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Abstract— Cost estimation is the way to measure the 

budgetary requirements of resources and efforts for the 

development of projects.  It gives the amount of resources and 

efforts requires for completion of the task in defined time 

limits. During the last few decades there are various models 

suggested for cost estimation and resource analysis. Among 

them COCOMO is well known model developed for software 

cost estimation. The model evolves so many time during its 

execution period. Majorly the model emphasizes on capturing 

the values of different process and drivers executed for 

developing the quality product. The recent version is 

Intermediate COCOMO which suggests 15 cost drivers with 

different scaling values according to different situations and 

resource requirements. Each driver and its scaling are 

selected manually by the person or analyst who may make 

manual mistakes.  This paper suggests major formulation for 

increasing the accuracy and reducing the manual efforts 

towards calculating the software reliability, application size 

database, product complexity & Application of Software 

Engineering Methods. It will also covers the guidelines for 

definition or selection of the scaling for measuring the cost 

attributes. At the analytical level of evaluation the paper is 

showing major benefits over its current competitor. 
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I. INTRODUCTION 

Cost estimation is defined as the approximate expenditure of 

cost or effort has to be done to develop a software product. 

Cost estimation never is an exact calculation as so many 

variables involved in calculation such as project development 

team, technical resources, time and complexity. Cost 

estimation is an important part for doing planning and budget 

analysis of a software project. Cost estimation also determine 

the features included with the resources being used for that as 

the beginning of a project and so reduces the risk for the 

development of the software project. Lifecycle impact of cost 

estimation model is very high considering its schedule and 

related project planning and management. . Software 

estimation can help in various aspects of software 

development life cycle. Some of them are listed below: 

 Software investment decisions; 

 Cost, schedule, and performance Negotiations & 

trade-offs; 

 Setting project budgets and schedules; 

 Taking the Risk Organization and Management 

Decisions 

 Effective software improvement decisions. 

There are heaps of programming cost estimation techniques 

are accessible in the product business. Here are a couple of 

procedures names underneath:  

 Top - Down 

 Bottom - Up 

 Parametric Model  

 Expert Judgment (Expertise Based) 

 Estimation by Analogy 

 Price to Win Estimation 

The details about each cost estimation techniques 

are discussed in chapter 3. Algorithmic model, COCOMO 2 

is the most popular way to estimate software cost. It is 

relatively easy to guess by hand. There are tools available that 

allow you to calculate more complex assessments. 

Calibration of the COCOMO is one of the most important 

things to get accurate estimation. 

II. BACKGROUND 

As technology advances with rapid growth in cloud 

computing, small or medium scale IT industries moves 

towards cloud for the software development. Due to this 

software development scenario changes from traditional 

approach to cloud based software development approach. 

Now the requirement for the accurate estimation of project 

planning and scheduling is increased for the completion of 

task regarding project implementation. In project planning 

and scheduling, software project cost estimation plays a very 

important role. With the help of accurate estimation, resource 

allocation and development time scheduling would be done 

easily. 

Cost estimation is the important task while 

developing a software product for an IT industry. So we refer 

different software cost estimation techniques given by 

Vigder, M. R. and Kark, A. W. [2] and Jorgensen et al. [3]. 

Vigder gave an idea about how estimation can be carrying 

out, problem while doing cost estimation and the estimation 

process. Jorgensen gave a thought regarding reason for the 

change of programming estimation explore through a 

methodical survey of past work in light of 304 programming 

cost estimation papers in 76 diaries. In view of the audit, they 

give suggestions to future programming cost estimation 

inquire about. Samuel et al. [4] gave a thought regarding 

diverse estimation procedures for performing programming 

cost estimation, including master judgment and algorithmic 

models advertisement likewise gave upsides and downsides 

of every system. They recommended that cost estimation 

must be accomplished all the more constantly all through the 

venture life cycle so that later on there are less amazements 

and unanticipated deferrals in the arrival of an item. 

Samuel et al. proposed that 76in programming cost 

estimation systems; the generally utilized cost estimation 

model is COCOMO [5]. Nancy Merlo – Schett [6] gave 

points of interest of COCOMO that it 27provides an all 

around characterized, open building reason for thinking about 

the cost and timetable ramifications of a product arrangement. 

