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ABSTRACT 

My project entitled as “SOFTWARE MAINTANABILITY PREDICTION USING CUCKOO 

SEARCH METHODS“, In the software development life cycle a very important role is performed by software 

maintenance phase which provide the software quality features like accuracy and clarity of the documentation, 

modularity, readability and simplicity. The recent research works notices that the cost of software maintenance 

is more than 40 percentage of the total cost of developing it. The impact of cost by software maintainability 

produces significant impact. It is very essential to forecast software system’s maintainability so to effectively 

manage costs. The main issue in software maintenance are satisfying customer needs, cost of estimation, 

recruiting employees in terms of managerial point of view. From the technical aspect the issues are lack in 

knowing the maintainability measurement in advance. 

This research work concentrates on handling the features describing the software maintenance in an 

effective way. There are numerous metrics available for finding the cognitive complexity of the software 

maintenance. This work focuses on determining the most promising features which can be used for evaluating 

the maintenance cost of the software from the collection of features used for describing it. This overcomes the 

irrelevant information, redundancy of features details and improvises the forecasting of software maintenance 

cost.                                                      

                                                                INTRODUCTION 
The increasing complexity in software maintenance highly degrades the quality of the software due to 

frequent modification in the functioning of the software. This research work aims at improving the quality of 

the software maintenance by developing Quantitative Unified Approach on Software Maintenance in Object-

Oriented Programming. This chapter provides the overview of the software maintainability, its importance, 

overview of data mining techniques, problem definition and the contribution of this research work. 

        

LITERATURE REVIEW 
 

This chapter discusses about various existing works done on the component based reusability, object 

oriented metrics and the software maintainability prediction are explained in detail as follows:  

 

Survey on Object- Oriented Metrics based Software Maintainability Prediction 
 Abreu et al. [59] provides a new classification framework for the TAPROOT. This framework was defined 

with the other two independent vectors theseare category and granularity. Six categories of Object-Oriented 

metrics were defined are design metrics,  
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complexity metrics, size metrics, quality metrics, productivity metrics and reuse metrics and also proposed three 

Levels of granularity are software, class and methods but no empirical/theoretical base for the metrics was 

provided. M. Alshayeb et al. [60] have given two iterative procedures for the pragmatic study of object oriented 

metrics. They include the short-cycled agile process and the long cycled framework evolution process. By 

observing the results, it can be seen that the design efforts and source lines of code added, changed, and deleted 

were triumphantly predicted by object-oriented metrics in short-cycled agile process where as in the case long-

cycled framework process the same features were not successfully predicted by it. This has shown that the 

design and implementation changes during development iterations can be predicted by object oriented 

 

Metrics, but the same cannot be the case with long-term development of an established system. 

R.D.Neal et al. [61] also gives the study for the validation of the object-oriented software metrics and found that 

some of the proposed metrics could not be considered as the valid measure for the dimension then, they could 

be measured. He defined a model based on measurement theory of the validation through which they can 

proposed 10 new metrics – Potential Methods Inherited (PMI), Proportion of Methods Inherited by a Subclass 

(PMIS), Density of Methodological Cohesiveness (DMC), Messages and Arguments (MAA),Density of 

Abstract Classes (DAC), Proportion of Overriding Methods in a Subclass (POM), Unnecessary Coupling 

through Global Usage (UCGU), Degree of Coupling Between Class Objects (DCBO), Number of Private 

Instance Methods (PrIM), and Strings of Message Links (SML). 

 

RESEARCH METHODOLOGY 

This chapter discusses about the proposed research methodology of the software maintainability 

prediction using cuckoo search clustering technique. The detailed overflow of software maintainability 

prediction using cuckoo methodology is shown in the figure  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure Overall Framework of the cuckoo search based clustering on software maintenance Dataset 
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The figure shows the overall framework of this research methodology. The main objective of this 

research work is to reduce the software maintenance cost considerably by predicting the maintainability effect 

of each software under consideration. In this approach an unsupervised learning methodology is used for 

prediction process. To enhance the prediction ability cuckoo search clustering technique is applied to determine 

the similar instances and group them and dissimilar instances are frame another cluster. In this work two 

commercial software’s are used for finding the performance of the proposed methodology. As this prediction 

model is designed for object orient programming software’s their performance are measured in terms of object-

oriented metrics.  

