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ABSTRACT

Software cost estimation is a resource forecasting method, which is
required by the software development process. However,
estimating the workload, schedule and cost of a software project is
a complex task because it involves predicting the future using
historical project data and extrapolating to see future values. For
cost estimates for software projects, several methods are
used. Among the various software cost estimation methods
available, the most commonly used technology is the COCOMO
method. Similarly, to calculate software costs, there are several
cost estimating tools available for software developers to use. But
these released cost estimation tools can only provide parameters
(i.e. cost, development time, average personnel) for large software
with multiple lines of code. However, if a software developer
wants to estimate the cost of a small project that is usually a
mobile application, the available tools will not give the right
results. Therefore, to calculate the cost of the mobile application,
the available cost estimation method COCOMO Il is improved to a
new model called New Mobile COCOMO Tool. The New Mobile
COCOMO tool developed specifically for mobile applications is a
boon for software developers working in small software
applications because it only includes important multipliers that
play a vital role in estimating the cost of developing mobile
applications.

Therefore, the objective of this paper is to propose a cost
estimation model with a special case of COCOMO II, especially
for mobile applications, which calculates the person-month, the
programmed time and the average personnel involved in the
development of any mobile app.

1. INTRODUCTION

A computer software or software can be defined as a combination
of
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e Data structures that allow programs
manipulate information.

e Documentation that illustrates the action and use of the
program.

e The instructions that in the execution provide preferred
characteristics, functions and performance.

to correctly

1.1 Time and Purpose of Software Cost Estimation

In the early stages of the project, an approximate estimate was
made to help managers decide whether to make or purchase
software and perform cost / use or balance analysis. In this
estimate, the total cost and the schedule are significant.In the
development process, estimating software costs and measuring
together provide a tool for the project manager to monitor the
progress of each phase of the software. These estimates require
more details to be effective.

1.2 Potential Problems of Estimation

The project specification builds the foundation for all estimation
work. Changes in requirements will result in changes in
specifications. This is a very serious problem for both the
estimator and the developer.In most projects, they are really only a
small part of the entire code. Another important point of this
approach is that other components are underestimated, such as the
graphical user interface. All generated documents, in addition to
the code, represent a large part of the overall workload. The starting
point for software estimation [17] is the size of the project, be it a
physical code line, a logical source code declaration, a function
point or, sometimes, the three indicators. Once the project size is
determined, it can be estimated according to the specific properties
of the project in question.Software cost estimation [1] is a method
to predict the resources needed for the software development
process. To create accurate software cost estimates, knowledge of
the following parameters must be processed.

1. The possible number of errors or defects that have the
possibility of finding.
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2.The speed at which requirements may change during
development.

3. The sizes of the main deliverables, such as specifications,
source code and manuals.

4. The capacity or capacity of the development team.

5. General expenses and salaries related to the development
team.

Estimated cost types:

The estimated cost [14] can be classified into two groups:
conceptual estimates and detailed estimates. Both of the above
can be defined as follows:

1. Conceptual estimate: the conceptual estimate is also
called parametric estimation. In this process, the graphic
representation of an installation is developed after
establishing the cost of the project.

2. Detailed estimate: the detailed estimate can be defined as
a product of a process that aims to calculate the cost of a
proposed construction project. To plan the estimate, the
elements of the work are broken down in an orderly and
logical manner and then the cost of each element is
determined, which ends with the summary of the total.

The cost estimation procedure includes six steps. They are the
following:

Step 1: Define the cost to estimate.

Step 2: The next step is to determine the cost factors. This is
usually the most important step.

Step 3: Then consistent and accurate data is collected.
Step 4: Then the collected data is graphed.

Step 5: This step includes selecting the appropriate estimation
method and then using it.

Step 6: And finally the accuracy of the estimated cost is evaluated.

If an appropriate cost estimation technique is executed, it
definitely contributes to the accuracy of cost estimates.

1.3 Algorithmic Methods

Algorithmic methods are based on mathematical models that
produce the estimated cost based on a series of variables, which are
considered the main cost factors. Any algorithmic model has the
form:

COCOMO
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Where {xi, Xz,.....,.Xn } denotes the cost factors. The existing
algorithmic methods differ in two aspects: the selection of cost
factors and the form of the function f.

COCOMO Models (Constructive Cost Model)

This family of models was proposed by Boehm. The models [2]
have been widely accepted in practice. In COCOMO, the [20] size
S code is given in thousands of LOC (KLOC) and the effort is in
person-month.

