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Abstract— Feature Subset Selection is an essential preprocessing 

step used for classification applications to improve accuracy and 

speed. In this paper, the popular Ant Colony algorithm, which is 

swarm intelligence technique, is integrated with Rough Set 

Theory for feature subset selection and the obtained feature 

subset is submitted to the Decision Tree Classification technique. 

The performance of the RST based ACO feature selection 

technique is evaluated by submitting the reduced dataset to  two 

different decision tree classification techniques one is the C4.5 

and the other is the Variable Precision  Rough Set based Decision 

Tree classification. Experiments have been conducted on the 

medical datasets taken from the UCI machine learning repository 

and the results revealed that the RST based ACO generated 

feature subsets with an improvement in accuracy of the 
classification techniques. 

Keywords— Feature Subset Selection, Ant Colony 

Algorithm, Rough Set Theory, Variable Precision Rough 

Set Model based Decision Tree. 

I.  INTRODUCTION 

The dimensionality of the real world datasets is increasing day 

by day and this huge dimensionality of the datasets is 

increasing the search space which further affects the speed and 

computational complexity of the classification task and this 

curse of dimensionality is becoming a major problem in 

machine learning and data mining. Huge dimensional datasets 

are consisting of redundant and inappropriate features; these 

irrelevant and redundant features are increasing the risk of the 

model over fitting in the decision tree classification task, 

which also affects the accuracy of the decision tree 

classification. Hence, from these huge set of features there is a 
need to identify the most promising ones that contribute 

maximum for the classification.  

Feature Subset Selection [1] is the process of identifying the 

most relevant set of features from the datasets. During past 

two decades, swarm-based optimization techniques are being 

applied successfully in many applications for solving complex 

optimization problems. In this paper, the popular Ant Colony 

Algorithm, which is based on the pheromone concepts of the 

ant colonies, is integrated with the rough set theory for 

selecting the most relevant set of features. Since, Rough Set 

Theory [2] is a mathematical tool for dealing with uncertainty 

and vagueness and incorporating the concepts of RST in 

feature selection process increases the efficiency of the 

underlying feature selection technique. After identifying the 

most relevant set of features, the reduced dataset is submitted 

to the two different decision tree classification techniques. 
One is the traditional entropy based C4.5 decision tree 

classification technique and the other is the RST based 

Variable Precision Rough Set Model based Decision tree 

classification technique. The performance of the RST based 

ACO feature subset selection technique is evaluated by 

submitting the reduced dataset to the C4.5 and VPRSM based 

DT classification techniques and the results are tested using 

10-fold cross validation test.  

The rest of the paper is structured as follows: section II 

discusses the related work, section III gives the methodology 

of the work, and in section IV experimental results are given 

and finally section V concludes the paper. 

II.  RELATED WORK 

Chen et al[3] proposed a new feature selection technique 
which integrates rough set theory with Ant Colony 

Optimization for selecting the most relevant set of features 

from several medical data sets and compared the obtained 

results with the traditional rough set based Quick reduct 

algorithm for feature subset selection and the results proved 

that the new hybrid approach i.e., RSTACO generated most 

promising features. Maryam et al[4]  proposed a new feature 

selection method which uses the output of Genetic Algorithm 
as the initial step for the Ant Colony Algorithm for Persian 

font recognition. And the results proved that the hybridization 

of GA with ACO achieved better results than GA and ACO 

when applied alone. Chen et al[5] proposed a modified ACO 

algorithm for selecting the important features from several 

images and compared the results with the traditional GA and 

ACO algorithms. Jensen et al[6]  presented a Rough Set 

Approach for Attribute  reduction and tested with approach on 
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13 datasets and compared the results with the conventional hill 

climbing approaches for feature selection and the results 
proved that the new RSAR approach for feature selection 

resulted in finding minimal reducts. Mao et al[7] proposed a 

new approach for inducing decision trees based on the 

concepts of Variable Precision Rough Set Theory and they 

applied the Variable Precision Explicit region concept for the 

for node selection in the process of decision tree induction and 

the results showed that the new approach for decision tree 

induction results in minimum tree size while maintaining the 

accuracy rate.  

