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Abstract: The main objective of software engineering 

community is to develop useful models that are able to calculate 

the accurate estimating software effort. COCOMO (Constructive 

Cost Model) is consider as mostly used algorithmic maintenance 

cost modeling technique among other software maintenance cost 

estimation techniques. It is mostly used technique due to its 

simplicity for estimating the effort in person-months for a project 

at different stages. In this paper we have proposed a new approach 

that is able to give better results. In proposed approach we have 

used Tomcat server dataset whose features are extracted using 

Principle component analysis approach which is further 

optimized using Particle Swarm Optimization. In previous work 

most of researchers have used Genetic algorithm but it is a time 

consuming part. So, in this paper we have used Particle swarm 

optimization that gives improved results. At the end we have used 

Linear discriminant analysis for classification that classifies the 

priority levels and tell how much your system is having the 

estimations for the cost based on Source lines of the codes or 

functional points or the efforts required. The proposed approach 

is tested in terms of functional point, set effort person per month 

and SLOC that gives best results.  

Keywords: COCOMO, Functional point, Set effort per month, 

SLOC, Software engineering, PCA, LDA, PSO.  

I. INTRODUCTION 

The most crucial and essential activity to be consider in 

software development life cycle (SDLC) is software effort 

estimation (SEE) that is used for software development 

activities budgeting, monitoring and planning [1]. It is also 

used for within and on time software budget delivery that 

gives most reliable and realistic value of required effort for 

developing a project. The person-month is the term in which it 

is calculated. This effort is used for project plans, project 

budgets, investment analysis, resource allocation schemes, 

pricing process, etc. It has been seen that for good 

management decision making software development effort 

accurate cost estimation is a critical process. For software 

industry effort estimation reliability and precision is very 

important because for software companies both 

underestimates and overestimates software effort are harmful. 

Thus, from an organizational perspective, an early and 

accurate cost estimate will reduce the possibility of 

organizational conflict during the later stages.  

So, the main objective of software engineering community 

is to develop useful models that are able to calculate the 

accurate estimating software effort. In period 2002-2003, out 
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of 13522 projects only 33% projects were completed within 

budget and time in UK as per the standard group report1. 82% 

projects were late, 43% projects were overrun their financial 

plan and 20% projects were cancelled [2]. This creates a need 

of making a reliable and realistic software estimation effort 

model. Many researchers have proposed various effort 

estimation methods that are categorized into analogy, 

algorithmic and expert judgment method. Estimation of 

Resources-Software Estimating Model (SEER-SEM), 

Function Point (FP) method, Constrictive Cost Model 

(COCOMO) and Software Life Cycle Management (SLIM) 

are algorithmic methods. In early phase of SDLC analogy 

method is applied [3,4,5,6].    

Another thing which is very important to be consider is 

software maintenance. Software maintenance is a very broad 

activity that includes improvements in capabilities, error 

correction, optimization and removal of obsolete capabilities. 

Change is predictable that create a need to develop a 

mechanism for controlling, evaluating and making changes. 

So, maintenance work is the work done to modify value of 

software over the period. The customer base expanding, 

meeting additional requirements and new more efficient 

technology can be use to improve the value.    

COCOMO (Constructive Cost Model) is consider as 

mostly used algorithmic cost modeling technique among 

other software cost estimation techniques. It is mostly used 

technique due to its simplicity for estimating the effort in 

person-months for a project at different stages [7]. In this 

project maintenance cost estimation is predicted by 

mathematical formulae. Various algorithms and approaches 

has been used by different researchers for COCOMO model. 

In this paper, main objective is to propose a cost estimation 

model based on Particle Swarm Optimization (PSO) and 

Principal Component Analysis (PCA) is used for feature 

extraction which is further classified using Linear 

Discriminant Analysis (LDA). This paper is divided into 

different section in which first section gives the brief 

introduction to Software testing and maintenance cost 

estimation. The brief survey of related work is given in second 

section and then in third section main focus is given on 

COCOMO method. The fourth section gives description of 

used dataset and results are briefly elaborated in section fifth. 

The paper is ended with conclusion of complete propose 

work.    
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II. RELATED WORK 

According to Banker et al. (1987) [15], it is very difficult to 

estimate software maintenance cost. The problem arises 

because cost depends upon various technical and 

non-technical unpredictable factors. Hardware stability, 

program lifetime, supported application and dependence of 

the program on its external environment is some of the 

technical factors that affect software maintenance cost. They 

have also highlighted technical factors included in modern 

programming practices and hardware/software change, 

programming language, software tools and response time like 

technical factors. The author has further quoted many studies 

to highlight non-technical factors such as use of 

duplicate/reusable code, classification of work, and distance 

of the machine room was also considered in various studies. 

