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This paper introduces some new estimators for estimating ridge parameter, based on correlation between response 
and regressor variables for ridge regression analysis. A simulation study has been made to evaluate the performance 
of proposed estimators based on the minimum mean squared error (MSE) criterion compared to ordinary least 
squares (LS) estimator and ordinary ridge regression (RR) estimator. The simulation studies demonstrated that the 
suggested estimators are superior to LS and RR estimators in ridge regression analysis with Heteroscedastic and/or 
correlated errors, outlier observations. 
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1. Introduction 
 
The multiple regression model is the most widely used statistical tool applied in all most every discipline, 
hence estimation of unknown parameters is a common interest for many users. It is well known that ordinary 
least squares (LS) estimators are the best linear unbiased ones.  However, if the objective of any study is to 
minimize some specific risk function, then other types of estimators perform better than the LS estimators. 
Also, in regression analysis, the presence of multicollinearity among independent variables is a common 
problem which exhibits serious undesirable effects on the analysis. Its one of the major consequence on 
ordinary least squares (LS) is that the estimator produces huge sampling variances which may result in the 
exclusion of significant coefficients from the model (see Farrar and Glauber 1967). To overcome 
multicollinearity various biased estimators were put forward in the literature.  
 The Ridge Regression (RR) estimator proposed by Hoerl and Kennard (1970) is the most popular biased 
estimator. The ridge regression became extremely popular in the seventies and eighties; see the survey in 
McDonald (2009). However, RR estimator has some disadvantages; mainly it is a nonlinear function of the 
ridge parameter (or biasing constant) k. This leads to complicated equations when selecting k. The formula is 
there, for this ridge parameter but it depends on the unknown parameters, so its determination in practice is 
not feasible. Many authors proposed different approximations for it. Each new suggestion was compared with 
and often declared victory over some existing ones, but there did not exist a large scale comparison between 
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all known methods. The conventional wisdom is that no single method would be uniformly better than all the 
others. Also, as pointed out by Liu (2003) when there exits sever multicollinearity the ridge parameter k 
selected for ridge regression may not fully remedy the problem of multicollinearity. On the other hand ridge 
regression approach has been studied by McDonald and Galarneau (1975), Lawless (1978), Gibbons (1981), 
Sarkar (1992), Saleh and Kibria (1993), Zhong and Yang (2007), Singh and Chaubey (1987), Batah et al. 
(2008), Yang and Chang (2010) and others to mention a few. Ridge Regression estimator has been the 
benchmark for almost all the estimators developed later in this context.  
 Many different techniques for estimating k have been proposed or suggested by different researchers Hoerl 
et al. (1975), Lawless and Wang (1976) , B. M. Kibria (2003), Khalaf and Shukur (2005), Alkhamisi and 
Shukur (2007) , Muniz and Kibria (2009) , Dorugade and Kashid (2010), Al- Hassan (2010), Muniz et al. 
(2012) to mention a few. Some of these estimators are uses application of eigen values and/or error variance 
σ2. Correlation between the regressor plays an important role in detection of multicollinearity. With this 
application, in this article we try to introduce some estimators for k based on only correlation coefficients (ri) 
between response and regressor variables. In the present literature related to ridge parameter most of the 
researchers compare superiority of their suggested estimators with other existing methods using well ridge 
estimator given by Hoerl and Kennard (1970) in terms of minimum MSE criterion. In the present work we 
evaluate the performances of our suggested estimators of k using parameter estimation method given by Hoerl 
and Kennard (1970) in the presence of multicollinearity, outliers and Heteroscedastic random errors 
respectively. 
 This article is organized as follows: In Section 2, we define model and parameter estimation methods. In 
Section 3, we have proposed some new estimators for k based on correlation coefficients (ri) between 
response and regressor variables.  We compare that our new estimators in the mean square error (MSE) sense, 
to the RR estimator, in the same Section. In Section 4, Performances of the proposed estimators with respect 
to the scalar MSE criterion compare to LS and RR estimators are evaluated based on the Monte Carlo 
Simulation results.  Finally, article ends with some concluding remarks. 
 

