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Abstract -Gene regulatory networks (GRN) reconstruction is 
the process of identifying gene regulatory interactions from 
experimental data through computational analysis. GRN 
reconstruction-related works have boosted many major 
discoveries in finding drug targets for the treatment of human 
diseases, including cancer. However, reconstructing GRNs from 
gene expression data is a challenging problem due to high-
dimensionality and very limited number of observations data, 
severe multicollinearity and the tendency of generating cascade 
errors. These problems lead to the reduced performance of 
GRN inference methods, hence resulting in the method being 
unreliable for scientific usage. We propose a method called P-
CALS (Principal Component Analysis and Partial Least 
Squares) that is derived from the combination of PCA 
(Principal Component Analysis) with PLS (Partial Least 
Squares). The performance of P-CALS is assessed to the 
genome-scale GRN of E. coli, S. cerevisiae and an in-silico 
datasets. We discovered that P-CALS achieved satisfactory 
results as all of the sub-networks from diverse datasets achieved 
AUROC values above 0.5 and gene relationships were 
discovered at the most complex network tested in the 
experiments.  

Keywords: Principal Component Analysis; Partial Least 
Squares; gene regulatory networks; multivariate analysis 

I. INTRODUCTION 
The GRN inference-related works have boosted 

many major breakthroughs in finding drug targets for 
the treatment of human diseases. Due to the 
complexity of GRN, computational methods are used 
to identify and predict the interactions between a 
transcription factor and its target genes. However, 
some of the problems pertaining to these 
computational methods have not been adequately 
addressed. Firstly, most of the false positives errors 
made by the previous researches had been due to 
cascade errors. The accuracy of any GRN inference 
method will be tremendously improved if the cascade 
errors can be avoided. On top of that, the performance 

of some of the current prediction methods are affected 
by severe multicollinearity. Severe multicollinearity is 
a problem because it can increase the variance of the 
coefficient estimates, hence resulting the estimation 
become very sensitive to minor changes in the 
computational method. The result is that the 
coefficient estimates are unstable and difficult to 
interpret. Multicollinearity weakens the statistical 
power of the analysis, can cause the coefficients to 
switch signs, and makes it more difficult to specify the 
correct computational method. Next, an appropriate 
dimension reduction method is needed because less 
dimensions leads to less computing, hence resulting 
the usage of computationally expensive algorithm 
such as NIPALS (NonLinear Iterative Partial Least 
Squares) is possible in P-CALS. The name P-CALS is 
derived from Principal Component Analysis and 
Partial Least Squares. We provide recommendations 
to solve all the above mentioned problems which are 
supported by several experiments that will be 
described in the subsequent sections. Next, most 
expression data contains the total number of 
observations very less compared to the number of 
genes (n ≤ p, where n = observations and p = 
variables/genes) and developing a GRN inference 
method that can be applied to n ≤ p data is of great 
practical importance. The solutions to this problem are 
beneficial not only for gene expression data but also 
for datasets from other domain. We also used Martens’ 
Uncertainty Test (MUT), which is a unique method 
based on “Jack-knifing” [1], [2]. MUT shows which 
variables are significant or not, the uncertainty 
estimates for the variables and the model robustness. 
We perform the computation of P-CALS using The 
Unscrambler X and the performance assessment was 
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performed using MATLAB programs. We hope that 
our work will contribute to the study of data analytics-
related research in general, and GRN inference in 
specific. 

II. THE METHOD: P-CALS  
GRN can be simplified as the complex 

interactions of components in an organism.  A GRN 
consists of a set of DNA, RNA, proteins, and other 
molecules that describe regulatory mechanisms among 
these components. GRN represents the scenario where 
the predictor variables are likely to be correlated with 
each other and they could all influence the response 
variables. P-CALS works by producing the new 
variables from the common information of the original 
variables, where these variables represent the latent 
variables.  These latent variables are assumed as a 
linear function for both the original variables and 
observations. Both matrices involved in the 
calculation of P-CALS are represented by X and Y, 
where X is the predictor and Y is a dependent variable.  

