
 

 

 

  

 Abstract—In the recent years microarray technologies have 
gained a lot of popularity for their ability to quickly measure 
the expression of thousands of genes and provide valuable 
information for linking complex diseases such as cancer to their 
genetic underpinnings. Nevertheless the large number of 
parameters to be estimated in relation to the small number of 
available samples gives rise to an “ill posed” problem where the 
possible solution is not stable under slight changes either in the 
dataset or the initial conditions and starting points. In this 
work we present a generic classification framework that works 
in an iterative manner and converges to a stable solution that 
combines good accuracy with biologically meaningful feature 
selection. The methodology is orthogonal to the specific 
classification algorithm used. We compare some of the most 
widely used classifiers based on their average discrimination 
power and the size of the derived gene signature. According to 
our proposed model named Stable Bootstrap Validation (SBV), 
a unified ‘77 common-gene signature’ was selected, which is 
closely associated with several aspects of breast tumorigenesis 
and progression, as well as patient-specific molecular and 
clinical characteristics.  

I. INTRODUCTION 

 Microarray technology has proven to be a valuable tool in 
measuring the expression levels of different genes of a 
biological system. By analyzing these expression levels, 
scientists can search for gene expression profiles for 
classification of samples among certain classes of interest 
and provide insight into complex diseases, such as cancer. A 
variety of classification algorithms have been used for that 
specific task, having varying performances on different 
datasets. In particular, selecting the optimal classification 
method for a given dataset is not trivial. 
 Classifier performance is severely hindered due to the 
“curse of dimensionality”, since the number of features 
(genes) used is orders of magnitude larger than the number 
of available training samples, introducing multi-colinearity 
in the input data matrix. For this reason, feature subset 
selection (FSS) methods have been developed in order to 
reduce the number of features that participate in the 
classification process. FSS methods aim to select a “small” 
subset of features that are “important”. Different categories 
of FSS methods use different criteria when deciding the 
“importance” of features [5],[12].  
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Filter (univariate) methods aim towards selecting the genes 
with the highest discrimination ability among the classes of 
interest, acting as a preprocessing step independent of the 
classifier used. They generally are simple to implement, 
computationally efficient and provide insight into class 
differences. However, filter methods produce a feature set 
that is not tuned to the performance of a specific classifier. 
Wrapper (multivariate) methods on the other hand, attempt 
to derive subsets of genes with optimal prediction properties, 
according to a specific classifier.  The classifier is perceived 
as a black box, independent of the feature selection method. 
Since they need to evaluate different combinations of 
features, they can be computationally expensive. In that 
manner, greedy algorithms have been proposed in order to 
reduce the computational complexity, such as forward 
selection and backward elimination. Embedded methods 
attempt to merge the benefits of the previous technologies by 
embedding the search of feature subset within the training of 
the classifier. However, due to the embedding of feature 
selection in the training process, they can prove to be harder 
to implement [14]. 

 Another important aspect of microarray analysis 
algorithms is the stability of the observed results. In this 
respect, the observed results, while not random, are severely 
affected by the selection of the training and testing samples, 
as well as other algorithmic parameters. Finally, there is a 
need to determine the statistical significance of results and 
validate the extent to which they are observed merely by 
chance, by utilizing significance metrics such as the p-value 
[2] and comparing the performance of randomly selected 
features [4], [5]. 

 Our approach aims to formulate a complete algorithmic 
framework to address and effectively handle the above-
mentioned issues. This framework is based on three 
sequential modules of different utility, aiming to combine 
the selection criteria, address the issue of algorithmic 
stability and validate the results on a rigorous statistical 
scheme. The first module is used for merging the conceptual 
gap of univariate and multivariate methods for feature 
selection. A filter method is used for the initial selection of a 
significant (selective) subset of features, which is refined 
through wrapper techniques to also account for strong 
prediction power in the process of dimensionality reduction. 
Subsequently, we introduce a new method, namely Stable 
Bootstrap Validation (SBV), for stabilizing the results of 
feature selection and classification methods and compare it 
to standard cross validation. Finally, we evaluate the 
statistical significance of the observed accuracy and compare 
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the performance of the emerged gene signature to random 
signatures. Within this framework, the performance of 
different classifiers is assessed on the same dataset through 
internal and external cross validation, in order to ensure 
generalization of the selected gene signatures. It is verified 
that the proposed framework manages to reduce the 
randomness of results and the variability of the signatures 
selected by different algorithms. Overall, it manages to 
derive signatures of not only statistical but also biological 
significance.  

