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1 Introduction

This article is a detailed guide on setting up the Cloud sim simulator for
container-based simulations. It explains the tools and technology needed for the
setup. The article also covers important pre-requirements and steps for using the
simulator effectively. It focuses on both the technical aspects and how to use the
simulator.

2 Tools/Technologies Pre-requirements

Here are some of the essential conditions/pre-requirements for the setup.

e JavaSE-1.8
e Eclipse IDE
e Cloudsim - cloudsim-4.0.

3 Deployment Configuration

Before running simulations with the Cloudsim tool on a Mac, there are several
preparatory steps to follow, particularly concerning Java installation, as Cloudsim is
a Java-based application:

3.1 Installation of Java

Java is essential for running Cloudsim since it's a Java application. To create and
manage your Cloudsim projects effectively, you can use Eclipse, a popular Java IDE.
Eclipse is not just an IDE but also a platform for developing IDE plugins and rich
client applications.

3.1.1 Using Eclipse as an IDE for Java

Eclipse is well-suited for Java development and is recommended for running
simulations in Cloudsim. It provides various tools and features that make coding,
debugging, and testing Java applications more manageable.

3.1.2 Downloading Java



To get started, you need to download and install the Java Development Kit (JDK).
You can download JDK from the following URL:

e Java Download Link: https://www.oracle.com/java/technologies/downloads/

€ 3> © (= oracle.comfjava/technologies/downloads/#jdk21-mac W - S O 0 4

JDK 21 JDK 17 GraalVM for JDK 21 GraalVM for JDK 17

JDK Develop Kit 21.0.1 download

JDK 21 binaries are free to use in production and free to redistribute, at no cost, under the Oracle No-Fee Terms and Conditions (NFTC).

JDK 21 will receive updates under the NFTC, until September 2026, a year after the release of the next LTS. Subsequent JDK 21 updates will be licensed under the Java SE OTN License (OTN) and production use
beyond the limited free grants of the OTN license will require a fee.

Linux ~ macOS  Windows

Product/file description File size Download

ARM64 Compressed Archive 18192 MB https://download.oracle.com/java/21/latest/jdk-21_macos-aarché64_bin.tar.gz (sha256)
ARM64 DMG Installer 181.26 MB https://download.oracle.com/java/21/latest/jdk-21_macos-aarché4_bin.dmg (sha256)
%64 Compressed Archive 18417 MB https://downlead.oracle.com/java/21/latest/jdk-21_macos-x64_bin.tar.gz (sha256)

x64 DMG Installer 183.50 MB https://download.oracle.com/java/21/latest/jdk-21_macos-x64_bin.dmg (sha256)

Documentation Download

Figure 1: Java JDK download

After downloading the JDK file, Install the JDK file.

Java Setup - Welcome Fx

Welcome to Java

Java provides safe and secure access to the world of amazing Java content.
From business solutions to helpful utilities and entertainment, Java makes your
internet experience come to life.

Mote: Mo personal information is gathered as part of our install process.
Click here for more information on what we do collect.

Click Install to accept the license agreement and install Java now.

[“] change destination folder cancel | [ install > |

Figure 2: Java JDK Installation


https://www.oracle.com/java/technologies/downloads/#java8

After Installing Java, Open the terminal and check for the Java version by typing Java
-version in the terminal.

N ] [ ] '8 sachinreddychidurala — -bash — 80x24
Last login: Mon Dec 11 12:54:53 on ttys@@8

The default interactive shell is now zsh.

To update your account to use zsh, please run “chsh —-s fbin/fzsh”.

For more details, please visit https://support.apple.com/kb/HT2BEB5A.
Sachins—MacBook-Air:~ sachinreddychidurala% java -version

ijaua version "21.8.1" 2823-18-17 LTS

Java(TM} SE Runtime Environment (build 21.8.1+12-LTS-29)

Java HotSpot(TM) &4-Bit Server VM (build 21.8.1+12-LTS5-29, mixed mode, sharing)
Sachins-MacBook-Air:~ sachinreddychidurala$ [

Figure 3: Java version check in the terminal

Once Java is installed on the Mac, proceed to set up Eclipse and configure it for the
Cloudsim projects. Ensure that the Java version downloaded is compatible with
Cloudsim and the Eclipse version.