 PCA helps to identify how a sample does differs 
from the other, where the variables contribute to the 
majority of the difference and whether the variable 
correlated or independent from each other. The idea of 
implementation of PCA is to replace a complex 
multidimensional data to a simpler data, which 
involves less number of dimensions but at the same 
time fitting the original data to the best possible 
approximation [3]. The number of components run in 
our PCA model is 7. PCA calculates the amount of 
useful information and disregard the noise or 
insignificant variation contained in the datasets [4]. 
There are a few techniques can be applied to improve 
PCA model. In this experiment, we compare the 
methods to improve our PCA model by (1) deleting 
and (2) weighting the non-significant variables. 
Weighting allows the multiplication of selected 
variables by a very small number, such that the 
variables do not participate in the model calculation, 
but their correlation structure can still be observed in 
the scores and loadings plots particularly in the 
correlation loadings plot.  PLS was tested at the 
beginning of this work because it suited the nature of 
GRN inference that requires the models to involve 
both the predictors and responses matrices 
simultaneously. PLS models both the predictors and 
responses to find the latent variables in predictors that 
will best predict the latent variables in responses [5]. 
The other selected recent works used PLS such as 
[6],[7] and [8]. The modified Jack-knifing method 

named Martens’ Uncertainty Test (MUT) was used in 
this work has been invented by Harald Martens, and 
was published in [2]. MUT works with PLS with cross 
validation by assessing the significance of predictors 
and remove unimportant predictors from PLS model. 
There are several methods available to determine the 
weightage of variables, such as (1) setting the weight 
to a constant value independently from standard 
deviation, (2) standardize the variance of variables so 
that all variables will have equal level of influence for 
components estimation, (3) not setting any weightage 
to all variables, which means all computation is based 
on the raw data, (4) setting a low constant value as a 
weightage to all variables in such a way that all 
variables will not have any influence to the model 
[9],[10]. We eliminated the process called 
standardization, which weights A/(SDev + B) with A 
= 1.0 and B = 0.0 that used to give all the variables the 
same variance. This is because our data are noisy 
variables with small standard deviation that if they are 
standardized, their influence is exaggerated and will 
make the model less reliable. Knowing the nature of 
our data that contain irrelevant variables, we avoided 
either using all variables as they are or setting the 
weight to a constant number independently of the 
standard deviation. We discovered that using the 
residual variance to identity irrelevant variables was 
not efficient because all variables seemed to 
demonstrate equal level of importance to the 
calculation of our model. Thus, we propose to weight 
the variables with loadings (-0.2< PC 1<0.2) ∩ (0.2> 
PC2 >-0.2) because it had increased the performance 
when compared to the method that includes all 
variables into the model. In short, P-CALS is derived 
from two steps: 

1) Starting from identifying the significant predictor 
variables performed by PCA  (X=T.P^T + E) and  

2) Then, the predictor variables are included into 
PLS together with the predictors identified by 
MUT in PLS model. 

Variables that are non-significant display non-
structured variation such as noise. If a suitable method 
is applied to eliminate or reduce the influence of the 
non-significant variables, the resulting model will be 
more stable and robust thus less sensitive to noise [11] 
and decreases the prediction error. We conducted 
several experiments before to identify the best method 
that can be performed to the identified non-significant 
variables such as weighting, removing and simply 
include all variables into the calculation. We found 
that weighting the variables is the most efficient way 
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of eliminating the irrelevant variables, without 
inadvertently removing the variables completely from 
the model. The non-significant variables can be 
identified by extracting the variables that have large 
residual variance [10]. Variables with large residual 
variance for all components or for the 3-4 first 
components have a small or moderate relationship 
with the other variables [12]. These variables have to 
be kept out from the calculation. However, our PCA 
model has less than 0.1% number of variables that 
have much larger residual variance than all the other 
variables in the model. All variables seem to 
demonstrate equal level of importance to the 
calculation of PCA, which is illogical. We identified 
the other way of extracting the non-significant 
variables, which is by focusing on the loadings. 
Weighting the variables make the process of studying 
the relationships between variables become possible 
and at the same time able to limit or reduce the 
influence of certain variables in the model. Down-
weighting the variables cause the variables to have low 
influence to the model. After identifying the 
insignificant variables, model will rebuilt with only 
the significant variables will be taken into account to 
produce a better model. Apart from identifying the 
relationships using quadrant-based approach, we 
applied the other way of identifying the genes 
relationships, which is by focusing on the variables 
with high loadings along the same PC. Among all 
results produced from PCA, the loadings contribute 
the most to the analysis as it describes the data 
structure in terms of variable correlations. Each 
variable has a loading on each PC. The loading on PC 
indicates how much the variable contributed to that PC 
and how well that PC takes into account the variation 
of that variable over the data points [13]. In 
geometrical terms, a loading is the cosine of the angle 
between the variable and the current PC. The smaller 
the angle (the higher the link between variable and 
PC), the larger the loading [14]. The loadings range 
between –1 and +1 [15]. We identify the relevant 
variables by selecting variables with high loadings; 
(0.2< PC 1<-0.2) U (-0.2> PC2 >0.2). The 
experiments that present the comparison of 
performance between the quadrant-based and high 
loadings along the same PC is shown in TABLE II. 

