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Abstract

Cloud Computing refers to both the applications delivered as services over the
Internet and the hardware and systems software in the data centers that provide those
services. Cloud Computing has revolutionized the Information and Communication
Technology (ICT) industry by enabling on-demand provisioning of elastic computing
resources on a pay-as-you-go basis. An organization can either outsource its
computational needs to the Cloud avoiding high up-front investments in a private
computing infrastructure and consequent costs of maintenance and upgrades, or build
a private Cloud data center to improve the resource management and provisioning
processes.

Resource scheduling is a complicated task in a Cloud environment because of
heterogeneity of the computing resources. To allocate the best resource to a Cloud
workload is a tedious task and the problem of finding the best resource - workload
pair according to Cloud consumer application requirements is an optimization
problem. The main goal of the Cloud scheduler is to schedule the resources
effectively and efficiently. Dispersion, heterogeneity and uncertainty of resources
brings challenges to resource allocation, which cannot be satisfied with traditional
resource allocation policies in Cloud circumstances.

In this thesis, the existing resource scheduling techniques have been discussed and
compared. The different Cloud workloads and design patterns have been identified
and analyzed. The classification of these workloads is done through K-Means
Clustering Algorithm by assigning the weights to the different quality attributes.
Resource scheduling is done on the basis of various scheduling criteria (Compromised
Cost - Time Based, Cost Based, Time Based and Bargaining Based) selected by a
decision tree. Resource scheduling algorithms for energy, time and cost constrained
Cloud workloads have been proposed. The experimental results gathered through
CloudSim 3.0 clearly demonstrate that the proposed framework has better
performance for time, cost, energy etc. as compared to the existing scheduling

algorithms.
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Chapter 1

Introduction

This chapter provides an overview of Cloud Computing, Cloud Computing evolution,
deployment models and architecture, elements of Cloud Computing and many open
research issues. It briefly presents the research motivation for Cloud Computing and
presents primary contributions of this research. In the last, the chapter discusses the

organization of the rest of this thesis.
1.1 Cloud Computing Concepts

Cloud Computing is a model for permitting omnipresent, suitable, on-demand service
access to a common group of configurable Computing resources (e.g., networks, servers,
storage and applications) that can be quickly provided and released with least
management struggle or Cloud provider dealings [1]. The vision of key characteristics of

Cloud environment is shown in Figure 1.1.

T 0100001
_— 1011011 ,
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Figure 1.1: Vision of Key Characteristics of Cloud Environment [2]

Public Cloud platforms are usually superior at providing IT services over the open
Internet than enterprise IT is proficient of doing. Therefore, the public Cloud can well
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serve a workforce that's expected to work at the local region because processing, storage,
and enterprise applications to a middle tier between the company and the Cloud
consumer can drive easily. Any company with a mobile or geographically distinct
workforce could profit from Cloud storage and other third-party services as shown in
Figure 1.2 that shows the sharing of resources among various Cloud consumers. The
painting is from Computer History Museum, Mountain View, California, USA [3].
Through Cloud Computing, the organizations improve efficiency, sustain innovation and
improve motivation. Dealing with fluctuations in requirement much more economically,
the public Cloud service provider’s stream distributes the workload over various

consumers and passes the investments from our economies of scaling to you.

Figure 1.2: Sharing of Resources among Various Cloud Consumers [3]

Cloud Computing comprises communal digital resources that are retrieved via a credit
card application programming customer interface. The authentic resources might be
distributed geographically, inside or outside the organization. To obtain these resources
from the faraway company, a payment is provided according to the usage of decent
enterprise information center. With the actual Cloud, users can certainly access extra
resources when user wants them. The way of consuming Cloud processing and available
resources will be automated; its resources will be an offer to any or all Cloud consumers
every time in all places by flexible management of resources. Cloud Computing is the

access to systems and their functionality via the Internet or a LAN. Cloud consumers of a
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Cloud require this access from a set of web services that preserve a group of Computing

resources (OS, network, system, storage).
The different features of Cloud Computing [4] are summarized below:

e Economical: Cloud Computing is economical because of usage based billing
model, no need of infrastructure.

e Larger Storage Space: With the huge Infrastructure, storage & management of
large space is possible. Sudden Cloud workload fluctuations are also managed
successfully, since the Cloud can scale dynamically during the situation of
overloading and under loading.

e Elasticity: Cloud Computing stresses on receiving Cloud workloads or
applications to market very rapidly, by using the most suitable building blocks
essential for deployment.

e Trustworthiness: It’s ability to confirm continuous working of computers without
interruption, i.e. no damage of data, no code change throughout execution etc.

e Geographically Distributed: *Cloud consumers can use resources through a web
browser irrespective of their site from where user are accessing.

e Dynamic Scalability: The data and application resources can be rapidly provided
when and where wanted.

e Availability: With the right Cloud provider, it will be guaranteed that available
resources remain continuously accessible i.e. 24 X 7.

e Less Management: The hardware, applications and bandwidth are maintained by
the Cloud provider.

e Expert Service: At convenience, Cloud Computing facilities are continuously

supervised and maintained by onsite staff of professional data center specialists.
1.1.1 Business Advantages

The following are main business advantages to develop applications through Cloud
Computing [5] [6] [7]:

! The terms “user”, “Cloud customer” and “Cloud consumer” are synonymous and interchangeable.
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No Direct Infrastructure Expenditure: When a large-scale system will be
developed it includes the cost of hardware (frames, systems, routers, UPS),
hardware maintenance (power management, cooling), and staff management.
Because of the direct costs, it would normally require some stages of supervision
appreciations before the project starts. Currently, there is no fixed charge with the
invention of utility computing.

JIT Infrastructure: Through executing applications in the Cloud with dynamic
capacity management software architects do not have to worry about advance
acquiring capacity for large-scale systems. The solutions are little threat because
scalability depends on Cloud user project size. Cloud architectures can abandon
infrastructure as rapidly as Cloud user will get within minutes.

Maximum Resource Utilization: Through Cloud architectures Cloud provider can
manage resources more efficiently by taking the applications request and release
free resources.

Consumption Based Charges: Cloud Computing based on utility permits billing the
Cloud consumer only for the resources that will be acquired. The Cloud consumer
is not responsible for the whole infrastructure that might be in place.

Reduce Execution Time: The processing speed will be increased through the
concept of parallelization. If one computes intensive Cloud workload that can be
executed in parallel it takes 500 hours to execute on a single system. With Cloud
architectures, it would be possible to spawn and launch 500 instances and execute
similar Cloud workload in 1 hour. An elastic infrastructure delivers the application
with the capability to exploit parallelization in an economical style decreasing the

total execution time.

1.1.2 Elements of Cloud Computing

There are seven main elements of Cloud Computing, classified on economic,

architectural and strategic elements’ [8] basis as shown in Figure 1.3.

Utility Pricing - Cloud Computing is well-defined by its usage based billing

model. Cloud provider contributes to this as Cloud consumers of the platform use
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computing and storage facilities on requirement and pay based on the
consumption, using an Operating Expenses (OPEX) budget and Capital
Expenditures (CAPEX) [9].

Elastic Resource Capacity - Cloud Computing scales computing and storage
resources up and down, consumers can add or remove resources immediately and
make payment for the resources a Cloud consumer is consuming [10].

Virtualized Resources - Without virtualization Cloud Computing is impossible,
not for mysterious technical causes, but for one recognizable business
requirement: the requirement of multi-tenancy. In order to take advantage from

saving of scale, Cloud Computing is based upon the distribution of a shared

infrastructure by many sets of Cloud consumers, frequently denoted to as renters

[5].

‘ Economic Elements:

Pay-as-you-go,
pay-as-you-grow,
no CAPEX.
Vitusiized
o @ Architectural Elements:
Simple, abstract
environment for
development.
Computing and storage resources
providing an application platform
45 8 S0nce @ strategic Elements:
piadinces P — Focus on your core business,
leave the rest to
someone else.
Seff-service
Provisioning

Figure 1.3: Cloud Computing Elements and their Broad Classifications [11]

Management Automation - Standardization makes Cloud Computing different
from traditional corporate data-centers by dramatically reducing operational costs
through aggressive management automation. Though usual data-center, provider

will typically host each varieties of each OS and databases recognized to manhood,
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thus generating huge management overhead, most Cloud Computing platforms
generally standardize on a single kind of CPU (x86-based primarily), a single
hypervisor (VMware), a single OS (Linux distribution commonly), and a single
database (MySQL rules) [12].

Self Service Provisioning - Application Service Provider (ASP) model that
became famous for short time is compared with Cloud Computing and Software as
a Service in context of self service provisioning. Cloud consumer like Director of
Sales can deliver applications and customer accounts in a few mouse clicks, and
these become accessible immediately with Cloud Computing [5].

Third Party Ownership - Users demanding to emphasize the distribution of
occasional principal resources to their primary businesses quickly recognize the
reimbursements of moving IT infrastructure off their balance sheet. Moreover, as
technology changes and prominent Cloud providers roll-out ever larger data-
centers, the procurement and operation of state of the art data-center services
makes less and less sense from a commercial perspective for most companies.
Cloud Computing is all about the handover ownership for such resources to a
third-party that concentrates in their deployment [8].

Managed Operations - Assigning human resources to tasks that will openly affect
the business, rather than handling the infrastructure in Cloud Computing, this
advocates a model according to the IT infrastructure which is retained and
maintained by the third party. Maintenance of software’s, data replication and
countless other tasks is mandatory to handle mission-critical business applications

on a daily basis that becomes the accountability of a third party, according to SLAS

[5].

1.2 Cloud Computing Evolution

Cloud Computing can be realized as a revolution in many ways. From a scientific

viewpoint it is an improvement of computing, relating virtualization notions to use

hardware more proficiently. In this sense Cloud Computing has the power to modernize

the approach, how computing resources and applications are delivered, breaking up old

significance chains and creating an opportunity for innovative commercial models [13]
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[14]. Firstly, limited public beta of EC2 (Amazon Elastic Compute Cloud) was provided

by Amazon in 2006. At the time no one could have recognized how popular and

transformative virtual resources over the Internet would become [5]. This section

explains the emergence of Cloud Computing from proprietary mainframe as shown in

Figure 1.4.

- Cloud

1965 1980 1990 1995 2000 2005 2007

Figure 1.4: Emergence of Cloud Computing [14]

Proprietary Mainframes

Back in the 1950s to early 1970s, “IBM and the Seven Dwarfs” presented the
mainframe computer. This group included IBM, UNIVAC, Control Data and
General Electric. Almost all mainframes had the capability to execute many OSs,
and in this manner operate not as a single computer but as a number of Virtual
Machines. The mainframe serviced critical applications (usually bulk data
processing) including ERP and commercial transaction processing [15].

Open MPP & SMP

Reducing demand and hard competition caused a revolution in the market in the
early 1980s. Corporations found that servers based on parallel microcomputer
designs (primarily classified as either MPP or SMP) might be deployed at a
fraction of the achievement charge and suggest local Cloud consumers much
better control over their own systems. Terminals used for interrelating with
mainframe systems were progressively substituted by personal computers network
linked to servers [15].

Grid Computing

Grid Computing is the greatest distributed form of Parallel Computing. It enables

usage of computers interconnecting over the Internet to work on a specified
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problem. For that reason, low bandwidth and tremendously high latency available
on the Internet, Grid Computing normally deals only with awkwardly parallel
problems. The trend of Grid happened in the 1990s with an approach to resolve
enormous problems such as financial modeling, weather demonstrating and
earthquake simulation [16].
Commodity Clusters
In 1990, the Cluster Computing originated. Clusters are loosely coupled
“commodity” servers typically deployed to increase performance or availability
over that of a single system (e.g. Proprietary Mainframe, MPP, or SMP server),
and as well considerably more economical than single systems of comparable
speed or availability [17].
Virtualized Clusters
A Virtual Machine (VM) is a software implementation of a machine (server) that
performs programs similar to an actual system. The hardware VMs (System VMs)
permit the sharing of the fundamental actual system resources among different
VMs, each executing its own OS. The software layer providing the virtualization
is called a VM hypervisor. A hypervisor can execute on bare hardware (native
VM) or on top of an OS (hosted VM) [13].
Cloud Services (laaS, PaaS, SaaS)
Once the hardware upon which applications were developed expressively reduced
in worth, corporations initiated pooling resources and permitting small to average
sized businesses access to compute resources based on requirement. These
corporations established services accessed through web browser denoted to as
laaS (Infrastructure as a Service), or PaaS (Platform as a Service), or SaaS
(Software as a Service), generally it is denoted by — XaaS where X = {I, P, S...}
and after sometime it became generally known as Cloud [1] [13]. These three
main types of services provided by Cloud Computing are shown in Figure 1.5.
> Infrastructure as a Service (laaS): Through laaS the delivery of resources
to the Cloud consumers such as servers, storage, and associated tools
essential over the Internet, permitting enterprises to develop an

application environment from scratch based on requirement is very easy
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and inexpensive. Billing is based on the usage of service and can get

complicated with tiered on-demand valuing. Amazon is an laaS provider.

3 Application

Cloud

Infrastructure Cloud

Figure 1.5: Cloud Computing Services [18]

> Platform as a Service (PaaS): PaaS enables the deployment and
scalability of user application trivial and charges incremental and
practicably foreseeable —a user can deploy applications on PaaS. Google
and Microsoft is PaaS provider [13]. User can execute their application
with little modification and probably execute already existed applications
with efforts.

» Software as a Service (SaaS): SaaS or application Cloud is one type of
Cloud services, where software functionality is delivered as a service.
SaaS provides benefits to service consumers; no initial cost to purchase
software, free of maintenance/updates, accessible through the Internet,
high availability, and pay-per-use pricing. SaaS should preserve a
comparatively greater level of its quality than conventional system. The
most renowned vendors and useful examples of SaaS are GMail or
Salesforce [13].

1.3 Cloud Architecture and Deployment Models

Cloud architectures are designs of software applications that use Internet-accessible on-
demand services. Applications developed on Cloud architectures are such that the
fundamental computing infrastructure is used only when it is required (to process a Cloud
consumer request), draw the essential resources on-demand (compute servers or storage),
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perform a particular job, then hand over the unnecessary resources and frequently
organize themselves after the job is completed. Though in process the application scales
up or down elastically based on resource requirements [19]. Cloud architecture addresses
important problems adjacent to large-scale data processing. It is not easy to do automatic
scalability based on vibrant Cloud workloads and it is difficult to become free of all those

systems when the task is completed. Cloud architectures resolve such problems.

Cloud Computing can be run in four deployment models as shown in Figure 1.6. The

deployment model will be used depending on the Cloud consumer desire and on market

availability [6].

e Private Cloud - A private Cloud can be executed internally or by a Cloud provider
(third-party) benefits of which cannot be fully exploited, and the degree of
customization probably might be inadequate.

e Community Cloud - The service is used by some members of a well-defined
group and it is provided by several Cloud providers who are either internal or
external to the community.

e Public Cloud - The service is offered to the public, and in general delivered by a

single Cloud provider in which scalability and resource pooling can be completely

exploited.
Hybrid Cloud
e Bridges one or more
Private, Public or
Community clouds e S
- * Allows manipulation P li
ic Cl
Private Cloud of CapEx and OpEx Ub c Cloud
e Leverages existing to reduce costs * Shifts CapEx to OpEx
CapEx e Supports Resource . Offer5§ PUV_ as you
e Can help reduce Portability go (Utility Billing)

Model
e Supports Multiple
Tenants

OpEx
* Intended for a Single
Tenant

Community
Cloud

« Allows sharing of CapEx
and OpEx to reduce

costs
\ « Brings together groups

or organizations with a
common goal/interest

« Supports Resource
Partability

\

Figure 1.6: Cloud Deployment Models [20]
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e Hybrid Cloud - Hybrid Clouds provide a grouping of many organization
procedures, combining their respective benefits and drawbacks. For example, data
that need to be secure can reside in a private Cloud, whereas public data or

applications can execute in the public Cloud.

1.4 Open Issues in Cloud Computing

The beginning of Cloud Computing has made an incredible influence on the IT industry

over the past few years. Presently IT industry wants Cloud Computing services to offer

best chances to real world. Cloud Computing is in early stages, with many problems [21]

[22] yet to be addressed. Some of the open issues of Cloud Computing are:

Automatic Service Providing

The aim of a Cloud provider in this case is to assign and release resources from the
Cloud to fulfill its SLOs (Service Level Objectives), reducing its deployment charge.
These methods usually include: (i) Creating an application performance model that
forecasts the number of application instances needed to manage request at every
individual level, in order to fulfill QoS requirements; (ii) Occasionally forecasting
forthcoming demand and defining resource requirements using the performance
model; and (iii) Automatically assigning resources using the forecast resource
requirements. The proactive method uses forecast demand to occasionally assign
resources before resources are required. The reactive method responds to instant
demand variations before periodic demand forecast is accessible [21].

. Virtual Machine Migration and Server Consolidation

Virtualization can deliver important profits by allowing Virtual Machine migration to
stable workload across the data center. Further, VM migration permits strong and
highly responsive providing in data centers. Researchers have found that moving a
whole OS and all of its applications as one unit allows avoiding many of the problems
tackled by process-level migration methods, and investigated the advantages of
migration of VMs. Detecting workload hotspots and initiating a migration lacks the
agility to respond to sudden workload changes [22]. Server consolidation is an

operative method to improve resource utilization by reducing energy consumption.
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Energy can be saved through VM migration. To combine VMs, VMs should be
located on many under-utilized servers onto a single server [21].

Energy Management

In Cloud Computing, the improvement in energy efficiency is one of the major
problems. It has been assessed that the price of powering and refrigeration accounts
for 53% of the entire operational spending of data centers [23]. In 2006, data centers
in the US consumed more than 1.5% of the total energy produced in that year, and the
proportion is estimated to grow 18% yearly [23]. Therefore infrastructure providers
are under huge pressure to decrease energy consumption. The aim is not only to
decrease energy cost in data centers, but also to meet government rules and
environmental standards. Energy-oriented task scheduling and server consolidation
are two other methods to decrease power consumption by switching off free systems.
A main issue in all the above techniques is to attain a decent trade-off between energy
savings and application performance [21].

Data Security

Data security is another open issue in Cloud Computing. Meanwhile Cloud providers
usually do not have access to the physical data security system of data centers; Cloud
provider must depend on the infrastructure provider to attain complete data security.
Even for a virtual private Cloud, the Cloud provider can only identify the security
setting distantly, without knowing whether it is completely implemented or not. It is
dangerous to form trust procedures at each architectural layer of the Cloud. Initially,
the hardware layer must be reliable using hardware reliable platform segment.
Furthermore, the virtualization platform need be confidential using secure Virtual
Machine observers. VM migration should only be permitted if both sender and
receiver servers are confidential [22].

Resource Scheduling and Dynamic Scalability

The aim of scaling and resource scheduling is to maximize application performance
within budget constraints in Cloud workloads [21]. What resources should be
acquired/released in the Cloud, and how should the computing activities be mapped
to the Cloud resources, so that the application performance can be maximized within

the budget constrains? Dynamic scalability is the ability to acquire or release the
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resources in response to demand dynamically. In a data center, the primary goal of a
dynamic autonomous resource management process is to avoid wasting resources as a
result of under-utilization [22]. Such a process should also aim to avoid high response
times as a result of over-utilization which may result in violation of the Service Level
Agreement (SLA) between the clients and the provider [21]. To design a successful
laaS, initially understand the Cloud workload (e.g. transactional database, file server,
web server, application server and batch data processing) thoroughly. Based on this,
Cloud consumer should design their applications which to lead to maximization of the
scaling advantage. With the help of this, not only dynamic infrastructure scaling can
be achieved but it will minimize the response time of elastic demand and maximize
the throughput of requests [19]. It is difficult to prepare an IT resource to fulfill its
processing desires. IT resources may be over-utilized or under-utilized depending on

demand.
1.5 Research Motivation

Resource Scheduling is the practice of implementing policies and procedures that
improve the efficiency of computing resources in such a way so as to reduce the
execution time and cost, energy consumption and environmental impact of their
execution. There are many issues in Cloud Computing such as Automated Service
Provisioning, Virtual Machine Migration, Energy Management, Server Consolidation,
Data Security, Dynamic Scalability and Resource Scheduling etc. as discussed in
previous section that have not been fully addressed [20] [21].

In Cloud Computing environments, there are two parties: Cloud providers and Cloud
users. On one hand, providers hold massive computing resources in their large
datacenters and rent resources out to users on a per-usage basis. On the other hand, there
are users who have applications with fluctuating loads and lease resources from providers
to run their applications. One interesting aspect of the Cloud Computing environment is
that these parties are often different parties with their own interests. Typically, the goal of
providers is to generate as much revenue as possible with minimum investment. To that
end, they might want to squeeze their computing resources; for example, by hosting as

many workloads as possible on each resource. In other words, providers want to
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maximize resource utilization. However, placing too many workloads on a single
resource will cause workloads to interfere with each other and result in degraded and/or
unpredictable performance which, in turn, frustrates the users. Thus, the providers may
evict existing resources or reject resource requests to maintain service quality, but it
could make the environment even more unpredictable. On the other hand, users want
their workloads done at minimal expense or, in other words, they seek to maximize their
cost performance. This involves having proper resources that suit the workload
characteristics of users' applications and utilize resources effectively. They also have to
take unpredictable resources into account when they request resources and schedule
applications. However, these two parties do not want to share information with each
other, which makes optimal resource allocation more difficult [20].

Dispersion, heterogeneity and uncertainty of resources brings challenges to resource
allocation, which cannot be satisfied with traditional resource allocation policies in Cloud
circumstances. Thus, there is a need to make Cloud services and Cloud-oriented
applications efficient by taking care of these properties of the Cloud environment. Aim of
resource scheduling is to allocate appropriate resources at the right time to the right
workloads, so that applications can utilize the resources effectively [21]. In other words,
the amount of resources should be minimum for a workload to maintain a desirable level
of service quality, or maximize throughput (or minimize workload completion time) of a
workload. To address this problem, new solution should be developed. The work in this
thesis aims to support the scheduling of multiple workloads, to be able to meet multiple
QoS requirements for Cloud workload. Therefore, a Cloud workload management
framework has been presented which would not only consider the completion time of
each single workload, but most importantly, the overall performance also. The overall
performance can be defined in various aspects. Among them, this thesis focuses on the
following aspects: (1) the energy consumption; (2) the execution time of all workloads -
the algorithms must strive to decrease the execution time of all workloads; and (3) the
execution cost of all workloads - the algorithms should minimize the cost of workload on

the basis of meeting the QoS requirements of time.
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1.6 Thesis Outline

Rest of chapters in this thesis is organized as:

Chapter 2 — This chapter provides various Cloud workloads in Cloud Computing,
Resource Scheduling Policies, Cloud Design Pattern Based Approaches and Data Mining

Algorithms.

Chapter 3 — This chapter discusses the Problem Statement and Objectives and

Commitment.

Chapter 4 — This chapter describes Cloud Workload Management Framework,
Framework Requirement Analysis, Framework Design, Workload Identification and

Analysis and Cloud Workload based K-Means Algorithm for Clustering of Workloads.

Chapter 5 - This chapter discusses Resource Scheduling Procedure, Decision Tree based

Scheduling Criteria and Resource Scheduling Policies.

Chapter 6 — This chapter describes the Tools for Setting Cloud Environment,
Framework Execution, Implementation of Proposed Framework, Clustering of Cloud

Workloads and Experimental Results.

Chapter 7 — This chapter summarizes the Conclusions drawn in the thesis along with

Thesis Contribution and Future Research Directions.
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Chapter 2

Literature Survey

This chapter provides related work of the various Cloud workloads in Cloud
Computing, resource scheduling policies, Cloud design pattern based approaches and

data mining algorithms.
2.1 Cloud Workloads

Cloud workload is an abstraction of work of that instance or set of instances going to
perform [24]. For Example: Running a web services or being a Hadoop data node are
valid workloads. A workload is a self-governing services or group of code that can be

implemented; workload does not depend on outside demands [27].
2.1.1 Workload Taxonomy

The server workload classification and guess have been considered mostly in the past.
Nevertheless, most existing works have a slightly different emphasis or use a different
method [26]. Different from these works, which emphasis on workload modelling at
distinct server or general data centre level, there study emphases on knowing the
interrelated workload patterns within clusters of servers that result from application
dependencies [26]. Moreover linked to this analysis are the works on capacity
management and virtual server placement, which usually employ some workload
modelling and forecast methods [30]. Different researchers’ work on Cloud workload
has been summarized in Table 2.1. These methods answer on the statistics (e.g.,
percentiles, peaks etc.) of distinct workload time series to forecast upcoming capacity
demand [30]. In comparison, some other methods discover inter-server relationships
and try to forecast workload levels at finer granularity. Arijit Khan et al. [31]
described data traces acquired from a real data centre to progress such abilities.
Initially, they have searched for repeatable workload patterns by discovering cross-
server performance relationships resulted from the dependencies among applications
running on dissimilar servers. Considering server workload data models as multiple
time series, they suggest a co-clustering technique to identify groups of servers that
frequently show associated workload patterns, and also the time intervals in which

these server groups are energetic.
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Table 2.1: Workload Description

Authors Description

Walfredo Cirne et al. [24] | Established hypothetical models to create illustrative workload traces.

