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1 Prerequisites

The aim of the research is to improve workflow makespan and optimize resource use on
Infrastructure as a Service (IaaS) cloud platforms, which would improve Quality of Ser-
vice (QoS) for organizations with high computing demands. This research is performed
as a part of the National College of Ireland’s MSc in Cloud Computing Research Project.

The initial step in starting the research is to install the Java Development Kit (JDK) in
your system’s Java Runtime Environment (JRE). Afterwards, in order to run the Cloud-
Sim framework, an Integrated Development Environment (IDE) must be set up such as
Eclipse IDE, Netbeans, etc. It is important to remember that this context uses Java
version 17, and that in order to build the CloudSim project into Eclipse IDE, Maven
needs to be installed.

To guarantee a smooth setup procedure, adhere to the comprehensive guidelines provided
below:
Step 1: Installing Java Development Kit (JDK)

e Visit the official Oracle website and download the JDK 17 version by choosing the
version on the website.

e Refer the official document present on the website to download and install according
to your operating system.

Step 2: Download Apache Maven

e Visit the official Apache Maven and download the Binary Zip archive and unzip the
file.

e Refer the official document present on the website to further install and setup paths
according to your operating system.

Step 3: Verify the Installation

e For verifying Java installation check its version by using below code.
java -version

e For verifying Maven installation check its version by using below code.
mvn -v

e Figure [3|illustrate the authors result upon checking the versions of java and maven.


https://www.oracle.com/ie/java/technologies/downloads/#java17
https://maven.apache.org/download.cgi
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Figure 1: Oracle official webpage to download JDK 17

Downloading Apache Maven 3.9.6

Apache Maven 3.9.6 is the latest release: it is the recommended version for all users.

System Requirements

Java Development Maven 3.9+ requires JDK 8 or above to execute. It still allows you to build against 1.3 and other JDK versions by using toolchains.

Kit (JDK)

Memory No minimum requirement

Disk Approximately 10MB is required for the Maven installation itself. In addition to that, disk space will be used for your local Maven
repository. The size of your local repository will vary depending on usage but expect at least 500MB.

Operating System No minimum requirement. Start up scripts are included as shell scripts (tested on many Unix flavors) and Windows batch files.

Files

Maven is distributed in several formats for your convenience. Simply pick a ready-made binary distribution archive and follow the installation instructions. Use a
source archive if you intend to build Maven yourself.

In order to guard against corrupted downloads/installations, it is highly recommended to verify the signature of the release bundles against the public KEYS
used by the Apache Maven developers.

Link Checksums Signature

Binary tar.gz archive apache-maven-3.9.6-bin.tar.gz apache-maven-3.9.6-bin.tar.gz.sha512 apache-maven-3.9.6-bin.tar.gz.asc

Binary zip archive apache-maven-3.9.6-bin.zip apache-maven-3.9.6-bin.zip.sha512 apache-maven-3.9.6-bin.zip.asc

Source tar.gz archive apache-maven-3.9.6-src.tar.gz apache-maven-3.9.6-src.tar.gz.sha512 apache-maven-3.9.6-src.tar.gz.asc

Source zip archive apache-maven-3.9.6-src.zip apache-maven-3.9.6-src.zip.sha512 apache-maven-3.9.6-src.zip.asc

= 3.9.6 Release Notes and Release Reference Documentation
= |atest source code from source repository

Figure 2: Apache Maven download page




0 B ankitkumar — -zsh — 80x24

ankitkumar@Ankits—-MacBook-Air ~ % java -version

openjdk version "21.0.1" 2023-10-17

OpendDK Runtime Environment (build 21.0.1+12-29)

OpendDK 64-Bit Server VM (build 21.0.1+12-29, mixed mode, sharing)
ankitkumar@Ankits—-MacBook-Air ~ % mvn -v

Apache Maven 3.9.6 (bc0240f3c744dd6b6ec2920b3cdo8dcc295161ae)

Maven home: /Users/ankitkumar/Documents/apache-maven-3.9.6

Java version: 21.0.1, vendor: Oracle Corporation, runtime: /Users/ankitkumar/Lib
rary/Java/JavaVirtualMachines/openjdk-21.0.1/Contents/Home

Default locale: en_GB, platform encoding: UTF-8

0S name: "mac os x", version: "14.8", arch: "aarché64", family: "mac"
ankitkumar@Ankits—-MacBook-Air ~ %

Figure 3: Results of Version verification

2 Development Environment

Development environment specification to simulate the Research project is shown in the
below Figure [4]

