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SOLUTION OF MULTICOLLINEARITY BY RIDGE REGRESSION

R. SINGH
ASST. PROFESSOR
NORTH EASTERN HILL UNIVERSITY
SHILLONG

ABSTRACT

Adequate attention is required to give on the presence of multicollinearity and its solution through some variants of ordinary least square (OLS). The traditional
solution is to collect more observations or to drop one or more variables, which may often be impracticable in many situations. Hence, an attempt is made to
squeeze out maximum information from whatever data one has at one’s disposal. At first detect the presence of multicollinearity and remedial measures then
can be applied to alleviate those. It is proposed that in face of multicollinearity one may use: Ridge Regression (RR), Principal Component Regression (PCR) or
Generalized Inverse Regression (GIR). This paper axiomatically looks into ridge regression only to solve the problem of multicollinearity. Tychonoff (1943)
proposed a regularization, which is known as ‘Tikhonov Regularization’ and used most commonly for ill-posed problems. In Statistics, this is known as RR. Hoerl
and Kennard (H-K) proposed the technique of RR, which became popular tool with data analysis faced with a high degree of multicollinearity in the data. H-K
(1970 a, b) have suggested adding a small positive quantity in the diagonal elements of the design matrix, X X before inverting it. It is intriguing to notice that
this method was in frequent use since 1943. No wonder that Tychonoff published it in 1943 in Russian journal named ‘Doklady Akademii Nauk SSSR’. However, it
was the time when more and more qualities of RR came to light that the controversy arose about who should take the credit — Tychonoff who has been using it
and published it in 1943 in Russian or H-K who published it in 1970 in English.

KEYWORDS

Multicollinearity, Ridge Regression, Biasing Parameter, Variance Inflation Factor and Tikhonov Regularization.

INTRODUCTION
ulticollinearity and singularity are issues derived from a correlation matrix with too high of correlation among explanatory variables. Multicollinearity is
when variables are highly correlated and singularity is when the variables are perfectly correlated. In the presence of multicollinearity, the OLS
estimate is not obtainable. Multicollinearity exposes the redundancy of variables and it can cause both logical and statistical problems. Logically,
redundant variables weaken the analysis (except in the case of factor analysis), through reduction of degrees of freedom error.
The traditional solution is to collect more data or to drop one or more variables. Collecting more data may often be expensive or not practicable in many
situations and to drop one or more variables from the model to alleviate the problem of multicollinearity may lead to the specification bias and hence the
solution may be worse than the disease in certain situations. One may be interested to squeeze out maximum information from whatever data one has at one’s
disposal. This has motivated the researchers to the development of some very ingenious statistical methods namely ridge regression, principal component
regression and generalized inverse regression. These could fruitfully be applied to solve the problem of multicollinearity. This paper looks into RR only to solve
the problem of multicollinearity.

& AAT'T 1AL
Tychonoff (1943) proposed X= ( + ) Aﬂ This is popularly known as ‘Tikhonov Regularization’ (TR) and the most common used
regularization of ill-posed problems. In Statistics, TR is also known as RR. H-K (1970 a, b) proposed the technique of RR and then suggested adding a small
- I
1 XY

positive quantity in the diagonal elements of the design matrix, X 'X before inverting it. In other words, they proposed B R = X 'X +kl)

where B Risa ridge estimate of the parameter vector, (3.

MULTICOLLINEARITY AND CONSEQUENCES

Multicollinearity may be a possible problem in study with two or more explanatory variables because they measure essentially the same thing. Klein (1960)
argued rules of thumb that it is not necessarily a problem unless the intercorrelation is high relative to the overall degree of multiple correlation. Frisch (1934)
was the first researcher to seriously study the multicollinearity problem and he defined the term ‘multicollinearity’. In the presence of multicollinearity, the OLS

estimate is not obtainable. Presence of multicollinearity brings B far away in Euclidian distance from the true vector () that means we have garbage the
estimates. One of the basic implicit assumptions of the classical linear regression model Y = Xp + U is that there are no exact linear relations holding among the
observed values of the explanatory variables. In this situation the parameter vector is not estimable. Thus, the least square estimation procedure breaks down.