The collected input dataset may consist of different range of values to make the prediction process 

suitable the data transformation is done. This to normalize the dataset which makes all the attribute values fall 

in the range of 0 to 1. Then statistical analysis is done on these datasets to determine the reliability of each 

metrics involved in software maintainability prediction.  

After that similarity among each instance are determined using cuckoo search method. Which selects the 

dissimilar instances out of the cluster and create a new cluster whose instances are similar to the specific 

instances. The performance of the cuckoo search clustering is evaluated with three existing models k-means, 

DBSCAN and Ant colony Optimization. 

 Data Preprocessing 
Normalization process is done on the two software datasets collected metrics. This process is known as 

data preprocessing which will perform data translation to convert the attributes value to be lie between the range 

of 0 to 1. For normalization process min-max method is used. The formula for applying min-max normalization 

is as follows: 

                          










Value Minimum  - Value Maximum

Value Minimum - X
  range Normalized  

 

Cuckoo search method is built upon three important rules they are:  

1. Each cuckoo will lay only one egg at a period of time and places its egg in a randomly selected host nest 

2. For next iteration the nest with best eggs are considered for processing 

3. The quantity of available hosts nests is stationary, and the egg restored by a cuckoo is visible by the host bird 

with a likelihood pa(0,1). Erudition functions on convinced set of poorest nests, and uncovered answers 

rejected from outside controls. 

 

Algorithm for Cuckoo Search 
begin 

Objective function f(x), x = (x1, x2, …,xd)r 

Create an initial population of n host nestsxi (i=1, 2, 3 …………., n);  

while (t <max_ generation) or (stop generation) 

Get a cuckoo arbitrarily (say, i) and replace its solution by performing levy flights; 

Evaluate its fitness Fi 

Choose a nest among n (say, j) randomly; 

     if (i <Fj) 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME VI, ISSUE I, JANUARY/2019

ISSN NO: 2394-8442

PAGE NO:74



 

 

Replace j by the new solution;  

end if  

A fraction (pa) of the worse nests is wild and new ones are built;  

Retain the best solutions (or nests with quality solutions); 

 Rank the solutions and discover current best  

Pass the current best solutions to the next generation;  

end while 

Two well defined methods are available for applying this cuckoo search method in this approach the 

fitness value of each instances in the concern cluster is determined to find the dissimilar instances presented in 

each cluster. The fitness function formula is as follows  

                Fitness value(rule) =     t
y

w*
instancesofnototal

instancesclassifiedectlNo.of.corr




 

 

In this fitness value is indicated as quantity of instances properly classified by the concern rule divide by 

the total no of instances and multiplied by the weight value (wt) assigned to the rule. 

Ant Colony Optimization (ACO)  

Ant colony optimization was projected by Dorigo et al. [3] it belongs to met heuristic approach which is 

introduced based on the real ants searching behavior for food. They find the shortest path based on the amount 

of pheromone deposited on the way they travel. Each ant recommends to trail the way which has richest amount 

of pheromone deposited. This subsection describes about ant colony optimization for clustering the similar 

instances and predict the software maintainability using unsupervised learning paradigm. The instances are 

compared by assigning the pheromone trail which is indicated as the weight of every edge among any two 

instances. A random instance is selected during the initial phase then the next instance is selected from those not 

chosen the instances based on the likelihood consequent by Dorigo et al. [3].  
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Here, k denotes the amount of ants participated and t denotes number of iterations, allowed k represents 

set of not nominate distances and  (i,j) means pheromone value and  (i,j) signifies empirical data of the 

selected instance j when at  instance i. When the number of the solution is greater than negligible reduce or 

fitness value of minimal reduce equal to all the provisional instances the conclusion for creation will be 

performed [4].  

