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Abstract
Accurate estimation of software development costs is critical in the early stages of project creation.
The estimations that exceed the real value and the estimates that go beyond real has caused
companies to suffer financial losses. The purpose of this paper is to propose a simple approach for
object-oriented software cost estimation. In the proposed approach, object-oriented activities such
as information hiding, abstraction, inheritance and updating are considered in Class-level method.
Then, the accurate weight for each of these object-oriented programming features is determined
using the cuckoo search evolutionary optimization algorithm. Our goal is to accurately estimate
the effort required to improve and update the activity in the object-oriented software using the
learning approach and Cuckoo Search Optimization Algorithm. Since, the requirements have
changed regularly during the software development period; Therefore, cost estimation process
should be implemented easily. Effective and accurate cost estimation, careful decision making in
program management will help to combine changes. The proposed method is presented for
estimating the effort using the cuckoo search optimization algorithm and based on the previous
study and with the aim of determining the optimal weights of stimuli of object-oriented programs
cost. The proposed method has been simulated and the results indicate the quality of the proposed
method compared to other evolutionary algorithms as well as previous studies. The proposed
method has a lower magnitude error rate than other methods, so that the error of proposed method
using cuckoo search optimization algorithm to determine optimal weight based on MMRE
criterion is less than other evolutionary algorithms and primitive study.
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In terms of PRED criteria, the proposed method has a very high accuracy and the difference in
accuracy of about 29% indicates the appropriate quality of the proposed method.

Keywords: Cost Estimation, Object-Oriented Software, Cuckoo Search Optimization,
Evolutionary Algorithms, Cost Stimulus Determination

1-Introduction
Effective cost and effort estimation has a significant impact on project management. The proposed
method in this paper seeks to introduce a method for estimating the cost of developing objectoriented software using the cuckoo search optimization algorithm, so that it can play an effective
role in estimating the effort and cost of software projects in the organizations. Estimating the effort
required to build software projects is one of the major concerns of project management [1].
Providing an approximation by estimating the required cost for a project is called cost estimation.
The most important output of this activity is cost estimation along with their details and cost
management design. Software devices are often modified during their development life cycle for
a variety of reasons, such as adding new features, troubleshooting, or quality enhancement
activities [2]. An important issue for project managers is an accurate and reliable estimate of the
effort for software development, especially in the early stages of the software development cycle
due to the lack of estimation nature as well as rapid changes in software development methods [13]. Today, project failure is a topic that has been concerned, and incorrect estimation of software
costs is one of the factors influencing project failure. Cost and effort estimation are two necessary
requirements to prepare a software project in software engineering and project management
research, respectively. In fact, effort is the most important factor for cost determination, because
software cost estimation is the problem of software effort estimation [4-6].
Effort estimation for develop software is the process of predicting the effort required to develop a
software system. However, effort is only a big part of software costs, and the main reason is to
determine software costs. The term software cost estimation is used in most of researches for effort
equivalent in software development [7]. Accurate estimation of the effort required in the early
stages of software development plays an important role in project management. Although in recent
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years and with the aim of increasing accuracy, the use of machine learning models has become
more prominent in estimating software development efforts, none of the models available in all
conditions are appropriate and provide a variety of accuracy from justice to data.
Therefore, there is need to create a reliable and valid estimation model [8].
Object-oriented programming is a programming method whose basic structure is block or object;
i.e. the data and functions that are supposed to act on this data are just as likely to be in the form
of an object and can create a unit (object) and can be constructed in relation to its external
environment. In this method, others are outside the object and are not able to change the data in
that object. For example, your bank account containing your personal information and the amount
of your deposit in the bank, forms an object and it is not possible to manipulate your deposit or
profile due its feature. Other features of object-oriented programming include low complexity, low
cost, and the ability to expand the program faster than other programming methods [9]. There has
been a lot of research on software development estimations at program code level and because of
the tendency of Software developers to object-oriented programs, little research has been done on
of object-oriented software development estimation. The need for more studies in this area seems
to be necessary.
The study on measuring the work and time as well as determining the relationship between cost
and work and between work and time used a set of formulas that obtained data from the history of
previously completed object-oriented projects and the derivative effect of cost on the work. This
article has several parameters that make a good combination of them very effective in estimating
accuracy. So we need an algorithm that can well determine these stimuli and improve estimation
accuracy. Since each of these stimuli can have different value, the search space is very large. In
this situation, using the evolutionary algorithms can be very useful [9-10].
Benala et al in [11] have suggested this for future researches. Since the use of hybrid algorithms
has recently been introduced and little work has been done on it, and the efficiency of the algorithm
presented in their research has also had optimistic results, it seems that other machine learning
algorithms can also be used for combined algorithms. The proposed algorithms are as follows:
• Artificial Bee Colony
• Differential Evolution
• Artificial Immune System
• Bacterial foraging optimization
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• Neuro Fuzzy
In [11], the authors have obtained good results by studying the machine learning methods with
local data. They offer the following suggestions for further research in the field of software
development estimation. This study was only based on local data. That is, they used the data of a
company. So their data wasn't big because a company doesn't create a lot of projects. In the future,
they plan to study their data outside the company
The authors also obtained good results in effort software estimation by providing a combined
algorithm by combining clustering, neural network, and encryption algorithms based on ABE1,
although the proposed estimation model is convincing, but this method faces a number of
limitations. When the dataset is consistent and normal, it is not appropriate use this model. When
there are many inside-data projects, its performance is similar to neural networks and low projects
is similar to ABE and using Attribute-based encryption (ABE) is not suitable. Therefore, the
position of the donors should be carefully considered before using the proposed model. They
intend to increase the accuracy of the estimate by combining the clustering method with other
intelligent methods [12].
The authors address novel topics for software effort estimation, topics that require more researches.
Titles such as criterion conversion, designing and requirements phase sizing, software device
complexity analysis, analysis, review, and reassessment at functional points are known. In their
proposal for the forthcoming work, they emphasize further research on the impact of novel topics
for future research to optimize software effort. At the end of this review, some recommendations
and guidelines are presented for professionals to implement ML models in the industry [4].
• Logical understanding of ML models and collaboration with experienced researchers in
implementing .ML models
• Select ML models that estimate strengths according to contexts and objectives.
• Prioritize the inside-data when building ML models if the number of projects in the data is
sufficient.
•Use models.
Given that the optimal and accurate solution of the cost estimation problem is possible only in
small problems and it is almost impossible to solve the problem in large dimensions, metaheuristic
algorithms can be used and optimal or near-optimal answers can be obtained in reasonable time.
1