II. METHODOLOGY 

A. Method Overview 

The aim of this section is to propose a methodology for 
stable feature selection and classification, while evaluating 
the statistical significance of the observed results. An 
abstract representation of the proposed methodology is 
presented in Figure 1 in modular form. Single sub-units of 
the algorithmic scheme may have been used before, but they 
are now being employed in a holistic framework addressing 
the stability of prediction results.  The 2-step feature 
selection aims to utilize the benefits of filter and wrapper 
methods, by first selecting a small number of features with 
the highest discrimination ability (Univariate FSS) and then 
tuned to the predictive requirements of classification 
performance through a specific classifier (Bootstrap 
Validation). The proposed SBV test during the second step 
of feature selection and classification leads to performance 
metrics of accuracy and signature size that are stable across 
independent runs of the evaluation method. At the final stage 
of our framework, the significance of the observed results is 
evaluated with the aim of illustrating whether they reflect the 
underlying biological system to a significant extent, or they 
are merely observed due to random noise. 
 

B. Two-Step FSS 

We propose a two-step approach to feature selection, 
aiming to utilize the benefits of both univariate and 
multivariate FSS methods in a sequential scheme. A filter 
FSS is first employed on the dataset in order to reduce the 
number of features using computationally efficient methods. 
The univariate gene selection algorithm used is the 
Significance Analysis of Microarrays (SAM) [15] that 
employs a modified t-statistic and repeated permutations of 
the data to determine if the expression of genes are strongly 
related to the response. This step preserves “significant” 
features providing insight into class differences through their 
differentiation ability. At the second step we employ an 
embedded FSS on the dataset in order to further refine the 
remaining features through recursive feature elimination 
(RFE). In essence, this step aims at preserving features with 
“significant” prediction ability, which maximize the 
performance of a certain classifier.  The RFE scheme 
proceeds iteratively by eliminating the least significant 
feature and reassessing the classifier performance. Then, the 
set of features across all iterations maximizing the 

classification accuracy is chosen as the optimal feature set, 
tuned for the specific classifier used. 

 In this study, several categories of classifiers are evaluated 
in conjunction with RFE. Regularized Least Squares (RLS) 
methods such as Ridge Regression (RR) [6] and Least 
Absolute Shrinkage and Selection Operator (LASSO) [7] 
assign weights to features in order to minimize the mean 
square error of the predictor, known as the empirical risk. 
The difference between RR and LASSO lies in the selection 
of the regularization term. Partial Least Squares (PLS) 
methods [8] including PLS-VIP and PLS-BETA utilize a 
metric known as the Variable Importance in Projection 
(VIP) score in order to set a larger weight to features more 
important in finding the latent variables during partial least 
squares regression. Support Vector Machines (SVM) 
[10][11] on the other hand, aim to construct the maximum 
margin hyperplane separating the classes. Finally, the k 
Nearest Neighbor method (kNN) assigns a label to a new 
sample, based on the labels of the majority of k known 
samples closest to it, according to a distance metric. 
 

C. Stable Bootstrap Validation 

An important issue of feature selection and classification is 
stability of results, since small alterations in the training data 
can cause significant variations in the features selected as 
well as the observed classification accuracy. One common 
assessment technique is k-fold Cross Validation (CV). A 
value for the test statistic is estimated for each fold, while all 
estimated values can be averaged or combined. However, 
the performance estimation of a given method varies 
between independent executions of k-fold CV. Alternative 
methods have emerged in an attempt to better stabilize the 
estimation results. StabPerf proposed in [1] utilizes random 
splitting of the dataset, while Min-Max model selection [13] 
utilizes bootstrap resampling and leave one out CV. 

                         
Figure 1. Abstract view of the proposed methodology. 
 In this paper, a model evaluation method called Stable 
Bootstrap Validation (SBV) is proposed, which aims to 



 

 

 

produce stable estimation values for test statistics of a given 
method. SBV relies on evaluating a given method based on 
estimations from a large number of bootstrap datasets. 
Unlike [13], in SBV each bootstrap dataset is split only once 
into a training and test set, avoiding the added computational 
cost of leave-one-out CV. Moreover, instead of assessing the 
stability of only the observed accuracy, signature size 
stability is assessed as well.  As pointed out in [1], average 
estimation performance tends to stabilize after a sufficient 
number of random datasets are evaluated. Since some 
methods can be computationally expensive, running an 
arbitrary large number of trials, as in StabPerf, can prove to 
be impractical. In that manner, we propose a formal criterion 
of stability for both the number of genes (features) selected 
by the embedded FSS method and the classifier accuracy.  

