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Abstract: Software Project scheduling problem is considered one of the basic and important processes in the software
industry at the present time as software manufacturers strive to meet customer needs in terms of time and money factor and
the ability to find good solutions where we can achieve 60% of project success if planned and make good use of human
resources. And other resources The project manager is responsible for planning the resources and identifying the critical
points facing the project in addition to defining the tasks assigned to the employees to implement them according to their
skills, experience and the extent of relevance of each task to another. In this paper, project scheduling is presented using the
intelligent bat swarm algorithm.
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1. Introduction

The accuracy of planning a software project is dependent on the ability to define and adjust all tasks according to
the skills of each employee and the ability to determine the effort for each task and the appropriate time to
complete each task to achieve the goal to complete all tasks and schedule them in the correct and appropriate
manner according to their specifications and the deadline for the delivery of the project, the problem of project
planning and scheduling A very accurate process in terms of accurately defining tasks for project personnel
depending on the principle of reducing the time and cost of the project, which are the two most important goals
in scheduling a software engineering project and in the Software project scheduling problem  process.
Employees are the only source, and each of them has a skill and a salary [2]. There are many timesheets for a
single project, but the difference between these schedules lies in time, cost and the best schedule that must be
determined and completed according to the client's requirements. [3]. Bearing in mind that there are no conflicts
in the executed tasks, which makes it more difficult to find the best scheduler (the optimal solution) [10] The real
problem facing the scheduling process is in the conflict of these basic objectives, which are (project completion
time and project cost) [5], and this in the nature of the case increases the difficulty of finding the ideal best
solution. So , there are two different ways to solve this technical problem. The first method is by using the full
scan method that examines each distributions or assignment[4]. It is possible, but one of the disadvantages of
this technique will be wasted time. The second method is the incomplete examination method that relies on
examining only part of the possible distributions or assignments in order to find the closest solution to the ideal
solution in an acceptable time and at a lower cost. [6] The project manager is not able to experience all the
possibilities of distributing the implementation of tasks to the employees and choosing the best solution that
allows him to complete the project in the least time and cost. Therefore, researchers resort to using intelligent
methods to find the closest solution to the best solution to help the project manager in this complex issue [11].

2. Significance Of The Study

When the company starts working on a new project, it tries to complete it in less time and less cost, but the
reduction in time always means an increase in the cost, and the reverse is also true, and this is certainly reflected
in planning project and scheduling, so the importance of this research lies in improving these issues by relying
on the optimization of the goal The one or the multi-purpose optimization and despite the complexity caused by
the multi-purpose optimization, this representation is closer to setting up projects in the real world where the
intelligent bat algorithm was used for the purpose of improving the project scheduling process.

3. Review Of Related Studies

Several techniques have been used in order to achieve project scheduling, such as using In researchers Enrique
Alba, J. Francisco (2007) proposed the issue of SPSP genetic algorithm to find a solution by relying on a data
generator specially designed to obtain data that simulates real projects .These data were divided into five groups,
each of which has specific characteristics, in order to test the algorithm, which in turn achieved results. Good in
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some groups and bad results in others [3], Chicano Francisco(2013), a researcher, with a group of researchers,
tested eight algorithms above the multi-purpose heuristics to solve the issue of software project scheduling by
using Pareto efficiency. The performance of the advanced Pareto archiving strategy algorithm was the merit and
achieved higher quality results than other algorithms.[11], the researcher Yao Xin (2014), along with a group of
researchers, presented some improvements in solving the SPSP issue and presented an experimental study using
an improved design of the evolutionary algorithm based on runtime analysis, and they found that the
improvements were effective and increased the quality of the solution and made the rate of modification on the
members of the generation correct by a percentage 100% [13], Biju. C. A(2015) with other researchers, used
the method of differential evolution using a new breakthrough technology in solving the SPSP problem, and they
tested the algorithm using randomly generated data and compared its results with other algorithms. It reached the
best results in a shorter time than the rest of the algorithms [6].and the researcher Minku Leandro and a group
of researchers (2016) proposed several methods in selecting transit and mutation processes when using an
evolutionary hyper-inference algorithm to solve the SPSP problem and proved that the proposed algorithm can
solve the problem efficiently [19].

4. Objectives Of The Study

. Comparing the performance of the bat algorithm that proposed based on the principles of the Archived
Pareto Evolutionary Strategy (PAES), which achieved very good results in solving the SPSP problem, and other
algorithms used in solving the scheduling problem.