1.Basic COCOMO : in this model based on software complexity,
three sets of {a, b} are used.

e For simple, well-understood applications, the values
area=24,b=1.05

e  For more complex systems, a= 3.0, b=1.15

e For embedded systems, a = 3.6, b =1.20

Intermediate And Detailed COCOMO : In the
intermediate COCOMO, an estimate of the nominal effort is
obtained by using the power function with three sets of {a, b} with
coefficients 'a' that are slightly different from those of the basic
COCOMO:

e For simple applications well understood, a = 3.2, b
=1.05

e  For more complex systems, a=3.0,b=1.15

e For embedded systems, a=2.8, b =1.20

COCOMO 11 : Perhaps the most significant difference with
respect to the first COCOMO models is that the b exponent
changes according to the following cost factors: development
flexibility, team cohesion, process maturity, precedence and
architecture or risk resolution [9] Other differences include
recently added cost factors and models to solidify the software
architecture and reduce risk.

The same COCOMO I, does not differentiate web applications
and traditional applications, there are values of the parameters that
will differ. In COCOMO Il [5], the amount of effort in person-
months, PM, is estimated by the formula:

n
PM = A x Size®Fx [[EM;

i=1

5

Where, E=B + 0.01 x X SF;j
i=1

The size of the application must be scaled according to the following five scale

Effort = f (X1, X2,0ee0e 0 Xn )
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factors:

e Precedence (PREC)
o Flexibility of development (FLEX)
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o Architecture / Risk Resolution (RESL)
e Team cohesion (TEAM)
o Maturity of the process (PMAT)
Cost factors are the characteristics of software development that
affect the execution of a project. Unlike scale factors, cost factors
are chosen based on their fundamental principles of linear impact
on effort. Six effort multipliers were used in the COCOMO I
model to standardize the development work.
o Reliability of the Required Software (RELY)
Size of the database (DATA)
Developed for reuse (RUSE)
Documentation matching life cycle needs (DOCU)
Runtime restriction (TIME)
Master storage restriction (STOR)
Volatility of the platform (PVVOL)
Analyst capacity (ACAP)
Programmer's capacity (PCAP)
Continuity of Personnel (PCON)
Experience in Applications (APEX)
Platform experience (PLEX)
Language and experience in tools (LTEX)
Use of software tools (TOOL)
Multi-site development (SITE)
Required development program (SCED)

1.4 Nominal - Time Estimation Equations

Both later design and early architecture models use the same
functional form to estimate the amount of work and the calendar
time required to develop a software project [4]. These nominal
schedule formulas (NS) include cost factors.

n
PM ns= A x Size® x [1EM
i=1

5
Where, E=B +0.01 x X SF;
i=1

For the required development program, the amount of effort in

person-months, PM ys is estimated using the formula above.

The amount of time of the calendar, TDEVs, that will take to
develop the product is estimated by means of the formula:

TDEVNs = C x (PMNs)F

5
Where, F=D + 0.2 x 0.01 x X SF;j
i=1
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=D +0.2 x (E-B)

The value of n is 16 for the stress multipliers of the post-
architecture model, Em;, and 6 for the early design model, the
number of SF;represents exponential scale factors.

The values of A, B, C, D, SF;, .and SFs for the Early Design
model they are the same as for the Post-Architecture model. The
EM values EM; ,........ , EM1s for the Early Design model they are
obtained by combining the values of their 16 Post-Architecture
counterparts.

The value of A, B, C and D in the COCOMO 11 are:
A=294B=091,C=367,D=0.28

The effort applied is measured by the number of person per month,
which is also useful for estimating the cost of the project.
Cost = person-month x average work rate

1.5 Project Cost
It is the responsibility of software project managers [15] to control
project budgets, so they should be able to estimate how much
software development will cost. The main components of the
project costs include:

e Effort costs

e Travel and training expenses.

e Hardware costs
Among the components of project costs, labor costs are the most
difficult to estimate and control the administration costs and have
the most significant impact on total costs. The cost of the software
must be done objectively to accurately predict the cost of the
contractor developing the software.

2. LITERATURE SURVEY

Software Cost Estimating (SCE) is a process of predicting the
funds, schedule, workload and cost of any software system.
Software cost estimation is an effective but critical process in
software development and project development. The estimated cost
of the project includes three types of costs, namely, labor costs,
travel and training costs, and hardware costs. In these three cost
efforts, cost is the most important cost. To calculate this cost,
several estimation techniques can be used. Among the various
methods available, the cost estimation method COCOMO |1 is the
most accepted method. Some cost estimation tools have also been
developed using COCOMO II. But all the research work is done
for large projects.That is, no tool of this type is available for
mobile applications.