Arlitt et al. [25] Analysed the workload classification on Web servers.

Cherkasova et al. [26] Conducted an analysis on broadcasting servers.

Gmach et al. [27] Considered the workload for data centre applications.

Bobroff et al. [28] Used regression models to prediction workload deviations, in order to

dynamically place Virtual Machines.

Verma et al. [29] Suggested consolidating servers using association or peak cluster based
assignment.

Jerry Rolia [30] A trace-based workload predicting technique was used for capacity
management.

They also presented a technique based on Hidden Markov Modelling (HMM) to
classify the time-based correlations in the exposed server clusters and to forecast
variations in workload patterns [32]. The experimental outcomes of suggested
approach describe that method can not only support Cloud providers better recognize
group-level workload characteristics in a Cloud, but also make extra accurate
forecasts on workload as it varies over time. They used Hidden Markov Model
(HMM) to explore the temporal correlations in workload pattern changes to forecast

distinct server performance based on the server groups found in the earlier stage [32].

Based on actual measurement data gathered from production Cloud environment,
therefore offers visions for Cloud providers to know the distinctive Cloud workload
patterns and to better manage resources. To recognize common CPU utilization
patterns across multiple servers by workload classification [25]. To attain that
discretize workload time series into some discrete levels, then search for collections
of servers that often display definite groupings of workload levels together [27]. But
this technique does not suppose availability of whole information about application
dependencies among servers, but determines and controls such dependencies by
probing for repeatable workload patterns within set of servers [28]. The co-clustering
method is used to recognizing such server groups and the common workload patterns.
The recognized co-clusters offer a significant worth headed for understanding Cloud

workload features. Moreover, a HMM-based method developed to capture the time-
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based relationships in workload changes across different co-clusters to forecast

workload variation at a cluster level [29].
2.1.2 Workload Analysis on Virtual Environment

Shiang-Jiun Chen et al. [33] inspected the performance aspects of virtualization
standard based on the VMmark model which adapts the identical workloads on single
server. In real circumstances, several workloads would execute on the identical server,
the consequences of new scores may be different with the original metrics. They
proposed an experiment like VMmark benchmarking to assess the workloads of

virtual systems.
2.1.3 Cost and Time Based Optimized Workload Scheduling

The aim of this judgment is to maximize the utilization of the internal data center and
to diminish the cost of running the outsourced jobs in the Cloud, even though
satisfying the applications’ QoS constraints. Ruben Van den Bossche et al. [34]
studied this optimization problem in a multi-provider hybrid Cloud setting with
deadline-constrained and pre-emptible but non-provider migrateable workloads that
are categorized by memory, CPU and data transmission desires. Linear programming
IS @a common practice to handle such an optimization problem. At up-to-date, it is still
uncertain whether this practice is right for this problem and what the performance

allegations of its use are.
2.1.4 Cost-effective and Durable Provisioning of Cloud Workloads

There are two main causes for provisioning of resources for N-tier web applications in
Clouds: 1) An essential optimization struggle between cost of resources and Service
Level Agreement (SLA) compliance and 2) The resource demands of the multiple
tiers are not similar, and changing along with the time. Resources have to be assigned
to multiple (virtual) containers to reduce the total amount of resources while fulfilling
the end-to-end performance desires for the application. Pengcheng Xiong et al. [35]
addressed these two open issues through the grouping of the resource controllers on
both application and container levels. A decision maker controls the total cost of the
resources that are mandatory for the application to meet SLA desires as the workload

fluctuates at the application level. On the other hand, supervisor divides the entire
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resource budget among the components of the applications to optimize the application

performance at container level (i.e., to reduce the round trip time).
2.1.5 Execution of Cloud Workloads

Konstantinos Tsakalozos et al. [36] suggested Nefeli, a virtual infrastructure gateway
that is able of efficiently control different Cloud workloads. Cloud customers and
their workloads remain doubtful to the internal features of Clouds at all times.
Misusing execution patterns as well as logistical constraints, consumers offer Nefeli
with hints for the handling of their Cloud workloads. Nefeli benefits avoid bottlenecks
within the Cloud through the recognition of feasible Virtual Machine deployment
mappings. As the types of Cloud workloads change over time, deployment mappings
must follow uniformity. To this end, Nefeli provides methods to migrate Virtual

Machines as required adjusting to varying performance requirements.
2.1.6 Online Cost-Efficient Scheduling of Deadline-Constrained Workloads

The use of hybrid Clouds presents the requirement to define which Cloud workloads
are to be outsourced, and to what Cloud provider. These judgments must reduce the
cost of executing a partition of the total workload on one or multiple public Cloud
providers while considering application desires such as data requirements and
deadline constraints. Ruben Van den Bossche et al. [37], handled this limitation by
suggesting a set of procedures to cost efficiently schedule deadline-constrained bag-
of-tasks applications on both public Cloud providers and private infrastructure. This
approach is better taken care of both computational and data transfer costs as well as
network bandwidth constraints. The performance has been evaluated in a realistic
environment with respect to fulfil deadlines and computational effectiveness,
economical and examines the influence of faults in runtime evaluations on these

performance metrics.
2.1.7 Workload Analysis for Power Minimization

Server consolidation has emerged as an encouraging method to reduce the energy
costs of a data center. Akshat Verma et al. [29] presented the first thorough
investigation of an enterprise server workload from the viewpoint of finding features
for consolidation. The significant potential for power savings if consolidation is

achieved using off-peak values for application demand has been discussed. Though,
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these savings come up with related risks due to consolidation, predominantly when
the correlation between applications is not deliberated. The steadiness in utilization
trends for low-risk consolidation has been investigated. Using the visions from the
workload study, two new consolidation approaches are considered save power, but

holding the consolidation performance risk.
2.1.8 Effects of Workload on Virtual Machine Performance

George Kousiouris et al. [38] predicted the influence of a number of critical factors on
the performance of Virtual Machines (VMs). These factors contain allocation
percentages, real-time scheduling judgments and co-placement of VMs when these
are deployed simultaneously on the similar physical node. Based on a multi-core
architecture (coupling of VMs to cores), the different levels of memory sharing are

used.
2.1.9 Capacity Planning and Performance Management through Workloads

Efficient classification of workload could be used to drive Capacity Planning and
Performance Management in laaS Cloud. There are different workload metrics (e.g.
CPU, memory usage, throughput, response time) which could be demonstrated along
with relations among them. Likewise, model relationships across a set of workloads
have been identified. Examining and characterising this would allow decision making
for several situations such as VM migration, resource management and re-
provisioning. Shruti Mahambre et al. [39] studied workload executing in laaS Cloud
and classify into patterns, based on their behavioural features. The different categories
of behavioural patterns and outline statistical methods to be used in defining these

patterns have been defined.
2.1.10 Workload Factoring

Cloud Computing is an evolving paradigm in which workloads are allocated to an
aggregation (“Cloud”) of servers and devices, retrieved over a network. Usually, the
Cloud establishes an extra means of computation and a Cloud customer can perform
workload factoring, i.e., fragment its load among the Cloud and its other resources.
Based on empirical data, there is a basic relation between the “benefit” that a Cloud
consumer perceives from the Cloud and the usage pattern followed by other Cloud

customers [40].
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2.2 Resource Management in Cloud Computing

Cloud Computing is on demand as it offers dynamic flexible resource allocation for
reliable and guaranteed services in pay according to use. Many Cloud consumers can
demand number of Cloud services concurrently in Cloud Computing. Subsequently
there is a need to provide all the resources to requesting Cloud consumer in a well-
organized way to fulfil their requirements. There are different ways to allocate the
resources to Cloud workloads have identified from the literature as given below:

2.2.1 Workflow Scheduling

Workflow scheduling is the problem of mapping each workload to suitable resource
and permitting the workloads to fulfil some performance standard. A workflow
contains of a sequence of concatenated (connected) stages. Workflow is generally
concentrated with the automation of processes and also in order to attain an overall
objective, files and data are passed between participants according to a defined set of
instructions. A workflow permits the organizing of applications in a Directed Acyclic
Graph form where each node signifies the workload and edges represent the
dependencies among the workloads of the applications. A particular workflow
consists of a set of workloads and each workload communicates with another
workload in the workflow. Workflows are supported by Workflow Management
Systems. Workflow scheduling determines resources and allocates workloads on
suitable resources. Workflow scheduling plays a vibrant role in the workflow
management. Appropriate scheduling of workflow can have an effective influence on
the performance of the system. For appropriate scheduling in workflows several
scheduling algorithms are used [41].

Suraj Pandey et al. [41] presented a Particle Swarm Optimization (PSO) based
heuristic to schedule the applications to Cloud resources that proceeds both
computation and data transmission cost. It is used for workflow applications by
changing its computation and communication costs. The assessment results show that
PSO can reduce the cost and good sharing of workload onto resources. Meng Xu et al.
[42] worked on many workflows and multiple QoS. They executed an approach for
multiple workflow management system with multiple QoS. The access speed for

scheduling is improved by using this approach. This approach decreases the makespan
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and cost of workflows. Topcuoglu et al. [43] presented the HEFT algorithm to
discover the average execution time of each workload and also the average
communication time among the resources of two workloads. Then workloads in the
workflow are well-ordered on a rank function. Then the workload with higher rank
value is given higher priority. In the resource selection stage workloads are scheduled
in priorities and each workload is allocated to the resource that complete the workload
at the earliest time. Zhangjun Wu et al. [44] suggested a market oriented hierarchical
scheduling approach which contains of both service level scheduling and workload
level scheduling. The service level scheduling deals with the Task to Service
assignment and the workload level scheduling deals with the optimization of the Task
to Virtual Machine assignment in local Cloud data centers. Jia Yu et al. [45] proposed
a cost based workflow scheduling algorithm reduces the execution cost however
meeting the deadline for delivering results. It can also adjust to the delays of service
accomplishments by rescheduling unexecuted workloads. Rizos Sakellariou et al. [46]
suggested a simple model for workflow applications that modelled as Directed
Acyclic Graph (DAG) and that permit to schedule the nodes of DAG onto resources

in a method that fulfils a budget constraint and is optimized for overall time.
2.2.2 Traditional Scheduling Algorithms

Saeed Parsa et al. [47] suggested a different task scheduling algorithm i.e. RASA. Itis
aggregation of Max-min and Min-min scheduling algorithms. They suggested that the
incoming rate of jobs, deadline of every task, cost of the job processing on every of
the resource and communication cost are considered. For large scale distributed
systems RASA is better than traditional scheduling algorithms. Arash Ghorbannia et
al. [48] proposed a trustworthy scheduling algorithm in Cloud Computing. The main
problem is divided into sub problems (Jobs). The request and acknowledge time are
computed independently in the form of a shared job to make it balanced. M.
Dakshayini et al. [49] offered a priority based scheduling algorithm. The priority is
given to every submitted queue. Submission of every queue is decided by calculating
acceptable delay and service charge. By this algorithm Cloud architecture has attained
great (99%) service completion speed with assured Quality of Service but whole
servicing cost for the Cloud also rises. Shamsollah Ghanbari et al. [50] proposed a
multi-criteria and multi-decision priority driven based scheduling. Object level,

attribute level and alternate level are three level of scheduling. Priority will assigned
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by job resource ratio then each queue is compared with priority. The higher
throughput and less completion time can be achieved through this algorithm. EI-
Sayed T. El-kenawy et al. [51] proposed a RASA based scheduling algorithm. Select
the jobs based on execution time instead of completion time in this algorithm.
Shalmali Ambike et al. [52] proposed a non-preemptive priority queuing model based
scheduling algorithm in which Cloud user performs the activities and the QoS
requirements are achieved. S. Selvarani et al. [53] proposed a cost-based scheduling
algorithm, that divides all Cloud consumer jobs depending on importance of every job
into three different lists. The resource cost and computation performance can be
measured and computation/communication ratio is improved. loannis A. Moschakis et
al. [54] proposed a job migration and starvation handling based gang scheduling
algorithm in which parallel jobs are scheduled.

2.2.3 Resource Allocation Policies

Cloud Computing evolves from Grid Computing, which is also regarded as its
backbone and basic structure. Dispersion, heterogeneity and uncertainty of resources
bring challenges to resource allocation, which cannot be satisfied with traditional
resource allocation policies in Cloud circumstances. Many Researchers have put
forward solutions for efficient resources allocation based on market mechanisms.
CDA (Continuous Double Auction) is one of the common market mechanisms being
used currently. It ensures high efficiency and effective coordination of resource
allocation. Kennedy’s paper [55] proves that web resource allocation based on CDA
framework is effective. Yun Li’s paper [56] presents a Cloud resource assignment
policy based on CDA framework and Nash equilibrium to fulfil effective resource
allocation in Cloud environment. It is important for both Cloud Computing
infrastructure operators and service operators to guarantee the reliability of dynamic
provision resource. QoS (Quality of Service) and effectiveness of dynamic resource
that service providers should ensure depended on the reliability of dynamic resource
providing. For this question, researchers have proposed strategies such as dynamic
resource provision on the basic of the law of failure [61] and dynamic resource
allocation based on credibility but they never considered key QoS requirements [57].
The efficiency of resources allocation will directly influence the performance of the
whole Cloud environment. Since Cloud Computing has its own features, original

resource allocation policy and scheduling algorithms for Grid Computing are unable
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to work under this condition. To deal with this issue, Hua’s paper [59] proposed an
Ant Colony Optimization algorithm for resource allocation, in which all the

characteristics in Cloud are considered.
2.2.3.1 Dynamic Resource Allocation Strategy Based on the Law of Failure

Hua’s paper [59], Schroede’s paper [60] and Sahoo’s paper [61] present that through
the study of log on the system failure, researchers found that the failure presents a

strong time and spatial locality.
2.2.3.2 Dynamic Resource Assignment on the Basis of Credibility

The requests for resource under Cloud environment typically exhibit strong volatility.
To ensure the credibility of dynamic resources without affecting its service efficiency,
researchers propose a more credible dynamic resource provision strategy [57]. In the
Cloud, resource allocation model based on CDA mechanism mainly includes Cloud
resource providing agent, Cloud resource requirement agent, and information serving
agent. They consult each other to achieve a balance on the price and the amount of
resource for transaction. When entering or leaving a Cloud resource system, both the
owner of the resource and the Cloud user need to be registered to the information
serving agent [58]. The owner will set a price and allocate the resources through
resource providing agent, while the user will allocate appropriate amount of resource

through resource requirement agent to the jobs needed to be done.
2.2.3.3 Ant Colony Optimization Algorithm for Resource Allocation

Ant Colony Optimization (ACO) is an updated bionic optimization algorithm which is
in simulation of ant foraging behaviour [59]. It is origined by M. Dorigo et al. [62]
who were inspired by the research result of the group behaviour of real ants. ACO
algorithm shows characteristics of rapidity, distribution and global optimization when
solving complex optimization problems. And the rapidity of finding the optimal
solution is due to the regenerative feedback mechanism of pheromone. ACO
algorithm can find out computing resources in unknown network topology and select
the most appropriate one or more resources to user’s job until it meets user’s

requirements.
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2.2.4 Job Scheduling Algorithm under Cloud Circumstance

Job scheduling of Cloud Computing refers to the process of adjusting resources
between different resource users according to certain rules of resource use under a
given Cloud environment [63]. Resource management and job scheduling are the key
technologies of Cloud Computing. At present, there is no uniform standard for job
scheduling in Cloud. Most algorithms focus on job dispatcher, which is almost
responsible for all the task allocations, responses and retransmissions [64]. Over-
reliance on the scheduler may lead to some Virtual Machines overload while others
are idle after dispatcher allocating tasks according to the load of Virtual Machines.
When this occurs, the only solution is to assign tasks for next period according to
what the feedback scheduling device gets. The process in different Virtual Machines
is independent. A Virtual Machine does not have access to other Virtual Machines’
running conditions. One of the problems is the fluctuating workloads and the other
one is the environment of Virtual Machines changes, resulting in the problems of
some Virtual Machines and making them unable to send the information back to the
scheduler [63]. This will also cause some Virtual Machines overload while others

free.
2.2.4.1 Dynamic Scheduling Algorithm Based on Threshold

To get the real-time feedback of the state of Virtual Machine, there are two ways. One
of them is to construct a set of feedback mechanism between dispatcher and Virtual
Machines to get the real-time feedback of the tasks load on Virtual Machine, and then
make a real-time adjustment on job allocation upon the fact of Virtual Machines. The
other one is to use the dynamic scheduling among Virtual Machines themselves to get
the real-time state of the load of Virtual Machines. If overload or idleness occurred,
tasks could be readjusted and redistributed among Virtual Machines. By dynamic
dispatch in Virtual Machines, dynamic scheduling algorithm based on threshold can
allocate jobs and resources flexibly and reduce the efficiency impact caused by the
synchronization among Virtual Machines [63]. However, task allocation between
Virtual Machines refers to synchronization problems, which is also the biggest
problem of the dynamic scheduling algorithm based on threshold. Since each Virtual
Machine is independent to each other, in the other word they are non-interfering.

They can perform tasks in parallel. If Virtual Machines are synchronized, they

25| Page



inevitably bring effects to their performance. Therefore, the synchronization operation

should be kept to minimum range.
2.2.4.2 Optimized Genetic Algorithm

Genetic Algorithm (GA) is proposed by Holand, who was inspired by biological
evolution, in 1975. Parallelism and global solution space search are the two notable
features of the GA [65]. On the basis of Map/Reduce model in Cloud [66], in order to
cut down both the total running time and the average time of task execution,

researchers have added one more fitness function to improve the GA.
2.2.5 Resource Distribution Policies

The input parameters to Resource Distribution Policies (RDPs) and the way of
resource allocation vary based on the services, the type of applications which demand
resources. The schematic diagram in Figure 2.1 depicts the classification of Resource
Distribution Policies (RDPs) proposed in Cloud paradigm. The following section
discusses the RDPs employed in Cloud [67] [68] [69] [70] [71] [72] [73] [74] [75]
[76] [77].
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Figure 2.1: Resource Distribution Policies
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Processing Time Based

In the work by Jiani et al. [67], actual workload processing time and pre-emptible
scheduling is considered for resource provision. It increases resource utilization
by using different modes of leasing computing capacities and overcomes the
problem of resource conflict. However estimation of processing time for every
Cloud workload is a difficult for Cloud consumer.

Policy Based

Since centralized user and resource management lacks in scalable management of
users, resources and organization-level security policy, Dongwan et al. [68] has
proposed a decentralized user and virtualized resource management for laaS by
adding a new layer called domain in between the user and the virtualized
resources. Based on Role Based Access Control (RBAC), virtualized resources are
allocated to users through domain layer. The most-fit policy allocates a job to the
cluster, which creates an unused processor distribution, instantaneous successive
job allocations is done. The clusters are assumed to be geographically distributed.
The time overheads are insignificant compared to the system long time process
but time complexity is increased.

VM Based

The system composed of a virtual network of Virtual Machines capable of live
migration across multi - domain physical infrastructure. A virtual computation
environment is capable to automatically move itself through the infrastructure and
scale its resources through dynamic availability of resources and dynamic
application requirement. But the above work considers only the non-preemptable
scheduling policy. This approach lacks in scalability due to the tasks are
scheduled on fixed number of resources. Recent studies on allocating Cloud VMs
for real time tasks focus on different aspects like infrastructures to enable real-
time tasks on VMs and selection of VMs for power management in the data
center. Karthik et al. [69] presented that the based on the speed and cost of
different VMs in laaS the resources are assigned. It permitting the Cloud
consumer to select VMs and reduces cost.

Utility Based

There are several suggestions that manage VMs dynamically by improving

specific objective function such as reducing cost function, meeting QoS objectives
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and decreasing cost performance function. The utility property is used to define
the optimized objective function is selected based on revenue, response time,
deadlines and number of QoSs achieved. There are few works [71] that
dynamically allocate CPU resources to meet QoS objectives by first allocating
requests to high priority applications. Dorian et al. [72] proposed utility based
resource allocation for VMs through VM migration. By changing VM utilities the
cost-performance trade-off is controlled. Considering CPU, memory and
communication, the resource allocation is done based on response time as a
measure of utility function for multi-tier Cloud Computing system.

Hardware Resource Dependency Based

Multiple Job Optimization (MJO) scheduler is suggested for hardware utilization
improvement. Jobs might be categorized based on hardware-resource dependency
(Network 1/0-bound, CPU-bound, Disk 1/0 bound and memory bound). The
category of jobs and parallel jobs of different types are detected and resources are
allocated based on the type. MJO primarily focus on 1/O and CPU resource. The
classic open source frameworks for virtualization management are Nimbus, Open
Nebula and Eucalyptus [73]. The key characteristic of these frameworks is to
assign virtual resources from a set of physical resources and with this a
virtualization resource pool decoupled with physical infrastructure is formed. All
these frameworks cannot support all the application modes due to complexity of
virtualization technology.

Bidding Based

Cloud resource allocation by auction mechanism based on closed-bid auction is
addressed by Wei-Yu Lin et al. in [74]. The price is determined by collecting bid
from all the Cloud consumers. The distribution of resources to the first in
maximum bidders below the price of the (i+1)y, maximum bid. Through this
mechanism the Cloud service provider decision rule and allocation rule is make
simplified by reducing the resource problem into ordering problem. Due to truth
values the maximum profit cannot be achieved.

Application Based

Resource allocation policies are addressed based on the type of the applications.
Tram et al. [75] described that virtual infrastructure distribution policies are
considered for workflow based applications where based on the workflow
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representation of the application the resources are assigned. The application logic
can be understood to create an execution schedule estimate for work flow based
applications. To estimate the exact amount of resources that will be required for
every execution of the application. To assign resources and schedule computing
tasks, the Naive, FIFO, Optimized and services group optimization strategies are
designed.
e SLA Based

In Cloud, the works related to the SaaS providers considering SLA are still in their
infancy. Moreover Lee et al. [76] have addressed the problem of profit driven
service request scheduling in Cloud Computing by considering the objectives of
both parties such as service providers and consumers. But the author Linlin Wu et
al. [77] have contributed to RAS by focusing on SLA driven user based QoS
parameters to maximize the profit for Cloud providers. The mappings of Cloud
consumer workload with available resources and policies used to minimize the

cost by optimizing the resource allocation within a VM.

As per the above discussion, most of the work done in resource allocation area of
Cloud is done in static allocation and mostly for homogenous compute nodes. The

comparison of existing scheduling algorithms is summarized in Table 2.2.

Table 2.2: Comparison of Existing Scheduling Algorithms

Approach Scheduling | Scheduling Problems Discussed Classification Tool
Criteria Aspects
Improved Cost- 1. Measures both resource
Based cost and computation
Algorithm  for Cost, Unscheduled | performance. Cloud CloudSim
Task Performance | task groups | 2. Improves the
Scheduling [53] Computation/communication
ratio.
Scheduling 1. To minimize the cost
Transaction- Execution Workflow | under certain user-
Intensive Cost- Cost and with large designated. Cloud SwinDeW-C
Constrained Time number of | Deadlines.
Cloud instances 2. Enables the compromises
Workflows [78] of execution cost and time.
A Compromised An array of
Time-Cost Cost and workflow 1. Itis used to reduce cost Cloud SwinDeW-C
Scheduling Time instances and cost.
Algorithm [79]
A Particle 1. It is used for three times
Swarm cost savings as compared to
Optimization- Resource Group of existing. Cloud Amazon
based Utilization, tasks 2. It is used for good EC2
Heuristic for Time distribution of workload
Scheduling [41] onto resources.
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SHEFT 1. It is used for optimizing

Workflow Execution Group of workflow execution time.
Scheduling Time, tasks 2. It also enables resources Cloud CloudSim
Algorithm [80] Scalability to scale elastically during
workflow execution.
Market-oriented 1. The overall running cost
Hierarchical Makespan, | Service level | of Cloud workflow systems
Scheduling Cost, scheduling | will be minimized. Cloud SwinDeW-C
Strategy CPU Time ,task level 2. It can be used to optimize
[44] scheduling | both make span and cost
simultaneously.
Multiple QoS
Constrained Scheduling 1. It is used to schedule the
Scheduling Success Multiple workflow dynamically.
Strategy Rate, Cost Workflows | 2. It is used to minimize the Cloud CloudSim
of Multi- and execution time and cost.
Workflows Makespan
[42]
Optimal CPU 1. Itis used to find a solution
Workflow Utilization that meets all user preferred
Based and Multiple QoS constraints. Cloud CloudSim
Scheduling Execution Workflows | 2. It is used to improve CPU
(OWS) Time utilization.
Algorithm [81]
RASA Grouped 1. It is used to reduce make
Workflow Makespan tasks span. Grid GridSim

Scheduling [46]

Authors that proposed dynamic resource allocation either they have considered
private Cloud or those who have considered hybrid Clouds; have never provided the
priority based resource allocation. The mechanism that provides adaptive resource
allocation for pre-emptible jobs re-evaluate the tasks that are in the jobs submitted to
certain Cloud but it does not consider the tasks that are assigned to that Cloud. The
literature review shows that dynamic resource allocation is growing need of Cloud
providers for more number of users and with the less response time. Hence the on-
demand resource allocation based SLA as per defined task priority helps to satisfy the

efficient provisioning of Cloud resources to multiple Cloud users.
2.3 Cloud Design Pattern Based Approaches

To analyse Cloud workload patterns, existing pattern based approaches have been
discussed here. The simplest way to describe a pattern is that it delivers a proven
solution to a common problem individually documented in a consistent format and
commonly as part of a larger collection. Design patterns are patterns rotated around
the design of automatic systems in the IT world. Design patterns [82] [83] [84] are

helpful because of the following reasons:

a) Represent field-tested solutions to common design problems.
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b) Organize design intelligence into a standardized and easily referenced format
are generally repeatable by most IT professionals involved with design.