In practice an exact linear relationship is highly improbable, but the general interdependence of economic phenomena may easily result in the appearance of
approximate linear relationships in the explanatory variables. Johnson, Reimer and Rothrock (1973) resorted to a symptomatic definition: “Multicollinearity is
the name given to general problem which arises where some or all of the explanatory variables in a relation are so highly correlated one with another that it
becomes very difficult, if not impossible, to disentangle is their separate influence and obtain a reasonably precise estimate of their relative effects”. Cicci and
Tapley (1988) discussed, ‘When normal matrix contains one or more very small eigenvalues, multicollinearity is said to exist and when one or more eigenvalues

are precisely zero, the multicollinearity is said to be exact’. A measure that is specifically directed at X is the condition number of X X , Which is the square-
root ratio of the largest characteristic root of X X (after scaling each column so that it has unit length) to the smallest. Greene (2002) found that a measure

that is specifically directed at X is the condition number of X ,x , is the square-root ratio of the largest characteristic root of X ,x (after scaling each column
so that it has unit length) to the smallest.

2

If goal is simply to predict Y from a set of X variables, then multicollinearity is not a problem. The predictions will still be accurate, and overall R (or adjusted R

) quantifies how well the model predicts the Y values. If our goal is to understand how the various X variables impact Y, then multicollinearity is a big problem.
The presence of multicollinearity has a number of potentially serious effects on the least squares estimates of the regression coefficients. This is true that
multicollinearity does not destroy the property of minimum variance. But this does not mean that variance of an OLS estimator will necessarily be small (in
relation to the value of the estimator) in any given samples. Multicollinearity may inflate all the variances and consequently deflate all the t-values. We must see
what happens or is likely to happen in any sample.
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For multicollinearity, A P _ 0and MSE ([3 ) tends to infinity, B is subject to very large variance. Often this reveals the low values of the usual t-ratio whose

-1
denominator has the square root of the diagonal elements of ( X ’x ) . Marquardt termed it as variance inflation factor (VIF) and suggests a rule of thumb

] 1] -1
according to which VIF (i) =r > 5 indicates harmful multicollinearity, where r s the (i, j)th element of the inverse ( X 'X ) in the standardized data. Farrar

1
i -R?)|x, I’

ii i
and Glauber (1967) first suggested looking at the values of r  to diagnose multicollinearity. Theil (1971) shows that r

2 2
[ 1™ xix; R®. . N i »
Where =171 and is the squared multiple correlation coefficient when x ' is regressed on the remaining (p — 1) regressors.
For geometrically appealing discussion of the fact that nonorthogonality leads to wide confidence intervals for the regression coefficients. Another practical
difficulty with the estimated Student’s t value based on multicollinear data is that these values are highly unstable, and often change their sign and relative
magnitudes with minor perturbations in the data.

Multicollinearity can also result in [3.i appearing to “have the wrong sign”, i.e., opposite to a priori expectations of the researcher. The exact causes of wrong
signs may be many, and what appears to be a wrong sign may not even be wrong. Most regression practitioners know about the problem, even though it is not a
well-defined problem, in a puristic sense. Visco (1978) showed omitting a variable with relatively low t-value couldn’t correct the wrong sign of a regressor
having a higher t-value.

Von Neumann (1941), Wilkinson (1965) and others developed the concept of stability of B i vales with the use of some classical concepts in perturbation theory.
Beaton, Rubin and Barone (1976) perturb the available data on GNP, unemployment, etc. by adding uniform random number from - 0.500 to + 0.499, observed

that these minuscule variations drastically change most 3 i (e.g. from - 232 to + 237) and conventional tests of significance do not provide adequate information
about this kind of stability. In fact, Vinod (1981) showed the student’s t values are themselves quite unstable.

DETECTION AND MEASUREMENT OF MULTICOLLINEARITY
Determination of the severity and form of near exact linear dependencies is an obvious initial step before any remedial measures. The existence and form of
near exact linear dependencies should be measured.
| XX | | X x|
If

=0, one or more exact linear dependencies exist among the columns of X and if

X' X |

and Glauber (1967) defined a standard of comparison for | by defining multicollinearity as a departure of the matrix from orthogonality. The estimates
of both coefficient vector and its dispersion matrix require this operation. Using Wishart distribution, Wilks (1932) derives the moments & distribution of the
determinant of the sample covariance matrix. He then obtained the moments and the distribution of determinants for sample correlation matrices as well.
Explicit solutions for the distribution have not been obtained. However, Bartlett compares the lower moments of the Wilks distribution with those of chi-square
distribution obtained a transformation of |R | as

=1, the column of X are orthogonal. Farrar

ol

2
X =-[n—=1-°(2p+5)]log|R|

1

That is distributed approximately as chi-square with 2 p (p — 1) degrees of freedom, where n = size of the sample and p = number of variables. A high value of X

indicates the existence of multicollinearity. Its severity can be measured by the level of significance at which the null hypothesis viz. H® : | R | = 1 is rejected.
Cooley and Lohnes (1971) have completed a Monte Carlo study of this test.