Attribute-based encryption (ABE)
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Here, cuckoo nests represent a solution and a set of coefficients for the stimuli, and each of the
stimulus coefficients represents the seed in the nest. Proper care of the host bird from the eggs
placed in its nest indicates that the coefficients of the stimuli are more optimal.
The cuckoo algorithm seeks to approach the optimal cost estimate by moving the eggs in different
nests. A potential solution to an optimization problem is known as a set of eggs inside a nest, thus
encoded in the cuckoo's search algorithm. A population evolves from possible solutions from
cuckoo nests to better solutions, and ultimately achieves the optimal solution. Typically, such
solutions are encrypted in a string of values of the cost-stimulus coefficients, each value
corresponds to a coefficient for the cost components of object-oriented software.
The performance of each cuckoo is measured by fitness function that measures the proximity of
each nest to the solution. Accurate estimation of the required effort in the early stages of software
development plays a very important role in project management. Although in recent years, with
the aim of increasing accuracy, the use of machine learning models in software development
efforts estimation has received more attention, but none of the models available in all conditions
are suitable, and most of them are able to run for object-oriented program.

2. Research Methodology
The main purpose of this paper is to propose a simple approach to estimate object-oriented
software development efforts, which changes with the requirements are often suggested. In the
proposed work, object-oriented features are considered, such as information hiding, abstraction,
inheritance, and class- level and method updating activities. Then, the appropriate weight for each
of these object-oriented programming features is determined using Cuckoo search optimization
evolutionary algorithm.
Examining the object-oriented concepts, it is clear that inheritance is one of the major concerns
when updating an activity and should be considered in the effort estimation. In our work, a
parameter has been calculated for inheritance. If an updated class has multiple children, each of
them must be used separately, and this adds to the current effort of the update process. This article
focuses on creating a visual method that is easy for effort estimation.
Our aim is to accurately estimate the effort required to improve and update activity in an objectoriented software development program using a learning approach and evolution of the cuckoo
search optimization algorithm. Since the need changes frequently during the software development
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period, the cost estimation process should be implemented easily. Effective and accurate cost
estimation and careful decision-making about program management will help to combine changes.
During this work, we focused on developing an effective estimation method that should be fast,
easy, and simple, and these characteristics are defined as follows:
• Quick Estimation: The manager and developer can get the result immediately
• Easy Estimation: The estimation effort method should be simple during the development process.
•Simple Estimation: The effort required to estimate should be simple for the manager and
developers.
Existing models such as COCOMO are a good solution for estimating the cost of combining
system design changes in software development [9]. However, our goal is different from that of
COCOMO. Because COCOMO uses a regression-based curve model for estimation, it is difficult
for a general programmer to generalize to object-oriented programming. The proposed method is
based entirely on the characteristics of object-oriented program, in which the score estimation for
each component is based on the analysis of object-oriented features and the importance of each of
effective components on software development cost is based on Cuckoo Search evolutionary
algorithm.
The proposed approach is very similar in some respects to the performance point method.
However, the performance point method is not easy in an object-oriented development
environment, because the performance point method depends on the number of pages or the
number of inputs / outputs. Therefore, we need to create a very simple way to estimate efforts for
a program that has been developed in an object-oriented environment.

