
Èñïîëüçîâàíèå íåéðîííûõ ñåòåé â R äëÿ ïðîãíîçè-
ðîâàíèÿ öåí àêöèé ÃÀÇÏÐÎÌÀ

Íåéðîñåòåâûå àëãîðèòìû ÿâëÿþòñÿ îäíèìè èç ñàìûõ ýôôåêòèâíûõ
èíñòðóìåíòîâ ìàøèííîãî îáó÷åíèÿ (Machine learning). Îíè ðåàëèçîâàíû
â ðàìêàõ ýêîñèñòåìû R. Âîñïîëüçóåìñÿ èíòåãðèðîâàííûìè â R àëãîðèò-
ìàìè íåéðîñåòåâîãî ìîäåëèðîâàíèÿ äëÿ ðåøåíèÿ çàäà÷è ïðîãíîçèðîâà-
íèÿ öåí àêöèé Ãàçïðîìà. Â êà÷åñòâå èñõîäíûõ äàííûõ áóäåì èñïîëüçî-
âàòü âðåìåííîé ðÿä (ÂÐ) åæåäíåâíûõ öåí çàêðûòèÿ àêöèé Ãàçïðîìà â
ïåðèîä ñ 2006 ãîäà ïî 2 äåêàáðÿ 2020 ãîäà. Äàííûé ÂÐ ìû íå áóäåì ïðè-
âîäèòü ê �õîðîøåìó� âèäó,ò.å ìû íå çàïîëíÿåì ïðîïóøåííûå âûõîäíûå
è ïðàçäíèêè (ïðè æåëàíèè ýòà ïðîáëåìà ëåãêî ðåøàåòñÿ ïðîãðàììíûìè
ñðåäñòâàìè R)

Ïðîãðàììíàÿ ðåàëèçàöèÿ àëãîðèòìîâ nnet â R
Íåéðîñåòåâûå ìåòîäû ðåàëèçîâàíû íàìè â ñðåäå R version 3.6.3 64-

bit ñ èñïîëüçîâàíèåì ïàêåòîâ gWidgets è RGtk2, êîòîðûå â áîëåå ïîçä-
íèõ âåðñèÿõ íå ïîääåðæèâàþòñÿ. Áûëè ñîçäàíû äâà ìîäóëÿ (ñêðèïòà):
nnet.R, Prognoz_net.R

Ñðèïò nnet.R
Äàííûé ñêðèïò ôîðìèðóåò îêíî äëÿ ââîäà íåîáõîäèìûõ èñõîäíûõ

äàííûõ è ïàðàìåòðîâ íåéðîñåòåâûõ àëãîðèòìîâ (ñì. ðèñóíîê 1) è çàïóñ-
êàåò ñêðèïò îáó÷åíèÿ ñåòè è ôîðìèðîâàíèÿ ïðîãíîçà.

library(gWidgets)
library(RGtk2)
library(lubridate)
options(guiToolkit="RGtk2")

g_win4 <-gwindow(title = "Ïðîãíîçèðîâàíèe ÂÐ nnet()",
visible = FALSE,do.buttons=FALSE)
vhod_nnet <- ggroup(container = g_win4,horizontal = F)
Vhod_nnet01 <- gframe("Âõîäíûå ïàðàìåòðû ÂÐ",
container = vhod_nnet,horizontal = F)
Lnnet01 <-glabel(" Íîìåð âêëàäêè Excel ñ äàííûìè",
container =Vhod_nnet01)
par_nnet01 <- gedit("2", container =Vhod_nnet01)
Lnnet02 <-glabel("Íà÷àëüíàÿ äàòà äëÿ îáó÷åíèÿ nnet ããããìì ",
container = Vhod_nnet01)
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par_nnet02 <-gcalendar(text = "2017-01-01",
format = "%Y%m%d", handler=NULL,

action=NULL, container =Vhod_nnet01 )
Lnnet03 <-glabel("Êîíå÷íàÿ äàòà äëÿ îáó÷åíèÿ nnet ããããììää ",
container = Vhod_nnet01)

