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Abstract

Cloud computing refers to a collaborative Information Technology environment, which is
deliberate with the aim of measurable and remotely spreading scalable IT resources for effective
and green utilization. Task scheduling in cloud environment is responsible to assign user tasks
effectively to appropriate resources for execution. Task scheduling problem has always been an
important issue in cloud environment. In order to improve the task scheduling issue in cloud

environment the researcher community proposed different task scheduling algorithm.

The existing algorithms are trying to solve task scheduling problem based on different
performance metrics but there are some problems are existed not solved by the existing algorithm
need to improve the performance of the cloud resource based on different metrics, such as data

center processing time, response time, task transfer cost, resource utilization and so on.

In this study, we proposed a hybrid task scheduling algorithm based on amalgamation of particle
swarm optimization and ant colony optimization to assign the users' tasks to multiple computing
resources and balance the entire load of the system. The hybrid algorithm has been evaluated and

compared with other meta-heuristic algorithms using CloudAnalyst simulator.

The algorithm tested based on the resource information in heterogeneous environment. The result
of the study shows that the proposed scheduling algorithm has a better response time and

processing time than other basic meta-heuristic algorithm.

Keyword: Cloud computing, Task scheduling, Anti colony optimization, Particle Swarm

optimization, CloudSim, CloudAnalyst.




CHAPTER ONE
1. INTRODUCTION

1.1. Overview of Cloud Computing

Cloud computing refers to a collaborative Information Technology environment, which is
deliberate with the aim of measurable and remotely spreading scalable IT resources for effective
and green utilization. Cloud Computing is intended to enable the computing across largely and
diverse resources and dynamic stability. It is a subsidized form of cluster computing and utility
computing. It has the potential of creating the ‘computing as a utility’ a reality in future. It
describes a large number of applications that are accessible through the internet and for this
purpose large data servers to host web applications are used [1]. It provides an on-demand
computing that highlights subscription based services where one can obtain huge number of
computer resources and the storage spaces. The clouds depict virtualized data centers. Cloud
Computing provides scalable, pay-as-you-go, just in time allocation of resources. Cloud
Computing provides a new deployment model of resources as accessible using public or private
networks. National Institute of Standards and Technology states the cloud computing definition
as, “Cloud computing is a model for enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks, servers, storage, applications and
services) that can be rapidly provisioned and released with minimal management effort or service
provider interaction”. Five critical characteristics of cloud computing listed with the aid of NIST
are, “on-demand self-service, broad network access, resource pooling, rapid elasticity and

measured service”.

In cloud computing, there are three service models [2] [3]: Infrastructure as a Service, Platform as
a Service, and Software as a Service. laaS provides access to essential resources such as physical
machines, virtual machines, virtual storage. PaaS offers the runtime environment for applications.
It also offers development and deployment tools, required to develop applications. SaaS model
allows providing software application as a service to the end users. It refers to software that is

deployed on a hosted service and is accessible via Internet.

There are four types of deployment models which are [4]: public cloud, private cloud, community

cloud and hybrid cloud. Public cloud: It is a deployment model which provides system and




services which are easily accessible by public. It may be less secure because of its openness, for
example email. Private cloud: Private cloud provides systems and services which are manageable
within an organization. This type of cloud provides more security because of its privacy.
Community cloud: It provides system and services which are accessible by group of
organizations. In this type of cloud information is confined to the owner of organization. Hybrid
cloud: Hybrid cloud includes both public and private cloud. Hybrid cloud is capable of providing
flexibility in business and some data deployment options.

1.2. Issues in Cloud Computing

There are different issues in cloud computing such as: Resource Management: Users are utilizing
less of their own existing resources, while increasing usage of cloud resources. With the evolution
of new technologies such as mobile devices, these devices are commonly under-utilized, and can
provide same functionality to a cloud provided they are properly configured and managed. Task
Scheduling: is the main problem area in both Grids as well as in cloud computing. Cloud
computing is an evolving concept in IT domain. The scheduling of the cloud services to the
consumers by service providers reflects the cost benefit of these computing paradigms. Security:
issues faced by cloud providers and their consumers. Fault Tolerance: The increasing demand of
cloud computing as an attractive alternative to information processing systems has increased the
value of its correct and continuous operation even in the presence of faulty components. Load
Balancing: Cloud Computing is an emerging computing paradigm. The main aim is to share data,
calculations, and service done with a scalable network of nodes. As Cloud computing stores the
data and resources in the open environment. So, the huge amount of data storage increases rapidly
[11].

Job scheduling in cloud environment is responsible to assign user tasks to appropriate resources
for execution. Since the cloud resources are abstracted, virtualized and dynamically accessible.
Task scheduling problem has always been a critical issue in cloud environment. In order to improve
the task scheduling issue in cloud environment the researcher community proposed a scheduling
technique is called task scheduling algorithm. There are two types of task scheduling algorithms:
Static task scheduling algorithm and Dynamic task scheduling algorithm. Static task scheduling
algorithm is schedule tasks in known environment i.e. it already has the information about

complete structure of tasks and mapping of resources before execution, estimates of task




execution/running time. Dynamic task scheduling is should rely upon not only the submitted tasks
to cloud environment but also the current states of system and computer machines to make

scheduling decision.

Most of the existing algorithms are trying to solve task scheduling problem based on different
performance metrics but there is some problems are existed not solved by the existing algorithm
such as find overloaded virtual machines and transfers virtual machines task to another low loaded
virtual machine as well as need to improve the performance of the cloud resource based on
different metrics, such as data center processing time , response time, task transfer cost, resource
utilization and so on. Therefore, need to develop effective task scheduling algorithm to overcome

the existing scheduling problem.

In this research, a task scheduling algorithm called particle swarm ant colony optimization task
scheduling algorithm has been proposed. The proposed algorithm is considered an incorporation
of the Particle Swarm Optimization and Ant Colony Optimization algorithms. According to the
proposed PSACO task scheduling algorithm; PSO algorithm is prioritize a user request and
calculate the best fittest value to allocate the cloud resource. ACO algorithm is used to determine
the best path for resource allocation and shares workload for all VMs. The proposed PSACO
algorithm is implement using a cloudsim extension called cloud analyst simulator with a different
number of independent tasks and different number of VMs and compare the performance relative
to the standard PSO, ACO and ABC in terms of completion time, response time and data center

processing time.

1.3. Statement of the Problem

Cloud computing is recently a booming area and has been emerging as a commercial reality in the
information technology domain. However, the technology is still not fully developed. There are
still some areas that are needed to be focused on Resource management and Task scheduling. Task
scheduling at the server end is very difficult because the number task requesting is very large in
number, which required some resources to execute. The schedule thus build by the server must be
optimal and good enough so that each request by the user gets response in time and every task gets
proper resources for its execution. Task scheduling is a major problem in cloud environment and
it leads to degrade the performance of the resource allocation in dynamic nature. This also makes

more difficult to dispatch the task to resource from the queue and one more difficult is in




provisioning or allocating the task in cloud data center. Some of the existing system distributes
load nearly uniform among VM’s but it can be further optimized by using paradigms of parallel
computing. There are several dynamic task scheduling approaches which are available in cloud
environment to solve some part of task scheduling and load balancing problem. PSO (Particle
Swarm Optimization) algorithm task will assign to the virtual machine randomly by calculating
fitness value. l.e. PSO will check all the virtual machine and assigns the task to proper virtual
machine which will have least memory wastage. User sends their task request to the cloud server
and this cloud server will decide virtual machine to store that task. Cloud server will select the
virtual machine based on the particle swarm optimization, but it takes large amount of time with a
huge number of tasks. The convergence speed of PSO algorithm is fast in the initial stage, but the
local searching ability will decrease in the later due to the lack of population diversity. ACO (Ant
Colony Optimization) algorithm task will assign to the virtual machine in FCFS (First Come First
Served) manner. User sends request to the cloud server and this cloud server will select the shortest
path to assign the task to a proper virtual machine. But this algorithm does not check the current
status of VMs to balance the load when there is an overloaded in virtual machine and there is a
waiting time due to FCFS manner i.e. doesn’t consider any other criteria for scheduling. ACO
algorithm has good optimization ability and the early convergence speed is slow due to the lack of
pheromone in initial stage.
1.4. Research Question
e How to improve performance of particle swarm optimization, ant colony optimization and
artificial bee colony task scheduling algorithm based on different metrics by developing a
new task scheduling algorithm?
1.5. Purpose of the Study
The purpose of the study was to establish an efficient task scheduling mechanism which utilizes
particle swarm ant colony optimization (PSACO) task scheduling algorithms to balance the entire
load of the system and schedule the tasks among the cloud resource in cloud computing and also
to improve the performance of the existing task scheduling algorithm by implementing PSACO
task scheduling algorithms based on different metrics such as, response time, data center

processing time and transfer cost.




1.6. Objectives

1.6.1. General Objective
The main objective of this research is to implement a particle swarm ant colony optimization task
scheduling algorithm to assign the users' tasks to multiple computing resources and to compare the

result of proposed algorithm with the basic meta heuristic task scheduling algorithms.

1.6.2. Specific Objective
e Create a complete literature review related to the task scheduling.

e Design atask scheduling algorithm based on the characteristics of particle swarm optimization
and ant colony optimization.

e Configure a cloudsim and cloud analyst simulation environment tool to test the implementation
of the proposed algorithm

e Implement the proposed algorithm in cloud simulator.

e Evaluate the performance of the proposed algorithm based on response time, transfer cost and
data center processing time metrics.

e Compare the proposed algorithm with the existing task scheduling algorithm.

1.7. Scope and Limitations

The scope of this research is to investigate the basic meta heuristic task scheduling algorithms i.e.,
PSO, ACO, ABC and GA and find their gap to propose new task scheduling algorithm which can
solve the problem of current scheduling algorithm. Three basic Meta heuristic task scheduling
algorithms (i.e. particle swarm optimization, ant colony optimization and artificial bee colony)

were selected for benchmarking and evaluation purpose.

The task scheduling algorithms were developing under data center level. It only manages the user
request arrived on the data center and assign the requests based on the current performance of
VMs. This research only concerns to achieve optimal scheduling of the user tasks and balancing
the entire load of the virtual machine.it doesn’t include other cloud computing issue. The propose
algorithm implemented and test in cloud simulation tool, it doesn’t consider real deployment

environment due to the requirement of more time and resource.




1.8. Significance of the Study

This research study focus towards to improve the performance of PSO, ACO, ABC and GA task
scheduling algorithm in cloud computing. Cloud users can access a cloud resource with in a
minimum time and pay as per use. The cloud providers can easily manage a cloud resource and
they become more cost effective due to optimal scheduling of a task and balancing the entire load
of the system. The proposed algorithm can be used to achieve quality of services and minimize
energy consumption due to task migration from overloaded virtual machines to underloaded virtual

machines.

Furthermore, the research could be used as a reference point for further research and studies for

new task scheduling and load balancing algorithm strategies.

1.9. Organization of the Thesis
The research consists of six main chapters; the rest of the research is organized as follows: Chapter

Two is about the detailed literature review about task scheduling algorithms in cloud computing
environment. This section includes, the architecture of cloud computing and task scheduling
algorithms, different types of task scheduling algorithms for improved quality of service in the
cloud and some related and recent research works.

Chapter Three present about the methodology of the research and strategy to identify task
scheduling algorithms solutions. In this section describe about research design, data collection
technique, sampling techniques, data sources, cloud computing tools and issues of reliability and
validity.

Chapter Four presents about the proposed solution which is called particle swarm ant colony task
scheduling algorithm in cloud computing environment.

Chapter Five present about the experimental design and implementation of the proposed algorithm,
the simulation configuration and the experimental results of the proposed algorithm and existing
algorithm.

Chapter six is the last chapter which is for conclusions and future works.




CHAPTER TWO

2. LITERATURE REVIEW
2.1. Cloud Computing

Cloud computing is getting progress constantly as a new type of computing. Cloud computing
provides a way to use and access multiple server based computational resources via a digital
network internet connection using www. Cloud users can access the server resources using a
computer, net book, pad computers, smart phone or other devices. Cloud computing applications
are managed and provided by the cloud server. In cloud computing data is also stored remotely in
the cloud configuration. Cloud computing provides a way to delivery of computing resources over
the internet. When we store pictures and video online use webmail or a social networking site we
use cloud computing services. Cloud computing makes IT management easier and more responsive

and it is cost effective to the changing needs of the business [4].

According to [12] explanation, Cloud computing is an evolving concept which makes better use
of multiple distributed resources that can be allocated to users as per requirements. This helps in
cheaper and efficient utilization of available resources and easier handling of larger computational
problems. Its advantages include transparency of resources, flexibility, location independence,
reliability, affordability, and greater availability of services, etc. To provide these facilities, the
tasks need to be scheduled properly on the resources so as to provide maximum performance in

minimum time.