 The SBV criterion proceeds as follows. First, we define B 
as the “bootstrap window”, i.e. a fixed number of bootstrap 
datasets. A number of 3B Bootstrap datasets of the same size 
and class ratio as the original dataset are created by random 
sampling with replacement. The embedded FSS and 
classification method is then executed 3B times, which 
provides the mean classification accuracy, A , and G , the 
total number of genes selected for the signature size. Next, 
the stability of the mean value of the above statistics is 
assessed in batches of subsequent B trials. We define the 
mean accuracies as 1,2,3=i,A iw, at the end of the first, 
second and third bootstrap window, respectively. Then, the 
maximum difference of mean accuracy between windows 1, 
2 and 1,3 is defined as | | | |( )w3w1w2w1 AA,AAmax=ΔΑ −− . 
The use of three windows enables the method to overcome 
possible risk of local stability. When the mean accuracy 
between the three last windows has been determined, it is 
checked for stabilization. The classification accuracy is 
considered stable if ΔA<acc_thresh, where acc_thresh is a 
fixed threshold.  

Stability in terms of the mean number of genes 
1,2,3w,iG ,i = in the genomic signature is considered in a 

similar manner. However, we notice that different FSS 
methods may lead to signatures whose sizes can differ in 
orders of magnitude. For this reason the corresponding 
threshold on the number of genes is normalized by the 
largest signature size (number of genes) and is defined as 

| | ( )wjwiwjwi G,GmaxGG=threshgen /_ − where i, j the 
windows being compared.  

The SBV procedure ends when both A and G are found 
stable. Else, another set of B datasets is generated and the 
stability assessment is performed for the  3 windows, which 
now extend to cover the additional datasets. The above steps 
are repeated until stability for both statistics is reached. 
In each iteration the following formula applies for the mean 
accuracy, as well as the mean number of selected genes: 

A(n)
w j

= 1
(n+ j− 1) B ∑

b= 1

(n+ j− 1)

accb

G(n)
w j

= 1
(n+ j− 1) B ∑

b= 1

(n+ j− 1)

genb

 

where n is the iteration number, j is the window checked (1, 
2, or 3), b runs over all the bootstrap datasets, acc is the 
accuracy result achieved by the specific algorithm in each 
dataset, and gen is the number of genes selected. Finally, the 
G  genes with the highest selection frequency across all 
bootstrap datasets are selected as the genomic signature of 
the method. An abstract overview of SBV is displayed in 
Figure 2. 

D. Statistical Significance Evaluation 

 After SBV has finished, two stable values have been 
produced: the classification accuracy A  and the fixed 
genomic signature of size G . One question that arises is 
whether those results are statistically significant and reflect 
the nature of the underlying model, or are observed merely 
by chance. 

 In order to test the significance of the observed accuracy, 
permutation tests are performed as to calculate the 
corresponding p-value. More specifically, a fixed number of 
1000 bootstrap datasets are generated and the labels of the 
two classes are permuted. Then, the embedded “FSS & 
Classification” method is performed on the permuted 
datasets. Given an observed classification accuracy A , the 
p-value of A  is defined as the number of times that 
accuracy greater or equal to A  was observed when a 
permuted dataset was used for training, divided be the total 
number of bootstrap datasets. If the p-value calculated is 
smaller than 0.05, then the observation is considered to be 
statistically significant. 
 To test the significance of the genomic signature, a 
bootstrap resampling approach is followed. However, 
permutation tests are not performed. Instead, the 
performance of the observed signature is compared to that of 
random signatures of the same size. A fixed number of 1000 
bootstrap datasets are generated. For each dataset, the 
embedded FSS is omitted and the classifier is trained on a 
bootstrap dataset given a random signature of size G , 
resulting into two performance metrics. The mean accuracy 
across all datasets and Prs, the percentage of times that equal 
or greater accuracy than A  was observed when the model 
was trained with a random signature. Please note that Prs is 
not a p-value since no permutations of labels were 
performed. 