2. Model and Estimators 
 
Consider, widely used linear regression model   

 εβ += XY , (2.1) 

where Y is a n×1 random vector of response variables, X is a known n×p matrix with full column rank, ε is the 
vector of errors E(ε) = 0 and Cov(ε) = σ2In. β is a p×1 vector of unknown regression parameters and σ2 is the 
unknown variance parameter. For the sake of convenience, we assume that the matrix X and response variable 
Y are standardized in such a way that X´X is a non-singular correlation matrix and X´Y is the correlation 
between X and Y.  
 Let Λ and T be the matrices of eigen values and eigen vectors of X´X, respectively, satisfying T´X´XT = Λ 
= diagonal (λ1, λ2,..., λp), where λi being the ith eigen value of X´X and T´T = TT´ = Ip. We obtain the equivalent 
model  

 Y = Zα +ε , (2.2) 

where Z = XT , it implies that Z´Z = Λ, and α = T´β (see Montgomery et al., 2003)                                 
Then LS estimator of α is given by 

 YZZZLS
'1' )(ˆ −=α = 1−Λ YZ ' . (2.3) 

Therefore, LS estimator of β is given by 

 LSLS Tαβ ˆˆ = . 
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2.1. Ridge Regression Estimator (RR)  
 
To overcome multicollinearity under ridge regression, Hoerl and Kennard (1970) suggested an alternative 
estimate by adding a ridge parameter k to the diagonal elements of the least square estimator. It is given as: 

 RRα̂ = ( )[ ] LSkIkI α̂1−+L−  (2.4)  

Therefore, RR estimator of β is given by 

 RRRR Tαβ ˆˆ =  

and mean square error of RRα̂ is  

 MSE ( RRα̂ ) ∑∑
==

+++=
p

i
ii

p

i
ii kkk

1
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22 )(ˆ)(ˆ λαλλσ  (2.5) 

where, iα̂  is the ith
  element of LSα̂ ,   pi ,...,2,1=  and 2σ̂  is the LS estimator of 2σ i.e. 2σ̂ 1

ˆ '''

−−
−

=
pn

YZYY LSα .  
Hoerl et al. (1975) suggested that, the value of ‘k’ is chosen small enough, for which the mean squared error of 
ridge estimator, is less than the mean squared error of LS estimator. Among the various methods here we used 
most widely used ridge parameter to compute RRα̂  given by Hoerl et al. (1975) which given as below. 

 ∑
=

=
p

i
ipk

1

22 ˆˆ ασ  (2.6) 

We observe that, when k = 0 in Eq. (2.5), MSE of LS estimator of α is recovered. Hence 

 MSE ( LSα̂ ) = ∑
=

p

i
i

1

2 1ˆ λσ  (2.7) 

3. Proposed Estimators  
 
Rodgers and Nicewander (1988) present a longer review of ways to interpret the correlation coefficient. They 
present 13 different ways of interpretations to conceptualize correlation coefficients as a most basic measure 
of bivariate relationship. Most of these interpretations are distribution free, since computation of a sample 
correlation requires no assumptions about a population (see Nefzger and Drasgow, 1957). Based on one of 
these interpretation, for the bivariate data (X, Y) when we standardize the two raw variables, the standard 
deviations become unity and the slope of the regression line of Y on X as becomes the correlation coefficient. 
In this case, the intercept is 0, and the regression line is easily expressed as rXY =ˆ  
 It is well known that the correlation coefficient between the regressor helpful in detecting the near linear 
dependency between the same pairs of regressor only. However, correlation between regressor plays an 
important role in detecting problem of multicollinearity. Based on the model defined in (2.1) we extend the 
interpretation in multiple linear regression and regression line can be expressed as  

XCY =ˆ  

Where, '
21 ),...,,( prrrC =  with piXYrr ii ,...,2,1),( ==  is the vector of order p×1  of correlation coefficients.  

Now we introduce some estimators of k  based on C; since suggested estimators are based on correlation 
coefficients ir  these are termed as correlation based estimators. We denote our ridge parameters by  
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).(.)1( ic rMAk = , 

)()2( ic rMediank =  
and 

).(.)3( ic rMHk = . 

