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Abstract
Accurate software development cost estimation is important for 
effective project management such as budgeting, project planning 
and control. Nowadays there are many models for software 
development cost estimation, providing project managers with 
helpful information to make the right decisions. One of such well 
known mathematical models is the COCOMO model. To estimate 
costs and time, this model uses coefficients, which were determined 
in 1981 by means of the regression analysis of statistical data based 
on 63 different types of project data. Using these coefficients for 
a modern project, the appraisal may not be accurate; therefore, 
the aim of this work is to optimize the model coefficients with 
ant colony optimization algorithms. Firstly, collect and clean the 
data. The outliers are removed during analyzing the data. Then 
different paths are generated by ants. The best path is selected 
by using Ant colony optimization algorithm. The performance of 
the system is analyzed by mean magnitude of relative error. The 
percent improvement of proposed model over COCOMO model 
is 92.29%.
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I. Introduction
Software cost estimation is essential for software project 
management. Accurate software estimation can provide good 
support for the decision-making process like the accurate assessment 
of costs can help the organization to better analyse the project 
and effectively manage the software development process, thus 
significantly reducing the risk. Once the planning is too pessimistic, 
it may lose business opportunities, but too optimistic planning can 
cause significant loss.
Software cost estimation is the process of predicting how much 
amount of effort is required to build software. The effort is measured 
in terms of Person-Months (PM) thus later is converted into actual 
dollar cost. The basic input parameters for software cost estimation 
are size, measured in KLOC (Kilo Lines of Code). A number of 
models have been evolved to establish the relation between size and 
effort. Boehm derived a cost model called COCOMO (Constructive 
Cost Model) [1]. The model can be classified into:

Basic COCOMO model• 
Intermediate COCOMO model• 
Complete/ Detailed COCOMO model• 

The basic COCOMO estimation model is given by following 
expressions:

                      (1)

                       (2)
Where, KLOC is the estimated size of the software in kilo lines of 
code, a and b are constants for each category of software products, 
Tdev is the estimated time to develop the software, expressed 
in months and Effort is the total effort required to develop the 
software product.
The three modes of model are: organic, semidetached and embedded. 
And values of a and b in each mode are shown in Table 1. 

Table 1: Modes of Project
Mode a b

Organic 3.2 1.05
Semi-detached 3.0 1.12

Embedded 2.8 1.20
In this study, work is done on organic mode of basic COCOMO 
model and used Ant Colony Optimization technique to optimize 
parameters (a, b) for this model.
Ant algorithms were inspired by the observation of real ant 
colonies. Ants are social insects, that is, insects that live in 
colonies and whose behavior is directed more to the survival of 
the colony as a whole than to that of a single individual component 
of the colony. Social insects have captured the attention of many 
scientists because of the high structuration level their colonies can 
achieve, especially when compared to the relative simplicity of 
the colony’s individuals. An important and interesting behavior 
of ant colonies is their foraging behavior, and, in particular, how 
ants can find shortest paths between food sources and their nest.
While walking from food sources to the nest and vice versa, ants 
deposit on the ground a substance called pheromone, forming in 
this way a pheromone trail. Ants can smell pheromone and, when 
choosing their way, they tend to choose, in probability, paths 
marked by strong pheromone concentrations. The pheromone 
trail allows the ants to find their way back to the food source (or 
to the nest). Also, it can be used by other ants, to find the location 
of the food sources found by their nest mate [4].
The ant-based algorithm is used to solve mainly combinatorial 
optimization problems, was inspired by observations of the 
foraging behavior of real ants. The first ACO was developed to 
solve the classical Travelling Salesman Problem (TSP). The main 
idea of ACO is to model the problem as the search for a minimum 
cost path in a graph that base the evolutionary meta-heuristic 
algorithm. The behavior of artificial ants is inspired from real 
ants. 
While searching for food, ants deposit on the ground a substance 
called pheromone, forming in this way a pheromone trail. Ants 
can smell pheromone and, when choosing their way, they tend 
to choose, in probability, paths marked by strong pheromone 
concentrations. 