In Mohammed MugahedAl_Qmase, M. In the RizwanJameel
Qureshi document [26], the main focus is on the constructive cost
model (COCOMO). Briefly presents the sub-models of

COCOMO-COCOMO | and COCOMO II. Through this article,
the author analyzes some case studies to evaluate the accuracy of
the COCOMO | and COCOMO Il models.
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Jyoti G. Borade, Vikas R. Khalkar [27] discussed different aspects
of the work of existing software projects and methods of
estimating costs in their articles. In addition to cost estimates and
workload, it also focuses on software metrics for cost estimates of
software projects. According to the author, no available model can
calculate the cost of software with high precision. In this article,
the author analyzes the estimate of the test workload. This concept
of estimating the test workload is a key part of the estimation
process, since it forms an important part of the overall software
development effort.

In this article, Jyoti Mahajan, Simmi Dutta [28] mentioned that the
concept of estimation accuracy has been discussed in several
studies with the help of several formal estimation models. It
focuses on the calculation of accurate calculations with the reuse of
software as the main focus. Previously, formal estimation models
were developed to measure lines of code and function points, but
most did not improve the accuracy of estimates. In this article, the
author describes the concept of reuse in software development
using the concept of artificial neural network for estimating the
workload. The authors propose a new model called COREAN for
an efficient estimation of the workload with the improved RPROP
algorithm and simulated annealing optimization technology, the
accuracy of the model is further improved. Finally, comparing the
proposed COREAN with the COCOMO 1, it is concluded that the
COREAN model is better than the COCOMO Il. The main
objective of this document is to calculate the exact amount of work
by reusing the software.

3. PROBLEM & PROPOSED SOLUTION
3.1 Problem
The process of estimating software costs plays a vital role in the
software industry. To develop applications, several cost estimation
models are being used. The cost of the software includes three
types of costs: project costs, hardware and software costs, and
travel costs. Among these cost factors, the cost of the project is the
main cost. The project costs are calculated per person.

Several cost estimation models can be used to help calculate the
person's month, planning time, cost, which in turn helps estimate
software costs. Some of the most commonly used software cost
estimation methods are COCOMO, expert judgment and analogy
methods. Of these various technologies, the most common method
is COCOMO.

Based on the cost estimation techniques of COCOMO, a variety of
cost estimating tools can be used. The user must enter the
information required in the tool and the tool will automatically
calculate the workload, the scheduled time and the profile. But
these tools only correctly calculate these parameters for large
applications. That is, those applications that have a lot of code.
However, to calculate the month per person of a mobile application
that generally has a small number of lines of code, there is no such
model or tool available. The existing cost estimate model also does
not generate an average staffing map for small projects. Then, the
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problem is to create a tool that can calculate the personal workload,
the time of the calendar and the average staff, and the average of
personnel for the mobile applications.

3.2 Proposed Solution

There are some problems in the COCOMO model of existing cost
estimation. Because they include a large number of scaling factors
and effort multipliers, several factors have no correlation in the
context of mobile application cost estimates. Because these mobile
applications are small projects with fewer lines of code.

If these models are used to calculate the cost of developing a
mobile application, then it will take a long time. Therefore, some
unrelated factors have been eliminated in the proposed cost
estimation model for mobile applications, which makes the model
efficient and accurate.

In addition, the suggested solution can generate a profile of the
people profile of the mobile application, which can not be
calculated with the available tools.

4. RESULT ANALYSIS

Values for three different projects are implemented on the
COCOMO Il cost estimation tool as well as New Mobile
COCOMO tool. The inputted values and the results for both the
tools are shown below.

4.1 Input and Output Values of COCOMO Il and New Mobile
COCOMO Tool

The tables shown below are describing the values of SLOC for
three different projects which are inputted in the corresponding
two tools, along with the output values in the form of Effort
(Person Month), Calendar Time (Months) and Average staffing.

