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library(rugarch)

library(qrmtools)

## Model specification (for simulation)

nu <- 3 # d.o.f. of the standardized distribution of Z_t
fixed.p <- list(mu = O, # our mu (intercept)

arl = 0.5, # our phi_1 (AR(1) parameter of mu_t)

mal = 0.3, # our theta_1 (MA(1) parameter of mu_t)

omega = 4, # our alpha_O (intercept)

alphal = 0.4, # our alpha_1 (GARCH(1) parameter of sigma_t~2)

betal = 0.2, # our beta_1 (GARCH(1) parameter of sigma_t~2)

shape = nu) # d.o.f. nu for standardized t_nu innovations

armaOrder <- c(1,1) # ARMA order

garchOrder <- c(1,1) # GARCH order

varModel <- list(model = "sGARCH", garchOrder = garchOrder)

spec <- ugarchspec(varModel, mean.model = list(armaOrder = armaOrder),
fixed.pars = fixed.p, distribution.model = "std") # t standardized residuals
## Simulate (X_t)

n <- 1000 # sample size (= length of simulated paths)

x <- ugarchpath(spec, n.sim = n, m.sim = 1, rseed = 271) # n.sim length of
#simulated path; m.sim = number of paths

## Note the difference:

## - ugarchpath(): simulate from a specified model

## - ugarchsim(): simulate from a fitted object

## Extract the resulting series

X <- fitted(x) # simulated process X_t = mu_t + epsilon_t for

#epsilon_t = sigma_t * Z_t

sig <- sigma(x) # volatilities sigma_t (conditional standard deviations)
eps <- xQ@path$residSim # unstandardized residuals epsilon_t = sigma_t * Z_t
## Note: There are no extraction methods for the unstandardized residuals
## epsilon_t

## Sanity checks (=> fitted() and sigma() grab out the right quantities)
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stopifnot(all.equal(X, xO@path$seriesSim, check.attributes = FALSE),

all.equal(sig, x@path$sigmaSim, check.attributes = FALSE))
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## Plots

#Time Series Plot

plot(X, type = "1", xlab = "t", ylab = expression(X[t]))

#Conditional Standard Deviations

plot(sig, type = "h", xlab = "t", ylab = expression(sigmalt]))

#Residuals

plot(eps, type = "1", xlab = "t", ylab = expression(epsilon[t]))
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## Fit an ARMA(1,1)-GARCH(1,1) model

spec <- ugarchspec(varModel, mean.model = list(armaOrder = armaOrder),
distribution.model = "std") # without fixed parameters here

fit <- ugarchfit(spec, data = X) # fit

## Extract the resulting series

mu. <- fitted(fit) # fitted hat{mu}_t (= hat{X}_t)

sig. <- sigma(fit) # fitted hat{sigmal}_t

## Sanity checks (=> fitted() and sigma() grab out the right quantities)
stopifnot(all.equal(as.numeric(mu.), fit@fit$fitted.values),

all.equal(as.numeric(sig.), fit@fit$sigma))
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## Plot data X_t and fitted hat{mu}_t
plot (X, type = "1", xlab = "t",
ylab = expression("Data"~X[t]~"and fitted values"~hat(mu) [t]))
lines(as.numeric(mu.), col = adjustcolor("blue", alpha.f = 0.5))
legend("bottomright", bty = "n", 1ty = c(1,1),
col = c("black", adjustcolor("blue", alpha.f = 0.5)),
legend = c(expression(X[t]), expression(hat(mu) [t])))
## Plot the unstandardized residuals epsilon_t
resi <- as.numeric(residuals(fit))
stopifnot(all.equal (fit@fit$residuals, resi))
# check residuals epsilon_t
plot(resi, type = "1", xlab = "t", ylab = expression(epsilon[t]))
## Q-Q plot of the standardized residuals Z_t against their specified t
## (t_nu with variance 1)
Z <- fitefit$z

stopifnot(all.equal(Z, as.numeric(resi/sig.)))



qq_plot(Z, FUN = function(p) sqrt((nu-2)/nu) * qt(p, df = nu),

main = substitute("Q-Q plot of ("*Z[t]*") against a standardized"~t[nu.],

list(nu. = nu)))
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## VaR confidence level we consider here

alpha <- 0.99

## Extract fitted VaR_alpha

VaR. <- as.numeric(quantile(fit, probs = alpha))

## Build manually and compare the two

nu. <- fit@fit$coef["shape"] # extract (fitted) d.o.f. nu

# VaR_alpha computed manually

VaR.. <- as.numeric(mu. + sig. * sqrt((nu.-2)/nu.) * gt(alpha, df = nu.))
stopifnot(all.equal(VaR.., VaR.))