2
Haitovsky (1969) gave a heuristic statistic, which is consistent with this concept. A small value of X indicates the existence of multicollinearity; its severity can
be measured by the level of significance at which the null hypothesis HO : |R | = 0 is accepted.

Multicollinearity is essentially a problem of small | R |, and it is irrelevant what the specific elements of R are that produces | R |. More to the point, if A 12, .,

p
Z A
A Pare the eigenvalues of R (not necessarily distinct), then |R | = 1=1 . The small eigenvalues, therefore, result in small R. In fact, a singular matrix implies the
existence of one or more zero eigenvalues. A rule can be established to constrain the smallest eigenvalue to be greater than a specific value. Dalling and Tamura
(1970) suggested 0.3 as the specified value.

ij

Klein suggests that the multicollinearity is said to be harmful if | r I | >R Y foralli % j, where r ° is the zero order correlation between two predictor variables.

2
Farrar and Glauber found some drawbacks in Klein’s rule and they developed a set of three tests for multicollinearity. The first test is based on X  that has been
discussed above. The second test is based on F test for locating which variables are multicollinear. Yet another test is a t test for finding out the pattern of
multicollinearity, that is, for determining which variables are responsible for appearance of multicollinearity.

2 2
O; 2 -1 (s n2
Compute the variance of regression coefficients B -0 (x X ) and then compute variance based on standardized variables as B = (J )
rod rod , 2 _
XX The elements of the diagonal of the XX matrix are the variance inflation factors (VIF). These are VIF I = (1- ! ) . The value of VIF is unity when
2

- 0 and this situation variable X' is not correlated to other independent variables. The value of VIF is greater than unity in otherwise. The largest value of
VIF (should not exceed 10) is an indicator of the multicollinearity. The mean of VIF is related to the severity of multicollinearity.

The Eigen values are extracted from the explanatory variables. These are variances of linear combinations of the explanatory variables. Now arrange these

values in descending order of magnitude. If one or more, at the end, are zero then the matrix is not full rank. These sum to p, and if the x! were independent,
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each would equal to zero. The condition number is the square root of the ratio of the largest (always the first) to each of the others. If this value exceeds 30 then
multicollinearity will be a problem.
RIDGE REGRESSION

The best solution is to understand the cause of multicollinearity and then apply RR, PCR or GIR. RR only could be one of the solutions of multicollinearity in this
paper. Tychonoff (1943) discussed a regularization, which became popular as ‘Tikhonov Regularization’ (TR) and the most common used in case of ill-posed

i AAT'T 1AR - | | N
problems. He proposed = + ) . TR has been invented independently in many different contexts. It became popular with its
application to integral equations from the work of A. N. Tikhonov and D. L. Phillips. That is why some of authors call it ‘Tikhonov-Phillps Regularization’. Hoerl
expounded the finite dimensional case only by a statistical approach and it is known as RR. M. Foster interpreted TR as a Wiener-Kolmogorov filter. The
regularization of the total least squares problem is based on TR and a generalized version of Tikhonov’s method takes for the linear least square problem. Nair,
Hegland and Anderssen (1997) applied TR to ill-posed operator equations. They proposed that assumptions must be made about the choice of the semi norm in
the TR and the regularity of the least squares solutions, which one looks for. Qi-nian (1999) proposed a posteriori parameter choice strategy to choose the
regularization parameter considering the finite-dimensional approximations of TR for nonlinear ill-posed problems with approximately given right-hand side.
Saitoh (2007) used TR for a problem related to inverse problem. He introduced a general theory of TR using the theory of reproducing kernels including error
estimates and convergence rates.