¢) Can be used to ensure consistency in how systems are designed and built can
become the basis for design standards.

d) Are usually flexible and optional (and openly document the impacts of their
application and even suggest alternative approaches).

e) Can be used as educational aids by documenting specific aspects of system
design (regardless of whether they are applied).

f) Can sometimes be applied prior and subsequent to the implementation of a
system.

g) Can be supported via the application of other design patterns that are part of the
same collection.

h) Enrich the vocabulary of a given IT field because each pattern is given a

meaningful name.

The industry-driven evolution of Cloud Computing tends to complicate the common
underlying architectural concepts of Cloud offerings and their implications on hosted
applications. Design patterns are used for documentation of architectural principles
and to make good solutions to reoccurring (architectural) Cloud challenges reusable
[82]. To capture Cloud Computing best practice from existing Cloud applications and
provider-specific documentation, an elaborated pattern format is used to enabling
abstraction of concepts and reusability of knowledge in various use cases. Elasticity
empowers Cloud users to reserve and release Cloud resources dynamically and based
on the currently experienced workload [83]. In industry, Cloud providers already
make use of pattern based descriptions and provide vendor-specific pattern formats
and graphical notations. These patterns can be used to model Cloud applications
hosted on these providers’ Clouds. If a certain number of resources have been
provisioned, a human system manager shall be notified via e-mail. The administrator
has to approve further resource provisioning via a management user interface to

control the costs generated by the application [84].

Design patterns will be used to tackle the complexity of the Cloud environment, a
well-established concept to describe pieces of knowledge to capture architectural
styles [84]. The patterns are interrelated in a structure manner and ensure an

abstraction of implementation detail and use case specifics to describe reusable
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solutions to reoccurring problems. Any researchers already proposed several patterns
capturing Cloud architecture principles and management styles common for different
Cloud providers [85]. Using just one format enables the categorization of Cloud
providers regarding the patterns they support and sets the context for architectural
patterns to be implemented by application developers. The use of a common pattern
format, further, eases perception [86] and, thus, increases Cloud technology adoption.

This pattern template is used to capture the knowledge from various experts.

a) Presentation of information in a pattern format enables application architects to
quickly absorb a large body of knowledge and to understand the impact that
Cloud Computing, associated technologies, and products have on application
architectures. The patterns, thus, capture how architectural decisions impact the
functional and non-functional requirements of Cloud based applications [87].

b) Cloud patterns provide abstract knowledge about Cloud products to application
developers. A pattern set of distinct semantic of design pattern interrelations
furthermore aids developers during the discovery and use of design patterns
appropriate in their concrete use cases. Rapidly changing and evolving Cloud
application implementations and available Cloud offerings may be easier coped
with, because abstract template solutions, contained in the pattern descriptions,
may be applied to different Cloud technologies [88].

c) Abstract pattern-based descriptions of concepts can be used in education and
ensure a longer persistence and relevance of obtained knowledge, because of
their focus on abstracted information rather than on concrete implementations
and offerings [89].

Pattern-based descriptions have been used frequently to describe good solutions to
reoccurring problems during the architectural design of applications. G. Hohpe et al.
[87] described patterns on how IT reconsolidation may reduce the environmental
impact of the IT architecture by restructuring application architectures and supported
processes. However, to be applicable in the context of Cloud Computing each pattern
would have to be evaluated and possibly needs to be revised. In the field of Cloud
Computing, patterns are gaining momentum. In industry, they are often used in a less
formal way to present architectural guidelines [90]. Binz et al. [91] researched

patterns for application migration.

32|Page



2.3.1 Pattern ldentification Process

From the literature [95] [96] [97], the identification process of design patterns is

shown in Figure 2.2.

Customization of Collection of Classification of
the Pattern — S Information S Information
Format Sources Sources

e Cregt.lon.and Abstrgctlon of
«—— Classification of <« Architectural
Improvement .
Design Patterns Concepts

Figure 2.2: Pattern Identification Process [95]
Customization of the Pattern Format
As shown in Figure 2.2, this format allows the omission of optional sections,
which are then summarized with mandatory sections as indicated in the word
template. Each pattern is identified by a unique name and has an icon associated
with it. Then, a driving question states the problem solved by the pattern to enable
readers to quickly check if the pattern fits to problems at hand. The expression of
Cloud types and Cloud offerings in the pattern format has proven to be very
valuable [84].
Collection of Information Sources
In this step, different information sources are collected. An excel spread sheet
contained in the pattern will be used. For each information source, general
information, such as document names, hyperlinks etc. are collected. Further, the
Cloud Computing relevant information obtained from the sources is summarized.
This summarization should be expressed respecting the context of the information
source and its domain specific terms. Examples for information sources are
provider guidelines, knowledge about existing applications, books, and journals
[91].
Classification of Information Sources
The categorization of architecture domain is done from brief knowledge mined

from the different information sources. During the classification process the
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summaries created for information sources may be split up into multiple entries to
allow a fine granular classification [86].

e Abstraction of Architectural Concepts
Till now, the brief knowledge mined from the several information sources remains
related to Cloud provider. It, consequently, desires to be distracted to essential
architectural concepts. During this step, summaries may again be split up. This
allows a grouping of summarized knowledge regarding the abstracted concepts
[85] [92].

e Creation and Classification of Design Patterns
Based on the abstract concepts, design patterns are now compiled from the
information sources. Meanwhile the design patterns are not designed, then known
and exposed from present solutions, confirming an appropriate level of abstraction
is always a challenge [89].

e lterative Improvement
Research is shown that patterns evolve continuously through discussion in a
community. This community should be heterogeneous, thus, should contain
experts and beginners alike to ensure that obtained patterns contain all necessary
information while remaining understandable. As per design patterns are generated
by several different contributors, an arrangement of graphical components can be
pursued during the revision for a more a consistent look-and feel. Therefore,
during iterative improvement, graphical designers are involved to obtain easy to

understand graphics [91].

2.3.2 Problems in Patterns
The classification of problems [90] [91] that will be discussed through design pattern
into the following domains is based on this information:

a) Accounting & Controlling - The use of pay-per-use billing is inherent to Cloud
Computing. Additionally, providers may offer long term reservation of
resources at a lower price, such as Amazon Reserved Instances [88]. These are
intended for the static workload of customers. Variable pricing depending on
the overall utilization of a Cloud are also available, such as Amazon Spot
Instances. These billing models should be reflected in the application

architecture to reduce runtime costs.
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b)

d)

9)

h)

Application Migration - Many existing applications could benefit from Cloud
Computing. To move applications to the Cloud, the applications’
infrastructure requirements and how they are respected by the application
architecture need to be reconsidered [84].

Cloud Integration - When using Cloud Computing, a company often faces the
challenge that different computing environments have to be integrated. For
example, legacy applications may reside in on-premise data centers, whereas
others use a public Cloud [89].

Data Storage - The inconsistency of data replicas is well-researched in
distributed systems [87], Cloud Computing has shown how this concept may
be employed to increase the availability and performance of an application
[92] to handle large amounts of data and users efficiently.

License Management - Licenses issued per CPU [91] executing software are
hard to measure or enforce in the Cloud where hardware virtualization is
inherent. This renders the use of many software products employing this
licensing complicated to impossible in the Cloud. Since virtual servers may be
started and stopped dynamically in the Cloud, best practices for license
management are required to ensure a compliant deployment of Cloud
resources, for example, during automated scaling processes.

Monitoring, Analysis, and Reporting - Cloud Computing is often considered
for the aspect of profitable. The presented resource sharing, yet, can also be
exploited for energy savings. In either case, information about Cloud resources
has to be collected and analysed [89]. Sharing resources between different
projects and products significantly complicates such computations.
Multi-Tenant Cloud Middleware Sharing - Cloud resources between multiple
Cloud users, also called tenants, are a very important concept to benefit from
economies of scale [85]. Patterns are, therefore, required in this domain to
address challenges, such as tenant-isolation, version management, customer-
specific application customization, migration of tenants between software
versions and runtime environments etc.

Security and Compliance - Many of the security issues found in non-Cloud
applications are also arising in a Cloud environment. These concepts have
been captured in a pattern format [86] and may be applicable in Cloud

Computing as well. New security threats arise from malicious use of dynamic
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Cloud resources or from other Cloud users. Regarding compliance, Cloud
Computing introduces the challenge that a company’s IT has to compete with
public Cloud services. Methods how to address these issues have been
investigated but there are currently no practical solutions to extract patterns

from.

2.3.3 Pattern Terminology

From the literature [87], the pattern terminology of design patterns are given below:

a)

b)

d)

Patterns for Feedback - The feedback of readers new to the Cloud domain was
especially useful during step 6 of the pattern identification process (iterative
improvement), because it is difficult for experts to find an adequate level of
abstractions during the initial identification and description of patterns.
Transparency of Pattern Identification - The presented pattern identification
process enables transparency of this task and allows other to retrace the steps
undertaken to identify a pattern.

Categorization of Cloud Providers based on Design Patterns - Cloud design
patterns enabled a classification of providers regarding the patterns supported
by them.

Patterns for Documentation - Generally, patterns can be used in software
documentation to reduce its size and increase its quality [86]. Use of patterns
in documentation increased readability, because the well-known concept of a
pattern could be perceived easier and quicker while reducing the amount of
introductory text required in documents.

Pattern Vocabulary - The standard vocabulary is very useful to bridge

different product user communities.

2.4 Data Mining Algorithms

Data mining techniques are being used for making decisions based on some specified

rules. The three well known data mining classifier algorithms namely 1D3, J48 and

Naive Bayes are used for data mining [93] [94] [95]. Among them Naive Bayes is one

of the most effective inductive learning algorithms used to make decisions based on

predefined rules in decision trees is concerned [97].
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2.4.1 Classification Algorithms

Systems that create classifiers are one of the frequently used tools in data mining.
Such systems take a group of different cases as input; every one belongs to a small
amount of classes defined by a stable set of attributes and output a classifier that can
truthfully forecast the class to which a new case belongs. Datasets can have nominal,
numeric or mixed attributes and classes. Not all classification algorithms perform well
for different kinds of attributes, classes and for datasets of different dimensions. In
order to design a standard classification tool, one should consider the behaviour of
various existing classification algorithms on different datasets. The choice of a
classification algorithm depends on the desires and the nature of classification
required [97].

2.4.2 Decision Trees

Decision tree introduction has been considered in details in both areas of pattern
recognition and machine learning [96]. This creates the experience expanded by
individuals working in the region of machine learning and describes a computer
program called ID3, which has evolved to a new system, named C4.5 (An enhanced
version of C4.5 is J48) [94] [97].

2.4.2.1 1D3 Algorithm

ID3 is one of the well-known Inductive Logic Programming procedures, developed by
Quinlan [93]. It is basically an attribute based machine-learning algorithm that builds
a decision tree based on a training set of data and an entropy measure to build the

leaves of the tree [94]. The informal formulation of ID3 is as follows:

e Define the element that has the highest statistics gain on the training set.

e Use this element as the root of the tree; generate a branch for each of the
values that the attribute can take.

e For every branch, repeat this process with the subset of the training set that is

categorized by this branch.
2.4.2.2 J48 Algorithm

J48 (enhanced version of C4.5) is based on the ID3 algorithm developed by Ross

Quinlan [95], with additional features to address problems that ID3 was unable to
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deal. In exercise, C4.5 uses one successful process for finding high correctness
guesses, based on snipping the instructions dispensed from the tree constructed during
the learning phase. Conversely, the principal disadvantage of C4.5 rule sets is the
amount of CPU time and memory they need [95]. Given a set S of cases, J48 first

grows an initial tree using the divide-and-conquer algorithm as follows:

o If all the different cases in C belong to the similar class or C is small, the tree is
leaf labelled with the most frequent class in C.

e Otherwise, select a test based on a single attribute with two or more results.
Create this test as the root of the tree with one branch for every result of the test,
partition C into corresponding subclasses C1, C2... according to the result for

every different case, and apply the same technique recursively to every subclass.

There are usually many tests that could be chosen in this last step. J48 uses two
heuristic criteria to rank possible tests: statistics gain, which reduces the total entropy
of the subclasses {Ci} and the default gain ratio that distributes statistics gain by the
information provided by the test outcomes. After the building process, each attribute
test along the path from the root to the leaf becomes a rule antecedent (precondition)
and the classification at the leaf node becomes the rule consequence (post condition)
[94]. To illustrate the post pruning of the rules, let us consider the following rule

generated from the tree:
IF Condition THEN Conclusion

This rule is pruned by removing any antecedent whose removal does not worsen its

estimated accuracy.
2.4.2.3 Naive Bayes Algorithm

Naive Bayes [98] is an extension of Bayes theorem in that it assumes independence of
attributes. This supposition is not stringently accurate when considering grouping
based on text extraction from a document as there are relationships between the words
that collect into concepts. Problems of this kind, called problems of supervised
classification, are ubiquitous. It is simple to construct without any requirement for
complex iterative parameter approximation patterns [96]. This means it may be
enthusiastically applied to huge data sets. It is robust, easy to interpret, and often does

surprisingly well though it may not be the best classifier in any particular application.
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The Figure 2.3 shows the experimental results using decision trees with the 1D3 and
J48 (extension of C4.5) algorithms [97], along with the results obtained from Naive

Bayes algorithm.

Precision Rate - It is the fraction of retrieved Information that is relevant to the search.

Precision Rate =

Relevant Information U Retrieved Information

Retrieved Information

Recall Rate - Recall in information retrieval is the fraction of the Information that are

relevant to the query that are successfully retrieved.

Recall Rate =

Relevant Information U Retrieved Information

Relevant Information
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Figure 2.3: Precision-Recall Characteristics [97]

In Table 2.3, comparison is done with respect to time taken to build the model, along

with the error rate for all the three data mining algorithms.

Error rate - The degree of errors encountered during extract information from a data

set and transforms it into an understandable structure.

Table 2.3: Comparison of Data Mining Algorithms [97]

Experiments

Overall Error Rate

Time taken to build
the Model in Seconds

Naive Bayes 3.46% 0.11
J48 3.47% 0.88
ID3 3.47% 1.8
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Comparison of data mining algorithms, as shown in Figure 2.4 suggest that the ability
of the various classification methods examined could be considered as good, i.e. the
classifier stability is very strong. Root mean square error in the same way suggests
that the error rate is very small, which can be considered as a measure of effectiveness
of the model. It can be observed from the Figure 2.4, that the accuracy of overall
classification for Naive Bayes [98] for all classes is better than the overall accuracy
obtained in the case of J48 and ID3 algorithms. It is observed from the results
obtained by experimentation that the Naive Bayes model is quite appealing [97]

because of its simplicity, elegance, robustness and effectiveness.

0.8

0.6 I Accuracy

Value

B Root mean

0.4 - Square error
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1D3 J48 Maive Bayes
Algorithm

Figure 2.4: Comparison of Data Mining Algorithms [97]
2.5 Conclusion

Different factors related to Cloud workloads have been discussed in this chapter. The
various existing resource allocation algorithms have been identified and compared.
Based on the literature survey the different design patterns have been identified and
discussed. Different data mining techniques have been compared based on different
criteria and the best data mining technique that has been used to make the decision to
choose scheduling criteria has been discussed. Next chapter focuses on the analysis

of the problem based on the literature review.
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Chapter 3

Problem Analysis

Based on literature survey, the problem of allocation of resources to the Cloud
workloads has been identified. This chapter presents the problem statement and

objectives and commitments of this research work.

3.1 Problem Statement

To map the best resource to a corresponding Cloud workload is a tedious task and the
problem of finding the best resource — Cloud workload pair according to Cloud
consumer application requirements is an optimization problem [19]. The resources
and Cloud workloads can leave and join the Cloud dynamically. Cloud resources are
heterogeneous and dynamic in nature. In this work, independent Cloud workloads
have been considered to handle the realistic scenarios as there are many scenarios in
which the need of scheduling Cloud workloads arises. Firstly, this problem is suitable
to Cloud systems because of the nature of Cloud customers, who submit Cloud
workloads in an independent manner to the system. Secondly, Cloud systems are most
useful for massive parallel processing, in which large amounts of data are processed
independently. In this work, the scheduling of workloads has been considered from
both the Cloud customer and Cloud provider’s point of view. The user wants to
minimize the cost whereas the Cloud provider wants to minimize the execution time
and energy consumption. In this problem, the most popular and extensively studied
optimization criteria, i.e. the minimization of the execution time has been considered.
Execution time is used to indicate the general productivity of the Cloud systems.
Smaller values of execution time and energy consumption indicate that the scheduler
is planning the Cloud workloads in an efficient manner. Cost is another optimization
criterion, which refers to the total cost of the Cloud workload execution on a
particular resource. The problem has been derived to get an optimal solution. The
problem can be expressed as: To consider this problem, a set of independent Cloud
workloads {w;,w,,ws, . . . ,w,} to map on a set of heterogeneous and dynamic
resources {ry,r,,r3, . . . ;1. has been taken. R = {r,1 < k < n} is the collection of
resources and n is the total number of resources. w = {w;|1 <i < m} is the collection

of Cloud workloads and m is the total number of Cloud workloads. The estimated
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time to compute the value of each Cloud workload on each resource is assumed to be
given by the consumer-supplied information, experimental data, Cloud workload

profiling and analytical benchmarking.
3.2 Objectives and Commitments

The main objective of this work is to analyse the Cloud workloads, cluster them on
the basis of common patterns and then provision the Cloud workloads before actual
scheduling. This helps in better matchmaking and efficient scheduling. Further
scheduling has been done based on scheduling policies and their corresponding
algorithms. The following are main objectives of this work:

a) Clearly understand the current and potential future requirements and
expectations of the resource consumers.

b) Develop Cloud workload management framework that aims at minimizing the
energy consumption and at the same time meet the Cloud workload deadline.

c) Based on workload details, identify the scheduling criteria (Compromised
Cost - Time Based, Time Based, Cost Based and Bargaining Based) with the
help of decision tree.

d) Implement the scheduling algorithms in CloudSim 3.0 and validate scheduling
criteria through the experimental results.

3.3 Conclusion

This chapter discussed the problem statement and objectives and commitments. Next

chapter discusses the Proposed Framework for Cloud Workloads.
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Chapter 4

Proposed Framework for Cloud Workloads

This chapter presents the design of proposed solution through a Cloud Workload
Management Framework. Framework comprises of Cloud Workload Management
Portal (CWMP), Bulk of Workloads, Cloud Workload Analyser, Policy Selector,
Scheduler, Resource Information and Resource Pool. Framework is based on four
resource scheduling policies (Compromised Cost - Time Based (CCTB) Scheduling
Policy, Time Based (TB) Scheduling Policy, Cost Based (CB) Scheduling Policy and
Bargaining Based (BB) Scheduling Policy).

4.1 Cloud Workload Management Framework

Need of optimized resource scheduling in Infrastructure as a Service (laaS) can be
achieved using the proposed framework. The proposed Cloud Workload Management
Framework is shown in Figure 4.1. The framework compromises of following units:
4.1.1 Cloud Workload Management Portal

The Cloud workload details are gathered through the Cloud Workload Management
Portal (CWMP) from Cloud consumer. Web browser acts as an interface for both
consumer and provider. The Cloud provider generates the workload schedule based
on the workloads details specified by the user. The workload generated by Cloud
provider is based on the four resource scheduling polices, to allocate the resources to
the Cloud workloads efficiently.

4.1.2 Bulk of Workloads

The number of Cloud workloads submitted by the Cloud user is processed in the
queue. Based on the details given by user, the resources are assigned to the Cloud
workloads for their execution.

4.1.3 Cloud Workload Analyser

The aim of Workload Analyser is to look at different characteristics of a Cloud
workload to determine the feasibility of porting the application in the Cloud. The
different Cloud workloads have different set of requirements and characteristics. This
analysis also provides input to execution method, Cloud service choice and a

preliminary business worth valuation (Cost benefit analysis).
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Figure 4.1: Cloud Workload Management Framework
4.1.4 Policy Selector
Four resource scheduling policies (Compromised Cost - Time Based (CCTB)
Scheduling Policy, Time Based (TB) Scheduling Policy, Cost Based (CB) Scheduling
Policy and Bargaining Based (BB) Scheduling Policy) are proposed in this thesis.

Decision tree is used to select the appropriate policy based on workload details
described by Cloud consumer.
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4.1.5 Scheduler

Scheduler is used to schedule the Cloud workloads and map the Cloud workloads
with available resources based on the policy defined by user. Scheduler uses
minimum number of resources to serve the Cloud workloads within specified budget
and deadline. Energy is also calculated and compared with threshold energy value at
different value of resources. The ‘workload is dispatched only, if the workload is
executed within described budget and deadline and actual energy consumption is less
than the threshold energy value.

4.1.6 Resource Information

The resource details include the number of CPU using, size of memory, cost of
resources, type of resources and number of resources. All the common resources are
stored in resource pool and reserve pool contains some reserve resources.

4.1.7 Framework Description

A flowchart depicts the flow of Cloud workloads from CWMP to resource allocation,
is as shown in Figure 4.2. Based on Cloud consumer details CWMP assigns resources
and executes Cloud workloads. During execution of a particular Cloud workload, the
CWMP will check the current workload. If the Required Resources (RR) is more than
the Provided Resources (PR) then it will check the scheduling policy in the following
ways:

e |If the scheduling policy is Time Based (TB) then it will reschedule the
allocated resources to the Cloud workloads, otherwise allocate the resources to
new Cloud workloads from reserve resource pool.

e If the scheduling policy is Cost Based (TB) then Cloud Workload
Management Portal will ask to change the policy to execute Cloud workloads
and pay the amount as required.

e If the scheduling policy is Bargaining Based (BB) then the Cloud workloads
will be executed by negotiation or mutual agreement between Cloud consumer
and Cloud provider.

e If the scheduling policy is Compromised Cost-Time Based (CCTB), Cloud
provider will minimize cost and execution time. For successful execution of a
Cloud Workload, the Actual Energy Consumption (E¢;,,4) Should also be less
than Threshold Energy Value (Erpreshoid)-

! The terms “workload” and “Cloud workload” are synonymous and interchangeable.
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After successful execution of Cloud workloads, Cloud Workload Management Portal
releases the free resources to resource pool and CWMP is ready for execution of new

Cloud workloads.
4.2 Framework Assumptions

The proposed framework is resulting from the following assumptions of Cloud

customer needs:

e Cloud Consumer wants “price” to be less and under budget. A regular
classification of price here is the quantity of expenses; total payment or cost
incurred to finish all of the workloads under consideration.

e Cloud Consumer wants “time” for completing all of the workloads to be less. If
the dispatched workloads of a BowW (Bulk of Workloads) among a large
number of resources, the latest completion time among all resources is the
makespan of that workload and this completion time must be decreased as
much as possible.

e Reducing the dynamic energy consumption by lowering the supply voltage at
the cost of performance degradation. Develop resource management and
scheduling algorithm that aim at minimizing the energy consumption and at the
same time meet the Cloud workload deadline too.

e Cloud Customer prefers a “stable” workload assignment. Minimize
unnecessary resource thrashing to minimize communication overheads.

e Cloud Customer prefers an “urgency” workload assignment. Urgency refers to
the “minimise” execution time of a particular assignment.

e This framework assumes a single laaS provider with uniform price list of the
resources is being considered.

o If there is “urgency” then there is no need to move the workload in to workload

queue, process directly by using reserve resource pool.