3.2 Installation of Eclipse IDE

To use Eclipse on the Mac OS, the system must meet certain criteria.

Memor Processor File Size: 0S
y
4GB Intel Core, Apple Silicon 30GB MacOS 10.9 or later

Table 1: System Requirements for Eclipse IDE

Downloading Eclipse:
e Visit the Eclipse download page (https://www.eclipse.org/downloads/.

e Choose the Eclipse IDE suitable for your development needs (e.qg., Eclipse IDE
for Java Developers).

e Download the macOS version.



2z eclipse.org/downloads/packages/release/2023-12/r/eclipse-ide-java-developers

(E C L I p S E Projects = Working Groups

FOUNDATION

Home / Downloads / Packages / Release / Ecipse IDE 2023-12 / R / Eclipse IDE for Java Developers

Eclipse Installer Eclipse Packages

“CI? Eclipse IDE for Java Developers

Package Description Download Links
The essential tools for any Java developer, including a Java IDE, a Git client, XML Editor, Maven Windows x86_64
and Gradle integration macOS x86_64 | AArch64

. ) Linux x86_64 | AArch64
This package includes:

- Git integration for Eclipse Downlcackad 45,109 Times

= Eclipse Java Development Tools

« Maven Integration for Eclipse » Checksums...

Figure 4: Eclipse IDE for Java Developers download

After downloading the eclipse, unzip the file and install the file. When trying to
Launch it for the first time the Mac will ask “are you sure you want to open eclipse”
since it is downloaded from the internet. Press Open.

- “Eclipse” is an application downloaded from
¢ 5 the Internet. Are you sure you want to open
\ it?
Safari downloaded this file today at 3:05 PM.
-

Cancel Open

Figure 5: Eclipse IDE popup Window

After Opening the eclipse installer, select “Eclipse IDE for Java Developers”.



L,

eCIipse|nSta”er by Oomph

:a 9 Eclipse IDE for Java Developers
= The essential tools for any Java developer, including a Java IDE, a Git client, XML

Editor, Maven and Gradle integration

@ Eclipse IDE for Enterprise Java and Web Developers

Tools for developers working with Java and Web applications, including a Java
IDE, toals for Javascript, TypeScript, JavaServer Pages and Faces, Yaml,...

Eclipse IDE for C/C++ Developers
qc-n-

An IDE for C/C++ developers.

— Frlinse IDF for Fmhedded C/C++ Develoners

Figure 6: Eclipse installer

In the next window, from the drop down select the Java JDK and give the installation
folder and enter “Install”.

L -]
eclipseinstaller by oompn =
Eclipse IDE for Java Developers details
@ The essential tools for any Java developer, including a Java IDE, a Git

client, XML Editor, Maven and Gradle integration.

Java 17+ VM /Library/java/javaVirtualMachines/jdk-21.jdk/Contents/| ¥ B

Installation Folder {Users/sachinreddychidurala/eclipse/java-2023-0915 =

& INSTALL

¢ BACK

Figure 7: Eclipse Installer Installation

Now Eclipse Installation is done and a welcome pop window will display.



% Welcame B i saFleos

Welcome to the Eclipse IDE for Java Developers

/ ) Overview @ Tutorials
= Get an overview of the features Go through tutorials

0*’ . Samples ' What's New
- Try out the samples W Find out what is new

Figure 8: Eclipse Welcome Popup window
3.3 CloudSim Installation
3.3.1 Downloading Artifact (Cloudsim-4.0):

Download the cloudsim-4.0 zip file from Github using the link and Unzip the file.
(https://github.com/Cloudslab/cloudsim/releases).