Even though the above approach is quite simple and straightforward, to the best of our knowledge, it has not 
been considered in the literature at all. 
 Based on these above estimators of ridge parameter k, using Eq. (2.4) estimators of α  are given by  

 )(ˆ j
cα  = [ ] YZIjkc

'1)( −+Λ ,     3,2,1=j , (3.1) 
or 
 )(ˆ j

cα  = [ ]1)( −− jc AjkI LSα̂ ,     3,2,1=j , 

where, ))(( IjkA cj +Λ=   for 3,2,1=j . 
 Hence, estimators of β are:  

 )(ˆ j
cβ = )(ˆ j

cTα ,     3,2,1=j . 

Thus, the coordinate wise estimators can be written as 

 i
ci

ij
c jk

α
λ

λα ˆ
))((

ˆ )(








+

= ,     3,2,1=j , 

where iα̂  are the individual components of LSα̂ .   
 
3.1. Bias, Variance and MSE of )(ˆ j

cα , 3,2,1=j  
 
Bias of )(ˆ j

cα : 

 ( ))(ˆ j
cBias a = αα −]ˆ[ )( j

cE  
                                       = α1)( −− jc Ajk ,     3,2,1=j . 
 
Variance of )(ˆ j

cα : 

 ( ))(ˆ j
cVar a = ]))ˆ(ˆ())ˆ(ˆ[( ')()()()( j

c
j

c
j

c
j

c EEE αααα −−  
                                = '1121 ))(())(( −−− −Λ− jcjc AjkIAjkI σ ,     3,2,1=j , 

where )ˆ( LSMSE α = )ˆ( LSV α = 1)'(2 −ZZσ = 12 −Λσ . 
 
MSE of )(ˆ j

cα : 

 ( ))(ˆ j
cMSE α  = ( )[ ]2)()( ˆ)ˆ( j

c
j

c BiasV aa +  
                                                    = '1121 ))(())(( −−− −Λ− jcjc AjkIAjkI σ + α12))(( −

jc Ajk 1' −
jAα  

or 

 ( ))(ˆ j
cMSE α = ∑∑
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where, iα̂  is the ith
  element of LSα̂ , pi ,...,2,1= .  

Published by Atlantis Press
Copyright: the authors

416



 Correlation Based Ridge Parameters 
 

3.2. Comparison Between the )(ˆ j
cα  and RRα̂   

 
It is well known that, the value of ridge parameter ‘k’ is chosen small enough, for which the mean squared 
error of RR estimator, is less than the mean squared error of LS estimator. Hence, in the following we only 
compare our proposed estimator to the RR estimator. Using Eq. (2.5) and Eq. (3.2) we investigate the 
following difference: 

( ) ( ))(ˆˆ j
cRR MSEMSE αα − ∑
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From above equation, it can be shown that  

( ) ( ))(ˆˆ j
cRR MSEMSE αα ≥      for 3,2,1=j  

if and only if 22222222 ))(ˆ))((ˆ()ˆˆ())(( kjkkjk iiciiici ++≥++ λαλσαλσλ . 

 

4.  Simulation Study 
 
Consequently, parameter estimation methods are based on LS estimators do not assure the desirable results in 
the presence of multicollinearity, outliers and Heteroscedastic random errors respectively. Under these 
circumstances we evaluate the performance of proposed estimators compare to Least squares and ordinary 
ridge regression estimators through simulation study. We examined the average MSE (AMSE) of the 

LSβ̂ , RRβ̂  and )(ˆ j
cβ  estimators for different degrees of multicollinearity. We consider the true model as 

εβ += XY . Following McDonald and Galerneau (1975) the explanatory variables are generated by  

.,...,2,1,...,2,1,)1( 2/12 pjniuux ipijij ==+−= ρρ  

Where, uij are independent standard normal pseudo-random numbers and ρ  is specified so that the theoretical 
correlation between any two explanatory variables is given by ρ 2. In this study, to investigate the effects of 
different degrees of multicollinearity on the estimators, we consider three different correlations, ρ  = 0.85, 
0.95 and 0.99. β  parameter vectors are chosen arbitrarily for number of regressor p = 4. The variance of the 
error terms is taken as 2σ  = 3, 10, 25 and 50. We assumed samples of size of 50, 100 and 500.  Estimators 

LSβ̂ , RRβ̂  and )(ˆ j
cβ  are computed and obtained the average MSE (AMSE) of estimators. The experiment is 

repeated 2000 times and computed )ˆ(βAMSE using the following expression. 