III. THE DATASETS  
We perform our predictions on the data provided 

by the DREAM5 challenge [16] and [17]. The 
structures are shown in TABLE I. M3D provided 
manually curated metadata for their chip 

measurements. The expression data can be obtained 
from http://m3d.mssm.edu/.  As for the DREAM5, this 
is one of the challenges in DREAM project, which is 
a framework to enable such an assessment through 
standardized performance metrics and common 
benchmarks (http://www.the-dream-project.org/). 
DREAM5 datasets consist of various organisms with 
different level of complexity. The predicted networks 
were evaluated based on AUROC and AUPR. The 
experiment that assessed the performance of P-CALS 
in predicting GRN was extended to assess the ability 
of P-CALS in avoiding cascade error by using a novel 
experimental procedure that we proposed in our 
previous work [18]. 

TABLE 1. THE PROPERTIES OF DATASETS USED IN 
EXPERIMENTS 

Network label/ 
Organism 

Transcription 
Factors 

Number 
of  Genes 

Number of 
Chips/ 

Samples 
Net1(in-silico) 195 1643 805 

Net3 (E. coli) 334 4511 805 
Net4 (S. 
cerevisiae) 

333 5950 536 

M3D Not given 4297 907 

IV. RESULTS AND ANALYSIS OF THE 
EXPERIMENTS 

There are 3 main methods (not including the 
proposed method) that were tested in our work. PCA 
has various ways of determining the gene relationships 
such as identifying the variables with high loadings 
along the same PC and quadrant-based method. The 
techniques to reduce dimensionality are varied as well 
and we chosen weighted the insignificant variables 
with loadings (0.2< PC 1<-0.2) ∩ (-0.2> PC2 >0.2). 
Due to the variations in methods of implementing 
PCA and dimension reduction techniques, we 
conducted 3 PCA experiments to assess the 
performance of each of these methods. As for PLS, we 
aim to compare the performance when PLS was used 
with MUT and without MUT. On the other hand, 
experiment using MLR had been described in our 
previous publication [18] on M3D datasets. As seen in 
TABLE II, the initial results obtained from the 
experiment performed using PCA were not promising 
with most of the AUROCs are less than 0.5. In contrast 
with the other experiment performed using PLS, PLS 
with MUT had proved to be better than the PLS alone. 
On the other hand, the combination of PCA and PLS 
that we called as P-CALS yielded the highest AUROC 
and AUPR values in all sub-networks compared to the 
previous experiment. The highest and almost perfect 
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identification was obtained for Net4, which is the most 
complex sub-networks among all. However, there 
were no significant difference at AUPR. The positive 
results obtained by PLS-MUT, particularly at AUROC 
of Net4, has motivated us to further explore the 
potential of PLS-MUT by focusing on the numbers of 
significant variables that was included in the PLS 
model calculation. As seen in TABLE II, the 
performance of PCA and PLS were slightly lower 
compared to P-CALS. The results proved that PLS 
showed better performance than PCA. With an 
intention to fully utilized the identified significant 

variables, we had tried to re- run PLS using the 
significant variables identified from both PLS and 
PCA but the obtained results were very poor. We 
found that P-CALS worked well if the predictions of 
PCA were combined with predictions done by PLS, 
with each of these models performed its calculations 
separately. Next, we conducted an experiment to 
assess the performance of P-CALS when dealing with 
cascade motifs. 

 

 

TABLE II. THE RESULTS OF THE EXPERIMENTS USING PCA (WITH DIFFERENT WAY OF IMPLEMENTATIONS), PLS, MLR AND 
P-CALS. 