C 2 github.com/Cloudslab/clouc idsim-4.0 [ O 9 & Ol 4

released this May 24, 2016 - 7 commits to master since this release > cloudsim-4.0 -0 2d8flc6

Changes from CloudSim 3.0.3 to CloudSim 4.0

WHAT'S NEW
+ added support for Container virtualization
« lots of bugfixes

v Assets 4
$cluud5im-4.0.tar.gz 347 MB May 24, 2016
$cluud5im-4.0.zip 3.48 MB May 24, 2016
[ﬁsuurce code (zip) May 24, 2016
[})source code (tar.gz) May 24, 2016

k13 @4 91 13peoplereacted

Figure 9: Downloading Cloudsim from Github

Now Open the Eclipse and just go to file and select import, then select Maven and from the
dropdown choose the existing Maven project.


https://github.com/Cloudslab/cloudsim/releases

® [ ] Import

Select
\

Import existing Maven projects E “ 5 |

Select an import wizard:

Lg s wyatein
E Preferences
|"_'; Projects from Folder or Archive
> (=it
> [=Gradle
> [=Install
~ [ Maven
‘:__I;Cneck out Maven Projects from SCM
(7, Install or deploy an artifact to a Maven repository
ZtLMatarialize Maven Binary Project
‘.’:L Materialize Maven Projects from SCM
= Comph
(2= Run/Debug
(= Tasks
(= Team
= TextMate

VoW W v v

Figure 10: Importing Cloudsim from Existing Maven Projects

Next in the Root directory browse the Cloudsim Zip file and click finish. Make sure to
mark all the boxes.

[ NN ) Import Maven Projects

Maven Projects

Select Maven projects

Root Dirsctory: [ Browse..
Projects:
Select Al
Deselect All
Refresh
Add project(s) to working set
} Advanced
@ < Back Cancel

Figure 11: Browsing Cloudsim from local

Just wait for the build process to finish and now Cloudsim is imported into Eclipse.
After the build process is completed the Eclipse IDE Looks like the below image.



=i Bie tH-Q-(
[% Ppackage Explorer X = B
&

> '[;_'—‘,"-Cluudlnfrastruc:tureSimuIatnr
A E'j"cloudsim
4™ src/mainfjava
8 srcftestfjava

[ src/test/resources

B, JRE System Library [JavaSE-1.8]
=, Maven Dependencies
fi=>src

= target

E| pom.xml
E'j"cloudsim-axam ples
"@cloudsim-pa ckage

== distribution

Educu mentation

== modules

L T T

L

Figure 12: Cloudsim Package Explorer

Now right-click on the cloudsim- example folder and select Build Path and choose
Java Build Path and add External Jars using Add external archive.

Source Navigate Search Project Run Window Help

@ CEclipse File Edit Source Refactor Refactoring

PP eoe® [#] eclinse-workspace - Task_Bat - Copy 3/Comparison_BAT_ALO.py - Eclipse IDE

New >
= 5 [ jmag Q 8 &
- Golnto y )
Lo x [ b java Mo i =0 =~
Open in New Window - o T '
; 1 range (task_count):
Cra e ey index = round(solution[i] - 1)
Show In > sution_tine - datalrasi1[41 / datal: i | [un_index] & i %
zution_cost = execution_time % COST_FACTO R
> Copy . execution_costs [vm_index] += execution tnst
> {Sdistribution o
> [ documentaty =) COPY Qualified Name tax(vn_execution _costs) Allfilters ~ | Tools SafeSearch +
> EFmodules Paste ' s_execution_cost_ii(solution):
v 82Task Bat-C 3¢ Delete [ Jtion_cests = [0.8] * datal'vmcount'][0] ]
> ) JRE Systa
> B\ Reference Remave from Context A y ) rangeitotal tasks}:
> & —pycachi gyjid path > | &R Link Source... .\] / datal'vi'1[vm_index]
(= build = s 5] & News: . /e * COST_FACTOR
> [(=Cloudinfry 0Urce S ew Source Folder.. - execution_cost
> b Refactor T >

h 4 Use as Source Folder

EJALC data i3 Import... ol CER TSP ITENS | Add External Archives to Java Build Path

%a»\umul 4 Export... =, Add Libraries...
BatAlgorit
[F) comparist - Source > | & Configure Build Path...
) data.json ¥
ers:
4 formatted ' Refresh vath (str): Path to the JSON file. i
logisticre  gjose Project
& naive.ipyn . I#
B naivepy  Close Unrelated Projects Loaded data.
4 samplejsi Assign Working Sets... \n(file_path) as file:
[F] untitled0.y @ co . arn json. load(file)
verage
g Run As _data_from_json('data.json')
Debug As
Restore from Local History... = datal' teount '] [0]
PyDev » 3l machines = datal'vmcount'][0]
Maven >
Team > m = BatAlgorithm(total_tasks, 16@, 500, ©.5, ©.5, 0.8, 2.8, 1.8,total_virtual_machir
Compare With >
® GitHub 5 d_algorithm = ALO.OriginalALO(epoch=160, pop_size=50)
cloudsim-examples ~ Configure > d
Properties w1 |} e

eoE <uiel;

Figure 13: Adding Jar files in the java Build path

Now choose the Jars from the cloudsim zip file.



