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                                                               Abstract 
Software organizations are using various cost estimation models or methods to estimate the exact and accurate cost that will 

be used in the development of software project. Software cost estimation is carried out aiming to predict the exact cost of 

developing the software. COCOMO II is a well-known model for software cost estimation.  Most effort estimation models 

are based on the soft computing techniques, fuzzy logic modeling, genetic algorithms etc. As neural network, fuzzy approach 

is hard to use and there is some uncertainty in the results of genetic algorithm. PSO can offer some significant improvement 

in accuracy and can be used as additional tool for software effort estimation. PSO has no evolution operators such as 

crossover and mutation.  To reduce the uncertainty of COCOMO II, Post Architecture model coefficients are applied with 

PSO to provide much efficient results. In the proposed model genetic algorithm is replaced with PSO to produce best 

solution of various parameters of COCOMO II model. 

 

Keywords: COCOMO II, Effort Multipliers, Particle Swarm Optimization, Scale Factors, Size 

 

1. Introduction 

In recent years, software has become the most expensive component of the computer system project. The 

process for the prediction of the efforts required for developing software engineering project is known as 

software cost estimation. The concepts related to software cost estimation may be simple but in reality it is a 

difficult and complex concept [1]. Software cost effort estimation is one of the most essential steps to be carried 

out in the planning of any project. Software researchers are providing many cost estimation techniques for 

several decades but the main problem persist in software engineering field. Genetic algorithm is widely used for 

optimization tasks but it has some loopholes associated with it like premature convergence and fitness scaling 

problem. These drawbacks are overcome by techniques likes PSO and Simulated Annealing which prevent the 

result from being limited to some local maxima. Software costing is carried out aiming to predict the exact cost 

of developing the software. Software productivity is expressed in terms of Function points and object points. 
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1.1 COCOMO II Models 

 COCOMO model is a regression based software cost estimation model proposed by Dr. Barry Boehm in 1981 

[2]. This model faced problems in estimating the cost of software to new life cycle phases and object oriented 

approaches. So the newest instalment COCOMO II was developed. COCOMO II was initially published in the 

Annals of Software Engineering in1995. The capabilities of COCOMO II are size measurements in KLOC, 

Function Points, and COCOMO II adjust for software reuse and reengineering. This model has three sub-models 

namely Applications Composition model, Early Design model and Post-Architecture model [3]. 

A. Application Composition Model 

This model is used to estimate effort and schedule on projects that use Integrated Computer Aided Software 

Engineering tools for rapid application development. These projects are too modified but sufficiently simple to 

be rapidly composed from interoperable components. 

B. Early Design Model 

This model is used to get rough estimates of project's cost and duration before determining its entire 

architecture. It uses small set of new cost drivers and also new estimating equations. 

C. Post Architectural Model 

This model involves the actual development and maintenance of a software product. It uses function points for 

sizing, with modifiers for reuse and software breakage [4]. The Post Architectural model predicts software 

development effort in Person Months (PM) and project duration in months. It uses source lines of code or 

function points for size estimation. 

In COCOMO II method, the software development effort (in person months) is modelled using the following 

equation: 

Effort (PM) = A* (SIZE) E * Πi   EMi.  [4] ................. (1) 

Where, A - Multiplicative constant having value 2.94 that scales the effort according to specific project 

conditions. 

Size - estimated size of a project in Kilo Source Lines of Code (KSLOC) or Unadjusted Function Points (UFP) 

E - An exponential factor that accounts for the relative economies or diseconomies of scale encountered as a 

software project increases its size. 

EMi - Effort Multipliers where i =1, 2, 3….17.  

Scale Factors Computation - The coefficient E is determined by weighing the predefined scale factors and 

summing them using following equation:  

E = B + 0.01 ∑j SFj [4] .................................................... (2) where B = 0.91 

SFj =   Scale Factors where j = 1, 2…5. 

The development time TDEV is derived from the effort according to the following equation: 

                  TDEV = C × (Effort) F  [4].............. (3) 

Latest calibration of the method shows that the multiplier C is equal to 3.67 and the coefficient F is determined 

in a similar way as the scale exponent by using following equation:  

                       F = D + 0.2*0.01* ∑j SFj[4]...... (4) 
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or 

                          F=D+0.2*(E-B)                               where D= 0.28 

When all the factors and multipliers are taken with their nominal values, then the equations for effort and 

schedule are given as follows: 

 Effort = 2.94 × (Size) 1.1 [4] ......................................... (5)Duration: TDEV = 3.67 × (Effort) 3.18 [4]................ (6) 

COCOMO II model is tool supportive and objective. The disadvantages of COCOMO II are that it is size 

dependent estimation method and needs to be calibrated to achieve the better predictability. 

 1.2 Particle Swarm Optimization 

PSO is a robust stochastic optimization technique based on the movement and intelligence of swarms. PSO 

applies the concept of social interaction of problem solving. It was developed in 1995 by James Kennedy and 

Russell Eberhart. It uses a number of agents that constitute a swarm moving around in search space looking for 

the best solution. PSO has no complex mating, mutation, natural selection, more simple and has faster 

conversions. 

2. Related Work 

C. Jones [1] explained that software cost estimation is one of the biggest challenges and most expensive 

component in the field of software. It may be simple in concept but in reality it is complex and difficult. B. 