Three levels of COCOMO are likewise talked about and he 

closes with the favorable circumstances and disadvantages of 

the model. With this study we found that in intermediate 
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COCOMO, Boehm defines fifteen cost drivers for providing 

the effort adjustment factor on software cost estimation of 

software project based on KLOC. However, none of the 

technique supported cost estimation based on software 

development using cloud. 

For the estimation of cloud based software 

development we refer a technical report by Expert Group [8]. 

They gives detailed study about cloud computing and their 

challenges. Further TechSoup Global Network [9], Microsoft 

Technet Cloud Provider [10] and Everest Group Research 

Cloud Connect [11] also gave a technical survey report for 

identified the challenges for the acceptance of cloud 

computing for the development of software. 

Radha Guha and David Al-Dabass [7] proposed 

approach for software cost estimation of cloud based software 

development using COCOMO. He suggested that a new class 

software project for the cloud platform has been defined for 

the estimation of the cloud-based software product, and the 

value of four, stable, A, B, C and D for this new class, and the 

conventional and cloud Comparison of cost based software 

development. But in this paper they had not given any 

justification about proposed value for all four constants of 

COCOMO. Boehm [14] studied thousands of project and 

after that he proposed that value of constants a, b, c and d for 

other three categories of COCOMO and that type of study is 

not feasible now for the proposition of values for the new 

class of cloud based software development. 

As we have to estimate effort using COCOMO for 

both traditional and cloud based software development, we 

found that in intermediate COCOMO, Boehm gives fifteen 

cost drivers by which effort adjustment factor (EAF) is 

calculated. From that we worked on each cost driver and for 

the detailed study of each cost drivers we refer details given 

by Boehm [16].  

III. PROBLEM DEFINITION 

We refer the cost estimation techniques available and 

elaborate problems associated with them and proposed 

solution to the problems identified. Below we had written the 

problem statement and solution domain found in the existing 

cost estimation techniques. In our study we found that cost 

estimation plays very important role in software 

development. The most popular method for cost estimation is 

COCOMO. In intermediate COCOMO there are fifteen cost 

drivers by which effort adjustment factor is calculated and 

cost estimation is done based on predefined equation given 

by Boehm. For the cost drivers Boehm gives value in the 

declared scaling ratio from very low to extra high. We found 

that, there is a lack of approach available for selection of scale 

for features of Intermediate COCOMO – Only criteria 

available is based on experience. 

Also in today due to rapid growth in cloud 

computing, IT industries move towards it. Cloud provides 

services like IaaS, SaaS, etc. by which software development 

cost reduced and also reduces maintenance work. In that we 

found that no effective estimation approach available for 

cloud application. 

IV. PROPOSED WORK 

This work suggests a novel approach towards making the 

estimation more accurate according to the actual development 

conditions. In SDLC, if we are estimating the things correctly 

according to the working situations then the cost of effort and 

the resources will be measured correctly which will directly 

gives the correct estimate. It will help in getting new contracts 

and orders as the prices are very close to the actual budget of 

development and deployment. This approach is named as 

COCOMO-NEW.  It is well defined process of accessing the 

each and every minute detail about the project development 

phases and the resources applied to a unit time requirements. 

Considering this work, some new additional measures are 

studied in depth which seems as a major factor or driver of 

cost estimation using COCOMO. Here the revision is made 

for four of the defined formulas and which will be later on 

analyzed to gain insight of the process. Factors are: 

1) Required software reliability 

2) Size of application Database 

3) Product Complexity 

4) Application of Software engineering methods 

Detailed description of the each individual units are 

covered below as a quantified formulas. 

A. Quantified Cost Drivers 

The details of revised cost drivers are listed below: 

1) Required Software Reliability 

Reliability indicates that a software product expected to 

perform the task or function intended to it satisfactorily. It can 

be determine by the loss of data or amount due to software 

failure. Example as loss of user data can be recoverable easily 

or moderate or it can a massive loss. Reliability can be 

estimated at different phases of software development life 

cycle like requirement gathering, design, coding and testing. 

Traditional Reliability, R (T) = (R1+R2+R3) / 3 

Cloud Reliability, R(C) = R4 * R5 * R6 

Effort adjustment factor for cloud, EAF[C] = EAF [T] *R(C) 

Where: 

EAF [T] = Reliability Effort adjustment factor for traditional 

R1 = Percentage of test cases written per features 

R2 = Percentage of exceptions handle per functions 

R3 = Percentage backup provided for data 

[Condition: R1 to R3 (Value) < 100] 

R4 = Load handling strategies applied? [Yes = 1.1 and No = 

1.0] 

R5 = Hardware failure handling strategies applied? 

