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A Model for Cloudifying e-Learning Delivery Environments

Mashael Abdullah Al-Sowaiel

ABSTRACT

The need for e-Learning is becoming apparent due to the scarceness of
resources in the traditional education. Therefore, many educational and
training organizations became aware of the importance of adopting e-
Learning. In addition, new purely virtual learning organizations start
emerging intensively.

On the other hand, new technology—namely, cloud computing—has
emerged. Business enterprises adopted this technology and have developed
Cloud-based business models in which both infrastructures as well as
software applications are offered for renting, which makes it possible to use
expensive infrastructures and software applications without high setup
expenses, yet at affordable low operating costs.

This research addresses how to employ Cloud Computing in e-Learning
business. The different types of e-Learning organizations are identified and
the e-Learning services offered by each type are classified. The Cloud
Model that best fits the nature of each of these services according to the e-
Learning organizations’ affordability of resources as well as the abilities of
the technological environment are discussed. Accordingly, taxonomy of
Cloud Models mix is defined for each type of those e-Learning
organizations and a rule-based expert consultant system (SCCeLE) is
developed to aid them in determining the best cloud model mix that best fits
their current situations and targets. On the other hand, this developed
taxonomy, is believed, will encourage the Cloud Service Providers (CSPs)
to conquer the business of e-Learning as it aids them in drawing a full
picture on the e-Learning market and supports them in identifying their
target market and in developing their e-Learning support business packages.

il



In addition, this research proposes another Cloud Model that offers e-
Learning services in an economical way as it builds its service on top of
freely available services that are offered to Internet users by other service
providers for free. This newly proposed Cloud Model is named “Freeware
as a Service (FaaS)”. FaaS proposes a new technology in which e-Learning
services can be implemented through building a customized user interface
that fits the need for e-Learning, while interacting with the freely available
Internet services as the engine of performing the real work, yet operating at
the free service owner’s servers. Therefore, FaaS helps in quickly and
economically developing e-Learning software services that require no
operational cost.

The expert system SCCeLE is implemented using Excel and Microsoft .Net
platform. A survey and a questionnaire were conducted to understand the
e-Learning market, organizations, services ...etc. In addition, some
prototypes were also implemented to experiment with the technology
proposed by FaaS and to prove the idea.

v



TABLE OF CONTENTS

DEDICATED TO
ACKNOWLEDGEMENT
ABSTRACT

TABLE OF CONTENTS
LIST OF FIGURES

LIST OF TABLES

LIST OF ABBREVIATIONS

CHAPTER ONE :INTRODUCTION
1.1. Introduction

1.2. Research Objectives

1.3. Thesis Outlines

CHAPTER TWO :LITERATURE REVIEW
2.1. e-Learning Basics
2.1.1.  Benefits of e-Learning
2.1.2.  e-Learning Environments
2.2. Cloud Based e-Leaning
2.2.1.  Why Cloud Computing in e-Learning Environment
2.2.2.  e-Learning Cloud Computing Business Model
2.2.3.  e-Learning Cloud Computing Architecture
2.2.4. Key Benefits of Cloud Based e-Learning
2.2.5. Current Challenges & Issues in Cloud Based e-Learning
2.3. Review of Cloud Computing Intitiatves in Education/ Related Work

CHAPTER THREE: CLOUD COMPUTING
3.1. Cloud Computing

3.1.1.  Cloud Concept

3.1.2.  Cloud Definition

3.1.3.  Cloud Computing Main Actors
3.2 Differences with Similar Concepts
3.3. Enabling Technologies

3.3.1.  Virtualization

3.3.2. Load Balancing

II
111

VIII
XII
XIIT

LR AN -

10
11
12
13
14
16
16
18
20
21

29
30
31
32
32
33
34
34
34



34. Cloud Computing Characteristics
3.5. Cloud Computing Architecture
3.5.1.  The Ownership in Different Service Models
3.6. Cloud Computing Deployment Models
3.7. Problems in Cloud Computing

CHAPTER FOUR :SCCELE: CONCEPTUAL MODEL AND
ARCHITECTUR

4.1. Overview on the SCCeLE Model

4.2. SCCeLE Inference Process

4.3. The SCCeLE's First Inference Phase

4.3.1. Taxonomy of e-Learning Organizations

4.3.2.  e-Learning Services

4.3.3.  Educational Organizations’ Need for e-Learning Services

4.3.4.  The QoS Map That Defines the QoS of Each e-Learning Service
4.3.5.  The Effective Criteria of e-Learning Services

