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1 Introduction

This manual provides a comprehensive overview of the orderly procedure employed in
this project, encompassing the establishment of the environment, execution, and evaluation.
The handbook provides comprehensive information to the installation of the IDE, the
configuration of the system, and CloudSim simulation environment.

2 System Specifications
Hardware Configuration for the local run:

e Processor: Intel 12" Gen Core i5-1235 @4.4 GHz
e Nvidia RTX3070 GPU

e RAM: 16 GB DDR4 RAM 3200MHz

e Storage (SSD): 512GB

e Operating System: Windows 10, 64-bit

Software Packages for the local run:

e Java SDK 1.8 or above
e IntelliJ IDEA Community Edition
e CloudSim 4.0

3 Environment Setup
3.1 IntelliJ IDEA installation

JetBrains created the integrated development environment (IDE) IntelliJ IDEA. It is
predominantly used for Java development, but it also supports a variety of other programming
languages and technologies. IntelliJ IDEA provides a robust set of features to facilitate software
development and boost productivity.

Source Link: https://www.jetbrains.com/idea/download/?section=windows



https://www.jetbrains.com/idea/download/?section=windows

L | Intell) IDEA Community Edition

The IDE for pure Java and Kotlin development

Download exe wv

Free, built on open source

Figure 1: IntelliJ IDEA Community Edition Download

After installing, the IDE can be configured to run new projects or open existing projects. Figure
2 and 3 shows the settings for creating a new project and assigning the correct Java SDK
version for your project.

® @ New Project

New Project Name: HelloWorld|

Empty Project

Location: ~[ldeaProjects
S ARSTAtOrS Project will be created in: ~/ldeaProjects/HelloWorld
M Maven Archetype Create Git repository
Jakarta EE
. Language: Java Kotlin Groovy JavaScript =
Co Spring Initializr
[g JavaFX Build system: IntelliJ Maven Gradle

[*) Quarkus

Figure 2: Creating a new project on IntelliJ



[ NN ) New Project

A

oW ProRet Name: HelloWorld
Empty Project Location: ~/ldeaProjects
Sarerators Project will be created in: ~/IdeaProjects/HelloWorld
/M Maven Archetype Create Git repository
8 -akartalEL Language: Java Kotlin Groovy JavaScript +
< Spring Initializr
[3 JavaFx Build system: IntelliJ Maven Gradle
[®) Quarkus
JL Micronaut JDK: [ openjdk-20 Oracle OpenJDK version v ]
% Ktor (3 14 Oracle OpenJDK version 14
[< Kotlin Multiplatform (5 openjdk-20 Oracle OpenJDK version 20.0.1
© Compose Multiplatform L, Download JDK...
B HTML [ Add JDK...
React Detected SDKs
ex Express [ /Library/Java/JavaVirtualMachines/jdk-13.0.1.jdk Oracle OpenJDK version 12.0.1
Y Angular CLI [ /Library/Java/JavaVirtualMachines/jdk-12.0.1.jdk Oracle OpenJDK version 12.0.1
<T IDE Plugin [ /Library/Java/JavaVirtualMachines/jdk-9.0.4.jdk version 9.0.4
a Android [ /Library/Java/JavaVirtualMachines/jdk1.8.0_201.jdk Oracle OpenJDK version 1.8.0_201
¥ Vuejs
WV Vite

Figure 3: Java SDK version selection

3.2 CloudSim Package

The CloudSim package version 4.0 used in this research can be downloaded from as a zip
file.

Source Link: https://github.com/Cloudslab/cloudsim/releases/tag/cloudsim-4.0

CloudSim 4.0

released this May 24, 2016 - 7 commits to master since this release ) cloudsim-40 -0~ 2d8filcé

Changes from CloudSim 3.0.3 to CloudSim 4.0

WHAT'S NEW

* added support for Container virtualization

+ lots of bugfixes

v Assets 4

@clcudsim-dl.ﬂ.tar.gz 347 MB
Dcloudsim-4.0.zip 348 MB
mSnurce code (zip)

[Dsource code (tar.gz)

Figure 4: CloudSim 4.0 simulator download
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https://github.com/Cloudslab/cloudsim/releases/tag/cloudsim-4.0

Once it was downloaded, it can be extracted to a folder in the local drive. This can later be
exported to the IntelliJ IDEA IDE to create the new project files, compile and run the
environment. We have renamed the folder to EdgeScheduler, to represent our proposed work.