< jars =3 32 v » | Q
Name - Date Modified Size Kind
= cloudsim-4.0.jar 24-May-2016 at 1:34 PM 441 KB Java JAR file
= cloudsim-examples-4.0.jar 24-May-2016 at 1:34 PM 5.1ME Java JAR file

Figure 14: Cloudsim Jar Files in the system

4. Validations

Now will run the cloudsim example 6.

(i Bieit-0- Q- QWG @B - 1A g Q E g
% Package Explarer X = B | [F] Comparison_BAT_ALO [J] DatacenterBroker.java m CloudSimExample6java X [F] BAT results = 8
= P Zio J cAaTcn (EXCEpLion &) 1
= 8 277 e.printStackTrace();
> 124 CloudinfrastructureSimulator 278 return null;
> zydcloudsim 279 1
v = cloudsim-examples %g? return broker;
~ i srcfmainfjava 282
w _FBcrg.cloudbus.cloudslm.examples 2839 f4x
> T CloudSimExample1.java 284 # Prints the Cloudlet objects
3 mmoudswhamme%wa 285 * @param list Llist of Cloudlets
> _’B CloudSimExample3.java 286 *{ - -
: . . 287= private static void printCloudletList(List<Cloudlet> list) {
# 4] CloudSimExampled java 288 int size = list.size();
> I CloudSimExampleS.java 289 Cloudlet cloudlet;
290
" B 201 String indent = " ";
> 4J] CloudSimE: le7.] '
&0 Clou imExample/java 292 Log.printLine();
¥ m CloudSimExample8.java 293 Log.prinﬂ_ine(“ OUTPUT ")y
> i org.cloudbus.cloudsim.examples.c; 294 Log.printLine("Cloudlet ID" + indent + “STATUS" + indent +
» H4 org.cloudbus.cloudsim.examples.g 295 “Data center ID" + indent + "VM ID" + indent + indent + "Time" + indent + "Start Time'

» _FBorg.cloudbus.cloudsim.sxamples.n 296

] 297 DecimalFormat dft = new DecimalFormat("###. #%");
> X . . : . . '
_I'Bcrg.cloudbus.clouds!m examples.n og for (int i = @ i < size; i++) {
> _FBorg,cloudbus,clnudslm.examplss,p
> i org.cloudbus.cloudsim.examples.p & console X x % =3 Eﬁ e E - Ci-= B8
> B}crg.cloudbus.cloudsim.examplss.p <terminated> CloudSimExample& (1) [Java Application] /Libraryfinternet Plug-Ins/JavaAppletPlugin.plugin/Contents/Home/binfjava (11-Dec-2023
> B}org,cloudbus,clnudsim.examplss,p 11 SUCCESS 3 11 3 8.2 3.2
> ([ src/mainfresources 23 SUCCESS 3 11 3 8.2 3.2
> @i, JRE System Library [JavaSE-1.8] 35 SUCCESS 3 1 3 8.2 1.2
. ] SUCCESS 2 a 4 0.2 4.2
7 m| Maven Dependencies 12 SUCCESS 2 ] 4 8.2 4.2
> fsre 24 SUCCESS 2 2] 4 8.2 4,2
(= target 36 SUCCESS 2 [:] 4 8.2 4,2
[ pom.xmi 1 SUCCESS 2 1 4 0.2 4.2
= " 13 SUCCESS 2 1 4 8.2 4,2
=| topology.b
,,_, = lopgioaybrite 25 SUCCESS 2 1 4 0.2 4.2
? iz cloudsim-package 37 SUCCESS 2 1 4 0.2 4.2
# lhdistribution 2 SUCCESS 2 2 4 0.2 4,2
> {2 documentation 14 SUCCESS 2 2 4 8.2 4.2
; modies % sucess 2 2 P a2
v §5 Task_Bat - Copy 3 3 SUCCESS 2 3 4 0.2 4.2
> @)\ JRE System Library [Java SE 21.0.1 [2] 15 SUCCESS 2 3 4 8.2 4,2
> i\ Referenced Libraries 27 SUCCESS 2 3 4 0.2 4.2
> [=__pycache__ 39 SUCCESS 2 3 4 8.2 4,2
£ build CloudSimExampleé finished!