par_nnet03 <-gcalendar(text = "2020-11-25",
format = "%Y%m%d", handler=NULL,

action=NULL, container =Vhod_nnet01 )
Lnnet04 <-glabel(" Èíòåðâàë ïðîãíîçèðîâàíèÿ ðàá. äí.",
container = Vhod_nnet01)
par_nnet04 <- gedit("30", container =Vhod_nnet01)
gbutton("Ââîä ïàðàìåòðîâ", border=TRUE,
container = Vhod_nnet01,
handler = function(h,...){Val <- svalue(par_nnet01)
Val <- as.numeric(Val)
print(Val)
N1 <<-Val
Val2 <- svalue(par_nnet02)
Val2_god=substr(Val2,1,4)
Val2_mon=substr(Val2,6,7)
Val2=paste(Val2_god,Val2_mon,sep="")
print(Val2)
date_0 <<-Val2
Val3 <- svalue(par_nnet03)
Val3_god=substr(Val3,1,4)
Val3_mon=substr(Val3,6,7)
Val3_d=substr(Val3,9,10)
Val3=paste(Val3_god,Val3_mon,Val3_d,sep="")
print(Val3)
date_3 <<-Val3
Val4 <- svalue(par_nnet04)
Val4 <- as.numeric(Val4)
print(Val4)
l_prognoz1 <<-Val4
gmessage("Ïàðàìåòðû ââåäåíû")})
gimage("nnet3.gif",dirname="D:/Machine learning/Nnet",
container = Vhod_nnet01)
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vhod2_nnet <- ggroup(container = g_win4,horizontal = T)
nnet_model <- gframe("Çàäàíèå ïàðàìåòðîâ íåéðîííîé ñåòè"
,container = vhod2_nnet,horizontal = F)
glabel("×èñëî íåéðîíîâ íà ñêðûòûõ óðîâíÿõ",
container = nnet_model)
glabel("Ïåðâûé óðîâåíü",container = nnet_model)
par_nnet05 <- gedit("5", container =nnet_model)
glabel("Âòîðîé óðîâåíü",container = nnet_model)
par_nnet06 <- gedit("3", container =nnet_model)
glabel("Òðåòèé óðîâåíü",container = nnet_model)
par_nnet07 <- gedit("2", container =nnet_model)
glabel("Ïðåäåëüíîå çíà÷åíèå ÷àñòíûõ ïðîèçâîäíûõ",
container = nnet_model)
par_nnet08 <- gedit("0.01", container =nnet_model)
glabel("Ìàêñèìàëüíîå çíà÷åíèå èòåðàöèé",
container = nnet_model)
par_nnet09 <- gedit("600000", container =nnet_model)
glabel("×èñëî ïîâòîðåíèé",container = nnet_model)
par_nnet10 <- gedit("1", container =nnet_model)
glabel("Àëãîðèòì",container = nnet_model)
nnet_alg <-gcombobox(c('rprop+','backprop','rprop-','sag','slr'),
editable=TRUE, container=nnet_model)
glabel("Ôóíêöèÿ àêòèâàöèè",container = nnet_model)
nnet_fakt <-gcombobox(c('logistic','tanh'),
editable=TRUE, container=nnet_model)
gbutton("Ââîä ïàðàìåòðîâ íåéðîííîé ñåòè",
border=TRUE, container =nnet_model,

handler = function(h,...){yn1 <- svalue(par_nnet05)
yn1 <- as.numeric(yn1)
print(yn1)
YN1 <<-yn1
yn2 <- svalue(par_nnet06)
yn2 <- as.numeric(yn2)
print(yn2)
YN2 <<-yn2

yn3 <- svalue(par_nnet07)
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yn3 <- as.numeric(yn3)
print(yn3)
YN3 <<-yn3

pr_df <- svalue(par_nnet08)
pr_df <- as.numeric(pr_df)
print(pr_df)
PR_DF <<-pr_df

max_iter <- svalue(par_nnet09)
max_iter <- as.numeric(max_iter)
print(max_iter)
MAX_ITER <<-max_iter

val_rep <- svalue(par_nnet10)
val_rep <- as.numeric(val_rep)
print(val_rep)
VAL_REP <<-val_rep

alg <- svalue(nnet_alg)
print(alg)
ALG <<-alg

aktivf <- svalue(nnet_fakt)
print(aktivf)
AKTIVF <<-aktivf
gmessage("Ïàðàìåòðû ââåäåíû")})

gbutton("Çàïóñê íåéðîííîé ñåòè", border=TRUE,
container =nnet_model,

handler = function(h,...){source("Prognoz_net.R")
adf = gdf(Dat_prognoz_nnet, container =gwindow())
})
visible(g_win4) <- TRUE