TABLE 4.1
Input & Output values by COCOMO II Tool

Values Calculated from COCOMO ||
Tool
Name of
Proiect SLOC [ Effort Calendar
] : Average
(Person Time Staffin
Month) | (Months) g
Cannot generate
Weather | 2500 | 4.3197 59 | astaffing profile
due to small
project
Cannot generate
Stock 3100 35330 556 a staffing profile
Exchange due to small
project
Call Cannot generate
Manager 2120 2.02 4.6 a staffing profile
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due to small
project

TABLE 4.2
Input & Output values by New Mobile COCOMO Tool
Values Calculated from New Mobile
Name of COCOMO Tool
Project KSLOC Effort Calendar Average
(Person Time Staffing
Month) (Months)
Just Generates
W 2.5 4.3197 5.9305 Avg. Staff.
eather
Chart
Stock Generates
E 3.1 3.5330 5.5521 Avg. Staff.
xchange Chart
Call Generates
2.12 2.0283 4.6281 Avg. Staff.
Manager Chart

4.2 Proposed Formula for New Mobile COCOMO Tool
The below proposed COCOMO Il model formula calculate the
effort month for mobile applications:
11

PM = A * Size®* [ EM;
i=1
where,

2
E=B+0.01*X SF

=1

4.3 Snapshots showing comparison between COCOMO Il and
New Mobile COCOMO Tool

The snapshots shown below are describing the individual
implementation of scale and effort multipliers on COCOMO Il and
New Mobile COCOMO tool. The disadvantage of using
COCOMO I cost estimation tool for mobile applications can be
easily understood with the help of the snapshots for each individual
project.

4.3.1 Comparison between COCOMO Il and New Maobile
COCOMO Tool for Project 1 (Weather)

In this, the ideal values of the selected multipliers are inputted in
the COCOMO I tool. And similarly the same values of the
selected multipliers are inputted in the New Mobile COCOMO
tool. The ideal values are chosen according to the project
undertaken i.e. just weather. Then based on the resultant values of
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the effort, schedule time and staffing profile from both the tools,
the comparison is done which is explained below with the help of
the snapshot in fig. 4.1and 4.2.
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Figure 4.2 Screenshot of the New Mobile COCOMO Tool for
Project 1(Weather)

4.3.2 Comparison between COCOMO 11 and New Mobile
COCOMO Tool for Project 2 (Stock Exchange)

In this, the ideal values of the selected multipliers are inputted in
the COCOMO 11 tool. And similarly the same values of the
selected multipliers are inputted in the New Mobile COCOMO
tool. The ideal values are chosen according to the project
undertaken i.e. stock exchange. Then based on the resultant values
of the effort, schedule time and staffing profile from both the tools,
the comparison is done which is explained below with the help of
the snapshot in fig. 4.3 and 4.4
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Figure 4.3 Screenshot of COCOMO Il Tool for Project 2 (Stock

Exchange)
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Figure 4.4 Screenshot of New Mobile COCOMO Tool for Project
2 (Stock Exchange)

4.3.3 Comparison between COCOMO Il and New Mobile
COCOMO Tool for Project 3 (Call Manager)

In this, the ideal values of the selected multipliers are inputted in
the COCOMO |1 tool. And similarly the same values of the
selected multipliers are inputted in the New Mobile COCOMO
tool. The ideal values are chosen according to the project
undertaken i.e. call manager. Then based on the resultant values of
the effort, schedule time and staffing profile from both the tools,
the comparison is done which is explained below with the help of
the snapshot in fig. 4.5and 4.6 .
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Figure 4.5 Screenshot of COCOMO 11 Tool for Project 3 (Call

Manager)
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Figure 4.6 Screenshot of New Mobile COCOMO Tool for Project
3 (Call Manager)

4.4 COCOMO Derivative Models

The COCOMO family tree is shown in the diagram below. The
Proposed COCOMO model i.e. New Mobile COCOMO is
indicated in the diagram which also belongs to the COCOMO

family.
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Figure 4.7 COCOMO Derivative Models
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The above COCOMO family tree describes the various models
derived from COCOMO model. Along with the new proposed
model for mobile applications i.e. New Mobile COCOMO.

5. CONCLUSION

In this work, several software cost estimation methods were
discussed and a detailed study was carried out on the cost
estimation method of COCOMO 11 and its importance. From the
study of the COCOMO Il method it can be concluded that there are
several open source tools available to estimate the cost of large
applications, that is, those applications that have several lines of
code. But for a software developer, who is involved in the
development of mobile applications that have few lines of code,
the use of available COCOMO 11 cost estimation tools available is
useless. Since then, these tools provide the expected results only
for those applications that have several lines of code. So,
calculating parameters for mobile applications is a problem for the
developer. Therefore, to overcome this problem, a new improved
tool of the cost estimation tool COCOMO Il called New Mobile
COCOMO s prepared. This tool provides the developer with all
the expected parameters required for cost estimation. Therefore, it
can be concluded that estimating the cost of mobile applications is
not a problem for developers now, since there is a tool available as
New Mobile COCOMO.
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