III. METHODOLOGY 

The methodology of the proposed work is given in figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Watermark embedding algorithm Block Diagram 

After that we select the ordered coefficient from 1 to N to  

 

 

 

 

 

 

 

 

The methodology of the proposed work can be divided into two 

major phases namely Feature Subset Selection using RST 
based ACO and Tree-based Classification. At first, the input 

dataset should be discretized and then identify the most 

relevant set of features by applying the RST based ACO 

technique and then reduce the size of the dataset by keeping 

only those features generated by the feature selection technique 

and then submit the reduced dataset to the two different 

decision tree based classifiers namely C4.5 and VPRSM based 

Decision Tree and finally evaluate the performance of the FSS 

using RST based ACO by 10-fold cross validation 

examination. 

 Phase 1: The RST based ACO algorithm for Feature 

Subset Selection 

The Ant Colony Optimization algorithm is the popular swarm 

based optimization algorithm, which is based on the natural 

behavior of the real ant colony societies. The ACO algorithm 

mimics the pheromone depositing principle followed by the 

real ant colony societies and has been applied successfully for 
selecting the most relevant set of features.  In this work, the 

concepts of Rough Set Theory have been incorporated with 

the swarm based optimization algorithm ACO for generating 

the most promising features.  

 The basic ACO algorithm[3] starts with a set of artificial ants, 

where each ant corresponds to a possible solution to the 

problem and these set of ants try to perform better solution in 

some predetermined number of iterations. Each ant starts from 

a random feature, and then selects the best route and the 

pheromone is updated for that route, this process repeats for a 

predetermined number of times and finally the route with 

highest pheromone will be selected as the best one. But, the 
problem with the basic ACO algorithm for optimization is, it 

searches for all possible paths and experiences more time 

complexity because of the random selection of starting point. 

So, to improve the performance by reducing the number of 

starting points,  the concepts of Rough Set Theory have been 

integrated with the basic ACO algorithm for selecting the most 

promising starting points and then searches for the best 

solution by starting only from these points and trying out of 

selected paths only. Hence, the Rough Set based approach to 

feature selection based on ACO starts from the core features 

and thus reduces the effort required to try out all possible 
paths and these core features can be generated by the feature 

core algorithm [3].  The basic concepts of the RST can be 

found in the literatures [8, 9, and 10]. 

Probability of selecting a feature: 
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 Where  

 n represents the number of ants, k is the number of iterations, 

allowedn is the set of unselected features, τ (i, j) is the 
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Figure 1.   Methodology of the proposed work 
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pheromone value  and η (i, j) is the heuristic information for 

choosing feature j when ant is at ith feature. α and β are the 
parameters used to determine the relative importance of the 

pheromone and heuristic information and their value is in 

between 0 and 1. 

Pheromone Updating Rule: 

 

𝝉𝒊𝒋 𝒌 + 𝟏 = 𝝆𝝉𝒊𝒋 𝒌 + 𝟏 + 𝚫𝜏𝒊𝒋(𝒌) … (2) 

Where  
τij (k) -  is the amount of pheromone on a given path from i    

            to j  at kth iteration  

τij (k+1) -   is the amount of pheromone at next iteration k+1 

ρ  - is a decay constant used to simulate the evaporation   

           of pheromone, 

Δ τij (k)- is the amount of pheromone deposited, given by  

Δτij(k)= 

 
𝛴

𝑞

 𝑅 𝑘  
      𝑖𝑓 𝑡ℎ𝑒 𝑝𝑎𝑡ℎ 𝑓𝑟𝑜𝑚 𝑖 𝑡𝑜 𝑗 ℎ𝑎𝑠 𝑏𝑒𝑒𝑛 𝑡𝑟𝑎𝑣𝑒𝑟𝑠𝑒𝑑

0                                          𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

  

 

Where  

          q is constant and   

         R (k) is the minimal feature reduct at kth iteration. 