4.3 Framework Constraints

For Cloud Workload Management Framework, the following constraints have been
considered:
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1. Each Cloud workload to be scheduled for application’s execution has a unique
workload id.

2. Cloud workloads are independent.

3. Arrival of Cloud workloads for execution of application is random and Cloud
workloads are placed in a queue of unscheduled Cloud workloads.

4. The computing/processing speed of the resources is measured in Multiple
Instructions Per Second (MIPS) as per the Standard Performance Evaluation
Corporation (SPEC) benchmark.

5. The processing requirement of a Cloud workload is measured in Million
Instructions per Second (MIPS).

6. Execution time for every Cloud workload on a resource is obtained from
objective function.

4.4 Framework Requirement Analysis
Requirement analysis of proposed framework is represented through UML diagrams.
4.4.1 UML Diagrams

Unified Modelling Language (UML) is a standard language for specifying,
visualizing, constructing and documenting the artifacts of software systems, business
modelling and other non-software systems. The UML uses mostly graphical notations
to express the design of software projects. These graphical notations combined to
construct UML diagram. Each UML diagram is designed to let developers and
customers view a Cloud Workload Management Portal from a different perspective
and in varying degrees of abstraction.

i.  Use Case Diagram

Use Case diagram describes the behaviour of the CWMP from an external point of
view. Use Case describes the core of the actual requirements. Figure 4.3 shows the
Use Case diagram of the CWMP. It shows that member of the Cloud Workload
Management Portal can ask the query to administrator, after doing the login member
can check the energy consumption of both homogeneous and heterogeneous
workloads and enter the Cloud Workload details. Administrator can accept or reject
the request of a new user and answers the query asked by the Cloud consumer. After
that Cloud provider generates the workload schedule based on consumer requirements

and Cloud consumer can view workload schedule.
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Figure 4.3: Use Case Diagram of the CWMP

ii.  Sequence Diagram

Sequence diagram models the collaboration of objects based on a time sequence. It
shows how the objects interact with others in a particular scenario of Use Case. Figure
4.4 shows the Sequence diagram of the CWMP.,
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Figure 4.4: Sequence Diagram of the CWMP

iii.  Activity Diagram

Activity diagram in UML is used for modelling the dynamic aspects of the Cloud
Workload Management Portal (CWMP). An Activity diagram is essentially a
flowchart, showing flow of control from activity to activity. For the most part, this
involves modelling the sequential steps in a computational process. With an Activity
diagram, model the flow of an object as it moves from state to state at different points
in the flow of control. An Activity is an on-going non-atomic execution within a state
machine. Activities ultimately result in some action, which is made up of executable
atomic computations that result in state of the Cloud Workload Management Portal.
Activity diagram of CWMP is shown in Figure 4.5.
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Figure 4.5: Activity Diagram of the CWMP

iv.  Class Diagram

A Class diagram shows a set of classes, interfaces, and collaborations and their

relationships. Class diagrams are the most common diagram found in modelling
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object-oriented systems. Class diagram is used to illustrate the static design view of a

CWMP. Class diagrams that include active classes are used to address the static

process view of a CWMP. Class diagram is used to visualize the static aspects of
CWMP is shown in Figure 4.6.
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Figure 4.6: Class Diagram of the CWMP

v.  State Chart Diagram

A State Chart diagram is emphasizing the flow of control from state to state. State

Chart diagram is used to model the dynamic aspects of CWMP as shown in Figure

4.7. A state is a condition in the life of an object during which it satisfies some

condition, performs some action. A transition is a relationship between two states

indicating that an object in the first state will perform certain actions and enter the

52 |Page




second state when a specified event occurs and specified conditions are satisfied.
Where CC denotes the Cloud Consumer.
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Figure 4.7: State Chart Diagram of the CWMP
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vi.  Collaboration Diagram

A Collaboration diagram emphasizes the structural organization of the objects that
send and receive messages; a diagram that shows interactions organized around

instances and their links to each other as shown in Figure 4.8.
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7. Enter Query| |10. Get Answer Schedule Detail

8. Ask Queries
:Query Handler :Cloud_Provider
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Figure 4.8: Collaboration Diagram of the CWMP

vii.  Component Diagram

A Component diagram shows the organization and dependencies among a set of
components as shown in Figure 4.9. A component is a physical and replaceable

part of a system that conforms to and provides the realization of a set of interfaces.

Database SQL

Server
Home.aspx
: | Web Browser
é Cloudportal.mdf
CWMP é
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.Net Framework 4.0

BN

Solution
Explorer

Figure 4.9: Component Diagram of the CWMP
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To model a system's source code, model the compilation dependencies among these

files using dependencies. Executable files, source code files, inbuilt libraries and

databases are shown in Figure 4.10.
Logout.aspx

Reply.aspx

Login.aspx
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ueries.aspx Style.css

N

User.master

VerifyDetails.aspx -~ )

Contact.aspx . Read.aspx

’
7

Deployment Diagram

About.aspx

\ \

“. . Cloudportal.sq

Figure 4.10: Modelling Executable Files and Libraries

viii.
A Deployment diagram shows the configuration of run time processing nodes and
the components that live on them. With the UML, Deployment diagram is used to

visualize the static aspect of these physical nodes and their relationships and to

specify their details for construction, as in Figure 4.11.
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Figure 4.11: Deployment Diagram of CWMP

4.5 Framework Design
Data Flow Diagram (DFD) is used to represent the design description of CWMP.,
4.5.1 Design of CWMP Depicted through DFD

The Cloud workload details are gathered through the Cloud Workload Management
Portal (CWMP) from Cloud consumer. Web browser acts as an interface for both
consumer and provider. The Cloud provider will generate the workload schedule
based on the workloads details specified by the user. The workload generated by
Cloud provider is based on the four resource scheduling polices, to allocate the

resources to the Cloud workloads efficiently.
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Data Flow Diagram (DFD) is an interface between the real world activities and an
understanding of how an approach can be converted into computer system. Figure
4.12 shows the context or O Level DFD of CWMP. This context-level DFD is next
exploded, to produce a Level 1 DFD that shows some of the detail of the CWMP
being modelled.

Login details
» Login successful/failed /
Cloud Enter workload details 7/
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Customer Submit workload details J CWMP
. Workload details submitted 0

—View workload schedule i

A |A

‘ T Workload schedule displayed AT4A
Enter Query

Information updated

Ask Answer

Submit query

Query Answered

Logout

Logout successfully \ 4
Cloud

Provider

Registration Details

New
Cloud <
Customer

Registered Successfully

Figure 4.12: Context or 0 Level DFD of the CWMP

The Level 1 DFD shows how the CWMP is divided into sub-systems (processes),
each of which deals with one or more of the data flows to or from an external agent,
and which together provide all of the functionality of the CWMP as a whole. It also
identifies internal data stores that must be present in order for the CWMP to do its
job, and shows the flow of data between the various parts of the CWMP. Figure 4.13
shows the Level 1 DFD of the CWMP. There are four types of databases in Cloud
Workload Management Portal named; customer database, registration database,
workload database and resource database. The workload handler will handle all the
incoming Cloud workloads and maps the Cloud workloads to the appropriate
resources efficiently based on workload details provided by Cloud provider. Query
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handler is used to manage the incoming queries from the user side and forward to

Cloud provider. The query will be answered by the Cloud provider.
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Figure 4.13: Level 1 DFD of the CWMP

4.6 Workload Identification and Analysis
In this section, the Cloud workloads identified and analysed based on the different key

Quiality of Service (QoS) requirements.
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4.6.1 Workload Identification and Description

The types of workload that has been identified during workload analysis, these are
Websites, Technological Computing, Endeavour Software, Performance Testing,
Online Transaction Processing, E-Com, Central Financial Services, Storage and
Backup Services, Production Applications, Software/Project Development and
Testing, Graphics Oriented, Critical Internet Applications and Mobile Computing
Services [31] [33] [35] [36] [41] [99] [100]. The identified Cloud workloads are
described below:

e Websites - Free available websites for social interaction and for large number of
Cloud consumers there are informational websites. The quality attributes for this
workload are large amounts of reliable storage, high network bandwidth,
performance and high availability.

e Technological Computing - It includes bioinformatics, atmospheric modelling,
and other numerical computation. The quality attribute for this workload is
computing capacity.

e Endeavour Software - It includes email servers, SAP, enterprise content
management. The quality attributes for this workload are security, high
availability, customer confidence level and correctness.

e Performance Testing - It includes simulation of large workloads to test the
performance characteristics of software under development. The quality
attribute for this workload is computing capacity and performance.

e Online Transaction Processing - It includes online insurance policies and online
banking. The quality attributes for this workload are security, high availability,
internet accessibility and usability.

e E-Com - It includes super marketing. The quality attributes for this workload are
variable computing load and customizability.

e Central Financial Services - It includes banking and insurance systems. The
quality attributes for this workload are security, high availability, changeability
and Integrity.

e Storage and Backup Services - It includes general data storage and backup. The

quality attributes for this workload are reliability and persistence.
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e Productivity Applications - It includes users signing up for mails, word editors
etc. The quality attributes for this workload are network bandwidth and latency,
data backup and security.

o Software/Project Development and Testing - It includes software development
of web applications with Rational Software Architect, Microsoft Visual Studio
etc. The quality attributes for this workload are user self-service rate, flexibility,
creative group of infrastructure services and testing time.

e Graphics Oriented - It includes animation and visualization software
applications. The quality attributes for this workload are network bandwidth and
latency, data backup and visibility.

e Critical Internet Applications - It includes web applications including huge
amount of scripting languages. The quality attributes for this workload are
serviceability, high availability and usability.

e Mobile Computing Services - It includes Servers to support rich mobile
applications. The quality attributes for this workload are portability, high
availability and reliability.

4.6.2 Workload Analysis

A distinct workload (or a whole application) used by a set of consumers and a smaller
facility may be used in dissimilar environments. The different applications have
different set of requirements and characteristics. Some Clouds are natural fits for
certain classes of workloads (i.e. Web Applications) whereas for another type of
workloads (i.e. Batch), other Cloud services (AWS) are more necessary [1]. The aim
of workload analysis is to look at different aspects or characteristics of an enterprise
application to determine the feasibility of moving or porting the application in the
Cloud. This analysis also provides input to execution method, Cloud service choice
and a preliminary business worth valuation (Cost benefit analysis) [12] [101] [102]
[103].

a) Cloud Workload: The Cloud workload is an abstraction of work of that instance
or set of instances going to perform [24]. For Example: Running a web services
or being a Hadoop data node are valid workloads. A workload is a self-
governing services or group of code that can be implemented; workload does

not depend on outside demands [27]. A workload can be minor or whole
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b)

c)

application [104]. Industrial communities have to energetically handle
workloads so to check how applications are running. The abstraction is a
technique to retain the procedural information away from the consumer. The
outcome of this abstraction is a sort of service that makes it easier to have a
distinct function with a defined determination [31]. The services live in a
container with an Application Programming Interface (API) so it can be simply
relocated from one place to another [105]. The term workload in the context of
Cloud Computing is an abstraction of the use to which Cloud consumers put
their Virtual Machines on the Cloud environment. For example, on desktop
sessions a desktop workload might be supporting a number of Cloud consumers
logging. To support an enterprise’s SAP system through a system of Virtual
Machines working together [106]. Workloads are an important distinctive
distinguishing the requirements for Cloud Computing [33] [107] [108].
Workload Constraints - The following are some constraints with respect to
Cloud workloads:
I. A workload may be time bound ("run for 1 hours™) or time unbound.
ii. A workload may have a particular begin time or elastic begin time.
iii. A workload may have hard stop time (for example: must finish by a
certain time in the future).
iv. A workload can be interruptible or must run without interruptions.
v. A workload may have a certain lower limit of the resource that it needs
(workload different but applications runs inside the workload are same).
vi. A workload may have urgency associated with it.
vii. A workload may have budget associated with it.
Workload Assumptions - The assumptions of Cloud workloads is described
below [109]:
i.  All workloads are aperiodic.
ii.  Deadline and best-effort workloads are splittable.
ii.  All workloads are independent and the scheduling algorithm assumes that
there is no communication among workloads.
iv.  Scheduler accepts a new workload only when it can prepare a feasible
schedule for all the old workloads, which were already accommodated in

Scheduler as well as new workload.
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d) Workload Cost - It includes the hardware cost, software cost, application

maintenance and provision charges etc.

e) Workload Characteristics - The following are the characteristics of the Cloud

workloads:

Unstable Demand - When a workload has an unchanging and sporadic
demand, having dictated and well sized structure for that workload is
possibly extra effective than reimbursing hourly charges for VMs in a
public Cloud or building and using a private and automatic Cloud.
Standard - Usefulness in Cloud Computing is realized appreciations to
virtualization and automation. Automation is budget effective if there is a
lesser set of features (in SaaS services) or sections of software (in PaaS or
laaS services) present in the directory.

Self-governing - If a workload needs heavy communication with another
system, relocations of that workload only to a public Cloud situation
might affect performance undesirably because of concerns with latency
and bandwidth between the data centre and public Cloud situation.
Though bandwidth can every time be increased, latency is harder to
decrease lower than a lowest threshold unless 1 and O can travel faster
than light.

Not Critical - The workloads with extraordinary challenging necessities
(for example availability, response time, recovery time, recovery point
and security) might not be organized to be presented in public Clouds so
far. Service stages offered by public Clouds did not frequently fulfil the
necessities of critical workloads.

f) Workload Categorization: Distinctive computing workloads involve four basic

parts. Practically all applications have their four parts but mostly not stable.

Workload based on different applications has been summarized in Table 4.1.

CPU Oriented Workloads - These applications contain scientific
calculation with important data munching, encryption and decryption,
compression and decompression and so on.

Memory Oriented Workloads - These applications contain in memory
caching servers, in memory data servers.

Networking Oriented Workloads - These applications are web servers and

network load balancers.
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iv.  Storage Oriented Workloads - These applications include file serving and

data mining.

Table 4.1: Workloads Based on Different Applications

Consumer Applications

Wrapped Applications

enterprise.

Developed and maintained by an

Respective vendor is in control of its

execution, wrapping, and delivery.

The organization has authority over its

design and choosing technology.

Maintained pattern and product design.

g) Workload Rate - A workload may be used at the last days of the month or after

every fixed time (periodically), workload occurrence is important for cost-

benefits analysis.

h) Workload Execution Modes - The workload can be implemented in real time

(i.e. online) as well as implemented at every time in a batch mode summarized

in Table 4.2.

Table 4.2: Workloads Based on Resource Requirement and Programming Model

Requirement

Memory) to finish the job in a timely

manner.

Criteria Batch Online
Require specific capacity in terms of | The network bandwidth
Resource storage and compute resources (CPU, | may be more critical.

Programming Model

Some batch jobs may be implemented

over a framework like Hadoop.

For online workloads a
PaaS may be the best

option.

i) Workload as Independent Objects - A workload has no dependencies. It’s a

distinct set of application logic that can be implemented individually of a

particular application.

4.6.3 Cloud Workload Classification

After identification and analysis of workloads, they are classified on the basis of

specific features. Different workloads have different features in terms of security

needs, network needs, variability of load, back-up services, network bandwidth needs,
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computing capacity and other QoS metrics [112]. Table 4.3 summarizes the

classifications of Cloud workloads.

Table 4.3: Classification of Cloud Workloads

Group Workloads

Websites, Technological Computing, Endeavour Software,
Server Oriented Performance Testing, Online Transaction Processing, E-Com,

Central Financial Services, Storage and Backup Services.

Client Oriented Production Applications, Software/Project Development and

Testing, Graphics Oriented, Critical Internet Applications.

Mobile Oriented Mobile Computing Services

The High level workloads as shown in Figure 4.14 based on different classification
groups. The new workloads made possible for Cloud are collaborative care, medical

imaging, finical risk and energy management.

B Server
Onentod

Clam
Onentad

W Mobie
Qriented

Figure 4.14: High Level Workload Groups

From the literature, the existed metrics have been identified that can be applied to
Cloud workloads to measure Network Bandwidth, Integrity, Usability, Reliability,
Availability, Changeability, Latency, Cloud Customer confidence Level, Variable
Computing Load, Customizability, Testing time, User Self Service Rate, Reliable
Storage, Database Backup, Correctness, Service Visibility, Serviceability, Computing
Capacity, Flexibility, Internet Accessibility, Persistence, Portability, Security and
Performance of Cloud services [101] [102] [110] [111] [112] [113] [114] [115] [116]
[117] [118].
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4.7 Cloud Workload Based K-Means Algorithm for Clustering of
Workloads

To schedule the resources efficiently, the clustering of Cloud workloads will be done.
For clustering of Cloud workload, assign weights to different quality attributes based

on the importance for particular Cloud workload.
4.7.1 Assign Weights to Quality Attributes

Though, several researchers suggested models and approaches to make quality
evaluation i.e. quantitative and less subjective so far quality attributes weighting is
totally subjective, depending on domain experts’ capabilities to directly weight the
attributes. Awkwardly, understanding the significance and subsequently the weights is
not simple. It is inferred by several researchers that using ranks to produce weights by
various well-known formulas is more trustworthy than just directly assigning weights
to attributes. This is for the reason that generally even professionals and decision
makers are more self-confident about the ranks of selected attributes than their
weights, and they can approve on ranks more easily. In this thesis, the data (average
of weights) collected from existing research papers from reputed journals are used
because the researchers assigns weights to quality attributes with respect to context in
which that quality attribute is used. The relation between Quality Attributes and
Cloud Workloads has been described in the form of Matrix as shown in Table 4.4,
The range of weight scale has been assumed from 1 (Minimum) to 5 (Maximum). The
weights are assigned according to the importance of a requirement for a particular
Cloud workload. If any quality attribute is not important for a particular Cloud
workload then zero or NA (Not Available) is assigned. These attributes are almost the
same according to the international research. Through the questionnaire, the weights
for various quality attributes can be assigned from different types of research papers
as shown in Table 4.5. Later receiving the required information the average of every
attribute has been taken and that average is the approximate weight (percentage) of
that quality attributes [119]. The consequence of collected data is used by the
following formula to calculate quality attributes weight:

Ny
1
,j) =—— X X
W(,j) N, <, ;Rk 100
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Where in W (i, ) , i is cloud workload and j is quality attribute of that workload, Ny is
number of research papers used to collect data, M,, is maximum value for a quality
attribute and Ry, is response for an attribute; the value of W (i,j ) will be in the range
0% - 100%. An analysis has been conducted to acquire the data from 15 research
papers of Cloud Computing from reputed journals about Cloud workloads with the
objective to know that how to assign the weights to the quality attributes according to
significance [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] [130] [131]
[132] [133] [134]. After getting the responses, an industry standard baseline and

acceptable weights to the quality attributes has been defined.

Table 4.4: Quality Attributes and Cloud Workloads Matrix

Quality wiL [w2 w3 was ][ ws | we]| wr | ws]| wo [wio]| wil [ wi2 | wi3
Attributes

Reliable N
Storage

Latency \ \

Computing N N
Capacity

Data Backup \ \

Customer N
Confidence
Level

User Self- N
Service Rate

Correctness N

Flexibility \

Security \ \ \ \

Internet N
Accessibility

Creative Group N
of Infrastructure
Services

Usability N N

Variable N
Computing
Load

Customizability \

Testing Time N

Changeability \

Visibility v

Integrity \

Reliability R \

Serviceability N

Persistence N N

Portability J

Performance N

High Network N N N
Bandwidth

High v v v v Vo
Availability
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Table 4.5: Questionnaire for Assigning the Weights to Quality Attributes

Question Element Importance Degree

Websites NA 1 2 3 4 5

. Reliable Storage

. High Network Bandwidth

. High Availability

Technological Computing NA 1 2 3 4 5

. Computing Capacity

Endeavour Software NA 1 2 3 4 5

. Security

. High Availability

. Customer Confidence Level

. Correctness

Performance Testing NA 1 2 3 4 5

. Computing Capacity

. Performance

Online Transaction Processing NA 1 2 3 4 5

. Security

. High Availability

. Usability

E-Com NA 1 2 3 4 5

. Variable Computing Load

. Customizability

Central Financial Services NA 1 2 3 4 5

. Security

. High Availability

. Changeability

. Integrity

Storage and Backup Services NA 1 2 3 4 5

. Reliability

. Persistence

Productivity Applications NA 1 2 3 4 5

. Network Bandwidth

. Latency

. Data Backup

1
1
2
3
2
1
3
1
2
3
4
4
1
2
5
1
2
3. Internet Accessibility
4
6
5
6
7
1
2
3
4
8
1
2
9
1
2
3
4

. Security

10. Software/Project Development and Testing NA 1 2 3 4 5

1. User Self-Service Rate

2. Flexibility

3. Rich Set of Infrastructure Services

4. Testing Time

11. Graphics Oriented NA 1 2 3 4 5

1. Network Bandwidth

2. Latency

3. Data Backup

4. Visibility

12. Critical Internet Applications NA 1 2 3 4 5

1. High Availability

2. Serviceability

3.Usability

13. Mobile Computing Services NA 1 2 3 4 5

1. High Availability

2. Reliability

3. Portability
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The conversion metric is used to assign the values (minimum = 1 and maximum = 5)

corresponding to the percentage as shown in Table 4.6.

Table 4.6: Conversion Metric

Approximate Weight (%) Weight
0-20 1
20-40 2
40-60 3
60-80 4
80-100 5

Research papers have been selected randomly to gather the data through data
collection technique. Likert scale is oscillating from 1 [lowest] to 5 [highest] to gather
the data [135]. All quality attributes to make it convenient for the other researchers to
assign the values has been identified. The objectives of the data collection are to 1) to
minimize the variations in limits of data, 2) Gather the information about the level of
quality attribute, 3) Gather the information about the pervious weights assigned, 4)
Gather the information about the researcher (Experience, research successfully
completed etc.). This information determines the authenticity of the data that is
received from different research papers. The result of the data analysis is as follows;
total 15 research papers of different contexts have been studied and maximum
possible value for an attribute is 5. For example calculating the average of “Usability”

attribute is as following:

Ny =12, i = Online Transaction Processing and j= Usability, M,, = 5 and sum of the

responses Yx2, Ry = 32

X 32 x 100 = 53.33

Waij) =15z

For W(i,j ) = 53.33, the average weight is assigned for usability is 3. Through this

the average weights for every quality attribute has been calculated.
4.7.2 Cloud Workload Based K-Means Algorithm for Clustering of Workloads

As workload demands vary widely and is quite fluctuating simple static resource
provisioning results in over and under provisioning. Cloud Workload K-Means
Clustering Algorithm is non-hierarchical method initially takes the number of

workloads of the population equal to the final necessary number of clusters. The
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actual essential number of clusters is selected such that the workloads are mutually
farthest apart based on key QoS requirements in this step. Next, it examines each
workload in the population and assigns it to one of the clusters depending on the
minimum distance. The cluster centroid's (C) position is recalculated every time a
workload is added to the cluster and this continues until all the workloads are grouped
into the final required number of clusters (C; ) [136]. The algorithm used for
clustering of Cloud workload as shown in Figure 4.15. Cloud Workload K-Means
Clustering Algorithm calculate the distance of between each workloads and select
that pair which show the minimum distance and remove it from actual Workload Set
(W). Then took one workload from  Workload Set (W =
{WiW, .ot e e e .. W, 3) @nd calculate the distance between selected workload
and standard workload from Workload Set (W) and add with that cluster which show
the minimum distance. Repeat this process till threshold value achieved. If number of
value is less than k then again calculate the distance between each workload from the

rest Workload Set (W) and repeat that process till k cluster formed.

Input:
W={W,W, ......cce eeseee ... W, } (Workloads to be clustred)
C; = number of clusters
Output:
C={C.Cy ..o s cee et e .. G, } (Cluster Centroid)
mw 21,23 m} (Cluster Membership)

Procedure: K means
Set C to initial value (Random selection of workload (w))
For each W, e W
m (W, ) = argMinDistance (W, ,C, )

ye{l....... m}
End
While m has changed value
Foreachxe {1,2,3. . ..., m}
Recompute C, as the centroid {w|m (w) = x}
End
For each W, e W
m (W, ) = argMinDistance (W, ,C, )
ye{l....... m}
End
End

End

Figure 4.15: K-Means Algorithm for Clustering of Cloud Workloads
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4.7.3 Weight Assignment for Cloud Workloads

The range of weight scale has been assumed from 1 (Minimum) to 5 (Maximum). The
weights are assigned according to the importance of a requirement for a particular

Cloud workload as shown in Table 4.7.