. Reducing costs and time in the project scheduling process

5. Hypotheses Of The Study

. At least one employee must carry out the task and not leave any of the project tasks without being
assigned to any of the employees

. The skills needed by the task must be available in the skill set of the personnel responsible for it.

. The amount of work done by the employee should not exceed the maximum time allotted to work on

the project, that is, the employee should not do any additional work (overwork).

6. Population And Sample

The data used in this research is a randomly generated data that simulates real software projects, which is the

only source available to researchers for the purpose of studying the SPSP issue, and can be obtained from [17].
This data consists of 36 groups, each group representing one project. These groups share some general
characteristics and differ in other characteristics, as all groups possess 10 different skills available in the project
staff and each employee possesses 6-7 random skills out of a total of ten skills, as well as each task possesses 6-7
random skills out of the ten skills that must be provided. | have a group of employees responsible for carrying
out this task.
These groups differ in the number of tasks and the number of employees in order to study the effect of the
increase and decrease of these numbers on the resulting solutions and their accuracy. Therefore, these groups
have 6 different numbers for the project tasks, which are (16, 32, 64, 128, 256, 512) and 6 different numbers of
employees (8, 8). 16, 32, 64, 128, 256), Each group of data represents an independent project from the software
projects. Therefore, each group has different dependencies and precedents between its tasks, meaning that each
group has a different scheme from the task emergence schemes (TPG). Table (1) illustrates the similar and
different characteristics of the groups.

Table 1. the similar and different characteristics of the data sets

Traits Description

The total number of groups 36 groups

The total number of skills 10 different skills

Number of skills for each task 6-7 different skills

The number of skills per employee | 6-7 different skills

The total number of tasks Equals one of the following values (16, 32, 64, 128, 256 ,512)
The amount of effort Each task has its own random voltage value

The total number of employees Equals one of the following values (8, 16, 32, 64, 128, 256)
The amount of the salary Each employee has their own random salary value

Task appearance diagram Different random scheme for each project
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The following is a description of the input matrices for the dataset (8 * 1)

1. Matrix of tasks - skills: This matrix consists of 10 columns, each column represents a skill from the ten skills
available in the project, and 16 rows, each row represents one of the project tasks. If the value between any row
and column is equal to (1) then this means that the task needs the skill and if it is (0) then this means that the task
does not need that skill.

2. The Estimation vector: This vector consists of (16) values, each of which represents the effort required to
complete the task. Table (2) illustrates the task-skills matrix as well as the effort vector.

Table 2: Matrix of tasks-skills and effort vector for the dataset (8 * 16)

Skill | Skill Skill Skill Skill Skill Skill Skill Skill | Skill Effort

1 2 3 4 5 6 7 8 9 10
Task 1 1 1 0 1 0 1 1 0 1 1 12
Task 2 0 1 1 1 1 1 1 1 0 0 4
Task 3 1 1 1 0 1 0 0 1 1 1 19
Task 4 0 1 1 1 1 0 1 1 0 1 12
Task 5 1 1 1 0 0 1 1 1 0 1 5
Task 6 1 1 0 1 1 1 1 0 0 0 5
Task 7 1 1 0 1 0 0 1 1 1 1 9
Task 8 1 1 0 1 1 1 0 1 0 0 12
Task 9 1 0 1 1 1 0 0 1 1 0 4
Task10 |1 1 0 0 0 0 1 1 1 1 5
Task1l |0 1 1 0 1 0 1 1 1 1 7
Task12 |0 0 1 0 0 1 1 1 1 1 18
Task13 | O 0 0 1 1 0 1 1 1 1 22
Task14 |0 0 1 1 1 1 1 0 1 1 15
Task15 |1 0 1 1 1 0 0 1 1 1 9
Task16 | O 1 1 0 1 0 1 1 1 1 22

3. Personnel matrix - skills: which consists of (10) columns representing project skills and (8) rows representing
project employees, if the value between any row and column is equal to (1) then this means that the employee
possesses that skill, either if it is equal to (0) It means that he does not have that skill.

4. Salary Vector: It consists of (8) random values, each of which represents the salary of each employee. Table
(3) illustrates the personnel matrix - skills and salary vector.

