàôèêîâ
ÂÅÐÑÒÊÀ LATEX 08.12.2020
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