Table 4.7: Workloads with their Requirements and Weights

Id Workload Requirements Weights
Assigned
» Reliable storage 3
w1 Web sites » High network bandwidth 3
» High availability 5
W2 Technological » Computing capacity 5
Computing
»  Security 5
W3 Endeavour » High availability 5
Software »  Customer confidence Level 3
» Correctness 3
w4 Performance » Computing capacity 5
Testing
Online » Security 5
W5 Transaction » High availability, 3
Processing » Internet accessibility 5
» Usability 3
W6 E-Com » Variable computing load 5
» Customizability 3
»  Security 5
w7 Central Financial | » High availability 3
Services » Changeability 1
> Integrity 5
W8 Storage and | > Reliability 5
Backup Services » Persistence 3
» Network bandwidth 2
W9 Productivity » Latency 3
Applications » Data backup 4
» Security 5
»  User self-service rate 4
Software/Project > Flexibility 4
W10 | Development and | » Creative group of infrastructure
Testing services 1
» Testing time 5
» Network bandwidth 3
W11 | Graphics Oriented » Latency 3
» Data backup 5
» Visibility 4
Critical Internet | » High availability 5
W12 | Applications »  Serviceability 4
»  Usability 3
» High availability 3
W13 | Mobile Computing | > Reliability 5
Services » Portability 2
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Abbreviations for the workload and their corresponding requirements have been

presented in Table 4.8.

Table 4.8: Abbreviations of Workload Requirements

Network Bandwidth R1 Variable Computing Load R13
Integrity R2 User Self Service Rate R14
Security R3 Reliable Storage R15
Usability R4 Database Backup R16
Reliability R5 Correctness R17
Availability R6 Visibility R18
Changeability R7 Serviceability R19
Latency R8 Computing Capacity R20
Customer confidence Level R9 Flexibility R21
Portability R10 | Internet Accessibility R22
Customizability R11 | Persistence R23
Testing time R12 | Creative group of infrastructure services | R24

Based on the importance of a requirement for a particular Cloud workload the data

values have been assigned as shown in Table 4.9.
Table 4.9: Data Values for Workloads

Workloads Requirements Value 1 Value 2 Value 3 Value 4
w1 R15, R1, R6 3 3 5 0
W2 R20 5 0 0 0
W3 R3, R6, R9, R17 5 5 3 3
W4 R20 5 0 0 0
W5 R3, R6, R22, R4 5 3 5 3
W6 R13, R11 5 3 0 0
W7 R3, R6, R7, R2 5 3 1 5
W8 R5, R23 5 3 0 0
W9 R16, R1, R3, R8 2 3 4 5
W10 R14, R21, R24, R12 4 4 1 5
W11 R1, R8, R16, R18 3 3 5 4
W12 R6, R19, R4 5 4 3 0
W13 R5, R6, R10 3 5 2 0

Let the four seeds [137] be the four workloads as shown in Table 4.10.

Table 4.10: The Four Seeds for Given Workloads

Seed Value 1 (V1) Value 2 (V2) Value 3 (V3) Value 4 (V4)
sl 5 0 0 0
s2 5 3 0 0
s3 3 3 5 0
s4 5 3 5 3
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Now compute the distance using the four values (Weights Assigned) and using the

sum of differences for simplicity (i.e. using the K-median method [138]). The

distance values for all the Cloud workloads are given in Table 4.11, wherein columns

6, 7, 8 and 9 give the four distances from four seeds respectively. Based on these

distances workload is allocated to the nearest cluster [139] and the result of first

iteration as shown in Table 4.11.

Table 4.11: First Iteration- Allocating Each Cloud Workload to the Nearest Cluster

C1l 5 0 0 0 Distance From Clusters Allocation
C2 5 3 0 0 to the
C3 3 3 5 0 Distance | Distance | Distance | Distance nearest
C4 5 3 5 3 FromC1 | FromC2 | FromC3 | From C4 Cluster
Workload | V1 | V2 | V3 | V4
W1 3 3 5 0 6 3 0 5 C3
W?2 5 0 0 0 0 3 6 11 C1
W3 5 5 3 3 11 8 5 0 C4
W4 5 0 0 0 0 3 6 11 C1
W5 5 3 5 3 11 8 5 0 C4
W6 5 3 0 0 3 0 3 8 C2
W7 5 3 1 5 9 6 3 2 C4
W38 5 3 0 0 3 0 3 8 C2
W9 2 3 4 5 9 6 3 2 C4
W10 4 4 1 5 9 6 3 2 C4
W11 3 3 5 4 10 7 4 1 C4
W12 5 4 3 0 7 4 1 4 C3
W13 3 5 2 0 5 2 1 5 C3

First iteration leads to two each workload in first and second cluster, three in third

cluster and six in fourth cluster. Table 4.12 compares [140] the cluster means of

cluster found in Table 4.11 with the original seeds (s1, s2, s3, s4).

Table 4.12: Comparing New Centroids and the Seeds

Value 1 Value 2 Value 3 Value 4
C1 5 0 0 0
C2 5 3 0 0
C3 3.6 4 3.3 0
C4 4 35 3.1 4.1
sl 5 0 0 0
Y 5 3 0 0
s3 3 3 5 0
s4 5 3 5 3

Use the new cluster means to recomputed the distance of each object to each of the

means, again allocating each Cloud workload to the adjacent cluster. Table 4.13

shows the second iteration.
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Table 4.13: Second Iteration- Allocating Each Cloud Workload to the Nearest Cluster

C1 5 0 0 0 Distance From Clusters Allocation
Cc2 5 3 0 0 | Distance | Distance | Distance | Distance to the
C3 3.6 4 3.3 0 FromC1l | FromC2 | FromC3 | From C4 nearest
C4 4 35 (31| 41
Workload | V1 | V2 | V3 | v4 Cluster
W1 3 3 5 0 6 3 0.1 3.7 C3
W2 5 0 0 0 0 3 59 9.7 C1
W3 5 5 3 3 11 8 5.1 1.3 C4
W4 5 0 0 0 0 3 5.9 9.7 C1
W5 5 3 5 3 11 8 5.1 1.3 C4
W6 5 3 0 0 3 0 2.9 6.7 C2
W7 5 3 1 5 9 6 3.1 0.7 C4
W8 5 3 0 0 3 0 2.9 6.7 C2
W9 2 3 4 5 9 6 3.1 0.7 C4
W10 4 4 1 5 9 6 3.1 0.7 C4
W11 3 3 5 4 10 7 41 0.3 C4
W12 5 4 3 0 7 4 1.1 2.7 C3
W13 3 5 2 0 5 2 0.1 4.7 C3

The number of workloads in all the four clusters is again same. A more careful look
shows that the clusters have not changed at all. The cluster membership [137] is

shown in Table 4.14.
Table 4.14: Cluster Membership

Cluster Cluster Name Workloads
C1 Compute W2, W4
C2 Storage W6, W8
C3 Communication W1, W12, W13
C4 Administration W3, W5, W7, W9, W10, W11l

The distribution of various Cloud workloads among four clusters is shown in Figure
4.16.

M communioaton

Wl Acrunistration

Figure 4.16: Distribution of Various Workloads among Four Clusters
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4.7.4 1dentified Design Patterns

The Design Patterns identified from the literature [82] [83] [84] [85] [86] [87] [88]
[89] [90] [91] [92] are given below:

a)

b)

9)

h)

)

On-demand Application Instance - It contains the applications that need scale-
out and scale-down capabilities. For Example: Let retail store sites be
available during special events.

Operative - It includes executing parallel batch jobs or background
applications. For Example: Using schedulers for analytics processing by
executing background tasks in parallel.

Simple Storage - It deals with storage large amount of unstructured data. For
Example: Company storing legal compliance reports in backup store.
Structured Storage - It deals with storing data in a table structure while not
demanding full relational semantics. For Example: A structured storage to
maintain a Web application's state (shopping basket information)

Service Interface (Web and Web service API) - It contains exposing
application capabilities through Ul and Web services. For Example: Company
building digital asset management solution exposing APIs to other services.
Service-Oriented Integration - It deals with Invocation of an external Web
services using Web-standard protocols. For Example: Web applications
leveraging Web-hosted live meeting services for collaboration.

Messaging - It contains share messages between applications in a scalable,
reliable, and asynchronous way. For Example: Web application informing a
scheduler to execute a specific task.

Cloud Deployment - Deploying applications with desired configurations such
as scale-out and high-availability requirements. For Example: A retail store
configuring Web portal to automatically scale-out when usage exceeds
threshold and scale-down as needed.

Design for Operations - How to make my application operations-ready by
providing health status and logging. For Example: Developers designing
Cloud applications to be operations friendly through GUI.

Service Instance Management - Start, stop, and suspend Cloud apps. Manage
service configurations. For Example: A Web application administrator using

the service portal to manage application state.
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k) Management Alerts - Sending Immediate Messages, mails, or warnings about
resource and billing details. Itenables applications to send emails. For
Example: Default notification on resource usage.

I) Service Level Management - Get information on application resource
consumption such as processor time, bandwidth. For Example: Looking for
billing and resource usage info about the application deployed with billing

transparency.
4.7.5 Design Pattern Template

The design pattern template consists of different parts related to all aspects as shown

in Figure 4.17.

Design Pattern Name

Requirement

Summary

Problem:

Solution:

Application:

Impact:

Figure 4.17: Design Pattern Template

e Design Pattern Name - The name of the design pattern to be considered.

e Requirement - This is a brief statement that offers the important constraint
addressed by the design pattern in the form of a query.

e Summary - The summary table is consisting of statements that jointly offer a
brief outline of the design pattern for rapid reference purposes. Moreover, the
summary table offers references to interrelated service-orientation design
philosophies and service-oriented architectural categories.

e Problem - It is the problem for which the design pattern offers a solution.
Problem explanations may also contain common situations that can lead to the

problem.
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e Solution - This signifies the design solution offered by the design pattern to

solve the problem and fulfil the need.

e Application - This section is devoted to defining how the design pattern can be

used. It can consist of strategies, implementation details, and occasionally

even a suggested process.

e Impact - This section describes significances, budgets and requirements

related with the application of a design pattern.

Based on the key characteristics of Cloud workloads, the design pattern are mapped

with Cloud workloads. Table 4.15 shows how the Cloud workloads have been

distributed among four clusters and their corresponding pattern classification,

framework and their description [141]. There are four clusters named Compute,

Storage, Communication and Administration.

Table 4.15: Clusters with Patterns and Cloud workloads

Cluster Cloud Pattern Framework Description
Workload Classifications
Applications that | Let retail store sites be
Performance On-demand need scale-out and | available during special
Testing Application scale-down events.
Compute Instance capabilities.
Executing parallel | Using schedulers for
Technological Operative batch  jobs or | analytics processing by
Computing background executing  background
applications. tasks in parallel.
Storing large | Company storing legal
E-Com Simple Storage | amount of | compliance reports in
unstructured data. | backup store.
Storage Storing data in a | A structured storage to
table structure | maintain a Web
Storage and Structured while not | application's state
Backup Storage demanding  full | (shopping basket
relational information)
semantics.
Service Exposing Company building
Interface application digital asset
Website (Web and Web | capabilities management  solution
Service APl) | through Ul and | exposing APIs to other
Web services. services.
Invoking external | Web applications
Communication | Critical Internet Service- Web services | leveraging Web-hosted
Applications oriented using Web- | live meeting services for
Integration standard collaboration.
protocols.
Share  messages | Web application
Mobile between informing a scheduler to
Computing Messaging applications in a | execute a specific task.
Services scalable, reliable,

and asynchronous
way.

76 |Page




Deploying
applications with | A retail store
Endeavour desired configuring Web portal
Software and Cloud configurations to automatically scale-
Online financial Deployment | such as scale-out | out when usage exceeds
Services and high- | threshold and scale-
availability down as needed.
requirements.
How to make my
Software/Project Design for application Developers  designing
Development Operations operations-ready Cloud applications to be
Administration and Testing by providing | operations friendly
health status and | through GUI.
logging.
Start, stop, and | A Web application
Central Service suspend Cloud | administrator using the
Financial Instance apps. Manage | service portal to manage
services Management | service application state.
configurations.
Sending
Immediate Enabling applications to
Productivity Management | Messages, mails, | send emails. Default
Applications Alerts or warnings about | notification on resource
resource and | usage.
billing detail.
Get info on app | Looking for billing and
resource resource  usage info
Graphic Service Level | consumption such | about the application
Oriented Management | as processor time, | deployed with billing
bandwidth. transparency.

4.7.6 Cloud Workload Execution Design

In the course of its lifetime, a workload passes through many states as is outlined in

Figure 4.18. A workload is an input to the scheduler which allocates it to a set of

resources based on its requirements. The workload’s status is then changed to
SCHEDULED. During the STAGE_IN state, input files and executables required for

the workload are staged to the available resource. When this process is completed

successfully, then a workload is considered to be SUBMITTED. The workload may

be queued while waiting for an available processor and its state changes to
PENDING. When the workload starts its execution, it is considered ACTIVE. After

the workload has finished executing, it enters the STAGE_OUT stage where its

output files are transferred back to the broker. If all its outputs are received and are as

expected by the task requirements, then the workload is considered as “DONE". If

one of state transitions fails on the available side or the workload has completed on

the available side but has not produced the expected result files, then it is considered

FAILED and is reset and marked for re-scheduling.
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Workload is mapped to
available resource

Reset for rescheduling

Scheduled

Start copying inputs

Remote Execution Workload is dispatched
to remote resource

o ] Stage In
Finished copying

Inputs

Workload is queued

Submitted

Workload starts Workload starts
running running
Start copying outputs )
Stage_Out
Workload is completed successfully Finished copying outputs

o)
0

Figure 4.18: State Transition Diagram for Cloud Workload
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Cloud Resource Manager manages all the Cloud workloads and resources and map
efficiently. There are different entities and interfaces associated with Cloud Resource

Manager as shown in Figure 4.19.

<<interface>> <<interface>> <<interface>>
IApplicationStore IResourceStore IWorkloadStore

vl A e d
1
1
1
1
1
1
1

Cloud Resource Manager

1 1 1
1...* 1 1...*
Dispatcher Scheduler Workload Monitor Resource Monitor
Lo* 1 | O
R N R | 1
N v L=

Scaling Listener

Figure 4.19: Cloud Resource Manager and its Associated Entities

The Scaling Listener is used to handle the request from various Cloud consumers and
allocate the Cloud workloads to the available resources efficiently based on the
workload details submitted by the Cloud consumer. There are two loops used during
resource allocation. First loop is scheduler loop, for computing the resource
requirement for a particular Cloud workload. Second loop is discovering processor
properties like processing cost, speed and MIPS rating. After execution of every
Cloud workload, the processor properties are saved for future purpose. The Sequence

Diagram of Resource Monitoring is shown in Figure 4.20.
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:Scaling_Listner :Resource Monitor :Resource

P getAllResource()
B_‘ _______ resources . N H

:ProcessorinfoService

D QueryProcessingSpeedProperties()=D
<

lLoop discover processor propﬂ ,
i

~ saveProcessorProps()
D‘____________sa\_/ed _________ > D

Figure 4.20: Sequence Diagram of Resource Monitoring

The Resource Scheduler schedule the incoming Cloud workloads based on the
workloads details. Two loops are used. First loop for scheduling i.e. get Cloud
workloads to schedule and second loop is used to ask resources repeatedly and
available resources and Cloud workloads mapped efficiently based on the scheduling
policies. All the incoming workloads are put into different queue than the queue
contains already submitted Cloud workloads. The Sequence diagram of generating
Cloud workload schedule is shown in Figure 4.21. The mapping is saved for future

purpose.
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:Scaling_Listner :ResourceScheduler

Loop scheiduler Iooﬂ

:decideMapping()

| Next set of
< getWorkloadToSchedule() e
ceee—o—-__Workloads _____________: schedule

Loop f:or each workload J .

: getReadyResources() |
- resources

D __________________________________ > D

l | <<create>>

D saveMapping() J

Figure 4.21: Sequence Diagram of Workload Schedule

Dispatcher is used to dispatch the Cloud workloads for execution. One loop is used to
dispatch all the Cloud workloads. Scaling Listener gathered Cloud workload details
and provided to the dispatcher. A particular Cloud workload is submitted to the
compute resource for calculating the amount of resources required. The Workload
Wrapper is created by allocating the resources to the Cloud workloads. After that the
tentative mapping is committed and stores each mapping. The Sequence Diagram of
Dispatching Workloads is shown in Figure 4.22. Workload Monitor is used to check
the status of Cloud workloads. The loop workload monitor is used to monitor the
incoming Cloud workloads. The queries related to workload monitoring are asked and
replied according to the status. After the execution of the Cloud workload, the status
is changed by Workload Listener from executing to finish. After the successful
execution of Cloud workload the status is updated in the system. The Sequence
Diagram of Workload Monitoring is shown in Figure 4.23. There are different clusters

of Cloud workloads are created and put the incoming workloads in suitable cluster.
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:Scaling Listner ‘Dispaicher :ComputeResource “WorkloadWrapper

Loop Ij.iE‘pat':th?R. Set of workloads to
dispatch and
________________________:_}

* SubmitWorkload

i “Wrapper

.;D getWorkloadWrapper |
create(} A
———»

saveWorkload [ :T ______________ L

: getWorkload ToDispatch() i

< resource mapping
u workloads D _
D' workloadSaved !

commit() ™
worklodcommitted

: B StoreWorkload() I T; ____________________________________ L
D' WorkloadStored ' i
———————————————————————— > :

i |

Figure 4.22: Sequence Diagram of Dispatching Workloads

There are eight different classes created to represent the interaction among different
entities. Workloads are allocated to the appropriate resources based on the workload
description by taking care of QoS. Fitness value for every workload is calculated and
analysed. Allocate the resources to Cloud workloads and execute within the defined
budget and desired deadline with minimum energy consumption. The Class diagram
for Workload Allocation is shown in Figure 4.24.

- Scaling Listner :ComputeR esource ‘Workload Monitor “WorlkdoadListner

Lopp Workload }It)nitof. s e

subscribed to

T

tWorkload ToNonit i i

" ge ?r l-cloa 3 ° : onitor() workload status i
_______________ wordoads | ] events |

Figure 4.23: Sequence Diagram of Workload Monitoring
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+ Cluster 1 1

+ WorkloadFitnessFunction

ClusterName: String

+Calculate (cost, time)

+ WorkloadCluster

+WorkloadWrapper

— Instance: WorkloadCluster
—Worklods:List<wWorkloads>

+WrapWorlkload()

—resources:List<rResources>

+ getInstance(): WorkloadCluster

+getWorkload():List<wWorkloads>

+getResources():List<rResources>

+CreateCluster(workloads:List, resource:List): List&WorkloadToResourceMapping

-

+ CalculateFitnessValue

+Calculate (cost, time)

+ Workload

1

+ workloadDescriptionAnalyzer

+AnalyzeworkloadDescription (workloadDescFile:String):List<workload>

+Workloadid:Int
+WorkloadName:String
+WorkloadType:String

+Submit()
+Execute()

AV

+ workloadDescription

+WorkloadName: String
+WorkloadProcessingCapacity: Double
+CostPerHour: Double

+WorkloadDescription(WorkloadName:String, ProcessingSpeed: double, CostPerHour:double)
+getWorkloadName(): String

+setWorkload(name:String)

+getProcessingCapacity():Double

+setProcessingCapacity(PC: Double)

+getCostPerHour(): Double

+setCostPerHour(CPH: Double)

Figure 4.24: Class Diagram for Workload Allocation

4.8 Conclusion

This chapter discussed the design of proposed solution through a Cloud Workload

Management Framework. Workload analysis and identification has been described.

The classification of these Cloud workloads is done through K-Means Clustering

Algorithm by assigning the appropriate weights to the different quality attributes. The

design pattern template used to collect the information related to specific problem has

been developed and discussed. The design patterns has been identified and matched

with cloud workloads. In the last section, the execution design of Cloud workloads

has been presented. Next chapter discusses the Proposed Policies for Cloud

Workloads.
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Chapter 5

Proposed Policies for Cloud Workloads

Cloud workload have been identified and classified in the last chapter. On the basis of
resource requirement pattern the clustered workloads need to be scheduled. This
chapter presents the proposed workload scheduling policies. Decision tree is used to
select the appropriate policy based on workload details described by Cloud consumer.
The four resource scheduling policies are Compromised Cost - Time Based (CCTB)
Scheduling Policy, Time Based (TB) Scheduling Policy, Cost Based (CB) Scheduling
Policy and Bargaining Based (BB) Scheduling Policy.

5.1 Resource Scheduling Procedure

Four resource scheduling policies (Compromised Cost - Time Based (CCTB)
Scheduling Policy, Time Based (TB) Scheduling Policy, Cost Based (CB) Scheduling
Policy and Bargaining Based (BB) Scheduling Policy) are proposed in this thesis.
Decision tree is used to select the appropriate policy based on workload details
described by Cloud consumer (Discussed in previous chapter). Cloud environment
and a scheduler that implements different scheduling policies based on the decision

taken by Cloud provider. Resource Scheduling Procedure is shown in Figure 5.1.

- Scheduling Policy
Decision | >[ Allocation Agent
Generation

Resources $

Resource
Queue
Workload Match
Queue Queue

Figure 5.1: Resource Scheduling Procedure

Obijective
Function

Cloud I
Workloads
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Based on the scheduling policy, the resources are allocated to the Cloud workloads.
The information of the Cloud workloads and computational resources is send to the
allocation agent. The allocation agent implements four resource scheduling policies:
Compromised Cost - Time Based (CCTB) Scheduling Policy, Time Based (TB)
Scheduling Policy, Cost Based (CB) Scheduling Policy and Bargaining Based (BB)
Scheduling Policy. Cloud Workload Management Portal (CWMP) produces the Cloud
workloads. It calculates workload deadline time. Each workload is characterized by
their deadline, estimated budget and policy. The QoS of each Cloud workload is also
represented in the scheduling request of the Cloud workload. Similarly, QoS, such as

processing speed, is generated for each computational resource.

5.1.1 Cloud Workload Attributes

3000 independent Cloud workloads were generated randomly in CloudSim as
Cloudlets. For each Cloud workload, the attributes of the Cloud workload include
deadline, estimated budget and scheduling policy. The resource scheduling policies
consider only one dimensional QoS (processing speed). The QoS is generated to be 1
to 32 with the ratio following given distribution of the QoS request. In this thesis, the
six scenarios of the QoS distribution has been defined (See Section 6.5).

5.1.2 Resource Attributes

For each set of resources, the attributes of the resource include number of resources
(or computing nodes), QoS provided, and the information of each resources, which
includes the deadline, estimated budget and scheduling policy. All configurations
about the resources will remain the same during the experiment. In this thesis, one-
dimensional QoS (Processing Speed) has been implemented.

5.1.3 Allocation Agent

The allocation agent receives the Cloud workloads and puts them into the workload
queue. While the workload queue is not empty, the allocation starts the scheduling
policy to find the right workload-resource match according to the policy. To compare
proposed QoS guided policies with the existing scheduling policies, all the proposed

policy has been implemented to get the performance data.
5.2 Decision Tree Based Scheduling Criteria

Classification Tree analysis is when the predicted outcome is the class to which the
data belongs. Regression Tree analysis is when the predicted outcome can be

considered a real number.
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5.2.1 Problem Statement

The classification and regression objective [142] requires a set

where [;, I< j<n, jeN is an object being reviewed and n is a rational number. The

objects may be the information on executing policies in different values of cost and
time (See Table 5.1). Each object is characterized with a set of variables:

Where the x; are independent attributes, for which the values are known, and on
which the value of the target variable y is based and m is total number of independent
attributes. The independent attributes are: Cost and Time. The target variable is

Policy. A set of independent attributes is often defined as a vector:

X ={xq, v cr .. Xm}
Every single variable x; can acquire values from a certain set:
Ci = {Cj1,Cjg we e om. }

If the values of a variable are elements of a finite set, it is denoted as a categorical
variable. For example, the variable Policy acquires values from range {Compromised
Cost - Time Based, Time Based, Cost Based, Bargaining Based}.

If arange Cy, = {c1, ¢ vevvun . } of the variable y is finite, then the objective is referred
to as classification objective, else the objective is referred to as regression objective.

The policy details are shown in Table 5.1.

Table 5.1: Policies Description

Cost Time Policy
Minimum Minimum Compromised Cost - Time Based
Maximum Minimum Time Based
Minimum Maximum Cost Based
Cost Agreement Time Agreement Bargaining Based

5.2.2 Decision Trees

Decision trees comprise a way of presenting rules in a hierarchical, sequential
structure. Figure 5.2 shows a decision tree for the data presented in Table 5.1.