This resource allocation process is performed in two stages. In the first stage, the load balancer
allocates resources to systems as requested by an application. The second stage takes place when
incoming requests are assigned to an application to balance loads within the application as per
Quality of Services (QoS) and minimum cost [36]. To minimize the total time taken, the scheduling
principle should aim to reduce the amount of data transfer with minimum cost and ensure balanced

distribution of tasks as per processing capability [37].

As [13] explanation, Cloud computing is a rising technology in distributed computing which
facilitate pay per model as per user command and requirement. Cloud consists of a set of virtual

machines which includes both computational and storage facility. Now a day, cloud computing




technology is used all over. Cloud provides many facilities due to its vast area such that sharing of
resources for different purposes. The primary aim of cloud computing is to give most suitable

access to remote scattered resources.

Cloud Computing
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Figure 2.1: Cloud computing layout diagram [13]

According to [5] explanation, Cloud computing is considered the latest network infrastructure that
supports the decentralization of computing. The main features of the Cloud are the possibilities for
building applications and providing various services to the end user by virtualization on the
internet. One of the foremost challenges in the field of the cloud computing is the task scheduling
problem. Task scheduling problem concerns about the dynamic distribution of the tasks over the
Cloud resources to achieve the best results.




2.2. Cloud Computing Architecture

Cloud computing architecture typically consists of a front end and a back end connected by Internet
or Intranet networks. The front end comprises of client devices which can be thin client, fat client
or mobile devices. The clients need some interface and applications for accessing the cloud
computing system. The back end consists of the various servers and data storage systems. A central
server is typically used for administering the cloud system which includes monitoring the overall
traffic and fulfilling the client demands in an efficient manner. Cloud computing is a new form of
distributed computing that delivers infrastructure, platform, software and applications as services.
Cloud generally provides three levels of services: Infrastructure as a Service (laaS), Platform as a

Service (PaaS) and Software as a Service (SaaS) [14].
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Figure 2.2: Architecture of Cloud Computing [4]

Deployment Models are classified just as Public Clouds, Private Clouds, Community Clouds and
Hybrid Clouds. This huge combination of services and sources, shared through clients on
subscription basis needs a serious attention in terms of tasks scheduling, resource allocation and

resource sharing.




2.3. Characteristics of Cloud Computing

National Institute of Standards and Technology states the cloud computing definition as: - “Cloud
computing is a model for enabling convenient, on-demand network access to a shared pool of
configurable computing resources (e.g., networks, servers, storage, applications and services) that
can be rapidly provisioned and released with minimal management effort or service provider
interaction”. Five critical characteristics of cloud computing listed with the aid of NIST are, “on-
demand self-service, broad network access, resource pooling, rapid elasticity and measured
service”.

On —demand

Computer values like email, applications, network or server service can be presented without
requiring human cooperation with each service provider. Cloud service providers providing on
demand self-services comprises Amazon Web Servicing (AWS), MS, Google and International
Business Machines (IBM and Salesforce.com. New York Times and NASDAQ are examples of
companies using AWS (National Institutes of Standards and Technology). Gartner defines this
characteristic just as service based.

Broad network connection

Cloud capabilities are accessible over the network and accessed through normal mechanisms that
further use by heterogeneous thin or thick client platforms such as mobile phones, laptops and
Personal Data Assistant.

Resource Pooling

The provider’s computing resources are pooled together to serve many consumers using multiple-
tenant model, with distinct physical and virtual resources dynamically assigned and reassigned
according to customer requirement. The resources consist of amongst others storage, processing,
memory, network radio bandwidth, virtual machines and email services. The pooling together of
the resource builds economies of scale.

Rapid Elasticity

Cloud services could be quickly and elastically provisioned, in some cases automatically, to
quickly scale out and quickly released to instantly scale in. To the consumer, the capabilities
available for provisioning often appear to be huge and can be purchased in any quantity at any

time.
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Measured service

Their source usage can be measured, composed, and noted given that transparency for both the
provider and consumer of the utilized service. Cloud computing services apply a metering ability
which enables to control and optimize resource use. It is just related to air time; electricity or

municipality water IT services are owed per usage metrics — pay per use.

2.4. Virtualization in cloud computing

Cloud has an extra layer called virtualization layer. This layer acts as a creation, execution,
management and hosting environment for application services [39]. Virtualization is not exist in
real, but it provides everything like real. Virtualization is the software implementation of a
machine which will execute different programs like a real machine. Through the
virtualization consumer can use the exclusive programs or services of the cloud, so this isthe
main a part of the cloud environment.

Two types of virtualization are [15]:

e Full Virtualization: Full virtualization means a complete machine is installed on another
machine. That virtual machine provides all the function which exists on the original
machine. It facilities when actual machine not free then user use the virtual machine.

e Para virtualization: Para virtualization means the hardware allows multiple operating
systems to run on single machine. It also allows efficient use of system resources such as

memory and processor.

As [19] explanation, Cloud computing uses virtualization technique for mapping the resources of
cloud to the virtual machine layer, implement the user's task, so the task scheduling of cloud
computing environment achieves at the applications layer and the virtual layer of resources. Task

scheduling in cloud computing

Based on [16] research paper, the task scheduling goals of cloud computing is to provide optimal
tasks scheduling for users and provide system throughput and QoS at the same time. Specific goals
are load balance, QoS, minimum cost, and the optimal operation time and system throughput. In
the Cloud Computing Systems, the number of users increased the tasks to be scheduled in Cloud
increased proportionally. Therefore, there is a need for better algorithms to schedule tasks on these

systems [17].
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According to [38] explanation, the main target of scheduling is to maximize the resource utilization
and minimize processing time of the tasks. The scheduler should order the tasks so that balance
between improving the quality of services and at the same time maintaining the efficiency and
fairness among the tasks. An effective task scheduling strategy must goal to yield less response
time so that, the execution of submitted tasks takes place within a deadline as a consequence of
this, tasks takes place and more number of tasks can be submitted to the cloud by the users which

results in enhancement of the performance of the cloud system [18].

Data Center Broker

—_— T
Cloud

CLOUD

Controller

Data Center

Host ‘

*® s = =

| Taska |'| Task. || Task: |*"| Task. | - I Task: l" I Taska

Figure 2.3: Scheduling Architecture [18]

In Scheduling Architecture, Users submit their tasks to Data Center Broker, this broker behaves
like a dispatcher between user and Data center and helps to schedule task on virtual machines. In
Data Centre, there is number of host on which number of virtual machines are scheduled and on
those VM task are scheduled according to the scheduling polices taken by Data Centre Broker.
The number Data Centre Broker is similar to the number of users of cloud. The Data Centre Broker

communicates with cloud controller and schedules the submitted tasks.
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Task scheduling is a significant research topic whose objective is to ensure that every computing
resource is distributed efficiently and fairly and in the end, improves resource utility. In traditional
computing environments of distributed computing, parallel computing and grid computing, a set
of static and dynamic and mixed scheduling strategies have proposed.

There are two types of task scheduling algorithms [19]: -

1. Static task scheduling schedule tasks in known environment i.e. it already has the
information about complete structure of tasks and mapping of resources before
execution, estimates of task execution/running time.

2. Dynamic task scheduling must depend on not only the submitted tasks to cloud
environment but also the current states of system and computer machines to make

scheduling decision

2.5. Task scheduling algorithms
There are different task scheduling algorithms are existing for solving complex problems in cloud
computing environment. Such as: Genetic algorithm, Particle swarm optimization, Ant colony
optimization and artificial bee colony are the most well-known heuristics algorithms used for
efficient scheduling of tasks to cloud resources.

2.5.1. Genetic Algorithm
Genetic Algorithm was the first evolutionary technique that is based on the principle of natural
selection and Mendel’s laws of inheritance. GA has various advantages over other techniques for
computationally intensive problems, if provided with properly set operators and fitness functions.
GA defines a set of solutions (chromosomes) that are collectively called a population. The method
then performs crossover, mutation and selection operations iteratively till the stopping criteria is
satisfied [12].

Genetic algorithm is useful in solving variety of optimization problems. GA is basically applied to
dynamic scheduling problems with multiple tasks. These task must be non-identical, autonomous
numerous task. They must be distributed in shared multiprocessor memory system. Structural
Genetic Algorithm provides the option of solving the solution structure solution parameter

problems with accuracy [20].
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Figure 2.4: Flow chart for genetic algorithm [20]
GA is implemented by the following steps [20]:
1. A population with randomly generated individuals (chromosome) is taken.
The fitness function for each and every individual is calculated.
Two chromosomes selected, as parents which has best fitness value.
Crossover between the parents is applied with probability and crossover rate.

Mutation is applied with probability and mutation rate.

o o~ w D

Repeat Step 3- Step 6, until enough members are generated.
GA has complexity and longtime consumption for huge number of tasks. It takes time for

convergence.
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2.5.2. Particle Swarm Optimization
PSO has recently emerged as a prominent heuristic approach, applicable to various large and
complex problems, like task scheduling problem, knowledge extraction in data mining, electric
power systems, etc. PSO follows the principle of random searching in entire solution space using

a large population, depending upon the problem domain [12].

Initialize population of particle

v

— Calculation of fitness function for every particle

v

Choose the best fitness value and best position value

v

Update velocity and position for each particle

v

Evaluation of fitness finction for each updated particle

v

Update position of particle

Maxinmm
iteration

Figure 2.5: Flow chart for particle swarm optimization [20]

PSO has been widely accepted as a global optimization algorithm of current interest for distributed
optimization and control [35]. PSO algorithm assign task to the virtual machine in the manner of
best fit. Here task check the virtual machine and task is assigned to the proper virtual machine that
has minimum wastage of memory. PSO is used to scheduling applications in cloud resources that

take transmission cost and computation cost into account [20].
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PSO is implemented by the following steps [20]:

1. Initialize population of particle.

2. The fitness function is calculated for every particle.

3. The current fitness value of the particle’s is compared with other particle’s fitness value
and finds P_b (local best) value.

4. Compare the overall previous best value of population and fitness value to obtain G_b
(global best).

5. By using the following (1) and (2) equations, particle's position and velocity is update.

6. If the number of equation is reached maximum, then stop otherwise repeat from step 2.
id __ yrid id id . d  id
Ve =r" +en(B" =S5 ) +en(Fy; —=S7) (1)

S = S 4y @)

Where, the velocity for particle t is V{9 and position of the particle t is St“. Index of the particle is
t. rl, r2 are arbitrary numbers, belongs to (0, 1) and c1, c2 are random variable. P¢¢ is the local

best position of t™ particle and Pgq' is the global best position of t" particle.

2.5.3. Ant Colony Optimization

ACO is a meta-heuristic method inspired from models of cooperative food search in ants. A set of
agents is used to implement the behavior of real ant colonies where ants cooperate and
communicate through pheromone trails. An ant solves a problem iteratively by using a
construction graph where edges represent the possible partial solution that the ant can take
according to a probabilistic state transition rule. After selecting a partial or a complete solution, a
rule of pheromone updating starts. This rule gives a feedback mechanism to speed up convergence,
and prevents premature solution stagnation. Due to the elaborate characteristics of ACO, various
algorithms based on the ACO meta-heuristic have been applied to many difficult optimization
problems [12].
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Figure 2.6: Flow chart for ant colony optimization [20]
ACO is implemented by the following steps [20]:
1. First Pheromone Initialization.
2. Location of the ant is initialized as an entry state.
3. Next state will be selected
4. Check if the next state is final state or not if it not then repeats from state 3, if yes the do
state 5.

o

Pheromone updating step (deposit, daemon and evaporate of pheromone).
6. If stopping criteria is satisfied than stop the execution, else repeat from step 2.
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2.5.4. Artificial Bee Colony

The ABC algorithm is based on the activities of bees while searching for nectar, and sharing the
information with other bees. There are three types of agents: - the employed bee, the onlooker bee,
and the scout. The employed bee stays on a food source and provides its surroundings in memory;
the onlooker acquires this data from the employed bees and selects one of the food sources to
forage; and the scout performs the task of finding new nectar sources [12].

Artificial bee colony is used for numerical optimization, combinatorial optimization, and
unconstrained and constrained optimization problems. It also provides a good explanation to MR

(Magnetic Resonance) brain image classification and inference of face pose [20]

Initialization of solution

¥

i Calculate fitness value and send the emploved bee

v

Calculate fitness and send the onlookers

v

Sending of scout bees

v

Evaluate the best solution

Figure 2.7: Flow chart for artificial bee colony[20]
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ABC is implemented by the following steps [20]:
1. Control parameter initialization.
. Solution initialization.

. Calculate the fitness value and employed bee sending.

2
3
4. Calculate the fitness value and the onlooker’s bee sending.

5. Send the Scout bees.

6. Evaluate the best solution.

7. Stopping criteria checking if match then stop, otherwise repeat from 3
2.6. Related Work
Based on [7] research paper, “task scheduling algorithm based on load balancing using Artificial
Bee colony algorithm ABC for cloud computing environments” is proposed to achieve well
balanced load across virtual machines and deliver to the minimum makespan. ABC algorithm is
one of the most popular bio-inspired techniques. Artificial bee colony algorithm is an optimization
metaheuristic algorithm based on an intelligent behavior of honey bee swarms. Evaluate the
proposed algorithm in different condition and dataset. The proposed approach use cloudsim toolkit
for simulating. The experimental result shows the performance of proposed algorithm is better
than the ACO algorithm and FCFS algorithm. The ABC algorithm has slow convergence rate in

later stage and don’t consider QOS.