2-1-Effort Estimation for Object-Oriented Development
In order to estimate the effort to update the program in the object-oriented development
environment, we selected the following four features in the effort estimation: (1) update activities,
(2) types of update objectives, (3) degree of data hiding (4) The degree of inheritance. We
identified and analyzed various factors that helped us identify them and evaluated their scores
according to the problem of updating them. Factors influencing the effort estimation and different
characteristics of object-oriented are considered. The following factors are considered when
estimating the effort of object-oriented concepts:
• Update activities
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• Update objectives
• Object-oriented paradigm
1. The degree of hiding of information
2. The degree of Inheritance

2-1-1 Update Activities
The type of update activity plays a significant role in the effort estimation. In general, three
operations are performed on the target (class / attribute / method). These three operations are as
follows [9].
• Create: Create new classes, methods and features in a class.
• Delete: delete classes, features, and exit methods.
• Modify: Modify a class, existing attributes and methods (i.e. change data type, change return
type, change access to function, change access variable for classes).
Trying to "add a new class" is different from "updating an existing class". Therefore, the update
(Wupd) factor indicates problems in the update activities.

2-1-2 Update Objectives
The effort required also depends on the type of objectives. The following are categories that should
be considered [10]:
•Void type: Void is a type of data such as int, char that does not have a certain amount. In C ++
and Java, void is used as a return type when the method does not return any value called a function.
• Library type: A logical unit of process that is defined and consumed as third-party methods. For
example, target modification with a different initial type is different from the type defined by the
user. Type (Wtype) is assigned to this type to differentiate their required effort.
Type 2: Primitive data-type includes data types that are in object-oriented language, such as int
and char in C ++ and Java.
•Custom type: The logical unit of process defined within the developing program.
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2-1-3- Object-Oriented Paradigm
Features of the object-oriented parameter for estimation include encapsulation and inheritance. All
other features can be expressed in terms of these two features.
• Data Encapsulation
Encapsulation or information hiding is a feature that controls the target view of external classes.
The following is a summary of the information hiding in C ++: [9]
- Private: Features and methods that are defined privately are only available in the same class in
which the method and feature are defined.
- Protected: Features and methods that are protected as accessible only to inherited classes.
- Public: Features and methods that are publicly defined are available outside of classrooms.
When changing, the common feature / method changes access to another modifier or vice versa.
Then more effort is needed to change the classes and target methods of the reference, so there is a
difference in difficulty depending on the amount of data hiding. This is determined by the weight
of Winf-h.
• Inheritance Degree
Inheritance is a way to reuse and expand existing class assets and methods without modification,
as well as creating a hierarchical relationship between the base class and the derived classes. In
addition, inheritance plays an important role in estimating update efforts when required changes
and design for a software system. Because inheritance involves the relationship between parents
and children between classes (basic class and derived classes), updating to basic classes can change
changes in derived classes.
We examined the heritance properties of object-orientated for effort estimation and assigned the
weight to the inheritance, as required for effort estimation. As the inheritance degree in the system
increases, so estimated effort increases. The difficulty they encounter due to the heritance degree
is shown by Winht.

2-2- Formula for Effort Estimation
There are some changes in the designing features; therefore, P program should be updated to
change this features. Based on the changing features of Ri designing (required changes), Cj class
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should be updated. In more details, the features of Ak in Cj (class) and M1 (method)in Cj class
should be updated. Total required effort for updating is total efforts required for updating separated
class. Here, C1…. Cm are classes whose updating [9].