5.2.3 Mathematical Functions

In this case, the objects being reviewed are considered as points in an (m +1) —
dimensional space. Then, the variables of an object I; = {xq,......... Xm,V}, are

considered as coordinates, which are set into relation in the following function:
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y={wy + wix; + oo e e e F WX
where wy.......... w,, — Weights of independent attributes, where the determination of
these weights is the central objective of finding a classification function.
It is obvious that all variables should be presented as numeric parameters. There are
different ways to transform logical and categorical variables into numeric ones.
Logical types, as a rule, are encoded by the figures 1 and 0.
The values of categorical variables are the names of the possible categories of an
object being reviewed. Indeed, there may be more than two of such states. Their
names should be mentioned and enumerated in a list. Each name from the list may be
presented by its individual number. For the transformation into a numeric variable, for
example, the value of the variable Policy = {Compromised Cost - Time Based, Time
Based, Cost Based, Bargaining Based} may be replaced by the values {0, 1, 2, 3}. It
is observed from the results obtained in experimentation that the Naive Bayes model
is quite appealing [97] because of its simplicity, elegance, robustness and
effectiveness (See Section 2.4).

Policy
Time Based Cost Based Bargaining Based Compromised Cost Time Based
[ I I ]
min / max max [ min \ time agreed min in
cost agreed
Time Cost Time Cost Time Cost Time Cost

Figure 5.2: Decision Tree of Scheduling Policies

Such a classification can be made, via a Naive Bayes algorithm [96], which applies
the Bayes’ formula [98] for the calculation of a probability. The term Naive is derived
from the Naive assumption that all attributes reviewed are independent from each
other [96]. Let us denote the probability that a certain object I; belongs to a class C;
(that isy = ¢; ) as P(y = ¢;) . An event corresponding to the equality of independent
attributes to specific values is denoted as E, with the probability of its occurrence as
P(E) . The idea of the algorithm is calculating the conditional probability of affiliation
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of an object to c;, with its independent attributes being equal to specific values. With
the use of Bayes’ theorem:
P(y=c; | E) =P (E|y =c;). P(y =¢; ) / P (E)
In other words, rules are built with a conditional part that compares all independent
attributes with the corresponding possible values. In the concluding part all possible
values of the target variable are present:
If [(x; =¢j, )and ........ and (x,,, =c;,)] then = (y =c;)
For each of these rules, Bayes’ formula calculates a corresponding probability.
Assuming that attributes acquire values independently from each other, let us perform
the calculation of the probability P (E | y =c;) through a multiplication of probabilities
for each independent attribute:
PE|Y=c)=P(x1=¢j, |Y=Cj) ceoviveeievveee . P (X = | Y =€)
Then, the probability for the whole rule can be defined by formula:

Py =¢lE)=P(x; =¢;, |ly=¢j) X ....X P (x, =¢; |y =¢)XP(y =¢)/P(E)
The probability of affiliation of an object to class ¢; , provided that its attribute x; is
equal to ¢;, is defined by the formula:

P(xj =cj,|y=¢;))=P(x;j =c;; Ny=¢;) /P (y =¢)
which is the ratio of the number of objects in the training sample, in which x; =c;,
and y = ¢; , and the number of objects belonging to class C; . For example, for the
objects from Table 5.1, the following probabilities for the values of the independent
attribute Cost and Time has been obtained:
P (Cost = Minimum | Policy = Compromised Cost - Time Based) = 1/4;
P (Cost = Maximum | Policy = Time Based) = 1/4;
P (Cost = Minimum | Policy = Cost Based) = 1/4;
P (Cost = Cost Agreed | Policy = Bargaining Based) = 1/4;
P (Time = Minimum | Policy = Compromised Cost - Time Based) = 1/4;
P (Time = Minimum | Policy = Time Based) = 1/4;
P (Time = Maximum | Policy = Cost Based) = 1/4;
P (Time = Time Agreed | Policy = Bargaining Based) = 1/4;
Thus, if it is necessary to define whether a policy would take place with the following
values of independent attributes (Event E):
Cost = Maximum;

Time = Maximum;
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One should calculate the following conditional probabilities:
P (Policy = Compromised Cost - Time Based | E) = P (Cost = Maximum |
Policy = Compromised Cost - Time Based) xP (Time = Maximum | Policy =
Compromised Cost - Time Based) / P (E);
P (Policy = Time Based | E) = P (Cost = Minimum | Policy = Time Based) xP
(Time = Maximum | Policy = Time Based) / P (E);
P (Policy = Cost Based | E) = P (Cost = Maximum | Policy = Cost Based) x P
(Time = Minimum | Policy = Cost Based) / P (E);
P (Policy = Bargaining Based | E) = P (Cost = Maximum | Policy = Bargaining
Based) x P (Time = Maximum | Policy = Bargaining Based) / P (E);
By inserting the corresponding probabilities, the following figure has been obtained:
P (Policy = Compromised Cost - Time Based | E) =1/4 x 1/4/ P (E) =
0.0625/P (E);
P (Policy = Time Based | E) = 1/4 x 1/4/ P (E) = 0.0625/P (E);
P (Policy = Cost Based | E) = 1/4 x 1/4/ P (E) = 0.0625/P (E);
P (Policy = Bargaining Based | E) = 1/4 x 1/4/ P (E) = 0.0625/P (E);

The description of decisions for selection of scheduling policy is shown in Figure 5.3.

Stage 1 Stage 2 Stage 3 Stage 4

Figure 5.3: Decision Tree Based Branching
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The probability P(E) is not accounted for, as in the normalization of the probabilities
for each of the possible rules, it vanishes. The normalized probability for a rule is
calculated by formula:
P'(y=c¢ |E)=P(y=c¢ |E)/XP(y=c|E)
In this case, one may say that under specified conditions, the Compromised Cost -
Time Based, Time Based, Cost Based, Bargaining Based Policy will select with a
probability of:
P (Policy = Compromised Cost - Time Based | E) =
1/4 x 1/4/ (0.0625+0.0625+0.0625+0.0625) = 0.0625/ 0.25 = 0.25;
P (Policy = Time Based | E) = 1/4 x 1/4/ P (E) = 0.0625/ 0.25 = 0.25;
P (Policy = Cost Based | E) = 1/4 x 1/4/ P (E) = 0.0625/ 0.25 = 0.25;
P (Policy = Bargaining Based | E) = 1/4 x 1/4/ P (E) = 0.0625/ 0.25 = 0.25;

The rules for four resource scheduling polices along with conditions are discussing
below:

5.2.4 Compromised Cost - Time Based Scheduling Policy

If [(Workload Pending = Yes) and (TECT <D, = True) and (TEC <By = True) and (E¢jpuq <
Ernresnoia= True)] then (Policy = Yes)
If [(Workload Pending = Yes) and (TECT <D, = True) and (TEC <B; = False) and (E¢jouqa <
Ernreshoia= True)] then (Policy = No)
If [(Workload Pending = Yes) and (TECT <D, = False) and (TEC <Bg) = True) and (E¢jouqg =<
Ernreshoia = True)] then (Policy = No)
If [(Workload Pending = Yes) and (TECT <D, = False) and (TEC <B; = False) and (E¢jpuq <

Ernresnoia= True)] then (Policy = No)
If [(Workload Pending = No) and (TECT <D, = (True v False) and (TEC < B; = (True v False)) and

(Ecioud < Ernresnoia= True v False)]] then (Policy = No)

The above discussed rules are described in Table 5.2 along with conditions.

Table 5.2: Compromised Cost - Time Based Rules

Pending Workload TECT < D, TEC<Bg | Eciouda < Erhreshold Policy
Yes True True True Yes
Yes True False True No
Yes False True True No
Yes False False True No
No - - - No
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Where TECT = Total Expected Completion Time, D,= Deadline Time, TEC = Total
Expected Cost, B = Estimated Budget, E¢;,uqa = Actual Energy Consumption and
Erhresnhota = Threshold Energy Value.

5.2.5 Time Based Scheduling Policy
If [(Workload Pending = Yes) and (Urgency = Yes) and (Add Resource = Reserve)] then (Workload =
Admit)
If [(Workload Pending = Yes) and (Urgency = No) and (Add Resource = Available)] then (Workload =
Admit)
If [(Workload Pending = No) and (Urgency = (True v False)) and (Add Resource = (True v False))]
then (Workload = Admit)
The above discussed rules are described in Table 5.3 along with conditions.

Table 5.3: Time Based Rules

Workload Pending Urgency Add Resource Workload
Yes Yes Reserve Admit
Yes No Available Admit
No - - Finish

5.2.6 Cost Based Scheduling Policy

If [(Workload Pending = Yes) and (R,> 0 = True) and (E,> W; = True) and (
B, > P. = True)] then (Status = Admit Workload)

If [(Workload Pending = Yes) and (R,> 0 = False) and (E;, > Wy= True) and (
B4 > P, = True)] then (Status = Add Resource)

If [(Workload Pending = No) and (R,> 0 = (True v False)) and ( E, > W,;= (True v False)) and
(B4 > PB. = (True v False))] then (Status = Finish)
If [(Workload Pending = Yes) and (R,> O
B4 > B, = True)] then (Status = Finish)

If [(Workload Pending = Yes) and (R,> O
B, > P, = False)] then (Status = Finish)

True) and (E;, > Wy= False) and (

True) and (E;> Wy= True) and (

The above discussed rules are described in Table 5.4 along with conditions.
Table 5.4: Cost Based Rules

Workload Pending R,>0 E.> Wy B,y > P, Status
Yes True True True Admit Workload
Yes False True True Add Resource
No - - - Finish
Yes True False True Finish
Yes True True False Finish
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Where R, = Resource Available, E,= Estimated Time, B. = Resource Price, W=
Desired Deadline and B,= Available Budget.

5.2.7 Bargaining Based Scheduling Policy

If [(Workload Pending = Yes) and (Slot Available = Yes) and (Cur; < NST = True) and (t.value()
=! g.value() = True) and (TECT < D, = True)] then (Mapping = Yes)

If [(Workload Pending = No) and (Slot Available = Yes) and (Cur; < NST = True) and (t.value()
=! g.value() = True) and (TECT < D, = True)] then (Mapping = No)

If [(Workload Pending = Yes) and (Slot Available = No) and (Cur; < NST = True) and (t.value()
=!g.value() = True) and (TECT < D, = True)] then (Mapping = No)

If [(Workload Pending = Yes) and (Slot Available = Yes) and (Cur; < NST = False) and (t.value()
=! g.value() = False) and (TECT < D, = True)] then (Mapping = Yes)

If [(Workload Pending = Yes) and (Slot Available = Yes) and (Cur; < NST = True) and (t.value()
=! g.value() = True) and (TECT < D, = False)] then (Mapping = No)

The above discussed rules are described in Table 5.5 along with conditions.

Table 5.5: Bargaining Based Rules

Workload Slot Cur,; < t.value() =! TECT <D, | Mapping
Pending Available NST g.value()
Yes Yes True True True Yes
No Yes True True True No
Yes No True True True No
Yes Yes False False True No
Yes Yes True True False No

Where Cur; = Current Time, NST = Next Scheduled Time, t.value() = Workload
Price Taken, g.value() = Workload Price Given, TECT = Total Expected Completion
Time and D,= Deadline Time.

5.3 Resource Scheduling Policies

5.3.1 FCFS Based Scheduling Policy

FCFS Based Scheduling Policy allocates the resources to the Cloud workloads
without considering the minimum processing time and execution cost. This algorithm
is already implemented in CloudSim in VMScheduler Class.

5.3.2 Compromised Cost - Time Based (CCTB) Scheduling Policy

In this scheduling policy, Cloud provider minimizing cost as well as execution time

along with least energy consumption. It calculates the TEC, TECT and Time
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Difference (T; ) to allocate the resources. The allocation agent find the missed
deadlines and calculate Time Difference for each workload then use the extra
available time to the workloads with missed deadlines and execute all the Cloud
workloads within their corresponding deadlines. The Compromised Cost - Time
Based (CCTB) Scheduling Policy is shown in Figure 5.4.

Objective Function — The goal of an objective function that goals to decrease the sum
of product of cost and time expended for finishing all n workloads of a given Bulk of
Workloads (BoW). This objective function (min z) successfully captures the
compromise between performance improvement and additional price related with
public resource payment. Further formally, the workload assignment problem with the

cost function of each resource can be generally formulated as follows:

minz = z (Et)m X (BH)m
m=1

Where, m is a current workload that is being executed, E; = Estimated Time and By =
Budgeted per Hour. The goal of Cloud provider is to maximize the resource
utilization and minimize the actual energy consumption. The Cloud workload will be
executed only when the Actual Energy Consumption is less than the Threshold

Energy Value.

The energy model is devised on the basis that processor utilization has a linear
relationship with energy ingestion. For a particular Cloud workload, the information
on its processing time and processor utilization is sufficient to measure the energy
consumption for that Cloud workload. For a resource r, at any given time, the

utilization U, is defined as

b=1

where ¢ is the number of Cloud workloads running at that time and U, is the
resource usage of a Cloud workload w, . The actual energy consumption E;,, 4 Of @

resource r, at any given time is defined as

Ecioua = (PCmax - PCmin) X Uqg + PCpin
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where PC,,,, 1S the power consumption at the peak load (or 100% utilization) and

PC,,in 1S the minimum power consumption in the active mode (or as low as 1%

utilization).
Total Expected Completion Time (TECT) TECT=C; + P,
Deadline Time (D; ) Dy =Wy - Cury
Total Expected Cost (TEC) TEC =C.; + Chin

The complexity of CCTB Scheduling Policy is influenced by number of change points

(C) i.e. rescheduling and requested resources (r) of Workload being scheduled. Here,

C=(S;+T, + Ts+Ry)

where,

S; = start times of all workloads T, = suspend times of all workloads

T, = end times of all workloads R, = resume times of all workloads

Consider lesser pre-emption as its objective. The complexity of the algorithm mainly

depends on two important objectives:

e Minimize the rejection rate of the incoming requests.
e Minimize reshuffle cost (avoid rescheduling of already accommodated leases

as much as possible).

Policy: Compromised Cost-Time Based (CCTB) Scheduling Policy

Data:
Name of Workload

Type of workload

Desired Deadline (W, )

Estimated Budget (Bg)

Preferred Policy

Result:

Each workload will be mapped to the resources within available budget and desired

deadline as per the specified policy.

94| Page




Begin:
Intilize resourceList [No. of Resources]
Intialize workloadList [No. of Workloads]
resourceL.ist = getAvailbleResource()
workloadList = getWorkloadtoSchedule()
Step 1:
a) Group Workloads into two categories:
e Homogenous Workload
e Heterogeneous Workload
Homogenous workloads based on Key QoS as well as some relationship
among them (Dependency of workload (s) to another workload (s))
b) Evaluate the minimum processing time and price for every workload from the
available set of resources by using cost and time fitness formulas.
c) Calculate the Total Expected Completion Time (TECT)
d) Calculate Deadline Time (D; )
e) Calculate the Total Expected Cost (TEC)
f) If (TECT <D, && TEC < By)

{
If (Ecioua < Etnreshota)
{
Dispatch the workload
}
else
{
Redistribute workloads
}
}
else
{
Change the Scheduling Policy
}

Step 2:
a) Allot the Cloud customer whole deadline and budget into every workload
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partition in proportion to their least processing time and cost respectively
calculated in step 1 (b).
The deadline and budget is spread according to following rule:
Processing time of workload may differ. Some workload may require
only small time to be completed and some need at least more than 2
hours.
There are many probable execution time and cost for each workload
but use only P; and C,,;, to allocate the overall deadline and given
budget correspondingly.
b) Sorting the entire resource list by giving highest priority to the expensive
one based on their cost.
Step 3:
Select a resource to process a specific workload from the workload list so that
processing time and expenses for a specific Cloud workload must be less than desired
deadline W, and estimated budget value (Bg) correspondingly.
Step 4:
Repeat the step 3 until all the Cloud workloads within both the partition have been

scheduled and executed, otherwise rescheduling the Cloud workloads to the resources.

Figure 5.4: Compromised Cost-Time Based (CCTB) Scheduling Policy

The abbreviations used in the Compromised Cost-Time Based (CCTB) Scheduling
Policy are given below:

Ec1oua = Actual Energy Consumption
Ernreshota = Threshold Energy Value

C; = Communication Time

P, = Minimum Processing Time

W, = Desired Deadline

Cur; = Current Time

C. = Communcation Cost

Cnin. = Minimum cost of a particular workload
By = Estimated Budge

5.3.3 Cost Based (CB) Scheduling Policy

First, the allocation agent begins to compute the cost of each Cloud workload then
sort, as the priority is given to the Cloud workload which has maximum budget. If the
two workloads have same budget then that workload will execute first that has lesser

execution time. By default, PS=1. The allocation agent then schedules all the
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workloads with high budget request to the resources that provide high QoS. Finally,
all other workloads are scheduled on the available resources set. The Cost Based (CB)
Scheduling Policy is shown in Figure 5.5.

The fitness value (Estimated Cost) is calculated as follows:

Estimated Cost: Budgeted/Hour (By) Bg

Policy: Cost Based (CB) Scheduling Policy

Input: W, , By, P.
1. SetB, (Bg)
While W, () = True do
If (R, >0)
AdmitWorkload (R, )
E; = ECT
else
E.=W; +1
If (E; > W, ) then
By = Get B, ()
10. If (B4 = PB.)then
11. AskResource(1)
12. R, = R, + AddResources() /[Available Resource Pool
13. DoMapping()
14. else
15. If (E; < W, ) then
16. Finish (1)

CoNoOA~WDN

Figure 5.5: Cost Based (CB) Scheduling Policy
The abbreviations used in the Cost Based (CB) Scheduling Policy are given below:

By = Budget per hour

W, = Desired Deadline

B = Estimated Budget

P. = Resource Price

Cur; = Current Time

R, = Resource Available

W, = Workload Pending

B, = Available Budget

ECT = Estimated Completion Time
E; = Estimated Time

To maximize the chance that the desired deadline can still be met after terminating
one resource, termination is only done if the estimated completion time is lesser than
a desired deadline (E; < Wy ). In the current implementation of Cost Based

Scheduling Policy, consider as a constant coefficient.
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5.3.4 Time Based Scheduling Policy

First, the allocation agent begins to compute the Deadline Time of the Cloud
workload in the given budget. Allocate Resources based on time, the workload which
has shortest Deadline Time (D, ) will execute first. If the two workloads have same
deadline time then that workload will execute first that has lesser execution time. By
default, PS=1. The allocation agent then schedules all the Cloud workloads with
smallest execution time request to the resources that provide high QoS. If any
deadline found missed then recalculate the execution time by increasing the value of
Processing Speed (PS) and it will increase cost only. The Time Based (TB)
Scheduling Policy is shown in Figure 5.6. The fitness value (Estimated Time) is

calculated as follows:

For Homogenous Workloads

Time estimation(E, ) = Workload Remained * Workload Runtime

For Heterogeneous Workloads

Time estimation (E,) = .7, W;Runtime

Policy: Time Based (TB) Scheduling Policy

Input:W; ,Bg, P-
1. Calculate By

askCount = l;—H

3. askResource (asTkC0unt)
4. if (Criteria == Urgency)

R, = R4 + AddReserveResources()  I//Reserve
Resource Pool

}

else

{

}
DoMapping based on Criteria

While W, ()=Truedo
AdmitWorkload (R, )
Finish (askCount)

R, = R, + AddResources() /[Available Resource Pool

©N oo

Figure 5.6: Time Based (TB) Scheduling Policy
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The abbreviations used in the Time Based (TB) Scheduling Policy are given below:

By = Budget per hour
W, = Desired Deadline
B = Estimated Budget
P. = Resource Price
Cur; = Current Time

R, = Resource Available
W, = Workload Pending

DoMapping(), in both Cost and Time Scheduling Policies, takes care of budgeting for
hired resources and decreases the available budget base on the price of the hired
resources per hour. If there is not enough budget, then DoMapping() terminates each
hired resource before it starts a new mapping cycle [143].

5.3.5 Bargaining Based (BB) Scheduling Policy

The implementation complies with the negotiation among the various resources and
Cloud workload producer along with different time slots. The allocation agent
allocates the resources based on the bargaining between them. The Bargaining Based
(BB) Scheduling Policy is shown in Figure 5.7.

The different formulas were derived for resource allocation in Grid [143] [144] [145]
[146]. After modification in these formulas and made it suitable for resource

allocation in Cloud.

e Deadline Urgency - Deadline urgency (D,), which specifies Cloud customer

urgency to get workload (s) completed, is defined as:

Wg - St

_1 _
Du_ [P ] 1

Where S; is the start time of the user application, W, is Desired Deadline and
P, is the execution time of Cloud customer’s workload. The deadline is
considered very urgent when D,, < 0.25, intermediate when 0.25 < D,, < 0.75
and relaxed when D,> 0.75. This metric shows how the scheduler deals with
Cloud customer with different requirement on time.

e Budget per Workload - The budget (valuation) provided by the Cloud customer
for their workload is divided by the number of workloads contained within the
application to normalize the budget across all the workloads. This metric
examines how the schedulers allocate resources fairly among different Cloud

customer with different budget groups.
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Amount of Deadlines Lost with Rise in Quantity of Cloud Customer Workloads -

This metric is used to examine how the scheduling algorithms are able to cope up

with multiple Cloud customers when requirement for resources exceeds their

availability. To evaluate the benefit of resource scheduling mechanism for the

resources the following metrics has been considered:

Average Load of a Resource (R4 ) - The number of resources (R,) used
through all the queues offered for the resource scheduler, divided by the total

number of resources (R, ) allocated to these queues.

Rap =

Average Estimation of a Resource (E4y) - The average of the estimations (E,)

assigned to the queues in a resource by the resource scheduler.

EiEgyuoo oo By
AV =

n

Estimation (Set a price) of Resources - In order to balance load through
independent Cloud services, the resource scheduler tries to admit more
workloads to the least allocated resources. The supreme urgent workload must
be coordinated to the fastest queue. The estimation of resources must be such
that the resource with min load would get min value (the max given is matched
to minimum taken) [99]. Therefore, E.. (time), the Estimated cost of a

resource, is identified as follows:

E.. (time) &< Wait, (time—1) » Where Wait, ime—1) iS average queue waiting

time,

[Requirement ]

Ec (time) « [Availability | ’

E.. (time) o I, where I, is initial price given by the resource,

E.. (time) o Load time—1y , Where is Load ime—1y l0ad of resource,
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After combining above equations, the estimated cost metric for the clusters

are:
Ecr (time) =CXx Waitr (time-1) » X Ir X Load(time—l)
where c is a proportionality constant.

Estimation (Set a price) of Cloud Customer Workload - As discussed
previously, each Cloud customer admits to the resource scheduler estimated
budget ( Bg), desired deadline ( W, ), workload size (S,,), and the number of
resources required (R,). Let E, (t) be the estimation of the Cloud customer
workload. As Cloud customer workload with the maximum budget must be
given higher priority,

E, (t) < Bg
Also, the more urgent a workload, higher its priority, therefore,

1

E, (1) « [Wq -cur |

where Cur; is the current time. A Cloud customer workload that has waited

longer gains higher priority.

E, () x W; — Admit;ime 1, Where Admity;,. IS the time the workload was
admitted.

Finally, as the estimation is based on the requirement and availability of

resources (clusters) in the system,

[Requirement ]

Ey (9 o [Availability ]

, Where requirement is total number of workload to

allocate and availability is the total number of CPUs in all resources.

Therefore, the following metric for estimation of Cloud consumer workload

has been obtained,

1 [Requirement ]

Eu (t) = Cu XBE X[Wd - Cur; | [Availability ]

x W, — Admityme

where C,, is a proportionality constant.
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Policy: Bargaining Based (BB) Scheduling Policy

1. MappingList €empty
While Cur; <NST do
IncomingResource (4,) // From Cloud Providers
IncomingWorkload (W) // From Cloud Customers
end while
CalculateAvailable(W,))
CalculateRequirement(4,,)
UpdateGivenCost (IW})
UpdateTakenCost (4,)
. ListTaken < Sort_Taken(4,,)
11. ListGiven € Sort_Given(4,)
12. Let y=0 and s= avilableQueueSlots(t)
13. for every Given x in the list Given do

©ooNoaR~ WD

[uny
o

14. g < given(x) for each workload y of Given g do
15. if(s =! 0) then

16. If t.value() =! g.value() then

17. If Check_Desired_Deadline (X, t)

18. mapping y = AllocateResource (X, t)
19. addingMapingList (Map_List)

20. S--

21. else

22. Goto line number 36

23. endif

24. else

25. If ISEmpty (workloads) then

26. break

217. else

28. y++

29. t < taken(y)

30. endif

31. endif

32. else

33. endif

34.  end for every

35. end for every

36. for each instance in Map_List do
37. IntimateCloudCustomer()
38. end for every

Figure 5.7: Bargaining Based (BB) Scheduling Policy

The abbreviations used in the Bargaining Based (BB) Scheduling Policy are given

below:

Cur; = Current Time
NST = Next Schedule Time
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5.4 Conclusion

This chapter discussed the proposed workload scheduling policies. Decision tree has
been used to select the appropriate policy based on workload details described by
Cloud consumer. The four resource scheduling policies (Compromised Cost - Time
Based (CCTB) Scheduling Policy, Time Based (TB) Scheduling Policy, Cost Based
(CB) Scheduling Policy and Bargaining Based (BB) Scheduling Policy) have been
proposed and discussed in this chapter. Next chapter discusses the Implementation

and Experimental Results.
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Chapter 6

Implementation and Experimental Results

This chapter focuses on the implementation of the proposed framework followed by
framework execution. CloudSim 3.0 is used to validate the results of the proposed
scheduling policies. The implementation of Cloud Workload Management Portal
(CWMP) describes in this chapter. WEKA tool is used to present the results of
clustering of Cloud workloads. To evaluate the performance, proposed scheduling

policies compares with existing policies.