The Methods 
AUROC 

M3D 
AUROC 

Net1 
AUROC 

Net3 
AUROC 

Net4 
Average 
AUROC 

AUPR 
Net1 AUPR 

Net3 
AUPR 
Net4 

Average 
AUPR 

PCA1 
 

- 0.5240 0.4710 0.4820 0.4923 0.0170 0.0120 0.0170 0.0153 

PCA2 - 0.5160 0.4830 0.4820 0.4937 0.0150 0.0120 0.0170 0.0147 
PCA3 - 0.4980 0.4920 0.4980 0.496 0.0140 0.0130 0.0170 0.0147 

PLS with Marten 
Uncertainty Test 

(MUT) 
- 0.5230 0.5440 0.5860 0.5510 0.0160 0.0170 0.0230 0.0187 

PLS - 0.5330 0.5200 0.5260 0.5263 0.0160 0.0140 0.0190 0.0163 
MLR (Source:[18]) 0.5580 * * * * * * * * 

P-CALS 0.6500 0.522 0.6013 0.6435 0.5889 0.016 0.0342 0.0233 0.0735 
Note: 
** PCA and PLS were performed using various ways of implementation and dimensionality reduction techniques. We chose not to further used MLR in Net1, Net3 and Net4 as MLR had been 
proven unable to calculate the whole network and less effective when performed on M3D. 
** PCA1: recalculated after insignificant variables down-weighted, quadrant-based, PCA2: not recalculated, quadrant-based, PCA3: recalculated after insignificant variables down-weighted, 
high loadings along the same PC. 
**Experiments marked with asterisks were not conducted because MLR is proven to be unable to work with n>=p data. 

 
TABLE III presents the number of cascade errors 
made by each of the tested methods. Even though PCA 
obtained 0% for cascade errors, this did not reflect the 
actual performance as the number of predictions made 
by PCA was too small compared to the other 
techniques. In addition, AUROC obtained by PCA 
was lower than PLS. P-CALS obtained the lowest 
number of cascade errors among all the tested 
methods. TABLE IV shows the comparison of P-
CALS with the other 5 selected methods, where the 
results were reported by [7]. P-CALS outperformed 
other methods at Net 4 (the most complex network).  
From the results, we conclude that when the wrong 
predictions made due to cascade errors is at a minimal 
level, there is a high chance for the improved GRN 
inference method performance. This has been proven 
by the P-CALS experiments performed on Net 4 that 
were all correct in its predictions.   

V. DISCUSSION 
We found that PCA worked well with gene expression 
data to reduce dimensionality by identifying the 
significant variables for calculation. As a way to 
reduce data dimensionality, we used PCA to identify 
the variables with low loadings and give these 
variables a very low weight in the analysis, so that they 
will lose any influence they might have on the model. 
Removing the variables with low loadings (0.2< PC 
1<-0.2) ∩ (-0.2> PC2 >0.2) from PCA was ineffective 
as the whole calculation was interrupted, hence giving 
the imprecise results of prediction. The PCA 
experiments proved that the variables with high 
loadings along the same PC were connected to each 
other’s, and using this technique to identify genes 
relationship is more efficient than quadrant-based 
method. Even though NIPALS is computationally 
expensive (in comparison with SVD), we found that it 
gives more numerically accurate results for calculating 
the principal components of a data set. In addition, we 
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are able to use complex algorithm NIPALS because 
our dimension reduction method was effective to 
reduce the number of variables to be processed. In 
addition, the dimension reduction method takes care of 
multicollinearity that improves the model performance 
and helpful in noise removal as well. Despite of all 
advantages of PCA, it cannot predict the value of one 
variable if the values of other variables are not known 
while this prediction is possible in regression analysis 
as it establishes a functional relationship between the 
variables. While PCA need not imply cause and effect 

relationship between the variables under study, 
regression analysis presumes the cause and effect 
relationship. Therefore, we decided to test PLS that 
handles multicollinearity better. The important finding 
discovered from PLS is the usage of MUT that had 
increased the performance of PLS far much better than 
PCA. MUT, based on Jack-kniffing was effective in 
identifying the significant variables for PLS model.  