[Yes = 1.1 and No = 1.0] 

R6 = Network failure handling strategies applied? 

[Yes = 1.1 and No = 1.0] 

2) Size of Application Database 

Database size for a software product indicates a relative 

database size has to be developed based on the records enters 

per day and has to store in non-volatile memory storage. 

Formula for the calculation of relative database size (RDS) 

can be: 

Relative Database Size, RDS = [(size1 + size2) / P] 

Where: 

Size1 = Database size in bytes (value based on number of 

records) 

Size2 = Backup size in bytes 

Backup Size (T) = Value from formula (1) 

Backup Size (C) = Backup Size (T) * 0.25  

[25% of actual backup size using parity bit approach. [12]] 

P = Program size in SLOC 
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3) Complexity of the Product 

According to Halstead “A computer program is an 

implementation of an algorithm considered to be a collection 

of tokens which can be classified as either operators or 

operands”. Complexity of a software product can be 

measured as an algorithm complexity by considerations of 

operator and operands in four parts of control functions as 

control operations, computational operations, device 

dependent operations and data management operations. 

Program Vocabulary, n = n1 + n2 

n1 = a1 + a2 + a3 and n2 = b1 + b2 

Program Length, N = N1 + N2 

N1 = A1 + A2 + A3 and N2 = B1 + B2 

Volume, V = N * log2 (n) 

Difficulty, D = ((n1 / 2) * (N2 / n2)) * DSAF 

Effort, E = D * V 

Where, 

a1 = Number of distinct operator 

a2 = Number of distinct conditional statement 

a3 = Number of distinct recursive statement 

b1 = Number of distinct operands 

b2 = Number of distinct interfaces 

A1 = Total number of operator 

A2 = Total number of conditional statement 

A3 = Total number of recursive statement 

B1 = Total number of operands 

B2 = Total number of interfaces 

Data structure adjustment factor (DSAF) 

 Value (DSAF) < 1: Not possible because overall 

difficulty will reduced 

 Value (DSAF) = Integer value (1, 2, 3…) not possible 

because difficulty just becomes double, triple, etc. 

Cloud complexity multiplying factor (CCMF) 

CCMF = C1 * C2 * C3 

 C1 = Scalable (Elastic) process required [Yes = 1.1 and 

No = 1.0] 

 C2 = Grid & distributed computing paradigm followed 

[Yes = 1.1 and No = 1.0] 

 C3 = Service usage counts (configuration setting) 

[Yes = 1.1 and No = 1.0] 

In our interpretation we have included a2 and a3 in n1, b2 in 

n2, A2 and A3 in N1, and B2 in N2 and DSAF attribute. 

4) Application of Software Engineering Methods 

Application of software engineering methods defines the use 

of modern programming practices of software engineering in 

developing software product. Modern programming practices 

may include top-down analysis, incremental development, 

program librarian, etc. 

Modern Programming practices used: (Each having value 

16.66) 

1) Object oriented analysis and design [Yes = 16.66 and No 

= 0.0] 

2) UML design notation [Yes = 16.66 and No = 0.0] 

3) Object oriented development [Yes = 16.66 and No = 0.0] 

4) Design and code walkthroughs or inspections [Yes = 

16.66 and No = 0.0] 

5) Program library [Yes = 16.66 and No = 0.0] 

6) Design principles [Yes = 16.66 and No = 0.0] 

Addition of all programming practices should not be more 

than 100. 

Application (T) = (i) + (ii) + (iii) + (iv) + (v) + (vi) 

Cloud characteristics required (CCR): (Each having value 

1.1) 

1) Scalability [Yes = 1.1 and No =1.0] 

2) Maintainability [Yes = 1.1 and No =1.0] 

3) Fault tolerance [Yes = 1.1 and No =1.0] 

4) Distributed and grid computing [Yes = 1.1 and No 

=1.0] 

5) Utility computing [Yes = 1.1 and No =1.0] 

CCR = (i) * (ii) * (iii) * (iv) * (v) 

Application (C) = EAF [Application (T)] / CCR 

B. Strategy for nominal scaling 

For calculation of each attribute of intermediate COCOMO 

the nominal scaling is done by substituting minimum and 

maximum values for each variable. With this we found a 

range with lowest and highest value. Now based on scaling of 

the attribute defined in intermediate COCOMO, we further 

divided the range for each scale of the attribute.  

