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Abstract 

Software cost estimation (SCE) is a vigorous research area in the software engineering community. SCE is a process of 
estimating the cost of software in terms of size, time, complexity and other resources required to develop the software projects. 
There are various modeling technique proposed to make estimation of the cost of software projects for the last several years. 
Empirical cost estimation of the software development is both vitally important and severely flawed. The main reason for this 
problem is imprecise estimation of software projects. The key objective of this paper is to analyze calibration factors in empirical 
SCE modeling techniques by comparative study and willing to put forward some valuable aspects to select appropriate model in 
suitable approach of software project development in future. 
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1. Introduction  
Since last four decades of research, estimation of the software development cost remains one of the most 

challenging problems in the software engineering taxonomy. Estimating the costs have ambiguous to system 
analysts, project managers, and software engineers. The Standish Group Research reveals in the Chaos Report 1995 
that: 
 
• About 30% of IT projects are cancelled before completion.  
• About 52% of IT projects are challenged with a cost over of 189% of their original estimates. 
• About 16% of IT projects are completed on-time and on-budget. 

The same Standish Group Research reveals in the Chaos Report 2011 that: 
• About 21% of IT projects are cancelled before completion (-9%). 
• About 42% of IT projects are challenged (-10%) 
• About 37% of IT projects are completed on-time and on-budget (+11%). 
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Here progress has been shown in 16 years, but it remains nevertheless 63% of projects either cancelled or over 
time and over budget [1]. The cost of these failures and overruns are just the tip of the mountain nowadays. A cost 
overrun, also known as a cost increase or budget overrun, is an unexpected cost incurred in excess of a budgeted 
amount due to an underestimation of the actual cost during budgeting. Cost overrun should be distinguished from 
cost escalation, which is used to express an anticipated growth in a budgeted cost due to factors such as inflation [2]. 
Cost estimation of a software project is a core issue in the Software Project Management (SPM) to estimate the cost 
of a project before initiating the Software. In order to improve the estimation, it is very important to recognize and 
study the most relevant factors in SCE. An estimate of cost and schedule is based on the prediction of the size of a 
future system. Unfortunately the software profession is notoriously inaccurate when estimating cost and schedule 
[3][4].   
 

Precise SCE facilitates the system analysts, project managers, and software engineers to complete the software 
project within time and budget. For this one can have knowledge of all available cost estimation tools and 
techniques. Various SCE models have been developed over the last 4 decades and several studies were conducted to 
evaluate these models. Although these models work very well in the environments in which they were developed, 
often times they do not work well in other circumstances. This paper is proposed to focus on commonly used SCE 
modeling techniques and existing research through a comprehensive review and make relevant recommendations for 
potential dissertation.  

 
To produce an enhanced estimate, we necessarily improve our considerations of these project attributes and 

their underlying interaction, model the impact of evolving environment, and develop efficient ways of computing 
software complexity. At the primary stage of a project, there is high uncertainty about these project attributes. The 
estimate produced at this stage is certainly imprecise, as the accuracy depends highly on the amount of reliable 
information available to the estimator. As we learn more about the project during analysis and later design stages, 
the uncertainties are reduced and more accurate estimates can be made. Most models produce exact results without 
regard to this uncertainty. In practice, convergence toward perfection in estimation is not likely to be uniform. Two 
major phenomena are likely to interrupt your progress in estimation accuracy: 

 
• As your understanding increases about the nature of your applications domain, you will also be able to 

improve your software productivity and quality by using larger solution components and more powerful 
applications definition languages. Changing to these construction methods will require you to revise your 
estimation techniques, and will cause your estimation error to increase. 

 
• The overall pace of change via new technologies and paradigm shifts in the nature of software products, 

processes, organizations, and people will cause the inputs and outputs of software estimation models to 
change. Again, these changes are likely to improve software productivity and quality, but cause your 
estimation error to increase [5]. 