Archive Browse with FastStone
B  EdgeScheduler Git GUI Here
Projects Git Bash Here

Open Folder as Intelli) IDEA Project

Play with VLC media player

Open Folder as PyCharm Community Edition Project

Upload with ShareX

7-Zip >

DE>E

Figure 5: Open the project folder as IntelliJ Project

4 Project Development

The directory structure for is presented in Figure 6.

e .idea 14-08-2023 12:56 File folder
e distribution 14-08-2023 11:40 File folder
e documentation 14-08-2023 11:40 File folder
Je  modules 14-08-2023 11:40 File folder
o  real workloads 14-08-2023 11:41 File folder
e results 14-08-2023 12:58 File folder
N pom.xml 01-02-2022 21:12 XML File

Figure 6: Project Directory Structure

The directories, modules, real workloads and results contain our simulation model, workload
files and results, respectively.



cheduler [cloudsim-package]

distribution

documentation

modules
cloudsim

cloudsim-examples

optimization

main

lation

Figure 7: Code Directory->modules->optimization->»src>main->java

The code directory is shown in Figure 7. It is classified into three folders, broker, scheduler
and simulation. The files in these folders are shown in Figure 8.

main

java

Figure 8: Code Files for broker, scheduler and simulation runs shown

Simulation.java contains all the modules and function calls to create the cloud environment
for this work.



a.util.Random
org.cloudbus.cloudsim.Cloudlet
org.cloudbus.cloudsim.CloudletScheduler
org.cloudbus.cloudsim.CloudletSchedulerSpaceShared
org.cloudbus.cloudsim.CloudletSchedulerTimeShared
org.cloudbus.cloudsim.Datacenter
org.cloudbus.cloudsim.DatacenterBroker
org.cloudbus.cloudsim.DatacenterCharacteristics
org.cloudbus.cloudsim.Host
org.cloudhus. n.Log
org.cloudbus.cloudsim.Pe
org.cloudbus.cloudsim.Storage
org.cloudbus isim.UtilizationModel
org.cloudbus.cloudsim.UtilizationModelFull
org.cloudbus.cloudsim.Vm
org.cloudbus.cloudsim.VmAllocationPolicySimple

org.cloudbus.cloudsim.VmSchedulerTimeSharedOverSubscription

org.cloudbus.cloudsim.core.CloudSim

org.cloudbus.cloudsim.provisioners.BwProvisione

org.cloudbus.cloudsim.provisioners.PeProvisionerSimple

Simulation( cloudletSchedulerType numOfCloudlets numofVMs brokerType
= cloudletSchedulerType
= numOfCloudlets
= numOfVMs
= brokerType
= fitnessType
= rng
= silent

Figure 10: Simulation Class



runSimulation( [] mapping) {

) A

Log.enable()

Log.printLine(

fitness = -

num_user =
Calendar calendar = Calendar.getInstance()
trace_flag =

CloudSim.init(num_user, calendar, trace_flag)

Figure 10: Run Simulation

Datacenter datacenter® = createDatacenter(

DatacenterBroker broker = createBroker()
brokerId = broker.getId()

= createVM(brokerId )
= createCloudlet(brokerId

broker.submitVmList( )
broker.submitCloudletList(

Figure 11: Creation of Datacenter, Datacenter Broker, VM and Cloudlets

CloudSim.startSimulation()

Figure 12: StartSimulation() will start the simulation of the selected scheduler code.



To run the experiments, four scenarios were considered in the test.java that must be run to
execute the results.

Scenario 0: low number of cloudlets, high heterogeneity

Scenario 1: low number of cloudlets, low heterogeneity

Scenario 2: medium number of cloudlets, high heterogeneity

Scenario 3: medium number of cloudlets, low heterogeneity

The dataset used in these simulations is NASA-iPSC-1993-3. The results are evaluated in
terms of statistical metrics, like average, min, max and standard deviation.

System. .printin(

doAl1Experiments ()

System. .println(

doAllExperiments ()

System. .printin(

doAl1Experiments()

Figure 13: Configurations for the considered scenarios

ABCExp() {
[1 results = [
( i ic e A
Random rng = Random (
Simulation sim = Simulation(
ABC_Scheduler abc_scheduler = ABC_Scheduler(sim)

[1 mapping = abc_scheduler.schedule( )

makespan = sim.runSimulation(mapping)
results[i] = makespan
}

calculateStatistics( results)

Figure 14: Running an experiment- Shown here is ABC Scheduler that is run under the
simulation settings provided by simulation.java package. The results from the scheduler
are saved to the results list and was printed as stdout values on the terminal.



calculateStatistics(String algName [1 results) {
System. .println( + algName + )

DescriptiveStatistics ds = DescriptiveStatistics()

( data : results) {
ds.addValue(data)
F
System. .println( is.getMean())
System. .println( is.getMin())
System. .printin( is.getMax())
System. .printin( is.getStandardDeviation())

Figure 15: CalculateStatistics() computes the results in terms of Average, Min, Max and
Standard Deviation values

SCENARIO 1 *

Figure 16: Results in terms of statistical values for Scenario 1 presented
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Cloudlet ID STATUS

5 SUCCESS
7 SUCCESS
1 SUCCESS
15 SUCCESS
9 SUCCESS
3 SUCCESS
2 SUCCESS
%] SUCCESS
17 SUCCESS
11 SUCCESS
25 SUCCESS
4 SUCCESS
12 SUCCESS
35 SUCCESS
27 SUCCESS
21 SUCCESS
45 SUCCESS
13 SUCCESS
19 SUCCESS
29 SUCCESS
6 SUCCESS
37 SUCCESS
55 SUCCESS
14 SUCCESS
47 SUCCESS
8 SUCCESS
31 SUCCESS
12 SUCCESS
65 SUCCESS
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Figure 17: Output file that shows the successful allocation of cloudlets to VMs and
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