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Abstract—The estimated costs and revenues of the software 

projects is a critical and crucial factor of the software 

development process, inaccurate estimated costs associated with 

the software project has the negative effect on its profitability. 

This paper focuses upon validating and using two of the software 

costs estimation methods are Function Point Analysis and Early 

Design COCOMO II. The validation of Function Point Analysis 

method has been conducted based on the real data of a completed 

project in the intent of studying the impact of increasing the size 

of a software application on its development effort, and the 

impact of increasing the general system characteristics on the 

software application size by drawing these correlations using the 

Matlab programming language. Also, the validation of Early 

Design COCOMO II method has been conducted based on the 

real data of completed projects in the intent of studying the 

impact of increasing the size of a software application on its 

development effort, and the impact of increasing the development 

effort of a software application on its development time by 

drawing these correlations using the Matlab programming 

language. Software cost analysis of the Economic Feasibility 

Study Software using these two methods in the intent of 

determining their accuracy in conducting the software cost 

estimation. 
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I. INTRODUCTION  

A cost associated with any software project is due to the 

requirements for software, hardware and human resources 

needed. The bulk of the software development cost is due to 

the human resources needed, and most cost estimation 

procedures focus on this aspect. Most cost estimation is 

determined in terms of the Person Months (PM) which then 

converted to the monetary value. 

 

Despite the terminology, software engineering cost does 

not refer directly to a monetary value associated with software 

development. Such a value is almost impossible to arrive at and 

not always useful. The questions people are more interested in 

are "What is the effort involved?" and "How long will it take?" 

The answer to these two questions can then be translated to the 

monetary value [6, 7].   

 A software cost estimation process is a set of techniques 

and procedures that an organization uses to derive the software 

cost estimate. Generally, there is a set of inputs to the process 

(e.g., system requirements) and an output of the effort, 

manpower loading, and /or duration. Figure 1 shows the 

software cost estimation process. 

 

 
                        

Fig. 1 Software cost estimation process [6, 7] 

 

The  software cost estimation process computes a set of 

outputs as a function of a set of inputs. The inputs to the 

estimation process depend on when the estimate is being done. 

Software effort estimation models are divided into two 

main categories are algorithmic models and non-algorithmic 

models. Algorithmic methods are an attempt to quantify all 

inputs to the cost estimation process, and then provide a set of 

mathematical equations that describes the relationships 

between the inputs and the outputs of the cost estimation 
process. These equations are based upon the statistical analysis 

of data gathered from previously developed projects.   

 

II. RELATED WORK 
Some of software cost estimation models have been 

emerged in the literature to estimate the effort associated with 

the software development projects. Function Point Analysis 

(FPA) method was first developed by Allan J.Albrecht at IBM 

in mid 1970 's and was attempt to overcome difficulties 
associated with lines of code as a measure of software size and 

to assist in developing a mechanism to predict effort associated 
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with software development. The method was first published in 

1979 and in 1984 Albrecht refined the method. In 1986, the 

International Function Point User Group (IFUG) was created 

[9]. The best-known algorithmic models are Boehm's 

COCOMO [Boehm-1981], Cosmic full function points 

[Cosmic-1999], Putnam's application of Rayleigh curves to the 
development process [Put-1992] and Boehm's COCOMO II 

[Boehm-1995]. The usual methods of applying the algorithmic 

models are to perform the requirements into a measure of the 

software size. This size measure, which can be either Software 

Lines of Codes (SLOC) or Function Points (FP), is used as the 

basis for creating the cost estimates.  

The COCOMO II model is part of a suite of Constructive 

Cost Models. This suite is an effort to update and extend the 

well-known COCOMO (Constructive Cost Model) software 

cost estimation model originally published in Software 

Engineering Economics by Barry Boehm in 1981[8]. The 

COCOMO II model estimates the amount of effort, calendar 

time it will take, and human resources that will be required to 

develop a software project. 

 Many modern organizations rely on a software 

development for their growth and sustainability in current 

developing IT industry. Cost estimation is a challenging issue 
for many technological firms. The cost of a software should be 

estimated in such a way that it must not compromise quality, 

timelines and efficiency [35]. 