 Software Maintenance Dataset Description 
Many researchers endeavored to link metrics of software to software maintainability in procedural model. 

Rombach sign spots about software maintainability using software metrics it can be predicte. 

1. DIT = Depth in the Inheritance Tree 

In the inheritance hierarchy it measures the DIT metric. If the DIT is larger, then it is harder to maintain 

the class. It is measured as class level number in inheritance hierarchy. The DIT for root class is Zero so 

the value of DIT varies from 0 to N, where N is a positive integer   

 

 

(4.1)
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2. NOC = Number of Children  

It measures the total number of direct children of a class holds. If the NOC is larger it is difficult to 

maintain the class. The value of direct sub classes varies from 0 to N, where N is a positive integer   

3. CBO = Coupling between Objects  

It is the total number of classes to which a class is interdependent on 

 

 

4. MPC = Message Passing Coupling  

It is a measure relevant to complexity measure of message passing between classes in the dataset. MPC 

is number of send-statements well-defined in a class. The number of messages sent out from a class may 

specify how dependent the application of the local methods is upon the approaches in other classes.  

5. RFC = Response For Class  

It measures the cardinality of the response set of a class. If there are too many RFC it is difficult to 

maintain the class because using more number of methods in response to a message makes error tracing 

very complex. The computation of RFC is a total number of local methods and total number of methods 

called by this local methods 

error difficult. The calculation of RFC is number of local methods and number of methods called by 

local methods varies from 0 to N, where N is a positive integer.  

6. LCOM= Lack of Cohesion of Methods 

This metric measures the class cohesion lack. Computation of LCOM is disjoint sets of numbers of local 

methods, there is no two set intersects, any method which share same set at least one local instance 

variables varies from 0 to N where the value s positive integer.  

7. DAC = Data Abstraction Coupling 

This metric measures the complexity among coupling which is caused by ADT(Abstract Data Type) and 

DAC is the total number of ADTs defined in a class. 

8. WMC = Weighted Method Complexity 

It measures the static complexity of all methods. If more number of controls flow a class method then it 

is very difficult to maintain them. It is computed as sum of McCabe’s cyclomatic complexity of every 

local process varies from 0 to N; where N is a positive integer.  

9. NOM = Number of Methods 

It is a measure of number of local methods which increase interface usage of a class. It is served as a best 

metric for interface.   

10. SIZE1 = number of semicolons per class 

It is a conventional metric of line of code count which is computing by counting number of semicolons in 

a class. LOC metric is hereby denoted to as SIZE1.  

11. SIZE2 = number of methods and attributes 

It computes the properties metric of a class which includes both methods and attributes. It is denoted as 

SIZE2.  

 

 

                                                          THE PROPOSED METHOD 
The  analysis of the software maintainability prediction using three different approaches. They are k-

means, DBSCAN and proposed Cuckoo search-based clustering and their performance are simulated using 
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MATLAB software. To perform the simulation analysis two different software are used namely UIMS and 

QUES. The comprehensive explanation of the performance investigation is evidently described in the 

subsequent section 

 

                                                Table: Statistics of class UIMS 

 

 

 

 

 

 

 

 

 

                                          

 

 

 

 

 

 

 

 

 

 

 

 

Statistics summary of UIMS software 

            From the table and the figure, it is observed that the overall classes of the UIMS module is 39. Each 

metrics used for software maintainability is listed along with its statistical information. The dit ranges from 0 to 

4, noc ranges from 0 to 8, mpc ranges from 1 to 12, rfc ranges from 2 to 101, lcom ranges from 1 to 31, dac 

ranges from 0 to 21, nom ranges from 1 to 40, wmc ranges from 0 to 19, size 1 ranges from 4 to 439, size 2 

ranges from 1 to 61 and finally change ranges from 2 to 289.Table   

                                         Statistics of class QUES 

 

 

