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Abstract:  The problem of classification receives the most attention by machine learning researchers. The best algorithm to solve that 

problem is support vector machine (SVM) as time tested by experts. The idea of SVM is to find a decision hyperplane which is in 

between the two supporting parallel hyperplanes such that the data points of one class are separated by one hyperplane and the data 

points of another class are separated by another hyperplane while the margin between the two hyperplanes are maximize. In the spirit 

of this idea and to improve the accuracy, twin support vector machine (TWSVM) is conceived in which the idea remains the same but 

the condition of parallel hyperplanes are relaxed and now they can be nonparallel. Furthermore, a regularization term is added to 

TWSM to improve it further and we get twin bounded support vector machine (TBSVM). In this paper we take the challenge of 

improving TBSVM performance by optimizing its parameters with one of the most successful and time tested algorithm, the genetic 

algorithm. Moreover we will compare our machine with TWSVM optimized Fruit fly Optimization algorithm (FOA). The experiments 

conducted on the real world datasets confirm our model’s power.  
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I. INTRODUCTION  

In machine learning the problem of classification is one of the 
most important. Classification is a supervised learning problem 
in which we are given a dataset, which is a collection of data 
(called data points) with their predetermined classes for the 
training purpose, and our task is to find the class of an 
unknown data point after training. When we have only two 
classes the classification problem is called binary or two class 
while in the case of more than two classes the problem is called 
multiclass. We will consider only binary classification problem 
in this paper. The algorithm that has gained most attraction for 
solving this classification problem is the support vector 
machines (SVM) introduced by Vapnik and his collaborators 
[1-4]. The idea of the SVM is to find two parallel hyperlanes 
such that each one is close to one of the class while as far away 
as possible to the other class. Moreover the margin between the 
two hyperplanes is maximized. This algorithm was successfully 
applied to many areas [4-9]. 

In the quest of increasing the accuracy and generalization 
power of SVMs nonparallel hyperplanes machines are 
introduced. The idea of nonparallel hyperplane support vector 
machine is the same as of SVM with the only difference that 
the hyperplane need not be parallel now. In this line the 
prominent examples are Generalized Eigenvalue Proximal 
Support Vector Machine (GEPSVM) [10] and Twin Support 
Vector Machine (TWSVM) [11]. In GEPSVM the hyperplanes 
are obtained by solving two generalized eigenvalue problems 
while in TWSVM two quadratic programming problems 
(QPPs) are solved. TWSVM while quite efficient has a major 
drawback; TWSVM does not implement the structural risk 
minimization (SRM) principle. To remove this drawback Sho 

et al. introduces the twin bounded support vector machine 
(TBSVM) [12] in which the principle is implemented by 
introducing the regularization terms. In essence TBSVM is an 
enhanced version of TWSVM and for all purposes the accuracy 
of TBSVM is always equals or better than that of TWSVM 
[12]. 

On the other hand weather we have parallel SVMs or non 
parallel SVMs there is problem of parameters optimization and 
in fact the performance of the machine heavily depends on its 
parameters. Optimizing parameters in parallel SVMs are 
studied in [13-15] while in nonparallel SVMs are studied in 
[16-18]. From these studies it is very clear that without 
parameter optimization any kind of SVM will not perform its 
level best.  

Traditionally, the parameters of SVMs (parallel or 
nonparallel) are searched by an algorithm called grid search 
which is very slow. But now with the introduction of new 
metaheuristics we have very fast nature inspired optimizers e.g. 
Genetic algorithm (GA), Cuckoo Search (CS) etc.. In this work 
we take the challenge of optimizing the parameters of TBSVM 
with GA and present our genetic twin bounded support6 vector 
machine (GTBSVM). GA is a nature inspired algorithm 
inspired by Darwin’s theory of survival of the best and is time 
tested over other optimization problems as well. We note that 
the parameter optimization problem of TBSVM has never been 
studied before with GA therefore it will be very inspiring and 
fruitful to perform this study. We also note that TBSVM has 
four parameters to be tuned simultaneously therefore it will 
present a big challenge any optimization algorithm.  

On the other hand in recent years TWSVM is widely 
studied and there are many parameters optimization studies of 
TWSVM in the hope of increasing its accuracy. We will 
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compare our GTBSVM with TWSVM optimized with a new 
optimization technique fruit fly optimization algorithm (FOA) 
[22]. 

We have organized this paper as follows. Section 2 
describes the basic mathematical concepts which are necessary 
to develop a GTBSVM from TBSVM to GA. Section 3 
presents our GTBSVM then section 4 presents the results of the 
experiments performed. Section 5 concludes this paper. 

 
 

II. BACKGROUND 

A. TWSVM [11] 

 

 
In TWSVM the following two nonparallel hyperplanes 

are determined: 

Determine: 
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Here, 

(1)   
  
and    are penalty parameters that can be tuned. 

(2)    and    represents vectors of ones with 

consistence dimensions. 

(3)       represents two norms. 

 

After solving the above two QPPs a new data point is 

classified according to its distance from the constructed 

hyperplanes, i.e. it belongs to the class to which it is closer to. 

