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Abstract-In the standardized software development method, costs are predicted more accurately before 

the software is actually developed. Recently, software development cost estimation has received 

significant attention from analysts and has become a venture for the industry. The project applied the 

method for software development is currently growing increasingly varied. The most motivating factor 

for this range inquiry has been the inaccurate estimation that was revealed during software development. 

The goal of this investigation was to present the current state of the art in measuring the effort and to 

suggest a modern strategy. There is not a single approach per definition that can be regarded as the 

guiding approach in this essay. It will be suggested that a combination of the techniques be used to 

provide an accurate set to take measures. The most widely used accuracy measurements are the 

Magnitude of Relative Error (MRE), Mean Magnitude of Relative Error (MMRE) and Prediction Accuracy 

(PRED). The datasets that are utilized the most common include ISBSG, COCOMO, Albrecht, and Kemerer.  

Keywords-Software Project Development, Estimation Methodology, Inaccurate Estimation and Cost 

Estimation. 
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I- Introduction 

Some of the major issues for software 

companies because of the rapid technological 

change are the introduction of software 

applications at a reduced cost and the need to 

retain better quality software. If they are 

delivered on time and within the budget 

projected, the software will operate as planned. 

The main objective of the software is to produce 

high-quality software on time and on a budget. 

Many significant components of software have 

been developed throughout history in response 

to the growing in demand for software in both 

industry and societies. It is necessary to arrange 

and manage things in an acceptable approach as 

a result. Different techniques are being used in 

order to deal with concerns like improper 

performance, a delay in the program's deadline, 

and higher programme generation costs, etc. 

[1][2] 

 

The work required to create a software 

programme is simply estimated when 

evaluating the software costs. Here [5][6], the 

accuracy of the relevant factor could be 

important. The software system scale is indeed a 

fuzzy range because there are many 

unpredictable factors in the evaluation of 

software system costs, including artificial 

language, development methodology, 

organization, etc. The procedure is further 

advanced because some necessary factors are 

known even at the start of the process. The 

acronyms used in this research are listed in 

table 1.  

 

 

Table 1. List of Acronyms  

Acronyms Explanation 

UCP  

 
Use Case Point  

ISBSG  

 
International Software Benchmarking Standards Group 

MRE  Magnitude of Relative Error 

ML  Machine Learning 

 
RF  Random Forest 

 
COCOMO  

 
Constructive Cost Estimation Model 

FP  

 
Function Point 

IFPUG  International Function Point Users Group 

KLOC Kilo Lines of Code 

SDECE  Software Development Effort and Cost Estimation 

GA Genetic Algorithms 

UUCP Unadjusted Use Case Points 

ANN Artificial Neural Network 

FFNN Feed-Forward Neural Network 

LOC Lines of Code 

SA Standardized Accuracy measure 

LR Literate Review 

 

II – Literature Survey 

An accurate prediction results right away in a 

successful software project that stays within the 

budget; conversely, any deviation in the total 

effort and cost estimate may lead to a project 

failure in terms of delivery time, budget, or 
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possible choices. The estimation of the cost of 

software development is regarded as a 

fundamental activity for managing the project's 

cost, time, and quality throughout its life cycle. 

Nowadays, the software development project 

activity stage is much more varied and 

extensive. The accuracy of several cost 

estimation techniques has also been brought up 

in recent research along with the technological 

discovery. Therefore, it appears that we agree 

with the results of the recently successful 

review. Table 2 shows a number of previous 

researches that take a quick look at cost 

projections in software development initiatives. 

 

Table 2. Review of the literature for several articles 

Study 

Paper 

Research Research Connectivity Research Gap 

[4] The IFPUG presented 

Function Point as an 

appropriate option used in 

government and industry, in 

contrast to the Use Case 

Points, based on surveys that 

were done. 

Compared to UCP we chose FP 

as the major factor. 

IFPUG only matches Function 

Point to the original Use Case 

Point (not yet integrated) 

method. 

[5] Software cost estimate 

overview, Three most 

effective software cost 

estimation approaches. 

COCOMO II is commonly used, 

compare with Model 

COCOMO. 

The comparison of the 

estimation only Theoretical, not 

practically define 

Accuracy of model. 

[6] Measure the performance of 

an Academic Information 

System using Function Points 

Analysis (FPA). 