 

2. Empirical Software Cost Estimation Models 

2.1. Putnam’s SLIM Model  
 

The Putnam’s SLIM (Software Life Cycle Management) model [6] is an empirical software cost estimation 
model developed by Lawrence H. Putnam in 1978. SLIM is an automated ‘macro estimation model’ for software 
estimation based on the Norden/Rayleigh function. SLIM uses linear programming, statistical simulation and 
Program Evaluation and Review Technique (PERT) to derive software cost estimate. SLIM enables a software cost 
estimator to perform the following functions: 

 
• Calibration: Fine tuning the model to represent the local software development environment by interpreting a 

historical database of past projects.  
• Build: an information model of the software system, collecting software characteristics, personal attributes, and 

computer attributes.  
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• Software sizing: SLIM uses an automated version of the lines of code (LOC) costing technique. SLIM works 
reasonably well for very large systems but seriously over estimates effort for medium and small systems. The 
algorithmic formula for calculating software estimation efforts is: 

 

� =	�LOC (		 ∗ 	t �	)� �
			
∗ 	3																																																						(1) 

 
K is the total life cycle effort in working years, LOC is the size factor in lines of code, t is the development time and 
C is a technology constant which combines the effect of using tools, languages, methodology and quality assurance 
(QA) time in years. The value of technology constant varies from 610 to 57314 and for simplicity experienced 
projects technology constant is high. 
 
Advantages of SLIM:  
1. Uses linear programming to consider development constraints on both cost and effort.  
2. SLIM has fewer parameters needed to generate an estimate.  
 
Limitations of SLIM:  
1. Estimates are extremely sensitive to the technology factor.  
2. Not suitable for small projects. 

2.2. Function Point Analysis (FPA)   
 

Albrecht (IBM) developed the original idea of function point Analysis in 1987. FPA is an International 
Standard Organization (ISO) recognized method to measure the functional size of a software system. The functional 
size reflects amount of functionality that is relevant to and recognized by the user in the business. It is independent 
of the technology used to implement the system. The unit of measurement is "function points". So, FPA expresses 
the functional size of an information system in a number of function points (for example: the size of a system is 127 
fp's).  
 

The functional size may be used: 
 
• To budget application development or enhancement costs.  
• To budget the annual maintenance costs of the application portfolio.  
• To determine project productivity after completion of the project.  
• To determine the software size for cost estimating.  
 

Within FPA the software is characterized by number of following characteristics: 
 
• External (user) inputs: input transactions that update internal files. 
• External (user) outputs: reports, error messages. 
• External (User) interactions: inquiries. 
• Logical internal files: example a purchase order logical file composed of 2 physical files/tables Purchase Order 

and Purchase_Order_Item. 
• External interfaces: files shared with other systems. 

 
 
2.2.1 Function Point Calculation:  
 

The counts for each level of complexity for each type of component can be entered into a table such as the 
following one. Each count is multiplied by the numerical rating shown to determine the rated value. The rated values 
on each row are summed across the table, giving a total value for each type of component. These totals are then 
summed across the table, giving a total value for each type of component. These totals are then summoned down to 
arrive at the total number of Unadjusted Function Points (UAF). 
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Types of Component Complexity of Components 

 Low Average High Total 
External Inputs 

_x3=_ _x4=_ _x6=_ 

 

External Outputs 

_x4=_ _x5=_ _x7=_ 

 

External Enquiries 

_x3=_ _x4=_ _x6=_ 

 

Internal Logic Files 

_x7=_ _x10=_ _x15=_ 

 

External Interface Files 

_x5=_ _x7=_ _x10=_ 

 

Total Number of Unadjusted Function Points:  
Multiplied Value Adjustment Factor:  

Total Adjusted Function Points:  

 
 
 

In a function point calculation there are 14 General System Characteristics Factors (GSC's) those are taking 
complexity into account that rate the general functionality of the application being counted.  
Each factor is rated on a scale of:  
 
Zero: not important or not applicable. 
Five: absolutely essential.  
 
The International Function Point User Group (IFPUG) counting practices manual provides detailed evaluation 
criteria for each of the GSC's listed in the table below: 
 

Sr.No. CSC’s Sr.No. GSC’s 

1. Data communications 8 On-Line  

2 Distributed data processing  9 Complex processing  

3 Performance 10 Reusability 
4 Heavily used  11 Installation ease 
5 Transaction rate 12 Operational ease  
6 On-Line data 13 Multiple 
7 End-user 14 Facilitate change 

 
 
 
Once all the 14 GSC’s have been answered, they should be tabulated and the final Function Point Count (FP) is 
obtained by following formula: 

�� = UAF ∗ [		0.65 + 0.01 ∗ 	�GSC!		]
#�

$%#
																				(2)	 

Advantages of FPA: 
1. Needs only a detailed specification. 
2. Not restricted to code. 
3. Language independent. 
4. More accurate than LOC. 
 