Boehm et al. [3] proposed a set of seventeen effort multipliers or cost drivers which are used to adjust the 

nominal effort to depict the software product being developed. Astha Dhiman and Chander Diwakar [4] 

explained that COCOMO II is the most commonly used method as it is simple for estimating effort estimation 

for a project at different phases of its development. The authors used genetic algorithm for finding the accurate 

predictive software development effort and for time required to complete the project. Anurag Kumar et al. [5] 

depicted that software metrics present the key role of software development. Cost, productivity and quality are 

main areas of measurement in software field. As there were uncertainties in the calculated efforts and time, they 

used optimization technique for accuracy in the result. PSO was used as the optimization technique to work on 

the cost effort of software metrics in. Maged A., et al. [6] demonstrated that process maturity is one of the five 

scale factors and its rating is based on the software capability maturity Model, which is used to evaluate an 

organization’s process maturity. The Ideal Scale Factor method was used to withhold the effects of COCOMO 

II’s PMAT scale factors. This study showed that the proposed model with new PMAT rating values yielded 

better estimates as compared with the Generic COCOMO II model’s estimates. Divya Kashyap and A. K. Misra 

[7] tried to propose a cost estimation model based on Multi Objective Particle Swarm Optimization to turn the 

parameters of the famous COCOMO. This model was integrated with Quality Function Deployment to assist 

decision making in software designing and development processes for improving the quality. This could help 

the managers to efficiently plan the overall software development life cycle. Tad Gonsalves et al.[8] focussed on 

the improvement and fine-tuning of the COCOMO 81 model. In this study the authors showed how the recently 

developed Computational Intelligence techniques can effectively improve the prediction power of existing 

models. In particular, the author focus on the adaptation of the Multi-Objective Particle Swarm Optimization 

(MOPSO) algorithm in simultaneously minimizing two objective functions i.e. prediction error rate and model 

complexity. This provides the project manager with an opportunity to choose from a set of optimal solutions 

represented in a trade-off relationship on the Pareto front.D. Manikavelan et al. [9] suggested an attempt to 
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provide good optimised result using Particle Swarm Optimization to eliminate unnecessary entries from 

database. S. Aloka et al. [10] used case points (UCP) and test point analysis (TPA) for analysis of various 

models. Test Effort Estimation is considered an important activity in software development on the basis of effort 

cost and time required for testing. Iman Attarzadeh et al.[11] described that software development time and cost 

estimation are the process of estimating the most realistic use of time and cost required for developing a 

software. Software cost estimation models such as regression model, expert judgment, SLIM, and COCOMO 

require accurate software attributes and long term estimation process which were not completely achievable in 

early phase of software development process. Soft computing techniques such as fuzzy logic could reduce the 

vagueness and uncertainty of software attributes. Anupama Kaushik et al.[12] stated that most widely used 

model was Constructive Cost Model (COCOMO). In this paper the back propagation neural networks were used 

for software cost estimation was proposed. The model was designed in such a manner that accommodates the 

COCOMO model and improved its performance. It also enhanced the predictability of the software cost 

estimates. S. Malathi, S.Sridhar[13] described that one of the most important objectives of software engineering 

community has been the increase of useful models that beneficially explain the development of life cycle and 

precisely calculate the effort of software cost estimation. In this paper a new approach was proposed to improve 

the performance of the effort in software project such as optimization based on fuzzy logic, linguistic quantifiers 

and analogy based reasoning. Srinivasa Rao T et al.[14] stated that software cost estimation was determined in 

terms of person-months which could be translated into actual dollar cost. The accuracy of the estimate would be 

dependent on the amount of accurate information of the final product. The input for the effort estimation was 

size of the project and cost driver parameters. In this work Particle Swarm Optimization technique was proposed 

which operates on data sets which were clustered using the K-means clustering algorithm. PSO had employed to 

generate parameters of the COCOMO model for each cluster of data values. It was concluded from the results 

that the neural networks with efficient tuning of parameters by PSO operating on clusters can generate better 

results and hence it can function efficiently on ever larger data sets. 

3. Problem Formulated and Proposed Work 

Estimating the Software Cost is a critical task in software industry. There are uncertainties in Post Architecture 

Model Coefficients and in calculating the exact software cost estimation by using the Genetic Algorithm. The 

uncertainties of effort estimation are removed by PSO. This technique is used to find approximate solutions to 

extremely difficult or impossible numeric maximization and minimization problem. PSO is an iterative process. 

The particles exchange information about their discoveries of the places they have visited. On each iteration in 

the PSO main processing loop, each particle’s current velocity is first updated based on the particle’s current 

velocity, the particle’s local information and global swarm information. Then, each particle’s position is updated 

using the particle’s new velocity. The particles update their velocities and positions based on the local and 

global best solutions: 

Vm,n 
new = Vm.n 

old + T1 * r1 * (Pm,n 
local best – Pm,n 

old) + T2 * r2 * (Pm,n 
global best – Pm,n 

old) [5]      ………… (7) 

Pm,n 
new  = Pm,n 

old  +  Vm.n 
new [5]     …………...… (8) 

Where 

r1, r2 = independent uniform random numbers 

Pm,n = Particle variables, 

Vm,n  = Particle velocity,  
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T1 &T2 =Learning factors 

The data set of Turkish Industry has been collected. The obtained results will be compared with the ones 

obtained using the current COCOMO II PA model coefficients and optimized using PSO. The calculated efforts 

by genetic algorithm in earlier works were less than the real effort values. So to overcome this problem new 

proposed technique will be applied. 

 

4. Conclusion and Future Work 

To use the concept of particle swarm optimization to optimize the COCOMO II model coefficients is to achieve 

accurate software effort estimation and reduce the uncertainty of COCOMO II post architecture model 

coefficients i.e. a, b, c and d to achieve the predicted effort value as accurate to the given real effort value. 

Trying to improve the performance and introducing the new techniques for estimation can be future works in 

this area. So the research is on the way to combine techniques for calculating the best estimate. 
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