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ABSTRACT

In this paper, a new ridge regression parameterdposed for the ridge regression estimator. Tlea iof this
proposal is based on combining the best well knadge parameter estimators and sample size. Therisuipy of the
new biasing parameter estimator is investigatedutyin the mean squared error criterion (MSE) cdterand the relative
efficiency criterion. Therefore, simulation expeeints are conducted and found that the new ridgmastr has less bias,
and smallest MSE, in all degrees of multicollingarin all levels of error variances, and for ahgple sizes. Also, it is
found that the length of the new proposed estimatorerges to the length of the true regressioamater. The results of
the new ridge estimator are compared to the ordileast squares (OLS) estimator and all the ridgienators considered
in the new estimator and some other recent ridgmat®rs. It can be concluded that our new estimia&s a little bias and

it is a consistent estimator than other ridge estibms considered in this paper and the OLS estimato

KEYWORDS: Bias, Consistency, Mean Squared Error (MSE), Mollicearity, Ordinary Least Squares (OLS), Ridge

Parameters, Ridge Estimators
1. INTRODUCTION

Many regression procedures have been proposeditavith challenging data problems such as multicedrity.
Ridge regression, proposed by Hoerl and KennardQ}. 9s one of the most widely used estimation mégire to overcome
the problem of multicollinearity. Ridge regressican be shown as a modification of least squaredodetThis

modification is based on introducing a biasingda¢t shrink the length of the least squares estin{®LS).

Consider the following multiple linear regressiondsl:
Y =XB+c¢, (1.1)
where Y is an (nxn) column vector of the dependemtable, X is an (nxp) matrix of regressofbis a (px1)
vector of unknown parameters to be estimated,&iscan (nx1) vector of errors distributedN®,0%,). the least squares

estimator offis given by:

B=(xx)'xy. (1.2)

Ridge regression strategy is based on adding a smaitity to the diagonal elements ¥tX . (see Hoerl and
Kennard, 1970a; 1970b).

Thus the ridge estimator is defined as follows:
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Bo=(xx+k) XY . (1.3)

This estimator is called the ordinary ridge estongORE), where k is a small positive quantity vwhis greater

than zero called the ridge parameter. The genethfizrm of (1.3) is introduced by Hoerl and Kenngltfl70) as follows:
B=(xXx+K)'XxY (1.4)

Where K is a diagonal matrix, with diagonal elensektO for i=1,2,...,p. EQ.(1.4) is defined as a genesli
ridge estimator (GRE). When k0, ordinary least squares estimator (OLS) isiabth and whenkk for all i=1,2,...,p,

ordinary ridge estimator (ORE) is obtained.
The ridge estimator is biased but it has smallemmsgjuared error (MSE) than OLS estimator

After Horel and Kennard (1970), the area of ridggression is studied by many authors who introdaiéerent
ridge parameters. Some of them are Hoerl et alft9cDonald and Galarneau (1975); Lawless and W49y 6);
Hocking et al. (1976); Numura (1988), Saleh andriil§1993); Kibria (2003); Khalaf and Shukur (200B)khamisi et al.
(2006); Adnan et al. (2006); Yan (2008); Muniz afiliria (2009); Yan and Zhao (2009); Al-hassan (20Manson et al.
(2010); Muniz et al. (2012); Asar et al. (2014);rDgade (2014).

From the previous studies on ridge regressiors found that there is no definite rule in estimgtthe ridge
parameter. All the introduced rules are dependetherthree mentioned rules of Horel and Kennard@@).9Hoerl et al
(1975), and Lawless and Wang (1976).

All the contributions in ridge parameters are jadjustments of the ridge parameters introduced dseHand
Kennard (1970), Hoerl et al (1975), and Lawless Wwahg (1976). Therefore, in this paper, a new riggeameter is
obtained which is depended mainly on the combinirggthree previous rules which gave best resultadst studies and
the idea of sample size. The idea of sample sineg¢ected in all studies when estimating the ridgeameter. Therefore,
in this work, the sample size will be a main fadmmestimating the ridge parameters. The performanfcthe resulting

ridge estimator will be measured using some catsudch as mean squared error (MSE).

This paper is organized as follows. Section (2)ithtices different methods of estimating the ridgeapeters.
The proposed new ridge parameter and the new edtimator are presented in section (3). The MomtoCamulation
study, real-life data, and the performance critefithe new estimator are given in section (4). @asions and discussions

are considered in section (5).
2. ESTIMATING THE RIDGE PARAMETERS
Consider the eigen decomposition of the mat%X as:
XX =0NQ',
where Q is the eigenvectors df' X and A\ is a diagonal matrix of the eigenvalues ¥tX .
The canonical form of model (1.1) can be written as

Y =Za+eg, (2.1)
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A New Optimal Selection of a Ridge Regression Parater 103
where Z= XQ, andx = Q' . The OLS estimator oft is:
a=N'Z'Y =QB. (2.2)
The ordinary ridge estimator af is defined as:
~ -1 —
a, =(AN+kl)'2'Y, (2.3)
Which corresponds t@in (1.3). The generalized ridge estimatoods:
a =(AN+K) 2y, (2.4)

Which correspond tgﬁ,( in (1.4), K=diag(k, ks...., k;) and k>0.

Horel and Kennard (1970) showed that the valug whlich minimizes the MSE of; ks defined as:

2
k= "_2 , (2.5)
o

~

Where, o”is the error variance of the model (1.1), amds the ith element ofx.

There is no definite rule for estimating the ridggrameter. However, several techniques have bexgoged,
most of them are transformations or adjustmente@three methods introduced by Hoerl and Kennk®d(@a,b), Hoerl et
al. (1975), and Lawless and Wang (1976). Thesenpeteas gave best results in most researches ahidewpresented here,

with other ridge parameter.

2.1 Hoerl and Kennard (1970)

Hoerl and Kennard (1970a,b) proposed estimatingittye parameter denoted Mgi as follows:

~2
o
~2

‘xmax

k = (2.6)

iy

~2 Z()/ _J} )2 : : . ~ . ~ %
Where6” =44~ =" s the estimated residual mean squaeis the ith element of the vector=Q'p,
n-p

. . ~ . . A D
and Q is an orthogonal matrix, amci’m is the maximum value od.; .

2.2 Hoerl, Kennard, and Baldwin (1975)

~2
Hoerl, Kennard, and Baldwin (1975) proposed esfimgathe ridge parameter using the harmonic meag-pf
o

/

denoted by/?2 as follows:
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~2
~ _ pG
2= p (27)
2./
i=1
2.3 Lawless and Wang (1976)
62
Lawless and Wang (1976) proposed estimating thgermhrameter using the harmonic meaﬁj\—'ejg denoted by
(0L
/€3 as follows:
- G
k=L 2.8)

3 p .
~2
Z’wa/
/=1

All the three estimated ridge parameters are basete least squares estimators of bofhanda, defined as

follows:
52 = ()/_Z&)'()/_Z&)
n-p
and
a=N'2z2y. (2.9)

There are many contributions in the area of selgdtie ridge parameter; all of them are adjustedimes of the

three previous methods.
2.4 Other Suggested Ridge Estimators
Recently, Kibria (2003) proposed some new ridgepeters applied to the generalized ridge regresgpnoach.

He used the geometric mean of (2.5) denoted’pas follows:

~2
A o
K, =, (2.10)
P\
ug
i=
Also, he used the median of (2.5) f&a3xdenoted byés as follows:
~ 82
ks = med/an(A—zj, i=1,2,....p (2.11)
a,

Khalaf and shukur (2005) investigated a new esBnutthe ridge parameter k as adjusted version2d) (
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denoted by/?6 as follows:

~2

k= ):";axo —, 2.12)
(n - p)c + }\’max“max

Where A, is the maximum eigenvalue of the matt&X .

Alkhamisi et al. (2006) suggested some ridge estimabased on, the ridge parameter estimate intextiby

Khalaf and shukur (2005) in (2.12), respectively,tlle mean, maximum value, and median’?@fdenoted by/€7, /?8,

and by/€9:
~ ~ 14 ~2
k, = mean(k6):lz )”"AGZ — |, (2.13)
p =\ (n-p)o” +1,0;
k, = ma><(/? ): ma 1,5° i=1,2 (2.14)
° ° (n-p)s®+ra;) P '

~ A2

/99 = med/an(ke): median 7”’;6 — |,i=1,2,...,p. (2.15)
(7-p)6° +1,0;

Yan (2008); Muniz and Kibria (2009); Yan and Zh20@9); Al-hassan (2010); Manson et al. (2010); Mwtial.
(2012); Asar et al. (2014); Dorugade (2014); Adeaal. (2016), and others introduced some ridgarpaters which are

adjusted versions of the previous ones presented he

3. THE PROPOSED RIDGE ESTIMATOR
3.1 The Methodology

It is found that all the proposed ridge parametees different adjustments of the above three ridgeameters
introduced by Hoerl and Kennard (1970), Hoerl €t18i75), and Lawless and Wang (1976), introduce@.is), (2.6), and
(2.7), respectively. Also, all these adjustmentsriit consider the sample size in the formulasiefriidge parameters.

Particularly, ridge regression performs well if thés a subset of true coefficients which has sieaifjth. But
when all of the true coefficients have large lengitige regression doesn't do well. However, usin@ll values of k, it

can still outperform the least squares estimagee(New House and Oman, 1970).

Choosing an appropriate value of k is a difficultdan important task. Hoerl and Kennard (1970) sltbthat the

value of k is affected by the length of the trugression coefficients as follows:
1. If the length of the true regression coefficgeistlarge, the range of best values of k will aker, O<k<1.

2. If the length of the true regression coefficgeistsmall, the range of best values of k will &gér, k>0.

3.2 The Proposed Ridge Parameter

The proposed ridge parameter is a function of ltheet parameters' formulas introduced in (2.5),)(2%7), and
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take into consideration the sample size n as falow

k . 3.1
new |: % ( )

The above proposeérnew will have different positive values according te tthifferent scenarios presented in the

simulation study.
3.3 Evaluation of the New Ridge Estimator

The mean squared error (MSE) and the relative ieffay criteria are used as measures of the quafitthe
estimator. So, the MSE is used as a criterion &uate the new ridge estimator and the other rédgienators compared to
the ordinary least squares (OLS) estimator. Tregivel efficiencies are computed to compare the gsed estimator to the
OLS estimator and to each other ridge estimataseamied here.

