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1 Introduction

Using an enhanced genetic algorithm, load balancing is implemented as shown in this
Configuration Manual.

2 Prerequisites
1. JavaJDK 17
2. Eclipse IDE
3. CloudSim 3.0.3 Framework

Note: Please follow the specific instruction for your OS to install the prerequisites as these
prerequisites were installed and ran on MacOS (M1 edition).
3 Prerequisite Installation

3.1 JavaJDK 17

Step 1: Download Java JDK 17.0.5 for your appropriate OS.
https://www.oracle.com/java/technologies/javase/jdk17-archive-downloads.html

Products Industries Customers Partners Developers Events Company

Java SE Development Kit 17.0.5

This software is licensed under the Oracle No-Fee Terms and Conditions License.
Product / File Description File Size Download
Linux Arm 64 Compressed Archive 17195 MB https://download.oracle.com/java/17/archive /jdk-17.0.5_linux-aarch64_bintar.gz (sha256 )
Linux Arm 64 RPM Package 15395 MB hitps://download.oracle.com/java/17/archive jdk-17.0.5_linux-aarch64_bin.rpm (sha256 )
Linux x64 Compressed Archive 17315 MB https://download.oracle.com/java/17/archive/jdk-17.0.5_linux-x64 _bin.tar.gz (sha256 )
Linux x64 Debian Package 14877 MB https://download.oracle.com/java/17/archive/jdk-17.0.5_linux-x64_bin.deb (sha256 )
Linux x64 RPM Package 155,55 MB hitps://download.oracle.com/java/17/archive/jdk-17.0.5_linux-x64_bin.rpm (sha256 )
macOS Arm 64 Compressed Archive 167.70 MB https://download.oracle.com/java/17/archive/jdk-17.0.5_macos-aarch64_bin tar.gz (sha256 )
mac0S Arm 64 DMG Installer 1671 MB https://download oracle.com/java/17/archive /jdk-17.0.5_macos-aarch64_bin.dmg (sha256 )
macOS x64 Compressed Archive 17052 MB https://download.oracle.com/java/17/archive/jdk-17.0.5_macos-x64_bin.tar.gz (sha256 )
macOS x64 DMG Installer 169:70 MB hitps://download.oracle.com/java/17/archive /jdk-17.0.5_macos-x64_bin.dmeg (sha256 )
Windows x64 Compressed Archive 171.88 MB https://download.oracle.com/java/17/archive/jdk-17.0.5_windows-x64_bin.zip (sha256 )
Windows x64 Installer 15285 MB https://download.oracle.com/java/17/archive/jdk-17.0.5_windows-x64_bin.exe (sha256 )
Windows x64 MS! Installer 15173 MB hitps://download.oracle.com/java/17/archive /jdk-17.0.5_windows-x64_bin.msi (sha256 )



https://www.oracle.com/java/technologies/javase/jdk17-archive-downloads.html

Step 2: Install JDK

[ ] & Install JDK 17.0.5

Welcome to the JDK 17.0.5 Installer

® Introduction

This program will guide you though the installation
process for the Java SE Development Kit 17.0.5.

(__’)
[ —
—

Java’

ORACLE" Continue

Step 3: Click on “Install” to install JDK.

@ & Install JDK 17.0.5
Standard Install on “Macintosh HD"

trodicton This will take 307.2 MB of space on your computer.

Destination Select Click Install to perform a standard installation of this software
for all users of this computer. All users of this computer will

. .
installticiilyne be able to use this software.

—)

memm
C—:’//

Java’

ORACLE Go Back Install




3.2 Eclipse IDE

Step 1: Download Eclipse IDE from the following link.
https://www.eclipse.org/downloads/

“The Eclipse Installer 2022-12 R now includes a JRE for macoS, Windows
and Linux. OpenJDK Runtimes

- 4
- TEMURIN
. The Eclipse Temurin™ project provides high-quality, TCK
Get Eclipse IDE 2022-12 certified OpenJDK runtimes and associated technology for

Download

Install your favorite desktop IDE packages. use across the Java™ ecosystem.

elp?
felp’

Learn More

QOther Tools Other Runtimes
e 3D THEIA I=eeys/ \7 .fi]
Eclipse Che iis a developer workspace An open, flexible and extensible cloud & Eclipse Jetty provides a web server and Eclipse GIass‘F\sh pm\rdes acomplete
Step 2: Select “Eclipse IDE for Java Developers”.
eclipseinstaller . ooms =

@+

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, tools for JavaScript, TypeScript, JavaServer...