H-K (1970 a, b) proposed the technique of RR, which became a popular tool with data analysis faced with a high degree of multicollinearity in their data. They

have suggested adding a small positive quantity in the diagonal elements of the design matrix, X X before inverting it, i.e., they proposed BR =( X 'X +k

1 1
1) XY in lieu of B =( X 'X ) XY . They showed that BR has smaller mean square error than the OLS estimator, provided k is small enough and
the standard regression model holds. Later, H-K (1976) published another popularized article that explored ridge regression as an approach to multiple linear
regressions involving ‘poorly-conditioned’ data, that is, non-orthogonal predictor variable matrices. The genesis of RR lies with a paper written by Hoerl (1959) in
which he discussed optimization from the response surface point of view. The next step in the development of ridge regression was the paper by Draper (1963),
which provided the proofs lacking in Hoerl’s paper. However, H-K (1970 a, b) developed a rigorous statistical basis for the application of ridge regression to the

problem of multicollinearity in multiple linear regression models. Let B Ris the ridge estimate of the parameter vector, B in the linear model. Then

I
BR:(X'X +kl) LXTY O0<k<1
RR was originally suggested as a procedure for investigating the sensitivity of least squares based on data exhibiting near extreme multicollinearity,
where small perturbations in the data may produce large changes in the magnitude of the estimated coefficients. H-K (1970 a, b) introduce the generalized RR
estimator (GRE) as

BGR:[XX +pr']_1 XY

Where P is the matrix whose columns are orthonormal characteristic vectors of X X and D is a diagonal matrix of constants d i >0.

i i Br_ (XX , )t XY
If the constants d ! are all equal and take the value d ! = k, the GRE reduces to the RE as R = ( +kl) . The procedure of RE actually defines a
family of estimators of which OLS estimator is a member for k = 0, i.e., with k = 0 the RE reduces to OLS estimator. The relation between OLS and RE estimators is

as
- N A A 2 — -
[I+k(xx) 1]BR =BandV(BR)=0 (XX +k1) ! XX(X'X +kl) 1,where

2
V (Y) =0 |under the classical regression assumption.
Gauss (1809) suggested MSE as the most relevant criterion for choice among estimators. H-K (1970 a, b) gave theoretical justification for RR with the existence

A A

of strictly positive k as MSE ( BR ) < MSE ( B ). Vinod (1976) proved for positive and stochastic ki MSE ( BGR ) < MSE ( B ) by interpreting Battacharya’s (1966)
estimator as a form of generalized RR. The estimated regression coefficients using RR and OLS are compared in terms of MSE, i. e., the average squared Euclidian
distance between the estimate and the parameter. Hawkins (1975) outlined a technique named eigenanalysis and used as estimator, which is identical with RE.

The data matrix D = (Y: X) could be used to form another matrix T = D'D which could be diagonalized through an orthogonal matrix A such that ATA' = diag (A i ),
where A | are eigenvalues of T. If a matrix T(k) = T + k | is obtained by suitably augmenting the data matrix with dummy observations, then since AT(k)A’ = diag (A

iy k), a direct application of the result of Hawkins would lead to estimators which are identical with ridge estimate (RE). RR is closely related to the Bayesian
estimation. Generally, if a p-variable normal distribution mean vector B, and variance-covariance matrix V, describes prior information about 3, the Bayesian

~ 1 1
2 -1 il 2 =
estimator of f3 is BB =1 0° X 'X +V, ] [ o- X x +V, B]. Many authors like Leamer (1978), Zellner (1971), etc. discussed the use of Bayesian
2 ~ ~
O 1 X

method in regression. However, if we select prior mean 3,=0and V, = 0 I, then BB = X X +kl) XY = BR reduces to the usual ORE, when k = 0

2
2 / O'O .

CHOICE OF BIASING PARAMETER

Much controversy concerning RR centres on the choice of biasing parameter, k. Several authors have suggested methods for selecting the biasing parameter, k
in the literatures. No firm recommendation to optimal choice of k seems to emerge. Some of them are as.

A

Wermuth (1972) suggested the value of k by minimizing the mean squared error of o R with respect to k.
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525 A (A +k)
i=1

Py 22 -3
SAGEN +k —_— .
k:izl Y ( | ) ,whereé:P'BandaR:P' BR.

2 2 A2
Dempster (1973) developed an empirical Bayes estimator for a prior distribution of a given as a 0N (0, w 1). He then suggested replacing o by o and
the value of k is estimated by solving the equation.

P ~2
a;

=~

6.2

—
= |

+
)\i)
p=

The ridge trace, as suggested by H-K (1970 a, b), is a two-dimensional plot of B R against k in the interval [0, 1]. The second aspect is to determine the value of
k, which gives a better estimate of 3.