V. TOOL DEVELOPMENT 

For the estimation of software product using intermediate 

COCOMO we required KLOC for the software product and 

effort adjustment factor calculated by cost drivers. For 

showing software estimation, the tool have been developed 

named “COCOMO-NEW”. It is a web based tool, developed 

for the estimation of effort and development time based on 

the cost drivers of intermediate COCOMO as suggested by 

us. The tool has key features are: 

 It has a login system for different stakeholders of the tool 

like End-User, Project Manager and Administrator. 

 Users can add a new project in the system. 

 End-User can add or modify features for the existing 

project in the system and get the KLOC for the project to 

be developed. 

 Project Manager can add all cost drivers inputs for the 

calculation of EAF (Effort Adjustment Factor) and also 

select inputs for the existing intermediate COCOMO 

cost drivers. 

 Users can get results as an Effort and Development time 

for the entire project having estimated KLOC and EAF. 

 Users can analyzes estimated results for existing and 

proposed traditional and cloud based application 

development. 

 User Roles: 

 End-User: Responsible for the addition of new projects 

and also select features or functionality to the project. He 

may check the result for the selected project and graph 

comparison also. 

 Project Manager: Responsible for the addition of cost 

drivers’ values for the selected project. He may check the 

result for the selected project and graph analysis also. 

 Administrator: Having full rights over the tool for adding 

new project, submitting features, adding cost drivers 

values, and can get the results and graph analysis. 

The tool has been developed using ASP.net with C# 

2010 as front end language and SQL Server 2008 as a 

backend system. As the tool is Web based system so End-

User needs only compatible browser to run the tool. In the 

tool, based on the study we have added project category, sub-

category and features for the project that end user selects for 

each project. 
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A. Projects Studied 

For the quantitative analysis of Effort and Development Time 

three more projects are also been studied. The projects 

requirements are as follows: 

1) Website Development 

Mangal Infosystem is an IT company. They want a website 

that shows about their company profile, clients, project and 

other relevant information. Viewers can check all the details 

about the company and may contact them for their work. The 

required key features are shown below: 

 Domain and web hosting 

 Companies domain email system 

 Interactive User Interface 

 Contact Us details 

 Login System 

2) Campus Placement System 

This project is basically focused for the college campus 

placement record management. In this project the users are 

training and placement officer and the student database with 

the company profile who visits the college for the campus. 

The system is developed to manage all the records of campus 

placement ad generates reports as required by the training and 

placement officer. The key features are listed below: 

 Visiting Company profile 

 Student database 

 Placed students records 

 Criteria for the placement 

 Report generation 

3) Student Information Management System 

This project is aimed to develop a database management 

system for the student’s records for a college or school. Using 

the software one can get details of each student required by 

the institute. The key features are listed below: 

 Students unique ID management 

 Student profile management 

 Report generation required by the admin 

 Having facility to add / update and or delete record 

of students. 

Based on the above requirements of all three 

projects, the end-user gives the inputs for the category, sub-

category and features for each project, and project manager 

gives input for the 15 cost drivers for each project. 

VI. RESULTS 

Based on the experiments performed, following results were 

obtained for existing and proposed model. 

Case Study - I: For the calculation of result we have to take 

input for the 15 cost drivers of the existing intermediate 

COCOMO as shown in Table 1. 
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Table 1: Library Management case study input for existing 

intermediate COCOMO 

A. Results of Library Management Case Study 

Given below is the result generated by “COCOMO-NEW” 

based on the input given to the tool shown in Table 1. 