Limitations of FPA: 
1. Ignores quality issues of the output. 
2. Subjective counting, depend on the estimator. 
3. Hard to automate i.e. automatic function-point counting is impossible.  

Table 2.  Table of General System Characteristics 

Table 1.  Table of FP calculation 
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2.3. Constructive Cost Model (COCOMO’81)  
 

The COnstructive COst MOdel (COCOMO’81) is an algorithmic software cost estimation model [7] 
developed by Barry Boehm in 1981. The model uses a basic regression formula, with parameters that are derived 
from historical project data and current project characteristics. Boehm proposed three levels of the models: Basic, 
intermediate and detailed. 
 

The basic COCOMO'81 model is a single-valued, static model that computes software development effort 
(and cost) as a function of program size expressed in estimated lines of code (LOC). The intermediate COCOMO'81 
model computes software development effort as a function of program size and a set of "cost drivers" that include 
subjective assessments of product, hardware, personnel, and project attributes. The detailed COCOMO'81 model 
incorporates all characteristics of the intermediate version with an assessment of the cost driver’s impact on each 
step (analysis, design, etc.) of the software engineering process.  
 

Over 63 data points in the COCOMO’81 calibration database, the Intermediate form demonstrates an 
accuracy of within 20% of actual 68% of the time for effort, and within 20% of actual 58% of the time for a non-
incremental development schedule. Estimating in general varies from as much as 85 - 610 % between predicated and 
actual values. Calibration of the model can improve these figures; however, models still produce errors of 50-100% 
[8]. COCOMO'81 model depends on the relationships between two equations:  

 
First is development effort (based on MM - man-month / Person-month / staff-month is one month of effort by one 
person. In COCOMO'81, there are 152 hours per Person-Month. According to organization this values may differ 
from the standard by 10% to 20%) for the basic model: 
 '' =	aKDSI,																																																																			(3) 
Second is effort and development time (TDEV): 

 -./0	 = 	 cMM3																																																																(4) 
 
Where, 
MM is the effort in man-moths, KDSI is the number of thousand delivered source instructions and it is a measure of 
size, TDEV is a development time. The coefficients b and d are the constants which are dependent on the ‘mode of 
development’ which Boehm classified in 3 distinct modes: 
 
• Organic - projects involve small teams working in familiar and stable environments. E.g. payroll systems.  
• Semi-detached - mixture of experience within project teams. In between organic and embedded modes. E.g. 

interactive banking system.  
• Embedded - projects that are developed under tight constraints, innovative, complex and have a high volatility 

of requirements. E.g. nuclear reactor controls systems.  
 

Development 
Mode Project Characteristics 

 a b c d 

Organic 3.2 1.05 2.5 0.38 

Semi-detached 3.0 1.12 2.5 0.35 

Embedded 2.8 1.20 2.5 0.32 

 
 
Basic model uses only size in estimation. Intermediate mode also uses 15 cost drivers as well as size.  
In intermediate mode development effort equation becomes: 
 ''	 = 	 aKDSI,C																																																															(5) 
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Where, 
 
C is an effort adjustment factor which is calculated simply multiplying the values of cost drivers. So the intermediate 
model is more accurate than the basic model.  
The steps in producing an estimate using the intermediate model COCOMO '81 are: 
 
• Identify the mode (organic, semi- detached, embedded) of development for the new product.  
• Estimate the size of the project in KDSI to derive a nominal effort prediction.  
• Adjust 15 cost drivers to reflect your project.  
• Calculate the predicted project effort using first equation and the effort adjustment factor (C). 
• Calculate the project duration using second equation.  
 