Eclipse IDE for C/C++ Developers

An IDE for C/C++ developers.

Eclipse IDE for Embedded C/C++ Developers

An IDE for Embedded C/C++ developers. It includes managed
cross build plug-ins (Arm and RISC-V) and debug plug-ins...

Fmlfimmm IPNF Lo VLR PN me omlmim miom



https://www.eclipse.org/downloads/

Step 3: Select the JDK path where you installed the Java JDK and the installation folder.
Click on install to install.

eclipse| . =

,  Eclipse IDE for Java Developers details

“T\‘ J The essential tools for any Java developer, including a
- Java IDE, a Git client, XML Editor, Maven and Gradle
integration.

Java 17+ VM /Users/rohit/Library/java/javaVirtualMac v| B
Installation Folder /Users/rohit/eclipse/java-2022-092 [~
€ BACK

3.3 CloudSim v3.0.3

Step 1: Download CloudSim v3.0.3 from the following link.
https://github.com/Cloudslab/cloudsim/releases/tag/cloudsim-3.0.3

cloudsim-3.0.3 e

@ nikolayg released this Mar 19, 2015 - 55 commits to master since this release ~ © cloudsim-3.0.3 -0 46c4660

Changes from CloudSim 3.0.2 to CloudSim 3.0.3

WHAT'S NEW

This is a bug fix and refactoring release. The following updates have been made:

+ Removed the dependency on the flanagan library. It is now replaced with Apache Math. The implementation and interface of the MathUtil has been changed
accordingly.

» The minimal time between events is now configurable.

» Fixed Issue 44 : Utilizati b rory: use a global constant to define the size of the data field: a new constructor for the classes, allowing
definition of data size, was added.

« Fixed Issue 49 : Wrong calculation of debt during migrationL: all references to debt from Datacenter and its subclasses were removed.

vAssets 4
Scloudsim-3.0.3.tar.gz 9.9 MB Mar 19, 2015
Dcloudsim-3.0.3.zip 131 MB Mar 19, 2015
[Bsource code (zip) May 2, 2013
[Rsource code (tar.gz) May 2, 2013

®© @3 # 2 5peoplereacted



https://github.com/Cloudslab/cloudsim/releases/tag/cloudsim-3.0.3

4 Running the proposed code

Step 1: Create a new Java Project. Click on “File” = “New” > “Java Project”.

Eclipse Navigate Search Project Run Window Help 3 # Sat10Dec 22:23
° New N | Create a Java project [clipse IDE
= & OpenFile... [ Project... Q g
18 Packege Exo I SIS S # Package = 8 g outine X =8
3 Bproject  Recent Files > @ oclass There is no active editor that provides an
@ Interface outline.
@ Enum
@ Record
@ Annotation
&9 Source Folder
4% Java Working Set
(5 Folder
< File
< Untitled Text File
EF JUnit Test Case
Convert Line Delimiters To ¥
£ Other.
2 Import.
4 Export...
Properties
Switch Workspace >
Restart
82 Problems @ Javadoc [ Declaration | ) Cansole X X% FREE - =0
rtermmaled> LBUsingPSO (1) [Java Application] jUs hit/ St jdk.hotspot jre.full 6_64. (10 Dec 2022, 18:35:58 - 18:36:0

Step 2: Give your project a name in the field “Project Name” and untick the option “Use
default location”. Click on “Browse” to select the path where you have download CloudSim
v3.0.3. Then click on “Finish”.

[ ] New Java Project

Create a Java Project pr l

Discouraged module name. By convention, module names usually start with a lowercase letter

Project name: | LBConfig

Use default location

Location: /U i im-3.0.3 Browse...

JRE

Project layout

Working sets

Add project to working sets New...

Working sets:

Module
Create module-info.java file
Module name:

Generate comments

module name will be "LBConfig" (if no module is specified, then project name will be used as module name)

® cancel (TN




Step 3: Open the examples, right click on “org.cloudbus.cloudsim.examples™ and select
“Import”.