Relative Complexity 

Adjustment Variables, 

evaluated by Basic Function 

Points, then estimate the 

Function Points. 

Lacking a clear how 

Utilize the Use Case Diagram 

and Class Diagram to estimate 

points and weighting factors. 

[8] An international 

organization's systematic 

assessment of the literature 

in order to develop the FPA 

process and recommend 

adoption of FPA by a 

government body. 

Based on making the FPA 

process more effective, 

suggested over the past 13 

years. 

Need to update FPA to 

accommodate possible 

enhancements. Investigation of 

the relation with the paradigm 

of design. 

[10] 

 

Comparative analysis of the 

methods for estimating the 

size of software growth.  

The case study of research 

involving the licence 

applications of four distinct 

companies allows for a 

comparison of these two 

methods.   

For commercial enterprise 

software, developers are not yet 

in a position to find out which 

approach is excellent 

independently. 

[9] Survey on some estimate of 

the software effort, try to get 

better estimate of the effort.  

Summed up definition for 

improving the accuracy of the 

different methods. 

Different cost estimation 

methods focus on only 

algorithm. 
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[11] Use Case Point activity based 

count as an Integration 

Model for Software Cost 

Estimation. 

For the company's limited 

resources and the difficulties 

with enterprise scale 

software, further testing is 

still necessary. 

Advance testing is still necessary 

due to the company's limited 

resources and the difficulties 

with enterprise scale software. 

[13] The value and cost for 

fictitious software were 

proceeded to estimate using 

the proposed simulation 

using three methods: 

Waterfall, Scrum, and 

Kanban. 

Evaluate the cost and value 

that confirm to the 

requirements of individual 

software. 

By analysing the function, 

performing detailed cost 

estimation such as the function 

point method is conceivable. 

[14] Cost estimation of 

computation using FP with 

Non-algorithmic approach 

An effective method for 

estimating function point-

based analysis is produced by 

analysis of the Direct Method 

and Indirect Method initiative. 

Only FP represent measured line 

of code with use of Direct and 

Indirect fuzzy logic methods. 

[17] A Comprehensive Analysis of 

the Literature Update on 

Effort Estimate in Agile 

Software Development. 

The agile approach suggests 

that the application of team 

and project aspects is more 

common than the 

incorporation of more 

technical variables. 

Finally, we found that advances 

have been achieved, despite the 

fact that precision is still an 

issue. 

[18] Software Development Cost 

and Effort Estimation 

Methods Over Five Decades: 

An Automated Text Mining 

Approach Study 

Finding emerging research 

trends in technologies, 

methodologies, frameworks, 

tools, and techniques in a 

particular area or issue in any 

field of science or social 

science requires the proposal 

of a general automated text-

mining framework. 

It was discovered that the 

results were identical, with the 

exception of a little variation in 

the ranking of the most used 

SDECE approaches (Software 

Development Effort and Cost 

Estimation). 

 

III - Estimation Approach 

The following table lists the advantages and disadvantages of adopting various software development 

cost estimation techniques: 

 

Table 3: Advantage and Disadvantage of Existing Cost Estimation Methods 

 

Method Advantages Disadvantages 

Analogy The benchmark needs to be accurate, 

Quickly but clearly applied.  

The benchmark needs to be accurate. It calls 

for important, complete data.  

Expert 

Judgment 

The experts may consider the effects of 

the project brought on by new systems, 

software, and languages included in the 

future project, as well as the exceptional 

traits and interactions of the team, among 

other things. 

Expert is still somewhat biased, positive, and 

cynical, though the community consensus 

requires them to be that. The expert 

judgment method also supports methods 

such as algorithmic method for estimating 

the opposite expense. 
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COCOMO COCOMO is straightforward and genuine. 

Projects that use historical data are more 

accurate and reliable. The drivers are 

particularly useful in determining the 

effects of the various project cost-

influencing components.  

The COCOMO model disregarded all of the 

reports and parameters. It ignores factors 

like customer participation, knowledge, and 

competencies. Issues with safety and 

security have an oversimplified impact.  

Function Point 

Analysis 

It is simple to use in early project 

planning stages. Comparing different 

projects can be used even if they use 

different technologies (database, 

language, etc).  

