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Abstract: In this research, we studied the multiple linear regression models for two variables in the presence
of the autocorrelation problem for the error term observations and when the error 1s distributed with general
logistic distribution. The aute regression model is invelved in the studying and analyzing of the relationship
between the variables and through this relationship, the forecasting is completed with the variables as values.
A simulation techmque 1s used for comparison methods depending on the mean square error criteria in where
the estimation methods that were used are (generalized least squares, M robust and Laplace) and for different
sizes of samples (20, 40, 60, 80, 100, 120). The M robust method is demonstrated the best method for all values
of correlation coefficients as (¢ =-0.9, -0.5, 0.5, 0.9). So, we applied it to the data that was obtained from the
Mimstry of Planning in Irag/Central Orgamzation for Statistics which represents the consumer price index for
the years 2004-2016. So, we confirmed that the dollar exchange rate 1s directly affected by the increase in annual
inflation rates and the ratio of currency to the money supply.

Key words: Autocorrelation, generalized least squares method, Laplace robust method, logistic distribution,
M robust method, multiple linear regression

INTRODUCTION

The price indexes for consumers are considered to be
one of the mportant indicators m the process of the
planning and economic developments. Throughout the
prices, we can observe the changes that occur in the
market and attempt to control its directions in order to
protect the consumer. Multiple linear regression analysis
method 1s considered as one of the researches important
tools that 1s used in the study and analysis of the
relationship between the dependent vamable and the
mndependent variables. With the presence of a
mathematical equation and the use of this relation, a
prediction can be made with one variable among the other
variables. One of the classical assumptions of linear
regression 1s that it does not have an autocorrelation
problem between the values of random error variables.
However, one of the causes of this problem in the linear
regression model 15 the existence of economic fluctuations
that affect the time series or the personal estimates of the
data or the failure to formulate a precise linear relationship
of the mathematical model. Therefore, both Eakambaram
and Elangovan used a set of methods when there was a
problem of the autocorrelation of errors and found that
the least absolute error was the best (Eakambaram and

Elangovan, 2010). Dietz studied the robust estimation
for a simple linear regression model when the random
error 18 distributed as normal and a couple of methods are
used (Theil method and unweighted average method)
(Dietz, 1986). Ahmed discussed the simple linear
regression with the autocorrelation problem when the
error distributed with a normal distribution. He used three
methods (least squares, unweighted average and Theil
method) and made a comparison between them by using
mean squares error criteria (MSE) and the simulation
method. Then he applied these methods to wheat
production data mn Iraq (Ahmed, 2015). The researcher
Tanizaki made a comparison between the maximum
likelihood method and the Bayesian method for the linear
regression model with the presence of the auto correlated
error. He obtained that the Bayesian method s more
efficient (Tanizaki, 1989). Chib (1993) developed the
practical framework for high order autoregressive
processes of Gaussian and Student-t regression models.
This research aims to compare between the methods
which are: Generalized Least Squares, M Robust and
Laplace by using the simulation of the linear regression
model with two variables and with the autocorrelation of
the first order when the random error is distributed as a
general logistic distribution.
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MATERIALS AND METHODS

To illustrate these three methods, we first begin by
addressing the problem of autocorrelation by assuming
that the linear regression model with two variables is as
follows:

Y=y, X, 47X, e, 1=12,..10 (1)
Where:
Y, = The dependent variable
¥, Yy = The independent variables

Yo Y1, V2 = The regression parameters
= The random error and the autocorrelation of
first order by Ayinde er al. (2015):

€,

1

e =0e, 5, 1=12,..n
Where:
¢ = The simple autocorrelation coefficient between
random errors where (-1 <¢p<1)
8 = The independent errors and distributed general
logistic  distribution with probability density
function:

Where:

b = The shape parameter

¢ = The scale parameter

0 = The random error and the cumulative density
function for this distribution is:

F(5) - {1 N exp%r

The skewed of the distribution is positive when
(b>1) and negative when (b<l) and symmetric when
(b = 1). As for solving the autocorrelation problem we
used the transformation method and our model which 1s
Eq. 1 in the following form:

Y —o0Y,, = (1 - ¢')Yu T, (Xn +0X, )+ Ts (X21 - ¢'X2i—1)
Y,* = 'YE + Ysz; + Y2X;1 +8
o =(1-9)%,