202

A

=

A p I
Theobald (1974) showed the difference of the MSE for B and BR is a positive definite matrix, if k < '8

6.2

. Farebrother (1975) suggested the value of k that

~=
was empirically smaller optimal value of k than that of H-K (1970 a, b) and it is k = B B . H-K and Baldwin (1975) suggested an appropriate choice for k as
o2
po

KHKB - BB

Thisted (1976) modified the HKB estimator due to over shrinking towards zero and proposed k T as an estimate.

(p-2)6°

~

kT = B'B

A~

A~ 2
, Where B is OLS estimate of 3, 2. (Y —XB)' (Y —XB) and p is the number of explanatory variables.

0.2

max\ V;
Schmidt (1976) suggested the value of k = (y' ) , which unfortunately gives a negative value of k. Vinod (1978) corrected it that is inefficient compared to
Theobald’s estimate.

In a subsequent paper H-K (1976) proposed an iterative estimation procedure based on k HKB | They suggested the sequence of estimates of 3 and k.
~ 2
(o)

B o BB

2

~ pa
Br (ko) | o Br (k) Br (ko)

pG °

Br (k;) 2. Br (k) Bg (k)

0.2

2
I
H-K proved superiority of RE over OLS estimator of a positive k whose range is 0 < k < yO , where yO is the largest element of vector y = P B.
Vinod (1976 b) advocated a modification of H-K’s ridge trace (RT) method to make the optimal choice of biasing parameter more objective and meaningful. One
suggestion of Vinod was to plot the regression estimates against m instead of k.

P -1

XA (A +k)

i=1
m=p-
The three main advantages are: (i) it can be used for generalized ridge regression (GRR) too, (ii) it narrows down the range of choice of k since 0 < k < «
corresponds to 1 < m < p, and (iii) it does not have the unfortunate property of Hoerl and Kennard’s RT where even for completely orthogonal data the RT may
appear more stable for larger value of k.
Ullah, Vinod and Kediyala (1981) suggested a family of double h-class ridge estimators, of which many earlier methods are special cases. They showed on the
basis of MSE criterion the GRR would dominate over OLS estimate for
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2 -1
X 2 . 2 N7 1
k|:h10 (rl _hZG )\l )

They further obtained a single value k as.

-1
A2 ~2 )\ -1
k=ph10 (C’C—h2 o z ) where C is the OLSE of vector Y.
1

This value of k coincides with those suggested by H-K & Baldwin (1975) and Farebrother (1975) for (h 1= 1,h 2 - 0)and (h 1= p andh?2 = 0) respectively.

CONCLUDING REMARKS

Multicollinearity is suspected frequently for both a theoretical problem and problem with a particular sample of data. The problem of multicollinearity is as old
as econometrics itself. At first detect the presence of multicollinearity in the data. Because of its presence in the data the design matrix becomes close to
singular and hence the OLS estimate cannot be carried out. RR is an alternative estimation method when there is an extremely high degree of multicollinearity
present in the data set (Darlington in 1978). RR is more advanced solution of multicollinearity and it injects small bias but generally greatly reduces the MSE
giving more reliable estimates of f3.

Singh (2010 b) discussed that a Russian article published by Tychonoff in 1943 became popular as ‘Tikhonov Regularization’ (TR). TR has been invented
independently in many different contexts. It became widely known from its application to integral equations from the work of A. N. Tychonoff and D. L. Phillips.
Some authors call the term Tikhonov-Phillips regularization. A. E. Hoerl expounded the finite dimensional case under statistical approach. M. Foster interpreted
this method as a Wiener-Kolmogorov filter. Following Hoerl, it is known in the statistics literature as RR. TR is the most commonly used method of regularization
of ill-posed problems and in Statistics, the method is also known as RR. It has relation to singular value decomposition and Wiener filter. Anders (2001) suggests
that RR is an application of Tikhonov regularization, a method that has been explored in the approximation theory literature for about as long as RR has been
used in Statistics.

The RE, different from OLS estimator, is a small positive increment (called biasing parameter) made to the diagonal element of the design matrix before inverting
it. However, RE is biased; it has smaller mean square error than OLSE. RE is compared with other biased estimators. The ordinary ridge estimator with a given k is

a biased linear estimator but value of B R in certain interval has smaller mean square error than the OLS estimator. When the value of k is not given a prior and
has to be determined from sample observations, the resulting OR estimators are no longer linear and can compete with OLS estimators on equal terms of the
same prior information. Shapiro (1984) found that Vinod (1981) demonstrates estimated t-values are highly unstable with collinear data and often change their
signs and relative magnitudes, even when the perturbations are minor. Vinod and Ullah (1981) found in general, any violations of the basic assumptions of least
squares procedures tend to be more serious in the presence of multicollinearity.