PSS R

Figure 15: Cloudsim Example 6

The validations have been performed using Cloudsim and algorithms like BAT and
ALO.



w 0z Task_Bat - Copy 3 42
> B JRE System Library [Java S5E 21.0.1 [2] 43

> m Referenced Libraries :;
» [=__pycache__ 46

= build 47
» [ CloudinfrastructuraSimulator 48
> [=lib 43

11sh
& ALo_data.ipynb

[F] BAT _results.py

5

5

5
Sac
[F] Comparison_BAT_ALO.py 5
]| data.json E:

Figure 16: Imported BAT algorithm

From the data.json file the code will take the input with number of VMS, VMS
capacity and Task count.

{} datajson X

Users > s Downloads Bat - Copy 3 > {} datajson
1 :[250.8,500.8,700.0,700.9,800.0,850.0,900.0,950.0], "vmcount": [B],"tcount": [20@],"task": [4800,200, 400, 3000, 4000, 200, 480, 3000, 4000, 200, 400, 3600, 4008, 200, 400, 300

Figure 17: Data.json code where it shows VM count, VM capacity, Task Count

Also have implemented the BAT algorithm to find the execution cost and Run time
for different tasks 100, 200, and 500. Below is the screenshot of the BAT
optimization code.

= Bieif -0 @ QiHG i®E - = Q iEf
[ Package Explorer X = B | [P cemparison_BAT_ALO [ o java i c java [F] BAT_results X =1
ES 3| 3a
L :

> (2 CloudinfrastructureSimulator j’c return max(vn_execution_costs)
> i cloudsim 37=def load_data_from_json(file_path):
> 1 cloudsim-examples 3
> {22 cloudsim-package Load input data from a JSON file.
S i 3

ﬁdlslnbutmnr Parameters:
? 1 documentation file_path (str): Path to the JSON file.
> [ modules
~ 82 Task_Bat - Copy 3 Returns:

> g JRE System Library [Java SE 21.0.1 (2 - dict: Loaded data.

> B\ Referenced Libraries

with open(file_path) as file:
* [ __pycache__

return json.load(file) r

(= build
» [ CloudInfrastructureSimulator
> el :; data = load_data_from_json('data.json')
Qs 5
[ ALO_data.ipynb 54 total_tasks = datal'tcount'][e]
AT_results.py 55 total_wirtual_machines = datal'vmcount'] (0]

[F) BatAlgorithm1.py :Q

= 57

B e BAT_ALO, .

ﬂﬁ“"“‘“”“"- -ALO.py 58 bat_algorithm = BatAlgorithm(total tasks, 100, 508, .5, 8.5, 0.2, 2.0, 1.0, total _virtual_maching

ata json 59

) formatted_solution_cost.json 60

& logistic regressin.ipynb 61 optimized_solution = bat_algorithm.move_bat()

I naive.ipynt gg rounded_solution = [round{num - 1) for num in optimized_solution.best]

P naive.py &

4 sample.json s

[P) untitiedo.py 66
67 print("Minimum Execution Cost (in eures):", optimized_solution.f_min)
68 print("Optimized Solution (Task Assignment te Virtual Machines):", rounded_solution)
69
70 L
71 formatted_solution = {"task_assignment_to_virtual_machines": [int(vm_index) for vm_index in rounc
72
73

74 sample_data = np.array([[1, 21, [2, 3]])
75 df_sample = pd.DataFrame(sample_data)

76

77

78 with open("formatted_solution_cest. json", "w") as outfile:

79 json.dump(formatted_solution, outfile, ensure_ascii=False, indent=4)

Figure 18: BAT algorithm Optimization code snippet.
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Below are the execution cost and runtime results of the BAT optimization technique.