The genetic algorithm, neural network or rule induction 

like machine learning and case based reasoning are getting 

used in number of applications. In 1997, Samson, B., et.al, [8] 

has analyzed that in medicines, econometrics and computer 

vision fields human abilities have proven to be superior to 

those of computers. Such techniques hold the promise of 

being able to make sense of a variety of inputs of different 

types in producing an output. There is low accuracy in terms 

of prediction in case of statistical methods and hit-or-miss 

business is software cost modeling. Albus perceptron or 

CMAC like neural network are used for performing 

experiment. They have also highlighted some of the problem 

arise when machine learning techniques are used in software 

cost modeling. An improved accuracy can be achieved using 

neural network as compared to conventional regression 

analysis.  

In 2004 [17], H. M. Sneed offered a cost model for 

software maintenance and evolution based on fixed and 

variable costs. In order to propose the model, the study has 

used parameters which are derived from static, dynamic, 

defect and productivity analysis of the software. Further, the 

types of tasks covered by this model include error correction, 

functional enhancement, routine change and technical 

renovation. The study shows that the proposed model does 

not give accurate results in case of reengineering and 

maintenance of web applications. 

In 2005, an empirical review on building corrective 

maintenance effort estimation models has been given by De 

Lucia et al [18]. The multivariate linear regression techniques 

are base of this study and cost estimation models should be 

improve using different tasks types suggested by author.   The 

task types suggested include type A, type B and type C. Type 

A concerns source code modification. Type B relates to fixing 

of data misalignments and type C concerns intervention not 

comprised in the previous categories. It has further been 

proposed that if task types for maintenance activities are 

difficult for any project, then other models which are based on 

coarse-grained metrics should be used. Scope of this study is 

limited to corrective maintenance. 

In the IT industry, precisely evaluate the effort of each 

software development project to develop cost and 

development schedule management to the software company 

in the software are count for much. The manpower cost is the 

main cost of software project that is directly proportional to 

schedule of development. Due to it precise effort valuation 

has become more important. In 2010, Jin-Cherng Lin, et.al, 

[9] have proposed a approach in which software project 

clustering is done using K-Means clustering algorithm and 

one way or pears on product moment correlation coefficient is 

use for analysis purpose. After that fitness value is evaluated 

by finding Mean of MRE using PSO and N-1 test method for 

COCOMO parameters optimization. Then optimized 

parameters are used to calculate effort of software project that 

is need to be estimated. In this project 63 history software 

projects data of COCOMO to use for testing. 

It is challenging task for software engineers to make a 

reliable effort estimation approach. Accurate effort estimation 

is the state of art of software engineering, effort estimation of 

software is the preliminary phase between the client and the 

business enterprise. The software estimation is a beginning of 

business enterprise and client relationship. Saleem Basha, 

et.al, (2010), [10] main aim is to study the empirical software 

effort estimation. From review it has been concluded that for 

different situation no single technique is prove to be good that 

is seen from comparison of the results of several approaches is 

most likely to produce realistic estimates. 

In 2012, Syed Ali Abbas, et.al, [11] gives baseline to 

researchers, software organizations and practitioners to 

comprehend the enhancements in Cocomo suite models and 

differences among these derivatives. Authors have stated that 

over the years various models has been proposed by different 

researchers for supporting software cost estimation processes 

and Cocomo (Constructive Cost Model) is considered as one 

of the best model that gives more accurate schedule estimates. 

So an overview of Cocomo suite model is discussed in this 

paper along with it they have also given relevant environment 

for their use, concept behind their development and the 

procedures for its development.   

In 2014 M. Madheswaran, et.al, [12] have given main focus 

in constructing artificial neural networks based software 

effort estimation model . The aim behind this work is to 

improve the COCOMO model performance. They have used 

multi layer feed forward neural network to accommodate the 

model and its parameters to estimate software development 

effort. The network is trained with back propagation learning 

algorithm by iteratively processing a set of training samples 

and comparing the network's prediction with the actual effort. 

The network is trained and tested using COCOMO dataset 

and results shows that proposed model gives more estimation 

accuracy of model as compared to COCOMO model.     

The COCOMO II model extension is offered by Vu. 

Nguyen (2014), [19] after evaluation of various popular 

software maintenance cost estimation models. He has 

revealed that the various existing models suffer from 

weaknesses concerning limited choice of input metrics and 

limited scope of maintenance activities. The author has 

evaluated and presented the extended version of COCOMO II 

model for effort and size estimation of software maintenance 

projects. The author has used regression approach to build the 

estimation model. It has been emphasized that the proposed 

model can be used for the organizations where data is not 

sufficient to calibrate various estimation models. This 

extended version of COCOMO II model also considers SLOC 

metric of deleted code in its size metric.  
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However, the author has cautioned that this model is 

limited to functional enhancement and fault correction 

activities of maintenance. Hence, the model needs further 

improvement to support reengineering, language and data 

migration, performance improvement and other cost effective 

activities. 