Detailed COCOMO integrates all characteristics of the Intermediate COCOMO with an assessment of the cost 
driver's influence on individual project phases. This is done by using different efforts multipliers for each cost 
drivers attribute in each phase. These multipliers are called Phase Sensitivity Effort Multipliers (PSEM) and these 
determine the amount of effort required to complete each phase of the project. 
 
Advantages of COCOMO'81: 
1. COCOMO is transparent i.e. we can see how it works unlike other models such as SLIM model.  
2. Drivers are particularly helpful to the estimator to understand the impact of different factors that affect project 

costs.  
 
Limitations of COCOMO'81 
1. It is hard to accurately estimate KDSI early on in the project, when most effort estimates are required.  
2. KDSI, actually, is not a size measure it is a length measure.  
3. Extremely vulnerable to mis-classification of the development mode.  
4. Success depends largely on tuning the model to the needs of the organization, using historical data which is not 

always available.  
 
 

2.4. Constructive Cost Model (COCOMO-II)  
 

COnstructive COst Model-II (COCOMO-II) is a model that allows one to estimate the cost, effort, and schedule 
when planning a new software development activity [9]. COCOMO-II is the latest major extension to the original 
COCOMO’81. The model COCOMO-II published in 2000 (Boehm et al., 2000). It consists of three sub-models, 
each one offering increased fidelity the further along one is in the project planning and design process. Listed in 
increasing fidelity, these sub-models are termed as the Applications Composition, Early Design, and Post-
architecture models. 
 
• The Application Composition 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 
diversified but sufficiently simple to be rapidly composed from interoperable components.  

 
• The Early Design model involves the exploration of alternative system architectures and concepts of operation. 

It is used in the early stages of a software project when very little may be known about the size and nature of the 
software to be developed.  

 
• The Post-Architecture model involves the actual development and maintenance of a software product. It is used 

when top-level design is complete and detailed information about the project is available. It estimates the entire 
development life cycle and is a detailed extension of the Early-Design model. This model is similar to the 
Intermediate COCOMO '81. It uses Source Lines of Code and/or Function Points for the sizing parameter, 
adjusted for reuse and breakage [10]. 
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In COCOMO-II, cost effort is expressed as person month (PM) as follow: 
 

�' = 	A	 ∗ 	 (Size)8			 ∗ 	9 	EM!
#;

!%#
																																			(6) 

 
Where, A= 2.94 is a calibration factor constant, Size is measured in KSLOC or Function Points, EMi are effort 
multipliers and E is a scale factor denoted by following equation: 

/ = B + 0.01 ∗ 	�SF=		
>

?%#
																																																		(7) 

Where, B = 0.91 is a Baseline Effort Constants and SFi stands for Potential Scale Factors which describes relative 
economies or dis-economies of scale that are encountered for software projects of dissimilar magnitude. The five 
Potential Scale Factors are listed below:  
 
1. Precedentedness (PREC) 
2. Development Flexibility (FLEX) 
3. Architecture / Risk Resolution (RESL) 
4. Team Cohesion (TEAM) 
5. Process Maturity (PMAT) 
 
The 17 Effort Multipliers  

1. EMi / Software Cost Drivers in COCOMO-II are listed below: RELY―Required Reliability 
2.  CPLX―Complexity of Modules 
3.  DOCU―Extent of Documentation 
4.  DATA―Database Size 
5. RUSE―Required percentage of Reusable Components 
6.  TIME―Execution Time Constraint 
7. PVOL―Platform Volatility 
8. STOR―Memory Constraints 
9.  ACAP―Analysts Capability 
10.  PCON―Personal Continuity 
11.  PCAP―Programmer Capability 
12.  PEXP―Programmer Experience 
13.  AEXP―Analyst Experience 
14.  LTEX―Language and Tool Experience 
15.  TOOL―Use of Software Tools 
16.  SCED―Development Schedule Compression 
17. SITE― Quality of Inter-Site Communication 

 
Advantages of COCOMO-II: 

1. Helps in making decisions based on business and financial calculations of the project. 
2. Establishes the cost and schedule of the project under development, this provides a plan for the project. 
3. Provides a more reliable cost and schedule, hence the risk mitigation is easy to accomplish. 
4. It overcomes the problem of reengineering and reuse of software modules. 
5. Develops a process at each level. Hence takes care of the Capability Maturity Model (CMM) [11]. 
 