McDonald and Schwing (1973) used the ridge regression procedure for analyzing mortality rates by various socio-economic (weather and pollution) variables.
Vinod (1974) modified the canonical correlation analysis in the light of RR and used for estimating a joint production function.

In drawing conclusions one should remind of the fact that the assessment of the ORE and OLSE is based on entirely on the loss in estimation. Since the small
sample properties of the non-linear ORE are not known, the ORR procedure is not suited for testing hypotheses. This makes ORR uninteresting for many
econometricians and applied statisticians. It would be seen that the ORR might well become a powerful tool in forecasting, particularly in situations where a high
degree of multicollinearity makes the OLS forecast unstable.

Although measure of credit is attributed to H-K for RR, which was published latter in the year 1970 in an English publication, widely circulated and read by the
researchers. In contravention to the actual credit of Tychonoff for TR, this was published much earlier in the year 1943 in Russian language, which neither was
widely circulated nor popular among the researchers. Moreover, it is appropriate to give higher credit to TR which gives findings of more general nature than RR
by H-K which highly contextual in nature. Therefore, this controversy of attributing credit remains putting TR at disadvantage for lesser circulation in language of
limited readership. Singh (2011) concluded that it is highly appropriate and legitimate to give credit to Tychonoff’s TR which gave findings of more general than
H-K’s RR which highly contextual in nature. Singh (2010 a) found that it is similar to disadvantage born by Gauss who was profounder and user of ‘Method of
Least Squares’ since 1794 without publishing whereas the credit was taken by Legendre who published the method much latter in 1805.

REFERENCES

1.  Anders, B. (2001), “Ridge regression and Inverse Problems”, Stockholm University, Sweden.

2. Beaton, A. E.; D. B. Robin and J. L. Barone (1976), “The Acceptability of Regression Solutions: Another Look at Computational Accuracy”, JASA, 71 (353),
158-168.

3. Bhattacharya, P. K. (1966), “Estimating the Mean of a Multivariate Normal Population with General Quadratic Loss Function”, Annals of Mathematical
Statistics, 37 (4), Dec., 1818-1825.

4.  Cicci, D. A. and B. D. Tapley (1988), “Optimal Solutions of Unobservable Orbit Determination Problems”, Celestial Mechanics and Dynamical Astronomy, 44
(4), 339 -363.

5 Coniffe, D. and J. Stone (1973), “A critical View of Ridge regression”, The Statistician, 22, 181-187, cited in Singh (2010 b).

6. Coole, W. M. and P. R. Lohnes (1971), “Multivariate Data Analysis”, John Wiley and Sons, Inc., New York.

7. Dalling, J. R. and H. Tamura (1970), “Use of Orthogonal Factors for Selection of Variables in a Regression Equation - An lllustration”, JRSS, C, 19 (3), 260-268.

8 Demster, A. P. (1973), “Alternatives to Least Squares in Multiple Regression”, in Kabe and Gupta (eds.), Multivariate Statistical Inference, North Holland,
New York, 25- 40, cited in Singh (2010 b).

9.  Draper, N. R. (1963), “Ridge Analysis of Response Surveys”, Technometrics, 5 (4), 469-479.

10. Farebrother, R. W. (1975), “The Minimum Mean Square Error Linear Estimator and Ridge Regression”, Technometrics, 17 (1), 127-128.

11. Farrar, D. E. and R. R. Glauber (1967), “Multicollinearity in Regression Analysis: The Problem Revisited”, The Review of Economics & Statistics, 49 (1), 92-
107.

12. Frisch, R. (1934), “Statistical Confluence Analysis by Means of Complete Regression Systems”, Institute of Economics, Oslo University, Publication No. 5,
cited in Maddala (1977).

13. Gauss, C. F. (1809), “Theoria Motus Corpourum Coelestium in Sectionibus Conicis Solem Ambientium Frid Perthes et I. H. Besser, Hamburgi”, Reprinted
1906 in Werke, Band VII, Koniglichen Gese llschaft der Wissenschaften Gottingen, pp. 1-280; partial English translation by Hale F. Trotter in TR #5,
Statistical Techniques Research Group, Prince. Univ., 1957, pp. 127-147, cited in Singh (2010 a).