L[] L] eclipse-workspace - Eclipse IDE
=13 Bt 0 Q- Qi @id ok Qi &
[% Package Explorer X BE% §=0 = @ &= outine X =8

v ELBConfig There is no active editr that provides an
> @ JRE System Library [JRE [17.0.3] outline.
(B oxamplas

3 org.cloudbus.cloudsim.examples

New >

> ] CloudSimExamplet java
> ) CloudSimExamplez java Golnto
> [J] CloudSimExample3 java
> [J) CloudsSimExampled.java Open in New Window
> [J] CloudSimExamples java Open Type Hierarchy
> (1) CloudSimExample6 java R 3
> [J) CloudSimExample7.java
> 1) CloudSimExamples java B
N e [ copy

> i org.cloudbus.cloudsim.examples.net
> ffhorg.cloudbus.cloudsim.examples.net 3 COPY Qualified Name
> org.cloudbus.cloudsim.xamples poy (13 Paste

> i org.cloudbus.cloudsim.examples.poy 3¢ Delete
>

>

>

£ org.cloudbus.cloudsim.examples.poy

{3 workioad.planetlab Build Path 3
; BSSmwyr“;.;me..m..v. ounce .
> ) Referenced Libraries Refactor 3.
) B
£ build xml 4 Export...

changelog.txt

References %

Declarations >
Ej]"“';‘""“ . R Sectaration B Console X X% EREE ~-c-=08
LA § Refresh s opteston i cpardk gt o foll s 8864170 10 Dac 2022, 193595 - 1530

3 LBProject Assign Working Sets...

@ Coverage As >
© RunAs >
4 Debug As >
Restore from Local History...

Team >
Compare With >
Configure >
Properties |

org.cloudbus cloudsim.examples - LBConfiglexampies

Step 4: Select “General” = “File System” and click on Next.

[ NN Import

Select

Import resources from the local file system into an existing project.

Select an import wizard:

v [~ General
‘@ Archive File
BE Existing Projects into Workspace
[T Preferences
(] Projects from Folder or Archive
(= Git
(= Gradle
[~ Install
[~ Maven
(= Oomph
[~ Run/Debug
(= Team
[=> TextMate

VvV vV V V V V V WV

©) Cancel




Step 5: Click on “Browse” and select the folder where the two files are located named
“LBUsingEGA.java” and “LBUsingPSO.java”. Tick the two files and click on “Finish”.

®

Import

File system

Import resources from the local file system.

From directory:  /Users/rohit/College/Sem 3/Research/Code Files

=

Browse...

& > [=Code Files .DS_Store
LBUsingEGA java
LBUsingPSO.java

* x21127336_Research_Project_Code_Artifact.zip

Filter Types... Select All Deselect All

Into folder:  LBConfig/examples/org/cloudbus/cloudsim/examples Browse...

Options
Overwrite existing resources without warning
Create top-level folder

Advanced >> |

@

< Back Cancel

Step 6: Double click on files to open them.

1

- Binits- 0 Q@ Qi GBS

BE%® § =8

L

[# Package Explorer X
v E3LBConfig
> @\ JRE System Library [JRE [17.0.3]]
v examples
v iﬂorg.c\oudbus.cloudsim.examp\es
[7) CloudSimExample1.java
CloudSimExample2.java
[J) CloudSimExample3.java
CloudSimExample4.java
CloudSimExample5.java
CloudSimExample6.java
CloudSimExample7.java
CloudSimExample8.java
A1) LBUSIngEGA java
AJ] LBUsingPSO.java
3 org.cloudbus.cloudsim.examples.network
2 org.cloudbus.cloudsim.examples.network.datacenter
3 org.cloudbus.cloudsim.examples.power
2 org.cloudbus.cloudsim.examples.power.planetlab
3 org.cloudbus.cloudsim.examples.power.random
2 workload.planetlab
module-info.java
{2 sources
=\ Referenced Libraries

(= docs

>
>
>
>
>
>
>
>
>
>

[] pom.xml
eadme.txt




Step 7: For PSO, open the file and go to line 66. Here you define the number of cloudlets.