Calibration in COCOMO-II 

1. For COCOMO II results to be accurate the model must be calibrated 
2. Calibration requires that all cost driver parameters be adjusted 
3. Requires lots of data, usually more than one company has 
4. The plan was to release calibrations each year but so far only two calibrations have been done 
5. Users can submit data from their own projects to be used in future calibrations 
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2.5. Constructive Systems Engineering Cost Model (COSYSMO) 
 

 To provide experimental justification for the amount of systems engineering effort expected for a system of 
interest, the COSYSMO was developed in 2005 at the University of Southern California Center for Systems and 
Software Engineering (CSSE) [12]. The COSYSMO to be the newest member of the COCOMO family of software 
cost models. Like other COCOMO based models created before it, The COSYSMO model estimates effort and 
duration of software projects based on variety of parametric drivers that have been shown to have an influence on 
cost. It uses standard processes for engineering a system as a basis of system engineering activities and system life 
cycle processes to describe the phases in which these activities are processed [13][14]. COSYSMO has been 
developed using the seven-step modeling methodology [15] as shown in Fig 1 below. 

 

 

 
COSYSMO is mainly focused on use for investment analysis, concept definition phase estimation, tradeoff & risk 

analyses etc. where input parameters can be determined in early phases. The COSYSMO is a parametric model to 
estimate software projects cost which includes 4 size drivers and 14 cost drivers, which covers full system 
engineering lifecycle. 
 
4 Size Drivers: 
 

1. Number of System Requirements  
2. Number of Major Interfaces 
3. Number of Operational Scenarios 
4. Number of Critical Algorithms 

 
14 Cost Drivers: 
 

1. Requirements understanding  
2. Architecture complexity  
3. Level of service requirements 
4. Migration complexity  
5. Technology Maturity  
6. Documentation Match to Life Cycle Needs 
7. Number and Diversity of Installations/Platforms 
8. Number of Recursive Levels in the Design 
9. Stakeholder team cohesion  
10. Personnel/team capability  
11. Personnel experience/continuity  
12. Process maturity  

Analyze Existing 

Literature Perform 

Behavioral Analysis Identify Relative 

Significance Perform Expert 

Judgment Gather Project Data 

Determine Bayesian 

A-Posteriori Update Gather more data; 
refine model 

Fig 1.  Seven Step Modeling 
Methodology  
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13. Multisite coordination  
14. Tool support  

 
 
The basic principle behind COSYSMO is that systems engineering effort, PMNS, can be estimated as a function of 
four size drivers and fourteen cost drivers defined in a given equation: 

�'AB = 	A	 ∗ 	 (Size)8			 ∗ 	9 	EM!
C

!%#
																															(8) 

 
Where:  
PMNS = Effort in Person Months (Nominal Schedule). 
A = constant derived from historical project data.  
Size = determined by computing the weighted average of the size drivers.  
E   = exponent for the diseconomy of scale dependent on size drivers (4). 
n = number of cost drivers (14). 
EM = Effort multiplier for the ith cost driver.   
The geometric product results in an overall effort adjustment factor to the nominal effort. 
 

3. Conclusion 

 
In the Software Cost Estimation (SCE) field several modeling techniques were developed in last few years of 

the research. We realized that developing a model for estimating the cost of software projects is highly dependent on 
the software development environment, including methods and standards. The selected tool must not only have this 
capability, but must also fit the cost estimation process. Nowadays, almost no model can estimate the cost of 
software with a high measure of accuracy. This sort of the study is created because: 

 
• There are a large number of calibration factors that influence the software development process of a 

development team and a large number of project attributes, such as number of user screens, volatility of system 
requirements and the use of reusable software components etc. 

• The development environment is evolving continuously. 
• The lack of measurement that truly reflects the complexity of a software system. 

 
This manuscript explores some commonly used empirical SCE models with their parametric factors and proposed a 
study for new models to measure estimation accuracy and consistency, and to determine model parameters for future 
SCE methods. Consistency examines the model's degree of ease of calibration. A consistently overestimating or 
underestimating model is more easily calibrated than an inconsistent one. 
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