Table 3: Personnel-Skills Matrix and Salary Vector for Data Set (16 * 8)

Skill | Skill | skill | skill | Skill | Skill | Skill | Skill | Skill | Skill Salary

1 2 3 4 5 6 7 8 9 10
Employee1l |1 1 1 1 1 1 9593.39
Employee2 |1 0 0 1 1 1 1 0 0 9161.667
Employee3 | 0 1 0 1 1 0 1 1 1 1 9144.447
Employee 4 | 1 1 0 1 1 1 1 0 0 1 10733.75
Employee5 | 0 1 0 1 1 1 1 1 1 0 9643.789
Employee 6 | 0 1 1 1 1 1 1 1 0 0 8788.155
Employee 7 | 1 1 1 0 1 0 1 0 1 1 10363.94
Employee 8 | 1 1 1 1 0 0 1 1 1 0 10645.98

5. The task emergence diagram matrix: It is a binary matrix that shows the precedence of implementation among
the tasks and consists of two columns, the first representing the tasks that must be carried out first and the second
column representing the tasks that are implemented after the first tasks. The first row of (1, 2) shows that task (1)
precedes task (2) in implementation.
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6.1 Software Project Scheduler Problem Used in the Present Study

The scheduling process is the process by which the project manager assigns tasks to the appropriate employees to
work on, and in order to do so, he must obtain the following information [9]

. Project tasks (tasks): Tasks represent the processes that have been executed in a sequential fashion [10],
taking into account the precedence of these tasks. One task is known as t; and j represents the values from (1) to
(T), which represent the total number of tasks. You possess an important set of skills that you want to be present
in the employee or group of employees. Performing this task, the effort required to perform it (effort), which is

known as tff fort,
. Task precedence chart: This uses a chart, known as a TPG, to represent the precedence of tasks [16].
. Employees: Employees are the single most important resource for software companies and

at SPSP. The employee is known as (ei) and i represent the values from (1) to (E) that represent the total number
of employees working on the project. Every employee possesses a set of skills [8]

SPSP has two objectives that must be improved during the solution which are project completion time and
project cost.

A .The project completion time is calculated with the following steps [11] :

1. The value of (tjahr) is calculated for all project tasks and it is a value that represents the amount of work the
employees put in to implement the task (tj) and this is done by adding all units of time (xij) for that task using the
following equation:

....................... (1)tjahr = le xi]-
Where as:

t]-“’": The amount of work the employee.  x;;= The percentage of work he does to get the job done.

2. The duration of each task is calculated (tf’”) by the following equation:

effort
(2)tg1ur —
.................. Ji = t]th

Where as:

t;“” = Duration of task execution, tjef fort - Task-specific effort., tj“’” = The amount of work the employees did
to get the job done.

3.The start and end times for each task are calculated ( tjsm”, ") by the following two equations:
0 if At (ti,t;)) €A
max  {tf™} otherwize
ti(titj)ea
(4)t?nd = ¢Start 4 taur
................. ; ; ]

................ (S)t].SfaTt —

Where as:

tj“‘m: The start time of the task execution, which is equal to zero if the task is not preceded by another task in

the execution or equal to the highest end time of the execution of the tasks that precede the current task in the
execution.

tf™¢ = The end time for the task. t" = Duration of task execution.

4. The project completion time can now be calculated (pg,,-) Which equals the time the last task completed
execution:p gy, = r?jf{tf"d} ................. (5)

Where as:

Paur =Project completion time , tf"d = The end time for the task.

B. As for the cost, it can be calculated in the following steps [17]:

1.The cost of implementing each task must first be calculated ( £7°):

salar
tjcost — Yy tjdur

E
i=1 el- .xL-j.
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Where as:

tf"“: The cost of implementing the task.

Jelery = The employee's salary. x;; = The percentage of work the employee does to perform the task.

t{*"= Duration of task execution.
2.The total cost of the project (p..s: )is equal to the total cost of implementing all the tasks of the project [30]:

................ (MNbcost = ZJT-zl tf"“
Where as:

Pcose = The total cost of the project, tf°** = The cost of implementing the task.

There are a set of limitations and limitations that must be taken into consideration when solving the SPSP
question in order for the solution to be considered correct and for it to represent the real schedule of the software
project, namely [8]:

1.The task must be carried out by at least one employee, and none of the project tasks should be left without
being assigned to any of the employees.

tt >o0vj €{1,2,....,T} . (8)
Where as: t}l’” = The amount of work the employees to get the job done.