II. Related Work
This section discusses previous published works.
Huang et al (2007) [2] proposed a novel neuro-fuzzy Constructive 
Cost Model (COCOMO) for software cost estimation. Unlike the 
standard neural network approach, the proposed model can be 
interpreted and validated by experts, and has good generalization 
capability. The model deals effectively with imprecise and uncertain 
input and enhances the reliability of software cost estimates. A 
detailed learning algorithm is also presented in this work. The 
validation using industry project data shows that the model greatly 
improves estimation accuracy in comparison with the well-known 
COCOMO model.
Galinina et al. (2012) [3] proposed a genetic algorithm based 
method for optimization of the COCOMO model coefficients both 
for organic and semi-detached modes. In a series of experiments, 
the proposed algorithm was tested and the obtained results were 
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compared with the ones obtained using the current COCOMO 
model coefficients. 
Hari and Reddy (2011) [1] have proposed two models using 
particle swarm optimization with constriction factor for fine 
tuning of parameters of the Constructive Cost estimation model 
(COCOMO). The model dealt efficiently with imprecise and 
uncertain input and enhanced the reliability of software effort 
estimation. The experimental part of the study illustrated the 
approach and contrasted it with standard numeric version of 
the COCOMO, standard single variable models, triangular 
membership functions and Gbell function models.
Dorigo and Caro (1999) [4] overview recent work on ant 
algorithms, that is, algorithms for discrete optimization which 
took inspiration from the observation of ant colonies foraging 
behavior, and introduces the Ant Colony Optimization (ACO) 
meta-heuristic. 

III. Proposed Work
Effort estimation is a critical activity for planning and monitoring 
software project development and for delivering the product on 
time and within budget. An estimate that turns out to be incorrect 
will be an overestimate if the estimate exceeded the actual result and 
an underestimate if the estimate fell short of the actual result.
The proposed model works by collecting project data (COCOMO 
81 dataset) of sixty three projects which include the lines of 
code and actual effort values for these projects. Then ant colony 
optimization is used to obtain optimized COCOMO parameter 
values. From the optimized value, the effort values of the projects 
are estimated. The methodology used is as follows:

Collection of Data• 
Cleaning Data• 
Analyzing Data• 
Generating Paths using Ant Colony Optimization• 
Edge Selection and Update Pheromone• 

A. Collection of Data
The first step in the process of computing optimal COCOMO 
coefficients using Ant Colony Optimization is to gather or create 
the dataset. The dataset should be large enough so that the daemon 
action could produce some meaningful results.
The dataset chosen is COCOMO 81 dataset. The dataset has 63 
data points, each capturing actual effort, actual size, and 15 cost 
factors or cost drivers.

B. Cleaning the Data
The dataset is segmented into Project Number, Effort Multipliers 
which are further divided into fifteen parameters, the line of code 
and development effort.
To generate optimized COCOMO coefficient we need subset of 
the parameters namely Line of Code and Actual Development 
effort.  There is a need to extract relevant information from the 
source dataset and transform the dataset into a subset which is 
geared towards the progress of this work.

Fig. 1: Cleaned Data

The fig. 1 shows the data after being cleaned and transformed 
according to the purpose of this work.

C. Analyzing the Data
Analyzing the data is an important part of any research environment. 
An outlier is an observation point that is distant from other 
observations. It may be due to variability in the measurement or 
it may indicate experimental error. The outliers must be removed 
so that it does not deviate the expected mean of the sample from 
the true mean of the actual software development effort. 

D. Generating Ants Path using ACO
Ants can generate infinite number of paths. Before reaching to the 
destination, n numbers of paths are generated. The parameter n 
is decided arbitrarily based on the degree of optimization and the 
availability of resources and time. Since path generation falls into 
Travelling Sales Man problem which is np-hard and time taken 
to traverse each and every path to realize the best solution will 
take 2n, where n is the number of paths generated. 
In this work, three paths are generated namely A, B and C. In 
path A, ‘a’ is increasing in quadratic manner and ‘b’ is increasing 
linearly. In path B, ‘a’ is increasing linearly and ‘b’ is increasing 
in quadratic fashion. In path C, both ‘a’ and ‘b’ are increasing in 
joint linear dependency.