 

dit noc Mpc Rfc Lcom Dac wmc nom size2 size1 Change 

Min 0 0 1 2 1 0 0 1 1 4 2 

Max 4 8 12 101 31 21 69 40 61 439 289 

Mean 2.15 0.95 4.31 23.21 7.49 2.67 11.38 11.38 13.97 105.31 46.82 

Median 2 0 3 17 6 1 5 7 9 74 18 

Standard 

Deviation 
0.90 2.01 3.41 20.19 6.11 4.22 15.90 10.21 13.47 115.34 71.89 

dit Noc Mpc rfc Lcom dac wmc nom size 2 size 1 Change 

Min 0 0 2 17 3 0 1 4 4 115 6 

Max 4 0 42 156 33 25 83 57 82 1009 217 

Mean 1.91 0.00 17.87 54.65 9.20 3.45 15.09 13.45 18.07 277.61 64.507246 

Median 2 0 17 40 5 2 9 6 10 216 52 

Standard 

Deviation 
0.54 0.00 8.36 33.05 7.35 3.97 17.29 12.12 15.37 173.67 43.410362 
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                                                             Statistics summary of QUES software 

 

The table and the figure, show the minimum, maximum and standard deviation of all the metrics used in 

the QUES software. The QUES consist of 69 classes, where dit ranges from 0 to 4,  mpc ranges from 2 to 42, 

rfc ranges from 17 to 156, lcom ranges from 3 to 33, dac ranges from 0 to 25, nom ranges from 4 to 57, wmc 

ranges from 1 to 83, size1 ranges from 115 to 1009, size 2 ranges from 4 to 82 and finally change ranges from 6 

to 217. In this NOC values are zero which indicates there is no immediate subclasses in the class hierarchy so 

that noc is not taken into the consideration for determining software maintainability 

 

                                                        Experimental Result and Discussion 

 

Measures used to analyze software maintainability  

Magnitude of Relative Error (MRE): By considering the absolute vale of difference among the actual and 

observed output is formulated by Kitchenham [20]. The formula for MRE  measure is:  

MRE = 
eActualvalu

aluepredictedveActualvalu 

 
 

Mean Magnitude of Relative Error (MMRE): MMRE is the mean of MRE as formulated by Conte, Duns more 

and Shen [21]. The MMRE formula is:  

MMRE =


N

I
IMRE

1  
 

Prediction: Pred is computed by the predicted values whose MRE is less than or equal to a specified value. This 

was formulated by Fen tom [22]. The formula forPred() equation, where k is the amount of predicted values 

which are lesser than or equal to the stated value, q is the quantified value and N is the total amount of cases.  

Pred(q) = 
N

K
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 Performance comparison of proposed cuckoo search-based software maintainability prediction with the 

other existing methods 

 

  Measures 

Models Used Max MRE MMRE Pred(0.30) Pred(0.60) 

k-means  4.1256 0.3215 0.3306 0.4387 

DBSCAN 3.2876 0.3173 0.3540 0.5739 

Ant colony 

optimization  2.9731 0.3271 0.3917 0.6290 

Cuckoo Search 1.0951 0.2864 0.4598 0.8163 

 

The table shows the comparison of three different clustering methods for predicting software 

maintainability namely K-means, DBSCAN, ACO and Cuckoo search. Here three different metrics are used for 

evaluation. The error rate of each method is analyzed using MRE and MMRE. The error rate of cuckoo search 

algorithm is less while comparing other three clustering methods. Because it well handles the problem of both 

local and global optima in an efficient manner.  