The MSE of the ridge estimator in (2.4) is defirzed

p 2

=, +kf +k) zl(x +k) 52

and the MSE of OLS estimator in (2.9) is defined as

MSE (6, ) = Var(a, )+ [bias(a, )| = o2

MSE (5) =Var(&)=czi%, (3.3)
i=1 vy

Theorem (1): Hoerl and Kennard (1970) Exitence Thaem (4.3)

There always exists a k>0 such thMSE(&k) < MSE(&) .
Proof:

By taking the first derivative of each term in (Bv2r.t. k, the following equation will be obtained

adMSE (o )/dk avar(a )/dk+d[b/as( JIF 1 ak

:_262,2;‘@ T Z;‘(x A

(3.4)

By equating Eq.(3.4) with zero, the ridge paramktrat satisfy the conditioMSE(&k) < /I//SE(&) will be :

2
(¢

k = , (3.5)

Z 2
Z“/

/=1

The above condition could be written as follows:
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MSE(R)-MSE@,)= > L -3 M kS U 0 i k>0
‘ =gy i=1 (X, + /()2 i=1 (7u,- + k)2
=0 if k=0

The relative efficiency of the estimator is defireglthe ratio of the MSE of the new and other ridgmator to
the MSE of the OLS estimator defined in (3.3).

4. SIMULATION EXPERIMENTS

In this work, the properties of the proposed ediimand other estimators are examined through M@atdo
simulations. The properties of the different estonmare compared using the average mean square(RISE) criterion,
and the relative efficiency (RE) criterion of thewnand different ridge estimators with respechi ®LS estimator and to

each other ridge estimator presented here.
The estimators used in this study are 11 estimatoloseviated as follows:
Eo: The OLS estimator in (2.2).
E;: The ridge estimator of Hoerl and Kennard (1978@jda on the ridge parameter in (2.6).
E,: The ridge estimator of Hoerl, Kennard, and Bald{li&75), based on the ridge parameter in (2.7).
Es: The ridge estimator of Lawless and Wang (19763eHdan the ridge parameter in (2.8).
E,: The ridge estimator of Kibria (2003), based onrtlge parameter in (2.10).
Es: The ridge estimator of Kibria (2003), based onrtlge parameter in (2.11).
Ee: The ridge estimator of Khalaf and shukur (200%kdw on the ridge parameter in (2.12).
E-: The ridge estimator of Alkhamisi et al. (2006)séd on the ridge parameter in (2.13).
Eg: The ridge estimator of Alkhamisi et al. (2006)séd on the ridge parameter in (2.14).
Eo: The ridge estimator of Alkhamisi et al. (2006)séd on the ridge parameter in (2.15).
Enew: The proposed ridge estimator, based on the ridgenpeter in (3.1).
The design of the simulation studies are baseth@ffollowing elements:

1. The Model Used for Generating Data:

Y, =Byt BX B X+ B X, e, =12, p=4, 10, (4.1)

where ¢, ~N(O, 02), and without loss of generalitfl,is taken to be zero. Series valuesadfare used which

include 0.1, 0.5, 1.0, 2.0, 5.0, 10.0, 15.0, 20.68tudy the effect of the error term on the perfomoe of the estimators.

Also, different levels of collinearity among regsess are used.
2. The Procedures Used For Generating the Regressoaind the Response Variables

Following McDonald and Galarneau (1975), regresgergerated by:
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1
X, = (1—p2)52,]. +a7,, i=1,2,...,n, =1,2,....p, (4.2)

where p represents the correlation between regressorserBift values ofp are used such as: 0.5, 0.7, 0.9, 0.99,
and 0.999, to study the effect of the differentneators and the proposed orig's are independent pseudo random
numbers distributed as standard normal distributwth mean zero and unit variance. The responsiablaris generated
as seenin (4.1).

3. Choosing the True Parameter Vector

« The vectorfis chosen to have a length equal one, so the vgdtoselected to be the eigenvector corresponding

to the largest eigenvalue of the mat¥%X , since the MSE will be minimized when using thistor. It is found
that whenf =V, (the eigenvector corresponding to the largestreigleie) the MSE is minimized, but wh@wrV,

(the eigenvector corresponding to the smallestreigiege) the MSE is maximized. (See Newhouse andrQma
1971).

« The vectorSis chosen to have a length greater than one. #yrfis selected to be £=(1, 1, 1, 1), and for

p=10,pis selected to be f=(1,1,1,1,1,1,1, 1,1, 1).

4. Sample Sizes

Different sample sizes are used to study the effetihe new proposed ridge estimator and the atbémators,

n=20, 50, 100, 200, and 500 observations, whiclecall models with different number of regressdiifferent degree of

multicollinearity and different values of? .

For different values of n, pp, S and o?, different models are generated. For every mduelexperiment are

repeated 5000 times, the average MSE, and thegevestative efficiency are computed for the proplosstimator and the
other 9 ridge estimators.

5. SIMULATION RESULTS
5.1 When the Length of the True Regression Coeffient=1, And P=4

Four different values of correlation coefficieneansed =0.7, 0.9, 0.99, 0.999), five different sample size

(n=20, 50, 100, 200, 500), and eight different ealwfo® (¢°=0.1, 0.5, 1.0, 2.0, 5.0, 10.0, 15.0, 20.0). Thelto
experiments =45x8=160 experiments for p=4.

The results of the experiments are shown in Tafle20) in Appendix (A). It is found that the aveeamean

squared error (AMSE) of the new proposed estim@gy,) is less than all the ridge estimators and the ®&Bnator in

156 experiments for all sample sizes, all levels®fand all levels of correlation coefficiept In four experiments, £and
E, are combated our new estimatog,EWhen n=20,0°=1.0, 2.0, angp=0.7 & gave AMSE less than.E, Also, when

n=20,0°=0.5, 1.0, angh=0.999 E gave AMSE less than,E, .The relative efficiency (RE) between each estimand the
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OLS estimator is presented in Tables (5-1:5-4)4, Bigure (5-1). In Figures (5-1-a), (5-1-b), (53and (5-1-d), it is clear

that E.w is the best estimator in all cases except in Eigfisl-a) when n=20g°=1.0, 2.0, ango=0.7 where Eis more

efficient than all the estimators. Also, in Figyfel-d) when n=200%=0.5, 1.0, angp=0.999 where Hs more efficient

than all the estimators. Tables (5-1:5-4) showstthaefficiency of the new ridge estimatoref will be greater for larger

values ofo” compared to other ridge estimators. These reisulisate that the new ridge estimatoge£is preferred when
o? is greater than one. Table (5-5) and Figure (SH&)w the true and estimated Regression parametagthl for the OLS

estimator, ridge estimators, and the new ridgemedtir when p=4,0=0.9, 0%=5, and sample sizes n=20, 50, 100, and
200. It is found that as n increase the lengthldhe estimators decrease, but the new estimgtgy, is the only estimator

which its length approaches to the length of the tregression parameter. Also, Table (5-6) showat tthe new ridge

estimator, k., has less absolute value of bias compared to oitige estimator when p=47=0.9, ando®=5. These

results assure that the new estimatgg,,Hs a less biased, has less MSE and its lengtliecges to the true parameter

length, so it is a consistent estimatoyf

Table 5 1: The Relative Efficiencies of the New Rgk Estimator and Other Ridge Estimators Compared tdhe OLS
Estimator with, Different Levels of o2, Sample Size N=20, Number of Regressors P=4, apd-0.7

0_2
0.1 0.5 1 2 5 10 15 20

Estimator

Eq 1.000| 1.000| 1.00¢ 1.000 1.000 1.000 1.004 1.000

E; 1.002| 1.018| 1.039 1.066 1.196 1.114 1.120 1.123

E, 1.002| 1.039| 1.117 1.227 1.368 1.355 1.363 1.367

= 1.000| 1.001| 1.001 1.003 1.006 1.004 1.005 1.005

E, 1.002| 1.054| 1.313 5.317 3.73b 1.693 1.699 1.703

Es 1.002| 1.067| 1.781 9.933 1.354 2.068 1.919 1.856

= 1.002| 1.124| 1.774 2.338 1.23D 1.467 1.427 1.409

E, 1.002| 1.048| 1.217 1.355 1.117 1.169 1.160 1.156

= 1.002| 1.093| 1.725 2.338 1.23D 1.467 1.427 1.409

Eq 1.002| 1.041| 1.074 1.082 1.098 1.090 1.091 1.092

Enen 1.012 | 1.241 | 1.734 2.801 6.626 9.089 11.996 14.614

Note that: bold and italic values indiate the most efficient estimators (larger values)

OLS Estimator with, Different Levels of o2, Sample Size N=20, Number of Regressors P=4, And=0.9

Table (5 2): The Relative Efficiencies of the NewiBge Estimator and Other Ridge Estimators Comparedo the

02
0.1 0.5 1 2 5 10 15 20
Estimator

Eq 1.000 1.000 1.000 1.000 1.00( 1.00D 1.000 1.0Q0
E; 1.015 1.242 1.528 1.337 1.627 1.566 1.54y 1.539
E, 1.023 1.474 2.049 2.317 2.606 2.61y7 2.617 2.615
= 1.000 1.006 1.013 1.015 1.019 1.018 1.018 1.018
E, 1.025 2.427 2.308 7.598 7.267 27.211 26.783 17.5012
Es 1.025 1.505 2.377 11.19( 3.356 3.959 4.21b6 4.385
= 1.042 1.232 1.486 4.635 2.15§ 2.32p 2.398 2.428
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E; 1.022 1.175 1.227 1.838 1.365 1.400 1.413 1.420
Es 1.031 1.345 1.486 4.635 2.158 2.32P 2.398 2.428
Eg 1.022 1.160 1.195 1.145 1.167 1.164 1.162 1.162
Enen 1.147 4.557 11.708 20.541 44.652 71.136 93.530 113.557

Note that: bold and italic values indicate te most efficient estimators (larger values)

Table (5-3): The Relative Efficiencies of the New iRlge Estimator and other Ridge Estimators Comparedo the
OLS Estimator with, Different Levels of o2, Sample Size N=20, Number of Regressors P=4, apd=0.99

Ey 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

E; 2.773 5.887 7.559 12.200 9.597 9.916 10.0P6 10.082

E; 4.252 32.436 40.530 43.057 44.119 44.27p 44.311  .3284

= 1.036 1.177 1.205 1.217 1.217 1.218 1.21)8 1.218

= 6.885 834.861| 591.53( 127.620  489.425 363.967 7884 321.731

Es 3.894 104.877| 939.904 88.83% 203.692 178.0p2 180/5 166.919

Ee 2.734 194.033 82.172 30.043 46.463 43.566 42.655 2.209

E; 1.543 20.850 10.989 5.473 7.311 6.992 6.891 6.841

= 2.734 194.033 82.172 30.043 53.368 43.566 42.655 2.209

Ey 1.259 1.243 1.247 1.252 1.250 1.250 1.250 1.250
Enen 29.281 | 969.012 | 2632.097 | 575.669 | 9445.226 | 9038.997 | 8928.474 | 9050.284

Note that: bold and italic values indicate te most efficient estimators (larger values)

Table (5-4): The Relative Efficiencies of the New iRge Estimator and Other Ridge Estimators Comparedo the

OLS Estimator with, Different Levels of o2, Sample Size N=20, Number of
Regressors P=4, ando =0.999

Ey 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
E; 120.364 | 578.549] 491.802 390.322 433.648 414.212 4.802 423.714
E, 1451.377| 2375.41¢ 2526.525 2693.612 2622.340 28%3.| 2635.483 2637.064
Es 2.649 3.651 3.697 3.704 3.710 3.709 3.710 3.71D
Ey 749.557 | 4407.829 | 6097.216 | 14870.202| 8833.783 10671.198 9558.135 9657.352
Es 87.234 | 3877.902 5337.146 10860.3p2 7384.587 8803.8 7869.061 7933.721
= 1177.378| 1531.287 1900.292 2731.081 2286.248 9260.| 2360.737 2370.283
E; 3390.981| 133.218  163.264 227.097 193.835 207.216 99.620 200.358
Eg 1177.378| 1531.287 1900.292 2731.081 2286.248 9260.| 2360.737 2370.283
Ey 1.264 1.266 1.266 1.266 1.266 1.266 1.266 1.266
Enew 1069.011 | 1177.187| 2288.233 60671.072 | 9948.137 | 1099227.429 | 26424.533 | 34130.804

Note that: bold and italic values indicatelte most efficient estimators (larger values)
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The Relative Efficiencies with respect to the OLS Estimator when

n=20, p=4, and correlation=0.9.