It has been seen that software effort is an essential and 

crucial activity for the software development life cycle. In this 

paper Rohit Kumar Sachan, et.al, (2016) [13] have proposed a 

new model based on genetic algorithm that is used for basic 

COCOMO model parameters optimization. The NASA 

software project dataset is applied in proposed approach that 

shows better results in terms of realistic estimation as 

compared to basic COCOMO.  

III. COCOMO 

In 1981, Barry Boehm has introduced the COCOMO 

model that is stands for Constructive Cost Model that is used 

for estimating software projects cost, effort and schedule in 

his classic text comes under software Engineering Economics.  

On the basis of 63 completed projects from diverse domains 

this model is defined [4]. The basic, intermediate and detailed 

are three increasingly detailed and accurate forms hierarchy 

makes a COCOMO 81. In case of quick, early, rough order of 

magnitude estimates of software maintenance 

 costs basic COCOMO or first level is good. There is need 

of 15 different effort multipliers into account and cost drivers 

in case of intermediate COCOMO [14]. Detailed COCOMO 

additionally accounts for the influence of individual project 

phases. COCOMO additionally accounts for the influence of 

individual project phases. 

The effort required to make project in general form is given 

below: 

 …..(1) 

Where effort estimate in person months is denote by PM, 

productivity coefficient is denote by , b denotes economies 

of scale coefficient. Kilo lines of code is denoted by KLOC, 

effort multipliers or cost drives is denoted by EM in the above 

given equation.  

Simple Model 

   …..(2) 

The above given second equation gives the estimate 

software maintenance cost for basic pattern or simple model 

of estimation where estimated software effort is denoted by C, 

A, B are estimated parameters, thousand of lines of code 

(KLOC) is represented by S. The adjustment factor is not 

considered in this model.   

Intermediate Model 

 ……(3) 

The above equation gives the software effort estimation of 

intermediate model where C, A, B, S is same as in equation 2. 

The only addition is multiplication by the product of 15 

factors and adjustment factor value is represented by  The 

difference between basic and intermediate mode is the 

addition of 15 more important factor in the software effort 

estimation. Further it is divided into four categories of project 

property, personal, computer and product attributes.  

Detail Model 

 In this the same equation of intermediate model is used. 

The only difference is that in this more detail classification of 

15 factors for the project is there as compared to intermediate 

model. 

Project modes COCOMO 

Organic, Semidetached and Embedded are three project 

modes of COCOMO.   

IV. PARTICLE SWARM OPTIMIZATION 

Particle Swarm Optimization is a technique developed by 

Dr. Eberhart and Dr. Kennedy in 1995[20]. It is population 

based stochastic optimization technique inspired by inspired 

by social behavior of bird flocking or fish schooling. In a 

population of solutions, each solution is considered as a 

particle and the main objective is to find an optimal solution 

through the movement of a particle in solution space. Each 

time particle moves from one position to another it keeps 

track of coordinate values of a particle with best solutions 

through some fitness function.    Best values achieved by the 

individual particle from its all movement is consider lbest . 

The value of the solution is achieved best among all the 

solutions is consider gbest. Each time  velocity is changing  

towards it lbest [21]. 

V. DATASET 

Software cost estimation deals with the implementation of 

any kind of software which is based on some data sets. So you 

have to estimate the cost of the implementation at the end of 

the process and you have to evaluate the performance in terms 

of functional points, the source lines of codes and  the efforts 

that are required to implement the software. Here we have 

taken the Tomcat server process[23][24][25]. In Tomcat 

server process we have deal with some big ids and some bug 

report and their priority levels and after that we have 

implemented that process on Matlab software[22]. Further we 

have classified their priority levels that which bug will come,  

which bug is having high priority to implement and to solve or 

to resolve. 

 
Figure 1 Tomcat server process Dataset 

The above figure shows some of the taken Tomcat server 

process dataset. This dataset contains some bug IDs, summary 

of that bugs, report time, their status of report time, status 

report where it is resolved. It also includes commit processes 

commit ID that is committed for that particular bug 

implemented in Java software. This dataset will deal with 

whole process and it is consider as house server 

implementations or Organic project mode.  
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VI. RESULTS 

In this work we have used Tomcat server process dataset as 

given in above section. This section will give the brief about 

implementation of proposed approach using MATLAB 

Graphical user interface (GUI). The complete work is divided 

into different parts. In order to implementation of the 

COCOMO model the principal component analysis is used to 

extract the feature vector as the fetching and processing of the 

data initially is the raw vector which is not understandable and 

having no hierarchy so we have to extract the characteristic 

values as feature values in terms of Eigen vectors using 

principal component analysis and to optimize the 

performance of the system and to reduce the complexity of the 

vector processing which reduces the redundancies of the data 

then we have performed the optimization process using 

particle swarm optimization which increases the execution of 

the processes in the system to reduce its complexity in an 

effectual manner.  