In the research paper [10], proposed a “Cloud Task Scheduling Based on Ant Colony
Optimization” to find the optimal resource allocation for tasks in the dynamic cloud system. The
aim of the proposed algorithm is minimizing the makespan of a given tasks set. ACO algorithm is
random optimization search approach that will be used for allocating the incoming jobs to the
virtual machines. A cloud task scheduling policy based on ACO algorithm compared with different
scheduling algorithms First Come First Served and Round-Robin. Algorithms have been simulated
using cloudsim toolkit package. The experimental results showed that cloud task scheduling based
on ACO outperformed FCFS and RR algorithms

According to [5], proposed a task scheduling algorithm for cloud computing based on a merge
PSO algorithm with the Cuckoo Search algorithm, called (PSOCS). To evaluate the proposed
algorithm, the cloudsim simulator tool has been used. The experimental results show the reduction

of the makespan and increase the utilization ratio of the proposed PSOCS algorithm compared
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with PSO algorithms and Random Allocation. The propose PSOCS algorithm need an
improvement based on other different metrics in order minimum execute time, and maximum of

utilization resource.

Based on [6] paper, “Atrtificial Bee Colony with longest job first (LJF)” is proposed to optimize
the scheduling of Virtual Machine (VM) on Cloud computing. The proposed algorithms analyze
the difference of VM load balancing algorithm and reduce the makespan of data processing time
based on different parameter setting. In the experiment compare ABC_FCFS, ABC_SJF and
ABC_LJF with FCFS, SJF and LJF. The experimental result showed that ABC_LJF performed a
good performance scheduling strategy in cloud environment and reduces the makespan of data
processing time than other algorithms. The proposed algorithm is not considering if the VMs are
overload and only schedule one task at a time. Therefore, high consumption of power due virtual

machine overloaded and maximum waiting time

In research paper [8], proposed a “Round Robin VM Load balancing algorithms”. In available
Virtual Machine Load balancing policies problem of cloud is that they don’t save the state of the
previous allocation of virtual machine to a request from the user and the VM Load balancing
algorithm requires execution each time a new request for VM allocation received from user. The
proposed Round Robin VM Load balancing algorithms is save the state of the previous allocation
of virtual machine to a request from the user. The Round Robin VM Load balancing algorithm
implemented using java language in Cloudsim toolkit and compare with the existing round robin
method. Experimental result shows that the proposed algorithm improves the performance by
consuming less time for scheduling virtual machine. The performance of proposed algorithm was
evaluated with only Round-robin algorithm and is not consider overloaded and under loaded

virtual machines to improve power consumption

In [9], proposed “Bi-Criteria Priority based Particle Swarm Optimization Workflow Scheduling
Algorithm for Cloud (BPSO)”. This proposed algorithm is an approach which is develops for
scheduling workflow tasks over the available resources of cloud that minimized the execution time
and execution cost under the given deadline and budget constraint. In, Bi-Criteria Priority based
Particle Swarm Optimization the workflow tasks are executed in order of their priority which is

basically computed using bottom level. The assigned priority is then used to initialize the PSO.
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After assigning the priority the tasks are sorted according to the descending order of bottom level.
The tasks are then sending to different processors according to their order of execution for
completing the workflow application. For performing the experiment author developed a
simulation program in java which consists of a data center which includes six resources with
different processing speed. Experiment results shows that this algorithm has a promising

performance when compared with PSO.

According to [30] “Efficient Optimal Algorithm of Task Scheduling in Cloud Computing
environment” is proposed. The objective of this paper is to develop a Generalized Priority
algorithm for efficient execution of task. Priority is an important issue of job scheduling in
cloud environments. The propose algorithm is implemented and tested using Cloudsim toolkit and
compare the experimental result with RR and FCFS algorithms. Result shows that the proposed
algorithm is more efficient than FCFS and Round Robin algorithm. The proposed algorithm
developed with limited tasks; need an improvement for large number of task. In this algorithm is
not consider overloaded and under loaded virtual machines to improve power consumption. The
algorithm need to improve based on other parameters such as response time, datacenter processing

time and so on.

As per [31] research paper, “Genetic-Based Task Scheduling Algorithm in Cloud Computing
Environment” is proposed. The aim of this paper is to develop a task scheduling algorithm in the
Cloud computing environment based on GA for allocating and executing independent tasks to
improve task completion time, minimize the execution cost, as well as, maximize resource
utilization. The performance of algorithms evaluated using the Cloudsim- toolkit and compare with
RR and default GA based on completion time, cost, resource utilization, speedup, and efficiency
parameters. The result shows that the proposed TS-GA algorithm has a better performance than
RR and GA. The TSGA algorithm has complexity and longtime consumption for huge number of

tasks.
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CHAPTER THREE
3. METHODOLOGY OF THE RESEARCH

The aim of this chapter is to design the methodology used to accomplish the objectives of this
study which introduced in the previous chapter. The research methodology used to explain how
the process of this study is done and systematically try to find the resolution of a problem or a

great understanding of a phenomenon.

3.1. Research Design

Research is described as an approach to promote knowledge enhancement. Research design is
based on the concept of a designer try to find a solution related to human problem. The creation of
innovative artifacts is an important part of the process, whereas the designed artifacts are useful
and fundamental in understanding the problem. Artifacts are categorized as several components,
including constructs, models (abstractions), methods (algorithms and practices), and instantiations

(implemented and prototype systems).

In our research study focus on descriptive research type which describe systematically problem,
program and characteristics of an individual situation. Two type of research methods: Qualitative
research method and Quantitative research method. In our study, we used both quantitative and
qualitative research methods which describe how a new algorithm is expected to support solutions
to problems.

Quantitative research utilizes numerical analysis and tries to illustrate the relationship among
issues in this study. Qualitative research deals with the description and understanding of the
situation behind the issues. Whereas quantitative research often deals with surveys or experiments,

qualitative research can use procedures such as field studies.

Most of the time the original reports found in academic journals. And also, the detailing of the

research methodology used in-depth descriptions of the research.

The activities of research design begin with problem formulation and move on with suggestions

how to solve it. Development and Evaluation is proceeding, with the possibility of moving back
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to the problem formulation stage. Finally, a conclusion is drawn where the results are the final
output [42].

Knowledge flow

Figure 3.1: Research Design Cycle
Problem formulation / Identification
The problem identification is used as requirements for the development of an algorithm. Reading
similar and relevant research published in conference proceedings and journals are essential, which

presented in the Chapter 2 (Literature Review).

Review of several algorithms which focus on task scheduling in cloud computing. These reviewed
algorithms have also been used in other research areas such as load balancing, grid Computing,
distributed computing etc. It is already known that task assignment, load balancing has been found
to be NP-complete problems. Clearly, identify the gap in the existing task scheduling algorithms
and the parameter used for evaluation techniques.
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Objective for solution

The objective of our study address the tasks are needed to solve the problem of the research.
Objective can be quantitative how the current one better than the existing one or qualitative how
the new algorithm is expected to support solution to the problem not yet addressed.

Design and Development

In this activity develop a unique architecture design, for extensibility, modularity and define
functionalities of system components and interrelationships among them. After determining
architecture of the new algorithm with its functionality, implement the proposed algorithm in cloud
analyst toolkit which runs Eclipse IDE with a different number of independent tasks and different
number of VMs

Evaluation and Comparison

After understanding the simulation tool then implement the proposed scheduling algorithm and
evaluate the performance based on different metrics such as response time, cost and processing
time. Make a comparison of the proposed algorithm performance with the basic Meta heuristics
task scheduling algorithm. Analyze and discuss the experimental result of the proposed task
scheduling algorithm and the existing scheduling algorithm.

3.2. Data Source

For the study purpose both primary and secondary data are used. In this research, mostly we used
secondary data as data source for the study such as, articles, journals, research and other topics
related to task scheduling.

e Articles\ Full text research’s from early 20’s to current year 2016/17 were randomly
selected based on relevancy to the research
e The sources were from Google Scholar search engine and various research online

databases.

In this study, the data source is the international network. That means the data collected from
Google scholar search engine which is the internet user’s dataset in 6 geographical locations in the

real world. The internet users of the sample are shown for the following table for the study purpose.
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Table 3.1: Internet users, Source: (Nielsen Online, www.internetworldstats.com, June 30, 2017)

World Regions Population (I;i)pulatiogf Internet  Users | Internet Users %
(017Est) | oo 30 June 2017

P 1,246,504,865 | 16.6 % 388,376,491 LY

Asia 4148177612 | g5 5oy Lossor5seal | 497 %

g 822,710,362 | 10.9 % 659,634,487 L

P 1,010,828,651 | 13.4% 724,328,531 HEBe

Middle East 250,327,574 |33% 146,972,123 8.9

Oceania / Australia 40,479,846 05 % 28,180,356 0.7%

) e 7,519,028.970 | 100.0% | 3,885,567,619 | 100-0%

Within the internet user the data set organized in the form of structured and unstructured data. In
structured data, the dataset will contain the same structure and searchable by a data type. Whereas,
in unstructured data the dataset will not contain the same structure and depending on software
program each individual data may contain its own specific structure or format. Images, videos,

email, documents and text are all considered to be that of unstructured data.

I. Primary Data
Primary data are the data collected by a researcher specifically for a research assignment. In other
word, information that an organization must gather because no one has compiled and published
the information in a forum accessible to the public. Organizations generally take the time and
allocate the resources required to gather. In this type of data gathering method, the data which the
researcher collects through various methods such as interviews, surveys, questionnaires, focus
groups etc. It can be also collected across the national borders through emails and posts. It can

include a large population and wide geographical coverage.

The primary data are unique and relevant to the topic of the research study so the degree of
accuracy is very high. Moreover, primary data is current and it can better give a realistic view to

the researcher about the topic under consideration. Reliability of primary data is very high because

25

—
| —


http://www.nielsen.com/us/en.html

these are collected by the concerned and reliable party. In this study, we collect relevant data

through emails from other researchers who have a skill related with this research idea.

Il1. Secondary Data

Secondary data are the data collected by a party not related to the research study but collected these
data for some other purpose and at different time in the past. In our research study this data become
secondary data for the current users. These may be available in written, typed or in electronic
forms. A variety of secondary information sources is available to gather data on an industry,
potential product applications and the market place. Secondary data is also used to gain initial
perception into the research problem and classified in terms of its source either internal or external.
Internal, or in-house data, is secondary information acquired within the organization where
research is being carried out. External secondary data is obtained from outside sources.

Secondary data is that it is cheaper and faster to access. It provides a way to access the work of the
best scholars all over the world. Secondary data save time, efforts and money and add to the value

of the research study.

3.3. Data Collection Techniques

The data collection is gathering of data for a particular purpose from various sources and which is
used to explain about the process of the collecting data. The information or data that can comes
from the range of the sources. To collect the primary data, we use different types of techniques.
For instance, in our research we used googling or action search techniques to collect data from the
internet. Data collection is the process of gathering and measuring the information or data on
objected variables in the established systematic fashion. And also, it enables a person or
organization in order to answer relevant question and to evaluate the outcomes and make
predictions about the future probabilities and trends. In the research study the data collection is
defined as the systematic collection, analysis and interpretation of the necessary data to design

implement and evaluate. It is also used to develop effective strategies.

3.4. Issues of Reliability and Validity
Evaluating the quality of research is essential if findings are to be utilized in practice and
incorporated into care delivery. Validity is the precision in which the findings accurately reflect

the data. Reliability is the consistency of the analytical procedures including accounting for
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personal and research method biases that may have influenced the findings. Generalizability is the
transferability of the findings to other settings and applicability in other contexts [21].

In our research, we used different validation criteria and compare the result in terms of overall
response time, data center processing time and others. The quality of research defined depending
on reliability and validity and measures the performance of a proposed scheduling algorithm using

the cloudsim tool.

3.5. Sampling Techniques

Sampling is selecting a suitable sample or a representative part of a population for the purpose of
determining parameters or characteristics of the whole population [22]. We used a smaller number
of items/parts of among the larger population to make conclusion about the entire population. For
our simulation let assume 0.0001% of population use internet during peak time from the total
number of internet users and off peak time users is 1/10" of peak time users. In this study, the
sampling population of the research includes any active internet users of the selected sex (6) world

regions. Assume here one UB represents as thousands of peoples in the regions.
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Figure3.2: Internet user in 2017. Source: (Nielsen,www.internetworldstats.com, June 30, 2017)

27

—
| —



3.6. Cloud Computing Tools
The proposed approach is tested using Cloud Simulator tool which runs on eclipse IDE with a

different number of independent tasks and different number of VMs.
I. Cloudsim

In [23] explanation, cloudsim is a framework developed by the GRIDS laboratory of University
of Melbourne which enables seamless modeling, simulation and experimenting on designing cloud
computing infrastructures. Cloudsim is a self-contained platform which can be used to model DCs,
service brokers, scheduling and allocation policies of a large scaled cloud platform. It provides a
virtualization engine with extensive structures for modeling the creation and life cycle
management of virtual engines in a DC. CloudSim framework is constructed on top of gridsim
framework also developed by the GRIDS laboratory [32].