 

 

TABLE III. CASCADE ERRORS EVALUATION 

  Net 1 Net 3 Net 4 M3D 
Total cascade motifs 5,955 1,619 4,300 949 

Total PCA predictions 381 125,695 187,150 - 
Total PCA cascade errors 0 71 321 - 

% 0.00 4.39 7.47 - 

Total PLS-MUT predictions 596 489,386 1,956,473 - 
Total PLS-MUT cascade errors 0 0 3271 - 

% 0.00 0.00 76.07 - 

Total P-CALS predictions 69,197 576,379 1,282,301 3,543,442 
Total P-CALS cascade errors 5 430 1070 98 

% 0.08 26.7 24.88 10.33 

Total MLR SET 3 predictions * * * 25,502 
Total MLR SET 3 cascade errors * * * 94 

% * * * 4.75 
** Note = We did not conduct further experiments marked with dashes (-) because the experiments conducted on Net1, Net3 and Net4 had proved PCA and PLS-MUT were less inefficient 
compared to P-CALS. The experiments marked with asterisks (*) were not conducted because the experiment performed on M3D datasets had proved that MLR was unable to calculate n < p 
data. 

TABLE IV. THE RESULTS OF THE EXPERIMENTS USING P-CALS AND THE COMPARISON WITH THE OTHER ESTABLISHED 
METHODS 

The Methods 
AUROC 

M3D 
AUROC 

Net1 
AUROC 

Net3 
AUROC 

Net4 
AUPR 
Net1 

AUPR 
Net3 

AUPR 
Net4 

P-CALS 0.6000 0.5220 0.6013 0.6435 0.0160 0.0342 0.0233 
GENIE3 (Irrthum, Wehenkel et 
al. 2010) 0.6730 0.8150 0.6170 0.5180 0.2910 0.0930 0.0210 

ANOVA (Küffner, Petri et al. 
2012) 

0.7980 0.7800 0.6710 0.5190 0.2450 0.1190 0.0220 

CLR (Faith, Hayete et al. 2007) 0.6420 0.7730 0.5900 0.5160 0.2550 0.0750 0.0210 
ARACNE (Margolin, Nemenman 
et al. 2006) 0.6350 0.7630 0.5720 0.5040 0.1870 0.0690 0.0180 
TIGRESS (Haury, Mordelet et al. 
2012)  

Not 
applicable 0.7890 0.5890 0.5140 0.3200 0.0660 0.0200 

Note: The bold values indicate the highest in each evaluation matrices. 

 In comparison with the other established methods, 
AUROC and AUPR of P-CALS outperformed other 
methods at Net4, which is the most complex network 
with the largest total number of genes. P-CALS 
identifies more than 40% of the correct gene 
relationships at 2 out of 4 networks and more than 80% 
correct for the most complex network. However, the 
AUROC was not really high most probably because of 
the large number of predictions made by P-CALS that 
will indirectly increase the number of false positives. 
Another notable finding is that, the performance of all 

the tested methods were poor when conducted on 
synthetic datasets; this indicated a need to further 
study the method used to generate the synthetic 
datasets. We discovered that cascade errors in datasets 
would be evaded if all the variables are calculated in 
the model simultaneously, with attention is given for 
both sides; from predictors to responses and vice 
versa. Despite of the advantages, P-CALS has several 
weaknesses. A large number of predictions may be 
good to ensure all possible relationships are taken into 
account. However, a very large number of predictions 
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have exposed P-CALS to the occurrences of large 
number of false positives, which resulting low 
AUROC.   

VI. CONCLUSIONS 
In summary, we proposed P-CALS that combines 

the predictions of PCA and PLS. PLS calculations in 
P-CALS summarize the information of the correlated 
variables where the components are determined 
depending on their relation with the dependent 
variable to be studied (relation between responses and 
predictors). Different from PLS, PCA calculations in 
P-CALS complement the PLS by determining the 
components regarding the relation inside the 
predictors block only. In order to extend the usage of 
PCA to the fullest capacity, we had made a number of 
improvements such as down-weighted the identified 
non-significant variables and determined correlations 
of genes with high loadings along the same PCs. We 
applied all these techniques of improvements because 
P-CALS had demonstrated the increased of 
performance when applied the identified techniques. 
We proposed P-CALS with Marten Uncertainty Test 
(MUT) based on “Jack-knifing” to allow the 
estimation of the model stability, the identification of 
perturbing samples or variables, and the selection of 
significant predictors. Based on the experiment 
results, P-CALS is able to avoid wrongly inferring of 
an indirect interaction as a direct interaction. P-CALS 
solves the n ≤ p problem by considering the whole 
network of all identified relevant variables 
simultaneously by switching between response 
variables and predictors iteratively to find the relevant 
PCs. However, P-CALS generated a very large 
number of predictions, which have exposed P-CALS 
to the occurrences of large number of false positives, 
which resulting low AUROC. Despite the limitation, 
our proposed method clearly has some worthy 
advantages. In this work, we examined our developed 
methods and learned from the experience to improve 
the performance of existing methods in application to 
data analysis-related problems. We are hoping to use 
some of the tools and techniques that we have applied 
in this work to other large-scale and stochastic data 
analysis. 