111

The Relative Efficiencies with respect to the OLS Estimator when
n=20, p=4, and correlation=0.7.
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Figure (5-1): The Relative Efficiencies of the NewRidge Estimator and other Ridge Estimators Comparedo the
OLS Estimator with, Different Levels of o7, Sample Size N=20, Number of Regressors P=4, Ap=0.7

Table (5-5): True and Estimated Regression Parameate Length: OLS Estimator, Ridge Estimators, and theNew
Ridge Estimator when p=4, p=0.9, 0°=5, and sample sizes n=20, 50, 100, and 200

www.iaset.us

Estimator Length | N=20 | Sample Size N=50 N=100 | N=200

B 1 1 1 1

Bo 45.75981 2.220408 3.593403 7.431Q18
ﬁl 32.55879 2.198869 3.142879 7.026633
[_3,2 19.0044 2.160005 2.929408 6.538404
ﬁ3 45.0044 2.220076 3.59134p 7.429742
P 8.786864 2.107313 2.718416 4.991977
Ps 6.961485 2.103691 2.999229 6.267358
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Pe 16.11489 1.951489 3.115292  6.7259
B, 30.23357 2.198114 3.044095 7.0452
Ps 16.92578 2.181219 2.23019  6.3557
Bs 39.92578 2.198482 3.440453 7.2727
B rew 2.355879 1.788874 1.6677575 | 1.147568
50 -
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Figure (5 1): Estimated Regression Parameters Lenigt OLS Estimator, Ridge Estimators, and
the New Ridge Estimator When P=4, =0.9,=5, and SanegpSizes N=20, 50 100 and 200

Table (5 6): Bias of New and other Ridge EstimatordVhenP=4, 0=0.9, and o =5

Estimator n=20
E; Bias 0
E; Bias -0.215877
E, Bias -0.211550
E; Bias | -0.2190277
E, Bias -0.1999657
Es Bias -0.194384¢6
Es Bias -0.209723
E; Bias | -0.2152479
Eg Bias -0.209723
Eq Bias | -0.2177059
E.eu Bias | -0.1256163

5.2 When the Length of the True Regression Coeffient=1, And P=10

Four different values of correlation coefficieneansed =0.7, 0.9, 0.99, 0.999), five different sample size

(n=20, 50, 100, 200, 500), and eight different ealwfo® (¢°=0.1, 0.5, 1.0, 2.0, 5.0, 10.0, 15.0, 20.0). Thelto

experiments =¥5x8=160 experiments for p=10.

Impact Factor (JCC): 2.6305
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The results of the experiments are shown in Taf24:A-28 in Appendix (A). It is found that the aage mean
squared error (AMSE) of the new proposed estim@gy,) is less than all the ridge estimators and the ®&Bnator in

152 experiments for all sample sizes, all levels®fand all levels of correlation coefficiept In four experiments when
n=20, 0=0.99, it is found that &is better than g, wheno?=0.5, and Eis better than &, wheng®=0.5, 1.0, 2.0. In other
four experiments when n=2@=0.999,and 0°=0.1, it is found that Eis better than E,, and g is better than &, when

0%=0.5,1.0,2.0,5.0.

These results indicate that the new ridge estim&gy, is preferred whew? is greater than one, p=10, and n >

20. Also, as the sample size increases the AMSE,Qfdecreases and the length of the estimator conveagthe true

parameter value. It is found that, wher0.99,0%=20.0, n=20, 100, 200, 500, ..., 5000, the AMSE gf,fs 0.096431,

0.0935023, 0.087339, 0.0330145, ..., 0.0012215, otispdy. This means that the new estimatay,Ehas less bias, its

AMSE converges to zero as n convergesstand so it is a consistent estimatoybf

5.3 When the Length of the True Regression Coeffient>1, And P=4
Four different values of correlation coefficient® aised £=0.7, 0.9, 0.99, 0.999), three different samplesiz

(n=20, 50, 200), and eight different valuesadf(c®=0.1, 0.5, 1.0, 2.0, 5.0, 10.0, 15.0, 20.0). Thaltexperiments =
4x3x8=96 experiments for p=4, whefiff >1.

Some of the results of these experiments are shovirables 29:31 in Appendix (A-3). It is found thite
average mean squared error (AMSE) of the new pespestimator (k) is less than all the ridge estimators and the OLS
estimator when the length of the true regressi@ffmient>1, and p=4. Also, as the sample sizegases the AMSE of
E..wdecreases and the length of the estimator conveogine true parameter value. It can be concluidedhis case, that

the new estimator, f, is a less biased, has the smallest MSE, andnitgHeconverges to the true parameter length, iso it

a consistent estimator gt

5.4 When the Length of the True Regression Coeffient>1, And P=10
Four different values of correlation coefficienearsed £=0.7, 0.9, 0.99, 0.99), five different sample siges20,

100, 500), and eight different valuesaf(a®=0.1, 0.5, 1.0, 2.0, 5.0, 10.0, 15.0, 20.0). Thaltexperiments =3x8=96
experiments for p=10, whefi >1.

Some of the results of these experiments are shovifebles 32:34 in Appendix (A-4). It is found thite
average mean squared error (AMSE) of the new peapestimator (k) is less than all the ridge estimators and the OLS
estimator when the length of the true regressiaffioient>1, and p=10. Also, as the sample sizecases the AMSE of
E..wdecreases and the length of the estimator conveogine true parameter value. It can be concluidedhis case, that

the new estimator, g, is a less biased, has the smallest MSE, andnitgHeconverges to the true parameter length, iso it
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a consistent estimator gt

(6)CONCLUSIONS

It this paper, a new ridge regression estimatobtained based on a new proposed ridge paramétenebults of
this proposal are shown for four different levelsorrelation coefficienp=0.7, 0.9, 0.99, 0.99, five different sample sizes
n=20, 50, 100, 200, 500, two groups of regressw¥d,and p=10, and eight different valuessét=0.1, 0.5, 1.0, 2.0, 5.0,

10.0, 15.0, 20.0. Two scenarios are consideredhénfirst one, it is supposed that the length @& thue regression
parameter =one, in the second one, it is suppdsddHe length of the true regression parametgreater than one. Best
results are obtained for the new proposed estimatothe two scenarios for the two groups, compdmdther ridge

estimators presented in this paper and to the argieast squares estimator (OLS), in the form of:
1. The new estimator has less bias.

2. The new estimator has less average mean sgeiaed AMSE).

3. The length of the new estimator converges toléngth of the true paramet@ as the sample size
increases.
4. The AMSE of the new estimator converges to azsreample size goes to infinity.

It can be concluded that the new proposed estimatar consistent estimator, while the consistenogsdnot
realized for the other ridge estimators and the @kmator. The intension in the future is to depethis parameter for

fuzzy data.
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Appendix (A)
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A.1: Results when the number of regressors, p=4, drthe length of regression coeffient vector=1:

Table 1: The Average Mean Square Error (AMSE) of tle Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.7, Different Levels of o, Number of
Regressors P=4, and Sample Size N=20 n=20

02
0.1 0.5 1.0 2.0 5.0 10.0 15.0 20.0
Estimato

=) 0.001301972| 0.03254931| 0.1301972| 0.520789 | 3.254931 | 13.01972| 29.29438( 52.0789
E; 0.001299984( 0.0319614 | 0.1253306 | 0.4885713 | 2.721425 | 11.69011| 26.15449| 46.35791
E, 0.001299534| 0.03131479| 0.1171057 | 0.4244424 | 2.379052 | 9.607847| 21.4873 | 38.09751
Es 0.00130194 | 0.03253255| 0.1300095 | 0.5192802 | 3.240012 | 12.96205| 29.16172| 51.840760
E4 0.00129951 | 0.03088887| 0.09913443| 0.09794036| 0.8713356( 7.692589| 17.2572 30.57840
Es 0.00129941 | 0.03051827| 0.07308563 | 0.05243251 | 2.403477 | 6.295576| 15.26509| 28.056810
Es 0.001299145| 0.02894654| 0.07330893| 0.2227293 | 2.646935 | 8.87209 | 20.5251 | 36.966360
E; 0.001299525( 0.03106229| 0.1074113 | 0.3844263 | 2.913043 | 11.13509| 25.24547| 45.038570
Eg 0.001299145| 0.02977892| 0.07545782| 0.2227293 | 2.646935 | 8.87209 | 20.5251 | 36.966360
Ey 0.00129948 | 0.03126955| 0.1217069 | 0.4813283 | 2.963076 | 11.94082| 26.84777| 47.7117
Enen 0.001286582 | 0.02622307 | 0.07507272| 0.1859515 | 0.4912088 | 1.432405 | 2.442077 3.563535

Note that: bold and italic values indate the smallest values of the AMSE.