File Edit Wiew Mavigate Source Refactor Run Debug Profile Team Tools Window Help
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HE' org.doudbus, doudsim.examples. power 24 import org.cloudbus.cloudsim.Log:
HEI org.doudbus. doudsim.examples.power.planetiab o5 import org.cloudbus.cloudsim.Pe;
HEI org.doudbus. doudsim.examples.power..random 2a import org.cloudbus.cloudsim.Storage:s
EE org.doudbus. doudsim.lists 27 import org.cloudbus.cloudsim.UcilizationModel;
[ erg.doudbus. doudsim.network 28 import org.cloudbus.cloudsim.UtilizationModelFull;
HEI org.doudbus. doudsim.network.datacenter g import org.cloudbus.cloudsim.Vm;
EH erg.doudbus. doudsim. power.lists 30 import org.cloudbus.cloudsim.VmAllocationPolicySimple;
HE' org.doudbus. doudsim. power. models 31 import org.cloudbus.cloudsim.VmSchedulerTimeShared:
[ erg.doudbus. doudsim. provisioners 32 import org.cloudbus.cloudsim.core.CloudSim;
£ erg.doudbus. doudsim. util 33 import org.cloudbus.cloudsim.core.SimEntity:
e thesis 34 import org.cloudbus.cloudsim.core.SimEvent
H lE'E' thesis.pso 35 import org.cloudbus.cloudsim.provisioners.BwProvisionerSimple:
- [] thesis.pso.simpleGa 35 import org.cloudbus.cloudsim.provisioners.PeProvisionerSimple;
G-l TestPackages 37| L import org.cloudbus.cloudsim.provisioners.RamProvisionerSimple;
G-l g Libraries 38
G- @ TestLibraries 39 public class PSACTaskScheduling {
40 private static List<Cloudlet> cloudletLists|
41 private static List<Vm> wvmList;
4z

Figure 3.3: Cloudsim sample simulation screen
Il. GridSim
GridSim toolkit was developed by Buyya et al to address the problem of near impossibility of
performance evaluation of real large scaled distributed environments (typically Grid systems but
also P2P networks) in a repeatable and controlled manner. The GridSim toolkit is a java based

simulation toolkit that supports modeling and simulation of heterogeneous Grid resources and
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users spread across multiple organizations with their own policies. It supports multiple application
models and provides primitives for creation of application tasks, mapping of tasks to resources and

managing such tasks and resources [23,33].

I11. SimJava
SimJava is the fundamental event based simulation toolkit used in both CloudSim and GridSim.
IV. Cloud Analyst
Cloud Analyst is a graphical simulation tool based on Cloudsim for modeling and analyzing
behavior of cloud computing environments, which supports visual modeling and simulation of
large-scale applications that are deployed on cloud Infrastructures. The Cloud Analyst is built on
top of CloudSim tool kit, by extending CloudSim functionality with the introduction of concepts
that model Internet and Internet Application behaviors [23].

/ Cloud Simulator

CloudSim Extensions GUI

Figure 3.4: CloudAnalyst built on top of CloudSim toolkit [23].

3.7. Evaluation Approach

Based on the cloud analyst open source tool the task scheduling algorithm is evaluated in different
parameters such as response time, data center processing time, data transfer cost and others. In the
existing task scheduling algorithm when number of cloud users increases to access cloud resources
the complexity of the task scheduling algorithm also increases and there is energy consumption
because of overloaded problem. But in the propose scheduling algorithm if there is an overloaded
virtual machine the task migrate to under loaded virtual machine to minimize energy consumption.
Due to this we can reduce the complexity of the algorithm and increased the performance of the

algorithm.
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CHAPTER FOUR
4. PROPOSED SOLUTION

In this chapter, the proposed solution has presented to distribute workloads across multiple
computing resources. The main objective of this chapter is to design a hybrid task scheduling
algorithm to assign the users' tasks to multiple computing resources in cloud environment. The
proposed algorithm is considered an incorporation of the PSO and ACO algorithms. According to
the proposed Hybrid PSACO task scheduling algorithm; PSO algorithm is used to schedule the
users’ tasks in best fitness manner. ACO algorithm is used to determine the best path for resource
allocation and shares workload for all VMs.

4.1. Mathematical Model of Task Scheduling

Let say there are n set of task or request need to be scheduled across the data center given as follow:

T={T, Toeececeo... S PN (1)
And there is m set of virtual machine in data center given as:
V={Vy,Va2.......... VI oo ()

The current data center load when mapping a set of user task/request T to the set of virtual
machines V represents as:
DCL={VL1, VL2 ... VLIN} oooeeiiiiiiiieee e (3)
Where [~ VL:1= A set of tasks mapped on V1
VL,= A set of tasks mapped on V>

_ VLm= A set of tasks mapped on Vm
The time needed for executing all tasks t» in one virtual machine Vi should be calculated as below:

Ti=S b 0= {1, 2000} e (4)

There is more than one virtual machine and a set of tasks, all tasks can be shared to multiple server
nodes dealing with in parallel, the time needed T: represented as below:
Tt=max {ti} i={1,2 .0} .coooiiiiiiiii e (5)
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The objective of this research is to minimize response time, processing time and total cost
including task transfer cost and virtual machine cost when assign multiple user tasks/requests to
multiple cloud resources.
Response time is calculated based on the time taken DC to receive user request, the time recorded
by DC and the delay time the request to reach in DC.

Rt = Ft— At 4+ Dt oo (6)

Where[ Rt= Response time
Ft= Finish time

At=Arrival Time

Dt=Delay Time

DC processing time is calculated based on user request per hour and bandwidth allocation

Where |PT = processing time,
R/hr.= request per hour and
BW = bandwidth allocation
Task transfer cost is a cost where transfer or migrate a task from overloaded virtual machine to
underloaded virtual machine.
TTC = Cost + BWcost * Tsize ......ccoovvvviiiiiiiiiiiiin. (®)
Where [ TTC = task transfer cost,
BWocost =cost per bandwidth,
Tsize is total task size
| Cost=0

Virtual machine cost is the cost of cloud resource based on memory cost, storage cost and

processor cost.
VMC = Mcost + Scost + Pcost........cocvviiiiiiiiiiinnnn. 9)
Where, VMC is virtual machine cost, Mcost is memory cost, Scost is storage cost and Pcost is

processor cost.
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Based on the above 8&9 equation the objective function of total cost is represent as below:
F(TC) =X TTCi+ Y7L VMG oo (10)

Where [ F (TC) = Total cost

—  TTCi= transfer cost of task, i= {1,2 .... n}

VMCj= virtual machine cost j={1,2 ....m}

4.2. Proposed algorithm

In this research, we proposed a hybrid task scheduling algorithm that takes advantages of PSO and
ACO algorithms. The convergence speed of PSO algorithm is fast in the initial stage, but the local
searching ability will decrease in the later due to the lack of population diversity. In order to
improve the above problem ACO is used. ACO has better optimization ability and the early
convergence speed is slow due to the lack of pheromone in an initial stage. ACO method does not
use controlled global schedulers to finish the allocation of resources within a given time. Whereas
in PSO is best for its low computational cost and high throughput during run time. It helps to find

the optimal solution efficiently [24].

In the proposed algorithm, get the user request from data center broker and then prioritize the
incoming request based on fitness value. Proposed algorithm evaluates the fitness value of each
particle (task) to get best particle position and put in swarm/information list. Finally, select suitable
VMs for the incoming request based on resource and task information and to get the optimal

solution of the task scheduling problem.

Resource & Task information

Allocate

Proposed tasks to

Broker Algorithm selected
Request VMs

. D
Incoming atacenter

Figure 4.1: Representation of Proposed algorithm

(
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4.3. Fitness Calculation
The PSO algorithm is a population-based search algorithm based on the simulation of the social

behavior of birds within the flock and fish school proposed by Kennedy and Eberhart in 1995

[25,41].

During N-Dimension population search space the i particle position (Xi) and velocity (Vi) of the
swarm represented as:

Xi = (Xig, Xi2 ........XiN)
Vi=(Viy, Viz .......Vin)

The Particle updates its position (Xi) and velocity (Vi) using the following equation:

Where

XD = %) 4 \y;k+D)

Vit D = wvi® + ¢1r1 * (pbi - Xi®) +c2r2* (gb - Xi®) ... (11)

Vi = velocity of particle i at iteration k.

Xi® = position of particle i at iteration k.

w= inertia weight

ViD = velocity of particle i at iteration k+1.
Xi*1) = position of particle i at iteration k+1.
rl, r2 = random number between (0, 1)

cl, c2 = acceleration coefficient.

pbi =best position of particle i

gb= position of best particle in a population
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4.4. Flow chart of proposed algorithm

Start

Initialize population of particle and Initialize pheromone trial

While (No. task! =0)

Prioritize population of particle (task)

Calculate fitness for every particle(task)

Select the best fitness value and best position of particle(task)

Update velocity and position for each particle(task)

Evaluate fitness of updated particle(task)

Update best task (particle) position and add to swarm list

Iteration>maximum

Available resource Swarm list

information

Ant select suitable VMs & Calculate cost

Allocating tasks to VMs

Stop
Figure 4.2: Flow chart of proposed algorithm
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4.5. Proposed algorithm Programming steps

1. Initialize population and pheromone with random solution

2. While (No. task! =0) do

3. Prioritize population
4. Calculate the fitness for each tasks (particles) using the object function
5. Compare the current particle fitness value with other particle fitness value and find

local best value (pbest).

6. Compare the pbest of population and fitness value to get global best (Gbest).

7. Update each particle velocity and position vector using equation 11 & 12

8. Evaluate the fitness of updated particle (task)

9. Update best particle position (Gbest) and put in swarm list

10. If the number of iteration reached maximum go to step 11 otherwise repeat from step 4.

11. Select suitable VMs based on resource and task information and calculate VMs cost using
Equ. (9)

12. If VM is available and least loaded go to step 13 otherwise transfer task to other least
loaded VMs and calculate transfer cost using Equ. (8).

13. Allocate task to VMs and calculate Response time using Equ. (6), processing time using
Equ. (7) and overall cost using Equ. (10)

14. If the number of ant reached maximum stop, otherwise repeat from step 2.
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CHAPTER FIVE
5. EXPERIMENTAL DESIGN AND IMPLEMENTATION

5.1. Introduction

In this chapter, the proposed algorithm has been implemented using Cloud analyst simulation tool
and evaluate the simulation result based on different number of independent tasks and different
number of VMs and compare the performance relative to the standard PSO, ACO and ABC in
terms of cost, response time and data center processing time. Java language is used for
development and implementation of proposed algorithm because the cloud analyst simulation tool

is developed by java language and easy to learn.

5.2. Cloud analyst
Cloud Analyst is a GUI simulation tool that developed on cloudsim architecture for modeling,

analyzing and experimenting behavior of cloud computing environments, which supports visual

modeling and simulation of different applications that are deployed on cloud Infrastructures.

The cloud analyst allows setting location of users that are generating the application and the
location of the data centers. In this various configuration parameters can be set like number of
users, number of request generated per user per hour, number of virtual machines, number of
processors, amount of storage, network bandwidth and other necessary parameters. Based on the
parameters the tool computes the simulation result and shows them in GUI form. The result

includes response time, processing time, cost etc. [26].

The main features of Cloud Analyst are as below [28]: -

Easy to use Graphical User Interface (GUI)

e Capability to define a simulation with a high degree of configurability and flexibility.
e Repeatability of experiments.

e Graphical output.

e Use of consolidated technology and ease of extension
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The basic components of cloud analyst are as follow [27]:

Help

Define Internet
Characteristics

Run Simulation

Configure
Simulation

Region -In the CloudAnalyst the world is divided in to 6 ‘Regions’ that coincide with the
6 main continents in the World. The other main entities such as User Bases and Data
Centers belong to one of these regions [29].

GUI Packages- It is mainly responsible for the graphical user Interface.

User Base - A User Base models a group of users that is considered as a single unit in the
simulation and generates traffic for the simulation.

Internet- It models the Internet traffic routing around the globe by introducing
transmission and data transfer delays.

DataCenterController-1t generally controls Data center activities.

VmLoadBalancer- the Data center controller generally uses a VmLoadBalancer to
determine which VM should be assigned the next Cloudlet for processing and models load
balancing policies

Simulation-This is used for creating and executing the request.
CloudAppServiceBroker — This component model service brokers that handle traffic

routing between user bases and data centers.

