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1 Introduction
This manual describes how to set up and run the CloudSim-based project, which blends Q-
learning with the ACO and HCOC algorithms for comparisons and compares the outcomes for

cloud computing simulations. It provides instructions for academics and students on how to install
required software and operate the CloudSimACO project.

2 Required Software Tools
The following software tools are required for the CloudSimACO project's execution:

e Eclipse IDE: This tool is used for the implementation of java code for this research
project.

e CloudSim Toolkit: A simulation framework for cloud computing environments.

e JDK 17 version: It consists of Java libraries that are required for running the
suggested algorithm.

3 Hardware Requirements

e Operating system: Windows/ Mac/ Linux (We can use any OS).
e RAM: Minimum 4GB / 8GB or more than needed.
e Processor: Any Processor from the Intel Core is suitable.

4  Step by Step Software Installation
The steps for the installation of software and tools are shown below.

4.1 JDK Installation

e Java Development Kit (JDK)
e Download JDK 17.0.9 version from the specified Link [1].



= (@ @  https://www.oracle.com/java/technologies/javase/jdk17-archive-downloads.html G A & G m o= @ %

Products Industries Resources Customers Partners Developers Company

Linux x64 RPM Package 17373 MB https://download.oracle.com/java/17/archive/jdk-17.09_linux-x64_bin.rpm (sha256 )
macOS Arm 64 Compressed Archive 16818 MB https://download.oracle.com/java/17/archive/jdk-17.09_macos-aarché64_bin.tar.gz (sha256 )
macOS Arm 64 DMG Installer 167.60 MB https://download.oracle.com/java/17/archive/jdk-17.0.9_macos-aarché4_bin.dmg (sha256 )
macOS x64 Compressed Archive 170.62 MB https://download.oracle.com/java/17/archive/jdk-17.0.9_macos-x64_bin.tar.gz (sha256 )
macOS x64 DMG Installer 170.03 MB https://download.oracle.com/java/17/archive/jdk-17.0.9_macos-x64_bin.dmg (sha256 )
Windows x64 Compressed Archive 17242 MB https://download.oracle.com/java/17/archive/jdk-17.0.9_windows-x&4_bin.zip (sha256 )
https://download.oracle.com/java/17/archive/jdk-17.0.9_windows-x64_bin.exe (sha256

Windows x64 MSI Installer 152.30 MB https://download.oracle.com/java/17/archive/jdk-17.0.9_windows-x64_bin.msi (sha256 )

Figure 1: Download Java Development Kit (JDK)

e Install the JDK 17.0.9 Version into the system.

—_ P
"8 Java(T™) SE Development Kit 17.0.4 (64-bit) - Setup X ¥ Java(TM) SE Development Kit 17.04 (64-bit) - Destination Folder X

Welcome to the Installation Wizard for Java SE Development Kit 17.0.4

This will install the Java(TM) SE Development Kit 17.0.4 (64-bit), which requires

420MB on your hard drive. Click the "Change" button to change the installation
This wizard will quide you through the installation process for the Java SE Development Kit folder.
17.0.4.

e
{ Install Java(TM) SE Development it 17.0.4 (64-bit) to:

C:\Program Files\Java\jdk-17.0.4\ ge...

Cancel Back Next Cancel

Figure 2: JDK Installation Figure 3: Installation of JDK

4.2 Eclipse IDE Installation

e Download the Eclipse Integrated Development Environment 2022-06 from the given
link [2]



E l ['_\ —— Download Eclipse Technology that is right for
)

Eclipse IDE 2023-12 Is Now Avallable

LTI
Temurin’ certified
OpenJDK for th
Java™ ecosystem.
Learn More [ERIUGEE]

Download Packages | Need Help

Figure 4:- Download Eclipse

e Install the download Eclipse IDE 2022-06 in system

W SPONSOR

type filter text Q

- eclipseinstaller uooms

@ Eclipse IDE for Enterprise Java and Wet

Tools for developers working with Java and Web
applications, including a Java IDE, tools for JavaScript,...

@ Eclipse IDE for C/C++ Developers
An IDE for C/C++ developers.

@ Eclipse IDE for Embedded C/C++ Devel

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

% Eclipse IDE for PHP Developers

Tha accantial tanle far ams DD Aavialanar incliiding

Figure 5: Install Eclipse
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eclipse

+fa  Eclipse IDE for Java Developers  details
e,

The essential tools for any Java developer,
including a Java IDE, a Git client, XML Editor,

Maven and Gradle integration.