Trying to update a class is the sum of the effort required to update its features and methods, which
are calculated as follows [9]:

That E’meth(Ml) and Eattr(Ak) represent the effort to update the adjective and method. The
estimated effort to update the program is as follows:

Here α is the base score for an update feature.
According to the inheritance, it can be written as follows:

Here, β is the base score for the method update. The variables Wupd, Wtype, h-Winf, Winht are
constants to show the characteristics in the previous section and WCC (M), WCM (M), WPM (M),
NOC (C) are object-oriented fundamental criteria.
It is objectivism. In Equation (3-5), WPM (M), WCM (M), WCC (M) indicate internal
characteristics in one method are independent of their definition. As the number of child classes
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effort increases to achieve this. Therefore, a separate factor is required to demonstrate an
inheritance relationship.

2-2-1-Fundamental Criteria
The criteria set out in Article [9] of the WCC, WCM, WPM and NOC are the reference for the
complexity of a program.
• WCC represents weighted pair classes. M method includes n classes that are C1, C2 ... Cn
In M. The weight of the WCi indicates the amount of classes used in the M method. Here, WCC
as following:

WCM represents the weighted pair members. M method includes attributes that are A1, A2
......which is defined in the same class C and is used inside the same class M method. The weight
of the WAi indicates the degree where attribute inside the M method is used for an Ai attribute
and is defined as follows:

WPM indicates the weight parameters of the method. M method includes n parameters P1, P2 ......
Pn. The weight indicates the degree to which the Pi parameter is used within the M method. WPM
is defined as follows:

• Number of children (NOC)
Indicates the degree of subclasses that want to inherit basic classroom methods, and in fact the
NOC is equal to the number of required subsets.

2-3- Cuckoo Search Optimization Algorithm to Determine Optimal Coefficients
The variables Wupd ،Wtype, Winf-h ،Winht are constants to show the importance of the characteristics
provided to estimate the cost of developing object-oriented software and WCC(M), WCM(M),
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WPM(M) are coefficients for some characteristic; these characteristic are fundamental criteria of
object-orientation and were described in the previous section. The importance of each of these
components in estimating software development efforts is enormous, and their optimal
determination is vital and complex at the same time. Due to the continuous and unlimited of the
problem space to find the values of these coefficients, it is not possible to use definite algorithms
and we need evolutionary algorithms to find the optimal values of these coefficients.
In the basic article of this research, i.e. the method presented in [9], the author's experiences have
been used to determine the coefficients of these factors, which may not be effective. In this paper,
the learning power of the cuckoo evolutionary search optimization algorithm is used to determine
the coefficients of these variables affecting cost. The cuckoo search algorithm, as heuristic
optimization technique is highly efficient for detecting relevant traits in high-dimensional search
spaces based on the natural behavior of the cuckoo bird. As a result, the cuckoo's search algorithm
for finding optimal solutions to find the optimal coefficients of the cost components of objectoriented software is possible.
Specifically, a potential solution to an optimal problem, encoded as a gene sequence known as
cuckoo, is encrypted in the cuckoo search algorithm. A population of cuckoo’s possible solutions
evolves to better solutions, and ultimately to the optimal solution. Typically, such solutions are
encoded in a string of values, each corresponding to a coefficient for the cost components of objectoriented software. The performance of each cuckoo is examined by a fitness function that measures
the proximity of each cuckoo to the solution. We will now examine the steps of this algorithm in
more detail, which will be described in more detail below.

2-3-1- Mapping The Problem of Finding the Coefficients of Cost Components to The Cuckoo
Search Algorithm
In this section, a new method for determining the optimal coefficients of cost components of
object-oriented software using the cuckoo search algorithm is presented. The steps of this proposed
algorithm are described in full detail in the following sections.
✓ The initial value of cuckoos

In the cuckoo search algorithm, each solution is represented by an array. In the vocabulary of the
genetic algorithm, this array is called the "chromosome", while in the cuckoo search algorithm, it
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is called the "cuckoo's nest" and plays a similar role. In an optimal dimensional problem, a cuckoo's
nest is a 1 x N. This array is defined as follows:

pi is also a variable that needs to be optimized.

In the proposed cuckoo search algorithm, each cuckoo is a string of numbers corresponding to the
coefficients of cost components of object-oriented software. Table 1 shows the presentation of the
feature as an arrangement of eggs inside the initial cuckoo's nest.