)ˆ(βAMSE  = ∑∑
= =

−
p

i s
iis

1

2000

1

2)ˆ(
2000

1 ββ . 

where, isβ̂ denote the estimator of the ith parameter in the sth replication and iβ , pi ,...,2,1=  are the true 
parameter values. We consider the method that leads to the minimum values of )ˆ(βAMSE  to the best from 
the MSE point of view. The simulation is carried out for data exhibits with multicollinearity under following 
four different cases 
 

a. Data generated using normal errors. 
b. Data generated using outlier observations. 
c. Data generated using Heteroscedastic errors. 
d. Data generated using outlier observations and Heteroscedastic errors. 
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Case (a):  Here data exhibits with multicollinearity, generated using normal errors i.e. ),0(~ 2
nIN σε . Firstly, 

we computed the )ˆ(βAMSE  values using LSβ̂ , RRβ̂  and )(ˆ j
cβ  estimators for various values of triplet ( ρ , 

n, 2σ ) for p = 4 and reported in Table 1.  
 From Table 1, we observe that performance of our proposed estimators  )(ˆ j

cβ  for 3,2,1=j is better than LSβ̂  
and RRβ̂  for various values of triplet ( ρ , n, 2σ ). Particularly for increasing value of the error variance 2σ , 

)3(ˆ
cβ  gives smaller AMSE values as compare to )1(ˆ

cβ  and )2(ˆ
cβ  estimators.  

 

Case (b):  The same simulation experiment as in case (a) is repeated for 2000 times for all combinations of 
ρ , n, and 2σ by introducing respectively, one two and three outliers for p = 4. We computed the )ˆ(βAMSE  
using LSβ̂ , RRβ̂  and )(ˆ j

cβ  estimators for various values of combination ( ρ , n, 2σ ) in the presence of outliers 
and reported in Table 2. 
 Results in Table 2, shows that not only LSβ̂  but also RRβ̂  estimators are sensitive to the outlier 
observations. At the same time AMSE values of suggested estimators  )(ˆ j

cβ  for 3,2,1=j  are significantly 
smaller compare to LSβ̂  and RRβ̂  estimators for all combinations of ρ , n, 2σ  and introduced number of 
outliers one, two and three, respectively. Among suggested estimators )3(ˆ

cβ  gives smaller AMSE values as 
compare to )1(ˆ

cβ  and )2(ˆ
cβ  estimators for increasing value of the error variance 2σ .  

   

Case (c):  Here we consider the problem of Heteroscedasticity. Means we assume that the elements of the 
random vector ε were not independent and identically distributed random variables. To introduce 
Heteroscedastic and/or correlated errors in the model given in (2.2) and finally converted into in the following 
model  

 εα ~~~
+= ZY , (4.1) 

where, PYY =
~ , εε P=~ and PZZ =

~ . 
 With the assumptions E(ε) = 0 and Cov(ε) = 2σ V, where V is a known n × n symmetric positive definite 
(pd) matrix there exists a nonsingular symmetric matrix P such that PPV '1 =−  and 2σ > 0 is the unknown 
variance parameter. Model given in (4.1) matrix V will be estimated by method suggested by Firinguetti 
(1989). In the present study we choose 95.0=ρ  and consider matrix V is estimated as below 
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We computed the )ˆ(βAMSE using LSβ̂ , RRβ̂  and )(ˆ j
cβ  estimators for various values of combination ( ρ , n, V, 