Java 17+ VM lj/jres/17/updates/release/latest ¥

(LS ENEG RIS gl ) sers\poonAeclipse\java-2023-12

+ (reate start menu entry

=
=

v create desktop shortcut

< BACK

Figure 6: Final step in Eclipse Installation
e Make Sure the java JDK version before installing Eclipse IDE

e Now open the Eclipse and create a workspace.

& Eclipse IDE Launcher

Select a directory as workspace

Eclipse IDE uses the workspace directory to store its preferences and development artifacts.

9
C:\Users\poon\eclipse-workspace] ~ Browse...

[] Use this as the default and do not ask again

» Recent Workspaces

Figure 7:- Workspace Creation for Eclipse IDE

The created workspace shouldn’t be changed. Otherwise, the work done will not be

available.
e Now create a new Java project in Eclipse IDE



© New Java Project

© « &+ 0~ -~ q Create a Java Project

Figure 8: The new project creation in Eclipse IDE

Make sure the Java Version and name a project of your interest.

4.3 Installation of 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 Compare +
(@ nikolayg released this Mar 19, 20 commits to master since this release O cloudsim-303 - 46¢4660

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 Mathuti has been changed
accordingly.
« The minimal time between events is now configurable.

« Fixed Issue 44 : UtilizationModelPlanetLabinMemory: 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 ¢«

Figure 9: Download the CloudSim

Importing the downloaded file into Eclipse.



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

s workspace-eclipse - Eclipse IDE

File Edit Source Refactor Navigate Search Project
MNew Alt+Shift+MN > L ]
Open File...

(=1 Open Projects from File System...

Recent Files >
& Refresh F5

Conwvert Line Delimiters To >
L. port. Wby ]

(E< ] Export...

Switch Workspace >
Restart
Exit

Figure 10: Import option in Eclipse IDE

5 Running the Proposed Algorithm

Step 1: To create a new java project, click on File > New - Java Project.

% eclipse-workspace - Eclipse IDE
File Edit Source Refactor MNavigate Search Project Run Window Help

New Alt+Shift+N > £ Java Project > vo e
QOpen File... &  Maven Project 152|t|p.java 1t
r Projact.. cloudsim.Cloudlet;

i Open Projects from File System...
- g 4 cloudsim.Datacenter;

Recent Files > & Package DatacenterCha:
i @ Class -Host;
Close Editor CtrlsW .Pe;
@ Interface Storage:
Close All Editors Ctl+ShiftsW =3torages
@ Enum Vm;
@ Record VmAllocationP
. . im.core.CloudSim
Save As.. @ Annotation L1is PeLis
@ Source Folder
15 Java Working Set
) .provisioners.l
— Folder cloudsim.CloudletSched:
) File cloudsim.DatacenterBro
= Rename.. F2 Untitled Text File clou .VmSchedulerTir
Refresh F5 cloudsim.UtilizationMot
c — . Task cloudsim.UtilizationMor
onvert Line Delimiters To JUnit Test Case
rayLists
9 Other... Ctrl+N _endar;
Import impert iava.util.TinkedTist:
Export...
I Problems # Javadoc & Declaration @ Console * = Coverage
Properties Alt+Enter o consoles to display at this time.
Switch Workspace >
Restart
Exit

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 downloaded
CloudSimv3.0.3. Then click on “Finish”.



@ New Java Project o

e 2 vigate
= © « &0~ q Createa Java Project

-

% Package Explorer Create a Java project in the workspace o In an extermal location.
2 cloudsim-3.03

Project name: CloudSimACO

Use default location

Location: CAUsers\poon\Downloads\CloudSimACO Browse

IRE

Working sets

Add project to working sets New.

Module
Create module-info java file

Next > Finish Cancel
Anrdcim202

Step 3: Double click on files to open them.

= eclipse-workspace - cloudsim-3.0.3/cloudsim-3.0.3/sources/org/cl
File Edit Source Refactor Navigate Search Project Run
= R i A AL -
12 Package Explorer > B =l e | =8 @ acoa
~ &t cloudsim-3.0.3
= JRE System Library [jre]
3.0.3/examples
.0.3/sources
~ @ org.cloudbus.cloudsim o
& ACOAlgorithmjava =
15 Cloudlet java
# Cloudletschedulerjava
111 CloudletSchedulerDynamicWorkload java %
15 CloudletSchedulerspaceShared java
5 CloudletSchedulerTimeShared.java
i CloudSimSetup.java .
11 Consts.java 1=
15 Datacenter java 22
51 DatacenterBroker java

e cloudsi

~ & cloudsim-.