## => quantile(<rugarch object>, probs = alpha) provides VaR_alpha =

## hat{mu}_t + hat{sigma}_t * q_Z(alpha)

D8 s G950 2y Sle,giws SeS ool b3l Jae wlul 5 VaR (S ]

## Predict from the fitted process
fspec <- getspec(fit) # specification of the fitted process
setfixed(fspec) <- as.list(coef(fit)) # set the parameters to the fitted ones

m <- ceiling(n / 10) # number of steps to forecast (roll/iterate m-1 times



forward with frequency 1)

#predict from the fitted process
pred <- ugarchforecast(fspec, data = X, n.ahead = 1, n.roll = m-1, out.sample = m)
## Extract the resulting series
# extract predicted X_t (= conditional mean mu_t; note: E[Z] = 0)
mu.predict <- fitted(pred)
sig.predict <- sigma(pred) # extract predicted sigma_t
# corresponding predicted VaR_alpha
VaR.predict <- as.numeric(quantile(pred, probs = alpha))
## Checks
## Sanity checks
stopifnot(all.equal(mu.predict, pred@forecast$seriesFor, check.attributes = FALSE),
# sanity check
all.equal(sig.predict, pred@forecast$sigmaFor, check.attributes = FALSE))
## Build predicted VaR_alpha manually and compare the two
VaR.predict. <- as.numeric(mu.predict + sig.predict * sqrt((nu.-2)/nu.) *
gt(alpha, df = nu.)) # VaR_alpha computed manually

stopifnot(all.equal(VaR.predict., VaR.predict))
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## Simulate B paths

B <- 1000

set.seed(271)

X.sim.obj <- ugarchpath(fspec, n.sim = m, m.sim = B) # simulate future paths
## Compute simulated VaR_alpha and corresponding (simulated) confidence

## intervals

## Note: Each series is now an (m, B) matrix

##(each column is one path of length m)

X.sim <- fitted(X.sim.obj) # extract simulated X_t

sig.sim <- sigma(X.sim.obj) # extract sigma_t

eps.sim <- X.sim.obj@path$residSim # extract epsilon_t
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# (m, B) matrix
VaR.sim <- (X.sim - eps.sim) + sig.sim * sqrt((nu.-2)/nu.) * qt(alpha, df = nu.)

VaR.CI <- apply(VaR.sim, 1, function(x) quantile(x, probs = c(0.025, 0.975)))
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## Setup

yran <- range(X, # simulated path

mu., VaR., # fitted conditional mean and VaR_alpha

mu.predict, VaR.predict, VaR.CI) # predicted mean, VaR and CIs
myran <- max(abs(yran))

yran <- c(-myran, myran) # y-range for the plot

xran <- c(1, length(X) + m) # x-range for the plot

## Simulated (original) data (X_t), fitted conditional mean mu_t

## and VaR_alpha

plot(X, type = "1", xlim = xran, ylim = yran, xlab = "Time t", ylab = "",
main = "Simulated ARMA-GARCH, fit, VaR, VaR predictions and CIs")

# hat{\mu}_t

lines(as.numeric(mu.), col = adjustcolor("darkblue", alpha.f = 0.5))
lines(VaR., col = "darkred") # estimated VaR_alpha

mtext (pasteO("Expected exceed.: ",btest$expected.exceed," ",
"Actual exceed.: ",btest$actual.exceed," ",

"Test: ", btest$cc.Decision),

side = 4, adj = 0, line = 0.5, cex = 0.9) # label

## Predictions

t. <- length(X) + seq_len(m) # future time points

lines(t., mu.predict, col = "blue") # predicted process X_t (or mu_t)
lines(t., VaR.predict, col = "red") # predicted VaR_alpha

lines(t., VaR.CI[1,], col = "orange") # lower 95%-CI for VaR_alpha
lines(t., VaR.CI[2,], col = "orange") # upper 95%-CI for VaR_alpha
legend ("bottomright", bty = "n", 1ty = rep(1l, 6), lwd = 1.6,

col = c("black", adjustcolor("darkblue", alpha.f = 0.5), "blue",
"darkred", "red", "orange"),

legend = c(expression(X[t]), expression(hat(mu)[t]),



expression("Predicted"~mul[t]~"(or"~X[t]1*")"),
substitute(widehat (VaR) [a], list(a = alpha)),
substitute("Predicted"~VaR[a], list(a = alpha)),

substitute("95%-CI for"~VaR[a], list(a = alpha))))
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da <- read.table("m-dec12910.txt", quote="\"", comment.char="",header = T)
d10=da$decl10 # select the Decile 10 returns
dec10=ts(d10,frequency=12,start=c(1967,1))
plot(dec10,xlab='year',ylab='returns')

title(main="")
Y.\ )‘&9.03
library(TTR)

decomp <- decompose(decl10)

plot (decomp$trend,ylab="Trend")