4.3.6.  Cloud Configuration Guidelines
4.4. The SCCeLE's Second Inference Phase
4.5. SCCeLE Recommendations for the CSPs

CHAPTER FIVE: FAAS: THE CONCEPTUAL AND OPERATIONAL
MODELS
5.1. Introduction
5.2. Proposed Approach
5.3. Examples and Case Studies
5.3.1.  Closed Circle Mailing System with Specially Customized Scenario
5.3.2.  Office Hours’ One-On-One Chatting System with Specially
Customized Scenario
5.3.3.  Collaborative Teamwork e-Meeting with Specially Customized
Scenario
5.3.4.  Virtual Classroom with Specially Customized Scenario

CHAPTER SIX: SCCELE AND FAAS PROTOTYPE IMPLEMENTATION
6.1. Implementation of SCCeLE Prototype
6.1.1.  Building the SCCeLE Prototype (Excel model)
6.1.1.1.  Survey and Data Collection
6.1.1.2.  Designing the Rule
6.1.2.  Applying SCCeLE Prototype on the Default Values
6.2. Implementation of the FaaS Prototype

vi

35
35
38
38
40

41
42
44
45
45
46
50
53
55
58
62
65

68
69
71
74
76

79

86
91

99
100
100
101
102
102
110



6.2.1.  Smart Cloud LMS Prototype

6.2.1.1. The Closed Circle e-Mailing Service
6.2.1.2. Virtual Office Hours, Virtual Collaborative Teamwork, and

Virtual Classroom

CHAPTER SEVEN: CONCLUSION AND FUTURE WORK

7.1. Conclusion
7.2. Future Work

LIST OF REFERENCES

APPENDICES

vii

110
112

113

125

126

128

129

138



LIST OF FIGURES

Chapter 1: Introduction

1.1 The SCCeLE's Model

1.2 The Technology of Building the FaaS Model

Chapter 2: Literature Review

2.1
2.2
23

Business Model of e-Learning Cloud Computing
Architecture of e-Learning Cloud

Challenges for e-Learning Cloud

Chapter 3: Cloud Computing

3.1
3.2
33
3.4
3.5

Cloud Computing Architecture

The Three Main Categories of Cloud Computing Services
Technology Capabilities for Cloud Computing

The Ownership in Different Service Models

Cloud Computing Types

Chapter 4: SCCeLE: Conceptual Model and Architecture

4.1
4.2
43

4.4
4.5
4.6
4.7
4.8

The SCCeLE's Model
The SCCeLE Inference Process

16
17
20

36
37
37
38
39

43
44

e-Learning Organizations’ Taxonomy (a) Fully/Partial Virtual Organizations

(b) e-Learning Organizations

The Rules of SCCeLE’s First Phase

SCCeLE Input Parameters

Upgrading/Downgrading Strategy of SCCeLE’s Second Phase
Sample Rules of SCCeLE’s Second Pragmatic Phase

SCCeLE Recommendations for the CSPs

Chapter S: FaaS: The Conceptual and Operational Models

viii

46
61
62
63
64
66



5.1 A Sketch Depicting How the SDW Methodology Wraps Up the Freeware
Service Engine with a Customized Specialized Scenario 71

5.2 Proposed Approach for Developing e-Learning Services on Top of Freely

Available Internet Service 72
5.3 The Idea of Software Development SDW Technique Under FaaS 73
5.4 The Operational Model of FaaS 73
5.5 Some of the Prototyped e-Learning Services as Developed Under the FaaS

Development Methodology 75
5.6 Closed Circle Mailing System Scenario 77
5.7 The Operational Model of FaaS—The Closed Circle Mailing Service in e-

Learning 79
5.8 Customization Options 81
5.9 Personalization Options 81
5.10 The List of All Sections for Specific Courses 81
5.11 Upcoming Schedule of Office Hours’ One-On-One Chatting System 82
5.12 Playback Schedule of Office Hours’ One-On-One Chatting System 83
5.13 Create Office Hours’ One-On-One Chatting Session 83

