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Introduction
In a time series, there may be points where the characteristics of the ran-
dom process governing the time series change. For example, the country’s
economic policies can suddenly alter the annual inflation rate in response to
political and social crises. In this article, the following autoregressive model
is considered for modeling change points in the time series

N 50+¢0Y271+5t t=1,...,7
t:
01+ ¢1Yio1 + e t=74+1,...,n

where all parameters, including drift, model coefficient, and process variance,
are considered to be different before and after the change point, and they
are estimated using the method of conditional maximum likelihood.

Material and Methods

In this article, assuming that the error term (g;) be a white noise process, the
likelihood function was obtained and by derivation of its logarithm (concern-
ing individual parameter, except 7) and set them equal to zero, the MLE of
parameters were obtained. The parameter 7, is often unknown and needs to
be estimated; however, due to the discrete nature of this parameter, it can
not be estimated using differentiation methods. To estimate the parameter
7, the logarithm of the likelihood function has been calculated for various
values ranging from 2 to n — 1. The value that maximizes the logarithm of
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the likelihood function is taken as the MLE of 7. Next, the AR(1) model
was fitted to the time series of Iran annual inflation rate, and the model
parameters were estimated using a specialized program developed for this
purpose. Finally, the inflation rates for 2023 and 2024 were forecasted.

Results and Discussion

In order to check the efficiency of the obtained estimates, a simulation study
was conducted with some different values for n and 7. The simulation study
results indicate that as the length of the time series (n) increases, the mean
square error (MSE) values approach zero, demonstrating the consistency of
the obtained estimators. Although the location of the change point (7) is
not within our control, when it is close to the center of the time series (n/2),
the MSE of estimators is reduced. In this situation, the estimates clearly
converge to the values of the parameters by increasing n.

Conclusion

While some researchers, such as Timmer and Pignatiello(2003), considered
simpler models where only one parameter changes, this article presents a
more flexible model in which all three model parameters jump or change
after the change point; this subject increases the flexibility of the model in
fitting time series data. The simulation study indicates that when the change
point is small, the estimation error of the parameters increases. Similarly,
even if the change point is large (close to n), such problems are also likely. In
fitting an AR(1) model with a change point to the time series of Iran’s infla-
tion rate from 1944 to 2022, the change point was estimated as 2017, which
is slightly close to 2022. Therefore, the estimation of the model parameters
may not be highly accurate. However, the predicted values of inflation rate
for 2023 and 2024 are reasonable and match the current inflation conditions
in the Islamic Republic of Iran.
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2P

# data.sim(): simulates the AR(1) model with change point

# Model (3) in the article
P
data.sim=function(n,delta0,deltal,phiO,phil, sig0,sigl ,tau){

# sig0 = Standard Deviation of the first epsilon_i, (i = 1,...,tau)
# sigl = Standard Deviation of other epsilon_i, (i = tau+l,...,n)

y = rep(NA ,n)
MEANy1 = delta0/(1 - phiO)
SDyl = sigO*sqrt(1/(1-phi0~2))

y[1] = rnorm(1l, MEANy1 ,SDy1l)

for( t in 2:tau)

y[t] = deltaO + phiO*y[t[1- + rnorm(1l , O , sig0)

for( t in (taut+l):n)

y[t] = deltal + phil*y[t[1- + rnorm(1l , O , sigl)
plot(y,type="1" , col = 2)

return(y)

}
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#estimate(): At first simulates a time sereis from AR(1) model



# with change point, then calculates the parameter

# estimation of model (3) using conditional ML Method.
# This function also can calculate the parameter

# estimation for real time series data.

B e e e

estimate = function(y) {
y=data.sim(n=46,delta0=4.5,deltal=6.075,phi0=0.3,phi1=0.8,

sig0 23.1=,sigl=1.27,tau=15)

n = length(y)
deltaO=deltaal0=deltal=phiO=phil=sigmal.2=sigma0.2=loglL=rep(NA,n)
for(k in 4:(n - 3)){

a=sum(y[2:k])

b=sum( y[1:(k - 1)]1)

c=sum(y[1:(k - 1)]72)

d=sum(y[1:(k - 1)1*y[2:k])

al=sum(y[(k + 1):n])

bl=sum(y[k:(n - 1)