Table 1: Example of Cost Coefficient Coding Using Cuckoo Search Algorithm

Creating
Winf-h

W type

W upd

Deleting
W inht

Winf-h

W type

W upd

Updating
W inht

Winf-h

W type

W upd

W inht

The cost of a cuckoo nest is defined as the accuracy of the cost estimate. The cost function indicates
the objective function, which is stated in the next section. This algorithm starts with the original
cupola Npop, which is randomly selected from the population, and the best of them are selected as
the best solution.
In the cuckoo search algorithm, each solution of the problem is a 1xN dimensional N problem that
represents a cuckoo to solve the problem. In the proposed approach to determine the optimal values
of the cost estimation parameters of object-oriented programs, each cuckoo is a string of numbers
or weights. The profit or competence of a cuckoo is defined under a fitness function that is
described below.

𝑀𝑅𝐸𝑖 =

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐸𝑓𝑓𝑜𝑟𝑡 − 𝑅𝑒𝑎𝑙 𝐸𝑓𝑓𝑜𝑟𝑡
𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝐸𝑓𝑓𝑜𝑟𝑡
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4.2 The Objective Function of the Cuckoo Search Optimization Algorithm for Cost
Estimation
Given that Magnitude of Relative Error (MRE) (a general criterion for cost estimation models) can
be used to identify the best prediction model, this criterion is used.
Magnitude of Relative Error(MRE) is calculated for all observations i whose efforts have been
predicted. The aggregation of relative error intensity based on multiple observations (in the number
of N) can be obtained by Mean of Magnitude of Relative Error (MMRE) using equation (16-3):

(MMRE) is more appropriate than (MRE), because the relative error intensity measures the error
for evaluation. The results of the mean relative error intensity have better results, and therefore the
mean relative error intensity has been used in this study. The accuracy of an estimation technique
has an inverse relationship with the mean relative error intensity. Relative error intensity for
estimation and mean relative error intensity used as an accuracy measurement criterion.

2-5- Data Used
Some researchers in various companies used inter-organizational data and some external
companies used extra-organizational data to build models for software development cost
estimation. Researchers who have done research on this topic have found that extra-organizational
models are significantly worse than inter-organizational models, and of course, because different
methods are used in different studies, it is impossible to fully analyze studies.
Finally, they concluded that the studies conducted on inter-organizational data with less than 21
project samples using a one-way validation method were all better than extra-organizational
models. To evaluate the proposed method, we used 70% of the data to teach the proposed method
and 30% to test it. That's why this article uses a model of data within a company called NASA 93,
which includes 93 software projects with 17 features from NASA.
These features include information about the size of the software project. This information can be
provided in the form of code lines, function points, or many other criteria. Size variables are often
considered important features for estimating effort.
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2-5-1 Accuracy Criterion
As mentioned in the previous discussion, the mean criterion of relative error intensity and PRED
criterion in this paper have been used for the objective function of the proposed algorithm.
• MMRE Criterion
Relative intensity error is as follows:

N also indicates the total number of samples evaluated.
• PRED criteria
In most research studies, another criterion used to assess the accuracy of the algorithms tested is
PRED, which indicates the percentage of samples that have a low estimation error or equal to x in
the estimation process. The equation used to calculate this probability is as follows:

• X indicates the desired difference, which in most research works is 0.25.
• K indicates the number of samples for which the difference in the estimated cost by the algorithm
being evaluated for them is less than or equal to the actual value of X.
• n also indicates the total number of samples evaluated. Therefore, the higher the PRED value
(0.25), the lower the error rate of the evaluated algorithm, and the estimated cost for the larger
number of samples of the evaluated data was less than or equal to 0.25.

2-5-2- Cuckoo Search Algorithm Parameters
The proposed model of this paper has been tested on software projects of NASA93 data collection
described in the previous section, and the results of the proposed model have been compared based
on the cuckoo search optimization algorithm. Because the performance of the proposed algorithm
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is well demonstrated, we have compared software projects on the proposed cuckoo search
optimization algorithm to determine the optimal weights.
In implementing the proposed metaheuristic algorithms, it is very important to apply the value of
the parameters to achieve the optimal solution and can have a significant effect on the performance
of an optimal solution. Metaheuristic algorithms are very sensitive to their parameters, and strict
compliance with these parameters can lead to rapid response to achieve the answer. The specified
value of these parameters is obtained by repeating the algorithms and their repeated functions.
Accordingly, the adaptation of the parameters is one of the important factors for achieving the
optimal solution. Table (2) shows the optimization value of the parameters.