5.14 Office Hours’ One-On-One Chatting Interface Developed on top of Google’s
Hangout 84

5.15 The Operational Model of FaaS—The Office Hours” One-On-One Chatting
Service in e-Learning 85

5.16 Collaborative Teamwork e-Meeting Interface Developed on top of Google’s
Hangout 87

5.17 Using the Whiteboard Tool of Google’s Hangout with a New Interface during
the Collaborative Teamwork e-Meeting Service 89

5.18 Using Desktop Sharing Tool of Google’s Hangout with a New Interface
during the Collaborative Teamwork e-Meeting Service 90

5.19 The Operational Model of FaaS—The Collaborative Teamwork e-Meeting
Service in e-Learning 91

5.20 Virtual Classroom Interface for Instructor Developed on Top of Google’s
Hangout 93

X



5.21 Virtual Classroom Interface for Students Developed on Top of Google’s
Hangout 94

5.22 Virtual Classroom Interface for Assistants and Administrators Developed on
Top of Google’s Hangout 95

5.23 The Operational Model of FaaS—The Virtual Classroom Service in e-
Learning 96

Chapter 6: SCCeLE and FaaS Prototype Implementation

6.1 Inserting All Values (That are Obtained from the Questionnaire) into the
SCCeLE Prototype and Setting them as Default Values 104

6.2 Setting the Parameters of SCCeLE's Second Phase 105

6.3 Setting the Technical Parameters of the SCCeLE's during the First Phase and
Revealing the Initial Recommendation and the Final Recommendation for Each
e-Learning Service 106

6.4 The Discrepancy Report of SCCeLE 107

6.5 The Output Recommendation of SCCeLE for a Medium (Cloud Mix model)
for a Medium Fully Virtual University (default service criteria is assumed) 108

6.6 A Recommended e-Learning Services Market Map as Generated by

SCCeLE 109
6.7 Smart Cloud LMS Prototypes Homepage 110
6.8 Registration Administrative Tasks Homepage 111
6.9 Assigning Sections, Instructors and/or Asistants for a Specific Course 111
6.10 A Closed Circle e-Mailing List to Choose the Recipients From 112

6.11 The Selected Recipients are then Passed to the “To” Field of the Gmail
Message 113

6.12 Booking a Meeting for Office Hours’ One-On-One Chatting by Students 114

6.13 Assigning New Upcoming Meetings for Office Hours’ One-On-One Chatting
by the Administrator 114

6.14 The User Interface for Scheduled Upcoming Office Hour Sessions a) Student
Interface b) Instructor Interface 115

6.15 The User Interface for New Office Hours’ One-On-One Chatting Session
Developed on Top of Google’s Hangout 116

6.16 The User Interface for History of Done Office Hour Sessions with a Replay



Capability a) Student Interface b) Instructor Interface 117
6.17 Initiating New Collaborative Teamwork e-Meetings by Instructors 118

6.18 Assigning New Upcomming Meetings for Collaborative Teamwork e-
Meetings by the Administrator 118

6.19 The User Interface for Scheduled Upcoming Sessions of Collaborative
Teamwork e-Meetings a) Student Interface b) Instructor Interface 119

6.20 The User Interface for New Collaborative Teamwork e-Meetings Developed

on Top of Google’s Hangout 120
6.21 The User Interface for History of Done Collaborative Teamwork Sessions with
a Replay Capability a) Student Interface b) Instructor Interface 121
6.22 Initiating New Virtual Class Room Meeting by the Instructor 122

6.23 Assigning New Upcoming Meetings for Virtual Classroom by the
Administrator 122

6.24 The User Interface for Scheduled Upcoming Sessions of Virtual Classroom a)
Student Interface b) Instructor Interface 123

6.25 The User Interface for History of Done Virtual Classroom Sessions with a
Replay Capability a) Student Interface b) Instructor Interface 124

X1



LIST OF TABLES

Chapter 3: Cloud Computing
3.1 The NIST Identification of Cloud Computing Actors 33

Chapter 4: SCCeLE: Conceptual Model and Architecture
4.1 Educational Organizations’ Need for e-Learning Services 52

4.2 The QoS for e-Learning Services as Expected by the Educational
Organizations 54

4.3 Default Criteria of e-Learning Services as Revealed by the Survey 57
4.4 The Main Condition of Criteria for All Hosting Models 60

4.5 The Output Recommendation of SCCeLE a for Medium Fully Virtual
University (default service criteria are assumed) 65

4.6 A Recommended e-Learning Services Market Map as Generated by
SCCeLE 67

Chapter S: FaaS: The Conceptual and Operational Models
5.1 Description of The Hangout Tools 88