14. Greene, W. H. (2002), “Econometrics Analysis”, Pearson Education Asia, Delhi.

15. Haitovsky, Y. (1969), “Multicollinearity in Regression Analysis: Comment”, Review of Economics & Statistics, 51 (4), 486- 489.

16. Hawkins, D. M. (1975), “Relation between Ridge Regression and Eigenanalysis of the Augmented Correlation Matrix”, Technometrics, 17 (3), 477- 480.

17. Hoerl, A. E. (1959), “Optimum Solution of Many Variables Equations”, Chemical Engineering Progress, 55, Nov., 69-78, cited in Cicci and Tapley (1988).

18. Hoerl, A. E. and R. W. Kennard (1970 a), “Ridge Regression: Biased Estimation of Nonorthogonal Problems”, Technometrics, 12 (1), 55-67. ----- (1970 b),
“Ridge Regression: Application to Nonorthogonal Problems”, Technometrics, 12 (1), 69-82.

19. Hoerl, A. E., R. W. Kennard and K. F. Baldwin (1975), “Ridge Regression: Some Simulation”, Communication in Statistics, 4 (2), 105-123.

20. Hoerl, A. E. and R. W. Kennard (1976), “Ridge Regression Iterative Estimation of the Biasing Parameter”, Communication in Statistics, 5 (1), 77-88.

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT 134

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
WWWw.ijrcm.org.in



VoLUME No. 2 (2012), I ssue No. 8 (AUGUST) I SSN 2231-1009

21. Johnson, S. R., S. C. Reimer and T. P. Rothrock (1973), “Principal Components and the Problem of Multicollinearity”, Metroeconomica, 25 (3), 306-317, First
Published online: 28 Jul. 2006.

22. Klein, L. R. (1960), “Essays in Economics and Econometrics”, University of North Carolina Press, Chapel Hill, N. C.

23. Leamer, E. (1978), “Specification Searches: Ad Hoc Inference With Nonexperimental Data”, John Wiley & Sons, Inc., New York.

24. Maddala, G. S. (1977), “Econometrics”, McGraw, New York.

25. McDonald, G. C. and R. C. Schwing (1973), “Instabilities of Regression Estimates Relating Air Population to Mortality”, Technometrics, 15 (3), 463-481.

26. Nair, M. T., M. Hegland and R. S. Anderssen (1997), “The Trade-off between Regularity and Stability in Tikhonov Regularization”, Mathematics of
Computation, 66 (217), 193-206.

27. Qi-nian, J. (1999), “Applications of the Modified Discrepancy Principle to Tikhonov Regularization of Nonlinear ill-Posed Problems” SIAM Journal on
Numerical Analysis, 36 (2), 475 - 490.

28. Saitoh, S. (2007), “Application of Tikhonov Regularization to Inverse Problems Using Reproducing Kernels”, Journal of Physics: Conference series, 73
(012019), 1-12, Available at www.google.com.

29. Schmidt, P. (1976), “Econometrics”, Marcel Dekker, New York.

30. Shapiro, J. Z. (1984), “On the Application of Econometric Methodology to Educational Research: A Meta-Theoretical Analysis”, Educational Researcher, 13
(2), Feb., 12-19.

31. Singh, R. (2010 a), “Development of Least Squares: A Survey”, The IUP Journal of Computational Mathematics, IIl (1), 54-84. --- (2010 b), “A Survey of Ridge
Regression for Improvement Over Ordinary Least Squares”, The IUP Journal of Computational Mathematics, Ill (4), 1-21. --- (2011), “Two Famous
Conflicting Claims in Econometrics”, Asian-African Journal of Economics and Econometrics, 11 (1), 185 - 186.

32. Smith, G. and F. Campbell (1980), “A Critique of Some Ridge Regression Methods”, JASA, 75 (369), 74-103.

33. Theil, H. (1971), “Principles of Econometrics”, John Wiley and Sons, Inc., New York.

34. Theobald, C. M. (1974), “Generalizations of Mean Square Error Applied to Ridge Regression”, JRSS, B, 36 (1), 103-106.

35. Thisted, R. A. (1976), “Ridge Regression, Minimax Estimation, and Empirical Bayes Methods”, Technical Report, 28, Stanford University, Available at
www.google.com.