Â îêíå ïðèâåäåííîì íà ðèñóíêå 1 íàáðàíû ïàðàìåòðû, êîòîðûå èñ-
ïîëüçîâàëèñü äëÿ îáó÷åíèÿ íåéðîííîé ñåòè è ïîëó÷åíèÿ ïðîãíîçà. Â ìî-
äóëå íå ïðåäóñìîòðåíà çàùèòà îò íåïðàâèëüíîãî ââîäà. Ïðè ïåðâîì îá-
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Ðèñ. 1: Îêíî çàäàíèÿ ïàðàìåòðîâ nnet

ðàùåíèè ê îêíó ââîäà íåîáõîäèìî ñíà÷àëî íàæàòü êíîïêó Ââîä ïàðà-
ìåòðîâ, ÷òîáû ââåñòè ïàðàìåòð (íîìåð âêëàäêè êíèãè Excel) äëÿ ââîäà
ÂÐ è çàäàòü ïåðèîäû îáó÷åíèÿ ñåòè è ïðîãíîçà è òîëüêî ïîñëå ýòîãî ìîæ-
íî ïîëüçîâàòüñÿ îñòàëüíûìè êíîïêàìè. Âäàëüíåéøåì ìîæíî èçìåíÿòü
ïîðàìåòðû â ëþáîé ïîñëåäîâàòåëüíîñòè ïåðåä íàæèòåì êíîïêè Çàïóñê
íåéðîííîé ñåòè

Ñðèïò Prognoz_net.R
Ýòî îñíîâíîé ìîäóëü,êòîðûå âûïîëíÿåò ñëåäóþùèå ôóíêöèè: ââîäèò

èç Excel èñõîäíûé âðåìåííîé ðÿä, ôîðìèðóåò â ñîîòâåñòâèè ñ âûáðàííû-
ìè ïàðàìåòðàìè îáó÷àþùóþ âûáîðêó, ãîòîâèò íîðìèðîâàííûå çíà÷åíèÿ
âõîäíûõ è âûõîäíûõ äàííûõ äëÿ ñåòè, ðåàëèçóåò ïðîöåññ îáó÷åíèÿ ñåòè,
îáðàáàòûâàåò ïîëó÷åííûå â ðåçóëüòàòå îáó÷åíèÿ äàííûå, ôîðìèðóåò íà
îñíîâå îáó÷åííîé ñåòè ïðîãíîç è ñîçäàåò ñîîòâåñòâóþùèå ãðàôèêè.
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Ñêðèïò èìååò ñëåäóþùèé âèä:

library(ggplot2)
library(lubridate)
library(scales)
library(ggthemes)
library(nnet)
library(neuralnet)

# íîìåð ëèñòà ñ äàííûìè
# ÇÀÇÐÓÇÊÀ ÂÐÅÌÅÍÍÛÕ ÐßÄÎÂ GAZP Ñ ËÈÑÒÀ N1 EXCEL======
z <-read.xlsx("AkzGASP.xlsx",sheet = N1)

z <<-z
m1=length(z$n)
z0=z[1:m1,1]
z1=z[1:m1,2]
z2=z[1:m1,3]

# íà÷àëüíàÿ äàòà îáó÷åíèÿ ìîäåëè
dat0=as.character(z$DATE)
dat0=substr(dat0,1,6)
ind_dat0 = which(dat0==date_0)
ttn0=ind_dat0[1]

# êîíå÷íàÿ òî÷êà îáó÷åíèÿ ìîäåëè
dat3=as.character(z$DATE)
ind_dat3 = which(dat3==date_3)
ttn3=ind_dat3

# ÇÀÄÀÍÈÅ ÃÐÀÍÈÖ ÎÁÓ×ÅÍÈß, ÒÅÑÒÈÐÎÂÀÍÈß È ÏÐÎÃÍÎÇÈÐÎÂÀÍÈß
n0=ttn0 # íà÷àëî îáó÷åíèÿ
n3=ttn3 # êîíåö îáó÷åíèÿ
n4=n3+1 # íà÷àëî òåñòà
n5=m1 # êîíåö ðÿäà è òåñòà
n1=n5+1 # íà÷àëî ïðîãíîçà
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n2=n1+l_prognoz1-1 # êîíåö ïðîãíîçà

print(c(n0,n3,n4,n5,n1,n2))
# -------------------------------------------------------