6.1 Tools for Setting Cloud Environment

A brief introduction of tools which are used in designing and implementation of
proposed framework is given below.

6.1.1 Microsoft Visual Studio 2010

Microsoft Visual Studio 2010 is an Integrated Development Environment (IDE) from
Microsoft [147]. It is used to develop console and graphical user interface
applications along with Windows Forms, web sites, web applications, and web
services in both native code together with managed code for all platforms supported
by Microsoft Windows. Visual Studio 2010 comes with .NET Framework 4 and
supports developing applications targeting Windows 7.

6.1.2 NetBeans IDE 7.1.2

The NetBeans IDE 7.1.2 is a modular, standards-based, Integrated Development
Environment (IDE) written in the Java programming language [148]. The NetBeans
IDE 7.1.2 project consists of an open source IDE and an application platform, which
can be used as a generic framework to build any kind of application. The focus of
NetBeans IDE 7.1.2 is improved developer productivity through a smarter, faster
editor, and the integration of all NetBeans products into one IDE. NetBeans IDE 7.1.2
is an Integrated Development Environment (IDE) for developing primarily with Java.
6.1.3 CloudSim 3.0

The CloudSim toolkit supports both system and behaviour modelling of Cloud system
components such as data centres, Virtual Machines (VMSs) and resource provisioning

policies. It implements generic application provisioning techniques that can be
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extended with ease and limited effort. Currently, it supports modelling and simulation
of Cloud Computing environments consisting of both single and inter-networked
Clouds (federation of Clouds). Moreover, it exposes custom interfaces for
implementing policies and provisioning techniques for allocation of VMs under inter-
networked Cloud Computing scenarios [149].

The main advantages of using CloudSim for initial performance testing include: (i)
time effectiveness: it requires very less effort and time to implement Cloud-based
application provisioning test environment and (ii) flexibility and applicability:
developers can model and test the performance of their application services in
heterogeneous Cloud environments (Amazon EC2, Microsoft Azure) with little
programming and deployment effort. CloudSim is an extensible simulation toolkit
that enables modelling and simulation of Cloud Computing systems and application
provisioning environments. CloudSim offers the following novel features [150]:

e Support for modelling and simulation of large-scale Cloud Computing
environments, including data centres, on a single physical computing node.

e A self-contained platform for modelling Clouds, service brokers, provisioning,
and allocation policies.

e Support for simulation of network connections among the simulated system
elements.

e Availability of a virtualization engine that aids in the creation and
management of multiple, independent, and co-hosted virtualized services on a
data centre node.

e Flexibility to switch between space-shared and time-shared allocation of
processing cores to virtualized services.

These compelling features of CloudSim would speed up the development of new
application provisioning algorithms for Cloud Computing. Figure 6.1 shows the
multi-layered design of the CloudSim software framework and its architectural
components. The CloudSim simulation layer provides support for modelling and
simulation of virtualized Cloud-based data centre environments including dedicated
management interfaces for VMs, memory, storage, and bandwidth. The fundamental
issues, such as provisioning of hosts to VMSs, managing application execution, and
monitoring dynamic system state, are handled by this layer. A Cloud provider, who
wants to study the efficiency of different policies in allocating its hosts to VMs (VM
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provisioning), would need to implement his strategies at this layer. Such
implementation can be done by programmatically extending the core VM
provisioning functionality. Cloud application developer can perform the following
activities: (i) generate a mix of workload request distributions, application
configurations; (ii) model Cloud availability scenarios and perform robust tests based
on the custom configurations; and (iii) implement custom application provisioning

techniques for Clouds and their federation.

User code
ocifcation ontigurati
Specification Scenario Requirements b Configuration
Schedulin
POliCl‘jgf' ‘ User or Data Center Broker ‘
CloudSim
| I.'Jlser Cloudlet Virtual
nterface oudle Machine
Structures
_ VM Cloudlet VM
Services Execution Management
Cloud VM CPU Memory Storage Bandwidth
Services Provisioning Allecation Allogation Allocation Allocation
Cloud Events Cloud
Resources | Handling | ‘ Sensor ‘ | Coordinator ‘ ‘ Data Center
MNetw ork Message delay
Network Calculation

| CloudSim core simulation engine

Figure 6.1: Multi-Layered Design of the CloudSim 3.0 [149]

CloudSim goal is to provide a generalized and extensible simulation framework that
enables modelling, simulation, and experimentation of emerging Cloud Computing
infrastructures and application services, allowing its users to focus on specific system
design issues that they want to investigate, without getting concerned about the low
level details related to Cloud-based infrastructures and services.

6.1.4 IntegratedNET JavaWeb

The tool is wused integrate Java with Microsoft Technology is called
IntegratedNETJavaWeb [150]. Through this tool some Java methods can call from
.NET code, and pass some values to Java or .NET and vice versa. In this work, there
is CWMP i.e. ASP.NET application, which interacts with Java programs i.e.
CloudSim. The two IDE for Application Visual Studio 2010 and NetBeans IDE 7.1.2
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have been used. This Figure 6.2 describes the main flow between Java and .NET. The
main concept behind the scene is Applet. The JAR file is created which contains one
applet and then Java methods called using applet from .NET. Once the data using
JavaScript is retrieved, then it will use on the server side. A JAR file is created using

VAU \

[ ASP .NET Java Script }

Java
Applet
NET Java Class

<7

Figure 6.2: Integrate .NET and Java

For Java NetBeans is used. The implementation of IntegratedNETJavaWeb in ASP
.NET as shown in Figure 6.3.

Solution Explorer

a2l da| Bl
3 Solution ‘IntegratedWeb' (1 project)
4 P C\.\IntegratedWeb\
4 |y App_Data
4 | J CloudWorkloadDB.mdf
%) CloudWorkloadDB_log.Idf
4 |7 JavaApplets
[J JavaNet,jar
4 =] Default.aspx
%) Default.aspx.cs
4 7| IntegratelaveNet.aspx
%) IntegratelaveNet.aspx.cs
4 ] SendToJava.aspx
] SendToJava.aspx.cs
i Web.Config

Figure 6.3: Implementation of IntegratedNETJavaWeb in ASP .NET

A “Jar” file, named JavaNet.Jar is created which contains appropriate methods. .NET
is using to interact with NetBeans. The following is the Java Applet code. In the

ASP.NET page, an Applet tag for invoking the applet is used then call any Java
methods from file.
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6.1.5 SQL Server 2008

Microsoft SQL Server 2008 is a relational database management system developed by

Microsoft [151]. As a database, it is a software product whose primary function is to

store and retrieve data as requested by other software applications, be it those on the

same computer or those running on another computer across a network (including the

Internet). There are at least a dozen different editions of Microsoft SQL Server aimed

at different audiences and for different workloads (ranging from small applications

that store and retrieve data on the same computer, to millions of users and computers

that access huge amounts of data from the Internet at the same time).

6.2 Framework Execution

The framework executes the requests as follows:

1.

10.

In Cloud Workload Management Portal (CWMP), first of all the Cloud
consumer tries to access the services through the user interface (website).

Cloud consumer must register before using the Cloud Workload Management
Portal (CWMP).

After performing the task of the user’s authentication and authorization, the
home page of user will be displayed.

User writes their query regarding the Cloud workloads and then submits.

After this, Cloud consumer’s workload details page will be displayed and a
Cloud consumer selects the workload type, workload name, desired deadline,
scheduling policy and enters the estimated budget.

Then CWMP will ask about confirmation. After confirmation the workload
details will be submitted to CWMP. In queries, the workload displayed along
with the workload id.

The Cloud provider manages all the workload queries after authentication and
prepares the schedule by taking care of budget and desired deadline.

The number of registered users and number of queries will be displayed in the
home page of Cloud provider.

The query and user details will be shown and Cloud provider can delete the user
queries and edit or delete the user details.

Cloud provider selects the particular query for reply. Based on scheduling policy
and availability of free slots the Cloud provider replies the queries by entering
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the schedule detail (Query reply, Workload name, Workload type, Start date,
Start time, End date, End time and Estimated budget).
11. The workload schedule to a particular query will be displayed in the
corresponding Cloud consumer account.
12. The user can update the password and contact to the Cloud provider through
email regarding any technical query.
Thus, this framework exhibits how Cloud Workload Management can be done in a

Cloud environment.

6.3 Implementation of Proposed Framework

Cloud Workload Management Portal has been developed to the optimized workload
schedule based on scheduling policies in Microsoft Visual Studio 2010. CWMP is
used to execute the Cloud workloads by using available resources within the available
budget and desired deadline. The mapping of resources to the Cloud workloads is
based on the scheduling policy. Its basic functionalities are shown as snapshots below.

Figure 6.4 shows the registration form of the Cloud Workload Management Portal.

ClOUd Workload Management Portal ekl login L conlact

Registration

Username :
Password :

Canfirm .
Password ~

Full Mame :
Email

Mobile

Address

Figure 6.4: Registration Form

Cloud consumer enters the registration details includes username, password, confirm

password, full name, email, mobile and address. The validation is used for each text
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box denoted by Asterisk (*). The purpose of this is to show that every field is
mandatory to fill. None of the field must be leaved unfilled. If so, then registration
will fail. So for the successful registration new user must provide all the required
information. New user presses the register button after filling all the fields. As for the

case when new user leave any of the required field empty as shown in Figure 6.5.

contact

ClOUd Workload Management Portal Sioma yesstac login

Registration

Username i sukhpalsingh
Password ;|sssssssssnss
Conflrm

Password |

Full Name:
Email
Mabile

Address |

Figure 6.5: Registration Failed

After entering all the required details for successful registration new user will

click on “registration” button as shown in Figure 6.6.

Cl.OUd Workload Management Portal

Registration

Username : sukhpalsingh
Password :|esssssssssss

Confirm A
Password

Full Hame:| Sukhpal Singh
Email :|ssgill@hotmail.co.in
Mobile  :|8146208007
Wc-805, Hostel- J,
Hostel J,
Address  :phapar University,
Fatiala, 147004.

4

Figure 6.6: New User Details
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The message “You have been successfully registered ...” will be displayed on the

registration page as shown in Figure 6.7.

ClOUd Workload Management Portal home register login about contact

Registration

Username: |sukhpa|5ingh |

Password : | |

Confirm . | |
Password ©

Full Name :|Sukhpal Singh |
Email :|ssgill@hotmail.co.in |
Mobile :[8146208007 |

iC-805, Hostel- J,
Hostel J,

‘Thapar University,

Patiala, 147004.

You have been successfully Registered ...

Address

Figure 6.7: Successful Registration

After registration, user can click on “login” to proceed further as shown in Figure 6.8.

ClOUd Workload Management Portal home register login about contact

Authentication

Username‘

Password ‘

—

Figure 6.8: Login Page
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The purpose of Asterisk (*) is to show that username and password is mandatory to
fill. None of the field must be left unfilled. If so, then login will fail. User presses the
login button after filling both the fields. As for the case when user enters wrong

username and/or password as shown in Figure 6.9.

ClOUd workload Management Portal register login about contact

Authentication

Username sukhpalsingh

Password |sssssssss

Figure 6.9: Wrong Username and/or Password

After entering wrong username and/or password the Cloud Workload Management

Portal (CWMP) display the message “Invalid username/Password” as shown in Figure
6.10.

ClOUd workload Management Portal Rome register login sbout contact

Authentication

Username |sukhpalsingh

Invalid username/Password

—

Password

Figure 6.10: Login Unsuccessful

Figure 6.11 shows the correct username and password entered by Cloud user in the
CWMP. The password is case sensitive, user will be taking care of these constraints
while logging to the Cloud Workload Management Portal.
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ClUUd Workload Management Portal : coae

Authentication

Username sukhpalsingh

Password |sessssssssns

Figure 6.11: Correct Login Detail

Once user successfully logged in the Cloud Workload Management Portal (CWMP),
the user home page will be displayed as shown in Figure 6.12. There are four options
available on the user home page i.e. home, queries, password (to change password)
and logout. To continue with this system Cloud consumer will select the workload
name, workload type, desired deadline and preferred policy from the drop down list
and entering the estimated budget (minimum $50). The workload types are Compute,

Communication, Administrator and Storage.

ClOUd Workload Management Portal queries password logout

Workload Details

Warkload Tvpe @ — Select — E

Warkload Name  :| — Select — |E|
< April 2013 =
SunMonTueWedThuF risat|

311 2 3 4 56

. . 7 8 9 10 111213
Desired Deadline : 14 15 16 17 18 1920
21 22 23 24 6 27
28 29 30 1 2 3 4
5 6 7 & 91011

Estimated Budget: {Minnimum 550)
Preferred Policy :| - Select - E
h A

Figure 6.12: Workload Details
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The available workload names are displayed in Figure 6.13 in the drop down list.

ClOUd Workload Management Portal L= ped REatE

Workload Details

Workload Type :| Compute |z|
Workload Mame :| -- Select - hd
- Select -

Technological Computing
Endeavour Software

Desired Deadline :| Peformance Testing

Online Transaction Processing
E-Commerce

Central Financial Semices
Storage & Backup Senvices
Production Applications
Software / Project Development
Preferred Policy :| Software / Project Testing
Graphics Oriented

Critical Internet Applications
Muobile Computing Services

Estimated Budget: (Minnimum 550)

Figure 6.13: Select Workload Name

After selecting the “workload type” (Compute) and “workload name” (Websites),
user selects “desired deadline” and “preferred policy” and enter estimated budget as
shown in Figure 6.14.

ClOUd Workload Management Portal o= pasped focoul

Workload Details

Workload Type  :| Compute E|

Workload Mame :| \Websites IZ|
< April 2013 |
SunMonTueWedThuFriSat|

311 2 3 4 56
7 8 9 10 111213
14 15 16 17 18 19 20|
21 22 23 24 26 27
28 29 30 1 2 3 4
5 6 7 & 9 10m

Estimated Budget:|25( {Minmimum 550)

Desired Deadline :

Preferred Policy :| Cost Based -

- Select -

Time Based
Cost Based
Auction Based
Time Cost Based

Figure 6.14: Select Preferred Policy
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The complete workload details entered by user are shown in Figure 6.15.

ClOUd workload Management Portal queries  password

Workload Details

Warkload Type  :| Compute |ZI

Workload Mame  :| Websites E
= April 2013 =
SunMonTueWedThuFrisat|

311 2 3 456
. . 7 8 9 10 111213
Desired Deadline =\, e 16 17 181920
21 22 23 24 2627
28 29 30 1 2 3 4
5 6 7 8 9 1011

Estimated Budget: 250 {Minnimum 550)
Preferred Policy :| Cost Based IZ|

Figure 6.15: Entered Workload Details

After entering details, CWMP will ask confirmation. After click on “Yes” button the
workload details will be confirmed and submitted to the CWMP as shown in Figure
6.16.

ClOUd Workload Management Portal e pacnurd uecat

Workload Details

Workload Type  : Compute

Workload Name : Websites

Desired Deadline : 4/25/2013 12:00:00 AM
Estimated Budget : 250

Preferred Policy : Time Cost Based

Is this information correct ?

Figure 6.16: Confirmation of Workload Details
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All the workload details entered by a particular user are displayed in user account by

clicking on “queries” as shown in Figure 6.17.

ClDUd Workload Management Portal ToEDE g gl
Workload Details
id WorkloadType
Delete [Select |17 |Storage Critical Internet Applications 4/24/2013 12:00:00 AM
Delete |Select |16 |Administration Graphics Oriented 4/17/2013 12:00:00 AM
Delete [Select |14 |Storage Storage & Backup Services 4/27/2013 12:00:00 AM
Delete [Select |12 |Compute Websites 4/25/2013 12:00:00 AM
| § =

Figure 6.17: User Queries

All the Cloud workload details submitted by the user are stored in Cloud provider
home page. Cloud provider enters the login details to generate the Cloud workload as

shown in Figure 6.18.

ClOUd Workload management Portal ek ek contack

Authentication

usernamE|Administrator |

password |

Figure 6.18: Cloud Provider Login

After successfully logged in, the number of registered users and numbers of queries
displayed on the home page of Cloud provider are displayed. There are three other
options i.e. queries (to show user queries regarding Cloud workload), users (to show
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the details of registered users) and reply (to reply a particular user about Cloud

workload schedule) and finally Cloud provider can logged out after generating all the

workload schedules as shown in Figure 6.19.

ClOUd Workload Management Portal

queries

Number of Users : 3
Number of Queries : 4

reply

All user queries regarding the Cloud workloads are displayed in the tabular form as

shown in Figure 6.20 and Cloud provider can delete the query for which Cloud

Figure 6.19: Cloud Provider Home Page

workload is executed successfully.

ClOUd workload Management Portal

queries

reply

User Queries
id| username |WorkloadType|WorkloadiName DesiredDeadline EstimatedBudget PreferredPolicy
Delete|4 | mark Compute Endeavour 3/5/2013 100 Cost Based
P Software 12:00:00 AM
Delete|5 [Pankaj Compute Websites 3/11/2013 100 Time Based
) P 12:00:00 AM
) ) ) 4/10/2013 )
Delete|9 [sukhpalsinghgill|Compute \Websites 12:00:00 AM 200 Time Based
) ) 4/25/2013 )
Delete|12(SukhpalSingh  |Compute \Websites 12:00:00 AM 250 Time Cost Based

The list of registered users is displayed in tabular form as shown in Figure 6.21.

Figure 6.20: User Queries

Cloud provider can edit or delete the user.
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ClOUd Workload Management Portal g gEnhy

Manage Users

Username Fulllame Org Email Mobile |Address
Edit Delete| mark mark markTech | markcheema@gmail.com|oas5a86588|Patiala
Cheema
Edit Delete|Pankaj Pankla_] Th.aparl pankaj.leon@gmail.com 8968311533 Patiala
Mautiyal University
WC-805
Sukhpal Th Hostel J
Edit Delete|SukhpalSingh |~ PO P ssgill@hotmail.co.in 8146208007
Singh University TU
Patiala.
| A

Figure 6.21: List of Registered Users

The Cloud provider reply the user queries by click on “select” link and generate the

workload schedule based on the scheduling policy as shown in Figure 6.22.

ClOUd Workload Management Portal queries reply
Reply to Queries
id| username |WorkloadType(WorkloadName DesiredDeadlineEstimatedBudget| PreferredPolicy
|- " B . Endeavour 3/5/2013 100 Cost Based
5 ompute Software 12:00:00 AM oSt Base
3/11/2013
Select j i i
5 |Pankaj Compute Websites 12:00:00 AM 100 Time Based
4/10/2013
Select i i i i
9 |sukhpalsinghgill|Compute Websites 12:00:00 AM 200 Time Based
’ : 4/25/2013 )
Select|12|SukhpalSingh  [Compute Websites 12:00:00 AM 250 Time Cost Based
b ¥

Figure 6.22: Reply to User Queries
In Figure 6.23, the Cloud workload schedule is generating for the workload id 12.
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Cl.OUd Workload Management Portal Fucnes gerty

Reply

Comments ”

Workload Type ||| - Select - EI

Workload Name :|

; [
Start Date Storage
Communication

Start Time . Administration

End Date

”End Time

Estimated Budget]||:

Figure 6.23: Generating Workload Schedule

Based on user details, the details of generated Cloud workload schedule is entered and

click the reply button to send these details to specific user as shown in Figure 6.24.

ClOUd Workload Management Portal

Reply
Comments H Schedule Ready
Workload Type H Compute E|
|W0rkload Mame HEH Websites E”
|Star‘t Date H 24-04-2013 ‘
|5tar‘t Time HEH 10:00 ‘
|End Date H 24-04-2013

||End Time H 21:00

Estimated Budget||:|||230

Figure 6.24: Generated Workload Schedule

The workload schedule generated by Cloud provider is displayed in the specific user

account as shown in Figure 6.25.
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Cl.OUd Workload Management Portal

queries password logout

Reply to the Query is :
Query Schedule Ready
Workload Type Compute
‘WorkloadName ‘Websites
Start Date 4/24/2013
End Date 4/24/2013
Start Time 10:00
End Time 21:00
Estimated Budget (230
Reply Date 4/19/2013 12:00:00 AM

Figure 6.25: Final Workload Schedule

6.4 Results of Clustering of Cloud Workloads
An ARFF (Attribute-Relation File Format) file is an ASCII text file that describes a

list of workloads sharing a set of clusters. An Attribute-Relation File Format file

(k.means.arff) for Cloud workloads clusters and their corresponding values are shown

in Figure 6.26.

@attribute
@attribute
@attribute
@attribute
@attribute

~

~

~

O JdJF OWWOUwWwwowwkr OF Oo®

@Qrelation K.means

Compute {6,0,11,3,9,10,7,5}
Storage {3,8,0,6,7,4,2}

Communication {0.15.9,5.1,
Administration {3.7,9.7,1.
NearestCluster {C3,Cl1l,C4,C

.9,2.9,
6.7

14

5
3
2

Figure 6.26: Attribute-Relation File Format File (k.means.arff)
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ARFF files have two distinct sections. The first section is the Cluster information,
which is followed the workload distance information. The Header of the ARFF file
contains the name of the relation, a list of the clusters (named Compute, Storage,
Communication and Administration), and their minimum distance value. These
results are measured with the help of data mining tool i.e. WEKA Tool [152]. The
results are taken through the use of WEKA tool. There are four different clusters (C1
= Compute, C2 = Storage, C3 = Communication and C4 = Administration) along with
nearest cluster. In this algorithm, the minimum distance is calculated and put a
particular workload into suitable cluster. The scattering of workloads amongst four

clusters in the form of plot matrix is shown in Figure 6.27.

Compute Storage Communication Administration HearestCluster
i i [0 i o
HearestCluster
o @] @] @] @]
O oo OO Co|o Co| @
OO OO OO OO %
Administration 0 0 o o 0
o @] @] @] @]
@] @] je) o] @)
@] OO @] OO O@ Q OO %
Communication o o Py Py o
o @] @] @] @]
OO OO OO OO %
Storage
(8] Lo (8 i 8
o ) o o] [ 0 9
OO OO C)Cl Oo %
Compute 0 0 o 0 0
o @] @] @] @]
@] @] [e]le] @]
Class Colour c2 C1 c2

Figure 6.27: Scattering of Workloads amongst Four Clusters

6.5 Experimental Results

3000 independent Cloud workloads created randomly. Here, 10 different Cloud
workloads along with identification number (wid) are considering to show how
proposed four scheduling policies working in different criteria and perform better than
already existed algorithms. The attributes of the Cloud workload include deadline,

estimated budget and policy. Table 6.1 describes the Cloud workload details.
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Table 6.1: Cloud Workload Details

Wid Workload Name Workload Type | Wy (H) | Bg($) | D, (H) | E; (H)
w1 Web sites Communication 12:00 100 12 12
W2 Technological computing Compute 4:00 62 4 6.45
W3 Endeavour software Administration 6:00 120 6 5
W4 Performance testing Compute 21:00 170 21 12.35
W5 Online transaction processing Administration 10:00 155 10 6.45
W6 E-Com Storage 2:00 200 2 1
W7 Central financial services Administration 4:00 252 4 1.6
w8 Storage and backup services Storage 20:00 265 20 7.54
W9 Productivity applications Administration 4:00 72 4 5.55
W10 | Software/Project development | Administration 14:00 65 14 21.53
and testing

Where W, = Desired Deadline in Hours, By = Estimated Budget in Dollars, D, =

Deadline Time in Hours and E; = Estimated Time in Hours. In order to evaluate the

effectiveness of the scheduling policies discussed in chapter 5, a simulator namely

CloudSim 3.0 has been used to calculate the execution time for each of them. In this

section, the performance of all the algorithms is discussing. Table 6.2 shows the

characteristics of resources and Cloudlets that has been used for all the experiments.

User Cloud workloads as independent parallel applications are modelled which is

computation intensive. Thus the data dependency among the Cloud workloads in the

parallel applications is negligible. Each Cloud workload is parallel and is hence

considered to be independent of any other Cloud workload.

