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Abstract
Software maintenance is becoming crucial factor in software 
industry. Many companies came to know the importance of 
software maintenance. Software maintenance is the process of 
modifying, for update or repair, existing operational software, but 
leaving its primary functions intact.  The fraction of a software 
product’s source instructions which undergo change during a year 
either through addition, deletion or modification is the Annual 
Change Traffic. The main aim of finding annual change traffic 
by varying parameters is to estimate maintenance cost in man-
months. Here we vary the parameters of Annual Change Traffic 
by taking random range of values. We calculate development 
costs in man-months in three modes: organic, semidetached and 
embedded and compare the results obtained in each mode. Finally 
maintenance cost is obtained by the product of annual change 
traffic and development cost.
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I. Introduction
Overview of cocomo model [1]:
The COCOMO cost estimation model is used by thousands of 
software project managers, and is based on a study of hundreds of 
software projects. Unlike other cost estimation models, COCOMO 
is an open model, so all of the details are published, including: 
The underlying cost estimation equations are obtained by software 
maintenance cost formulated. COCOMO is well defined, and 
because it doesn’t rely upon proprietary estimation algorithms, 
Costar offers these advantages to its users:
COCOMO estimates are more objective and repeatable than 
estimates made by methods relying on proprietary models [2]
COCOMO can be calibrated to reflect your software development 
environment, and to produce more accurate estimates
Costar is a faithful implementation of the    COCOMO model that 
is easy to use on small projects, and yet powerful enough to plan 
and control large projects.
Typically, you’ll start with only a rough description of the software 
system that you’ll be developing, and you’ll use Costar to give 
you early estimates about the proper schedule and staffing levels. 
As you refine your knowledge of the problem, and as you design 
more of the system, you can use Costar to produce more and more 
refined estimates.
Costar allows defining a software structure to meet your needs. 
Your initial estimate might be made on the basis of a system 
containing 3,000 lines of code. Your second estimate might be 
more refined so that you now understand that your system will 
consist of two subsystems. There are some sizing approaches for 
estimating the software maintenance efforts such as source lines 
of code (SLOC) [3] [4]. COCOMO is used to compute the effort 
and calendar time based on the size and several characteristics 
of the software product. 

II. Background
COCOMO (Constructive Cost Model) is a model for estimating 
costs of software projects. It was created by Barry W. Boehm 
and published in 1981 using data collected from 63 projects. The 
quantity of projects studied and the care in its articulation have 
made the model popular and encouraged its use. The model offers 
empirical formulas for estimating software costs. We have taken 
the COCOMO as the starting point for our research, although we 
have borne in mind other data from the same author (Boehm, 1976, 
1987). After application of the first version of his model to a wide 
range of situations, Boehm concluded that coverage for only one 
mode of developing software was insufficient, so he provided for 
three modes: organic, semidetached and embedded. In this way, 
he recognized the influence of various characteristics such as size, 
communication needs, experience in similar projects, etc. 
Furthermore, Boehm provides the COCOMO in three versions: 
basic, intermediate, and detailed. The basic version is useful 
for quick estimations, although without fine precision. The 
intermediate version deals with 15 attributes of the project 
(reliability required, database size, memory restrictions, response 
time required, etc.), all of whose valuation acts as a multiplying 
factor in the model. 

A. COCOMO Maintenance Cost Estimation
The detailed version deals with estimates in each of the phases 
in the life cycle of the project. The basic version of the model 
offers the following formulas to calculate the cost of software 
development measured in MM (i.e., man-months): [4, 7] 
The first version of COCOMO is COCOMO 81. This model, 
extensively described The Software Engineering Economics is still 
an interesting model to understand. The COCOMO 81 model is a 
static model with a hierarchy of three estimation models [3].

1. Basic Model
It provides a rough estimate of effort based on size and mode of 
software development.

2. Intermediate Model
It refines the basic model by use of 14 cost drivers-these are 
subjective attributes. The impact of cost drivers is considered at 
the project level, Effort is further adjusted to take into account 
any schedule constraint.

3. Detailed Model
This model further refines the estimation by considering the phase-
wise impact of cost-drivers, and the computations in this are for 
various sub-systems/modules.
All the three COCOMO 81 models use size as the main input. 
Another factor used in all three models is the “mode” of project 
development- the way the project is going to be handled. The 
three modes considered are:
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(a). Organic Mode
Project developed by a small, experienced team working in a 
familier environment. The team communicates easily. Projects 
done like these are small or medium sizes with minimal need for 
innovations. Environment, hardware and tools are stable.

(b). Semi-Detached Mode
This mode lies between organic and embedded mode.

(c). Embedded Mode
Projects developed by large teams where communication is not 
achieved easily. Projects are medium to large, being developed 
under tight constraints, possibly with instable hardware and software 
environment and requiring complex, innovate processing.
We propose and research under the basic model.