1J] LBUsingEGA. java 4] LBUsingPSO.java X =8
— 7 e ae sy SERERAT STy
46 CloudSim.init(num_user, calendar, trace_flag);
47
48 //Initializing Datacenters.
49 Datacenter datacenter® = createDatacenter("Datacenter_0" + "\n"); //defining the number
50
51 //Initializing Brokers
52 DatacenterBroker broker = createBroker();
53 int brokerId = broker.getId();
54 Log.printLine("BrokerId: " + brokerId + "\n");
55
56 //Using PSO algorithm to generate initial population
57
58 //Initial Population
59
60 //Initializing Virtual Machines.
61 int numberofvirtualmachines = 1@; //defining the number of virtual machines
62 virtualmachines = createvirtualmachine(brokerId, numberofvirtualmachines);
63 Log.printLine("Virutal Machines:" + virtualmachines + "\n");
64
65 //Initializing Cloudlets.
66 int numberofcloudlet: 50; //defining the number of tasks
67
68 cloudlets = createCloudlet(brokerId, numberofcloudlets);
69 Log.printLine("Cloudlets: " + cloudlets + "\n");
70
71 //PS0
72
73 int iterations = 100;
74 int particles = 50;
75 double cl1 = 1.49;
76 double c2 = 1.49;
77 double weight = 0.35;

Step 8: Click on “Run” = “Run” to run the code.

© 4 [ &

= 0 [0 wvisonima |3 ™ COVEI® = O 5 outine X =0
% | Run History > e °
i O hunis s vt s sansn
ais | Run Configurations. latacenter_0" + "\a*) sapso

1 | Debug History >

£ Dobug As >
Debug Configuration.

Covrage History > s
] Covambamirion 4 =" Gl <o dot
] Covasimbamitioe ]

1 tsrakcame ;
5 U ausegpsoios s
[ v rrm——— ; © Toggle Breakpeint
8 oo couctun coviin oampie retorkscatr | © Toggle Lamb Eny Breskpoint

@ Coverage As >
Coverage Configuratins.

e ¢ Teog o

>

L . Skip All Breakpoints
B

|91 Addsava Excopton Braskpoin
| @ Add Class Load Broakpoint.

@ amwaoe E® om0
» L pendkhotsot el mocoss. x8084.170:432022065 1ol (1 ec 2027, 103558 - 1300
St
Q Extornal Tools >
e smartinson oo:01:23m
1 1y ¢6 b
Step 9: The results are obtained in “Console” tab.

%) Problems @ Javadoc [, Declaration [ Console X X%k BBERESE c-= 18
<terminated> LBUsingPSO (2) [Java i JUsers/rohit/.p: i .eclipse.justj.openjdk.hotspot.jre.full. macosx.x86_64_17.0.3.v20220515-1416/jre/binfjava (10 Dec 2022, 22:58:42 — 22:58:4

45 SUCCESS 2 5 1.31 1.99 3.3 org.cloudbus.cloudsim.Cloudlet@482f8f11

44 SUCCESS 2 1.42 1.99 3.41 org.cloudbus.cloudsim.Cloudlet@51565ec2

43 SUCCESS 2 3 1.51 2.1 3.61 org.cloudbus.cloudsim.Cloudlet@675d3402

42 SUCCESS 2 2 1.64 2.32 3.96 org.cloudbus.cloudsim.Cloudlet@28feb3fa

41 SUCCESS 2 1 1.8 2.55 4.35 org.cloudbus.cloudsim.Cloudlet@68be2bc2

40 SUCCESS 2 ] 2 2.66 4.66 org.cloudbus.cloudsim.Cloudlet@0@e2cbe@
Execution Time: 4.657191414141413
Resource Utilization: 262.7840883494293
Energy Consumption 26.27840883494293
Simulation finished!

Writable Smart Insert 66:41:2378 Q

Step 10: Similarly change the number of cloudlets to 75, 100, 125, and 150 respectively and
run the simulation to obtain the results for it.



Step 11: Similarly run the code for 50, 75, 100, 125, 150 number of cloudlets for EGA and
obtain the results. The below screenshot is the results obtained after simulating for 50
cloudlets.