Cloud Analyst = =

Exit

Show Region Boundaries

Figure 5.1: CloudAnalyst GUI
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In cloud analyst GUI, the world divided into six regions (R1, R2, R3, R4, R5, & R6) which are
located on the right side of simulation panel. The main control panel option in the cloud analyst

main screen located on left side.
The main control panel options are:

e Configure Simulation: this option takes us to the Configure Simulation Screen.
e Define Internet Characteristics: which takes us to the Internet Characteristics Screen
e Run Simulation: used to run the simulation

e Exit

5.2.1. Configure Simulation Screen
Configure Simulation screen has main configuration; data center configuration and advanced tabs.

To Configure Simulation screen, we carried out the following steps:

e Define the duration of the simulation in terms of minutes, hours and days.

e Define UserBases characteristics

e Define Datacenter characteristics

e Allocate Virtual Machines for the application in each Data Centers

e Define the scheduling & load balancing policy across VMs in a data center.

e Adjust the Internet Characteristics (bandwidth matrices and network latency).
Main configuration
In main configuration tab simulation duration, service broker policy, user bases characteristics and
application deployment configuration must be defined.
Simulation duration define in terms of minutes, hours and days. User bases characteristics has the
following configurable fields: Name, Region, Requests per user per hour, Data size per request,
Peak hours Start, Peak Hours End, Average users during peak hours, Average users during off-
peak hours. Application Deployment Configuration has Data Center, Number of VMs, Image Size,
Memory and BW fields. Service Broker Policy has two drop down list: -
Closest data center — The data center with the least network latency from a particular userbase is
sent all the requests from that user base.
Optimize response time — This policy attempts to balance the load between data centers when

one data center gets over loaded.
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Help

Configure Simulation

Main Configuration I/ Data Center Configuration I/ Advanced

simulation Duration:  [50.0

User bases:

MName Region Requests per| Data Size Peak Hours | PeakHours Avg Peak | Avg Off-Peak
User per Request | Start (GMT) End (GMT) Users Users
perHr (bytes) Add New
uB1 a G0 100 3 9 1000 100
uB2 1 ) 100 3 9 1000 100
uB3 2 ) 100 3 9 1000 100
Exit UB4 3 ) 100 3 9 1000 100
|UBS 5 B0 100 3| 9 1000 100

Application Service Broker Policy: Optimise Response Time =

Deployment
= "
Data Center #VMs Image Size Memaory BW
DCA1 25 10000 512 1000;
DC2 25| 10000 512 1000
IDC2 Zzl 10000 512 1000 Remove

Cancel | | Load C ion | | Save C i | | Done

[4]

Figure 5.2: Main configuration screen
Data center configuration
In the data center configuration tab, the values of each data center parameters and the details of

each physical hardware of each data center must be configured.

Configure Simulation

[ Main Configuration [  Data Center C ion | Ad

Data Mame Region Arch 0s VMM Cost per Memory Storage Data Physical
EETERE VM &/MHr | Cost®/s | Cost$ls | Transfer HW
Cost $/Gb Units Add New
DCA1 0|x64 'Win 8 Xen 0.1 0.05 0.1 0.1 2|
Dcz2 0|x64 Win 8 Xen 0.1 0.05 0.1 0.1 1 Remove
DC3 0|x64 Win 8 Xen 0.1 0.05 0.1 0.1 1

Physical Hardware Details of Data Center : DC1
1a M i
emory Storage Available Mumber of Processor VM
(M) (Mb) BW Processors Speed Policy
0 204800] 100000000 1000000 4 10000[TIME_SHARED
1 204800 100000000 1000000 4 10000[TIME_SHARED Py
cancel | | Load Recent Configuration | | Save Configuration | | Done |

Figure 5.3: Data center configuration screen
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Advanced tab

The advanced tab contains an important parameter that apply to the entire simulation.

User Grouping Factor (in UB) — This parameter tells the simulator how many users should be
treated as a single bundle for traffic generation. The number given here will be used as the number
of requests represented by a single Internet Cloudlet.

Request Grouping Factor (in DC) — This parameter tells the simulator how many requests should
be treated as a single unit for processing. i.e. these many requests are bundled together and assigned
to a single VM as a unit.

Executable instruction length (in bytes) — This is the main parameter that affects the execution
length of a request. This is the same Gridlet Length parameter used in GridSim.

Scheduling and Load balancing policy — the scheduling and load balancing policy used by all
data centers in allocating requests to virtual machines. Available policies are: Hybrid PSACO, Ant

colony, Particle Swarm and Artificial bee colony (ABC)

Configure Simulation

[ Main Configuration | Data Center Configuration | Advanced

User grouping factor in User Bases: 10

(Equivalent to number of simultaneous
users from a single user base)

Request grouping factor in Data Centers:
(Equivalent to number of simultaneous M

requests a single applicaiton server
instance can support.)

Executable instruction length per request: 100
{bytes)
Scheduling & Load balancing policy Hybrid PSACO |v|

across VM's in a single Data Center:

Cancel || Load Recent Configuration || Save Configuration || Done |

Figure 5.4: Advanced tab in configure simulation
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5.2.2. Define Internet Characteristics
Internet Characteristics define in terms of bandwidth matrices and network latency.

B Cloud Analyst
Help
Configure Internet Characteristics
Use this screen to configure the Internet characteristics.
Delay Matrix
The transmission delay between regions. Units in milliseconds
Region\Region 0 1 2 3 4 5
o 25 100 150 250 250 100
1 100 25 250 500 350 200
- 2 150 250 25 150 150 200
Exit 3 250 500 150 25 500 500
4 250 350 150 500 25 500
5 100 200 200 500 500 25
Bandwidth Matrix
The available bandwidth between regions for the simulated application. Units in Mbps
Region\Region ] 1 2 3 4 5
o] 2,000 1,000 1,000 1,000 1,000 1,000
1 1,000 800 1,000 1,000 1,000 1,000
2 1,000 1,000 2,500 1,000 1,000 1,000
3 1,000 1,000 1,000 1,500 1,000 1,000
4 1,000 1,000 1,000 1,000 500 1,000
5 1,000 1,000 1,000 1,000 1,000 2,000
Done Cancel

Figure 5.5: Internet Characteristics Screen
5.2.3. Run Simulation
After defining configure simulation and internet characteristics the next step is running simulation

to get simulation result.

Help

Configure Simulation Running...
Simulation

Define Internet
Characteristics

Run Simulation

Exit

Show Region Boundaries Cancel Simulation

Figure 5.6: Running simulation Screen
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Table 5.1: Parameters used in Experiments

Parameter
Arch
Operating System
Virtual Machine Management VMM
VM Image Size
VM Memory (MB)
VM Bandwidth
DC Memory/Machine(MB)
DC Storage/Machine (MB)
DC Available BW/Machine
DC processors Speed(MIPS)
VM policy
Cost per VM /hour
Data transfer cost /1Gb of (from/to Internet)
Storage cost/s

Memory cost/s

5.3. Experiment and Result

Value
X64

Win 8
Xen
10000
512-1024
10000
2048
100000
1000000
10000
TIME_SHARED
$0.10
$0.10
$0.10
$0.05

In our experiment, we used a single data center (DC) with 50 VMs deployed in a single location,

region two (R2), a multiple data centers (DCs) with different number of virtual machine (VMs)

and physical processors deployed in six different locations (America, Middle East, Europe, Asia,

Africa and Oceania/Australia). Each virtual machines running on physical processors with capable

of 10000MIPS processors speed. The proposed algorithm evaluates in the experiment based on

response time, datacenter processing time and cost. We compare the hybrid algorithm with ACO,

ABC and PSO algorithms.

—
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Experiment 1:

In this experiment, the application deployed in one data center(DC) with 50 virtual machine (VMs)
in a single environment and six different user bases (UB1, UB2, UB3, UB4, UB5, UB6) to test the

scheduling algorithms. Each user base represents thousands of internet users which located in

region 2 (R2).

The data center physical hardware has four processors each processor has

10000MIPS speed. Users are grouped by a factor of 1000 in user bases, and requests are grouped

by a factor of 100 in data center. Each user request requires 500 bytes’ instructions to be executed.

The simulation duration took 60 minutes. For evaluation, we used the response time and data center

processing time metrics to compare the proposed algorithm with other current meta-heuristics

algorithms.

Table 5.2: Experiment 1 User base Configurations

Name | Region | Requests | Data Size Peak Hours | Peak Avg. Avg.
per user | per Start(GMT) | Hours Peak Oft-
per request(Bytes) End(GMT) | Users | peak
Hr. Users

UuBl |2 150 100 3 9 72432 | 7242

uB2 |2 150 100 3 9 14697 | 1469

UB3 |2 150 100 3 9 65963 | 6596

uB4 |2 150 100 3 9 193807 | 19380

UuBs |2 150 100 3 9 38837 | 3883

uBe |2 150 100 3 9 2818 281

Table 5.3: Experiment 1 Application Deployment configuration
Data Center #VM Image Size Memory BW
DC1 50 10000 1024 1000
Table 5.4: Experiment 1 Data center physical hardware configuration
Id Memory | Storage Available | Number of | Processor | VM Policy
(Mb) (Mb) BW Processors | Speed
0 204800 100000000 | 1000000 4 10000 TIME_SHARED
1 204800 100000000 | 1000000 4 10000 TIME_SHARED
[ +)




Result

From this experiment, we obtain the following result in table 5.5:

Table 5.5: Experiment 1 result

Algorithms Average | Minimum(ms) Maximum(ms)
(ms.)
Response time 411.23 25251 578.56
ABC Data Center processing time 85.31 1.02 250.28
Response time 322.67 251.37 400.05
ACO Data Center processing time 18.87 0.69 35.51
Response time 322.70 238.81 402.30
PSO Data Center processing time 18.80 0.69 63.24
Response time 321.89 | 251.37 400.05
PSACO Data Center processing time 18.19 0.69 32.01
m Response time
322.8
322.6
322.4
322.2
322
321.8
321.6
321.4

ACO

PSO

PSACO

Figure 5.7. Comparison based on Response time in single location
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m DC processing time
19

18.8
18.6
18.4
18.2

18

17.8
ACO PSO PSACO

Figure 5.8: Comparison based on DC processing time in single location

450

400 -

350 +

300 +

250 -

® Response time
200 -

m DC processing time
150 -

100 -

50 -

PSACO

Figure 5.9: Comparison based on DC processing time and Response time in single location

Based on the above tables and figures the propose hybrid has a better response time and data center
processing time than the existing algorithms. The average response time of PSACO is 321.89 (ms)
and the average processing time is 18.19 (ms). This result better than ABC algorithms, the average
response time of ABC is 411.23(ms) and the average processing time is 85.31 (ms). The proposed
algorithm minimizes the average response time by 89.34(ms) and the average processing time by
67.12 (ms) than ABC algorithm.
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Experiment 2:

In this experiment, the application deployed in six different locations (RO, R1, R2, R3, R4 &R5)
and each location has user bases (UB5, UB4, UB6, UB2, UB3, UB1) respectively). The application
deployed in two data centers (DCs) DC1 and DC2. DC1 allocated in America (R0) and DC2
allocated in Europe (R3 with 25 virtual machine (VMs) for each DCs. Users are grouped by a
factor of 1000 in user bases, and requests are grouped by a factor of 100 in DC. Each user request
requires 500 bytes’ instructions to be executed. The simulation duration took 30 minutes. The data

center physical hardware configuration file is as experiment 1 table 5.4.

Table 5.6: Experiment 2 User base Configurations

Name | Region | Requests | Data Size Peak Hours | Peak Avg. Avg.
per user | per Start(GMT) | Hours Peak Off-
per request(Bytes) End(GMT) | Users peak
Hr. Users

UB1 |R5 150 100 3 9 72432 | 7242

UuB2 |R3 150 100 3 9 14697 | 1469

UB3 | R4 150 100 3 9 65963 | 6596

UB4 |R1 150 100 3 9 193807 | 19380

UB5 | RO 150 100 3 9 38837 | 3883

UB6 |R2 150 100 3 9 2818 281

Table 5.7: Experiment 2 Application Deployment configuration

Data Center #VM Image Size Memory BW

DC1 25 10000 1024 1000

DC2 25 10000 1024 1000
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Result

From this experiment, we obtain the following result in table 5.8:

Table 5.8: Experiment 2 result

Algorithms Average | Minimum(ms) Maximum(ms)
(ms.)
Response time 285.09 47.49 665.54
ABC Data Center processing time 47.50 0.56 127.57
Response time 242.34 45.30 616.46
ACO Data Center processing time 10.11 0.36 45.70
Response time 242.31 | 4492 622.80
PSO Data Center processing time 10.14 0.37 29.84
Response time 241.46 44,92 616.46
PSACO Data Center processing time 9.44 0.37 15.58
m Response time
242.6
242.4
242.2
242
241.8
241.6
241.4
241.2
241

ACO

PSO

PSACO

Figure 5.10 Comparison of algorithms based on Response time in six different location
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m DC processing time
10.2

10
9.8
9.6

9.2

ACO PSO PSACO

Figure 5.11: Comparison algorithms based on DC processing time in six different location

300

250 -

200 -

150 - m Response time

m DC processing time
100 -

50 -

ABC PSACO

Figure 5.12: Comparison based on DC processing time and Response time in six different

location

Based on the experiment 5.2, the above tables and figures shows that the propose hybrid has a
better response time and processing time than the existing algorithms in six different regions. The
average response time of PSACO is 241.46 (ms) and the average processing time is 9.44 (ms).
This result better than ABC algorithms, the average response time of ABC is 285.09 (ms) and the
average processing time is 47.50 (ms). The proposed algorithm minimizes the average response
time by 43.63(ms) and the average processing time by 38.06 (ms) than ABC algorithm.
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Experiment 3:

In this experiment, the application deployed in six different heterogonous locations (R0, R1, R2,
R3, R4 &R5) with 12 different user bases (12UB). The application deployed in 5 data centers
(DCs) with different number of VMs, DC1-15 VMs, DC2-25 VVMs, DC3-50 VMs, DC4-75 VMs
and DC5-100 VMs. DC1 allocated RO, DC2 allocated R1, DC3 allocated in R2, DC4 allocated in
R3 and DC5 allocated in R4. The data center physical hardware configuration file is as experiment
1 table 5.4.