Table 2: The Average Mean Square Error (AMSE) of tke Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.9, Different Levels ofa®, Number of
Regressors P=4, and Sample Size N=20.N=20

0_2
01 05 1.0 2.0 5.0 10.0 15.0 20.0
Estimato
E, | 0004391841 (109706 | 0.4301841 | 1.756736 | 10.9796 | 43.91841 | 98.81642| 175.6736
E 0004325399 0ggarg72| 0.2873421 | 1.313933 | 6.748744 | 28.04782 | 63.85602| 114.1739
E, 0004292571 4 07449476| 0.2142918 | 0.7583515| 4.213795 | 16.77908 | 37.7636 | 67.16738
g, | 0004390513 1091408 | 0.4337360 | 1.730114 | 10.78214 | 43.12394 | 97.02985| 172.4999
E, 0004285443 04503862| 0.1903137 | 0.2311955| 1510883 | 1.614008 | 3.689528| 10.03154
Es 0004285274 7006644| 0.1848011 | 0.1569864| 3.271598 | 11.09256 | 23.44652| 40.33694
£, | 0004216707} 4 48909207| 0.2955249 | 0.379024 | 5.087915 | 18.86082 | 41.28683| 72.36695
E 0004296359, 09340385| 0.3578259 | 0.9559575| 8.042706 | 31.3725 | 69.93293| 123.7229
Es 0004260388 , 0g164230| 0.2955249 | 0.379024 | 5.087915 | 18.86082 | 41.28683| 72.36695
E, | 0004296259 0946301 | 0.3675458 | 1.534867 | 9.408363 | 37.74428 | 85.00718| 151.197
oo | 00038275221 02400148 | 0.03751276 | 0.0855249 | 02458912 | 0.6173855 | 1.056518 | 154701
Note that: bold and italic valuesdicate the smallest values of the AMSE.
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Table 3: The Average Mean Square Error (MSE) of théProposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.99, Different Levels ofo®, Number of
Regressors P=4, and Sample Size N=20. N=20

0.04740406| 1.185102 | 4.740406 | 18.96163 | 118.5102 | 474.0406 | 1066.591 | 1896.163

E: 0.01709199| 0.2013239 | 0.6271241| 1.554293 | 12.34917 | 47.80747 | 106.3842 | 188.0794
E> 0.01114965| 0.03653699| 0.1169613| 0.4403858| 2.686142 | 10.70679 | 24.07078 | 42.77811
Es 0.045777 1.00721 3.933721 | 15.58122 | 97.35096 | 389.2166 | 875.6337 | 1556.602
E4 0.00688477| 0.00141952| 0.0080138| 0.1485785| 0.2421419| 1.302427 | 3.186177 | 5.893621
Es 0.01217352| 0.00117935| 0.0050435| 0.2134471| 0.5818112| 2.662375 | 6.255004 | 11.35978
Es 0.01733903| 0.00610773| 0.0576887| 0.6311474| 2.550642 | 10.88087 | 25.00491 | 44.92279
E; 0.0307157 | 0.05683958| 0.4313823| 3.464708 | 16.20988 | 67.79919 | 154.7899 | 277.1817
Eg 0.01733903| 0.00610773| 0.0576888| 0.6311474| 2.220642 | 10.88087 | 25.00491 | 44.92279
Eo 0.0376627 | 0.9532697 | 3.801886 | 15.14791 | 94.84308 | 379.2755 853.298 1516.91
Enen 0.00161891 | 0.0012230 | 0.001801 | 0.0329384 | 0.0125471 | 0.05244394 | 0.1194595 | 0.2095142

Note that: bold and italic values wlicate the smallest values of the AMSE.

Table 4: The Average Mean Square Error (AMSE) of tle Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.999, Different Levels ofo”, Number of

Ey

EneV\

Regressors P=4, and Sample Size N=20. N=20

0.4808411

0.0039949

0.0003313

0.181552

0.0006415

0.0055121

0.0004084

0.0001418

0.0004084

0.3803416

0.0004498

12.02103
0.0207779
0.0050606

3.292766
0.0027272

0.00309988
0.00785028
0.09023563
0.00785028
9.496249

0.01021166

48.08411

0.09777132

0.01903172

13.00755

0.00788624

0.00900933

0.02530354

0.2945176

0.02530354

37.98808

0.02101364

192.3364

0.4927635

0.07140464

51.92713

0.01293435

0.01770996

0.07042502

0.8469363

0.07042502

151.9723

0.00317015

1202.103
2.77207
0.4584085
324.0201
0.1360802
0.1627854
0.5257973
6.201676
0.5257973
949.7664

0.120837

4808.411

11.60857

1.812356

1296.271

0.4505971

0.5608209

1.953907

23.20486

1.953907

3799.167

0.004374355

10818.92

25.46805

4.105099

2916.076

1.131907

1.374868

4.582857

54.19765

4.582857

8547.997

0.4094271

19233.64
45.39297
7.29358
5184.171
1.991606
2.42429
8.114492
95.99629
8.114492
15196.46

0.5635273

Note that: bold and italic values indate the smallest values of the AMSE.
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Table 5: The Average Mean Square Error (AMSE) of tke Proposed and Other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p =0.7, Different Levels ofo?, Number of Regressors
P=4, and Sample Size N=50.N=50

0.00002987| 0.0007467| 0.0029870| 0.0119480| 0.0746753| 0.2987014| 0.6720781| 1.194805
E: 0.00002987| 0.0007467| 0.0029862| 0.0119365| 0.0730402| 0.2941246| 0.6536736| 1.147559
E> 0.00002987| 0.0007466| 0.0029861| 0.0119338| 0.07407 | 0.2887883| 0.6294727| 1.093382
Es 0.00002987| 0.0007468| 0.0029870| 0.0119480| 0.0746722| 0.2986477| 0.6718378| 1.194219
E4 0.00002987| 0.0007467| 0.0029861| 0.0119335| 0.0739701| 0.2609593| 0.6020502| 0.987049
Es 0.00002987| 0.0007467| 0.0029861| 0.0119339| 0.0740427| 0.2841718| 0.577658 | 1.076492
Es 0.00002987| 0.0007467| 0.0029862| 0.0119366| 0.0743106| 0.2943681| 0.6553585| 1.153571
E; 0.00002987| 0.0007467| 0.0029861| 0.0119338| 0.0739894| 0.2786394| 0.6422771| 1.154571
Eg 0.00002987| 0.0007466| 0.0029860| 0.0119285| 0.0730859| 0.2436444| 0.5936395| 1.105517
Eo 0.00002987| 0.0007466| 0.0029861| 0.0119350| 0.0742901| 0.2947682| 0.6590171| 1.166539

Enen 0.00002986 | 0.0007457 | 0.0029722 | 0.0117293 | 0.0674622 | 0.2182264 | 0.4031322 | 0.618877

Note that: bold and italic valuemdicate the smallest values of the AMSE.

Table 6: The Average Mean Square Error (AMSE) of tle Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p =0.9, Different Levels of o, Number of
Regressors P=4, and Sample Size N=50. N=50

0.0000677808 0.00169452| 0.00677808| 0.0271123| 0.1694519| 0.6778077| 1.525067| 2.711231
E; 0.0000677825| 0.00169409| 0.00676888| 0.0269596| 0.1646449| 0.6264896| 1.343298| 2.307696
E; 0.0000677825| 0.00169406| 0.00676738| 0.0269094| 0.1610681| 0.5794633| 1.213331| 2.085666
Es 0.0000677808 | 0.00169452| 0.00677802| 0.0271112| 0.1694071| 0.6772271| 1.523103| 2.707168
B, 0.0000677825| 0.00169406| 0.00676723| 0.0268975| 0.1554758| 0.5577377| 1.176001| 1.934558
Es 0.0000677825| 0.00169407| 0.00676783| 0.0269237| 0.1616794| 0.5628869| 1.120064| 1.769210
Es 0.0000677825| 0.00169409| 0.00676889| 0.0269604| 0.1647685| 0.6297948| 1.360959| 2.34175
E; 0.0000677825| 0.00169407| 0.00676780| 0.0269185| 0.1487681| 0.6065172| 1.424246| 2.558728
Eg 0.0000678256| 0.00169399| 0.00676381| 0.0267269| 0.1119333| 0.4827649| 1.26908 | 2.355365
Eo 0.0000677825| 0.00169409| 0.00676874| 0.0269652| 0.1661358| 0.6563606| 1.469581| 2.606323
Enen 0.0000678140 0.00168633 | 0.00659294 | 0.0240042 | 0.0924808 | 0.1922272 | 0.318503 | 0.480068

Note that: bold and italic values indate the smallest values of the AMSE.
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Table 7: The Average Mean Square Error (AMSE) of tke Proposed and Other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.99, Different Levels ofo®, Number of

E

E;

Es
Eo

El'IE\A

0.00067804

0.00067630

0.00067623

0.00067803

0.00067623

0.00067627

0.00067630

0.00067635

0.00067606

0.00067634

0.00064648

Regressors P=4, and Sample Size N=50. N=50

0.1695107

0.0159972

0.0158261

0.0169447

0.0157890

0.0159113

0.0160002

0.0161665

0.0152028

0.0639699

0.0076979

0.06780429

0.0567354

0.05368189

0.06770363

0.05192779

0.05497635

0.05683558

0.0546019

0.03695757

0.0632664

0.00978428

0.2712172

0.1733296

0.1425983

0.2698165

0.0697023

0.1485938

0.1754316

0.04830661

0.01111574

0.2548042

0.0105199

1.695107

0.5716944

0.4077579

1.669231

0.3531829

0.3750422

0.1686889

0.9178813

0.3399179

0.0586113

0.03941252

6.780429

2.44679

1.211528

6.642535

0.8077313

1.305999

1.582074

4.530437

2.252764

6.339084

0.1214709

15.25597

5.30506

2.569216

14.92888

1.250463

2.227549

2.895811

10.67017

5.714696

14.25982

0.225952

27.12172

10.03425

4.48705

26.53115

1.695568

3.364627

4.5818

19.34835

10.71354

25.34834

0.3536905

Note that: bold and italic values wicate the smallest values of the AMSE.