# ÔÎÐÌÈÐÎÂÀÍÈÅ ÈÑÕÎÄÍÎÉ ÒÀÁËÈÖÛ ÄÀÍÍÛÕ

t_prog=c(n1:n2)
input_prog =c(z0,t_prog)
n12=n2-n1+1
output_prog=c(z2,rep(1.0,each = n12))

zz =data.frame(input=input_prog,output=log(output_prog))
attach(zz)
# --------------------------------------------------------
min.input <- min(input)
range.input <- diff(range(input))
input_norm =(input - min.input) / range.input
zz_norm <-data.frame(input=input_norm,output)
zz_norm_train <-zz_norm[n0:n3,]
zz_norm_test <-zz_norm[n4:n5,]
zz_norm_prognoz <-zz_norm[n1:n2,]

net <- neuralnet(output~input,data=zz_norm_train,
hidden=c(YN1,YN2,YN3), startweights=NULL,threshold=PR_DF,
stepmax =MAX_ITER,rep =VAL_REP,
algorithm=ALG,linear.output = TRUE,act.fct=AKTIVF)
str(net)
plot(net)
result0=net$net.result[1]

resul_test <-compute(net,zz_norm_test)
result1 <- resul_test$net.result
cor(result1,zz_norm_test$output)
result1=as.vector(result1)

resul_prognoz <-compute(net,zz_norm_prognoz)
result2 <- resul_prognoz$net.result
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result2=as.vector(result2)

train.vec= unlist(result0, recursive=TRUE, use.names = TRUE)
inp_ob=c(n0:n3)
zz0=data.frame(inp_ob,result00=exp(train.vec))
inp=zz$input[1:n5]
out=zz$output[1:n5]
zz1=data.frame(inp,out=exp(out))
inp_tr=c(n4:n5)
zz2=data.frame(inp_tr,result1=exp(result1))
inp_pr=c(n1:n2)
zz3=data.frame(inp_pr,result2=exp(result2))
prognoz=exp(result2)
prognoz
detach(zz)

# ====================================
t1=z[length(z$DATE),2]
t1=as.character(t1)
# ôîðìèðîâàíèå äàò ïðîãíîçà
t1 <-as.Date(t1,"%Y% m%d")
t_prog=c(t1,t1,t1,t1,t1)
for(i in 1:l_ prognoz1){ t_ prog[i]=t1 + ddays(i)}
t_prog

tt1 <- as.character(z$DATE)
tt1 <-as.Date(tt1,"%Y%m%d")
zzz1 <-data.frame(tt1,out=exp(out))
tt3 <-t_prog
zzz3 <-data.frame(tt3,result2=exp(result2))

tt0 <-z1[inp_ob]
tt0 <- as.character(tt0)
tt0 <-as.Date(tt0,"%Y% m% d")
zzz0 <-data.frame(tt0,result00=exp(train.vec))

g2 <-ggplot(data=zzz1, aes(x=tt1,y=out))+
geom_line(colour ="gray55",size=0.6)
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g2 <-g2 + geom_line(data=zzz3,aes(x=tt3,y=result2),
colour="red",linetype=1,size=1.5)
g2 <-g2 + geom_line(data=zzz0,aes(x=tt0,y=result00),
colour="green",linetype=1,size=1.0)
g2 <-g2 +scale_x_date(breaks = date_breaks("1 years"),
labels = date_format("%Y"))
g2 <-g2 +labs(title ="Óðîâíè öåí àêöèé GASP",
x="Âðåìåííûå ïåðèîäû", y="öåíà àêöèé, ðóá")
#g2 <-g2 +theme_economist() + scale_colour_economist()
x11()
print(g2)

ttt0 ="2020-01-01"
zzzz1 <-subset (zzz1,tt1 >=ttt0)
zzzz0 <-subset (zzz0,tt0 >=ttt0)