Table 5.9: Experiment 3 User base Configurations

Name | Region | Requests Data Size Per | Peak Hours | Peak Hr. | Avg. Avg.Off-
per user per | request(Bytes) | Start(GMT) | End Peak peak
Hr. (GMT) Users | Users

UBl1 | RO 150 100 3 9 72432 | 7242

UB2 |R1 150 100 3 9 14697 | 1469

UB3 | R2 150 100 3 9 65963 | 6596

UB4 | R3 150 100 3 9 193807 | 19380

UB5 | R4 150 100 3 9 38837 | 3883

UB6 | R5 150 100 3 9 2818 281

UB7 | R2 150 100 3 9 65963 | 6596

UB8 | R5 150 100 3 9 2818 281

UB9 | RO 150 100 3 9 72432 | 7242

UB10 | R4 150 100 3 9 38837 | 3883

UB1l1 | R1 150 100 3 9 14697 | 1469

UB12 | R3 150 100 3 9 193807 | 19380

Table 5.10: Experiment 3 Application Deployment configuration

Data Center #VM Image Size Memory BW

DC1 15 10000 1024 1000

DC2 25 10000 1024 1000

DC2 50 10000 1024 1000

DC3 75 10000 1024 1000

DC4 100 10000 1024 1000
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Result

From this experiment, we obtain the following result in table 5.11:

Table 5.11: Experiment 3 result

Algorithms Average Minimum(ms) | Maximum(ms)
(ms.)
Response time 192.68 41.40 604.76
ABC Data Center processing time 91.71 0.58 466.42
Response time 74.52 41.62 248.63
ACO Data Center processing time 21.86 0.21 0.21
Response time 74.72 41.40 248.63
PSO Data Center processing time 22.07 0.21 81.45
Response time 73.61 41.62 248.63
PSACO Data Center processing time 21.16 0.21 62.72
® Response time
75
74.8
74.6
74.4
74.2
74
73.8
73.6
73.4
73.2
73
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Figure 5.13 Comparison of algorithms based on Response time in 12 different User Bases
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Figure 5.14: Comparison algorithms based on DC processing time in 12 different User Bases
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Figure 5.15: Comparison based on DC processing time and Response time in 12 different user

bases

In the experiment 5.3, the above tables and figures shows that the propose hybrid has a better
response time and processing time than the existing ABC, ACO and PSO algorithms in 12 different
user bases. The average response time of PSACO algorithm is 73.61 (ms) and the average
processing time is 21.16 (ms). This result better than ABC algorithms, the average response time
of ABC is 192.68 (ms) and the average processing time is 91.71 (ms). The proposed algorithm
minimizes the average response time by 119.07(ms) and the average processing time by 70.55
(ms) than ABC algorithm.
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Experiment 4:

In this experiment, the number of users become large and the application deployed in six different
heterogonous locations (RO, R1, R2, R3, R4 &R5) with 20 different user bases (20UB). The
application deployed in 5 data centers (DCs) with different number of VMs, DC1-15 VMs, DC2-
25 VMs, DC3-50 VMs, DC4-75 VMs and DC5-100 VMs. DC1 allocated R3, DC2 allocated R4,
DC3 allocated in RO, DC5 allocated in R3 and DC3 allocated in R4. The application deployment

configuration and data center physical hardware configuration file is as experiment 4 table 5.10

and experiment 3 table 5.10.

Table 5.12: User base Configurations

Name | Region | Requests Data Size Peak Hr. Peak Hr. | Avg. Avg. Off-
per user per | per Start(GMT) | End(GMT) | Peak peak
Hr. request(Bytes) Users Users
UB1 | RO 150 100 3 9 72432 7242
UB2 |R1 150 100 3 9 14697 1469
UB3 | R2 150 100 3 9 65963 6596
UB4 | R3 150 100 3 9 193807 | 19380
UB5 | R4 150 100 3 9 38837 3883
UB6 |R5 150 100 3 9 2818 281
UB7 | R2 150 100 3 9 65963 6596
UB8 |R5 150 100 3 9 2818 281
UB9 | RO 150 100 3 9 72432 7242
UB10 | R4 150 100 3 9 38837 3883
UB1l1l | R1 150 100 3 9 14697 1469
UB12 | R3 150 100 3 9 193807 | 19380
UB13 | R2 150 100 3 9 65963 6596
UB14 | R4 150 100 3 9 38837 3883
UB15 | R5 150 100 3 9 2818 281
UB16 | R3 150 100 3 9 193807 | 19380
UB17 | R1 150 100 3 9 14697 1469
UB18 | R5 150 100 3 9 2818 281
UB19 | R2 150 100 3 9 65963 6596
UB20 | R3 150 100 3 9 193807 | 19380
[ =)




Result

From this experiment, we obtain the following result in table 5.13:

Table 5.13: Experiment 4 result

Algorithms Average | Minimum(ms) Maximum(ms)
(ms.)

Response time 127.71 40.40 464.88

ABC Data Center processing time 22.03 0.16 165.57
Response time 109.76 40.38 374.11

ACO Data Center processing time 6.02 0.16 21.52
Response time 170.36 | 42.57 7621.89

PSO Data Center processing time 64.03 0.58 7573.07
Response time 109.51 | 40.40 414.25

PSACO Data Center processing time 5.66 0.15 21.54

In the experiment 5.4, the above tables and figures shows that the propose hybrid algorithm has a
better response time and processing time than the existing ABC, ACO and PSO algorithms in 20
different user bases. The average response time of PSACO is 109.51 (ms) and the average

180
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Figure 5.16 Comparison of Proposed Algorithm with 3 algorithms based on DC processing time

m DC processing time

and Response time in 20 different user bases
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processing time is 5.66 (ms). This result better than ABC, ACO and PSO algorithms, the average
response time of ABC is 127.71 (ms) and the average processing time is 22.03 (ms). The average
response time of ACO is 109.76 (ms), PSO is 170.36 and the average processing time of ACO is
6.02 (ms), PSO is 64.03. The proposed algorithm minimizes the average response time by 18.2(ms)
,0.25 (ms), 60.85(ms) and the average processing time by 16.37 (ms),0.36 (ms), 58.37(ms) than
ABC, ACO and PSO algorithms respectively.

Experiment 5:

In this experiment, each machine has different number of processor and speed. In DC1 3 physical
hardware, each hosts have 16, 4 and 6 number of core processors and 4000, 6000 and 10000MIPS
processor speeds respectively. In DC2 2 physical hardware, each hosts have 4 and 8 number of
core processors and 4000 and 6000 MIPS processor speeds respectively. In DC3 4 physical
hardware, each hosts have 8,2, 6 and 4 number of core processors and 4000, 6000,10000 and
8000MIPS processor speeds respectively. In DC4 2 physical hardware, each hosts have 2 and 4
number of core processors and 4000 and 6000 MIPS processor speeds. In DC5 3 physical
hardware, each hosts have 6, 8 and 4 number of core processors and 4000, 6000 and 10000MIPS
processor speeds respectively. The user base and application deployment configuration file is as
experiment 4 table 5.12 and experiment 1 table 5.4.

Result

From this experiment, we obtain the following result in table 5.14:

Table 5.14: Experiment 5 result

Algorithms Average (ms.) | Minimum(ms) | Maximum(ms)
Response time 139.69 40.46 7728.00

ABC Data Center processing time | 32.99 0.23 7678.25
Response time 110.25 40.41 376.06

ACO Data Center processing time | 6.63 0.15 41.63
Response time 206.37 43.24 19966.45

PSO Data Center processing time | 98.34 0.89 19920.06
Response time 109.78 40.25 445.71

PSACO Data Center processing time | 6.17 0.21 42.38
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Figure 5.17 All algorithm result based on different number of processor and speed in
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heterogeneous environment

In the experiment 5.5, the above tables and figures shows that the propose hybrid algorithm has a
better response time and processing time than the existing ABC, ACO and PSO algorithms based
on different number of processor and speed in heterogeneous environment. The average response
time of PSACO is 109.78 (ms) and the average processing time is 6.17 (ms). This result better than
ABC, ACO and PSO algorithms, the average response time of ABC is 139.69 (ms) and the average
processing time is 32.99 (ms). The average response time of ACO is 110.25 (ms), PSO is
206.37and the average processing time of ACO is 6.63 (ms), PSO is 98.34. The proposed algorithm
minimizes the average response time by 29.91(ms) ,0.47 (ms), 96.59(ms) and the average
processing time by 26.82 (ms),0.46 (ms), 88.17(ms) than ABC, ACO and PSO algorithms

respectively.
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Table 5.15: Data center request service time

ABC ACO PSO PSACO
D1 23.13 4.23 94.56 3.38
D2 17.74 5.72 20.06 5.27
D3 29.75 4.68 33.37 4.49
D4 26.43 21.13 14.27 22.04
D5 68.46 15.58 274.59 3.419

HABC mACO PSO mPSACO

274.59

94.56

20.06
33.37

14.27

I 2204

I 6546

Bl 1558

I 3.419

| WPERE
I 223

I 338

Bl 17.74
B 572

B 527
I 2075
B 468

I 249
I 2643
H 2113

Figure 5.18 Data center request service time

Based on the above figure 5.8, the proposed algorithm has minimum requesting service time in
datacenter 1,2,3 and 5 than other existing algorithm. PSO algorithm has minimum requesting
service in datacenter 4 than other algorithms.
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Experiment 6:

In this experiment, all configuration file is the same as experiment 5, but cost per VM per hour

and data transfer cost of each DCs are not the same.
Table 5.16: Data center cost

Result

Name | Cost per VM | Data Transfer
$/hour Cost $/GB

DC1 0.9 0.1

DC2 0.8 0.2

DC3 0.7 0.3

DC4 0.6 0.4

DC5 0.5 0.5

From this experiment, we obtain the following result in table 5.17:

Table 5.17: Experiment 6 response time and processing time result

Algorithms Average (ms.) | Minimum(ms) | Maximum(ms)
Response time 139.62 40.46 7728.00

ABC Data Center processing time | 32.70 0.23 7678.25
Response time 110.14 40.34 377.15

ACO Data Center processing time | 6.52 0.15 41.63
Response time 195.67 43.24 15408.19

PSO Data Center processing time | 87.57 0.89 15363.11
Response time 109.64 40.34 374.62

PSACO Data Center processing time | 5.93 0.14 41.22

Table 5.18: Experiment 6 cost result

Algorithms Data transfer cost$ Processing cost$
ABC 55.77 219.30
ACO 52.76 216.29
PSO 55.63 219.16
PSACO 52.69 216.22
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Based on experiment 6 result, the proposed algorithm has better response time, data center
processing time, data transfer cost and processing cost than ABC, ACO and PSO.
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=] Final thesis - Java - HPS/src/HPSTS/HPSA java - Eclipse
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5 m HybridPSACO.java _m *HPSAjava i3
] STAT1C Kanaom generator = NEeW Kanaomi);
public static void execute(List<Cloudlet> newli=zt, int list) {
initizlizeSwarm|);
updateFitnessList():
for(int 1=0; i<SFARM SIZE; i++) {
pBest[i] = fitnessValueLlist[i]:
pBestLocation.add (svarm.get (1) .getLocation()):

int t = 0;
donble w;
double err = 9999;
while(t < MAY ITERATION && err > Problem3et.ERR TOLERANCE) {
'/ step 1 - update pBest
for(int i=0; i<SFARM SIZE; i++) {
if (fitnessValuelist[i] < pBest[i]) {
pBest[i] = fitnessValuelist[i];

pBestLocation.set (i, swarm.get(i).getLocation()):

// step 2 - update gBest
int bestParticlelndex = PS0Utility.getMinPos(fitnessValusList);

if(t == 0 || fitnessValueList[bestParticleIndex] < gBest) {
gBest = fitnessValuelist[bestParticleIndex]:
ARestTacatian = swarm_mer (heatParticleTndew) metTacation(i:
& Console &7
<terminated> HPSA [Java Application] C\Program Files\Javahjrel.8.0_144\bin\javaw.exe (Dec 24, 2017, 2:25:28 AM)
7 SUCCESS 2 1 40 120.1 160.1
8 SUCCESS 2 0 40 160.1 200.1
9 SUCCESS 2 1 40 160.1 200.1

Gobal best value: 1.964073961313742E-16
transfer cost:300.0

total cost:2251.5

HPESRACO simulation test finished!