Table 8: The Average Mean Square Error (AMSE) of tke Proposed and Other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.999, Different Levels ofo”, Number of

Regressors P=4, and Sample Size N=50. N=50

Ey

EneV\

0.00186393

0.00185088

0.00184393

0.00186382

0.00184273

0.00184169

0.00182824

0.00184282

0.00183067

0.00184237

0.00166014

0.0465981

0.0439066

0.0394312

0.0465526

0.0287689

0.0345749

0.0042919

0.0384670

0.0267370

0.0421149

0.0112687

0.1863925

0.1688315

0.1356389

0.1860201

0.0856696

0.0893724

0.1054082

0.0990854

0.0152753

0.1639121

0.0123485

0.7455701

0.6513688

0.4921038

0.7435419

0.2018790

0.3345887

0.5386805

0.4671121

0.1075381

0.6501758

0.0129048

4.659813

3.943125

2.951433

4.645645

1.166486

1.521822

3.645210

3.435554

1.439436

4.000522

0.026594

18.63925

15.56617

11.72081

18.58152

4.53107

6.62815

14.8787

14.15663

6.85901

15.91771
0.0491396

41.93832

34.85847

26.33157

41.8079

8.473042

15.10156

33.68528

32.11471

16.24063

35.74972
0.0621524

74.5570

61.8198

46.78393

74.32481

7.436459

26.94121

60.06525

57.312

29.58146

63.55256
0.069879

Note that: bold and italic valuemdicate the smallest values of the AMSE.
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Table 9: The Average Mean Square Error (AMSE) of tke Proposed and Other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p =0.7, Different Levels ofo?, Number of
Regressors P=4, and Sample Size N=100. N=100

El'IE\A

0.0001485

0.0001485

0.0001485

0.0001485

0.0001485

0.0001485

0.0001485

0.0001485

0.0001485

0.0001485

0.0001485

0.0003712

0.0003712

0.0003712

0.0003712

0.0003712

0.0003712

0.0003712

0.0003712

0.0003712

0.0003712

0.0003712

0.0148492

0.0148437

0.0148415

0.0148492

0.0148413

0.0148406

0.0148437

0.0148413

0.0483976

0.0148408

0.0146257

0.0593687

0.0592942

0.0592132

0.0593964

0.0591940

0.0591619

0.0592953

0.0591993

0.0591352

0.0591773

0.0545832

0.3712305

0.3689148

0.3649609

0.3712144

0.3607920

0.3568048

0.3698430

0.3641866

0.3612265

0.3630009

0.2483595

1.484922

1.168000

1.428114

1.484773

1.167966

1.002404

1.468855

1.429655

1.403856

1.420653

0.636345

3.341074

3.292767

3.171527

3.340625

1.731286

1.205132

3.295765

3.187308

3.064436

3.188824

1.077658

5.939687

5.84204

5.595887

5.938771

4.210402

3.734472

5.848813

5.634355

5.330015

5.670781

1578321

Note that: bold and italic vales indicate the smallest values of the AMSE.

Table 10: The Average Mean Square Error (AMSE) oflhe Proposed and Other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p =0.9, Different Levels of o, Number of Regressors
P=4, and Sample Size N=100. N=100

Eo

Ene\A

0.000322148

0.000322160

0.000322164

0.000322148

0.000322161

0.000322161

0.000322160

0.000322161

0.000322162

0.000322162

0.000322565

0.00805370

0.00844136

0.00804134

0.00805367

0.00804116

0.00804044

0.00804415

0.00804149

0.00803961

0.00804067

0.00769946

0.03221481

0.0320720

0.0319887

0.0322142

0.0319755

0.0319492

0.0320727

0.0319972

0.0319457

0.0319686

0.0267237

0.1288592

0.1272548

0.1254750

0.12885058

0.1247044

0.1238428

0.1272760

0.1259268

0.1250671

0.1253523

0.0724526

0.8053703

0.7794911

0.7282618

0.8051570

0.6055032

0.5303892

0.7803164

0.7547663

0.7078277

0.7596828

0.1803833

3.221481

3.062066

2.709755

3.219971

0.532165

0.7250734

3.069653

2.881215

2.412017

3.025894

0.3564926

7.248332

6.825474

5.915603

7.244292

3.611729

3.070994

6.848889

6.28784

4.897821

6.811824

0.5708177

12.88592

11.61357

9.952705

12.87659

5.671054

8.692492

11.72702

9.997871

6.235111

12.18178

0.817179

Note that: bold and italic values indate the smallest values of the AMSE.

Impact Factor (JCC): 2.6305

NAAS Ragj 3.19
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Table 11: The Average Mean Square Error (AMSE) ofhie Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.99, Different Levels ofo?, Number of
Regressors P=4, and Sample Size N=100. N=100

El'IE\A

0.00213397

0.00209661

0.00208577

0.00213384

0.00280849

0.00282669

0.00209667

0.00207394

0.00208682

0.00293307

0.00142107

0.05334924

0.04101017

0.03441352

0.05327793

0.02663046

0.03361211

0.00725600

0.04386311

0.03047317

0.05036754

0.00354065

0.2133970

0.1242716

0.0849726

0.2126413

0.0613640

0.0573989

0.0291457

0.1179740

0.0496972

0.2001561

0.0047406

0.8535878

0.3612158

0.2385236

0.8485825

0.1622636

0.2454715

0.2676154

0.2567887

0.0722866

0.7985253

0.0109548

5.334924

2.102281

1.292693

5.297528

0.159550

1.209649

2.259481

1.245221

0.308034

4.984800

0.044709

21.3397

9.211857

5.087571

21.18717

2.032351

3.899603

9.768327

5.221951

1.317529

19.93265

0.1365927

48.01432

2.30795

11.4335

47.67067

5.080605

8.075005

22.50954

12.11085

3.098559

44.84392

0.266258

85.35878

38.3903

20.3306

84.74803

9.3397828

13.73769

40.48283

21.90717

5.651137

79.71861

0.429162

Note that: bold and italic valugindicate the smallest values of the AMSE.

Table 12: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.999, Different Levels ofo”, Number of
Regressors P=4, and Sample Size N=100. N=100

Enew

0.01832716

0.00866576

0.00671231

0.01824756

0.00614948

0.00661018

0.00327267

0.01165295

0.00579057

0.01729677

0.00043839

0.4581790

0.0631142

0.0144207

0.4386893

0.0005563

0.0003344

0.0660429

0.0577704

0.0097729

0.4279316

0.0000566

1.8327160

0.1730840

0.0362101

1.0727438

0.0092083

0.0069226

0.1859054

0.1606792

0.0136847

1.7117750

0.0000746

7.3308640

0.5463125

0.1241013

6.8674150

0.0459643

0.0226886

0.5991341

0.2591787

0.0303603

6.8473230

0.0003881

45.81790

2.902396

0.737353

42.82932

0.280698

0.253684

3.235815

1.187236

0.137366

42.79685

0.005782

183.2716

10.95437

2.923491

171.2510

1.083052

1.205225

12.29028

4.302275

0.500146

171.189

0.031961

412.3611

24.16328

6.564602

385.2802

2.398860

2.865600

27.17017

9.376531

1.092842

385.1765

0.078795

733.0864

42.5292

11.66068

684.9168

4.228066

5.234870

47.87553

16.40983

1.915383

684.7593

0.144505

Note that: bold and italic valuesdicate the smallest values of the AMSE.
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Table 13: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators
Compared to OLS Estimators with Level of Multicollinearity p=0.7, Different Levels of o, Number of

Regressors P=4, and Sample Size N=200. N=200

02
0.1 0.5 1.0 2.0 5.0 10.0 15.0 20.0
Estimato

=) 0.000201614| 0.00504034| 0.0201614| 0.08064558| 0.5040349| 2.016140| 4.536314| 8.064558
E; 0.000201616| 0.00503742| 0.0201221| 0.08020357| 0.4963676| 1.965811| 4.429124| 7.888418
E; 0.000201616( 0.00503584| 0.0200883| 0.07963083| 0.4865996| 1.928200| 4.331254| 7.697010
Es 0.000201614| 0.00504343| 0.0201613| 0.08064429| 0.5040122| 2.016024| 4.536045| 8.064076
E4 0.000201616| 0.00503554| 0.0200699| 0.07663881| 0.4674939| 1.822957| 4.176425| 7.145317
Es 0.000201617| 0.00535484| 0.0200769| 0.07901271| 0.4823069| 1.917507| 4.254924| 7.484216
Es 0.000201617| 0.00532567| 0.0199160| 0.07096876| 0.4851137| 1.969084| 4.444400| 7.911862
E; 0.000201616| 0.00503551| 0.0200778| 0.07976679| 0.4955692| 1.973521| 4.430293| 7.865412
Es 0.000201617| 0.00503309| 0.0200030( 0.07911471| 0.4898925| 1.922432| 4.283169| 7.570701
Ey 0.000201616| 0.00503565| 0.0200889| 0.07978202| 0.4954518| 1.984216| 4.467112| 7.944091
Enen 0.000201703] 0.00489368 | 0.0180482 | 0.05722531 | 0.2024546 | 0.516094 | 0.958157 | 1.499590

Note that: bold and italic valuemdicate the smallest values of the AMSE.

Table 14: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators
Compared to OLS Estimators with Level of Multicollinearity p=0.9, Different Levels of o, Number of

Regressors P=4, and Sample Size N=200. N=200

0_2
0.1 0.5 1.0 2.0 5.0 10.0 15.0 20.0
Estimato
E 0.00067186| 0.01679643| 0.06718574| 0.2687429| 1.679643| 6.718574| 15.11679| 26.87429
E. 0.00067147| 0.01669695| 0.06611751| 0.2599006| 1.578658| 6.201809| 13.84614| 24.67962
E 0.00067134| 0.01661835| 0.06479217| 0.2461320| 1.457989| 5.764284| 12.94515| 23.00191
Es 0.00067185| 0.01679621| 0.06718263| 0.2687122| 1.679326| 6.717194| 15.11365| 26.86869
E, 0.00067134| 0.01658877| 0.06246692| 0.2257995| 1.067246| 5.083716| 11.59458| 20.69284
Es 0.00067130| 0.01659887| 0.06372528| 0.1956916| 1.393609| 5.229984| 11.28981| 19.48525
Es 0.00067123| 0.01633349| 0.04936038| 0.2035631| 1.505228| 6.174489| 13.98465| 24.9371
E; 0.00067134| 0.01664856| 0.06588793| 0.2600515| 1.584699| 6.225797| 13.89925| 24.60444
Es 0.00067124| 0.01656912| 0.06526809| 0.2492828| 1.415334| 5.303797| 11.61036| 20.3365
Eo 0.00067131| 0.01664289| 0.06572877| 0.2622228| 1.640423| 6.566343| 14.77830| 26.27627
Enex 0.00065435 | 0.01233065 | 0.02960917 | 0.0561788 | 0.138257 | 0.306018 | 0.497269 | 0.7242217
Note that: bold and italic valuemdicate the smallest values of the AMSE.
Impact Factor (JCC): 2.6305 NAAS Ratj 3.19
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Table 15: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.99, Different Levels ofo?, Number of
Regressors P=4, and Sample Size N=200. N=200

E

E;

Es
Eo

El'IE\A

0.00709020

0.00685263
0.00673132
0.00708973
0.00670801
0.00670653
0.00648279
0.00691629
0.00675916
0.00693436

0.00228071

0.1772551

0.1385749

0.0997582

0.1770912

0.0473140

0.0569352

0.0180476

0.1503723

0.1061021

0.1723012

0.0026969

0.7090205

0.4778348

0.2919431

0.7078548

0.1314608

0.1897570

0.2115146

0.5111237

0.2749201

0.6892049

0.0035010

2.836082

1.684325

1.013809

2.830317

0.428614

0.698077

1.198171

1.716309

0.744195

2.757148

0.006718

17.72551

9.476911

6.046716

17.68703

3.584388

2.983051

8.699249

9.169510

3.369945

17.23405

0.019655

70.90205

36.35991

24.03385

70.74677

14.71344

9.624539

36.30375

34.49746

12.10294

68.9391

0.0473993

159.5296

80.61086

54.02221

159.1797

33.2253

19.87897

82.78478

75.98838

26.17094

155.1153

0.080923

283.6082

142.2297

96.01193

282.986

59.12147

33.75743

148.1423

133.647

45.60544

275.7625

0.1191897

Note that: bold and italic vales indicate the smallest values of the AMSE.