5.2 The e-Learning Services Features and the Corresponding Features on
Free Internet Services as Used in the Experimental Implementation of
the Prototypes 96

Appendices :

4.7 Representing and Describing The Whole Set of SCCeLE Rules (The
252 Rules of the Second Phase) 138

Xii



AOU
API
CapEx
CMS

CSPs
DaaS
DDL

EC2
ELaaS
EMES
FaaS
FAQ
HaaS
HTML
IAAS
Java EE
JSTL
KAU
LCMS
LMS
OpEx
PAAS

LIST OF ABBREVIATIONS

Arab Open University.
Application Programming Interface.
Capital Expenditure.

Content Management System
Cloud Service Providers.

Data as a Service.

Deanship of Distance Learning.
Elastic Computing Cloud.

Education and learning as a service.
E-Learning Management Electronic System.
Freeware as a Service.

Frequently Asked Questions.

Hardware as a Service.

HyperText Markup Language.
Infrastructure as a Service.

Java Platform, Enterprise Edition.
JavaServer Pages Standard Tag Library.
King Abdulaziz University.

Learning Content Management Systems.
Learning Management Systems.

Operational Expenditure.

Platform as a Service.

xiii



PBL
PC

PLE

QoS
SAAS
SCCeLE
SDW
SLAs
SQL
VLE

VMs

Problem-Based Learning Approach.

Personal Computer.

Personal Learning Environment.

Quality of Service.

Software as a Service.

Smart Consultant for Cloudifying e-Learning Environment.
Software Development by Wrapping.

Service-level Agreement.

Structured Query Language.

Virtual Learning Environment.

Virtual Machines.

X1v



Chapter One

Introduction



Chapter One

Introduction

1.1. Introduction

Educated and skilled human resources and workers are real assets and a key of success
and power for both nations and organizations. Therefore, education and training play an
important role in advancement. However, several challenges exist (Whitehurst, Powell,
and Izatt 1998), which are mostly overcome by using the e-Learning technology that is
believed to be the future of education. Universities and training institutions became
aware of the power and advantages of e-Learning and had recognized how it can support
their business in offering new more effective services that improve the learning
efficiency. In fact, e-Learning offers various e-services to support all types of education
and training systems; and most universities and training institutions have adopted some
of these e-services as essential constituents of their education systems. Moreover, new
purely virtual e-Learning-based educational organizations have emerged, which conduct
all of their learning activities via the Web by using e-Learning services and

technologies.

Although the adoption of e-Learning resolves many of the challenges facing traditional
education including the need for large investments, yet, further reduction in needed
investments is still required in order to encourage current and future learning
organizations to adopt e-Learning, especially because of the increased demand on

education and training.



The advent of cloud computing in recent years has sparked an interest from different
organizations, institutions, and users to take its advantage (Masud and Huang 2012). It
promises a shift from an organization required to invest heavily for limited IT resources
that are internally managed, to a model where the organization can buy or rent resources

that are managed by a cloud provider and pay per use.

Cloud Computing offers many advantages to business organizations, especially virtual
and partial organizations. It offers investment reduction for the initial set up of IT
infrastructure, fast time-to-market, and adaptable and balanced performance among
many others. Similarly, we believe that it will be able to offer similar advantages to e-
Learning organizations. Therefore, this research investigates the use of the Cloud

Computing technology in the e-Learning business area.

Cloud Computing is a recent model that offers sharing computing infrastructures and
application software in an efficient manner. It enables convenient on-demand network
access to a shared pool of configurable computing resources, such as, networks, servers,
storage, applications, and services. Commercially, new profitable business emerged in
which three new service models took place so far—namely, [aaS (Infrastructure as a
Service), PaaS (Platform as a Service), and SaaS (Software applications as a Service).
Currently, all cloud computing service models are offered to generic type customers,
meaning that Cloud Service Providers (CSP) deigned their services and products without
a focus on any specific markets or business areas. In other words, the CSPs don’t direct
or customize their offerings to serve e-Learning organizations. This approach doesn’t
encourage serious educational organizations to think of the Cloud technology as an
opportunity for implementing e-Learning services in acceptable investing expenses. To
explain, the number of software services offered by e-Learning is large. Moreover, each
of these services requires expensive specialized software, which makes building an e-
Learning organization require relatively large investments and long time-to-market (long
time before an organization can operate and offer its services to the market).
Accordingly, CSPs are requested to resolve those issues if they want to attract e-

Learning organizations among their clientele.