36. Tychonoff, A. N. (1943), “O6 ycToiunBocTM 0bpaTHbIX 3aga4 [On the Stability of Inverse Problems]”, Doklady Akademii Nauk SSSR, 39 (5), 195-198,
Available at www.google.com

37. Ullah, A; H. D. Vinod and K. Kediyala (1981), “A Family of Improved Shrinkage Factors for the Ordinary Ridge Estimator”, European Econometric Society
Meeting, Athens, 1979, in Chartist (ed.), Selected Papers on Contemporary Econometric Problems, North Holland, Amsterdam, cited in Singh (2010 b).

38. Vinod, H. D. (1974), “Ridge Estimation of a Trans-log Production Function”, Business Economic Statistics Section Proceeding, American Statistical
Association, Washington, cited in Singh (2010 b).

39. Vinod, H. D. (1976 a), “A Ridge Estimator Whose MSE Dominates OLS”, Abstract, Bulletin of the Institute of Mathematical Statistics, 5, 189, cited in Singh
(2010 b). --- (1976 b), “Application of New Ridge Regression Methods to a Study of Bell System Scale Economics”, JASA, 71 (356), 835-841.

40. Vinod, H. D. (1978), “A survey of Ridge Regression and Related Techniques for Improvements over Ordinary Least Squares”, Review of Economic and
Statistics, 60 (1), 121-131.

41. Vinod, H. D. (1981), “Enduring Regression Estimator”, Bell Laboratories Economics, Discussion Paper No. 188, Murray Hill, NJ, cited in Shapiro (1984).

42. Vinod, H. D. and A. Ullah (1981), “Recent Advances in Regression Methods”, Marcel Dekker, New York.

43. Visco, I. (1978), “On Obtaining the Ridge Sign of a Coefficient Estimate by Omitting a Variable from the Regression”, Journal of Econometrics, 7 (1), 15-118.

44. Von Neumann, J. (1941), “Distribution of the Ratio of the Mean-Square Successive Difference to the Variance”, Annals of Mathematical Statistics, 12 (4),
367-395.

45.  Wermuth, N. (1972), “An Empirical Comparison of Regression Methods”, Unpublished Doctoral Dissertation, Harvard University, cited in Lin and Kamenta
(1982).

46. Wilkinson, J. H. (1965), “The Algebraic Eigenvalue Problem”, Oxford University Press, New York.

47. Wilks, S. S. (1932), “Certain Generalizations in the Analysis of Variance”, Biometrika, 24 (3/4), 471- 494.

48. Wonnacott, R. J. (1970), “Econometrics”, First Ed., Wiley, New York.

49. Zellner, A. (1971), “An Introduction to Bayesian Inferences in Econometrics”, John Wiley & Sons, Inc., New York.

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT 43¢

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
WWWw.ijrcm.org.in



VoLUME No. 2 (2012), I ssue No. 8 (AUGUST) I SSN 2231-1009

REQUEST FOR FEEDBACK

Dear Readers

At the very outset, International Journal of Research in Computer Application and Management (IJRCM)

acknowledges & appreciates your efforts in showing interest in our present issue under your kind perusal.

| would like to request you to supply your critical comments and suggestions about the material published
in this issue as well as on the journal as a whole, on our E-mail infoijrcm@gmail.com for further

improvements in the interest of research.

If you have any queries please feel free to contact us on our E-mail infoijrcm@gmail.com.

| am sure that your feedback and deliberations would make future issues better — a result of our joint

effort.

Looking forward an appropriate consideration.

With sincere regards

Thanking you profoundly

Academically yours

Sd/-

Co-ordinator

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT 43¢

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
WWWw.ijrcm.org.in



VoLUME No. 2 (2012), I ssue No. 8 (AUGUST) I SSN 2231-1009

ABOUT THE JOURNAL

In this age of Commerce, Economics, Computer, I.T. & Management and cut throat

competition, a group of intellectuals felt the need to have some platform, where young

and budding managers and academicians could express their views and discuss the
problems among their peers. This journal was conceived with this noble intention in view.
This journal has been introduced to give an opportunity for expressing refined and
innovative ideas in this field. It is our humble endeavour to provide a springboard to the
upcoming specialists and give a chance to know about the latest in the sphere of research
and knowledge. We have taken a small step and we hope that with the active co-
operation of like-minded scholars, we shall be able to serve the society with our humble

efforts.
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