 

Existing 

Intermediate 

COCOMO 

Proposed System 

For 

Traditional 

Software 

Development 

For Cloud 

Based 

Software 

Development 

Estimate

d KLOC 
73 73 73 

Estimate

d EAF 

1.323581021

381 

1.634867669

002 

1.841762991

251 

Effort 

Applied 

(E) 

In 

[person-

months] 

485.0576845

49527 

599.1360659

15773 

674.9577680

50425 

Develop

ment 

Time(D) 

in 

[months] 

21.77547789

0581 

23.44627858

2988 

24.44481859

2273 

People 

required 

(P) as 

[count] 

22 26 28 

Table 2: Cost Estimation of Library Management System 

The above table 8 shows the cost estimation of 

library management system for both existing and proposed 

work. Based on the result obtained we can say that effort 

value is minimum for existing strategy of estimating 

COCOMO cost drivers and maximum effort value is recorded 

for proposed strategy of estimating COCOMO cost drivers 

for cloud based software development. Based on the results 

obtained we can say that effort value is minimum for existing 

strategy of estimating COCOMO cost drivers and maximum 

effort value is recorded for proposed strategy of estimating 

COCOMO cost drivers for traditional software development. 

B. Overall Estimation Analysis 

As above we estimated the results of two case studies, and 

other projects estimated based on requirement defined. 

Finally we estimated the effort and development time results 

of all the projects as a graph and shown below. The projects 

reviewed with their KLOC are as follows: 
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Code 

Name 

Name of the Project 

Reviewed 

Estimated 

KLOC 

PR1 
Mangal Info system 

Website 
24 

PR2 
Student Management 

System 
57 

PR3 
Library Management 

System 
73 

PR4 
Campus Placement 

System 
102 

PR5 
Inventory Management 

System 
151 

Table 3: Project reviewed for Cost estimation with KLOC 

1) Effort 

Figure 1 shows graph of software effort estimation for 

existing and proposed strategy based on software 

requirements. 

 
Fig. 1: Effort Estimation of all projects reviewed 

Figure 1 shows effort estimation of all projects 

covered. It shows that for a minor project having low KLOC 

value have minimum effort in traditional development than 

cloud software development environment. For code size of 

greater than 130K, cloud software development has smaller 

effort estimation value than traditional software 

development. Also it shows that for effort estimation of 

traditional software development, our proposed strategy for 

estimating effort using cost drivers gives more accurate 

results as compare to existing intermediate COCOMO cost 

drivers estimation. 

2) Development Time 

Figure 2 shows graph of software development time 

estimation for existing and proposed strategy based on 

software requirements. 

 
Fig. 2: Development Time Estimation of all projects 

reviewed 

Figure 2 shows development time estimation of all 

projects covered in Table 3. It shows that for a minor project 

having low KLOC value have minimum development time in 

traditional development than cloud software development 

environment. For code size of greater than 130K, cloud 

software development has smaller development time 

estimation value than traditional software development. Also 

it shows that for development time estimation of traditional 

software development, our proposed strategy for estimating 

development time using cost drivers gives more accurate 

results as compare to existing intermediate COCOMO cost 

drivers estimation. 

VII. CONCLUSION  

Traditionally, software estimation with intermediate 

COCOMO approach is done based on selecting values of 15 

cost drivers which ranges from very low to extra high. This 

approach solely depends on the users experience because 

currently values of the cost drivers are directly selected and 

therefore it will be difficult to measure accurate estimation. 

So these works suggest accuracy based modification for some 

of the drivers of intermediate COCOMO. Moreover, in 

today’s era cloud computing plays a significant role in 

software development but there is no effective estimation 

approach available for the cloud based application 

development. So we include cloud features also in the 

formulation of cost drivers. As a result of work, we conclude 

that with the proposed approach of analyzing each cost 

drivers value more accurate estimation can be made for 

traditional and cloud based software development. Secondly 

we can say that small or medium scale IT industries can be 

moved towards cloud based application development for the 

projects having KLOC more than 130K. 

VIII. FUTURE WORK 

In our work we improve the selection criteria of cost drivers 

of intermediate COCOMO by quantitative analysis and also 

include cloud features in the estimation. But definitely there 

is always a scope for extension. So in the proposed work 

extension can be made in the area as follows: 

We use COCOMO 81 for our work and the same 

work can be done with COCOMO II as COCOMO II has 

several advantages like reusability. 

For the calculation of KLOC, we use pre-estimated 

features and for the same we collected data from the internet. 

So in future more accurate data analysis may be done 

regarding KLOC estimation for each feature of the software 

project to be developed. 

For quantitative analysis of each cost drivers, we 

formulate them and considered assumptions where ever 

required. So in future formulation of each cost driver may be 

refined in iterative manner. 
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