Many cost estimation models such as 

COCOMO use LOC and thus FPC has to be 

Modified to LOC.[7] 

Use Case 

Point 

UCP (size estimate) should be 

irrespective of the capacity, ability and 

expertise of the project implementing 

team. 

Depending on well-written, purpose-

oriented use cases. Technical and 

environmental influences have a very 

important effect on UCP.   

Machine 

learning 

method 

Training is not necessary. Power of 

reasoning, unlike databases. 

Hard to use, it is difficult to maintain the 

degree of meaningfulness. There is no layout 

guideline; the success is based on large data 

from the training.[22] 

Regression 

Techniques 

The value of regression analysis resides 

in the fact that it offers an effective 

mathematical tool allowing an 

organization to analyse the relationship 

between two or more interest variables. 

Just linear regression aims at the 

longitudinal correlations between 

dependent variables and independents. That 

is, it assumes they have a straight-line 

relation. Sometimes this is incorrect. 

Genetic 

Algorithm (GA) 

GA model sometimes exploits the 

improvement downside by victimization 

an evolutionary process. 

Less flexibility, several hyper parameters 

which has preference of functions, 

reproduction rates, the share of ideology 

and cross over, managing out of certain 

conditions, making a technique and setting 

the specified tree sizes and depths inside the 

model[16]. 

Agile Process The corporate people and the engineers 

must engage on a daily basis while using 

the Agile methodology. Even in the later 

stages of development, needs changes are 

tolerated. 

When using the Agile technique, it can be 

challenging to predict the intended outcome 

because the requirements are not always 

clear. 

Data Mining 

Methods 

In any case, enormous amounts of data 

are evaluated using mathematical and 

statistical techniques before being 

arranged into a data structure or 

database for quick access and additional 

analysis. 

Data and privacy issues are one of the main 

drawbacks of data mining. In the past, 

businesses would only exchange customer 

information with other businesses when 

necessary to deliver a service.[18][38] 

Linear 

Regression 

and Least 

Median 

Squares 

Least median squares (LMS) is a strong 

regression technique that includes outlier 

detection because it reduces the median 

rather than the mean (Rousseeuw & 

Leroy, 1987). 

When the data are not normally distributed, 

test statistics may not be accurate (but with 

many data points that problem gets 

mitigated)[19][20] 
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IV Evaluation Criteria 

Different criteria are used to evaluate the 

performance that was attained using different 

strategies. These standards are used to assess 

how well various strategies perform in terms of 

generated error value and forecast accuracy. To 

compare the statistical significance of various 

procedures, one criterion is also applied. A few 

other factors are also taken into consideration 

when assessing the effect size, or the size of the 

therapeutic effect. While the effect size test is 

independent of sample size, the statistical 

significance test is reliant on sample size. The 

complete list of the intended path is as follows: 

The performance of model generating 

continuous output can be assesses in many ways 

including PRED(42), MMRE, correlation etc., 

PRED(42) is a measure calculated from the 

relative error, or RE, which is the relative size of 

the difference between the actual and estimated 

value. One way to think about these 

measurements is to say that training data 

includes records with variables 1, 2, 3, etc., and 

performance measures and extra new variables 

N+1, N+2...  

 

MRE (Magnitude of Relative Error): First, 

determine the Magnitude of Relative Error for 

each data point, which measures the degree of 

estimation error in a single estimate. This stage 

serves as a model for the following one and is 

utilised to determine PRED (n). A number of 

25% or less indicates satisfactory outcomes 

[42]. 

 

   MRE = |predicted -actual| / actual            (1) 

 

MRE (mean magnitude of the relative error): 

The mean magnitude of the relative error, or 

MMRE, is the average percentage of the absolute 

values of the relative errors across the entire 

data set. 

  MRE = (100/N)* ∑/|predictedi–

actuali| / actuali (2) 

 

where, N = total number of estimates 

 

PRED (n) Prediction Accuracy: Additionally, a 

model should be accurate to within 25%, 75% of 

the time [42]. Divide the total number of data 

points in a data set with an MRE of 0.25 or less 

(represented by k) by the total number of data 

points in the data set to obtain the accuracy rate 

PRED(n) (represented by n). PRED (n) = k/n, 

where n = 0.25, is the resulting equation [42]. 