However, CSPs are currently not yet recognizing the importance of attracting and
serving this new but promising business area—e-Learning. One reason for the
ignorance of CSPs to serve the e-Learning business area might be due to the lack of
having a full map of the e-Learning market, the services it requires, the nature of the e-
Learning organizations, and the sizes and types of their needs, ...etc. Therefore, the
objective of this research is to aid both e-Learning organizations and CSPs to boost the
e-Learning industry through cloudifying the e-Learning services as well as

implementing less-costly e-Learning services on the Cloud.

One of the hypotheses of this research is: “Is it possible to use the S.W technology to
boost e-learning business through encouraging both educational organization and CSPs
to adopt e-Learning ?” The aim of this hypothesis was to develop a model of how e-
Learning organizations can use the Cloud technology to boost their services and
offerings, and, on the other hand, to look for ways that encourage the CSPs to consider

serving the new promising business area.

To achieve this goal, many steps were followed. Firstly, a survey of many activities,
such as interviews, literature review, and questionnaires, has been conducted to
understand the business of e-Learning, the offered e-Learning services with their
effecting criteria, and the expected service performance. This survey aided in
developing taxonomy of five categories of e-Learning organizations, which categorizes
the e-Learning organizations based on their intensity of adoption of the e-Learning
technology and services onto their education systems. Secondly, the major services
required for e-Learning organizations were identified by the survey to create a QoS
(Quality of Service) map that defines the QoS of each e-Learning service as required by
each category of the e-Learning organizations of the taxonomy. Thirdly, the criteria of
operation and performance were defined for each required service and a set of rules were
designed to recommend the Cloud Model that best suites those criteria. Unfortunately,
these rules consider only the criteria of the e-Learning service; nothing about both the
organizational and technology contexts was considered. Therefore, fourthly, another set
of rules were designed to consider many other parameters, such as the organization’s

budget devoted to e-Learning adoption, time-to-market need, and QoS in terms of the



required features and performance; in addition to the availability status of supporting
software for the target services. The second step of rules may upgrade or downgrade the
initial recommended model to consider the organizational investment, marketing, and
operational requirements as well as the technological environment status. Smart
Consultant for Cloudifying e-Learning Environments (SCCeLE) is a rule-based expert
system that was implemented to test the idea and to avail a useful tool for educational
organizations to use to aid them in defining the most optimum e-Learning environment
implementation strategy using a mix of Cloud models. Figure 1.1 demonstrates the

inputs and outputs of SCCeLE.

Technology
Environment

E-Learning Organization

Recommended Clowd Mix
Model

Figure 1.1. The SCCeLE's Model

Another hypothesis of this research is: “Are those commonly known three CSP service
models—namely, laaS, PaaS, and SaaS—the only possible; or it is possible that the
technology opens a new opportunity for another fourth model that is economically more
suitable?” This research suggests employing shareware or free Internet services, such as
Chat and email services, in supporting the required e-Learning services. Unfortunately,
those Internet services are not designed to serve e-Learning. Therefore, this research
demonstrated that it is possible to wrap up those services in such a way that offers a

more suitable look-and-feel for e-Learning environments, with a minimum cost of



development. We called this approach FaaS (Freeware as a Service) software
development technique. Many prototypes were developed as a proof of concept to test
the idea of FaaS development technique. For instance, a closed-list email service like
that used by most e-Learning Management Systems (LMS) was developed using the
Gmail service. In addition, a virtual Office Hours meeting room, a Collaborative
conferencing meeting room, and a Virtual Classroom were developed on top of the
Google’s Hangout chat tool. This approach can be used by CSPs to develop less
expensive e-Learning environments, though with less quality and limited features, but
will quickly and economically overcome many of the challenges facing small e-Learning
organizations. It is worth noting that FaaS is an economical approach not only for the
development of the software but also in its deployment and operation as it usually runs
on the servers of the service owner. Can we consider this approach and the services it
offers as a fourth Cloud model? Figure 1.2 depicts the idea behind the proposed FaaS

development technique.