Generalized Least Squares Method (GLSM): In order to

obtain the General Least Squares (GLS) method, we
minimize the sum squares of errors as:

2812 = E(Y; =Y~ X5 _sz;)z

As for estimation form by using matrices is as follows:
N ool w
r=(x'x ) [xY]
M robust method: This method requires to mimmize Eq.:
Zp{ Y1 o ’Y]
1=1

where (p) 1s a convex function as well as 1t’s symmetric.
The formula for estimating the parameters of the M
Robust method is as follows:

'\?—(XWX] {xwy]

where, the elements of diagonal weighted matrix are:

(Yi_xi’Ya} (yi_xi’Ya}

W =y - -
g g
Where:
r = The partial derivative for the parameter vector
¥ = The function (p)
¥. = The vector of minor parameter and it is estimated by
GLSM

& = The scale parameter 1s estimated as the form Huber:

& :1.438[(median)‘5 7median(5)ﬂ

The use of Huber’s function 1s as follows:

8/2
a3 =
() L‘8|f2/2

o [ 8 st
w(d) = fsign(s) |8/<f

Whereas, [ = 1.345

Laplace method (ILP): The base of this method depends
onminimizing the absolute values of the sum of residuals
as follows:

1\/Iin§n:|8i\g 1<g<2
i=1
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This method 1s known as least absolute error, when
the value of g = 1. As for when g = 2 it is called ordinary
least squares. So, the parameters are represented by (v,

VIR 7]
RESULTS AND DISCUSION

The experiment has been repeated (1000) times and
for different sample sizes (n = 20, 40, 60, 80, 100, 120) by
using the MATLAB program with correlation coefficients
(¢p=-0.9,-05,0.5,0.9) and the imtial values of parameters
are (v, = 0.5, v, = 1, v, = 1). The supposed values of
parameters distribution are (b= 1, ¢ = 1 and 2). As for the
random variables, they are generated by using this form:

1
&= Ln(u b —1}0{

where, the values of variables (Y,) (X, X,) and (X,;, X,)
are generated with the following forms (Tiku et al., 2000,
Beach and Machinnon, 197%):

+ X, ~Rand

+ X, ~Rand

. X,; 0 Rand/qf1-¢*

¢ X, O0Rand/fl-¢°

. Y, 0 8, /af1-97

* (Y and (X, X;;) represent the first observation of
variables that has been preserved

Table 1-6, show the values of mean squares error of
parameter and for all the methods when the error 1s
distributed as general logistic distribution.

Throughout these table, we notice that for all sample

sizes, the increasing of autocorrelation value with shape
parameter (b = 1) of distribution. The M method 15 the
best depending on the MSE for parameters when the error
is distributed as a general logistic. In second place comes
LP and then follows it GLS.
Applied data: The data was obtained from the
Ministry of Planning in Trag/Central Organization for
Statistics/Department of Statistics which represents the
consummer price index for the years (2004-2016) where, Y 1s
the exchange rate of the dollar, X, represents annual
inflation rates and X, is the ratio of currency to money
supply and the data 1s as follows:

o X,=[268,37.1,53.1,309,12.7,83,25,56,61,19,
2.2,1.4,01]

s X, =[80.357, 78, 74.833, 70, 60.833, 64, 51, 47.417,
48.667, 48.083, 49.25, 45.167, 56.417]

Table 1: Vahies of mean square emror for parameters and sample size

m=20,b=1)

n=20

O
a/methods -0.9 -0.5 0.5 0.9
1
GLS
Yo 0.8058 0.2795 0.0417 0.0174
Y 0.1959 01641 0.1459 0.1688
Ya 0.2036 0.1642 0.1442 0.1701
M
Yo 0.7946 0.2765 0.0409 0.0173
Yy 0.1900 0.1513 0.1426 0.1647
Y2 0.1987 0.1611 0.1398 0.1652
r
Yo 0.7960 0.2767 0.0410 0.0178
Y1 0.1890 0.1625 0.1441 0.1645
Y2 0.1991 0.1514 0.1411 0.1658
2
GLS
Yo 1.8564 0.8817 0.1030 0.0254
Y 0.7321 0.6399 0.5765 0.6464
Y2 0.7646 0.6426 0.5676 0.6518
M
Yo 1.8402 0.8759 0.1003 0.0249
Y 0.713% 0.6303 0.5634 0.6311
Y2 0.7492 0.6302 0.5507 0.6347
r
Yo 1.8437 0.8791 0.1014 0.0267
Y1 0.7108 0.6411 0.5694 0.6363
Yy 0.7538 0.6279 0.5567 0.6394