PRED(n) commonly shows the average 

percentage of estimates that were within n 

percent of the actual values. If there are N 

datasets, then PRED (42) = 50%, for instance, 

indicates that half of the estimates are within 

30% of the actual. 

 

PRED(x) =(100/N )*Σi……N 1 if 

MREi <=n/100, 0 otherwise  (3) 

 

The estimations' accuracy directly relates to 

PRED(x) and, in the opposite direction, to 

MMRE. 

 

V Summary of Observations 

Over the past 30 years, a number of methods for 

effort estimating have been put out in the field 

of software engineering. It is feasible to 

demonstrate that a number of researchers have 

used function point and COCOMO as input in the 

construction of prediction models for the effort 

estimating process. It has been reported that 

estimates of the effort needed to create object-

oriented software are most typically made using 

the data sets.  

It has been demonstrated that traditional 

techniques, such as the Constructive Cost 

Estimation Model (COCOMO) and Function Point 

Analysis (FPA), are insufficient for determining 

the expense and effort of all forms of software 

development, because programming language 

makes use of the ideas of function point (FP) 

and line of code (LOC), whereas object-oriented 

design combines data and process, procedural 

design separates the two. Even so, as Unified 

Modelling Language (UML) diagrams attract 

viewers as a method of portraying object-

oriented software, the use case point approach 

derived from Class Diagram and use case point 

process based on the requirement analysis 

phases as well as from Use Case Diagram is the 

solutions, which will have wider acceptance for 

object-oriented software effort estimation 

purposes. Given the growing reliance on it, web-

based software must be produced rapidly and 

efficiently.  

 



 
                                                                        
 
 

871 

 

Journal of Harbin Engineering University 

ISSN: 1006-7043 

Vol 44 No. 7 

July 2023 

 

Implied Accuracy of Basic Research 

The contribution of the identified papers is 

described, along with the estimation method. To 

examine accurate performance analysis, we 

have taken accuracy values under the 

mentioned system among many datasets and 

approaches. 

 

Table.4 Accuracy of predictions from primary research on standalone approaches 

Study Author(s)Ref. 
Estimation 

technique/contribution 
Dataset MMRE PRED 

[46] Nassif et al. 

Based on the use case 

points method, the tree 

boost model is suggested to 

forecast software effort. 

Dataset-1: 58 

industrial 

projects 

Dataset-

2:26educationalp

rojects 

0.29 64 

[47] 

 
Satapathy et al. 

The prediction values were 

enhanced using random 

forest (RF), and UCP was 

used to evaluate the 

software effort. 

149softwareprojec

ts 
0.33 68.25 

[48] Malhotra and Jain 

On a dataset from a 

software project, linear 

regression, ANN, DT, SVM, 

and bagging were assessed 

and compared. 

499softwareproje

cts 
0.17 52 

[49] Sharmaand Singh 

Utilized support vector 

machines, multilayer 

perceptron, and random 

forest. 

4softwareprojects 0.30 72.09 

[50] Pospieszny et al. 

Support vector machines, 

neural networks, and 

general linear models were 

combined into an ensemble 

and averaged. 

11variablesofsoft

wareprojects 
0.13 76.91 

[51] Nassif et al. 

According on the UCP 

model, a regression model 

was suggested. The 

estimation was enhanced 

by using the Sugeno fuzzy 

inference system (FIS) 

technique on this model. 

Comparison with 

Karner & 

Schneider models 

0.28 54 

[52] Dan 

Particle swarm 

optimization was used to 

improve an artificial neural 

network (ANN) model that 

was COCOMO-integrated 

(PSO). 

COCOMO-I,NASA 0.40 55.10 

[53] Burgess and Lefley 

Critically analysed the 

utility of genetic 

programming (GP) for 

estimating software effort 

Desharnais 0.37 28 
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[54] Pandey et al 

Presented a workable 

method for deciding which 

of four well-liked estimate 

techniques—MLR, MLP-NN, 

GA, and nave—best fits the 

effort estimation of apps. 

SAMOA 0.9 94 

[55] Singal et al. 

Investigation on the 

effectiveness of the 

differential evolution 

algorithm in enhancing the 

COCOMO and COCOMO II 

parametric values. 