Wrap-up Interface

Figure 1.2.The Technology of Building the FaaS Model

Prototypes have been implemented to prove the ideas proposed in this research.
SCCeLE is implemented using Excel (to ease the presentation and manipulation of
tables) and the Microsoft .Net platform (for implementing the rule-based engine). Other
prototypes were also implemented to experiment with the idea of the technology of
developing FaaS’s services. The prototypes implemented e-Learning specific scenarios,
e.g., a closed circle e-mailing service on top of Google’s Gmail. Also implemented are

office hours chatting service, collaborative teamwork coordination meeting service, and



a virtual classroom service; all on top of Google’s Hangout chatting service and Google

Apps.

1.2. Research Objectives

The main objective of this research is:

" to aid both e-Learning organizations and CSPs to boost the e-Learning industry

through cloudifying the e-Learning services and implementing less costy e-Learning

environments on the Cloud”

The following is a list of our sub-objectives:

Identifying the taxonomy of different e-learning organizations.

Identifying the different e-Learning services that are required by different e-
Learning organizations.

Determining the services criteria and the guidelines affecting the selection of the
most appropriate setup of the e-Learning environment on the Cloud.

Identifying the different pragmatic circumstances affecting the organizational
decisions when establishing an e-Learning environment.

Designing an expert system that makes consultantions and recommendations to
the e-Learning organization regarding building e-learning enviroment on the
cloud.

Devloping a prototype for the consultation expert system as a proof of concept
for the suggested model.

Investigating and suggesting methodology for developing e-Learning software
economically, and applying this methodology in developing few e-Learning

services to demonstrate the effectiveness of this methodology.

There are two Hypotheses in this research, which are as follows:

One of the hypotheses of this research is.: "Is it possible to use the Software technology

to boost e-learning business through encouraging both educational organization and

CSPs to adopt e-Learning ?”



The second hypothesis of this research is: "Are those commonly known three CSP
service models—namely, laaS, PaaS, and SaaS—the only possible; or it is possible that
the technology opens a new opportunity for another fourth model that is economically

more suitable?”

1.3. Thesis Outlines

This thesis is organized into seven main chapters described as follows:

Chapter 1 is an introduction that describes the research motivation, the problem
definition, and the approach of this research in tackling the problem as well as an

overview on the achieved contributions.

Chapter 2 is a literature review of the previous researches on using cloud computing in

e-learning.

Chapter 3 presents the necessary background about the cloud computing technology
which includes the main concept of cloud computing, how it distinguishes from all the
other concepts; enabling technologies; the main layers that make up the cloud computing
architecture; types of deployment Models, and significant characteristics of Cloud

Computing.

Chapter 4 explains the conceptual model and architecture for the Smart Consultant for
Cloudifying e-Learning Environments (SCCeLE) rule-based expert system. Then, it
describes the model’s parameters, the inferencing process of two phases, and revealing

the recommended cloud mix model for the e-Learning organizations and CSPs.

Chapter S intuitively demonstrates the idea behind the proposed approach FaaS
(Freeware as a Service) software development technique through presenting examples

and case studies of how this approach can be applied.

Chapter 6 describes the design and implementation of the prototype developed for
SCCeLE rule-based expert system and the FaaS approach.

Chapter 7 concludes the thesis and identifies possible future work.
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Chapter Two

Literature Review

This chapter reviews the literature discussing the needs for cloud computing in
elearning; the concept of cloud computing tecnology in e-learning; the usage of cloud
computing in e-learning; and the great value that is added to e-learning. Finally, we will

mention some the intitiatves of cloud computing aimed for the e-learning enviroment.

2.1. e-Learning Basics

People all over world search for knowledge. Knowledge can be gained through different
kinds of education. Distance learning is one of the most common methods that derives
its importance for the benefit it offers. That is, distance education works effectively with
the students who are separated by time and space from lecturers (Zaiane 2002). There
are different subtypes of distance education such as: paper-based correspondence
education, videotape education, computer aided education (multimedia education,
internet education or web-based education), etc. Currently, the most used is web-based
education that allows students to conveniently learn via the Internet. Nowadays, many
terms are used to refer to web-based education such as e-learning, e-training, online
instruction, web-based learning, web-based training, web-based instruction, etc (Zaiane

2002). Concerning the types of web-based systems, they are classified into synchronous

10



and asynchronous, collaborative and non-collaborative, closed corpus and open corpus,

etc (Zaiane 2002; Ai and Laffey 2007).