 

  

B. TBSVM 

 
 

By looking at (4) and (6) it is clear that SRM principle is 

not implemented in TWSVM. Therefore to implement it 

the following two terms are added to (4) and (6) in [12] and 

hence we get the new machine called TBSVM. 
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All the symbols have the same interpretation as in TWSVM 

but now we have four parameters to be tuned  c1 c2 c3 and  c4  
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C. GA[19,20] 

Genetic Algorithm (GA) is a nature inspired algorithm based 
on the principle of natural section by Darwin. Following are the 
main steps of GA which are self explaining: 

 
(1) Encoding of the objective function. 

 
(2) Define selection rule. 

 
(3) Initial population creation. 

 
(4) Iterate with crossover and mutation. Then accept new 

solutions with better fitness and then perform 

selection to generate new generation of solution. 

 
(5)  Decode the results to obtain the solutions to the 

problem. 
 
 
Crossover and mutation are two main operator of GA. In 

crossover a part of two different solutions is swapped and in 
mutation, a randomly selected part of one solution is changed.  
GA is one of the main tools that is highly studies so we omit 
further details the interested readers are referred to [19, 20]. 

 
 

D. FOA [22, 23] 

 
Fruit fly optimization algorithm is a nature inspired 

algorithm based on the food searching behavior of fruit fly 
which is very unique. These flies are regarded as the most 
unique in their food searching capabilities as they sense their 
food with a distance as far as 40 kms. The following flowchart 
figure 1 taken from [22] describes the algorithm with its 
application to TWSVM. 

 
Figure 1.  FOA with application to TWSVM    

 

 

 

III. GTBSVM 

We present our genetic twin bonded support vector machine 
as a hybrid of GA and TBSVM. The GTBSVM algorithm is as 
follows: 

 
Step 1: prepare the data for training. It must be noted that 

we are using 10-fold cross validation technique [21]. 
 
Step 2: initialize the parameters of GA as follows: 
 
 
 

Properties Values/Descriptions 

Population Size 

 
30 

Probabilities of crossover pc 0.8 

Probabilities of  mutation pm 

 
0.2 

Time limit 1000 Seconds 

 
 
Step 3: fitness definition: 
 

    = 
     

           
 ,                            

                        

 

where,             TP  = True positive and 

                        TN =True negative  
                FP =False Positive  
                               
The fitness function F: 

      
 
Step 4: carry out the GA’s evolution cycle:  

(i) Initial population of solutions 

(ii) Fitness evaluations  

(iii) Crossover  

(iv) Mutation 

(v) Selection  

(vi) Increase the iteration counter and repeat the 

cycle from (iii) 

(vii) Stopping condition (maximum time limit 

allowed 1000s) 
 

Step 5: recall the optimal parameters given by GA and then 
train the GTBSVM model.  

Step 6: predict he class of a new data point. 
 

IV. EXPERIMENTS  

 
Our GTBSVM is implemented on Matlab 8, 2014 and 

Pentium R dual core CPU 3.00 GHz with 2GB of RAM. The 
operating system is windows 10. For comparisons we have 
implemented TBSVM and SVM where SVM is implemented 
with LIBSVM for speed and TBSVM is implemented as 
directed in [12]. We have chosen real world datasets as 
described in table 1 from UCI machine learning repository.  
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Table I.  dataset descriptions 

Dataset Instances 

(Rows) 

Fetures  

(Columns) 

Classes 

BUPA 345 6 2 

Haberrman 306 3 2 

Heart-C 303 12 2 

Hepatitis 155 9 2 

 

Table II.  10 fold cross validated accuracy of different classifiers. 

Dataset SVM FOATWSVM[22] GTBSVM 

BUPA 

(345×6) 

69.48±4.22 72.92±0.75 74.09±6.29 

Haberman 

(306×3) 

71.52±4.59 76.45±3.27 81.08±5.12 

Heart-C 

(303×13) 

82.41±5.66 85.48±2.93 88.69±7.76 

Hepatitis 

(155×19) 

86.45±4.55 87.86±3.02 93.04±7.55 

 

 
The table 1 can be read as follows: 
For e.g. BUPA UCI dataset contains 345 records that is data 

points and for each data point there are 6 observations that is 
features. Hence mathematically BUPA is an       array. 
Likewise for the others.  

 
The results of the experiments performed are recorded in 

the table 2. In table 2 best accuracy is underlined and in 
boldface. It can be seen that the best accuracy is of GTBSVM 
in all of the cases. 

 

V. CONCLUSION 

In this paper we have described our genetic twin bounded 
support vector machine GTBSVM which is a combination of 
GA and TBSVM and in essence it optimizes the parameters of 
TBSVM. The optimal parameters found by GA are used to 
train the TBSVM and that trained TBSVM is then ready to 
classify the new data points. Experiments conducted on real 
world datasets confirms the fact that our proposed algorithm 
performs better than TWSVM optimized with FOA and SVM. 
Our GTBSVM outperforms others on all the datasets 
considered. These results also prove that TBSVM is better than 
TWSVM. In future it will be very interesting to optimize 

TBSVM with other nature inspired algorithms e.g. differential 
evolution (DE). The challenge is to adapt them according to our 
need which is a open research problem. 
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