15 DatacenterCharacteristics.java

1 DataCloudTags java ,
151 File java >7
151 FileAttribute java

1 HarddriveStorage java

11 HCOCGeneticAlgorithm.java
&1 HCOCParameters.java

@ Hostjava

11 HostDynamicWorkload.java
151 HoststateHistoryEntry java
5 InfoPacket java

@ Log.java

1 MainHCOC java

&1 module-info java

I NetworkTopology.java

I Packetjava

i Proble
No consc

(1 ParameterException java
5 Pejava
i PerformanceEvaluation java

Step 4 : Add the .jar file, open the file and go to properties. Click on Java Build Path and add the
required .jar files.



& Properties for cloudsim-3.0.3 m} X
type filter text Java Build Path v vi
» Resource ® Source & Projects | &t Libraries| % Order and Export| @ Module Dependencies
Builders
JARs and class folders on the build path:
Coverage
~ % Modulepath Add JARs...

Java Build Path

¢ > Java Code Style

1 > Java Compiler

{  Javadoc Location
> Java Editor

Project Natures

Project Reference:
Refactoring Histo
Run/Debug Settir

> = JRE System Library [jre]

>

>

>

&1

) B B &

0 G

~ % Classpath

cloudsim-3.0.3 jar - cloudsim-3.0.3/cloudsim-3.0.3/jars
cloudsim-3.0.3-sources jar - cloudsim-3.0.3/cloudsim-3.0.3/jars
cloudsim-examples-3.0.3 jar - cloudsim-3.0.3/cloudsim-3.0.3/jars
cloudsim-examples-3.0.3-sources jar - cloudsim-3.0.3/cloudsim-3.0.3/jars
cloudsim-plus-8.0.0,jar - C:\Users\poon\OneDrive\Desktop
commons-collections4-4.4 jar - C:\Users\poor\OneDrive\Desktop

Add External JARs...
Add Variable...
Add Library...

Add Class Folder...

Add External Class Folder...

> Task Repository > & commons-lang3-3.12.0 jar - C:\Users\poon\OneDrive\Desktop Edit...
WikiText > ks commons-math3-3.6.1jar - C:\Users\poon/AOneDrive\Desktop Remove
> = gson-2.10.1 jar - C:\Users\poonAOneDrive\Desktop
> @ logback-classic-1.4.6 jar - C:\Users\poonAOneDrive\Desktop Migrate JAR File...
31 hacl 1 ARG AL \ A Ol Nirivend Nac et
= Apply
@ Apply and Close Cancel

Step 5: For running the algorithms, click on the Algorithm file name and run to

output.

© eclipse-workspace - cloudsi
file Edit Source Refactor
o~ R
* Package Explorer
~ & doudsim-1.03
IRE System Library [
= cloudsim-3.0.3/exsmp
~ & doudsim-3.0.3/source:
~ & org.doudbus cloud
&) ACOAIgorithm je
2 Cloudlet java
# CloudletSchedul
@ CloudletSchedub
@ CloudietSchadub
9 CloudletSchachh
4 CloudSimSetup
9 Consts java
9 Datacenterjava
i Datacenterfraie
0 DatacenterChara
0 DataCloudTags i
0 il java
0 FieAttribute java
@ HarddriveStorag
Ul HCOCGeneticAlc
& HCOCParameter:
2 Host java
i HastDynamicWic
9 HostStateHistory
1 InfoPacketjaa
4 Logjava
& MainHCOCjava
& module-info jave
1 NetworkTopalog
i Packetjava
0 ParameterEcept
@ Pojava

J Performancetval

# Refrash

Y

-

Hew rithm java - Eclipse IDE

Open
Gpen With »

Open Type Hierarchy

Show In

Cloudlet ;!

Altsshilt+w >

, orithm |
1] pheromonematrix:
1] visibilityMatr
1] probabilityMat

Shows in Local Termingl

Copy s
Copy Qualified Name
Faste

Delete

culey
Delete.

Build Path > Ot
Source Alteshift+s >

Refactor Alt+Shift+T >

Import.
Export..

Source »

get the simulation

double beta,

- prot

§ o pher

] e |
¢ b
» o

References >

Declatations. > on DConsole * i Coverage

Xk ABEPES MmO en

application] C Just].
udlet 0 to WM #0

received
ets executed.
™ 0

‘Assign Warking Sets.
Finishing...

Coversge As
Run As
Debug As

Restore from Local History.

Run Configurations.

Notify all CloudSim entities for shutting down.