[ ] M ankitkumar — -zsh — 80x24

ankitkumar@Ankits-MacBook-Air ~ % system_profiler SPSoftwareDataType
Software:

System Software Overview:

System Version: macOS 14.0 (23A344)
Kernel Version: Darwin 23.0.0
Boot Volume: Macintosh HD
Boot Mode: Normal
Computer Name: Ankit’s MacBook Air
. User Name: Ankit Kumar (ankitkumar)
MacBook Air Secure Virtual Memory: Enabled
M2, 2022 System Integrity Protection: Enabled
Time since boot: 11 days, 7 hours, 9 minutes
Chip Apple M2

Memory 8GB ankitkumar@Ankits—MacBook-Air ~ % [
Serial number
macOS Sonoma 14.0

Regulatory Certification
™ and © 1983-2023 Apple Inc.
All Rights Reserved.

Figure 4: Author’s System Specification.

3 Installation

Please follow the section [1] before installation.
Step 1: Installing Eclipse IDE

e Visit the official Eclipse website and download the latest version of Eclipse by
choosing the version on the website.


https://www.eclipse.org/downloads/?osType=macosx

e Refer the official document present on the website to download and install according

to your operating system.

Step 2: Installing CloudSim

e Visit the official [CloudSim websitel and follow the link to |GitHub where the new
realease of CloudSim Framework can be found. CloudSim official website Figure

The Cloud Computing and Distributed Systems
(CLOUDS) Laboratory, University of Melbourne
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Introduction

Recently, cloud computing emerged as the leading technology for delivering reliable, secure, fault-tolerant, sustainable, and scalable computational services, which are
presented as Software, Infrastructure, or Platform as services (Saa$, laaS, PaaS). Moreover, these services may be offered in private data centers (private clouds),
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may be offered for clients (public clouds), or yet itis possible that both public and private clouds are combined in hybrid clouds.

These already wide ecosystem of cloud architectures, along with the increasing demand for energy-efficient IT technologies, demand timely, repeatable, and

controllable methodologies for evaluation of algorithms, applications, and policies before actual development of cloud products. Because utiization of real testbeds

limits the experiments 1o the scale of the testbed and makes the reproduction of restilts an exiremely difficut undertaking, alterative approaches for testing and
leverage of new Cloud

Asuitable alternative is the utilization of simulations tools, which open the possibility of evaluating the hypothesis prior to software development in an environment
where one can reproduce tests. Specifically in the case of Cloud computing, where access to the infrastructure incurs payments in real currency, simulation-based
approaches offer significant benefits, as it allows Cloud customers to test their services in repeatable and controllable environment free of cost, and to tune the
performance bottlenecks before deploying on real Clouds. At the provider side, simulation environments allow evaluation of different kinds of resource leasing scenarios
under varying 0ad and pricing distrbutions. Such studies could aid the providers in optimizing the resource acoess cost with focus on improving profis. In the absence
of such simulation platforms, Cloud customers and providers have to rely either on theoretical and imprecise , oron t that lead to
inefficient service performance and revenue generation.

The primary objective of this project is to provide a generalized, and extensible simulation framework Ihal enables seamless modeling, simulation, and experimentation
of emerging Cloud computing infrastructures and application services. By using CloudSim can focus on specific system
design issues that they want to investigate, without getting concerned about the low level details related o CJoud based infrastructures and services.

Main features
Overview of CloudSim functionalities:
« support for modeling and simulation of large scale Cloud computing data centers

» support for modeling and simulation of virtualized server hosts, with customizable policies for provisioning host resources to virtual machines
« support for modeling and simulation of application containers

Figure 5: CloudSim official webpage

From the |GitHub|/download the Zip file, as indicated in Figure[6] But to implement
this Research project download the project zip from author’s GitHub repository.
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CloudSim: A Framework For Modeling
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HTTPS  GitHub CLI

minTi https://github. com/Cloudslab/cloudsim.git

Update README.mc ! checkobtwitb SR LsngitheeoU Rt

Bump junit from &1 Open with GitHub Desktop

Download ZIP

Releases o

CloudSim v6.0.0-beta | L:
1 Aug 11, 2

uctures And Services g

Cloud computing is the leading approach for delivering reliable, secure, fault-tolerant, sustainable, and scalable
computational services. Hence timely, repeatable, and controllable methodologies for performance evaluation
https://github.com/Cloudslabjcloudsim/archivefrefs/heads/master.zip heir actual development are regruied. Because utilization of real

Figure 6: GitHub CloudSim Repository



http://www.cloudbus.org/cloudsim/
https://github.com/Cloudslab/cloudsim/
https://github.com/Cloudslab/cloudsim/
https://github.com/ankit2887/ICT-solution.git

4 Setting Up CloudSim

Step 1: Import CloudSim

e Import extracted file of CloudSim in the Eclipse IDE as shown in the Figure [7]
Select Maven and then select Existing Maven projects and click on next.