Y. )‘»)9.03



A4

plot(decomp$seasonal,ylab="Seasonal")

f.\)‘ég.o.;
acf(d10,lag=24,main="")
0.\4ﬂésaﬁ
da=read.table("m-ibm3dx2608.txt" ,header=T)
ew=da$ewrtn
ew<-ts(da$ewrtn, frequency=12, start=c(1926, 1))
plot.ts(ew, ylab = "Equal Weighted Retern")
acf (ew,main="")
mi=arima(ew,order=c(0,0,9),fixed=c(NA,0,NA,0,0,0,0,0,NA,NA))
ml
Box.test(ml$residuals,lag=12,type="'Ljung')
pv=1-pchisq(17.6,9)
pv
9.\4ﬂ034ﬁ

ibm <- read.table('m-ibm3dx2608.txt',header=T)
vw<-ts(ibm$vwrtn, frequency=12, start=c(1926, 1))
plot.ts(vw, ylab = "Value Weighted Retern")

acf (vw,main="")

pacf (vw,main="")
m3=arima(vw,order=c(3,0,0),fixed=c(NA,0,NA,NA))
m3

Box.test (m3$residuals,lag=12,type='Ljung')
pv=1-pchisq(16.83,10)

pv

V.\4ﬂa349
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da <- read.csv("J:/Thesis/ch2data/m-3m4608.txt", sep="")
head (da)

dim(da)

mmm=log (da$rtn+1)

mmm=ts (log (da$rtn+1))

plot (mmm)

library(TSA)

eacf (mmm)

\.Y )‘é,.o.’:

rm(list=1s())
library(rugarch)
library(parallel)
set.seed(123)

archl.spec = ugarchspec(variance.model=1list(garchOrder= c(1,0)),

mean .model list (armaOrder=c(0,0)) ,fixed.pars = list(mu = O, omega=0.1,
alphal=0.8))

class(archl.spec)

show(archl.spec)

set.seed(123)

archl.sim = ugarchpath(archl.spec, n.sim = 1000)

class(archl.sim)

slotNames (archl.sim)

plot(archl.sim)

Y.Y)‘&g.o.s

rm(list=1s())

library(rugarch)

library(parallel)

set.seed(123)

archl.spec = ugarchspec(variance.model=1list(garchOrder= c(1,0)),

mean.model = list(armaOrder=c(0,0)),fixed.pars = list(mu = O, omega=0.1,



Q)

alphal=0.8))

class(archl.spec)

show(archl.spec)

set.seed(123)

archl.sim = ugarchpath(archl.spec, n.sim = 1000)
class(archl.sim)

slotNames(archl.sim)

plot(archl.sim)
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rm(list=1s())

library(timeDate)

library(timeSeries)

library(fBasics)

library(fGarch)

library (MASS)

spec = garchSpec(model = list(ar =0, ma = 0))

xl <- garchSim(spec, n <- 30)

x2 <- garchSim(spec, n )
x3 <- garchSim(spec, n )
x4 <- garchSim(spec, n )
x5 <- garchSim(spec, n )
x6 <- garchSim(spec, n )
x7 <- garchSim(spec, n )
x8 <- garchSim(spec, n )

xtotal <- cbind(x1,x2,x3,x4,x5,x6,x7,x8)
betal0 <-c(3,1.5,0,0,2,0,0,0)
P=length(betal)

ytotal= xtotal %*% betal

TRUE)

ytotal=scale(ytotal,center
xtotal=scale(xtotal,center = T,scale=T)
betal=solve (t (xtotal)*Y%xtotal) %*% (t (xtotal)%*)ytotal)

bet=t (beta0) %*%betal
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bet

lambda=0.1

calcNum=0

HHHH R
sigma2=1

S
while(bet>0.1){
calcNum=calcNum+1

etotal=ytotal-xtotal¥*}betal

HHHHRHRRHFHHHE ALIC R R R

aicMat=matrix(numeric(4) ,ncol=2,nrow=2)

sapply(0:1, function(i){

sapply(0:1,function(j){

aicMat[i+1,j+1]<<-AIC(arima(etotal,order = c(i,0,j) ,method = "ML"))
b

b

current_order=which(aicMat==min(aicMat),arr.ind=T)-c(1,1)

current_theta=coef (arima(etotal,order = c(current_order[1],0,current_order[2]),
method = "ML"))

a0=current_theta[length(current_theta)]

if (current_theta>1){

current_theta=current_theta[-length(current_theta)];