Eclipse File Edit Source Refactor Navigate Search Project Run Window Help Sat 10 Dec 23:08
[ N ) & eclip: pace - L i i i java - Eclipse IDE
=13 Bieit 0@ QG iHG @I P IRE 1Y F OO ] Qs &
[ Package Explorer X [E % § = 8 [ BUsingEGAjava X | [J] LBUsingPSO java = O | 5= outiine X =a
v E3LBConfig 1 //Defining the package ) ELRY e ¥ §
> B\ RE Syt Ltrry U (17031 2 packege org. cloudbus. clouds n.exanples; @ orgcloudbus coudmaamples
v gBexamples 4 //Importing classes v (2. 18UsingEGA
v §i# org.cloudbus.cloudsim.examples 5% inport java. text.DecimalFormat;[] o Scloudlets : List<Cloudlet>
> [J) CloudsimExamplejava 29 o Svirtualmachines : List<Vim>
> [3) CloudSimExamplez.java 30 public class LBUsingEGA { 2 it vol
> [J] CloudSimExample3 java B s
2 //Creating Static Variables 1 % createCloudlet(int, int) - List<Cloudet>]
> [0 CloudSimExample4 java 33 private static List<Cloudlet> cloudlets; & 9 createvirtualmachine(int, int) - Lis
> %cvuudsmxamples‘eve 34 private static List<Vm> virtualmachines; 1 © createDatacenter(String) : Dat:
> [J) CloudSimExample6 java 3 @ % createBroker() : DatacenterBroker
> ) CloudSimExample7 java e public static vold mein(Stringl] args) { 1 ¥ printCloudetList(List<Cloudlet>, doub|
> 11 cloussimexamples ava 4 JIPFIEIAG HE RAEEET 16§
> _4d] LBUsingECA java 39 Log.printLine("Starting Load Balancing using enhanced genetic algorithm * + "\n");
> |J] LBUsingPSOjava 0
> org.cloudbus.cloudsim.examples.network a1 try {
nitializing isin package
> org.cloudbus.cloudsim.examples.power “ e e ler e
> 4 org.cloudbus.cloudsim.examples. power planetiab 5 Calendar calendar = Calendar.getInstance();
> 3 org.cloudbus.cloudsim.examples. power.random 46 boolean trace_flag = false; // mean trace events
> {3 workload.planetiab a7 i . )
y 48 //Initializing Cloudsim Library
> dule-inf
) module-info,ava 49 Cloudsim. init(nun_user, calendar, trace_flag);
> @ sources s
> i Referenced Libraries 51 //Initializing Datacenters.
> b 52 Datacenter datacenterd = createDatacenter("Datacenter_0" + "\n"); //defining the number
> 53
54 //Initializing Brokers
55 Dat broker = b
sa int hrokarTd = heokar natTdl):
(21 Problems @ Javadoc [G, Declaration EJ Console X 2 %K REBEE = o= o
<terminated> LBUsIngPSO (2) [Java Application] /Users/robit i t.openjdk. hotspot jre full 86_64.17.0. (10 Dec 2022, 22:58:42 - 22:58:4
SUCCESS 2 5 1.31 1.99 3.3 org.cloudbus.cloudsin. Cloudlet@4s2f8f11
a SUCCESS 2 4 1.22 1.99 3.1 org.cloudbus. cloudsin. Cloud let@51565ec2
43 SUCCESS 2 3 1.51 2.1 3.61  org.cloudbus. cloudsim. Cloudlet@675d3402
3 LBProject 42 SUCCESS 2 2 1.64 2.32 3.96  org.cloudbus. cloudsim. Cloudlet@28fen3fa
a SUCCESS 2 1 1.8 2.55 4.35  org. cloudbus. cloudsim. Cloud let@68be2bc2
40 SUCCESS 2 e 2 2.66 4.66  org.cloudbus. cloudsin. Cloudlet@20e2cbed
Execution Time:  4.657191414141413
Resource Utilization:  262.7840883494293
Energy Consumption  26.27840883494293
Sinulation finished!
Writable Smart Insert 1:1:0 0

5 Results

After running 5 sets of simulations for both the algorithms for given number of cloudlets, the
obtained results are compiled in a Line Graph.

5.1 Execution Time:

The results demonstrated that EGA executes more quickly than PSO.

Execution Time

25

20

15

Time

10

50 75 100 125 150

Number of Cloudlets

=@ EGA el PSO




5.2 Resource Utilization

The results show that PSO uses a lot more resources than EGA.

Resources
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5.3 Energy Consumption

The results demonstrated that EGA consumes less energy than EGA.

Joules

700
600
500
400
300
200
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Energy Consumption

_/
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Cloudlets

e p—

=—@=EGA =PS5O0
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