Table 16: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.999, Different Levels ofo”, Number of
Regressors P=4, and Sample Size N=200. N=200

=)

Ene\A

0.07133315
0.02497869
0.01209794
0.07098528
0.00585912
0.00769152
0.00059911
0.03775971
0.01431041
0.06930183

0.00008125

1.7833290

0.1929503

0.0540308

1.7496960

0.0011906

0.0293535

0.2115298

0.0429755

0.0038797

1.732745

0.0004656

7.133315

0.5842366

0.1859846

6.98519

0.0501487

0.0749359

0.6608932

0.2164924

0.0205189

6.930839

0.0009218

28.53326

1.989275

0.713989

27.92517

0.245593

0.1961704

2.297959

1.081941

0.1079463

27.72311

0.0014413

178.3329

11.19431

4.408615

174.5031

1.62276

0.877555

13.12456

7.848144

0.813104

173.2686

0.001735

713.3315

43.17255

17.6013

697.9942

6.555183

3.091520

50.88982

33.02925

3.468690

693.0731

0.001163

1604.996

95.94686

39.58768

1570.479

14.78411

6.655056

113.3066

75.59068

7.975196

1559.414

0.000827

2853.326

170.7071

70.36776

2791.956

26.30955

11.55809

200.3749

135.5324

14.33268

2772.29

0.001265

Note that: bold and italic valess indicate the smallest values of the AMSE.
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Table 17: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators
Compared to OLS Estimators with Level of Multicollinearity p =0.7, Different Levels of o, Number of

Eo 0.00008426| 0.00210656| 0.00842626| 0.03370506| 0.2106566| 0.8426265| 1.895910| 3.370506
E: 0.00008426| 0.00210627| 0.00842222| 0.03365724| 0.2097475| 0.8362328| 1.877819| 3.334063
E 0.00008426| 0.00210622| 0.00842048| 0.03361596| 0.2083995| 0.8277695| 1.858657| 3.301962
Es 0.00008426| 0.00210657| 0.00842626| 0.03370502| 0.2106555| 0.8426190| 1.895891| 3.370471
Es 0.00008426| 0.00210621| 0.00842000| 0.03357907| 0.2070497| 0.8171687| 1.799154| 3.059064
Es 0.00008426| 0.00210623| 0.00842000| 0.03361168| 0.2065475| 0.8216968| 1.830869| 3.220214
Es 0.00008426| 0.00210607| 0.00841424| 0.03320661| 0.2035557| 0.8309422| 1.875367| 3.337941
E; 0.00008426| 0.00210622| 0.00842082| 0.03364148| 0.2099814| 0.8393550| 1.887869| 3.355455
Es 0.00008426| 0.00210609| 0.00841709| 0.03358527| 0.2097827| 0.8368265| 1.879880| 3.338694
Eo 0.00008426| 0.00210624| 0.00842161| 0.03365123| 0.2098627| 0.8395011| 1.889037| 3.358460
Enew 0.00008415 | 0.00208207 | 0.00804968 | 0.02872800 | 0.1176828 | 0.2949070 | 0.506439 | 0.7468482
Note that: bold and italic values ilicate the smallest values of the AMSE.
Impact Factor (JCC): 2.6305 NAAS Ragj 3.19

Regressors P=4, and Sample Size N=500. N=500

0.0000321| 0.0008025| 0.0032100| 0.01284007| 0.08025045| 0.3210018| 0.7222540( 1.284007
E: 0.0000321| 0.0008025| 0.0032099| 0.01283758| 0.08018483| 0.3204392| 0.7205021| 1.280269
E; 0.0000321| 0.0008025| 0.0032098| 0.01283625| 0.08009556| 0.3194449| 0.7177216| 1.275210
Es 0.0000321| 0.0008025| 0.0032100| 0.01284007| 0.08025037| 0.3210010| 0.7222518| 1.284003
E4 0.0000321| 0.0008025| 0.0032098| 0.01283568| 0.07888971| 0.3186076| 0.7132577| 1.25834
Es 0.0000321| 0.0008025| 0.0032098| 0.01283639| 0.08005577| 0.3176676| 0.7087371| 1.232005
Es 0.0000321| 0.0008025| 0.0032097| 0.01282944| 0.07886225| 0.3189058| 0.7190861| 1.279303
E; 0.0000321| 0.0008025| 0.0032098| 0.01283568| 0.08011708| 0.3203341| 0.7206377| 1.281018
Es 0.0000321| 0.0008025| 0.0032097| 0.01283131| 0.07996417| 0.3201116| 0.7199502| 1.279721
Eo 0.0000321| 0.0008025| 0.0032098| 0.01283690| 0.08015839| 0.3203060| 0.7206532| 1.281053

Enen 0.0000321| 0.0008023 | 0.0031982 | 0.01259413 | 0.07173560 | 0.2398988 | 0.4721807 | 0.760993

Note that: bold and italic valuemdicate the smallest values of the AMSE.

Table 18: The Average Mean Square Error (Amse) oftte Proposed and other Ridge Regression Estimators
Compared to Ols Estimators with Level of Multicollinearity p =0.9, Different Levels of o, Number of

Regressors P=4, and Sample Size N=500. N=500
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Table 19: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.99, Different Levels ofo”, Number of
Regressors P=4, and Sample Size N=500. N=500

02
0.1 0.5 1.0 2.0 5.0 10.0 15.0 20.0
Estimato

Eq 0.00083673| 0.0215918| 0.08636731| 0.3454692| 2.159183| 8.636731| 19.43264| 34.54692
E; 0.00086280| 0.0213311| 0.08371427| 0.3242054| 1.926430| 7.685723| 17.43833| 31.12132
E; 0.00086267| 0.0211716| 0.08112266| 0.3014185| 1.766109| 6.970750| 15.64770| 27.79837
Es 0.00086367| 0.0215916| 0.08636449| 0.3454437| 2.158939| 8.635686| 19.43027| 34.54268
E4 0.00086266| 0.0210845| 0.07059556| 0.2839207| 1.390590| 4.142698| 11.25877| 20.89968
Es 0.00086270| 0.0211724| 0.08000517| 0.2671355| 1.757502| 6.622738| 14.37386| 25.02410
Es 0.00086240| 0.0202147| 0.04421653| 0.2628452| 1.898402| 7.782455| 17.62863| 31.43810
E; 0.00086282| 0.0214705| 0.08546208| 0.3392426| 2.096453| 8.331414| 18.69564| 33.18850
Es 0.00086261| 0.0213343| 0.08379524| 0.3254682| 1.949654| 7.614644| 16.96770| 30.00730
Ey 0.00086277| 0.0214925| 0.08592660| 0.3436875| 2.148131| 8.592737| 19.33384| 34.37145
Enen 0.00079822 | 0.0087976 | 0.01150526 | 0.0126708 | 0.023203 | 0.052075 | 0.088774 | 0.130416

Note that: bold and italic valugindicate the smallest values of the AMSE.

Table 20: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p=0.999, Different Levels ofo”, Number of
Regressors P=4, and Sample Size N=500. N=500

o2
0.1 0.5 1.0 2.0 5.0 10.0 15.0 20.0
Estimato

Eo 0.0088995| 0.2224883| 0.8899534| 3.559814| 22.24883| 88.99534| 200.2395| 355.9814
E; 0.0083657| 0.1415017| 0.4336342| 1.377871| 9.616493| 40.24028| 91.83835| 171.1125
E, 0.0081723| 0.0967216| 0.2659443| 0.907934| 5.391409| 21.41480| 48.12728| 85.62371
Es 0.0088991| 0.2223503| 0.8890401| 3.555458| 22.22011| 88.87962| 199.9788| 355.5183
E4 0.0081213| 0.0646722| 0.1664063| 0.184006| 1.573236| 7.929437| 18.80181| 37.95594
Es 0.0081935| 0.0614030| 0.2514438| 0.945654| 4.297730| 14.88832| 31.79380| 46.16003
Es 0.0075472| 0.0235389| 0.2690909| 1.447296| 10.31020| 42.82390| 97.51457| 180.3957
E; 0.0087339| 0.1955035| 0.7220826| 2.695786| 15.90300| 62.16807| 138.7451| 239.2406
Eg 0.0083687| 0.1443289| 0.4562547| 1.507027| 8.078532| 30.44793| 67.09268| 110.3848
Eo 0.0088522| 0.2212573| 0.8850309| 3.540136| 22.12591| 88.50375| 199.1335| 354.0156
Enen 0.0007658 | 0.0003637 | 0.0009117 | 0.002533 | 0.008653 | 0.023103 | 0.041899 | 0.011337

Note that: bold and italic Maes indicate the smallest values of the AMSE.

A. 2: Results When the Number of Regressors, P=1énd the Length of Regression Coeffient Vector=1:
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Table 21: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Level of Multicollinearity p =0.7, Different Levels ofo?, Number of
Regressors P=10, and Sample Size N=20. N=20

Es

=)

El'IE\A

0.00186392

0.00166014 | 0.0112687

0.04659813

0.1863925

0.00185088| 0.04390664| 0.1688315

0.00184392| 0.39431118| 0.1356389

0.00186382| 0.04655256| 0.1860201

0.00184273| 0.02876893| 0.0856696

0.00184169| 0.03457494| 0.0893723

0.00182824| 0.04291950| 0.1054082

0.00184282| 0.03846700| 0.0998537

0.00183066| 0.02673701| 0.0152753

0.00184236| 0.04211494| 0.1639121

0.0123485

0.7455701

0.6513688

0.4921038

0.7435419

0.2018790

0.3345887

0.5386805

0.4671121

0.1075381

0.6501758

0.0129048

4.659813

3.943125

2.951433

4.645645

1.166486

1.521822

3.645210

3.435554

1.439436

4.000522

0.026594

18.63925

15.56617

11.72081

18.58152

4.531073

6.628150

14.87870

14.15663

6.859010

15.91771

0.049139

41.93832

34.85847

26.33157

41.80790

8.473042

15.10156

33.68528

32.11471

16.24063

35.74972

0.062152

74.55701

61.81980

46.78393

74.32481

7.436459

26.94121

60.06525

57.31200

29.58146

63.55256

0.069879

Note that: bold and italic valess indicate the smallest values of the AMSE.