2. The skills needed by the task must be present in the skill set of the personnel responsible for it.

................ 9) 7" < U{ }ef’“'”s vjie{1,2,..,T}

ilxij >0
Where as: t7*!55= Task-specific skill set. ef*"!*s = The employee's skill set.

3. The amount of work that the employee does should not exceed the maximum time allocated to work on the
project, meaning that the employee does not do any additional work

................. (10)elwork (T) = Z{j|tjs-m”sﬂ"stf"d} Xij

Whereas:

e”°™®(7)= The total work an employee does on the project over time (T), x;; = The percentage of work the
employee does to perform the task.

If the employee's work amount is greater than the employee's maximum time( e}”°™ (7) > e/™4¥ed ) in the time
(T), This indicates the emergence of additional work in the schedule, which can be calculated by the following
equation:

r:pdur

elpver — f‘r:O

ramp(el°™*(T) — e ey AT ... (12)
Whereas :

ef”°"= Overtime for the employee, e}*°"*(7) = The total work an employee does on the project over time (T),
emaxded = The maximum time that an employee dedicates to work on the project.

ramp = A function that can be defined by:

.................... (12)ramp(x) = {3‘ ll]]:;c Z%

The amount of total overtime work on the project equals the sum of the employees' overtime values:

over

................... (13)Poyer = XE, €f
Whereas:

Pover= Total overtime work on the project,e”¢"= Overtime for the employee.

No additional work must appear in the schedule.

.................. (14) Pover =0

This condition is the most difficult condition, and when additional work appears for any of the employees, then a

coefficient must be used for the purpose of returning the employee's time value to be less or equal to the upper
limit through the following equation [11]:

g (15)

X = —
U max; (el TR () +e

Whereas:
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X; ; = The percentage of work that the employee does to implement the task after applying the correction factor.

x;; = The percentage of work that the employee does to implement the task before applying the correction
factor.

& = A value used to prevent computational errors (€ = 0.00001).

The use of the correction factor affects the end time of the project, as it is subjected to an increase as in the
following equation:

Pawr = Paur + max;p:{e™ (M) +E} (16)
Whereas:

Paur = Project end time after applying the correction factor, pg,,, = Project completion time before applying
the correction factor.

As for the cost of the project, it is not affected by the correction factor:

Peost = Peost e, (17)
Peost = The cost of the project after applying the correction factor.

Peost = The cost of the project before applying the correction factor.
6.2 Intelligent Bat Swarm Algorithm (IBS)

In 2010 a new optimization algorithm was introduced by Yang, which he named the intelligent Bat Swarm
algorithm [1] based on the behaviour of the intelligence of the swarm and the inspiration from the observation of
Microbat’s properties [20].

Intelligent Bat Swarm Algorithm have three main properties that exist for microbat’s are used to build the
structure of the main bat algorithm [5]

A) The echolocation trait: The majority of bat species use echolocation behaviour to locate and discover prey.

B) Frequency characteristic: A fixed frequency fmin is transmitted by the microbes with a variable wavelength A
and loudness of AQ in order to know the location of the prey.

C) The quality of loudness: the loudness of its values varies from a large positive value A0 to a minimum
constant value, represented by an Amin.

On the basis of Equation 20, the virtual movement of bats is regulated
fi=fmin + (fmax — fmin) g ...l (18)

where fi represents the frequency which is using by a bat which looking for the prey, suffixes, min, and max,
represent the minimum value and maximum value, respectively, B is an arbitrary vector, drawn from a uniform
distribution, and B € [0, 1].

vti=vit-l +(xit—xbest)fi ... (19)
xit=xit=1+vit TR ¢210)]

The value of xi represents ith bat location in the space of the solution, value of vi is the bat’s velocity, t value
represents the present iteration, and xBest represents global near optimal solution which has obtained to the
point, over the entire population [21]A new solution for the bat will be produced based on Eq. 21[7]:

xnew =xold+e At (21)

where ¢ value represents an arbitrary number which ¢ € [~1, 1], and At is the average of loudness for all the
bats at the present time step. After the the update of the bats’ positions, pulse emission rate r1 and loudness At are
updated, as well only in the case where the global near optimal solution is altered and the randomly produced
number is < Ai . Ai and ri updates are regulated with Eq. 22.