Import B B Tasklist X

= e
Select

a3

Import existing Maven projects

Select an import wizard:

¥ General
¥ Git
> s Gradle
> K Install =
v s Maven $ =
M Check out Maven Projects from SCM
W Existing Maven Projects
@ Install or deploy an artifact to a Maven repository
BN Materialize Maven Binary Project
B Materialize Maven Projects from SCM
> # Oomph
> ¥ Run/Debug
¥ Tasks
#s Team
> e TextMate

Cancel

Figure 7: Importing Maven Project

e Now browse through the root directory to find the cloudSim folder and select that
as shown in Figure S| And then click on finish.

Research_ICT_Solution - Eclipse IDE
e wws iR

Import Maven Projects ask List X

=
Maven Projects

Select Maven projects

Root Directory: | [Users/ankitkumar/Downloads/cloudsim B Browse...

Projects:

¥  Jpom.xml Select All

Deselect All

utline X
Refresh

Add project(s) to working set

cloudsimplus

» Advanced

Cancel Finish

Figure 8: Select the root directory of Maven Project

e Now the CloudSim will be imported and build as an maven project. The imported
CloudSim can be seen in the Figure [

5



Research_ICT_Solution - Eclipse IDE

Outline X

There is n
an outline

% b
B LICENSE
y Open a file or drop files here to open them.
Find Actions
Show Key Assist
New
5 Open Type
B README.md

opology.brite

Figure 9: CloudSim imported in Eclipse IDE

5 Project Stages

Different Project stages along with the results.

5.1 Run CFS task scheduling policy

L we s
Package Explorer X = B # CompletelyFairScheduler.java X
B S
" =1 org. cloudsimplus. com. traces;
org. cloudsimplus.brokers.DatacenterBroker;
&% t
> @ CompletelyFairScheduler.java

{
HOSTS_NUMBER
HOST_MIPS
HOST_PES = []
VMS_NUMBER
VM_PES = HOST_PES;
VH_MIPS = HOST_MIPS;
CLOUDLETS_NUMBER = HOST_PES*2;
CLOUDLET_PES
CLOUDLET_LEN
simulation;
List< > cloudletList;
List<Vm> vmList;

number0fCreatedCloudlets = 0;
number0fCreatedvms = 0;

] § [1 args) {

[ Problems @ Javadoc [, Declaration B Console X
<term > Com yFairS A n I B!

SIMULATION RESULTS

Priority|lifeTime|Cloudlet| Status|DC|Host|Host PEs [VM| VM PEs|CloudletLen|FinishedLen|CloudletPEs |StartTime|FinishTime|ExecTime
n - =|=—=]— I- I~ - I-
| | 0| |ID| ID|CPU cores|ID|CPU cores| MI| CPU cores| Seconds| Seconds| Seconds
4]1.7976931348623157E308 | 0|SUCCESS| 1| @] 16| 0| 16| 10000 | 1] 10.1
4]1.7976931348623157E308 2[SUCCESS | 16| 16| 10000 |
4]1.7976931348623157E308 | 4|SUCCESS | 16| 16| 10000 |
4|1.7976931348623157E308 | 6|SUCCESS | 16| 16| 10000 |
4]1.7976931348623157E308 | 8|SUCCESS | 16| 16| 10000 |
4]1.7976931348623157E308 | 10 |SUCCESS| 1| 16| 16| 10000 |
4]1.7976931348623157E308 | 12 |SUCCESS| 1] 16| 16| 10000 | 10000 |
4]1.7976931348623157E308 | 14|SUCCESS| 1| 16| 16| 10000 | 10000 |
0]1.7976931348623157E308 | 16 |SUCCESS| 1| 16| 16| 10000 | 10000 |
0]1.7976931348623157E308 | 18|SUCCESS| 1| 16| 16| 10000 | 10000 |
0]1.7976931348623157E308 | 20|SUCCESS| 1| 16| 16| 10000 | 10000 |
0]1.7976931348623157E308 | 22|SUCCESS| 1| 16| 16| 10000 | 10000 |
0]1.7976931348623157E308 | 24[SUCCESS| 1| 16| 16| 10000 | 10000 |

Writable Smart Insert 161:6: 5573

PRRRRRppRRRR R
sSosssssssssss
PhRbhbbbbbRD

Figure 10: run CompletelyFairScheduler.java to get the results



5.2 Run SSS task scheduling policy

Figure [11| shows the execution of Scheduler Space Shared.