Heuristic Information: 

𝜼 𝒓, 𝒑 = 𝒔𝒈𝒏(𝒓,  𝑪𝒐𝒓𝒆⋃𝒑 , 𝑫).... (3) 

 Where  Core(C) denotes the set of core  C with respect to D in 
DT,  and the given ant is currently at node p and r ∈ C – {Core 
∪ p}. sgn[3] denotes the function of significance. 

 

Algorithm of Ant Colony Optimization for Feature Subset 
Selection 

1. Compute the core features by feature core 
algorithm[3] and let it be Core 

2. Repeat 

3. For each ant  

4. Select a feature randomly from the unselected feature 
set  {C-Core} by equation(1) 

5. Find the solution by computing heuristic information 
by equation (3) 

6. Update pheromone by equation (2) 

7. Until ( Max number of cycles) 

Phase 2: Tree-based Classification Techniques 

In this paper, the reduced features obtained from the RST 
based ACO are submitted to the two different types of decision 
tree classification techniques namely C4.5 and VPRSM based 
Decision tree classification. 

In C4.5 [11] Decision tree classification, the selection of 
the splitting attribute is based on the fundamental entropy 
based measures and in the VPRSM based decision tree 
classification technique [12,13,14] the selection of splitting 
attribute is based on the variable precision explicit region. 
Variable Precision Rough Set model is an extension to the RST 
with the addition of a new parameter β called the 
misclassification degree [15], and with the introduction of this 
misclassification degree VPRSM based DT classifies the data 
more accurately and also addresses the problem of model over 
fitting caused the traditional decision tree construction 
methods. 

       The performance of the RST based ACO feature 
selection algorithm is evaluated by 10-fold cross validation test 
[16]. 

IV. EXPERIMENTAL ANALYSIS 

For experimental analysis, three bench mark standard medical 
data sets Chronic Kidney Disease, Diabetes and Vertebral 
Column are taken from UCI repository [17] and are listed 
below in the Table 1. 

Table 1 Description of the Data sets 

Data Set Classes Instances 
Total 

features 

Continuous 

Features 

Chronic 

Kidney 

Disease 

Chronic 

disease, 

Not Chronic 

Disease 

769 24 11 

Diabetes 

Tested 

Positive, 

Tested 

Negative 

400 8 6  

Vertebral 

column 

Hernia, 

Spondylolith

esis, Normal 

301 6 6  

 

The observed accuracies of the two classification techniques, 
C4.5 and VPRSM based DT are given in Table 2. 
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Table 2 Performance of the Classification techniques on Undiscretized Data 

 

 

 

 

 

After discretization of the continuous valued attributes, the 

accuracy of the classifications techniques has been increased.  

The results of VPRSM based DT for different β-values is 

given in tables 3,4 and 5. 

Table 3 Results of VPRSM based DT on Chronic Kidney disease with different β values 

 

𝛃 value 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 

Size 12 11 9 3 3 4 4 4 

Leaves 8 8 7 2 2 3 3 3 

Accuracy 93.75 77 97.25 85.75 85.75 69.75 69.75 69.75 

 

Table 4 Results of VPRSM based DT on Diabetes dataset for different values of β 

 

𝛃 value 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 

Size 18 18 16 16 9 2 2 3 

Leaves 5 2 6 6 4 1 1 2 

Accuracy 71.95 38.76 81.26 81.26 69.37 99.08 99.08 77.70 

Table 5 Results of VPRSM based DT on Vertebral Column for different values of β  

 

𝛃 value 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 

Size 3 3 3 3 3 3 4 4 

Leaves 2 2 2 2 2 2 3 3 

Accuracy 86.77 86.77 86.77 86.77 86.77 86.77 66.77 86.77 

 

From the results of tables 3,4 and 5, the VPRSM based DT 

model yields best results for β=0.2. The observed accuracies  

 

 

of the C4.5 and VPRSM based DT on discretized datasets is 
given in table 6. 