Team
Compare With
Replace With
Github

center ID WM ID  Time  Start

a0 0.1

Time

Configure

Step 6: The output will be shown in console.

x86_64_21.0.1v2023 1028-0937\jrehbinjavaw.exe (1

Finish Time



S eclipse-workspace - cloudsim-3.0.3/cloudsim-3.0.3/sources/org/cloudbus/cloudsim/ACOAlgorithm java - Eclipse IDE
File Edit Source Refactor Navigate Search Project Run Window Help

Inihd BatvQdvRlv Q@G dSyvipP i 5 B - ¥ bw v |

< BConsole *

" cterminated> CloudSimSetup [Java Application] C:\Users\poon\ p2\pool\plugins\org.edipse,justi.openjdk hotspot jre.full win32.x86_64 21.0.1x20231028-0937\jre\bin\javaw.exe (11-
Initialising...

Starting CloudSim version 3.0

Datacenter 0 is starting...

Broker is starting...

Entities started.

0.0: Broker: Cloud Resource List received with 1 resource(s)
0.0: Broker: Trying to Create VM #0 in Datacenter 0

0.1: Broker: VM #0 has been created in Datacenter $#2, Host #0
0.1: Broker: Sending cloudlet 0 to VM #0

40.1: Broker: Cloudlet 0 received

40.1: Broker: All Cloudlets executed. Finishing...

40.1: Broker: Destroying VM #0

Broker is shutting down...

Simulation: No more future events

CloudInformationService: Notify all CloudSim entities for shutting down.
Datacenter 0 is shutting down...

Broker is shutting down...

Simulation completed.

QUTPUT
Cloudlet ID STATUS Data center ID VM ID Time Start Time Finish Time
0 SUCCESS 2 0 40 0.1 40.1

Simulation completed.

Step 7: Note the execution time for the algorithm by checking the “start time” and “finish time.”
Repeat the same process by changing number of VMs and Cloudlets in the code.

Step 8: Repeat the same process for another algorithm and note the execution time.

Step 9: Run the Performance Evaluation file which shows the comparison of both the algorithm
when integrated with Q-learning.

@ eclipse-workspace - cloudsim-3.03/cloudsim-3.0. loudbus/cloudsi i - Edlipse IDE

File Edit Source Refactor Navigate Search Projet Run Window Help

v QeitvOvRvQv BEGrYyO®S Ay PAvERT vy v v

2 Package Explorer % E%l¥ § =08 gacoAgorithmjava i C java 4 java =0
& MainHCOCjava I | backage org.cloudbus.cloudsim:

& module-infojava import java.util.Arrays;

8 NetworkTopology java public class PerformanceEvaluation |

7 Packetjova

1 Parameterxceptionjava public static void compareResults (int(] int[] ) 4
7 Pejava du;:l' an, x he resul

1 PerformanceEvaluationjava e evajuateritns

# QleamingAutoscaling java

4 Qlablejava

7 ResCloudletjava

3 SanStoragejava
2 Storage java
2 UtilizationModeljava if (acoF
2 UtilizationModelFull java s
4 UtilizationModelNull java } else if E
4 UtilizationModelPlanetLabinMemory java - li:“:“" Qub:pL:
4 UtiizationModelStochastic java System. out.printin("
5 Vmjava }
1 VmAllocationPolicy java )
1 VmAllocationPolicySimple java
i VmSchedulerjava
7 VmSchedulerSpaceSharedjava M 151 I
3 VmSchedulerTimeShared,java return Math. random() ;
# VmScheduler TimeSharedOverSubscriptior }
1 VmStateHistoryEntry java
~ & org.doudbus.doudsim CloudSimACO
8 ACOAlgorithm java int[] acoSolution =
& CloudSimSetupjava int[] hcocSolution =
4 module-infojava

private static double evaluateFitness(int[] lution) {

public static void main(String[] args

: c
& PerformanceEvakuation java comparaRasnltsia Tution. ¥ s0lntion) :

~ @ org.doudbus.doudsim.CloudSimACO.HOC

Step 10: The results are obtained in “Console” tab.



B Console *

<terminated> PerformanceEvaluation [Java Application] C:\Users\poorv\.p2\pool\plugins\
Performance Evaluation:

ACO Fitness: 0.9486055397516925

HCOC Fitness: 0.761250165506294

ACO performs better in the given context.

Results

After running simulations for both the algorithms for given number of cloudlets, the obtained
average execution time is used for calculating the execution cost of the algorithms. The results are
then compiled in Graphs.
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HCOC Cost
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