D Research_ICT_Solution - cloudsimplus-exp/src/main/javajorg/cloudsimplus/comjtraces/SchedulerSpaceShared.java - Eclipse IDE
¢ iwe P
= B J SchedulerSpaceShared.java X = B B TaskList X
¢ org. cloudsimplus. com. traces; o w

oudsinplus.allocationrolicies. Vi cationPolicysimples

{
HOSTS =
HOST_PES = 4;

s =
. ; o VM_PES = 4;

> @4 SchedulerSpaceShared.java CLOUDLETS =

> ¢ CLOUDLET_PES =

i i LS
CLOUDLET_LENGTH

udsimplus.com.
simulation i
DatacenterBroker brokerd;
List<Vn> vnList;

List< > cloudletLis
Datacenter ¢

8
A0

e

( [ args) {
SchedulerSpaceShared() ;
R Problems @ Javadoc [, Declaration B Console X
ed> ed [Java Application] /Appl
SIMULATION RESULTS
Cloudlet| Status|DC|Host|Host PEs |VM| VM PEs|CloudletLen|FinishedLen|CloudletPEs |StartTime|FinishTime|ExecTime
——|—|— |- —| = —

|
o

|10]

rap.sh
R LICENSE
B mvnw

& mvw.cmd

|SUCCESS |
10| SUCCESS |

1|SUCCESS |
11|SUCCESS |

1
1
1
1

ID|CPU cores|ID|CPU cores | MI|
0| 4| 0| 4 10000|
10000|
10000|
10000|

MI|
10000|
10000
10000
10000

CPU core

s| Seconds |
2| il

Seconds |

10.1|
10.1]
10.1|
10.1]

10000 |
10000 |
10000 |
10000 |
10000 |
10000 |
10000 |
10000 |
10000

10000 |
10000 |

|

|

|

I 10.1]
10000 | |

|

|

|

|

|

|

10.1]
10.1|
10.1]
10.1]
10.1|
10.1]
10.1|
10.1]

12|SUCCESS| 1|
3|SUCCESS| 1]
13|SUCCESS| 1|
4|SUCCESS| 1|
14|SUCCESS| 1|
5[SUCCESS| 1]
15|SUCCESS| 1| 5]
6|SUCCESS| 1] 6]
org.cloudsimplus.com.traces.SchedulerSpaceShared.java - cloudsimplus-exp/src/ma

10000 |
10000 |
10000 |
10000 |
10000

|
|
|
|
|
|
|
| 2|SUCCESS| 1]
|
|
|
|
|
|
|
| 10000 |

sssssssssesss
s
ssssssossssss

Figure 11: run SchedulerSpaceShared.java to get the results

5.3 Run STS task scheduling policy

Figure 12| shows the execution of Scheduler Time Shared.

[ R Research_ICT_Solution - cloudsimplus-exp/src/mainfjavajorg/cloudsimplus/com/traces/SchedulerTimeShared.java - Eclipse IDE
BE wi

= B H TaskList >

= B J SchedulerTimeSharedjava X
s -

S org.cloudsimplus. com. traces; L

R o org. cloudsimplus.brokers.DatacenterBroker;;

{
HOSTS =
HOST_PES

& E
B th

& SchedulerTimeShared java

s =
VM_PES
CLOUDLETS

CLOUDLET_PES
CLOUDLET_LENGTH

simulation;
DatacenterBroker broker
List<Vm> vmList;
List< > cloudletlList;
Datacenter datacenter®;
L] ( [ ar
SchedulerTimeShared() ;

B Problems @ Javadoc [B, Declaration B Console X

ed> lerTimeShared [J pi /Applications/Eclips

SIMULATION RESULTS

Cloudlet| Status |DC|Host [Host PEs [VM|
e ||

] |1D
0SUCCESS |
1|SUCCESS |
2[SUCCESS |
3|SUCCESS |
4[SUCCESS |
5|SUCCESS |
6[SUCCESS |
7|SUCCESS |
8|SUCCESS |
9SUCCESS |

13| SUCCESS |

14 SUCCESS |

12 SUCCESS |

VM PEs |CloudletLen|FinishedLen|CloudletPEs |StartTime |FinishTime |ExecTim
MI
10000
10000|
10000
10000
10000
10000
10000
10000
10000|
10000|
10000 |
10000 |
10000 |