Table 22: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Different Levels ofMulticollinearity, Different Levels of o°, Sample Size
N=20, Number of Regressors P=10, ang =0.9.n=20

0.00640132| 0.1600329 | 0.6401317 | 2.560527 | 16.00329 | 64.01317| 144.0296 | 256.0527
E 0.00604837| 0.123102 | 0.4485611| 1.680268 | 10.00869 | 37.05061| 87.94821 | 155.8663
E 0.00574065| 0.06828334| 0.2139315 | 0.7843151| 4.767259 | 19.09786| 42.68014 | 75.85037
Es 0.00639751| 0.1590626 | 0.6346772| 2.536214 | 15.84616 | 63.36789| 142.6066 | 253.5218
Es 0.00564231| 0.02559599| 0.2528392 | 0.0423532| 0.7550744| 2.064498| 5583733 | 12.07334
Es 0.00561785| 0.01714462| 0.3485732| 0.212976 | 1.815892 | 8.064498| 17.19179 | 30.65117
Es 0.00478198| 0.01830833| 0.1876571 | 0.9833899| 6.959173 | 28.65508| 65.72051 | 117.5094
E; 0.00586271| 0.03721923| 0.1909744 | 1.214263 | 8.873899 | 36.45846| 84.0064 | 150.1956
Es 0.00530821| 0.00235687| 0.01363633| 0.1664887| 1.700646 | 7.745491| 18.35996 | 33.34516
Eo 0.00597829| 0.1366087 | 0.5383501 | 2.132776 | 13.25465 | 52.81420| 118.9975 | 211.4862
Enex 0.00246964 | 0.00229737 | 0.00359997 | 0.0120793 | 0.0418981 | 0.226712 | 0.0776409 | 0.0831682
Note that: bold and italic values idicate the smallest values of the AMSE.
Impact Factor (JCC): 2.6305 NAAS Ragj 3.19
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Table 23: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Different Levels ofMulticollinearity, Different Levels of o’ Sample Size
N=20, Number of Regressors P=10, ang =0.99

Es
Eo
El'IE\A

0.0702117

0.0175371

0.0039718

0.0667150

0.0001819

0.0007749

0.0007906

0.0065391

0.0002259

0.0547248

0.0001349

1.755292

0.2031917

0.0298866

1.569773

0.0023198

0.0024846

0.0276668

0.07385451

0.0016656

1.352526

0.007800

7.02117

0.7087304

0.1119789

6.25162

0.0076697

0.01919866

0.1554339

0.5082664

0.0143643

5.40395

0.02599483

28.08468

2.634389

0.4403659

249774

0.0335239

0.0914746

0.7243382

2.539337

0.0809677

21.6041

0.05362537

175.5292

15.72919

2.738867

156.056

0.1621736

0.6066731

4.937735

17.89911

0.6126854

134.8929

0.0818685

702.117

6.94702
10.94745
624.192
0.961899
2.456902
20.31553
74.37609
2.606006
539.8757

0.091985

1579.763

138.6563

24.62822

1404.418

2.356468

5.546341

46.13764

169.4484

5.983321

1214.678

0.095033

2808.468

245.8572

43.78118

2496.733

4.352661

9.874972

82.40406

303.116

10.74464

2159.391

0.096431

Note that: bold and italic valuemdicate the smallest values of the AMSE.

Table 24: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to OLS Estimators with Different Levels ofMulticollinearity, Different Levels of o?, Sample Size
N=20, Number of Regressors P=10, ang =0.999

Enew

0.7154428

0.00346792

0.00022271

0.3276812

0.00007502

0.00006971

0.00010344

0.00021416

0.00019137

0.5397417

0.0028497

7.8807

0.0524369

0.0044170

7.587715

0.0002882

0.0006793

0.0078303

0.0450950

0.0005549

13.48968

0.0449651

71.54428

0.1955745

0.0175319

30.26983

0.0006445

0.0029582

0.0352792

0.2212139

0.00275320

53.95668

0.0710332

286.1771

0.7549419

0.0700061

120.9973

0.0037271

0.0122167

0.149556

0.9756055

0.0123062

215.8227

0.087096

1788.607

4.617759

0.4373827

756.0862

0.031915

0.077550

0.9674472

6.456684

0.082188

1348.877

0.095993

7154.428
18.33816
1.749524
3024.256
0.138037
0.311620
3.914146
26.31837
0.336066
5395.49

0.0983462

16097.46

41.16153

3.936473

6804.536

0.3181962

0.702166

8.840278

59.58828

0.761703

12139.84

0.098996

28617.71

73.0682

6.992606

12096.92

0.5709432

1.246791

15.73826

106.2347

1.356503

21581.88

0.099286

Note that: bold and italic valuesdicate the smallest values of the AMSE.
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Table 25: The Average mean square error (AMSE) oftte proposed and other ridge regression estimators

compared to the OLS estimator with, different leves of o°, sample size n=50, number of regressors
p=10, and p=0.9

Es
Eo

Ene\A

0.0008929

0.0008921
0.0008917
0.0008928
0.0008916
0.0008917
0.0008908
0.0008916
0.0008910

0.0008917

0.0008642

0.0223223

0.0211130

0.0201053

0.0223170

0.0190383

0.0200969

0.0049448

0.0210813

0.0200980

0.0210619

0.0053813

0.0892892

0.0798183

0.0701949

0.0892348

0.0590874

0.0667342

0.0681851

0.0809434

0.0677490

0.0827913

0.0054918

0.3571572

0.3045648

0.2480181

0.3567961

0.1974346

0.1862728

0.3057299

0.3069778

0.204098

0.326949

0.0049046

2.232232

1.979124

1.45291

2.229459

0.9787719

0.8485503

1.983429

1.774457

0.8503099

2.016185

0.0112504

8.928929

7.995198

5.744297

8.91745

3.602299

2.682315

8.009838

6.780018

2.741969

8.027278

0.0290290

20.09009

18.04383

12.89471

20.06409

7.732132

5.310875

18.07507

14.97345

5.677051

18.03322

0.0439885

35.71572

32.12511

22.9045

35.66938

13.3659

8.780985

32.17922

26.35436

9.660939

32.03404

0.05474385

Note that: bold and italic values indicate th smallest values of the AMSE.

Table 26: The Relative Efficiencies of the New RidgEstimator and other Ridge Estimators Compared tahe

Enew

0.009918 | 0.2479649
0.008523 | 0.1607362
0.007021 | 0.07961139
0.009913 | 0.2471281
0.006620 | 0.04316955
0.006764 | 0.03349259
0.004278 | 0.06096377
0.008811 | 0.1408368
0.006879 | 0.03868655
0.009094 | 0.2264017

0.000635 | 0.00077046

P=10, and p=0.99

0.9918594 | 3.967438 24.79649 99.18594
0.5933719 | 2.262459 13.69801 | 54.18399
0.2739694 | 1.045847 6.449141 25.75109
0.9876086 | 3.949225 24.68043 98.72055
0.1005261 | 0.2640045 | 1.095237 | 2.76251
0.1386097 | 0.8069086 | 5.077689 19.07419
0.3453871 | 1.558388 10.35687 42.22196
0.3927574 | 1.195481 6.416088 24.78183
0.0540803 | 0.1038533 | 0.4476081 | 1.649876
0.9052688 | 3.6208500 | 22.63038 90.52222
0.0038591 0.0157056 | 0.0513463 0.07821545

223.1684

121.4533

57.92385

222.1208

4.283434

41.9824

95.58853

55.26226

3.636069

203.6757

0.0885466

OLS Estimator with, Different Levels of o2, Sample Size N=100, Number of Regressors

396.7438

215.5058

102.9674

394.8813

4.425767

73.80256

170.4566

97.86034

6.405937

362.0907

0.0935023

Note that: bold and italic values indicate tB smallest values of the AMSE.

Impact Factor (JCC): 2.6305
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Table 27: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to the OLS Estimator with, Different Levek of o’ Sample Size N=200, Number of Regressors
P=10, and p=0.99.

Eo

Enev\

0.00403178

0.00383721

0.00361954

0.00403155

0.00358496

0.00354883

0.00319262

0.00385607

0.00364175

0.00386673

0.00052908

0.1007947

0.08157901

0.04719708

0.1007276

0.02674539

0.02169231

0.02055412

0.08532996

0.0457762

0.09584503

0.00035318

0.4031789

0.3044439

0.1499324

0.4027516

0.02095405

.03306397

0.1564542

0.2956896

0.1147147

0.3831442

0.00132261

1.612716

1.161618

0.5503305

1.610715

0.1338564

0.2420888

0.7531989

1.005368

0.301658

1.53237

0.00641367

10.07947

7.018894

3.349363

10.06637

1.225633

0.834509

5.14265

5.38553

1.29237

9.577075

0.03154882

40.31789

27.7314

13.34986

40.26514

5.580837

3.119753

21.12206

20.22748

4.430462

38.30834

0.06280892

90.71525

62.13161

30.02023

90.59645

12.94558

7.687958

47.93102

44.51077

9.438022

86.1939

0.07873009

161.2716

110.2195

53.36051

161.0603

23.32657

14.2704

85.56952

78.23784

16.31649

153.2337

0.08733955

Note that: bold and italic values indicate tB smallest values of the AMSE.

Table 28: The Average mean square error (AMSE) oftte proposed and other ridge regression estimators

compared to the OLS estimator with, different leves$ of o’ sample size n=500, number of regressors

Eo

Enew

0.01243042

0.00946522

0.00761055

0.01242827

0.00700028

0.00713579

0.00387449

0.01162505

0.00849413

0.01223909

1.350813e-05

0.3107606

0.2118481

0.1771992

0.3105456

0.1814366

0.1759865

0.2131191

0.2851753

0.2109714

0.3089240

0.2140470

p=10, and p=0.999

1.243042

0.568611

0.221167

1.241243

0.043764

0.109507

0.272640

0.835872

0.258941

1.223516

0.00210712

4.97217

2.12358

0.833353

4.964526

0.07286912

0.3104066

1.31036

3.113284

0.8106379

4.894036

0.01017978

31.07606

12.66746

5.112081

31.0274

0.4717167

2.364861

8.982466

18.47152

4.238316

30.58763

0.03829805

124.3042

49.83544

20.38596

124.109

2.948709

9.850688

36.96139

72.47815

15.87531

122.3504

0.06273744

279.6846

111.4968

45.83832

279.245

7.665147

22.40629

83.93008

161.9953

34.91967

275.2884

0.0734448

497.217

197.6515

81.46915

496.4354

14.4316

40.03102

149.8885

287.0228

61.37165

489.4015

0.07916712

Note that: bold and italic values indicate the sméést values of the AMSE.

A. 3: Results When the Number of Regressors, P=4n@the Length of Regression Coeffient Vector > 1:

The results are shown for three selected samps siz20, 50, 200, when the correlation coefficiprat0.9,

0.999, respectively.
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Table 29: The Average Mean Square Error (AMSE) ofhe Proposed and Other Ridge Regression Estimators

Compared to the OLS Estimator with, Different Levek of o’ Sample Size N=20, Number of Regressors
P=4, and p=0.9.