Figure 5.22: Fitness value simulation result

Figure 5.22 shows, how to get the global best fitness value from the total user request and assign
this request to the selected VMs using cloudsim simulation tool.

During this evaluation, the best fittest value is calculating from the total swarm/cloudlets size until

maximum iteration and assign the request to the available selected virtual machine
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5.4. Summary
This chapter present implementation and experimental result of the proposed algorithm in order to

address research question. The proposed algorithm evaluates in homogeneous and heterogeneous
environment with the same number of cloud resource as well as different number of a cloud
resource using cloud analyst simulator. The hybrid algorithm experimental result compare with

three basic meta-heuristic algorithms. I.e. ABC, ACO and PSO algorithms.

In the first experiment, the algorithms evaluate in a single location with the same number of cloud
resource based on response time and DC processing time parameters. Therefore, the proposed
hybrid algorithm has a better response time and processing time than ABC, ACO and PSO. The
proposed algorithm minimizes the average response time by 89.34(ms) and the average processing
time by 67.12 (ms) than ABC algorithm. And also in the second experiment, the proposed
algorithm shows performance improvement over existing algorithm when the application deployed
in different location with different number of cloud resource. Such as, the proposed algorithm
minimizes the average response time by 43.63(ms) and the average processing time by 38.06 (ms)
than ABC algorithm. In experiment three and four, the number of tasks become larger than
experiment 1&2 and the application is deployed in heterogeneous environment with different
cloud resource. In both experimental result, the proposed hybrid algorithm has an optimum

response and processing time than three existing algorithms.

In experiment five, the algorithms evaluate in different environment with different number of
cloud resource and the capacity of processor is more powerful. And the number of processor and
processor speed is different in each data centers. The proposed algorithm minimizes the average
response time by 29.91(ms) ,0.47 (ms), 96.59(ms) and the average processing time by 26.82
(ms),0.46 (ms), 88.17(ms) than ABC, ACO and PSO algorithms respectively. Finally, in the
experiment six, considering different cost per VM per hour and data transfer cost the proposed
algorithm has better response time, data center processing time, data transfer cost and processing
cost than ABC, ACO and PSO

In general, based on the above six experiment the proposed algorithms algorithm enhances a
significant performance improvement on response time, processing time, data transfer cost and

processing cost than other algorithms.
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CHAPTER SIX
6. CONCLUSION AND FUTURE WORK

6.1. Conclusion

Cloud computing is an evolving concept which makes better use of multiple distributed resources
that can be allocated to users as per requirements. This helps in cheaper and efficient utilization of
available resources and easier handling of larger computational problems. Its advantages include
transparency of resources, flexibility, location independence, reliability, affordability, and greater
availability of services, etc. To provide these facilities, the tasks need to be scheduled properly on

the resources so as to provide maximum performance in minimum time [12].

This resource allocation process is performed in two stages. In the first stage, the load balancer
allocates resources to systems as requested by an application. The second stage takes place when
incoming requests are assigned to an application to balance loads within the application as per QoS

and minimum cost [36].

Task scheduling is an important issue in the cloud environment. There are several dynamic task
scheduling approaches which are available in cloud environment to solve some part of task
scheduling and load balancing problem. In the existing scheduling algorithm, still need an
improvement to get more optimum response time, processing time and cost. Therefore, we

proposed a hybrid task scheduling algorithm to improve the performance of cloud computing.

The proposed algorithm is considered an incorporation of the Particle Swarm Optimization and
Ant Colony Optimization algorithms; we take the advantage of both algorithms to achieve the
objective. The convergence speed of PSO algorithm is fast in the initial stage, but the local
searching ability will decrease in the later due to the lack of population diversity. The convergence
speed of ACO is slow due to the lack of pheromone in initial stage but later local searching ability
is increase. The experiment is implemented using a cloudsim extension called cloud analyst

simulation tool.

In the experiment, the proposed algorithm is tested based on response time, processing time
transfer cost and processing cost evaluation metrics in six different experiment. The proposed

algorithm is evaluated when the application is deployed in homogeneous environment and
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heterogeneous environment. In the first experiment, the proposed algorithm is tested in a single
location with the same number of cloud resource. On the others experiment, the proposed
algorithm is tested in a heterogeneous environment with different cloud resource and different VM
and transfer cost. Finally, compare the proposed hybrid algorithm result with the existing algorithm
ABC, ACO and PSO. The result shows, the proposed algorithm has a better response time,

processing time, data transfer cost and processing cost than three meta-heuristic algorithms.

6.2. Future Work

Task Scheduling is one of the major issue in cloud computing. We proposed a hybrid algorithm to
improve the performance of cloud computing resources in a single location and heterogeneous
location based on response time, processing time and resource utilization. But, still need an
improvement to assign user requests to multiple cloud resources based on other parameters and
factors such as, makespan time, storage cost, memory cost etc. In this study, we only consider
scheduling issues in cloud computing, but there are other issues we are going to study in the future
by using this hybrid meta-heuristic algorithm, such as travel sales man problem for vehicle routing

system.
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Appendixes
Appendix 1: Sample code of the Hybrid PSACO algorithm

/** The code that to find global best value. */

public class PSA {
private int SWARM _SIZE=dcbs.getVmStatesL.ist().size();
private Vector<Particle> swarm = new Vector<Particle>();
private double[] pBest = new double[SWARM_SIZE];
private Vector<Location> pBestLocation = new Vector<Location>();
private double gBest;
private Location gBestLocation;
private double[] fitnessValueList = new double[SWARM_SIZE];
Random generator = new Random();
public int execute() {
initializeSwarm();
updateFitnessList();
for(int i=0; i<SWARM _SIZE; i++) {
pBest[i] = fitnessValueList[i];
pBestLocation.add(swarm.get(i).getLocation());

}
intt=0;
double w;

double err = 9999;
while(t < MAX_ITERATION && err > ProblemSet.ERR_TOLERANCE) {

/[ step 1 update pBest
for(int i=0; i<SWARM _SIZE; i++) {
if(fitnessValueList[i] < pBest[i]) {
pBest[i] = fitnessValueList[i];
pBestLocation.set(i, swarm.get(i).getLocation());

1
/I step 2 update gBest
int bestParticleIndex = PSOUtility.getMinPos(fitnessValueL.ist);
if(t == 0 || fitnessValueL.ist[bestParticleIndex] < gBest) {
gBest = fitnessValueL.ist[bestParticleIndex];
gBestLocation = swarm.get(bestParticlelndex).getLocation();
}
w =W_UPPERBOUND - (((double) t) / MAX_ITERATION) *
(W_UPPERBOUND - W_LOWERBOUND);
for(int i=0; i<SWARM _SIZE; i++) {
double rl = generator.nextDouble();
double r2 = generator.nextDouble();
Particle p = swarm.get(i);
/I step 3 update velocity
double[] newVel = new double[PROBLEM_DIMENSION];




newVel[0] = (w * p.getVelocity().getPos()[0]) +
(r1*C1)*
(pBestLocation.get(i).getLoc()[0] - p.getLocation().getLoc()[0]) +
(r2 * C2) * (gBestLocation.getLoc()[0] -
p.getLocation().getLoc()[0]);
newVel[1] = (w * p.getVelocity().getPos()[1]) +
(rt*C1)*
(pBestLocation.get(i).getLoc()[1] - p.getLocation().getLoc()[1]) +
(r2 * C2) * (gBestLocation.getLoc()[1] -
p.getLocation().getLoc()[1]);
Velocity vel = new Velocity(newVel);
p.setVelocity(vel);

/I step 4 update location
double[] newLoc = new double[PROBLEM_DIMENSION];
newLoc[0] = p.getLocation().getLoc()[0] + newVel[0];
newLoc[1] = p.getLocation().getLoc()[1] + newVel[1];
Location loc = new Location(newLoc);
p.setLocation(loc);
}
err = ProblemSet.evaluate(gBestLocation) - 0;
t++;
updateFitnessList();
}
int temp =(int) ProblemSet.evaluate(gBestLocation);
return temp;

public void initializeSwarm() {
Particle p;
for(int i=0; i<SWARM _SIZE; i++) {
p = new Particle();
double[] loc = new double[PROBLEM_DIMENSION];
loc[0] = ProblemSet.LOC_X LOW + generator.nextDouble() * (ProblemSet.LOC_X_HIGH -
ProblemSet.LOC_X_LOW);
loc[1] = ProblemSet.LOC_Y_LOW + generator.nextDouble() * (ProblemSet.LOC_Y_HIGH -
ProblemSet.LOC_Y_LOW);
Location location = new Location(loc);
double[] vel = new double[PROBLEM_DIMENSION];
vel[0] = ProblemSet.VEL_LOW + generator.nextDouble() * (ProblemSet.VEL_HIGH -
ProblemSet.VEL_LOW);
vel[1] = ProblemSet.VEL_LOW + generator.nextDouble() * (ProblemSet.VEL_HIGH -
ProblemSet.VEL_LOW);
Velocity velocity = new Velocity(vel);
p.setLocation(location);
p.setVelocity(velocity);
swarm.add(p);
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3}
public void updateFitnessList() {

for(int i=0; i<SWARM _SIZE; i++) {
fitnessValueList[i] = swarm.get(i).getFitnessValue();
1

/** The code that to select a suitable VM from all available virtual machine to allocate the

incoming user request. */

public class Ant {

private double[][] pheromones;

private boolean[] isVisited,;

public List<Integer> path;

private int Vmld,

public Ant(double[][] ph) {
pheromones = ph;
isVisited = new boolean[pheromones.length];
Vmld = isVisited.length - 1;
path = new ArrayList<Integer>();

}
public int SendAnt() {

return ProcessAnt(true);
}

public int FetchFinalVm() {
return ((VirtualMachine) dcbLocal.vmlist.get(ProcessAnt(false ))).getvVmld();
}

public int ProcessAnt(boolean updatePheromones) {
int CurrentVmld = Vmid;
int nextVmld = getNextVmNode(CurrentVmid);
if (updatePheromones) {
UpdatePheromone(CurrentVmld, nextVmld);

}
while (nextVmld !'= CurrentVmld) {
path.add(nextVmld);
CurrentVmld = nextVmld;
nextVmld = getNextVmNode(CurrentVmid);
if (updatePheromones) {
UpdatePheromone(CurrentVmld, nextvVmld);

if (updatePheromones) {
UpdateGlobalPheromones();
}

return CurrentVmlid:;

}
public int getNextVmNode(int vmlid) {

double[] probability = computeProbability(vmld);
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Random rand = new Random();
double randomization = rand.nextDouble();
for (int i = 0; 1 < probability.length; i++) {
randomization = randomization - probability][i];
if (randomization <=0) {
return i;
3;

for (int i = 0; i < probability.length; i++) {
System.out.printin(*Debug " + probability[i]);
}

return -1;
}
public double[] computeProbability(int vmid) {
double[] probability = new double[pheromones.length - 1];
double sum = 0.0;
for (int i = 0; i < probability.length; i++) {
if (isVisited[i]) {
probability[i] = 0;
continue;}
probability[i] = scoreFunction(vmld, i);
sum += probability[i];
}
for (int i = 0; i < probability.length; i++) {
probability[i] = probability[i] / sum;
}

return probability;

public void UpdatePheromone(int previd, int newld) {
pheromones[previd][newld] += ONE_UNIT_PHEROMONE;
}

public double scoreFunction(int prevvVmld, int newVmld) {
double maxBw = ((VirtualMachine) dcbLocal.vmlist.get(newVmid))
.getCharacteristics().getBw();
double currentBw = ((VirtualMachine) dcbLocal.vmlist.get(newVmid))
.getBw();
return Math.pow(pheromones[prevVmld][newVmId], alpha) + 1.0
+ (maxBw - currentBw / maxBw);

}
public void UpdateGlobalPheromones()
{1}




Appendix 2: sample Snapshots

Configure Simulation

f Main Configuration r Data Center Configuration eranoed |

Simulation Duration: |50.0 min v

el Name Region |Requests per DataSize | PeakHours | PeakHours | AvgPeak | Avg Of-Peak
Uszer perRequest | Start (GMT) | End (GMT) Uzers Uzers
perHr (bytes) Add New
UB16 3 150 100 3 9 19380 1938«
uB17 1 150 100 3 9 1469 146
UB18 5 150 100 3 9 281 28
1B19 2 150 100 3 9 996 99[=|
UB20 3 150 100 3 9 19380 1938|+
Application Service Broker Policy: | Optimise Response Time ‘v‘
Deployment
Configuration:
Data Center #UMs Image Size Memory BW
DC1 15 10000 1024 10000
DC2 25 10000 1024 10000
DC3 50 10000 1024 10000
DC4 75 10000 1024 10000
DC5 100 10000 1024 1000
‘ Cancel ‘ ‘ Load Recent Configuration ‘ ‘ Save Configuration ‘ ‘ Done

Figl: Configure Simulation using 20 UB.
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Configure Simulation

Main Configuration | Data Center Configuration r Advanced

Data Name Region Arch 05 VMM Costper | Memory | Storage Data Physical
T VMSMHr | Cost®is | Cost$ls | Transfer HW
Cost5/Gb|  Units Add New
DC1 364 Win 8 Xen 0.9 0.05 0.1 0.1 3
DC2 4[x64 Win 8 Xen 0.8 0.05 0.1 0.3 2
DC3 0[x64 Win 8 Xen 07| 0.05] 0.1 0.4 4
DC4 564 Win 8 Xen 0.6 0.05 0.1 0.2 2
DC5 364 Win 8 Xen 0.5 0.05 0.1 0.5 3
Physical Hardware Details of Data Center: DC3
Id Memary Storage Available MNumber of Processor VM
(Mb) (Mb) BW Processors Speed Paolicy
0 204800 100000000 1000000 8 4000(TIME_SHARED
1 204800 100000000 1000000 2 5000/ TIME_SHARED
2 204800 100000000 1000000 i 10000[TIME_SHARED
3 204800 100000000 1000000] 4 3000[TIME_SHARED Remove
Cancel | | Load Recent Configuration | ‘ Save Configuration | ‘ Done

Fig 2: Data center configuration and Physical Hardware details

Configure Simulation

[ Main C ion | Data Center C ion | Advanced
User grouping factor in User Bases: 1DDD| |
(Equir o of sil

users from a single user base)

Request grouping factor in Data Centers: 100

{Equi o of sil
a single icait server
instance can support.)