g3 <-ggplot(data=zzzz1, aes(x=tt1,y=out))+
geom_line(colour ="gray55",size=0.6)
g3 <-g3 + geom_line(data=zzz3,aes(x=tt3,y=result2),
colour="red",linetype=1,size=1.5)
g3 <-g3 + geom_line(data=zzzz0,aes(x=tt0,y=result00),
colour="green",linetype=1,size=1.0)
g3 <-g3 +scale_x_date(breaks = date_breaks("1 years"),
labels = date_format("%Y"))
g3 <-g3 +labs(title ="Óðîâíè öåí àêöèé GASP",
x="Âðåìåííûå ïåðèîäû", y="öåíà àêöèé, ðóá")
x11()
print(g3)

prognoz=prognoz[1:l_prognoz1]
# ÔÎÐÌÈÐÎÂÀÍÈÅ ÔÐÅÉÌÀ ÏÐÎÃÍÎÇÍÛÕ ÄÀÍÍÛÕ
prognoz_nnet <-round(prognoz,digits=2)
Dat_prognoz_nnet <-data.frame(t=t_prog,ynnet=prognoz_nnet)
print(Dat_prognoz_nnet)
Dat_prognoz_nnet <<-Dat_prognoz_nnet

# ÂÛÂÎÄ ÄÀÍÍÛÕ ÏÐÎÃÍÎÇÀ
# write.xlsx(Dat_prognoz_nnet, "Dat_prognoz_nnet.xlsx")
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Ðèñ. 2: Ñòðóêòóðà è âåñà îáó÷åííîé ñåòè

Ðåçóëüòàòû ìîäåëèðîâàíèÿ ÂÐ
Ìû çàôèêñèðîâàëè òðåõóðîâíåâóþ ñòðóêòóðó íåéðîííîé ñåòè , ÷èñ-

ëî íåéðîííîâ íà êàæäîì óðîâíå, âèä àëãîðèòìà è ðÿä ðóãèõ ïðàìåòðîâ
ìîæíî ïîäáèðàòü. Ïðîöåññ íàñòðîéêè ñåòè ïîä ôàêòè÷åñêèå äàííûå ýòî
òâîð÷åñêèé è äîâîëüíî òðóäîåìêèé ïðîöåññ, êîòîðûé êîíå÷íî ÷àñòè÷íî
ìîæíî àâòîìàòèçèðîâàòü, íî âñå æå çäåñü ìíîãî íåôîðìàëèçóåìîãî. Â
ðåçóëüòàòå ïðîâåäåííîé ðàáîòû ìû ïîëó÷èëè ñëåäóþùèé âèä ñåòè (ðè-
ñóíîê 2).

Ðåçóëüòàòû îáó÷åíèÿ è ïðîãíîç ïðåäñòàâëåíû íà ðèñóíêå 3, à óêðóï-
íåííî ðåçóëüòû â ïðåäåëàõ òîëüêî 2020 ãîäà ïîêàçàíû íà ðèñóíêå 4. Êàæ-
äûé ïîëó÷åííûé âàðèàíò îáó÷åíèÿ ìîæíî çàïîìíèòü, ñîõðàíÿÿ ðàáî÷åå
ïðîñòðàíñòâî R, è çàòåì èñïîëüçîâàòü äëÿ âîñïðîèâåäåíèÿ ïîëó÷åííûõ
ðåçóëüòàòîâ.

Êðîìå îáó÷àþùåé âûáîðêè ñòðîèòñÿ òåñòîâàÿ âûáîðêà, â íàøåì ñëó-
÷àþ ýòî âñåãî íåñêîëüêî òî÷åê, ñóììàðíûé êâàäðàò îòêëîíåíèé â ýòèõ
òî÷êàõ ìîæåò èñïîëüçîâàòüñÿ, êàê ôîðìàëüíûé êðèòåðèé êà÷åñòâà îáó-
÷åíèÿ, èíîãäà èñïîëüçóþò äëÿ ýòîãî êîýôôèöèåíò êîððåëÿöèè ìåæäó
ïîëó÷åííûìè íà òåñòîâîé ïîñëåäîâàòåëüíîñòè çíà÷åíèÿìè è ôàêòè÷å-
ñêèìè äàííûìè.
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Ðèñ. 3: Ðåçóëüòàòû îáó÷åíèÿ ñåòè è ïðîãíîç 2017-2020 ãã.

11



Ðèñ. 4: Ðåçóëüòàòû îáó÷åíèÿ ñåòè è ïðîãíîç 2000 ã.

ÂÅÐÑÒÊÀ LATEX 05.12.2020
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