II. Basic Model
The Basic Model is the simplest model and does not consider 
any cost drivers, using the size as the basis for estimation. It is 
approximately only for a rough and ready estimate.
The following is the caliberation for size specified in KLOC. This 
is based on project data collected from multiple sources.
Organic mode: MMDEV   = 2·4 KS1·05 (1)
Semidetached mode: MMDEV  = 3·0 KS1·12 (2)
Embedded mode: MMDEV   = 3·6 KS1·20 (3)
Where KS is an estimate of the delivered program size in thousands 
of instructions (or roughly, lines of source code).
To estimate the maintenance cost, another parameter is needed: 
the Annual Change Traffic (ACT) which consists of the proportion 
of original instructions that undergo a change during a year by 
addition or modification [5].
ACT =(NNL + NML)/(NOL)   (4)

Where:
NNL = number of new lines,
NML = number of modified lines, and
NOL = number of original lines.
In the COCOMO, the cost in the maintenance stage is given by 
the product of the development cost and the annual change traffic 
[6]:
MMMAIN=ACT * MMDEV   (5)

III. Results and Discussion
In first stage, we first calculate Annual change traffic by taking 
total number of lines that are present in the source code. After 
observing the total number of lines, the numbers of lines which 
are to be modified are taken in random. The number of lines which 
are to be deleted are taken in random. KS is varied for each case 
and KLOCTotal for calculating ACT is kept constant. They are 
estimated as follows: 

A. Case-1
At number of lines of code added to the source code taking as 
19 and number of lines of code deleted to source code taking as 
10. The total number of lines is 100 to calculate ACT. This holds 
good for all the three modes, then after calculation the results 
obtained as follows:
 At ACT value obtained as 0.29 which is set as constant for all the 
three modes: organic, semidetached, and embedded.
At KS taken as 100,

MODE MMMAIN

ORGANIC 148.42
SEMIDETACHED 276.5
EMBEDDED 523.8

At KS taken as 200,

MODE MMMAIN

ORGANIC 181.4
SEMIDETACHED 328.60
EMBEDDED 602.47

At KS taken as 300,

MODE MMMAIN

ORGANIC 277.70
SEMIDETACHED 517.48
EMBEDDED 980.04

In the above table values, we observe that, by holding KLOC value 
in calculating ACT as constant, as the thousand lines of code (KS) 
increases, maintenance cost in man-months increases.

B. Case-2
At number of lines of code added to the source code taking as 
20 and number of lines of code deleted to source code taking as 
11. The total number of lines is 200 to calculate ACT. This holds 
good for all the three modes, then after calculation the results 
obtained as follows:
 At ACT value obtained as 0.155 which is set as constant for all 
the three modes: organic, semidetached, and embedded.
At KS taken as 100,

MODE MMMAIN

ORGANIC 46.8
SEMIDETACHED 80.80
EMBEDDED 140.16

At KS taken as 200,

MODE MMMAIN

ORGANIC 87.62
SEMIDETACHED 151.177
EMBEDDED 262.21

At KS taken as 300,

MODE MMMAIN

ORGANIC 96.96
SEMIDETACHED 175.6
EMBEDDED 322.0

In the above table values, we observe that, by holding KLOC value 
in calculating ACT as constant, as the thousand lines of code (KS) 
increases, maintenance cost in man-months increases.

C. Case-3
At number of lines of code added to the source code taking as 
21 and number of lines of code deleted to source code taking as 
12. The total number of lines is 300 to calculate ACT. This holds 
good for all the three modes, then after calculation the results 
obtained as follows:
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At ACT value obtained as 0.11 which is set as constant for all the 
three modes: organic, semidetached, and embedded.
At KS taken as 100,

MODE MMMAIN

ORGANIC 33.23
SEMIDETACHED 57.34
EMBEDDED 99.46

At KS taken as 200,

MODE MMMAIN

ORGANIC 68.8
SEMIDETACHED 124.64
EMBEDDED 228.52

At KS taken as 300,

MODE MMMAIN

ORGANIC 105.33
SEMIDETACHED 196.28
EMBEDDED 371.74

In the above table values, we observe that, by holding KLOC value 
in calculating ACT as constant, as the thousand lines of code (KS) 
increases, maintenance cost in man-months increases.

D. Case-4
At number of lines of code added to the source code taking as 22 
and number of lines of code deleted to source code taking as 13. 
The total number of lines is 400. This holds good for all the three 
modes, then after calculation the results obtained as follows:
 At ACT value obtained as 0.0875 which is set as constant for all 
the three modes: organic, semidetached, and embedded.
At KS taken as 100,

MODE MMMAIN

ORGANIC 26.43
SEMIDETACHED 45.61
EMBEDDED 79.12

At KS taken as 200,

MODE MMMAIN

ORGANIC 54.73
SEMIDETACHED 99.14
EMBEDDED 181.7

At KS taken as 300,

MODE MMMAIN

ORGANIC 83.79
SEMIDETACHED 156.13
EMBEDDED 295.70

In the above table values, we observe that, by holding KLOC value 
in calculating ACT as constant, as the thousand lines of code (KS) 
increases, maintenance cost in man-months increases.

IV. Conclusion
Maintenance cost calculation according to source lines of code is 
a challenge of finding the new ideas of research. Annual Change 

Traffic on the other side is maintained as constant while KS is 
varied and observations are noted. In this way, calculation is made. 
Here we observe that as the KS value is increasing, maintenance 
cost is randomly increasing. In this paper, we innovate own 
ideas in exploring new values in calculating Maintenance Costs. 
Furthermore, as part of future work new parameters can be added 
to the case studies in obtaining the pool of calculation metrics.
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