2σ  ) for p = 4 and reported in Table 3.  
 From Table 3, we observe that performance of our estimators  )(ˆ j

cβ  for 3,2,1=j  is better than LSβ̂  and RRβ̂  
when data exhibits with multicollinearity generated using Heteroscedastic and/or correlated errors.  In this 
case also, for increasing value of the error variance 2σ , )3(ˆ

cβ  gives smaller AMSE values as compare to )1(ˆ
cβ  

and )2(ˆ
cβ  estimators. 
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Case (d):  In this case we evaluate the performance of proposed estimators for the simulated data exits with 
not only outliers but also Heteroscedastic and/or correlated errors, in linear regression model in the presence 
of multicollinearity. We introduce respectively one, two and three outliers in the simulated data with 
Heteroscedastic and/or correlated errors, where Heteroscedastic and/or correlated errors are introduced using 
the same method as given in Case (c). For the simulated data sets we computed the )ˆ(βAMSE  using LSβ̂ , 

RRβ̂  and )(ˆ j
cβ  estimators for p = 4 and values are reported in Table 4.  

 From AMSE values reported in Table 4, we observe that even if data exits with multicollinearity simulated 
with Heteroscedastic and/or correlated errors and having outlier observation in it, estimators )(ˆ j

cβ  for 3,2,1=j  
gives better performance than LSβ̂  and RRβ̂ . As same in case (a) to (c) as value of the error variance 2σ  has 
increases, )3(ˆ

cβ  gives smaller AMSE values as compare to )1(ˆ
cβ  and )2(ˆ

cβ  estimators.  
 

 From Case (a) to (d) in above simulation study, It is observed that LSβ̂  produces estimators of β  with 
large values of the )ˆ(βAMSE  in each of the above cases from (a) to (d) as compare to RRβ̂  and 

)(ˆ j
cβ estimators. Whereas proposed estimators )(ˆ j

cβ  for 3,2,1=j  are better as compare to LSβ̂  and RRβ̂  
estimators, since these estimators produces smaller values of the )ˆ(βAMSE  in each of the above cases (a) to 
(d) for different combinations of size of the sample (n), level of multicollinearity ( ρ ), variance of the error 
term ( 2σ ), number of predictors (p), matrix V and introduced outlier observations. Overall, )3(ˆ

cβ  gives better 
performance among the proposed estimators in all the cases. The novel feature of the proposed estimator is 
that it can be used without any modification in the proposed estimator it is better alternative to combat one or 
more than one problems among multicollinearity, outliers and Heteroscedastic and/or correlated errors occurs 
in linear regression. 
 

5.  Conclusion 
 
In this article some new estimators of ridge parameter k  and hence biased estimators )(ˆ j

cβ , 3,2,1=j , for 
estimating β  in linear regression are introduced. The investigation of proposed estimators has been done 
using Monte Carlo experiments, where levels of correlation, the numbers of explanatory variables and the 
sample sizes have been varied. The evaluation of our estimators has been done by comparing the MSEs of our 
proposed estimators with the LS estimator and the estimators of Hoerl and Kennard (1970). We found that our 
estimators uniformly dominate the other estimators in ridge regression analysis with outliers and 
Heteroscedastic and/or correlated errors. We believe that the findings of this paper will be useful for the 
practitioners. 
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Table 1.  AMSE of LS and other estimators (p = 4 and β = (10, 3, 7, 1)´) 
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Table 2.  AMSE of LS and other estimators (p = 4, ρ = 0.95 and β = (15, 1, 2, 6)´) 
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Table 3.  AMSE of LS and other estimators (p = 4 and β = (6, 3, 4, 2)´) 
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Table 4.  AMSE of LS and other estimators (p = 4, ρ = 0.95 and β = (4, 9, 3, 3)´) 

 

Published by Atlantis Press
Copyright: the authors

423



A. V. Dorugade 
 

 
References  
 
[1] D.E. Farrar and R.R. Glauber, Multicollinearity in regression analysis: The problem revisited, The Review of Economics and 

Statistics, 49(1), (1967), 92-107. 
[2] A.E. Hoerl and R.W. Kennard, Ridge regression: Biased estimation for non-orthogonal problems, Technometrics, 12, (1970), 

55-67. 
[3] G. C. McDonald, (2009) Ridge regression. Wiley Interdisciplinary Reviews, Computational Statistics, 1, (2009), 93-100. 
[4] K. J. Liu, Using Liu-type estimator to combat collinearity, Communications in Statistics-Theory and Methods, 32, (2003), 1009-