 

III. RESEARCH PROBLEM 

The inaccurate estimated costs associated with the software 
development have the negative effect on the profitability 

decision of the software project. The decision profitability of 

the software project requires conducting an economic 

feasibility study concerned in analyzing both system costs and 

revenues to the software project. So, if a software project is 

economically feasible, the revenues should outweigh costs 

within a defined period of time. This paper is written to 

validate Function Point Analysis method and Early Design 

COCOMO II method in order to determine their performance 

in calculating the cost estimates of the software development 

project. Further, we analyzed the impact of both cost drivers 

and scale factors on the software development effort 
considering that the ability to minimize the effort of software 

project development will attain rewards on IT organization' 

investments.  

Software projects need to be performed and delivered under 

certain constraints known as scope, time, and cost. These 

constraints can be referred to a project management triangle as 

shown in Figure 2. 

 

 

Fig. 2 Project management triangle [30] 

The ability to deliver a software product on time, within 

budget, and with the expected or wanted functionality is critical 

to all software stakeholders [3]. The success of the project 

depends on the balance of its key factors are scope, cost, and 

time. 

IV. VALIDATING FUNCTION POINT ANALYSIS METHOD AND EARLY 

DESIGN COCOMO II METHOD  

The validation of FPA method has been conducted based 

on the real data of a completed project used to develop the 
Marketing Information System [21] delivered about 54 

Function Points in the intent of studying the impact of 

increasing the size of a software application on its development 

effort, and the impact of increasing the general system 

characteristics known also as total degree of influence (TDI) on 

the software application size by drawing these correlations 

using the Matlab programming language by assuming that the 

size of the application in the function points considered as 

adjusted function points (AFP) which varies from 50 upto 100 

Function Points. Therefore, whenever the adjusted function 

points is equal to minimum value 50 Function Points then the 

effort is equal to 62.50 Man Days whereas the size of our 
application is equal to the maximum value 100 Function Points 

then the effort is equal to 125 Man Days as shown in Figure 3. 

 

                      
     Fig. 3 Correlation of the software application size and 

development effort  

 

The validation of FPA method has also been conducted for 

studying the impact of increasing the TDI on AFP. Therefore, 

whenever the total degree of influence is increased from zero 

upto seventy causing in increasing the adjusted function points 

count as well so whenever the total degree of influence is equal 

to the minimum value zero then the adjusted function points 
count equals 37.05 Function Points, whenever the total degree 

of influence is equal to 30 then the adjusted function points 

count equals 54 Function Points, and whenever the total degree 

of influence is equal to the maximum value 70 then the 

adjusted function points count equals 76.95 Function Points as 

shown in Figure 4.  

 

 
 

         Fig.4 Effect of TDI on AFP 
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      The validation of Early Design COCOMO II method has 

been conducted based on the real data of a completed project 

used to develop the Task Manager Application [22] 

delivered about 6.7621 Kilo Lines of Code (KLOC) in the 

intent of studying the correlation between the development 

effort and the development time will elapse to deliver the 
software application by drawing these correlations using the 

Matlab programming language by assuming that the size of 

software application varies from 2 KLOC upto 10 KLOC. 

Therefore, whenever the size of our application is equal to 

6.7621 KLOC then the effort equals 36.0424 Person Months 

and time equals 12.065 Months, and whenever the size of 

our application is equal to the minimum value 2 KLOC then 

the effort equals 8.6661 Person Months and the time equals 

7.516 Months whereas the size of our application is equal to 

the maximum value 10 KLOC then the effort equals 

56.9663 Person Months and the time equals 14.045 Months 

as shown in Figure 5. 

 
Fig.5 Correlation of the software development effort 

and time  

 

     The validation of Early Design COCOMO II method has 

also been conducted for studying the impact of increasing 

the scale factors on the effort, the development time that 

will elapse, and the number of people needed to deliver the 
software. Therefore, whenever the size of our application is 

equal to 6.7621 KLOC then the effort equals 21.9276 

Person Months and the time equals 8.712 Months, and 

whenever the size of our application is equal to the 

minimum value 2 KLOC then the effort equals 7.2369 

Person Months and the time equals 6.387 Months whereas 

the size of our application is equal to the maximum value 

10 KLOC then the effort equals 31.3053 Person Months 

and the time equals 9.625 Months as shown in Figure 6. 