[# Package Explorer = B | [F] comparison_BAT_ALO [J] DatacenterBrokerjava 41| CloudSimExample6.java [F] BAT_results x = 18
B S 2 - import random
_J . B% ° from BatAlgorithml import BatAlgorithm
ECluudlnfrastructureSlmuIator import json
‘= cloudsim import numpy as np

z

2
3
4
'_,7'J loudsim-examples 5 1import pandas as pd
15 cloudsim-package 6 from sklearn.model_selection import train_test_split
1 distribution 7 from sklearn.naive_bayes import GaussianNB
e . 8 from sklearn.metrics import accuracy_score
\=r documentation 9 import matplotlib.pyplot as plt
[== modules 10 import seaborn as sns
922 Task_Bat - Copy 3 11

A - a1aqre 12
> m) JRE System Library [Java SE 21.0.1 [2 - ekl oo SRELALIUH LA R0 LAt ARLEEELS RdlYR.
> ) Referanced Libraries 13 COST_FACTOR = 0.80015

WOV W W W v v

14
? = __pycache__ 15= def optimize_execution_cost(task_count, solution):
(= build 16 e
> [ CloudinfrastructureSimulator 17 Objective function to optimize the execution cost of tasks on virtual machines.
- 18
> Blib 19 Parameters:
L .sh 20 — task_count (int): Total number of tasks.
[& ALO_data.ipynb 21 - solution (lis Solution vector representing the assignment of tasks to virtual machines.
2 - data (dict): Input data.
[F] BatAlgorithm.py 23
ﬁ Comparison_BAT_ALO.py 24 Returns: . . N .
- B 25 - float: Maximum execution cost among all virtual machines.
«| data.json 26 i
4 formatted_solution_cost json 27 vm_execution_costs = [B.8] * datal'vmcount'][0]
Elugistic regressin.ipynb 28 L
& naive.ipynb 29 for i in range(task_count):
. 30 vm_index = round(selution[i] - 1}
[E] naive.py 31 execution_time = data['task'][i] / datal'VM'][vm_index]
]| sample.json
[F] untitled0.py & console X XK Q EBEREE = Cir= 8

<terminated=> BAT_results.py [Jusrflocal/binfpython]
Minimum Execution Cost (in euros): 0.01084285714285714
Optimized Solution (Task Assignment to Virtual Machines): [e, 1, 1, 6, 3, 6, 6, 4, 6, 6, 6, 5, 6, 7, 7, @

Figure 19: Simulation result for BAT algorithm with Execution cost and Task
Assignment

Also | have done comparison of BAT results with the ALO algorithms results by
importing the ALO algorithm using Mealpy library.

mi Bin it Q- Qu il G S S Gt Q iE
tg Package Explorer > = B8 EE] Comparison_BAT_ALO X m DatacenterBroker.java _m CloudSimExample&.java :ﬂ BAT_results =
B < 2 1= from mealpy import FloatVar, ALO
o . = “ 2 import random
> HCluudlnfraslruclureSlmuIalor 3 import json
2y cloudsim 4 import time
> I cloudsim-examples 5 from BatAlgorithml import BatAlgorithm
> [zZcloudsim-package g N +
Mo — import numpy as np
’ ﬁdlstnbutlon_ & dimport pandas as pd
? Fuocumantatlon 9 from sklearn.model_selection import train_test_split
> =Zmodules 10 from sklearn.naive_bayes import GaussianNB
\. géTask_Eat-Copy:; 11 from sklearn.metrics import accuracy_score
> i, JRE System Library [Java SE2101 (2| 12 Import matplotlib.pyplot as plt
> @i Ref d Librari 13 import seaborn as sns
Ei\ Referenced Libraries 14 from mealpy import FloatVar
? [=__pycache__ 15
(= build 16 # Conversion facter for execution time to cost (@.08015 gyres,
> [ CloudinfrastructureSimulator :‘ COST_FACTOR = 0.80815
> =i - - . .
& lib 19= def optimize_execution_cost(task_count, solution):
L 1sh 202 win
EALD_data-IDyﬂb 21 Objective function to optimize the execution cost of tasks on virtual machines.
iﬂ BAT_results.py 22
[F] Batalgorithm.py 23 Parameters: .
24 - task_count (int): Total number of tasks.
Dl D 25 - solution (list): Selution vector representing the assignment of tasks to virtuval machines.
| data.json 26 - data (dict): Input data.
] formatted_solution_cost.json 27
E logistic regressin.ipynb 28 Returns:
B naive.ipynb gg :“:loar: Maximum execution cost among all virtual machines.
[E) naive.py 31 vm_execution_costs = [0.8] * datal'vmcount'][0]
) sample json 32
[F] untitled0.py 33 for 1 in range({task_count):
34 vm_index = round(solution[i] - 1)
35 execution_time = data['task'][i] / datal'vM'][vm_index]
36 execution_cost = execution_time % COST_FACTOR
37 vm_execution_costs[vm_index] += execution_cost
38
39 return max(vm_execution_costs)