Table 2: Values of mean square error for parameters and sample size

n=40,b=1)

n=40

o]
a/methods -0.9 -0.5 0.5 0.9
1
GLS
Yo 0.2409 0.0758 0.0173 0.0086
¥ 0.0443 0.0363 0.0350 0.0415
Y2 0.0492 0.0399 0.0374 0.0428
M
Yo 0.2355 0.0744 0.0171 0.0087
¥ 0.0432 0.0354 0.0342 0.0403
¥y 0.0481 0.0392 0.0365 0.0416
LP
Yo 0.2375 0.0752 00172 0.0088
vy 0.0434 0.0359 0.0346 0.0405
Y2 0.0485 0.0396 0.0370 0.0424
2
GLS
Yo 0.4824 0.2108 0.0328 0.0099
¥ 0.1632 0.1412 0.1372 0.1564
¥y 0.1852 0.1559 0.1452 0.1601
M
Yo 0.4705 0.2064 0.0322 0.0099
¥y 0.1591 0.1379 0.1338 0.1519
Y3 0.1810 0.1530 0.1418 0.1553
LP
Yo 0.4755 0.2108 0.0327 0.0102
Vi 0.1603 0.1404 0.1356 0.1528
Y2 0.1828 0.1555 0.1435 0.1579

» Y =[1454,1473,1477,1266,1206,1183,1187, 1199,
1234, 1233, 1218, 1251, 1281]
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Table 3: Values of mean square error for parameters and sarmple size (n = 60,

Table 5: Values of mean square error for parameters and sample size

b=1) (n=100,b=1)

n=60 n =100

(0] 0]
a/methods -0.9 -0.5 0.5 0.9 a/methods -0.9 -0.5 0.5 0.9
1 1
GLS GLS
Yo 0.1384 0.0414 0.0101 0.0059 Yo 0.0659 0.0185 0.0059 0.0037
Vs 0.0214 0.0167 0.0151 0.0188 Yy 0.0074 0.0055 0.0054 0.0070
Y2 0.0175 0.0136 0.0150 0.018% Y2 0.0080 0.0059 0.0056 0.0074
M M
Yo 0.1357 0.0409 0.0100 0.0060 Yo 0.0648 0.0183 0.0059 0.0037
Yi 0.0211 0.0164 0.0146 0.0184 Y 0.0073 0.0053 0.0052 0.0069
V2 0.0170 0.0132 0.0145 0.0184 Y2 0.0078 0.0057 0.0055 0.0073
LP LP
Yo 0.1351 0.0409 0.0101 0.0060 Yo 0.0649 0.0184 0.0059 0.0037
T 0.0213 0.0166 0.0149 0.0186 Y1 0.0073 0.0054 0.0053 0.0069
Vs 0.0172 0.0133 0.0147 0.0183 Yy 0.0078 0.0058 0.0055 0.0073
2 2
GLS GLS
Yo 0.2502 0.0998 0.0163 0.0064 Yo 0.1024 0.0384 0.0082 0.0038
Yi 0.0785 0.0651 0.0588 0.0689 Y 0.0251 0.0211 0.0204 0.0241
V2 0.0634 0.0525 0.0582 0.0689 Y2 0.0268 0.0221 0.0211 0.0255
M M
Yo 0.2442 0.0978 0.0161 0.0064 Yo 0.1003 0.0377 0.0082 0.0039
T 0.0773 0.0638 0.0568 0.0671 Y1 0.0244 0.0203 0.0198 0.0234
Vs 0.0614 0.0510 0.0564 0.0669 Yy 0.0261 0.0216 0.0207 0.0248
Lr r
Yo 0.2453 0.0977 0.0162 0.0065 Yo 0.1006 0.0382 0.0082 0.0039
1 0.0779 0.0639 0.0581 0.0682 Yy 0.0246 0.0204 0.0199 0.0235
Yy 0.0621 0.0517 0.0569 0.0672 Yy 0.0264 0.0220 0.0211 0.0251