Network technology impacted learning environment and led to a new type of learning
that is called e-Learning which grabbed people's attention. e-Learning is one of the most
famous technologies offered to make the traditional way of learning easier with the help
of software applications and virtual learning environment. The letter (e) means
conducted electronically (Ma et al. 2010). E-learning comes through a network enabled
computer and transfers the knowledge from the internet sources to end users’ machines.
E-Learning usually works with the help of software applications and the information
(audio/video files, satellite TV, media disks) is usually transferred with the help of the
internet. These materials can be in the form of text, image, animation, audio/video that
can be used to deliver the learning materials to E-Learning users (Welsh et al. 2003;

Pocatilu, Alecu, and Vetrici 2010)

Many universities, institutions and self-training companies are implementing the e-
learning platforms for the students and employees to achieve their distance education
programs. They also use it to enhance the ability of other educational degree
programmes and to increase proficiency (Jindal and Singhal 2012). Broadly speaking, a
good learning environment consists of an authoring system, and LMS (Learning
Management System) and a learning object repository. Being the most important, the
LMS delivers the target objects the time and the way it is required (Wang, Pai, and Yen
2011).

2.1.1. Benefits of e-Learning

The main factors of e-learning are re-use, resource sharing and interoperability.

Moreover, there are other benefits such as (Vishwakarma and Narayanan, 2012):

1. Reducing cost of learning materials: One of the greatest benefits of e-learning is the
reduction of the costs because the e-contents cost less money than the hard copies.
2. Enhancing learning technology: Sharing, storing, and manipulating the e-content

over the network increases participation of academic institutes.
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3. Clearness and attractiveness: Using animation and graphics in representing
concepts and ideas stimulate accessibility and enhances learning outcomes.
4. Flexibility: E-learning users can select the courses, materials, and services in a

flexible way.

2.1.2 e-Learning Environments

Virtual learning environment and personal learning environment are two important E-
learning environments which offer a wide range of facilities to students through e-

learning applications (Georgouli 2011).

e Virtual Learning Environment

Virtual Learning Environment (VLE) is simply another term used to represent the E-
Learning systems, where the students are able to get face to face classroom
environment through computer applications with the help of web sources. VLE is an
enhanced application from the blended learning approach. The main objective of VLE
is to provide the e-learning facility to large number of student communities to provide
the virtual classroom environment. There are many terms which are very similar to
virtual learning environment. These are Learning Management System (LMS), Content
Management System (CMS) and Learning Content Management system (LCMS).
Many universities and institutions use VLE to improve the intractable learning
environment and break the interaction barrier on learning environment ( Austin et al.
2013). The main advantage of VLE is that it is capable of storing many courses at a
time, so it creates better environment for the instructor as well as the student when to
move from one course to another. VLE provides some other provisions as follows

(Kumar et al. 1998) :

1. Notice board for up-to-date course information.

2. Students can take their courses at any time and from any convenient place to
them.

3. Students special needs and restrictions are able to use this kind of e-learning
systems.

4. It provides geographically wide-spread education.
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5. It offers education through the internet which helps students as its cost is effective
and flexible.

6. Small universities that don’t have many elective courses are able to provide a
wide range of elective courses for their students in their institutions.

7. It enables more intractability among the students and lecturers.

e Personal Learning Environment

Personal learning environment (PLE) is a single user E-Learning system which helps
the E-Learners to manage and modify their own learning. PLE offers a wide range of
supporting features to their users, some of the important provision are as follows (Van

Harmelen 2006) :

1. Users can fix their learning goals on their own in the e-learning system.

2. Users can manage the E-Learning systems including the learning materials and

Processes.

3. Users can communicate with other users in the same e-learning system during the
learning process.

2.2. Cloud Based e-Leaning

Cloud computing has a clear and significant impact in many important areas in our daily
lives. The concept of cloud computing means that the hardware and systems software
are in the datacenters that deliver the services in best way to customers. Consequently,
Cloud providers may provide a variety of applications to their customers and these
applications may vary widely to offer several services in education, government,

banking and healthcare (Armbrus, Fox, and Griffith 2009)

Over the few recent years, the majority of the research focus tends to apply cloud
computing technology to the e-learning environment. In 2009, cloud computing is
presented as a new computing platform to perform e-learning systems. Educational
cloud became one of the most important and interesting applications of cloud
computing. Cloud based e-learning is the sub-division of cloud computing concerned

with the educational field of e-learning systems (Alshwaier, Youssef, and Emam 2012).
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The so-called Cloud based e-learning refers to the integration of e-learning systems with
cloud computing technology, and it is the future trend of e-learning technology and its
new infrastructure (Laisheng and Zhengxia 2011). Cloud computing has a large value
and a great effect in the field of education and learning applications. It is considered as a
great opportunity for educational institutions to achieve different benefits. Cloud based
E-Learning is a technology that took shape by enhancing the existing E-learning
technologies and methodologies with the help of cloud computing technology

(Fasihuddin, Skinner, and Athauda 2012).