AitFl=acAit (22)

where o is constants and a = 0.9 is Simply used for, Check the termination for determine whether going back to
Eq. 20 or finished the algorithm and producing the near optimal solution [12], The Figure.l represents the
stages of Intelligent Bat Swarm Algorithm [14], and Figure.1 showing intelligent Bat Swarm Algorithm[17].
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6.3 Modelling the solution and Result

The solution to the SPSP problem is a table represented by a matrix of size (E * T), (E) represents the number of
project employees and (T) represents the number of project tasks, and each point in that matrix expresses the
value of time spent by the employee in carrying out the task, If the value is x;; = 0, then it means the employee
does not work on that task, but if it is a value 1 > x;; > 0, then this means that the employee works at a volume
x;; to carry out that task. But if the value of x;; = 1 means that the employee devotes all his time to the
implementation of the task ¢;. Each bat in the swarm represents a different schedule that is randomly generated at
start of execution.Every artificial bat must meet the determinants of the SPSP question (which are verified by
formulas (8), (9) and (10)) as no task should remain without any employee responsible for it. The group of
employees responsible for the implementation of a specific task must possess all the skills that the task needs to
be executed properly, and these two conditions can be easily achieved, but the difficulty lies in achieving the
third condition, which is that the amount of time that the employee spends in carrying out his tasks does not
exceed the upper limit of time. Allocated for work on the project. Table (4) represents a random artificial bat and
shows the total amount of time allocated to work on the project.

Figure.1: intelligent Bat Swarm Algorithm
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Table 4: represents a random artificial bat and shows the total amount of time allocated to work on the project.

Taskl | Task2 | Task3 | Task4 | Task5 |Task6 | Task7 | Task8 :rr?r:qael
Employeel |0 0 0.324 0.157 0 0.221 0 0.324 1.026
Employee2 |0 0.765 | 0.194 0.219 0.325 0.281 0 0.126 1.910
Employee3 |0 0 0 0 0.165 0.344 0.421 0.764 1.694
Employee4 |0.243 |0.015 |0.173 0 0 0 0 0.632 1.063
Employee5 |0 0351 |0 0.625 0 0.402 0.974 0.410 | 2.762
Employee 6 | 0.281 [0.254 |0 0 0.014 0 0 0 0.549
Employee7 |0 0310 |0 0 0.204 0 0 0 0.528
Employee8 |0 0.142 |0 0.036 0.912 0 0.347 0.042 1.479

If a work is assigned to one of the employees more than the employee's time, then this means that the employee
is forced to work overtime (the overtime is calculated by equation (11)) and this violates the terms of the issue,
so it must use the correction factor (it is calculated using the equation (15). Which divides all the artificial bat
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values into the highest time estimate found by the employees. Table (5) The artificial bat, after applying the
correction factor to it, is now the correct solution to the SPSP problem.

Table 5: shows the total amount of time for each employee after applying the correction factor.

Taskl | Task2 | Task3 | Task4 | Task5 | Task6 | Task7 | Task 8 #é}ag
Employeel |0 0 0.023 0.034 0 0.033 0 0.021 0.111
Employee2 |0 0.053 0.027 0.104 0.147 0.041 0 0.107 0.479
Employee3 |0 0 0 0 0.217 0.109 0084 |0 0.215
Employee 4 | 0.126 0.055 0.174 0 0 0 0 0 0.355
Employee5 |0 0.115 0 0.158 0 0.127 0.205 | 0.074 0.679
Employee 6 | 0.032 0.125 0 0 0.204 0 0 0 0.361
Employee7 |0 0.035 0 0 0.041 0 0 0 0.076
Employee 8 |0 0.026 0.012 0 0.134 0 0.221 | 0.001 0.394

Now it is possible to calculate the objectives of the SPSP question (calculate the project completion time
through equations (1) to (5) and calculate the project cost through equations (6) and (7)) for the artificial bat in
the previous example, Table (6) represent the goal values, the first value represents the project completion time
(Time) and the second value represents the project cost.

Table 6: represent the goal values.

Project time | Project cost
235.301 24677

Since the size of the artificial bat consisting of the problem data is very large (the smallest size of the artificial
bat is (16 * 8) points, it becomes very difficult to implement the echolocation and frequency behaviour of the bat
algorithm literally, which requires a lot of time and storage space as well as the resulting complexity About
dealing with artificial bats that are large binary arrays (especially when calculating the value of the distance
between the current bat and other bats in the swarm), Therefore, the echolocation behaviour was applied
assuming the value of x, is equal to the artificial bat that has the mean echo value .When the echo action was
implemented, the value of x; was considered as any artificial bat in the swarm that has an echo value greater than
the echo value of the current bat. x; becomes the bat with the second largest echo value in the swarm.In order to
compare the performance of the intelligent bat swarm algorithm by the correction factor by noting the significant
difference in the percentage of applying the correction factor with the source [13] that used AFSA-1b and
GAFSA algorithms, where the intelligent bat algorithm needed to apply the parameter much less than the
number of times that where the parameter has been applied before. Both algorithms and this reflects the ease of
implementation of the bat algorithm as shown in Table (7).