COCOMO81, 

NASA93 
0.22 53.16 

[56] Kumar and Datta 

To accurately predict 

values, an adaptive neuro-

fuzzy inference model with 

bagging and boosting was 

taken into consideration. 

11 industrial 

projects 
0.12 69.37 

 

The various single estimation methodologies 

were combined to produce unique estimates 

with comparatively high accuracy. It should 

be observed that the smaller value for the 

MMRE assessment measure and the greater 

value for PRED (25) are both preferable. 

 

 
Figure 1. Accuracy value MMRE of different cost 

estimation techniques 

 

In order to develop web-based software 

successfully, that is, without any cost or 

resource (human or otherwise) overruns, the 

estimations produced prior to the start of 

development must be exact. As a result, by 

extending research into the use of the ISBSG 

dataset for the web effort estimation process 

and improving prediction accuracy with 

statistical and machine learning techniques, it 

will give industries more flexibility as well as 

better prediction accuracy to estimate the effort 

of developing web applications. Another 

interesting area for research is estimating the 

work required for agile software. Numerous 

scholars have given various methods for the 

agile software development process.  

 

 
Figure 2. Accuracy levels of several cost 

prediction models 

 

To provide a rigorous methodology to 

evaluating the work of software produced using 

agile methodologies, there are not enough 

studies currently accessible. The story point 

technique is one of the most popular methods 

for estimating the amount of work needed to 

develop software using the agile methodology. 

The agile software effort estimating process will 

be more accurate because of employing various 

statistical and machine learning algorithms on 

the dataset of milestones under consideration. 

Summaries of studies that used a variety of 

methods for precise cost estimation. 

 

VI Proposed Model, Testing and Results 

An Literate Review is a method for locating, 

assessing, and interpreting all source papers 

pertinent to a certain research question; an 
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activities focused area, or a specific 

phenomenon of interest [3][40]. Secondary 

investigations rely on observational or 

experimental studies that have a direct bearing 

on the topic that needs to be answered [41]. The 

Literate Review process begins with the 

formulation of the research questions that must 

be addressed based on the collection and 

analysis of data [41]. The methods 

recommended by Kitchenham[40] were used to 

conduct this Literate Review. This section 

explains of the proposed model and results that 

are obtained after executed it. In the future, the 

work may be enhanced in the following aspects.  

 
 

Figure 3. Workflow of Proposed Cost Estimation 

Model for different Techniques. 

 

VII – Conclusion 

In this paper, we compared many methods for 

estimating the cost of software projects. The 

findings of this study are listed below 

confirming these results. Schedule and effort are 

at least somewhat intertwined. At the early 

phases of the software development life cycle, 

cost estimation should be applied as a project 

feasibility study; budgeting and project planning 

both require cost estimation. Software project 

costs are frequently estimated using a variety of 

techniques. However, it is also important to 

consider how crucial it is to regularly assess 

software project expenses and to make a 

comparison between expected and actual costs 

at each critical milestone [21]. In this paper, we 

compared many methods for estimating the cost 

of software projects. The findings of this study 

are listed below confirming these results. 

Schedule and effort are at least somewhat 

intertwined. At the early phases of the software 

development life cycle, cost estimation should 

be applied as a project feasibility study; 

budgeting and project planning both require 

cost estimation. It is found that the majority of 

the company uses model-based methods, such 

as COCOMO, Use-case-based estimating, and FPA 

[12]. According to the study, it is evident that 

the best size estimating methodology for FPA is 

considered when determining the project's 

scope. However, because of time constraints and 

communication challenges, FPA needs to 

provide specialized instruction to the estimators 

[8]. A method for measuring the size and 

complexity of software projects in relation to 

the functions they provide for the user is called 

function point analysis. Use cases are used to 

provide a reliable estimate of the size of the 

associated future system because it is 

anticipated that the software project 

development life cycle will be available very 

soon. Some businesses use their own tools or 

methodologies for estimating and deploying 

them. Iterative models continue to dominate 

studies on regression-based estimate methods. 

The most popular methodology used to create 

cost-estimating models for software projects is 

regression analysis. The need for precise effort 

estimates for projects is one of the most crucial 

and dynamic concerns in the software industry. 

The accuracy of the prediction models could be 

increased through automatic collection and 

other combinations of strategies. 
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