We have to deal with the priority levels that which bug-id is 

having high priority. The Figure 2 shows the GUI panel of 

proposed work. In this GUI there is first pushbutton on 

Upload database which is selected to upload the dataset then 

will get the bug ID, description and report timestamps on the 

GUI as shown in figure.  

 
Figure 2 GUI panel 

Then the next step will come after when you will click on 

the LDA section. So we have implemented some algorithms 

for that. First of all, we have upload data set and then we have 

to extract the feature vectors from data set and then we have 

implemented the instance selection process. It deals the 

selection of some relevant features from the existing feature 

vector and then we have to apply the classification process 

which is LDA that is linear discriminant analysis, and we have 

to click the button for Classification of their priority levels 

that which bug ids having high priority to be resolved.  

The below figure 3 shows the Feature selection Criteria. 

For feature extraction we have used PCA. Mainly PCA is used 

for feature extraction, classification and compression of 

images. PCA stands for principle components for 

transformation purpose. First principle component only 

monitors the variations in data and after this all the related 

component examine the residual changes if possible. The 

maximum changes are monitored by the first principle 

component. The second principal component implemented to 

measure the variation in the subspace which is perpendicular 

to the first. After this the third principal component 

implemented to measure the maximum changes in the 

subspace which is perpendicular to first and second.  

In this technique the correlated variables are transformed 

into various non-correlated variables. PCA method is usually 

implemented for classification as well as compression of 

images. From the name it is cleared that it uses principle 

components for transformation purpose. In this technique the 

efficient and brief details of data set are computed. It mainly 

deals with some icon vectors and then we have two eigen 

Vector deals with a characteristics values and instance 

elections deals with the characteristics value or relevant 

feature vectors from that existing feature extraction process. 

So after that we have to click on that feature section 

process, then you will see that the feature selection criteria is 

done and it's saved in the data set, which is .mat file.  

 
Figure 3 Feature selection Criteria 

 After that we have to tracked the instance selection using 

particle size or particle swarm optimization process. So, we 

have to keep in that instance election, then you will get some 

optimize feature values for the instance selections. PSO 

attracts the high fitness space positions of particle. It works by 

considering velocity and positions two factors which are 

attained locally and globally. Firstly local best position is 

calculated using specified equation which is further used for 

comparison purpose to get global best position value.  

 
Figure 4 Optimized features 

So once we clicked on LDA pushbutton we will get some 

high priorities low protein levels for the bug IDs for the bugs 

which are absorbed and after working on that LDA selection 

process that is the classification process which classifies the 

priority levels and that how much your system is having the 

estimations for the cost based on Source lines of the codes or 

functional points or the efforts required.  
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Figure 5 Functional point using Proposed approach 

After evaluation of those parameters we have got the 

functional point set as 60.885%. It will tell how much our 

system is reliable to provide the services for the appropriate 

functions. And it also tells how much system is able to provide 

some you can say that estimations for these services to the 

user or the product provides to a user which is used to 

compute the functional size measurement of the software.   

 
Figure 6 Effect person per month of proposed approach 

 

 
Figure 7 SLOC of proposed approach 

The above given Figure 6 and figure 7 gives the results of 

effort person per month and SLOC using proposed approach. 

The efforts persons per month are 12.0929 in terms of 

percentage and SLOC is 733. 

Functional points analysis is a major techniques among all 

the techniques used in this paper. Large part of the empirical 

research is based on this technique but should not be taken as 

reason of exclusion of other techniques. 

VII. CONCLUSION 

Accurate and reliable Software maintenance effort 

estimation is a very challenging for both academic 

communities and software industrial. There are several 

software effort forecasting models that can be used in 

forecasting future software development effort. In this paper, 

we have proposed a maintenance cost estimation model based 

on Particle swarm optimization. In our approach we use a 

model that maps COCOMO model to a PSO. The tomcat 

server dataset is use whose features are extracted using PCA 

which are further optimized using PSO. The last section of 

this work is classification of priority levels and that how much 

your system is having the estimations for the cost based on 

Source lines of the codes or functional points or the efforts 

required that is performed using LDA. The proposed 

approach is tested in terms of functional point, set effort 

person per month and SLOC. The functional point achieve is 

60.885%, set effort person per month and SLOC is 12.0929 

and 733 respectively.  
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