E. Edge Selection
Edge Selection algorithm provides a pseudo code listing of the main 
Ant Colony System algorithm for minimizing a cost function. The 
probabilistic step-wise construction of solution makes use of both 
history (pheromone) and problem-specific heuristic information to 
incrementally construct a solution piece-by-piece. Each component 
can only be selected if it has not already been chosen (for most 
combinatorial problems), and for those components that can be 
selected from given the current component, their probability for 
selection is defined as:

   (3)
Where, 
1.  is the amount of pheromone deposited. 
2.  is inverse distance function between x and y.
3.   and   are the states of the system.

IV. Results

A. Compute Mean Error of COCOMO Coefficients
For computing the variance between actual development 
coefficients and preset COCOMO coefficients are found using 
mean relative error.

 (4)
Where,
N is the number of projects;
actual_effort is the effort given in the dataset;
predicted_effort is the new effort calculated using optimization 
technique. 
For calculating the mean error, first estimated COCOMO 
Coefficients needs to be calculated. For Basic COCOMO model 
in organic mode the effort is given by following equation:

   (5)
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Fig. 2: Mean Magnitude of Relative Error Using COCOMO 
Model

Fig. 3: Mean Magnitude of Relative Error Using Path A

Fig. 4: Mean Magnitude of Relative Error Using Path B

 
Fig. 5: Mean Magnitude of Relative Error Using Path C

Fig. 2 shows the MMRE value of each project when effort is 
calculated using basic COCOMO model. Fig. 3 shows the mean 
magnitude of relative error if we use Path A. Fig. 4 shows the mean 
magnitude of relative error if we use Path B and fig. 5 shows the 
mean magnitude of relative error if we use Path C.

B. Performance Evaluation
The performance of the proposed model is commonly evaluated 
using the Mean Magnitude of Relative Error (MMRE). 

Table 2: Performance Analysis
MODEL %MMRE

COCOMO Model 65.33
Proposed Model 5.03

Table 2 shows the performance analysis by comparing %MMRE of 
COCOMO model and proposed model. The percent improvement 
of proposed model (Path C) over COCOMO model is 92.29% 
using the mentioned dataset.

Fig. 6: Comparison of Mean Error of Different Models

Fig. 6 shows the comparison of different paths generated by ants 
with the COCOMO model. It depicts that the mean error for the 
Path C is lowest as compared to other paths and COCOMO model. 
Hence, Path C is considered to have low MMRE.

Fig. 7: Probability Distribution of Different Path

The best path is selected based on the probability of likelihood of 
the path. Fig. 7 shows that the probability of Path C is highest and 
hence this path will be selected by the ant colony optimization 
algorithm. 
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V. Conclusion 
The software cost estimation is the process of predicting the effort 
required to develop software systems. Ant Colony Optimization 
Algorithm has provided solutions for the problems that have 
multiple solution and user are interested in best solution. 
In this research, ant colony optimization was used to optimize 
the parameters of COCOMO model which were used to estimate 
the effort. Various paths were generated and ACO will choose the 
best path by computing probability of each path generated by ant 
colony system. The performance measure used for comparison 
is Mean Magnitude of Relative Error. The MMRE values of all 
the three generated path is compared to the COCOMO value. 
The results obtained showed that the proposed model (Path C) 
performed better than the COCOMO model as %MMRE value 
for the proposed model were lowest as compared to the other 
models. Hence gives better results.

VI. Future Scope 
This research concentrates on optimizing parameters of organic 
mode of Basic COCOMO model using ACO technique. In future, 
ACO can be used to optimize other modes like semidetached and 
embedded modes. In future, other optimization techniques can be 
used to optimize parameters of COCOMO model. 
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