{bytes)

Executable instruction length per request: 250

across VM's in a single Data Center:

= L lE AL TICE] Hybrid PSACO

Cancel || Load Recent Configuration || Save Configuration ||

Done

Fig 3: Select hybrid PSACO scheduling algorithm
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Overall Response Time Summary

Average (ms) Minimum (ms) Maximum (ms) Export Results

‘Overall Response Time: 109.64 40.34 3r4.62
Data Center Processing Time: 5.93 0.14 41.22

Response Time By Region

Userbase Avg (ms) Min (ms) Max (ms)
UB10 54.762 41.959 G3.462
uUB11 205.082 168.651 237.519
uB12 56.053 43.238 75.535
UB13 304.861 250.45 374.616
UB14 54.53 42.361 G67.369
UB15 71.23 50.502 91.097
UB16 56.049 42169 75.389
uB17 205.203 167.354] 248.622
UB18 71.414] 52.482 94.722
UB19 303.167 250.383 371.938
UB1 53.807 40.342 68.723
uBz20 57.105 44.196 79.361
uBz2 203.238 163.443 235.154]
uUB3 302.936 241.407 353.525
UB4 56.238 43.19 T7H.798
UBS 55.118 43431 65.32
UBG 72001 51.46 100.253
uB7 305.077 253.704] 373.356
UBs 71.348 50.898 96.94]
UBS 54.108 45.695 G3.629

Fig 4: Overall Response Time and Data center processing time summary for proposed algorithm

Data Center Request Servicing Times

Data Center Awg (ms) Min {ms}) Max (ms)
DecA 3.434 0.143 13112
oc2 531 0.3 12.004
DC3 4.541 0.141 15.016
Dc4 22.039 8.709 41.22
DCs 14.798 0.506 26.263

Data Center Hourly Average Processing Times

Frocessing Time (ms] Processing Time [ms)
et |
DCA 1 DC2 1
01234367839 WNMIZ21VISEITANNI222 Hrs 01234367839 0WNMNIZ21VLISEIFA9N222 Hrs
Frocessing Time (ms] Processing Time [ms)
et |
DC3 1 DC4 1
01234367839 WNMIZ21VISEITANNI222 Hrs 01234367839 0WNMNIZ21VLISEIFA9N222 Hrs

Frocessing Time (ms]

01234367839 WNMIZ21VISEITANNI222 Hrs

Fig 5: DC requesting service time summary for proposed algorithms
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Cost

Total Virfual Machine Cost: $163.53
Total Data Transfer Cost:  $52.69

Grand Total : $216.22

Data Center WM Cost Data Transfer Cost Total
DCc2 20,003 6,593 26.596
0C [ 13502/ 8.705 22.207
DC4 | 45.007| 0.329 45337
DC3 35,006 21,303 56,309
DC5 50.008 15.759 SS.TET|

Fig 6: Cost Summary for proposed algorithm

Overall Response Time Summary

Average (ms) Minimum (ms) Maximum (ms)

Overall Response Time: 110.14 40.34 37715
Data Center Processing Time: 6.52 0.15 41.63

Response Time By Region

Userbase Avg (ms) Min (ms) Max (ms)
UB10 54.817 41.959 66.781
UB11 204.676 170.62 238.981
UB12 57.024) 44748 81.582
UB13 30439 2515 37235
UB14 54.789 42.658 67.369
UB15 72,161 52.982 98.722
UB16 5717 4257 75.194
UB17 205.188 164.447 245.903
UB18 71.08 52.357 94722
UB19 303.451 248.959 37747
UB1 53.872 40.342 G8.723
UB20 57.113 43.85 79.419
UB2 203.042 163.443 237447
UB3 303.654 241.407 355.4]
UB4 57.048 42.669 77.029
UBS 55.726 43.431 65.643
UBG 71.252 51.46 91.003
UB7 305429 250876 373825
UBS 71.987 51.648 93.566
UB9 54.565 45.695 66.321

Fig 7: Overall Response Time and Data center processing time summary for ACO algorithm




Data Center Request Servicing Times

Data Center Avg (ms) Min {ms) Max (ms)
DCH 4216 0.165 20.567
DC2 5.629 0.25 17.408
DC3 4677 0.146 21.268
DC4 22.092 8.709 41.627
DC5 15.823 0.956 33576
Data Center Hourly Average Prncessing Times
Proceszing Time [ms) Proceszing Time [ms]
|
DC1 1 Dc2 1
01234567809 01121014156 FRM012E Hrs 012243567389 0N12101415671@190122 Hs
Proceszing Time [ms) Proceszing Time [ms]
|
DC3 1 DC4 1
01232456789 01121014156 FRM9022E Hs 0122436739 0N1210141567@190H22 Hs
Proceszing Time [ms)
DCs

0122436789 0112101156171 190022

Fig 8: DC requesting service time summary for ACO algorithms

Cost
Total Virtual Machine Cost: $163.53
Total Data Transfer Cost:  $§52.76
Grand Total ; $216.20
Data Center WM Cast Data Transfer Cost Total
DC2 20.003 6.476 26479
DC1 13.502 8.696 22198
DC4 45007 0,329 45337
Dc3 35.008 21457 56.462
DCh 50.008 15.807 65.815
Fig 9: Cost Summary for ACO algorithm
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Overall Response Time Summary

Average (ms) Minimum (ms) Maximum {ms} Export Results

Overall Response Time: 195.67 43.24 15408.19
Data Center Processing Time: 87.57 0.89 15363.11

Response Time By Region

Userbase Avg (ms) Min (ms) Max (ms)
uB10 66.133 45.168 135.387
uB11 213776 175.276 425,735
uB12 215.454] 44.853 15,408.188
uB13 348.396 271.157 711.673
uB14 65.843 43.236 96.644]
uB1s 114731 50.502 7, 728.003
UB16 168.26 43.32 972.147
uB1vy 214.024] 177.781 400.28
UB18 53.076 52 482 194 63
uB19 340429 266.883 451.272
uB1 103.901 43.459 390.998
uBzo 174.477 45.46 1,970.434
uBz2 216.789 169.526 435.734
uB3 348.865 265.64 688.512
UB4 167.129 46.691 1,012.188
uBs 67.994] 44.009 108.235
UBEG 53.172 51.794 207.755
uB7? 342.917 268.743 516.477
uBs 55.226 50.898 223.63
UBg 101.294] 48 818 51317

Fig 10: Overall Response Time and Data center processing time summary for PSO algorithm

Data Center Request Servicing Times

Diata Center Awvg (ms) Min {(ms) Max (ms)
DCH 102.355 1.061 15,363.113
DCcz 19.941 0.886 §3.286
DCc32 33.744 1.261 349.958
DC4 27.807 6.397 7,678.251
DCs 188.634) 2.85 959.196

Data Center Hourly Average Processing Times

Processing Time [ms) Proceszing Time [ms)
1 1
1 1
1 1
1 1
DCA 1 DCc2 i
012224367389 WNIZRXVISGIFIRGMN2222 Hs 01232 a 3567 @3 1001121310135 1617 18 19 2 21 22 21 Hrs
Pracessing Time [ms) Processing Time [ms)

2
4

.

01230436739 WHI21014151617 181920212221 Hrs 001234356739 10112101415 1617 181920212221 Hrs

Frocessing Time [ms)

i

01 230 a 36 733 W11121012151617 1819212221 Hrs

Fig 11: DC requesting service time summary for PSO algorithms
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Cost

Tatal Virtual Machine Cost: $163.53

Total Data Transfer Cost:  $55.63
Grand Total : $219.16
Data Center WM Cost Data Transfar Cost Total
DC2 20.003 8.198 28.201
Dc1 13.502| 7163 21132
DC4 45.007 0,587 45,505
DC3 35.006 20907, 55912
DC5 50.008) 18.307 £8.315]
Fig 12: Cost Summary for ACO algorithm
Overall Response Time Summary
Average (ms) Minimum (ms) Maximum (ms)
Overall Response Time: 130.62 40.46 T728.00
Data Center Processing Time: 32.70 0.23 T678.25
Response Time By Region
Userbase Avg (ms) Min (ms) Max (ms)
UB10 65.455 45168 103.887
UB11 212537 175.276 425735
UB12 87.688 45279 285765
UB13 342241 271.157 527 476
UB14 65.056 43.236 89.026
UB15 113.695 50.502 7. 725.003
UB16 85.961 4332 217.287
UB17 211.064 175.404] 251.778
UB18 61.327 52482 96.012
UB19 336.626 258.639 446.794
UB1 90.787 40.459 362113
UBZ20 87.368 45.033 283.932
UB2 211.622 169.526 425.904
B3 340.394 256.89 585.63
UB4 86.097 43158 198 487
UB5S G7.582 44.009 99.648
UBEG 61.278 52.21 94.259
UB7Y 340828 254 371 543,606
LUBS 64 551 50.898 236.506
UBS 08.442 47 577 51317

Fig 13: Overall Response Time and Data center processing time summary for ABC algorithm
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Data Center Request Servicing Times

Data Center Avg (ms) Min {ms) Max (ms)
DC1 22822 0.232 50.817
DCc2 17.688 0.491 54238
DC3 30.309 0.418 08.63
DC4 26.557 4044 7 678.251
DCH £5.223 0.493 232.965

Data Center Hourly Average Processing Times

Procezzing Time [ms)

DCA1
1
0123438789 WNI2NRKRISHITRNN0M222 Hr:
Frocessing Time [ms]
DC3
1
0123256739 WHI2DRISETAMD0222 Hrs
Procezzing Time [ms)
DC5

1

0120456739 WHI1210ISE71@902122 Hrs

Proceszing Time [ms]

DC2

1

0127456789 10011212141516171819202122 Hrs

Processing Time [ms]

DC4

1

01234356789 0HR211415167121920212220 Hrs

Fig 14: DC requesting service time summary for ABC algorithms

Cost
Total Virtual Machine Cost: $163.53
Total Data Transfer Cost:  $55.77
Grand Total : $219.30
Data Center . W Cost . Data Transfer Cost . Total .
DC2 20,003 7.0 21034
DC1 | 13.502) 1823 21326
DC4 45.007 0479 45.486
DC3 | 35.008) 20,996 56.002
DC5 50.008 19,446 £9.454
Fig 15: Cost Summary for ABC algorithm
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Simulation Complete

Avg: 34080 Avg: 336.6ms B13UB1EURI0
Cam o .- _5p.i#~5" quap. time
Avg: BBdms = Mz 54360 Max: 4468ms =
L % Avg: BT.Tm Avg ST.dms
M 513.2ms in: 254 4n Min: 258 8ms - Resp. |
‘ms i Max: 585.6ms T Max: Max: 283.5ms

Min:  47.6ms Avg:

Max: 362.1ms £ - TREEE Min: Min: 4.0

Mz 198.5ms

ms
Resp. time
£
Avg: 67 Bms
N Max: 99.6ms
g G48ms g 613ms
1 : 236.5ms Ims
in:  175.4ms L ms

: 425.9ms Min_ 50.9ms
Mz 84.3ms

Fig 16: simulation result screen in different location