Table 6.2: Scheduling Parameters and their Values

Parameter Value
Number of resources 50-250
Number of Cloudlets (Workloads) 3000

Bandwidth

1000 - 3000 B/S

Size of Cloud Workload

10000+ (10%30%) MB

Number of PEs per machine

1

PE ratings

100-4000 MIPS

Cost per Cloud Workload

$3-$5

Memory Size

2048-12576 MB

File size

300 + (15%-40%) MB

Cloud Workload output size

300 + (15%-50%) MB
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All the policies consider only one dimensional QoS (processing speed) described in
Table 6.3. The QoS is generated to be 1 to 32 with the ratio following given

distribution of the QoS request.
Table 6.3: Cost Related to Different Processing Speed

Service Processing Speed (PS) MIPS Rating Cost ($)/Workload
Service 1 1 100 0

Service 2 2 250 50

Service 3 4 500 100
Service 4 8 1000 200
Service 5 16 2000 400
Service 6 32 4000 800

The Minimum Execution Time (E; ) is calculated with the formula given below:

_ D¢
t ™ BgpxPS

Where E; = Minimum Execution Time, D, = Deadline Time, By = Estimated Budget

x 100

and PS = Processing Speed.
6.5.1 First Come First Serve (FCFS) Based Scheduling Policy
Allocate Resources FCFS based without taking care of effective mapping (without

considering execution time and execution cost). By default, PS=1.

E, 12 645 5 1235 645 1 16 754 555 2153

workload | W1 | W2 | W3 | W4 W5 | W6 | W7 | W8 | W9 | W10

Resource | R1 | R2 | R3 | R4 R5 R6 | R7 | R8 R9 R10

6.5.2 Compromised Cost - Time Based (CCTB) Scheduling Policy
Deadline urgency: Deadline urgency (D, ), which specifies Cloud customer urgency

to get workload (s) completed, is defined as:

Where D, = Deadline Urgency, D, = Deadline Time and E; = Minimum Execution
Time. This metric shows how the scheduler deals with Cloud customer with different
requirement on time. The value of Communication Cost (€. ) and Communication

Time (C; ) depends on the Deadline Urgency (b, ) as shown in Table 6.4.
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Table 6.4: Deadline Urgency

D, . ) c. (H)
D, > 0.75 1 10/60 =0.17

0.25<D, <0.75 3 60/60 =1
D, < 0.25 5 120/60 =2

The Total Expected Cost (TEC) and Total Expected Completion Time (TECT) are
calculated using the formula given below and the value for each workload will be
calculated as shown in Table 6.5.

TECT=C; +E;

TEC=C, + Chin
Where, C; = Communication Time, E; = Minimum Execution Time, C, =

Communication Cost and C,,;, = Minimum cost of a particular workload. For

execution of Cloud workload under this policy the condition will be fulfilled strictly:

TECT <D, && TEC <Bg
Table 6.5: Total Expected Cost and Total Expected Completion Time

Wid [W,(H) | B;®) | D,(H) | E, |C,(H) | . | D, | TEC | TECT
W1 | 12:00 | 100 12 12 2 5 0 105 14
W2 | 4:00 62 4 6.45 2 5 -ve 67 8.7
W3 | 6:00 120 6 5 2 5 02 | 125 7
W4 | 21.00 | 170 21 | 12.35 1 3 07 | 173 | 1335
W5 | 10:00 | 155 10 6.45 1 3 055 | 158 7.7
W6 | 2:00 200 2 1 0.17 1 1 201 1.17
W7 | 4:00 252 4 158 | 0.17 1 153 | 253 26
W8 | 20:00 | 265 20 754 | 017 1 165 | 263 8.69
W9 | 4:00 72 4 555 2 5 -ve 75 7.71
W10 | 14:00 65 14 | 2153 2 5 -ve 70 2353

Time Difference (T ) = D, - TECT
Where W, = Desired Deadline in Hours, Bp = Estimated Budget in Dollars, D; =
Deadline Time in Hours, C; = Communication Time, E; = Minimum Execution
Time, C, = Communication Cost, TECT = Total Expected Completion Time, D,=
Deadline Urgency and TEC = Total Expected Cost. The Time Difference (T; ) is

calculated by the formula defined above as shown in Table 6.6. If the value of T; >0
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then the Cloud workload will be executed before their deadline otherwise it will not

be executed before deadline.
Table 6.6: Time Difference (T, )

wid | By ($) | D, (H) TEC | TECT | T, Deadline Fulfilled
W1 100 12 105 14 2 No
W2 60 4 65 8.7 47 No
W3 120 6 125 7 1 No
w4 170 21 173 | 1335 | 7.65 Yes
W5 150 10 153 77 23 Yes
W6 200 2 201 117 | 083 Yes
W7 250 4 253 2.6 14 Yes
W8 260 20 263 869 | 114 Yes
W9 70 4 75 771 | 371 No
W10 65 14 70 2353 | -953 No

Number of Deadlines Missed: 5

6.5.2.1 Rescheduling of Cloud Workloads

The workloads W4, W5, W6, W7 and W8 have extra time than required for execution
within their deadline, the total extra time (7.65+2.3+0.83+1.4+11.4) = 23.58 and the
time required to execute the pending workloads (-2-4.7-1-3.71-9.53) = -20.94 is less
than the time available. So the W1, W2, W3, W9 and W10 will be executed within

their deadline and budget respectively as shown in Table 6.7.
Table 6.7: Rescheduling of Cloud Workloads

wid D, (H) TECT Updated D, (H) Deadline Fulfilled
w1 12 14 14 Yes
W2 4 8.7 8.7 Yes
W3 6 7 7 Yes
w4 21 13.35 13.35 Yes
W5 10 7.7 7.7 Yes
W6 2 1.17 1.17 Yes
w7 4 2.6 2.6 Yes
w8 20 8.69 8.69 Yes
W9 4 7.71 7.71 Yes
W10 14 23.53 23.53 Yes

After Rescheduling, Deadline Missed = 0
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The implementation of Compromised Cost-Time Based Scheduling Policy follows the
algorithm shown in Figure 5.4. Calculate the TEC, TECT and Time Difference (T, )
to allocate the resources. The allocation agent find the missed deadlines and calculate
Time Difference for each workload then uses the extra available time to the
workloads with missed deadlines and execute all the Cloud workloads within their
corresponding deadlines. The performance evaluation criterion to evaluate the
performance of Compromised Cost - Time Based (CCTB) for resource scheduling has
been defined. The two parameters namely cost and execution time has been selected.
The cost and execution time measured in dollars and seconds respectively. To validate
CCTB algorithm, 3000 Cloud workloads and 120-140 resources are considered. In
order to evaluate the performance of CCTB, the effects of different number of Cloud
workloads has been investigated. The two existing reference algorithms namely CTC

[153] and DBD-CTO [79] have been used.

e Compromised Time Cost (CTC) Scheduling Algorithm — Compromised Cost -
Time scheduling policy considers the characteristics of Cloud Computing to
accommodate instance-intensive cost-constrained workflows by compromising
execution time and cost. The simulation performed demonstrates that the
algorithm can cut down the mean execution cost and shorten the mean execution
time within the user-designated execution cost [153].

e Deadline and Budget Distribution-Based Cost-Time Optimization (DBD-CTO)
workflow scheduling algorithm that minimizes execution cost while meeting
timeframe for delivering results and analyse the behaviour of the algorithm. In
this algorithm, the two constraints are considered: deadline and budget. For the
workflow, a list of three services for each task of the workflow was created. The
scheduler that is implemented in the broker part calls DBD-CTO to choose a
particular service such that overall workflow execution should be in deadline and
budget constraints specified by the user [79].

Both the algorithms are doing resource scheduling based on the homogenous Cloud

workloads. The concept of rescheduling is also not used in these existed algorithms.
All the three algorithms Compromised Time Cost (CTC) Scheduling Algorithm
(existing), Deadline and Budget Distribution-Based Cost-Time Optimization (DBD-
CTO) (existing) and Compromised Cost Time Based (CCTB) (proposed) have been
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implemented in CloudSim 3.0 by making the changes in the VMScheduler.java and
then compared in different scenarios.

Test Case 1: Execution Time Comparison of Cloud Workloads

After executing the values on scheduling parameters for different algorithms, the
Cloud simulator CloudSim provides the execution summary for DBD-CTO shown in
Figure 6.28. The execution time for executing the same Cloud workloads by using

same resources is 1803 seconds.

Datacenter_0 is starting...
Broker is starting...
Entities started.
.0: Broker: Cloud Resource List received with 1 resource(s)
0.0: Broker: Trying to Create WM #0 in Datacenter_0
0.0: Broker: WM #0 has been created in Datacenter #2, Host #0
0.0: Broker: sending cloudlet 0 to WM #0
1803.0: Broker: Cloudlet 0 received
1803.0: Broker: A1l Cloudlets executed. Finishing...
1803.0: Broker: Destroying wMm #0
Broker is shutting down...
Simulation: No more future events
CloudInformationservice: Notify all CloudSim entities for shutting down.
Datacenter_0 1is shutting down...
Broker s shutting down...
Simulation completed.
Simulation completed.

========== (|JTPUT ==========
Cloudlet ID STATUS Data center ID WvM ID Time start Time Finish Time
0 SUCCESS 2 0 1803 0.0 1803

Figure 6.28: Execution of DBD-CTO in CloudSim
The CTC algorithm is executed with same resources in the CloudSim as shown in
Figure 6.29. The time taken to execute the same Cloud workloads by CTC algorithm
is 1330 seconds.

Datacenter_0 is starting...

Broker is starting...

Entities started.

0.0: sroker: Cloud rResource List received with 1 resource(s)
0.0: Broker: Trying to Create WM #0 in Datacenter_0

0.0: Broker: vM #0 has been created in Datacenter #2, Host #0
0.0: Broker: sending cloudlet 0 to wM #0

1330.0: Broker: Cloudlet 0 received

1330.0: eroker: A1l Cloudlets executed. Finishing...

1330.0: Broker: Destroying wM #0

Broker is shutting down. ..

simulation: No more future events

Cloudinformationservice: Notify all Cloudsim entities for shutting down.
Datacenter_0 is shutting down...

groker is shutting down...

simulation completed.

Simulation completed.

====—==—=== (JUTPUT ==========
Cloudlet 1D STATUS pData center ID WM ID Time start Time Finish Time
0 SUCCESS 2 0 1330 0.0 1330

Figure 6.29: Execution of CTC in CloudSim
CCTB is implemented and executed with same environment. The same Cloud

workload is executed in this algorithm in 1243 seconds. The execution time taken by
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CCTB algorithm is lesser than other scheduling algorithms. The execution summary
of CCTB in CloudSim is shown in Figure 6.30.

Datacenter_0 is starting...
Broker is starting...
Entities started.
.0: Broker: Cloud Resource List received with 1 resource(s)
0.0: Broker: Trying to Create WM #0 in Datacenter_0
0.0: Broker: wM #0 has been created in Datacenter #2, Host #0
0.0: Broker: sending cloudlet O to wM #0
1243.0: Broker: Cloudlet 0 received
1243.0: Broker: All Cloudlets executed. Finishing...
1243.0: Broker: Destroying WM #0
Broker is shutting down...
Simulation: No more future events
Cloudinformationservice: Notify all Cloudsim entities for shutting down.
Datacenter_0 s shutting down...
Broker is shutting down...
Simulation completed.
Simulation completed.

————————— QUTPUT ==========
Cloudlet ID STATUS Data center ID VM ID Time Start Time Finish Time
0 SUCCESS 2 0 1243 0.0 1243

Figure 6.30: Execution of CCTB in CloudSim
Figure 6.31 demonstrates the effectiveness of the CCTB algorithm in managing the

time requirement of the Cloud user. The characteristics of Cloudlets are used to
compare the execution time of three algorithms. In this case lowest execution time
was achieved in case of CCTB algorithm whereas DBD-CTO resulted in the highest

execution time.
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Figure 6.31: Execution Time Comparison of Cloud Workloads

Test Case 2: Cost Comparison of Cloud Workloads
Figure 6.32 shows the effect on cost by three algorithms. Figure shows the lowest cost
was achieved by CCTB where DBD-CTO resulted in highest cost.
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Figure 6.32: Cost Comparison of Cloud Workloads

Test Case 3: Execution Time for Different Number of Resources

Figure 6.33 shows the effect of increasing the number of resources, while keeping the
number of Cloud workloads being executed. In this experiment, 3000 Cloud
workloads were executed with varying numbers of resources. The results depict that
by increasing the number of resources, the execution time decreases. CCTB performs
better than DBD-CTO and CTC.
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Figure 6.33: Execution Time for Different Number of Resources

Test Case 4: Cost for Different Number of Resources
The cost of execution of different Cloud workloads for three algorithms varies. The

costs of resources are decreasing with increasing the number of resources. Figure
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6.34 shows the CCTB algorithm executes the same number of Cloud workloads at a

minimum cost.
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Figure 6.34: Cost for Different Number of Resources
Test Case 5: Execution Time for Different Number of Cloud Workloads

The execution time is increasing with the increase in number of Cloud workloads and
the execution time of CCTB for same number of Cloud workloads is slightly lesser
than CTC as shown in Figure 6.35.
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Figure 6.35: Execution Time for Different Number of Cloud Workloads
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Test Case 6: Cost for Different Number of Cloud Workloads

Figure 6.36 shows that cost per Cloud workload increases as the number of submitted

Cloud workload increases.
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Figure 6.36: Cost for Different Number of Cloud Workloads

The existing algorithm based workload’s execution resulted in a schedule which is
expensive in comparison to the CCTB algorithm. From all the experimental results,
the workload execution using the CCTB algorithm performs better. The overall cost

for Cloud consumer’s workload execution is less.
Test Case 7: Number of Missed Deadlines

There are different numbers of deadlines missed in different algorithms. With
increasing the number of Cloud workloads, the number of deadlines missed is also
increasing. The number of deadlines missed in Deadline and Budget Distribution-
Based Cost-Time Optimization (DBD-CTO) are maximum and minimum in

Compromised Cost Time Based (CCTB) as shown in Figure 6.37.
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Figure 6.37: Number of Missed Deadlines
Test Case 8: Execution Time Variation

The execution time is decreasing with the increase budget as shown in Figure 6.38. In
this algorithm, minimum cost for execution is $50. At a minimum cost, the execution
time is larger. With the increase in budget, the more number of resources provided to

reduce the execution time and number of deadlines missed are also decreasing.
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Figure 6.38: Execution Time Variation
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Test Case 9: Execution Cost Variation

The cost of executing the Cloud workloads is varying with the increase in allocated

budget as shown in Figure 6.39.
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Figure 6.39: Execution Cost Variation
Test Case 10: Energy Consumption

For different number of resources there is fixed threshold value of energy consumed
during Cloud workload execution. The calculated energy consumption is compared
with threshold value and the Cloud workload is executed only if the calculated energy
consumption is less than or equal to threshold value. For successful execution of a
Cloud Workload, the Actual Energy Consumption (Ec;ouq) Will be less than
Threshold Energy Value (Ernresnoia)- Figure 6.40 shows the comparison of actual

energy consumption and threshold energy value.
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Figure 6.40: Energy Consumption and Number of Resources

6.5.3 Cost Based (CB) Scheduling Policy
Allocate Resources based on cost, the workload which has more budget ( Bg) will
execute first. If the two workloads have same budget then that workload will execute

first that has lesser execution time. By default, PS=1.

Bg 265 252 200 170 155 120 100 72 65 62
workload W8 W7 | W6 | W4 W5 | W3 | W1 | W9 W10 W2
Resource R1 R2 R3 R4 R5 R6 R7 R8 R9 R10

The implementation of Cost Based Scheduling Policy follows the algorithm shown in
Figure 5.5. First, the allocation agent begins to compute the cost of each Cloud
workload then sorted as the priority given to the Cloud workload which has maximum
budget. The allocation agent then schedules all the workloads with high budget
request to the resources that provide high QoS. Finally, all other workloads are

scheduled on the available resources set.
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6.5.4 Time Based (TB) Scheduling Policy

Allocate Resources based on time, the workload which has shortest deadline time
(D; ) will execute first. If the two workloads have same deadline time then that
workload will execute first that has lesser execution time. By default, PS=1. In this
scenario, there are three workloads (W2, W7, W9) have same deadline time, the
sorted according to the maximum budget (W7 > W9 > W2).

D, 2 4 4 4 6 10 12 14 20 21
workload W6 | W7 | W9 | W2 W3 | W5 | W1 | W10 | W8 W4
Resource R1 R2 | R3 | R4 R5 |R6 |R7 | RS R9 R10

Number of Deadlines Missed: 3 (W2, W9, W10)

To execute W2, W9 and W10 within their deadline, change budget according to the
Processing Speed, and add cost $50 if user want to double the Processing Speed (See
Table 6.3). With PS=2, these three workloads will be execute before deadline, by

recalculating the value of E; as described in Table 6.8.

Table 6.8: Actual and Improved Execution Time

Wwid | D, (H) Actual E, (PS=1) Improved E, (PS=2)
W2 4 6.45 3.22
W9 4 5.55 3.17
W10 14 21.53 12.17

Now the workloads W2, W9 and W10 will be execute before their deadline.

The implementation of Time Based Scheduling Policy follows the algorithm shown in
Figure 5.6. First, the allocation agent begins to compute the Deadline Time of the
Cloud workload on the given budget. The allocation agent then schedules all the
Cloud workloads with smallest execution time request to the resources that provide
high QoS. If any deadline found missed then recalculate the execution time by

increasing the value of processing speed (PS) and it will increase cost only.

Test Case 1: Completion Time vs. Allocated Budget
The Cloud workload is being executed with different constraints. There is a fixed

deadline i.e. 1500 seconds; the Cloud workload should be executed successfully
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before deadline. In this experiment, different budget was allocated. In First Come
First Serve (FCFS) Based Scheduling Policy, the execution time is larger at different
budget. The execution time in Cost Based Scheduling Policy is lesser than FCFS but
more than Time Based Scheduling Policy. The execution time is lesser in Time Based
Scheduling Policy at maximum budget that has been allocated. The execution time in
both the Cost and Time Based Scheduling Policy is decreasing but remains same in

FCFS as shown in Figure 6.41.

2,500
2,000 2,000 2,000 2,000 2,000 2,000
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1,500 1400 T30 13 Deadline
" 1520 1,370
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B Time
Optimized
500
Cost
Optimized
0

0 50 100 150 200 250 300 350
Allocated Budget

Figure 6.41: Completion Time vs. Allocated Budget
Test Case 2: Completion Time of Different Workloads

The execution time required to complete the Cloud workload is maximum in FCFS
and minimum in Cost Based Scheduling Policy, but least in Time Based Scheduling
Policy as shown in Figure 6.42. Both Cost and Time Based Scheduling Policy

executes the Cloud workload before desired deadline.
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Figure 6.42: Completion Time of Different Workloads

6.5.5 Bargaining Based (BB) Scheduling Policy

Table 6.9 shows different Cloud workloads along with their parameters such as

deadline, estimated budget and execution time.

Table 6.9: Cloud Workloads Detail

wid W, (H) B; ($) E,
W1 12:00 100 12
W2 4:00 60 6.7
W3 6:00 120 5
Wa 21:00 170 12.35
W5 10:00 150 6.7
W6 2:00 200 1
W7 4:00 250 16
W8 20:00 260 7.69
W9 4:00 70 5.71
W10 14:00 65 2153

The various resources are available for the execution of above Cloud workloads along

with their execution cost (C) and classified according to time slots (Hours) is

described in Table 6.10.
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Table 6.10: Resource Detail
Time Slot (H)
0-2 2-4 4-8 8-16 16-32
R C (%) R C(9) R C (%) R C (%) R C (%)
R1 100 RS 80 R8 105 R12 80 R16 160
R2 90 R6 75 R9 115 R13 85 R17 180
R3 110 R7 110 R10 125 R14 90 - -
R4 120 - - R11 90 R15 70 - -

The implementation complies with the negotiation among the various resources and
Cloud workload producer along with different time slots. The allocation agent

allocates the resources based on the bargaining between them as shown below:

E; 12 67 5 1235 6.7 1 16 7.69 571 2153
Workload | W1 | W2 | W3 | W4 W5 | W6 | W7 | W8 | W9 | WI10
Resource | R15 | R11 | R11 | R15 R11 | R2 | R2 | R11 | R11 | R16

The implementation of Bargaining Based Scheduling Policy (BBSP) follows the
algorithm shown in Figure 5.7. The implementation complies with the negotiation
among the various resources and Cloud workload producer along with different time
slots. The allocation agent allocates the resources based on the bargaining between

them. The number of missed deadlines in both the cases is shown in Figure 6.43.
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Figure 6.43: Number of Deadlines Missed
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With the increase in number of Cloud workloads, the rate of missed deadlines is
increased. In both the policies, the number of deadlines missed is varying. The lesser

number of deadlines missed in BBSP as compared to FCFS.

6.6 Conclusion

This chapter presented the implementation of proposed framework and comparison of
proposed framework with different traditional scheduling algorithms. The policy in
which Cloud provider minimizing the cost as well as execution time along with least
energy consumption is called CCTB Scheduling Policy. CCTB reduces the execution
time by up to 30.94% compared to DBD-CTO and 6.54% for CTC. CCTB reduces the
execution cost by up to 50% compared to DBD-CTO and 22.72% for CTC. The
results depict that by increasing the number of resources, the execution time
decreases. The costs of resources are decreasing with increasing the number of
resources. The CCTB algorithm executes the same number of Cloud workloads at a
minimum cost. The execution time is increasing with the increase in number of Cloud
workloads and the execution time of CCTB for same number of Cloud workloads is
slightly lesser than CTC. The existing algorithm based workload’s execution resulted
in a schedule which is expensive in comparison to the CCTB algorithm. From all the
experimental results, the workload execution using the CCTB algorithm performs
better. The overall cost for Cloud consumer’s workload execution is less. The number
of deadlines missed in Deadline and Budget Distribution - Based Cost Time
Optimization (DBD-CTQO) are maximum and minimum in Compromised Cost Time
Based (CCTB). With the increase in budget, the more number of resources provided
to reduce the execution time and number of deadlines missed are also decreasing. The
cost of executing the Cloud workloads is varying with the increase in allocated
budget. The Actual Energy Consumption (E¢;o,q) reduces up to 9.99% at 100
resources and 11.02% at 300 resources. Next chapter will discuss the conclusion and

future work.
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Chapter 7

Conclusions and Future Scope

This chapter summarizes the research work presented in this thesis and highlights the
main contributions. It also discusses open research problems in the area and outlines a

number of future research directions.
7.1 Conclusions

Cloud Computing and its vital characteristics have been discussed in this thesis. This
thesis focuses on the resource scheduling challenges that Cloud Computing is facing
today. Several resource scheduling algorithms are compared with respect to the Cloud
workload as an answer for the dynamic scalability of resources. This thesis also gives an
insight about the problem of making decisions based on cost and time constraints in
Cloud Computing. The different Cloud workloads and design patterns have been
identified and analyzed. The key QoS requirements for every Cloud workload have been
identified. The clustering of these Cloud workloads is done through K-Means Clustering
Algorithm by assigning the appropriate weights to the different quality attributes. The
results of clustering of Cloud workloads have been presented with the help of WEKA
tool. Further, workload based Cloud Framework is proposed and implemented in this
work. The experimental results gathered through CloudSim 3.0 clearly demonstrate that
the proposed framework has better performance in terms of execution time, cost and

energy consumption as compared to existing scheduling algorithms.
7.2 Thesis Contribution

a) In this thesis, currently available resource scheduling algorithms like SHEFT,
OWS, RASA, ACO, PSO etc. are discussed and compared.

b) Currently available Resource Scheduling Policies like processing time based, VM
based, policy based, hardware resource dependency based, bidding based,

application based, utility based and SLA based are discussed.
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9)
h)

The different Cloud workloads and design patterns have been identified, analyzed
and mapped.

Both homogenous and heterogeneous workload based framework is proposed and
designed.

The clustering of Cloud workloads is done through K-Means Clustering
Algorithm and results are presented using WEKA tool.

Four resource scheduling policies (Compromised Cost - Time Based (CCTB)
Scheduling Policy, Time Based (TB) Scheduling Policy, Cost Based (CB)
Scheduling Policy and Bargaining Based (BB) Scheduling Policy) are proposed.
Decision tree based scheduling criteria is discussed.

Cloud Workload Management Portal is designed and implemented and proposed
framework is validated with CloudSim 3.0.

7.3 Future Scope

a)

b)

The proposed framework presented in this thesis can be extended further to add
different Cloud providers.

laaS providers can use these results to quickly assess possible reductions in
execution time and cost, hence having the potential to save energy.

To conduct further evaluations of proposed framework with realistic test bed.
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