 
Fig.6 Correlation of the software development effort and 

time at the maximum level of scale factors 

 

      Moreover, the validation of Early Design COCOMO II 

method has been conducted for studying the impact of 

increasing the effort multipliers on the effort development, 
the development time elapsed, and the number of people 

needed to deliver the software application by assuming that 

the size of the application varies from 2 KLOC upto 10 

KLOC. Therefore, whenever the size of our application is 

equal to 6.7621 KLOC then the effort equals 46.5497 

Person Months and the time equals 13.134 Months, and 

whenever the size of our application is equal to the 
minimum value 2 KLOC then the effort equals 11.1925 

Person Months and the time equals 8.182 Months whereas 

the size of our application is equal to the maximum value 

10 KLOC then the effort equals 73.5736 Person Months 

and the time equals 15.290 Months as shown in Figure 7. 

 

Fig.7 Correlation of the software development effort and 

the time at the maximum level of effort multipliers 

V. EFFORT ESTIMATION OF AGILE SOFTWARE DEVELOPMENT  

COCOMO II method supports continuous adaptive 

planning of software projects that follow agile methods, 

resulting from the controlled delivery of the software 

product as iterations so that the software cost estimation 

can be done of each iteration represents the new product 

release, and is easy to adjust COCOMO II 's weights of 

scale factors and cost drivers of each iteration. Also, 
COCOMO II method uses a breakage percentage that is 

used to adjust the effective size of the product. The 

breakage percentage reflects the requirements evolution 

volatility occurred in the software project. The big 

advantage of the iterative approach implies in allowing the 

software project to adapt to both the changing 

circumstances and the changing understanding of success 

that evolve as the project progresses as shown in Figure 8. 

 

 
 

Fig.8 Effort estimation of the agile software 

development [17] 

 

Therefore, we can size of iteration separately so we let 

customers add, modify, or delete functionality to a number 

of times as they want until they satisfy about their proposed 

functionality of that iteration to produce a new release of 

the software while the size of an application will b 
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increased by emerging new functionality resulting from the 

new iteration over a period of time as shown in Figure 9. 

 

 

Fig.9 Sizing the agile software project  

 

VI. USING FPA 4.0 FOR ESTIMARING ECONOMIC                

FEASIBILITY SOFTWARE FOR PROJECTS 

Economic Feasibility Study Software which conducts 

the economical feasibility study for any investment project 

which considered as tactical and with five years old, note 

that the preliminary feasibility study is conducted manually 
while the detailed feasibility study is carried out by the 

system itself. The system was coded using Visual Basic 6.0 

so the size of software application was delivered about 

3810 Kilo Lines of Code. The effort estimation of the 

software system has been conducted by applying a 

procedure as shown in Figure 10. 

 

 
 

Fig.10 Procedure of calculating the effort using FPA 

method  
   

A. Data Function Types Count 

The data function types of the Economic Feasibility Study 
Software have been counted as shown in Table 1. The 

average complexity of data function types of the Economic 

Feasibility Study Software depending on how many data 

element types and how many records element types 

referenced [8, 9].  

 

Table 1 Counting of data function types of Economic 

Feasibility Study Software 

 
 

B. Transactional Function Types Count 

The transactional function types of the Economic 

Feasibility Study Software have been counted as shown in 

Table 2. The average complexity of transactional function 
types depends on how many data element types and how 

many file types referenced.  

Table 2 Counting of transactional function types of the 

Economic Feasibility Study Software 

 
 

C. Value Adjustment Factor Count 

The value adjustment factor (VAF) of the Economic 

Feasibility Study Software has been calculated by the 

contribution of 14 general system characteristics named 

TDI as shown in Table 3.  