Table 6 Classification accuracies on Discretized Data 

 C4.5 VPRSM based DT 

 
Chronic  

Kidney Disease 
Diabetes 

Vertebral 

Column 

Chronic Kidney 

Disease 
Diabetes 

Vertebral 

Column 

Size 11 39 23 10 24 5 

Leaves 6 20 12 5 13 3 

Accuracy 95.25% 73.82% 81.61% 95.45% 78.23% 83.21% 

 C4.5 VPRSM 

 
Chronic Kidney 

Disease 
Diabetes 

Vertebral 

Column 

Chronic 

Kidney 

Disease 

Diabetes 
Vertebral 

Column 

Size 9 22 5 9 16 3 

Leaves 5 13 3 7 6 2 

Accuracy 95.25 78.25 81.61 97.25 81.23 86.77 
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The graphical representation of the comparison of experiment 
results of accuracy of the two classification techniques on 
discretized data of various data sets are shown in figure 2. 

0

20

40

60

80

100

120

C4.5 VPRSM

C
la

ss
if

ic
a
ti

o
n

 A
cc

u
ra

cy

Decision tree Classification Technique 

ChronicKidneyDise
ase

Diabetes

VertibralColumn

 

   Figure 3 Comparison of accuracies of C4.5 and VPRSM based DT 
on Discretized data 

 The feature selection technique is employed on the data set 
that results in feature subset and the experimental results are 

shown in table 7 

          Table 7  Feature Subset generated for the RST based ACO 

Data Set 

Total  

Number 

of 

features 

Reduced 

Number 

of  

features 

Feature Sub Set 

Chronic  

Kidney  

Disease 

 

24 10 

Age,  Specific gravity, 

Albumin, Serum creatinine, 

Sodium, Potassium, 

Hemoglobin, Red blood cell 

count, Diabetes mellitus, Pedal 

edema, Anemia 

Diabetes 8 6 
Pregnant, Plasma, Pressure, 

Insulin, Mass, Pedi 

Vertebral 

Column 
6 6 

Pelvic incidence, Pelvic tilt, 

Lumbar lordosis angle, Sacral 

lope, Pelvic radius, Grade of 

spondylolithesis 

The experimental results obtained from various data sets of 

reduce data for C4.5 and VPRSDT are listed in Table 8 and 

Table 9 respectively. 

Table 8 Classification accuracies for C4.5  on Reduced Data 

 

 

 

                           

Table 9 Classification accuracies for VPRSDT  on Reduced Data 

 

 

 

 

 

The comparison of experiment results of accuracy and size of 
the trees obtained for reduced features of various data sets is 

shown in figure 3. 
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   Figure 4 Comparison of accuracies of C4.5 and VPRSM based DT 

on reduced data 

 

 

 C4.5 Decision Tree 

 
Chronic 

Kidney Disease 
Diabetes 

Vertebral 

Column 

Size 11 22 23 

Leaves 9 13 3 

Accuracy 95.25 78.25 81.61 

 VPRSM based Decision Tree 

 
Chronic  

Kidney Disease 
Diabetes 

Vertebral 

Column 

Size 9 16 3 

Leaves 7 6 2 

Accuracy 97.75 81.23 86.77 
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The resulted accuracies obtained by applying different 

classification techniques on various benchmark standard data 

sets collected from UCI repository are shown in in table 10. 

 

Table 10.  Performance of the RST based ACO feature selection technique 

 

 

 

 

 

 

 

V. CONCLUSION 

In this paper, the Rough Set based ACO approach with 

heuristic information is used for selecting a subset of features 

from the datasets taken from UCI repository. On applying the 

feature selection technique ACO, the Chronic kidney disease 

data set with 24 attributes are reduced to 10 attributes, and for 

Diabetes dataset number of features reduced from 8 to 6 and 

there is no reduction of features for the Vertebral column 
disease dataset. When submitting these reduced features to 

C4.5 and VPRSM based Decision tree classification models 

the observed accuracies have been increased. The 

experimental results proved that the performance of the RST 

based ACO for feature selection and VPRSM based decision 

tree classification technique outperformed the traditional 

methods for classification. 
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