Table4: Values of mean square error for parameters and sample size

Table é: Values of mean square error for parameters and sample size

m=80b=1 n=120,b=1)

n=280 n=120

(0] 0]
a/methods -0.9 -0.5 0.5 0.9 a/methods -0.9 -0.5 0.5 0.9
1 1
GLS GLS
Yo 0.0872 0.0254 0.0078 0.0046 Yo 0.0542 0.0151 0.0047 0.0031
Yi 0.0118 0.0091 0.0089 0.0115 Y 0.0056 0.0039 0.0039 0.0052
Y2 0.0117 0.0089 0.0087 0.0112 Ya 0.0059 0.0042 0.0043 0.0056
M M
Yo 0.0863 0.0252 0.0077 0.0047 Yo 0.0535 0.0149 0.0047 0.0031
Yi 0.0115 0.0088 0.0086 0.0113 Y 0.0054 0.0038 0.0038 0.0052
V2 0.0115 0.0087 0.0084 0.0108 Y2 0.0057 0.0040 0.0041 0.0055
Lp LP
Yo 0.0867 0.0253 0.0077 0.0047 Yo 0.0536 0.0149 0.0047 0.0031
T 0.0115 0.0089 0.0086 0.0114 Y1 0.0055 0.0038 0.0039 0.0052
Vs 0.0115 0.0087 0.0086 0.0109 Yy 0.0057 0.0041 0.0042 0.0055
2 2
GLS GLS
Yo 0.1421 0.0565 0.0118 0.0050 Yo 0.0814 0.0295 0.0062 0.0032
Yi 0.0415 0.0352 0.0339 0.0401 Y 0.0183 0.0149 0.0147 0.0174
V2 0.0413 0.0342 0.0334 0.0394 Y2 0.0196 0.0159 0.01a1 0.0190
M M
Yo 0.1399 0.0554 0.0115 0.0050 Yo 0.079% 0.0288 0.0061 0.0032
T 0.0401 0.0340 0.0329 0.0392 Y1 0.0177 0.0144 0.0144 0.0170
Vs 0.0403 0.0334 0.0324 0.0379 Yy 0.0187 0.0151 0.0157 0.0185
Lr r
Yo 0.1408 0.0555 0.0117 0.0051 Yo 0.0803 0.0290 0.0062 0.0033
1 0.0405 0.0342 0.0331 0.0397 Yy 0.0178 0.0144 0.0147 0.0172
Yy 0.0405 0.0334 0.0330 0.0380 Yy 0.018% 0.0154 0.0158 0.0185

The data has been tested after taking the standard
degree (Z-score) for the dependent variable Y and it

seems that has a general logistic distribution where
the value of (D =0.272), the tabulated value with (0.05),
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significance level is (0.3772)and from the Durbin-Watson
table with sample size (n=13), we find the lower
values for the testing (d, = 0.861) and the higher value
was (d; =1.562) and since, the obtained value for testing
(D.W = 0.5) which falls under the interval (0<D . W<d,), so,
this indicates that there is an autocorrelation problem.
Therefore, we estimated the correlation coefficient equal
to (0.75) where zero was given for the first observations
(Yy) and (X, ¥,). The values of parameters of multiple
linear regression by using M Robust with the presence
of  autocorrelation¥, = 0.0977,%, = 0.8793,%, =16.2061
knowing that the data was divided by (1000} for
simplification.

CONCLUSION

In this study, we have shown the comparison of
estimate methods of multiple linear regression models with
auto correlated errors and when the error 1s distributed
with general logistic. Table, show that M Robust Method
is the best when the auto correlated coefficient increases
with the shape parameter (b = 1) and for different sample
sizes when the error term distributes general logistic.
Also, we indicate from the value of MSE for the
parameter decreases when the sample size increases. The
value of MSE for the parameters decreases when the
value of positive auto correlation coefficient increases (¢b
= 0.5, 0.9) with respect to the parameters of the variables
X, X,. Moreover, the value of MSE for the parameters
increases when the value of negative auto

correlation coefficient increases for different sample sizes
and for all values of (). Finally, as a real application we
have concluded that each of the armual inflation rates and
the ratio of currency to the money supply has a direct
impact on the dollar exchange rates.
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