ID|CPU cores|ID|CPU cores|
o] 4] o] 2|

MI| Seconds|  Seconds| Second
10000 0.1] 179.9| 179,
10000 |
10000
10000
10000
10000
10000
10000 |
10000 |
10000 |
10000 |
10000 |
10000

179.9|
179.9]
179.9]
179.9]
291.4]
291.5]
291.7|
291.7|
291.8]
337.6|
337.6|
337.8|

B m.xn
B} README.md

R topology.brite

Figure 12: run SchedulerTimeShared.java to get the results



5.4 Run CPU Usage prediction

S0 Search

ankitkumar > Downloads e -_CPU_usage n.ipynb t pand
Select Kernel

import pandas as pd

import numpy as np

from sklearn.model _selection import train_test_split
from sklearn.ensemble import RandomForestRegressor
from sklearn.metrics import mean_squared_error

from sklearn.preprocessing import StandardScaler
import matplotlib.pyplot as plt

def generate_dataset(num_samples=1000):
np.random.seed(42)

job_types =

_type = np.random.choice(job_types, num_samples)

job_complexity = np.zeros(num_samples)
data_size = np.zeros(num_samples)
execution_time = np.zeros(num_samples)

for i, j_type in enumerate(job_types):
mask = (job_type == j_type)
job_complexity[mask] = np.random.uniform(1, 10) * (i + 1)

> Live Prettier [

Figure 13: run MergingWF_CPU _usage_prediction.ipynb to get the results

5.5 Run MergeWF task scheduling policy

ideiv B ® i H- g

Package Explorer X =8 MergeWorkflow.java X

- org. cloudsimplus. con. traces;

java. io.Bufferedreader;

oudsimplus.com.trace: {
F uler
jobID;
taskIndex;
machineID;
ram;

Entry( jobID, taskIndex, machineID,
.jobID = jobID;
.taskIndex = taskInde:
.machineID = machinel

( obj) {

) -
|| getClass() != obj.getClass())
ry = ) obj;

jobEntry. jobI
atoString()
v €5 MergeWorkflow
® ¥main(String[])
u MreadDataFron
Declaration B Console X X REREE gB=
pplication] /App 170

B mvow
@n tput—
s machineId
Som.xm
B README.md
brite

Figure 14: run MergeWF .java to get the results



5.6 Run Task Event
Figure [15| shows the execution of Task Event Simulation.

o0 R Research_ICT_Solution - cloudsimplus-exp/src/mainfjavajorg/cloudsimplus/com/traces/TaskEvents.java - Eclipse IDE
i v e R e ine S8 deRE SEL TR
Package Explorer X = O ) TaskEvents.java X = O @ Tasklist X a
E=s : ® H %= e «im
A te. 9|

org. cloudsimplus. co. traces;
B 2650 ch.qos. logback. classic. Level;
{

TASK_EVENTS_FILE
TASK_USAGE_FILE =

.}
&
&
> B
> o)
> B
&
&
]

} > TaskEvents.java "~ STORAGE
HOST_MIPS

CLOUDLET_LENGTH = -

MAX_CLOUDLETS = 32;

<terminated> TaskEvents [Java Application]

Total number of created Cloudlet:

Seconds |
o 10|SUCCESS| 1]

o 11|SUCCESS| 1]

0| 20| SUCCESS| 1|

0| 21| SUCCESS| 1|

0| 30| SUCCESS| 1|

o 51|SUCCESS| 1| 24514

Writable H

Figure 15: run TaskEvents.java to get the results

5.7 Iterative Simulation

Run the simulation of each policies several time while changing the HOST (Datacenter),
Cloudlets (Tasks), VM (Virtual Machine). Now compare these results on the basis of
Turn Around Time, Response Time, Flow Time (Makespan) and CPU utilization. These
will produce graphs to compare the different policies with author’s proposed policy.

6 Conclusion

The simulation findings, in summary, consistently highlight the improved performance
of the suggested MergingWF approach over well-known Directed Acyclic Graph (DAG)
scheduling methods like CFS, SSS, and TSS. In Infrastructure as a Service (IaaS) scen-
arios, MergingWF with task merging and a level-based allocation approach shows im-
proved efficiency in makespan optimization and QoS improvement. The empirical analysis
establishes MergingWE’s effectiveness as the best option among rivals by demonstrating
its versatility in managing a range of workflow conditions. For the purpose of improv-
ing execution times in complex computing environments, this research offers insightful
information about developing workflow allocation strategies.
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