Eo

Enev\

0.004391841

0.004369547

0.004366707

0.004391509

.004366482

0.00436762

0.004369566

0.004367446

0.004360873

0.004369619

0.004167532

0.109796

0.1007072
0.09600601
0.109592
0.09241769
0.09686104
0.1008304
0.09945755
0.08859527
0.1023728

0.04551503

0.4391841

0.3531382

0.2984952

0.4366029

0.1833925

0.289747

0.355836

0.3736527

0.3265108

0.3785827

0.06728569

1.756736

1.146087

0.8591235

1.735175

0.7578778

0.7480071

1.179204

1.430911

1.179204

1.471044

0.1040409

10.9796

6.161072

4.356625

10.79173

2.754417

4.263437

5.765643

8.364388

5.765643

9.354405

0.2856822

43.91841

27.00565

16.86816

43.13084

5.882511

13.18732

20.32032

32.16033

20.32032

37.63734

0.7088045

98.81642

62.35459

37.79573

97.03356

7.399627

26.61916

43.52182

71.19666

43.52182

84.84749

1.206705

175.6736

112.2119

67.14234

172.5004

5.684788

44.57909

75.3752

125.465

75.3752

150.9846

1.759617

Note that: bold and italic valuesidicate the smallest values of the AMSE.

Table 30: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to the OLS Estimator With, Different Levek of o?, Sample Size N=50, Number of Regressors
P=4, and p=0.99.

0.0006780429 0.002712172| 0.01695107 | 0.06780429 | 0.2712172| 1.695107 | 6.780429 | 15.25597

E: 0.0006763046| 0.002684019| 0.01599726 | 0.0567354 | 0.1733296 | 0.5716944| 2.044679 | 5.30506

E 0.0006762336 0.002681763| 0.01582613 | 0.05368189 | 0.1425983 | 0.4077579| 1.211528 | 2.569216

Es 0.0006780337| 0.002712014| 0.01694468 | 0.06770363 | 0.2698165 | 1.669231 | 6.642535 | 14.92888

Es 0.0006762312 0.002681598| 0.01578902 | 0.05192779 | 0.06797023| 0.3531829| 0.8077313| 1.250463

Es 0.0006762716 0.002682953| 0.01591127 | 0.05497635 | 0.1485938 | 0.3750422| 1.305999 | 2.227549

Es 0.0006763049 0.002684036| 0.01600021 | 0.05683558 | 0.1754316 | 0.6186889| 1.582074 | 2.895811

E; 0.0006763574| 0.00268701 | 0.01616646 | 0.0546019 | 0.04830661| 0.9178813| 4.530437 | 10.67017

Es 0.0006760671| 0.00267581| 0.0152028 | 0.03695757 | 0.01111574| 0.3399179| 2.252764 | 5.714696

Eo 0.0006763412| 0.00268696 | 0.01639699 | 0.06432664 | 0.2548042 | 1.586113 | 6.339084 | 14.25982

Enew 0.0006464852 | 0.002270277 | 0.007697925 | 0.009784279 | 0.01051599 | 0.0394125 | 0.1214709 | 0.225952

Note that: bold and italic values indicat the smallest values of the AMSE.

Impact Factor (JCC): 2.6305 NAAS Ragj 3.19
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Table 31: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to the OLS Estimator with, Different Levek of o’ Sample Size N=200, Number of Regressors
P=4, and p =0.999.

0.07133315| 1.783329 7.133315 7.133315 | 178.3329 | 713.3315 1604.996 2853.326

E: 0.04171003 | 0.295963 0.7717271 | 0.7717271| 12.0141 44.77672 98.33496 172.6892
E> 0.03161101 | 0.08564077| 0.2160972 | 0.2160972 | 4.43955 17.63425 39.62267 70.40478
Es 0.07122924 | 1.758676 6.998786 6.998786 174.52 698.0125 1570.498 2791.977
E4 0.02890682 | 0.02711149| 0.004740867| 0.00474086| 1.570744 | 6.490791 14.70727 26.22024
Es 0.02982484 | 0.01883844| 0.1174013 | 0.1174013 | 1.104753 | 3.510109 7.263307 12.36587
Es 0.04188101 | 0.3126362| 0.846039 0.846039 | 13.94427 | 52.49764 115.7022 203.5581
E; 0.05065493 | 0.08099297| 0.1718524 | 0.1718524 | 7.100189 | 31.39153 73.06301 132.1148
Eg 0.02666477 | 0.00843162| 0.01550563 | 0.01550563| 0.7169162| 3.252176 7.637797 13.87426
Eo 0.06937133 | 1.732826 6.930967 6.930967 | 173.2691 | 693.0741 1559.415 2772.292
Enen 0.000253598 | 0.00131782 | 0.00388335 | 0.00388335 | 0.0151792 | 0.01960894 | 0.02003059 | 0.01864406

Note that: bold and italic values indicag the smallest values of the AMSE.
A. 4: Results When the Number of Regressors, P=1énd the Length of Regression Coeffient Vector > 1:

The results are shown for three selected samps siz20, 100, 500, when the correlation coefficiest0.9, 0.9,
0.99, respectively.

Table 32: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators

Compared to the OLS Estimator with, Different Levek of o’ Sample Size N=20, Number of Regressors
P=10, and p=0.9

0.006401317| 0.1600329| 0.6401317 | 2.560527 | 16.00329 | 64.01317 | 144.0296 | 256.0527
E: 0.006334939| 0.1413725| 0.494938 | 1.684556 | 8.816334 | 36.09858 | 83.16519 149.53
E> 0.006320461| 0.1253753| 0.3500068 | 0.9718194| 4.964464 | 19.16569 | 42.83994 | 75.98964
= 0.006400886| 0.1598103| 0.6376322 | 2.542213 | 15.85405 | 63.38928 | 142.6142 | 253.529
E4 0.006319414| 0.1131848| 0.2445138 | 0.3859103| 2.74986 | 8.216151 | 15.87727 | 25.67993
Es 0.006322346| 0.1253241| 0.3125189 | 0.7325246| 2.548781 | 6.721875 16.322 29.78489
Es 0.006334958| 0.1414371| 0.495918 | 1.693449 | 8.911424 | 32.9012 | 71.83006 | 125.6976
E; 0.006324088| 0.1351863| 0.5009058 | 1.902063 | 10.91694 | 41.36225 | 90.92604 | 159.5823
Eg 0.006296933| 0.0971850( 0.3491549 | 1.089628 | 4.056125 | 12.43965 | 25.23618 | 42.46311
Eo .006326711 | 0.1408261| 0.5291802 | 2.058338 | 13.05565 | 52.51575| 118.3877 | 210.6713
Enew 0.003456796 | 0.0057114 | 0.02427827 | 0.1279236 | 0.4759704 | 0.7369685 | 0.8403578 | 0.8919165

Note that: bold and italic values wicate the smallest values of the AMSE.
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Table 33: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators
Compared to the OLS Estimator with, Different Levek ofo?, Sample Size N=100, Number of Regressors

P=10, and p=0.9.

Eo 0.0009675651] 0.02418913 | 0.09675651| 0.3870261 | 2.418913 | 1]9.675651| 21.77022 | 38.70261
E: 0.000966847 | 0.02400719 | 0.09495642| 0.3721859 | 2.246359 8.781982 | 19.56213 | 34.58262
E. .0009667741| 0.0239132 | 0.09316961| 0.3482402 | 1.920817 7.300643 16.2182 | 28.69005
Es 0.0009675643| 0.02418885 | 0.09675271| 0.3869809 | 2.41822 9.672088 | 21.76172 | 38.68718
Es 0.0009667726/ 0.02389966 | 0.09240883| 0.3210245| 1.507403 5.676684 | 11.57347 18.818
Es 0.0009667707| 0.02390205 | 0.09272512( 0.3336512| 1.507503 4.756238 | 11.79404 | 22.32608
Es 0.0009668471f 0.02400749 | 0.09496439( 0.3723275| 2.249493 8.803104 | 19.61952 | 34.69506
E; 0.0009667777; 0.02394345| 0.09408104| 0.3645593 | 2.121564 7.71241 16.52775 | 28.71993
Es 0.0009667057| 0.02384915 | 0.09215817| 0.3341834 | 1.42871 3.888927 | 7.387329 | 12.16101
Eo 0.000966774 | 0.02395296 | 0.09444891| 0.3715712 | 2.286041 9.089537 | 20.43092 | 36.32123
Enew 0.0008053082 | 0.008711011 | 0.01348532 | 0.01509018 | 0.07900867 | 0.2683144 | 0.4257762 | 0.5370761

Note that: bold and italic values indicatéhe smallest values of the AMSE.

Table 34: The Average Mean Square Error (AMSE) ofhe Proposed and other Ridge Regression Estimators
Compared to the OLS Estimator with, Different Levek ofo?, Sample Size N=500, Number of Regressors

P=10, and p=0.99

0.001346582| 0.03366455 | 0.1346582| 0.5386328| 3.366455 | 13.46582 | 30.2981 | 53.86328
E: 0.00134505 | 0.0330485 | 0.1281622| 0.4849151| 2.769136 | 10.48978 | 24.09509 | 43.24231
E 0.001344893| 0.03273785 | 0.1224177| 0.4226416| 2.189147 | 8.30195 | 18.47993 | 32.73484
Es 0.001346582| 0.03366436 | 0.1346554| 0.5385994| 3.365998 | 13.46364 | 30.29302 | 53.85415
Es 0.001344888| 0.03267327 | 0.1186802| 0.3481393| 1.683738 | 5.554621 | 12.93236 | 22.63588
Es 0.001344906| 0.03274865 | 0.1220006| 0.3995832| 1.6902 | 6.449636 | 13.80009 | 25.12668
Es 0.00134505 | 0.03304979 | 0.1281983| 0.4855313| 2.781283 | 10.5562 | 23.23618 | 40.81639
E; 0.001345046| 0.03324542 | 0.1302694| 0.4523458| 2.295357 | 10.94049 | 25.53724 | 46.09026
Es 0.001344794| 0.03240041 | 0.1119576| 0.2376889| 0.7647709| 5.331445 | 13.55212 | 25.38186
Eo 0.001345027| 0.03331753 | 0.1327083| 0.5298099| 3.309715 | 13.23913 | 29.78856 | 52.95801
Enew 0.000696124 | 0.001170942 | 0.0017822 | 0.0116919 | 0.1158654 | 0.3593233 | 0.5407395 | 0.665192
Note that: bold and italic values idicate the smallest values of the AMSE.
Impact Factor (JCC): 2.6305 NAAS Ragj 3.19