E. PLS-kNN FSS&Classification Method 
 In our study, PLS-kNN outperformed all other methods in 
terms of accuracy and execution speed, while it leads to the 
smallest signature size when the VIP>2 criterion is used 
instead of the usually selected VIP>1. Thus, as a side effect 
we emphasize the joint use of PLS-kNN, which utilizes the 
fast and stable feature subset selection of PLS methods, 
while the use of kNN classifier proves to be quite efficient 
when applied on new samples. Two versions of the method 



 

 

 

are evaluated, one using PLS-VIP and the other PLS-BETA 
for feature selection, with the former showing more balanced 
performance in terms of size and accuracy of the signature. 

 
Figure 2. Flowchart of SBV. 

 
Figure 3. Accuracy and signature size stability assessment windows of SBV 
 

III. RESULTS 

The proposed methodology is tested on a breast cancer 
dataset. Our dataset consists of 529 samples, 104 of which 
are control and 425 cancer produced by the integration of 5 
publicly available datasets (GEO access numbers: 22820, 
19783, 31364, 9574, 18672). For each sample there are 
measurements of all remaining 4174 genes after the first step 
of univariate feature selection using the SAM algorithm. For 
the second step of feature selection, recursive feature 
elimination is embedded within the classification 
environment. The known classification methods evaluated 
are RR, LASSO, PLS-VIP, PLS-BETA, SVM, PLS-VIP-
kNN, PLS-BETA-kNN. Each bootstrap dataset is split into a 
training (90%) a test set (10%). Moreover, each of the 
training and test sets has the same cancer/control ratio as the 
original dataset (4 to 1). The bootstrap window B of SBV 
was set to 50 bootstrap datasets, the accuracy threshold 
acc_thresh was set to 0.01 and the signature size threshold 
gen_thresh to 0.05. Finally, the threshold for the PLS 
methods was first set to VIP>1 and then to VIP>2 for a 

second set of results. SBV was run for each FSS & 
Classification method, all methods were stable after at most 
300 bootstrap datasets.  

 The results for each method under the proposed 
evaluation framework are presented in table I. The method 
with the highest classification accuracy proved to be PLS-
VIP-kNN. The exact value of k did not seem to have 
significant effect on classification accuracy, as the results for 
both k=3 and k=5 are comparable. PLS methods are also the 
fastest, with runtime of a few seconds for each bootstrap 
dataset. Finally, PLS methods are the most selective, when 
the VIP>2 criterion is utilized instead of the usual VIP>1. 
Moreover, the VIP>2 criterion leads to a small accuracy loss 
while the reduction of selected genes is significant. The 
SVM proved to be second best in classification accuracy, 
after PLS-kNN methods. Finally, RLS methods like RR and 
LASSO had acceptable classification accuracies, while 
LASSO selected only 136 genes, being the second most 
selective method after the PLS-VIP>2 case. Finally, RLS 
methods and SVM had comparable runtimes of roughly 2 
minutes per bootstrap dataset, significantly larger that the 
execution time of PLS methods. 

 To assess the statistical significance of the observed 
accuracy of SBV, permutation tests were performed. 1000 
bootstrap datasets with permuted class labels were generated 
for each method and the corresponding p-value was 
calculated. All observed accuracies were statistically 
significant with p-value 0.001, implying that the achieved 
accuracies are not obtained merely by chance. 

 To assess the significance of the observed signatures, a 
grouping approach was implemented. Instead of examining 
the signature of each method separately, the 77 common 
genes of all methods were selected as a unified gene 
signature for SBV. Only VIP>1 for the PLS methods was 
considered in extracting these common genes. The 
performance of this genomic signature of 77 common genes 
was then compared to the performance of random signatures 
on 1000 bootstrap datasets. Keeping the number of genes 
fixed, the simple 3NN and SVM classifiers were used to 
evaluate the accuracy of both the 77 common genes and the 
random signatures. As also mentioned in [4], [5], the 
performance of random signatures might be comparable to 
that of the 77 selected genes. However, the common-gene 
signature results in higher classification accuracy on 
average. 

 Comparing the results of SBV with those of 10fold CV 
we observe that in most cases they are comparable. 
However, 10fold CV systematically results in larger 
signature size and smaller estimates of classification 
accuracy than SBV. Moreover, in the case of the RLS 
classifiers RR and LASSO, the classification accuracy 
estimate of 10fold CV is off by 60%. That is most likely 
observed as a result of uneven class ratios among samples in 
random selection of CV and could possibly be avoided if 
stratified CV is used instead. Despite the fact that CV selects 
larger signatures per method, the common genes of all 
methods are fewer (59) when compared to the 77 common 



 

 

 

genes of SBV. That leads to the conclusion that signatures 
produced by CV include more random noise than those 
produced by SBV. 