Table 2: The value of parameter optimization in simulation
simulation parameters

Value

The population of the cuckoo search

100

algorithm
Number of eggs per cuckoo

12

The number of iterations of the cuckoo

100

algorithm
The objective function

Mean of Magnitude of Relative
Error(MMRE)

2-5-3- Evaluation Results
The results obtained in Table (3) show that the proposed model has fundamentally reduced the
MMRE criteria by optimizing cuckoo search. Accordingly, the proposed model is suitable for work
estimation and has a lower estimation error.

2-5-3-1- Evaluate The Proposed Method According to The Objective Function Obtained in
Comparison with Other Evolutionary Methods
Given that the optimal and accurate solution to the problem of software projects cost estimation is
possible only in small issues, and now the problem is almost impossible in large dimensions. In
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this paper, Metaheuristic are used to obtain optimal or near-optimal answers in a reasonable
amount of time. As mentioned in the previous discussion, evolutionary algorithms mainly have
one weakness, and that is to get stuck in the local or global optimal. The Cuckoo Search
Optimization Algorithm removes random and post-exploratory problems around the problem,
prevents the algorithm from getting stuck in the local and global optimization, and is more efficient
than other evolutionary algorithms. In this section, the efficiency of the proposed method is
analyzed and compared with two other evolutionary algorithms. To do this, the value obtained
from the objective function is normalized for comparison. This comparison is shown by the
number of different generations in each of the algorithms.
Certainly, in software projects cost estimation, we are faced with a large number of candidate
solutions, not all of which are feasible, and a cuckoo search optimization algorithm is used to solve
this problem. In this section, a comparison of the MMRE objective function based on the number
of generations between the proposed method and two other evolutionary algorithms, namely the
genetic algorithm and the particle swarm optimization, is shown. For this evaluation, these
methods have been implemented and the results have been evaluated based on the same data. These
results are shown in Table 3.

Table 3: Comparison of the proposed method with basic algorithms (MMRE)
Number of generation

Proposed algorithm

Genetic algorithm

Particle Swarm
Optimization

100

11.7

16.1

15.2

200

10.89

15.7

14.6

300

9.23

15.1

14.0

400

8.98

14.8

13.4

500

8.72

14.8

13.1

600

8.45

14.8

12.7

From Table (3) it can be seen that the proposed algorithm based on the cuckoo search optimization
algorithm at the end of iterations can create a better solution compared to other methods. A closer
look has shown that the genetic algorithm, as stated, is stuck in the local optimal, and the result
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indicates that this method has led to a local optimization after 400 generations, which has been
shown to be a relatively flat area. The order is much earlier than the algorithm provided in Particle
Swarm Optimization. However, the particle swarm optimization produces better quality responses
than the genetic algorithm, despite not getting stuck in the local optimization. These results are
also illustrated in Figure 1.

Number of algorithm generation
Proposed
algorithm

genetic
algorithm

Particle Swarm
Optimization

Figure 1: Comparison of The Proposed Method with Basic Algorithms in Terms of MMRE

The results indicate that the proposed method covers well the weaknesses of methods such as
particle swarm optimization and genetic algorithm and does not get stuck in local optimization and
has always been improving with increasing number of generations. Also, in the proposed
algorithm, cuckoo optimization search has resulted in better performance than genetic algorithms
and particle swarm optimization. The results indicate that the proposed method has obtained a
better solution at the end of the iterations and has achieved a suitable progress in terms of energy
consumption compared to the previous algorithms.
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In the following, other similar comparisons have been made according to the PRED criterion. In
this section, comparisons have been made with genetic evolutionary algorithms and particle swarm
optimization. The results of this comparison are shown in Table 4.

Table 4: Comparison of The Proposed Method with Primitive Algorithms (PRED)
Number of generation

Proposed algorithm

Genetic algorithm

Particle Swarm
Optimization

100

81.9

78.6

79.2

200

82.2

78.8

79.4

300

82.6

79.3

79.7

400

82.9

79.7

80.1++++++++++

500

83.1

79.8

80.3

600

83.3

79.8

80.5

From Table 4, we can see that the proposed algorithm based on the cuckoo search optimization
algorithm at the end of the iterations can create a better solution compared to other methods. These
results are also illustrated in Figure 2.