Yelsed{

current_theta=0

}

if (any (substr(names(current_theta),start = 1,stop = 2)=="ar")){
ar_index<-which(substr(names(current_theta),start = 1,stop = 2)=="ar")
elsed{

ar_index<-0



ay

}

if (any (substr(names(current_theta),start = 1,stop

2)=="ma")){
ma_index<-which(substr(names(current_theta),start = 1,stop = 2)=="ma")
Yelse{

ma_index<-0

}

# ma_index=which(substr (names(current_theta),start = 1,stop = 2)=="ma"
# #HHHARHHERE epsilon ###HHHEHHHESHHHRS

# if (firstshow==T){

# epsilon=rnorm(length(ma_index)+length(ytotal) ,mean=0,sd=sigma2)

# firstshow=F

#

epsilon=numeric(length = n+length(ma_index))
etotal_new=c(rep(0,length(ar_index)),etotal)

for(tt in (length(ma_index)+1):n){

epsilon[tt]=etotal [tt]-a0-t(current_thetalar_index+1])%*%
etotal_new[(tt-length(ma_index)): (tt-length(ma_index)+length(ar_index)-1)]+

t(current_theta[ma_index+1])%*% epsilon[(tt-length(ma_index)): (tt-1)]

}

Lambda=lambda*log(n)/(n*abs(betal))

z=rnorm(length(epsilon)+1)

epsilon_0=z[1]*sigma2

arima_model=arima(epsilon,order = c(1,0,1))

# arima_model$coef

ar_index_4sigma= arima_model$coef [which(substr(names(arima_model$coef) ,start = 1,
stop = 2)=="ar")]

ma_index_4sigma=arima_model$coef [which(substr(names(arima_model$coef),

start = 1,stop = 2)=="ma")]
intercept_index_4sigma=arima_model$coef [which(substr(names (arima_model$coef),

start = 1,stop = 3)=="int")]
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Epsilon=c(epsilon_0,epsilon)

f_sigma2=function(ts){
sigma2=intercept_index_4sigma+sum(ma_index_4sigma*Epsilon[1:(ts-1)])
+sum(ar_index_4sigma* (Epsilon[1: (ts-1)]1/z[2:ts]))

sqrt (sigma2)

}

HEHHAHHRHH

Qfun=function(beta){

f=function(ttt){
((ytotal[ttt]-xtotal[ttt,]%*%beta-sum(ytotal[length(ar_index) :1]
-xtotal[length(ar_index) :1,]%*)beta)+

t(current_theta[ma_index] )%+’ epsilon[(ttt-length(ma_index)): (ttt-1)1)/
(f_sigma2(ttt))) "2

}

f=Vectorize(f)

sum(f ((length(ar_index)+1) :n))+(n-length(ar_index))*sum(Lambda*beta/abs(betal))
}

HH##

beta0 = nlm(Qfun,betal)

betaO=betalO$estimate

bet=t (betal) %*};betal

}

bet

calcNum
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Abstract

Forecasting financial time series is especially important. There are many statistical models to pre-
dict time series, e.g. Ir AR, Ir MA, ARMA models. They are not good for modeling variance and
instabilities in risk management, securities management, asset specialization and more. Instead,
Autoregressive Conditional Heteroscedastic (or Ir ARCH) and Generalized Autoregressive Condi-
tional Heteroscedastic (or GARCH) models have been used. If there are explanatory and response
variables, it is better to use times series regression for modeling the data. In this dissertation, in-
tegrating penalized techniques like adaptive LASSO method in order to select important variables
in time series regression models with errors Ir ARMA and Ir ARMA-GARCH is considered and

verified efficiency of the proposed algorithm via some numerical studies.

Keywords: Adaptive LASSO estimator, ARMA model, ARMA-GARCH model, Time series

regression, Variable selection.
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