1020. 
[5] G. C. McDonald and D. I. Galarneau, A monte carlo evaluation of some ridge-type estimators. J. Amer. Statist. Assoc., 70, 

(1975), 407-416. 
[6] J.F.Lawless, Ridge and related estimation procedure, Comm. Statist., 7, (1978), 139-164. 
[7] D.G. Gibbons, A simulation study of some ridge estimators, J. Amer. Statist. Assoc., 76, (1981),131-139. 
[8] N. Sarkar, A new estimator combining the ridge regression and the restricted least squares method of estimation, Comm. Statist., 

21,(1992),1987-2000. 
[9] A.K.Md.E.Saleh and B.M.G. Kibria, Performances of some new preliminary test ridge regression estimators and their 

properties, Comm. Statist., 22, (1993), 2747-2764. 
[10] Z. Zhong and H.Yang, Ridge estimation to the restricted linear model, Comm. Statist. Theory Methods, 36, (2007), 2099-2115. 
[11] B. Singh and Y. P. Chaubey, On some improved ridge estimators, Statistical Papers, 28, (1987), 53-67. 
[12] F.S.Batah, T. Ramnathan and S.D. Gore, The efficiency of modified jackknife and ridge type regression estimators: a 

comparison, Surveys in Mathematics and its Applications, 24(2), (2008), 157-174. 
[13] H. Yang and X. Chang,  A New Two-Parameter Estimator in Linear Regression, Comm. Statist. Theory Methods, 39, (2010), 

923-934. 
[14] A.E. Hoerl, R.W. Kennard and K.F. Baldwin, Ridge regression: Some simulations analysis. Commun. Statist., 4, (1975),105-

123. 
[15] J.F. Lawless and P. Wang, A Simulation study of ridge and other regression estimators, Communications in Statistics -Theory 

and Methods, 14 (1976),1589-1604. 
[16] B.M.G. Kibria and A.K.Md.E.Saleh , Preliminary test ridge regression estimators with Student’s t errors and conflicting test-

statistics. Metrika, 59, (2004), 105-124. 
[17] G. Khalaf, and G. Shukur, Choosing ridge parameter for regression problem, Communications in Statistics.-Theory and 

Methods  34, (2005), 1177-1182. 
[18] M.A. Alkhamisi, G. Shukur, A Monte carlo study of recent ridge parameters, Commun. Statist. -Simulation, 36 (3), (2007), 535-

547. 
[19] G. Muniz and B. M. G.  Kibria, On some ridge regression estimators: An Empirical Comparisons, Communications in Statistics-

Simulation and Computation, 38, (2009), 621-630. 
[20] A.V. Dorugade and D. N. Kashid, Alternative method for choosing ridge parameter for regression, International Journal of 

Applied Mathematical Sciences, 4(9), (2010), 447 - 456. 
[21] Y. Al-Hassan, Performance of new ridge regression estimators, Journal of the Association of Arab Universities for Basic and 

Applied Science, 9, (2010), 23-26. 
[22] G. Muniz and B. M. G.  Kibria, M. Kristofer and G. Shukur, On Developing Ridge Regression Parameters: A Graphical 

investigation, SORT-Statistics and Operations Research Transactions, 36 (2), (2012), 115-138. 
[23] D.C. Montgomery, E.A. Peck and G.G. Vining, Introduction to Linear Regression Analysis, (Wiley), (2003). 
[24] J.L. Rodgers and W.A. Nicewander, Thirteen Ways to Look at the Correlation Coefficient, The American Statistician, 42(1), 

(1988), 59-66. 
[25] M. D. Nefzger, J. Drasgow, The Needless Assumption of Normality in Pearson's r, The American Psychologist, 12, (1957), 623-

625. 
[26] L. A. Firinguetti, Simulation study of ridge regression estimators with autocorrelated Errors, Commun. Statist. Simulation and 

Computation, 18, (1989), 673-702. 

Published by Atlantis Press
Copyright: the authors

424



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