Number of Generation
Proposed algorithm

Genetic algorithm

Swarm Particle Optimization

Figure 2: Comparison of the proposed method with basic algorithms (PRED)
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2-5-4-Comparing with Previous Studies
In the previous section, the quality of the proposed method of this study was compared with
evolutionary algorithms. In this section, we compare with other previous studies. The results in
Table 5 show that the proposed model has a better estimation accuracy compared to the method
presented in [10], which is the basic article of this study.

Table 5: Implementation Results
Compared models
Evaluation criterion

Primitive method

Proposed method

MMRE

21.53

9.23

PRED

53.33

82.06

As can be clearly seen from the results presented in Table 5, the proposed method has a lower
mean magnitude error than other methods, so that the proposed error rate is aligned with the cuckoo
search optimization algorithm to determine the optimal weights. In terms of PRED criteria, the
proposed method has a very high accuracy and the difference in accuracy of about 29%, indicates
the appropriate quality of the proposed method. Figure 3 shows the MMRE comparison chart in
the proposed model and other methods. As can be seen, the proposed model with the cuckoo search
optimization algorithm for determining the weights of cost estimating factors of object-oriented
software has greatly reduced the MMRE error rate compared to the baseline study.
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Figure 3: Comparison of accuracy in different methods

Different Studies

Primitive Method in [10]

Proposed Method

As can be seen in Figure 3, the percentage of MMRE error in the proposed model is less than the
primitive model. The reason for improving the proposed method compared to the basic article is
that in the basic article, the same set of coefficients have been used for each of the cost components.
By examining several values and selecting the best one, which is certainly due to the high volume
of available solutions and the large size of the problem space, this is inefficient.
The proposed method of this article, in order to solve the problem in the basic article of the
evolutionary algorithm search optimization that works well in continuous problems, is able to
identify the optimal coefficients for each of the factors influencing the software development cost
and with good dynamics, it detects near-optimal values for the coefficients of each of the factors
affecting the cost, thereby improving the efficiency of the cost estimation method and reduce the
error prediction of object-oriented development cost.

3- Conclusion
Accurate estimates are vital in the early stages of project creation. Estimates that are higher than
the real value and estimates that are lower than the real values have caused companies to incur
financial losses. If the cost estimates and manpower are too low for the project manager, the
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production team will be under pressure to carry out the project, and if the estimates are too high to
complete on time, more resources are needed for projects.
In planning and scheduling a software project, one of the first tasks is to estimate the project time.
Time constraints are very important in software projects and have led to the project being
completed over a period of time. Proper planning allows the project to progress faster, in which
case more effort is required in the early stages, which eliminates potential risks and operational
weaknesses.
Accordingly, accurate cost estimations are very important for controlling the software project for
budgeting and contracting between the parties. The experience of previous studies shows that the
use of only one technique is not suitable for all conditions. Therefore, the use of estimates that use
several methods will lead to estimates closer to reality. For this reason, in this study, software cost
estimation is done based on cuckoo search optimization.
The purpose of this paper is to propose a simple approach to evaluating the of development
software efforts that changes with requirements are often suggested. In the proposed work, we
have considered object-oriented features such as information hiding, abstraction, inheritance, and
class and method optimization activities. The appropriate weight for each of these object-oriented
programming features is then determined using the Cuckoo Search Optimization Evolutionary
Algorithm. Examining the object-oriented concepts, it is clear that inheritance is one of the major
concerns when updating activity and should be considered in the effort estimation.
In our work, a parameter for inheritance has been calculated. If an updated class has multiple
children, each of them must be used separately, and this adds to the current effort of the update
process. This article focuses on creating a visual method that is easy to estimate. The main goal is
to accurately estimate the effort required to modify and update activity in an object-oriented
software development program using the learning approach and evolution of the cuckoo search
optimization algorithm. Since the need changes frequently during the software development
period, the process of cost estimation must be implemented easily.
Cost-effective and accurate estimates, careful decision-making about program management will
help to combine changes. In doing so, we focused on developing an effective estimation method
that should be quick, easy, and simple. Accordingly, software cost estimation is very effective in
increasing efficiency, reducing costs, speeding and reducing time to perform operations,
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improving communication, ensuring software development and identifying project-related risks.
In this paper, software cost estimation is performed using cuckoo search optimization.
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