For the biological interpretation of the selected unified ‘77 
common-gene signature’ and of the ‘19 gene signature’ from 
PLS-VIP-3NN* method, the Genes-to-Systems Breast 
Cancer (G2SBC) Database [16] and WebGestalt (WEB-
based GEne SeT AnaLysis Toolkit) [17] are used. G2SBC 
provides literature based evidences that 51.95% of genes of 
the unified ‘77 common-gene signature’ and 36.84% of 
genes of the ‘19 gene signature’ are altered in breast cancer 
cells. The ‘19 gene signature’, which includes six genes 
from ‘77 common-gene signature’, shares similar attributes 
with the unified ‘77 common-gene signature’. Moreover, the 
WebGestalt functional analysis in terms of gene ontology 
biological processes and KEGG pathways provides 
significant (p<0.05) enriched processes (cell proliferation, 
cell development, growth, cell differentiation, cell migration, 
extracellular matrix organization) and KEGG pathways 
(Pathways in cancer, ECM-receptor interaction, MAPK 
signaling pathway, ErbB signaling pathway, Cytokine-
cytokine receptor interaction) that are implicated in breast 
tumorigenesis, progression and metastasis. Furthermore, the 
disease association analysis verified the significant (p<0.05) 
relation of both signatures to breast cancer disease (referred 
as breast diseases, breast neoplasms)  but also creates gene 
sets that are related to neoplastic process, pathologic 
processes, carcinoma in situ, disease progression, 
recurrence, neoplasm invasiveness, neoplasm metastasis, 
disease susceptibility, genetic predisposition to disease, 
chromosome aberrations, hypersensitivity, and a variety of 
diseases including breast cancer comorbidities 
(hypertension, diabetes mellitus, osteoarthritis, depression, 
etc.) or treatment side effects (e.g. musculoskeletal diseases). 
Thus, both signatures are giving insights to breast 
carcinogenesis, and patients' clinical and molecular profiles 
in part according to the original studies (GEO access 
numbers: 22820, 19783, 31364). Gene sets of both 
signatures that are not yet associated with breast cancer but 
participate in various significant (p<0.05) biological 
processes, pathways and a broad spectrum of diseases (248 
diseases for the ‘77 common-gene signature’ and 103 for the 
‘19 gene signature’) should be further explored in order to 
decoding their implication in breast carcinogenesis and 
clinical outcome in breast cancer disease. Apart from this 
fact, both signatures appear to be potential useful as clinical 
signatures. 

IV. CONCLUSION 
 In this paper we propose a framework for selection of 
stable genomic signatures that maximize classifier 
performance. We introduce a two-step feature selection 
scheme, aiming to utilize the advantages of both univariate 
and multivariate FSS methods, leading to small genomic 
signatures while being computationally efficient. 
Furthermore, we propose a validation method called SBV 
that employs bootstrap resampling of the dataset and a 
convergence metric in order to extract stable estimates of the 

classification accuracy as well as the genomic signature. 
Moreover, the statistical significance of the observed results 
is evaluated. Next, the performance of SBV is compared to 
that of standard 10fold CV across a set of different types of 
FSS&Classification methods: LASSO, RR, SVM, PLS and 
kNN on a breast cancer dataset. It is observed that even 
though the derived results are comparable, SBV leads to 
signatures that include less random noise. We also notice 
that the PLS-kNN method, which utilizes feature selection 
using PLS and classification with the kNN classifier 
performed best on our dataset. Finally, the classification 
performance of the signature consisting of the 77 common 
genes of all FSS&Classification methods is assessed, using a 
3NN classifier as well as an SVM. 

The  unified ‘77 common-gene signature’ that was 
selected from all methods according to our proposed model 
evaluation method SBV and the individual ‘19 gene 
signature’ that resulted from PLS-VIP-3NN* method that is 
accompanied with highest classification accuracy, are highly 
associated with breast cancer disease and patients’ clinical 
features that could be eventually viewed as promising 
clinical signatures. 

 
Table I. Comparison of SBV and 10foldCV results. PLS methods marked 
with * utilize the criterion VIP>2 instead of VIP>1. 

 
Table II. Genomic signature for 77 common genes evaluation. 

REFERENCES 
[1] C. A. Davis, F. Gerick, V. Hintermair, C. C. Friedel, K. Fundel, R. 