Figure 20: Comparison code snippet of both BAT and ALO
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Here are the execution cost and runtime comparison results of both the BAT and
ALO algorithm.

o5 et 0 R QWG SO I G o im @
= = &
[# Package Explorer X = B[] Comparison_BAT_ALO X | [J] DatacenterBrokerjava AJ] CloudSimExample6 java [F] BAT results = g7
a, H 50 return max{vm_execution_costs) i
> =2 CloudinfrastructureSimulator
] i .
> [ cloudsim d_data_from_json(file_path):
> [ cloudsim-examples
> (2 cloudsim-package 55 Load input data from a JSON file.
> [ distributi =8
5 ﬁd's o u:n( 57 Parameters:
= documentation 58 ~ file_path (str): Path to the JSON file.
> [z modules 59
v iz Task_Bat - Copy 3 60 Returns:
> g JRE System Library [Java SE 21.0.1 [2 2:5_ - dict: Loaded data.
5 N
N B Relerenced | brarias 63 with open(file_path) as file:
(= _pycache__ 64 return json.load(file)
= build 65
> [ CloudinfrastructureSimulator 66
> Elib 67 data = load_data_from_json( 'data.json’)
J1sh gg
éﬁALO_data.ipynb 70 total_tasks = datal'tgount'lle]l
[F] BAT_results.py 71 total_virtual_machine datal'vmcount ' 1081
[P) Batalgorithm1.py 72
= s 73
{P] C BAT_ALO.
ﬁd"t'“"'”s“"' AL, 74 bat_algorithm = BatAlgorithm(total_tasks, 100, 500, €.5, 0.5, 8.0, 2.9, 1.@,total_virtual_machir
ata.json 75
4 formatted_selution_cost.json 76
& logistic regressin.ipynb 77 original_alo_algorithm = ALO.OriginalALO(epoch=108, pop_size=5@)
& naive.ipynb ;g
B naive.oy 80 alo_problem_dict = {

4 sample.json
7] untitledo.py Bl console X KK SR EE 22-r= 0
<terminated> Comparison_BAT_ALO.py [Jusrflocal/binjpython]
LOL37 1L/ 11 O3 40: PP, INFU, MEdLPY.SWATN_Dased. ALU.UFL1GLNa LALU: >2>Froowen: F, EPUCN: 96, LUrrent oesc:
2023/12/11 @5: 7 PM, INFO, mealpy.swarm_based.ALD.0riginalALO: >>>Problem: P, Epoch: 99, Current best:
2023/12/11 @5:48:28 PM, INFO, mealpy.swarm_based.AL0.OriginalALO: >>>Problem: P, Epoch: 100, Current best
Bat Algorithm Results:
Minimum Execution Cost (in euros): 9.8111529411764708584
Optimized Solution (Task Assignment to Virtual Machines): [5, 1, 1, 4, 4, 4, 6, 1, 6, 2, 5, 4, 5, 5, 3, 6,
Runtime (s): 19.802788066864014

OriginalALO Algorithm Results:

Minimum Execution Cost (in euros): 9.010499999999999997

Optimized Solution (Task Assignment to Virtual Machines): [8, 5, 5, 6, 7, 7, 1, 7, 4, 5, 5, 8, 6, 3, 6, 8
Runtime (s): 97.21798324584961

Figure 21: Execution cost and runtime comparison of both BAT and ALO algorithm
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