Table 7: The percentage of applying the correction factor

Data IBS GAFSA AFSA-1b Data IBS GAFSA  AFSA-1b
8*16 6.485 94.5965 11.63750 16*128 3.458 99.832 7.1435
16*16 1.586 95.9425 6.358 32*128 2.254 99.9375  3.9715
32*16 1.896 95.7705 3.7995 64*128 1.245 99.936 2.3835
64*16 1.210 08.1345 2.3145 128*128 0.128 99.923 1.581
128*16 0.569 97.81 1.558 256*128 0.048 97.692 1.133
256*16 0.253 96.8275 1.176 8*256 9.875 96.6615 | 14.3575
8*32 8.145 99.7755 13.5045 16*256 3.865 96.8295  7.158
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16*32 2.859 96.527 6.7635 32*256 2.486 99.958 3.9965
32*32 2.893 96.328 3.873 64*256 0.896 96.458 2.354
64*32 1.230 97.8885 2.33 128*256 0.158 99.985 1.5815
128*32 0.879 98.2825 1.516 256*256 0.456 96.7775 | 1.197
256*32 0.125 97.8605 1.1725 8*512 6.798 96.4925  15.442
8*64 8.165 99.848 13.3925 16*512 4.586 96.4495  7.396
16*64 2.758 96.5285 6.8875 32*512 2.786 99.977 4.072
32*64 2.547 99.181 3.8965 64*512 0.896 99.982 2.414
64*64 1.324 96.479 2.402 128*512 0.345 96.5215 1.618
128*64 0.725 97.8575 1.5625 256*512 0.214 96.4395 1.171
256*64 0.048 97.587 1.113 16*128 3.458 99.832 7.1435
8*128 9.258 99.871 14.258 32*128 2.254 99.9375  3.9715

The comparison in percentage of the correction factor between Intelligent Bat swarm algorithm (IBSA)and the
algorithms used in the source in the scheduling project software problem shown in figure .2

Figure.2: The Comparison in percentage of the correction factor between (a) (IBS) with GAFSA,(b) IBS with
AFSA
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7. Recommendations

After the bat algorithm achieved very good results in solving the SPSP problem, it becomes possible to suggest a
set of axes that can become as subsequent recommendations, as follows:

. Study the performance of the intelligent bat swarm algorithm when changing the values of its variables
and the effect of that change on the efficiency of the solution and the accuracy of the results, as well as finding
the values of the ideal variables that achieve the best results for the SPSP issue.

. Studying the possibility of proposing a percentage of the update that is made on each artificial bat
instead of updating only one of the points of the bat, and studying the effect of this increase on the accuracy and
variety of results and the speed of implementation.

o Using the bat algorithm in solving other problems with multiple objectives, studying its performance
and dealing with the characteristics of those problems.

o Hybridizing the bat swarm algorithm with other intelligent methods and trying to find effective
formulas to solve complex problems

. There are still many important issues that are dealt with as issues of one goal, but this representation
does not reflect the reality that rarely contains an issue that has a single goal. Therefore, the general formula for
multi-objective issues can be used to convert issues with one goal into a more form. Realistic and closer to real
world matters.
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8. Conclusion

When comparing the performance of the bat algorithm with the performance of the AFSA-1b and GAFSA
algorithms in solving the SPSP problem, the following conclusions are drawn:

The bat algorithm is easier to implement than the AFSA-1b algorithm and the GAFSA algorithm, as it needed to
apply the correction factor of (1.586 ) when resolving the data set (16 * 16). This indicates the limited change
that the proposed algorithm makes to the synthetic bat. This also indicates The ease of these operations, while
the AFSA-1b algorithm needed to apply the parameter of (6.358) and GAFSA algorithm is to apply the
parameter of ( 95.9425 ) when solving the same dataset and this indicates the difficulty of implementation and
the difficulty of the operations that are performed.
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