cl=sum(y[(k + 1):n]"2)

di=sum(y[k: (m - 1)]*y[(k+1):n])

deltaO[k] = (1/(k - 1))*(a-d*b/c)/(1-(b"2/((k - 1)*c)))

deltall[k] = (1/(n - k))*(al-d1*b1l/c1)/(1 - (b172/((n - k)*cl)))
phiO[kl=(d-sum(y[1:(k - 1)]1)*deltal[k])/c

phil[k]=(d1-sum(y[k: (m - 1)]1)*deltall[k])/(sum(y[k:(n - 1)172)) # c1
sigma0.2[k]=sum((y[2:k]-(deltal[k]+phiO[kI*y[1:(k - 1)1))"2)/(k - 1)
sigmal.2[k]=sum((y[(k+1) :n]-(deltal[k]+phil[k]l*y[k:(n - 1)1))"2)/(n - k)
logL[k]l= -((k - 1)/2)*log(2*pi*sigma0.2[k])-((n - k)/2)
xlog(2*pi*sigmal.2[k])-(n - 1)/2

deltaaO[k] = (1/(k - 1))*(a-d*b/c)/(1-(b~2/((k - 1)*c)))

}

k = c(1:n)

mat=round(cbind(k,deltal, deltal,phiO ,phil ,sigma0.2, sigmal.2,logL),3)
tau.hat=which.max(logL)

par.est=mat[tau.hat,]

plot(logL)

return(list (mat,par.est))?}

# PE(): for each of 1000 simulated time series from AR(1) model
# (with change point) calculate the average of parameter
# estimations and MSE, which will be used for the entries of Table 1.

PE=function(n=50,k=10,phi00=0.7,phi11=0.7,delta00=1,deltall=1.2,
sig00 =3,sigll=3, m=1000){
phiO = delta0 = sigma0.2=phil = deltal = sigmal.2=rep(NA,m)



par (ask=F)

for(j in 1:m){

y=data.sim(n=n ,delta0=delta00,deltal=deltall,phiO=phi0O0,
phil=phill,sig0 =sig00,sigl=sigll,tau=k)

a = sum(y[2:k])

b = sum(y[1:(k - 1)1)

c = sum(y[1:(k - 1)172)

d=sum(y[1:(k - 1)]I*y[2:k])

al=sum(y[(k + 1):n])

bl=sum(y[k:(n - 1)]1)

cl=sum(y[(k + 1):n]"2)

di=sum(y[k:(n - 1)I*y[(k + 1):n])

deltaO[j] = (1/(k - 1))*(a-d*b/c)/(1-(b~2/((k - 1)*c)))
deltall[j] = (1/(n - k))*(al-d1*b1l/c1)/(1 - (b172/((n - k)*c1)))
phiO[jl=(d-sum(y[1:(k - 1)])*deltaO[jl)/c
phil[jl=(d1-sum(y[k: (n - 1)])*deltall[jl)/cl
sigma0.2[jl=sum((y[2:k]-(deltaO[jl+phiO[jl*y[1:(k - 1)1))72)/(k - 1)
sigmal.2[jl=sum((y[(k + 1):n]-(deltall[jl+phil[jl*y[k:(n - 1)1))"2)/(n - k)
}

MSE.phiO=mean((phi0O - phi00)~2)

MSE.phil=mean((phil - phill)~2)

MSE.delta0=mean((delta0 - delta00)~2)

MSE.deltal=mean((deltal - deltall)~2)

MSE.sigO=mean((sigma0.2 - sig0072)~2)

MSE.sigl=mean((sigmal.2 - sigll1~2)~2)

par(ask = T)

plot(phiO)

lines(c(1,1000),c(phi00,phi00) ,col=2)

plot(phil)

plot(delta0)

result= list(phiO.bar=mean(phiO) ,MSE.phiO = MSE.phiO ,

MSE.phil = MSE.phil,MSE.delta0 = MSE.deltaO,MSE.deltal = MSE.deltal,
MSE.sig0 = MSE.sig0O,MSE.sigl =MSE.sigl, delatO.bar=
mean(delta0) ,sigma0.2.bar = mean(sigma0.2),

phil.bar= mean(phil),

deltal.bar = mean(deltal), sigmal.2.bar = mean(sigmal.2))
return(result)

}