                                       

 

 
Fig: Performance comparison based on MAX MRE 

 

To predict the maintainability the metric change is used for each class. The mean root error is 

determined based on the variation among the actual values and the observed values. The predicted value of 

cuckoo search method is the observed value. The maximum MRE value of four different clustering methods are 

shown in the figure.  The proposed cuckoo search method shows improved performance by producing minimum 

error value, next Ant Colony Optimization holds the better rank and worst case is produced by k-means. 
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Performance comparison based on MMRE 

 
 

 

The figure shows the outcome of the four clustering techniques in which cuckoo search clustering holds 

least MMRE value which is the mean magnitude relative error. The meta-heuristic based searching quality of 

the cuckoo birds greatly inspire in this work for software maintainability prediction more precisely 

 

 

 
Fig. .Performance comparison on the Prediction value 0.30 
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Fig. Performance Comparison based on predicted value 0.60 

 

The result of software maintainability prediction using cuckoo search is associated with the actual output 

with the prediction value 0.30 and 0.60 as shown in the figure and . The entire prediction values cannot be 

enumerated in this work, so for sample two different prediction values are considered. The number of times the 

prediction value 0.30 and 0.60 produced by the cuckoo clustering is considered and total number of instances is 

divided with that count. This model produces a greater number of correct prediction values than other three 

existing approaches because of its meta heuristic knowledge. ACO places next position because it fails in case 

of global optima.  

For the performance comparison and analysis of the result three different parameters are used and they 

are accuracy, precision and recall and their calculations are as follows 

 Accuracy = (TP + TN) / (TP + TN + FP + FN) = #correct defect modules/ #all_ instances 

 Precision = TP / (TP + FP) = #correct_ positive modules / #classified_ as_ positive modules 

 Recall = TP/ (TP + FP) = # correct_ positive modules/#classified as correct_ positive modules 

Performance Evaluation of the proposed Cuckoo Search method with K-means and DBSCAN and Ant 

colony Optimization 

 

Metrics K-Means DBSCAN 
Ant colony 

Optimization 
Cuckoo Search 

Correctly Clustered 

Instance 
80 89 100 122 

Incorrectly Clustered 

Instance 
68 59 48 26 

Accuracy 54.0% 60.0% 67.0% 82.4% 

Precision 52.3% 63.1% 70.3% 85.3% 

Recall 54.7% 64.8% 72.4% 87.8% 
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The table and the figures show the simulation outcome based on correctly clustered instances, 

incorrectly clustered instances, precision, recall and accuracy. The performance of the cuckoo search produces 

better results which is proved by its results. This is because its ability to handle both the local and global optima 

which is failed in case of ant colony optimization. The k-means and db scan suffers to fix the number of clusters 

and fail to handle the uncertainty in dataset.                

CONCLUSION 
Maintaining software is an essential and more challenging task in the development of software. The duty 

of software maintenance is to keep functioning of software products even after they are upgraded. The software 

quality is analyzed by considering two important factors they are quality and quantity-based methods. 

Prediction of software maintainability aids the software engineers to consider the modules which are more 

complex by treating them with great care.  
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In this research work to predict the software maintainability of the software modules two different object 

orient programming are considered namely UIMS and QUES. The similar pattern among the instances are 

determined using cuckoo- search based clustering technique.  

In this work the software maintainability prediction is done by clustering the instances of the two 

different dataset UIMS and QUES. It follows the same strategy of cuckoo search to determine the similar 

pattern of instances and depending on the amount of change that might done on the code shows the feasibility in 

maintenance of the particular module in software.  

The simulation results are carried out using MATLAB software. The performance of cuckoo-search 

based clustering for software maintainability prediction is compared with k-means, DBSCAN and ant colony 

optimization. The outcome the results shows that cuckoo search method with its knowledge of meta-heuristic it 

solves the software maintainability prediction more accurately by clustering the complex modules which has to 

be focused more by software engineers which is lacked in case of existing approaches.   

Future Work  
This research work can be extended in near future is as follows: 

 The software maintainability prediction may be applied for component-based software 

 The dimensionality of the dataset can be reduced by applying optimal feature selection methods 

 More number of object-oriented metrics can be used for deciding maintainability of the software  

 Deep learning approaches can be used to gain depth knowledge in software maintainability 

 Measurements for object oriented programming can be redefined for optimal metric based quality of 

software enhancement 
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Simulation result 
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