Küffner, R. Zimmer, "Reliable gene signatures for microarray 



 

 

 

classification: assessment of stability and performance,"  
Bioinformatics., vol. 22, no. 19, pp. 2356–2363, 2006. 

[2] R. Maglietta, A. D’Addabbo, A. Piepoli, F. Perri, S. Liuni, G. Pesole, 
N. Ancona, "Selection of relevant genes in cancer diagnosis based on 
their prediction accuracy," Artificial Intelligence in Medicine., vol. 40, 
pp. 29-44, 2007. 

[3] S. Y. Neo, C. K. Leow, V. B. Vega, P. M. Long, A. F.M. Islam, P. 
B.S. Lai, E. T. Liu,  E. C. Ren, "Identification of Discriminators of 
Hepatoma by Gene Expression Profiling Using a Minimal Dataset 
Approach," HEPATOLOGY., vol. 39, pp. 944-953, 2004. 

[4] L. Ein-Dor, I. Kela, G. Getz, D. Givol, E. Domany, "Outcome 
signature genes in breast cancer: is there a unique set?," 
Bioinformatics., vol. 21, no. 2, pp. 171–178, 2005 

[5] A.C. Haury, P. Gestraud, J.P. Vert , "The Influence of Feature 
Selection Methods on Accuracy, Stability and Interpretability of 
Molecular Signatures,", PLoS ONE 6(12): e28210. 
doi:10.1371/journal.pone.0028210, 2011. 

[6] C. Saunders, A. Gammerman, V. Vovk, "Ridge Regression Learning 
Algorithm in Dual Variables," Royal Holloway, University of London 
Proceedings of the 15th International Conference on Machine 
Learning, ICML ’98. 

[7] R. Tibshirani "Regression, Shrinkage and Selection via the Lasso," 
Journal of the Royal Statistical Society. Series B (Methodological) 
vol. 58, no. 1, pp. 267-288, 1996. 

[8] I.G. Chong, C. H. Jun, "Performance of some variable selection 
methods when multicollinearity is present," Chemometrics and 
Intelligent Laboratory Systems., vol 78, pp. 103-112, 2005. 

[9] I. Guyon, J. Weston, S. Barnhill, V. Vapnik, "Gene Selection for 
Cancer Classification using Support Vector Machines," Machine 
Learning., vol. 46, pp. 389–422, 2002. 

[10] C. Cortes, V. Vapnik,, "Support-Vector Networks," Machine 
Learning., vol. 20, pp. 273-297, 1995. 

[11] M. E. Blazadonakis , M. Zervakis, "The linear neuron as marker 
selector and clinical predictor in cancer gene analysis," Computer 
methods and programs in biomedicine., vol. 91, pp. 22–35, 2008. 

[12] I. Guyon, A. Elisseeff, "An Introduction to Variable and Feature 
Selection," Journal of Machine Learning Research., vol. 3, pp. 1157-
1182, 2003. 

[13] I. Suzuki, T. Takenouchi, M. Ohira, S. Oba,  S. Ishii, "Robust Model 
Selection for Classification of Microarrays," Cancer Informatics., 
vol.7, pp. 141–157, 2009. 

[14] Y. Saeys, I. Inza, P. Larrañaga, A review of feature selection 
techniques in bioinformatics," Bioinformatics., vol.  23, no. 19, pp.  
2507–2517, 2007. doi:10.1093/bioinformatics/btm344 

[15] V.G. Tusher, R. Tibshirani, G. Chu, "Significance analysis of 
microarrays applied to the ionizing radiation response," Proceedings 
of the National Academy of Sciences., vol.  98, no. 9, pp. 5116–5121, 
2001. doi:10.1073/pnas.091062498 

[16] E. Mosca, R. Alfieri, I. Merelli, F. Viti, A. Calabria, L. Milanesi , “ A 
multilevel data integration resource for breast cancer study,” BMC 
Syst. Biol., vol. 4, pp. 76, Jun 2010. 

[17] J. Wang, D. Duncan, Z. Shi, B. Zhang, “ WEB-based GEne SeT 
AnaLysis Toolkit (WebGestalt): update 2013,” Nucleic. Acids. Res., 
2013, vol. 41, Web Server issue, pp. W77-83, 2013.  

 
                                                           
 



<<
  /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 false
  /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
    /AdobeSansMM
    /AdobeSerifMM
    /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
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /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
    /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
    /EuroSig
    /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
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-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
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /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
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /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
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /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
    /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
    /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
    /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 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