 

 

 

REFERENCES 
 

[1] Efron, B. (1982). The jackknife, the bootstrap and other 
resampling plans, SIAM. 

[2] Martens, H. and M. Martens (2000). "Modified Jack-knife 
estimation of parameter uncertainty in bilinear modelling by 
partial least squares regression (PLSR)." Food quality and 
preference 11(1): 5-16. 

[3] Seierstad, T., et al. (2008) “Principal component analysis for 
the comparison of metabolic profiles from human rectal cancer 
biopsies and colorectal xenografts using high-resolution magic 
angle spinning 1H magnetic resonance spectroscopy.” 
Molecular Cancer: 7:33. 

[4] Wang, J.,.(2012) “Principal Component Analysis.” Geometric 
Structure of High-Dimensional Data and Dimensionality 
Reduction: 95-114. 

[5] Geladi, P. and kowalski, B.,R., (1986) “Partial least-squares 
regression: a tutorial”. Analytica Chimica Acta: 1-17 

[6] Chan, S.-C., et al. (2012). "A new method for preliminary 
identification of gene regulatory networks from gene 
microarray cancer data using ridge partial least squares with 
recursive feature elimination and novel Brier and occurrence 
probability measures." Systems, Man and Cybernetics, Part A: 
Systems and Humans, IEEE Transactions on 42(6): 1514-
1528. 

[7] Guo, S., et al. (2016). "Gene regulatory network inference 
using PLS-based methods." BMC Bioinformatics 17(1): 545. 

[8] Chan, S.-C., et al. (2016). "A maximum a posteriori 
probability and time-varying approach for inferring gene 
regulatory networks from time course gene microarray data." 
Computational Biology and Bioinformatics, IEEE/ACM 
Transactions on 12(1): 123-135. 

[9] Esbensen, K. H., et al. (2002). Multivariate data analysis: in 
practice: an introduction to multivariate data analysis and 
experimental design, Multivariate Data Analysis. 

[10] Johnson, R. A. and D. W. Wichern (2014). Applied 
multivariate statistical analysis, Prentice-Hall New Jersey. 

[11] Freund, R. and W. Wilson (1998). Regression Analysis: 
Statistical Modeling of a Response Variable, Academic Press. 

[12] CAMO (2003). "The Unscrambler Method References." 
Retrieved 1/6/2016, 2016. 

[13] Martin, M.,Z., (2005) “Analysis of preservative-treated wood 
by multivariate analysis of laser-induced breakdown 
spectroscopy spectra.” Spectrochimica Acta Part B: Atomic 
Spectroscopy: 1179-1185. 

[14] Ulmschneider, M. and Roggo, Y., (2007), Process Analytical 
Technology, John Wiley & Sons. 

[15] Iranmanesh, V., et al. (2014). "Online handwritten signature 
verification using neural network classifier based on principal 
component analysis." The Scientific World Journal 2014. 

[16] Marbach, D., et al. (2012). "Wisdom of crowds for robust gene 
network inference." Nat Meth 9(8): 796-804. 

[17] Faith, J. J., et al. (2008). "Many Microbe Microarrays 
Database: uniformly normalized Affymetrix compendia with 
structured experimental metadata." Nucleic Acids Research 
36(suppl 1): D866-D870. 

[18] Salleh, F. H. M., et al. (2017). "Multiple Linear Regression for 
Reconstruction of Gene Regulatory Networks in Solving 
Cascade Error Problems." Advances in Bioinformatics 2017. 

 
 
 
 
 
  

 
 

2018 IEEE Conference on Big Data and Analytics (ICBDA)

134Authorized licensed use limited to: UNIVERSITY TENAGA NASIONAL. Downloaded on July 06,2020 at 02:29:44 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