 

Table 3 Rates of general system characteristics  

 
 

D. Estimated Effort Count 

The estimated effort and cost of the Economic Feasibility 

Study Software calculated as following:  

 

VAF = 0.65 + 0.01 x                                       

AFP = UFPC x VAF                                                        

Effort = AFP x (Hours per FP / Hours per Day)              

 Estimated cost = Effort x Average Cost of Team           
The amount of effort estimated effort of the Economical 

Feasibility Study using FPA 4.0 method shown in Table 4. 

Table 4 Calculation of the estimated effort and cost of the 

Economic Feasibility Study Software  

 

The amount of effort estimated effort of the Marketing 

Management Information System using FPA 4.0 method 
shown in Table 5. 

Table 5 Effort calculation of the Marketing Management  

Information System  
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VII. USING EALY DESIGN COCOMO II 2000 FOR 

ESTIMARING ECONOMIC FEASIBILITY STUDY 

SOFTWARE FOR ECONOMICAL PROJECTS 

The effort estimation of the software system has been 

conducted by applying a procedure as shown in Figure 11. 

 

 
 

Fig. 11 Procedure of calculating the effort using Early 

Design COCOMO II method   

  

A. Software Size Count 

 The estimate size of the Economic Feasibility Study 

Software in Kilo Lines of Code delivered as follows:  

The size of software system calculated by the contribution 

of the total data function types and the transactional 

function types as calculated in the section VI. 

Total unadjusted function points is equal to 226 FP which 

needs to be converted to Kilo Lines of Code using the 

change multiplier factor equals 29 per FP. 

Therefore,  

Total Lines of Code = 226 x 29  

Total Lines of Code = 6554 KLOC 

 

B. Effort Multipliers Count 

The estimated effort multipliers of Economic Feasibility 

Study Software have been determined in Table 6. 

Table 6 Effort multipliers  

 

 = 0.21                             

 

 

C. Scale Factors Count 

The estimated scale factors of the Economic Feasibility 

Study Software have been determined in Table 7. 

 

 

Table 7 Scale factors  

 

           
        

D. Calculation of the Effort, the Time Elapsed, and the 

Involved People  

 The development effort, development time elapsed, and 

involved people for developing the Economic Feasibility 
Study Software has been clarified in Table 8. 

 

Table 8 Calculation of the effort, the time elapsed and the 

involved people for developing the software 

 

 
 

Fig. 12 Result of estimation for the software using 
Visual Basic programming language     

 

 
 

Fig. 13 Result of estimation for the software using C 

programming language      

 
 

Fig. 14 Result of estimation for the software using Java 

programming language      
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VIII. CONCLUSION AND FUTURE WORK  

Early Design COCOMO II indicates the effect of the 
effort multipliers on the software development effort so 

whenever the value of effort multiplies is at the maximum 

level then the software development effort will get 

increased and the time of development (TDEV) will get 

increased as well, and the effect the scale factors on the 

software development effort so whatever the value of scale 

factors is at the maximum level 0 then the software 

development effort will get decreased and the time of 

development (TDEV) will get as well.   

Early Design COCOMO II method is more accurate for 

estimating the effort in which the accuracy of estimation 

equals 98.5 % as compared with the FPA method in which 
the accuracy of estimation equals 96.1 %. Moreover, Early 

Design COCOMO II method can face the risk causing from 

the volatility of user requirements in the way of setting a 

specific breakage percent which reflects the ratio of 

changes whereas Function Points Analysis method cannot 

handle the changes of user requirements which supposed to 

be clearly defined. Both FPA method and COCOMO II 

method are suitable to estimate the development effort of 

the business applications in which the functional size of 

software being developed based on the user point of view. 

The decision of the software project profitability 
requires the accuracy of estimating the software 

development costs through applying the effective software 

cost models such the Early Design COCOMO II method 

and Function Point Analysis method. Since the software 

project profitability computed as a function of subtracting 

the revenues with costs of the project so the software 

development costs should be controlled and implemented 

with their initial cost estimates which supposed to be less 

than the revenues for the prospective software project to 

possibly achieve the higher return on investment in order to 

be feasible economically.  
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