Cloud based e-learning can provide all hardware and software resources, and when using
these resources, the educational materials for e-learning systems are virtualized in cloud
servers, and these materials will be available on-demand immediately for usage to
learners and other educational businesses in the form of rent base from cloud vendors or
payment is based on the amount of used servers, and this follows the principle of "pay-
as-you-go". It can not only reduce charges for schools and enterprises, but also for
suppliers as it can also achieve economies of scale. This business model of e-learning
system is called e-learning cloud model (Laisheng and Zhengxia 2011). Constructing a
stuffiest cloud computing educational environment will help to achieve full usage of
educational accessibility of cloud computing and to obtain all advantages of cloud

computing for more valuable learning to learners (Ma et al. 2010).

2.2.1. Why Cloud Computing in e-Learning Environment

Currently, the need for education is continuously increasing, and with rapid growth of
the technologies usage, the development and the improvement of informational
education is necessary. Consequently e-Learning has become a very commonly popular
way of learning in the educational field and it needs to keep the pace with the
technology (Pocatilu, Alecu, and Vetrici 2010). In view of that, a lot of weaknesses and
shortcomings are gradually discovered in the existing e-learning environment, and there
are some of the important questions that haven’t got meaningful answers yet such as the
following (Ma et al. 2010): Can the growing number of required massive learning
resources find enough network storage system to fit accommodate it? These days, the

variety of learning software require high terminal configuration, is it able to counsel the
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learner’s requirement as the low terminal configuration? For the learners who always
need a variety and evolving learning software, are learners able to buy and renew its
licenses continuously? Do all the educational institutes have capital that enables it to
provide high-quality hardware and to purchase and renew licenses for new software, and

also take the responsibility for everything related to maintenance?

Although e-learning systems have been applied widely over the recent years, there are

some critiques and limitations such as the following:

o The quality of training materials does not improve and remains critical. Despite
the availability of modern tools, techniques and innovative technologies to improve
and empower learning system but that did not achieve the required vision of a great

modern e-learning system (Mariya 2011).

e Misunderstanding the pedagogic aspects and the requirements of the human
learning process. The pedagogical aspect refers to the interests of designing
learning materials and learning tools. It means the service is provided to learners
without taking appropriate consideration of the learner's background and knowledge

level. (Lidan et al. 2006; Mariya 2011; Ko and Young 2011).

o Learners’ isolation. 1t is one of the most significant shortcomings which means that
learners are not given the chance to take full advantage of education because it does
not have facilities that build collaboration and interaction in e-learning

environments (Fasihuddin, Skinner, and Athauda 2012).

o Expensive or unavailable. 1t is a problem hinders enjoyment with technologies

which are required in personal and daily lives (Ercan 2010).

o Technical perspective. The users and resources are constantly increasing.
Accordingly, e-learning systems need to be scalable in order to support this
increasing. It is difficult to implement usual significant maintenance and

development (Fasihuddin, Skinner and Athauda 2012).
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o M-learning still requires more study to be improved and enhanced. Learning
materials used for e-learning including m-learning may require special
considerations. It cannot be provided in some small devices and mobile devices

have some limitations (Fasihuddin, Skinner and Athauda 2012).

Cloud computing appeared as a new technology that has been answered all these

questions and overcame the problems and constraints faced by e-learning systems.

2.2.2 e-Learning Cloud Computing Business Model

In e-learning cloud computing business model, cloud service provider (CSPs) is fully
responsible for building, maintaining and providing technical support to e-learning
cloud. Cloud users pay to cloud provider for services offered by the e-learning cloud and
services accessed on-demand (Laisheng and Zhengxia 2011). In Figure 2.1, during the
cycle, servers support cloud users, funds support cloud provider, technologies support e-

learning cloud, a business cycle is a virtuous cycle.

Technologies

Funds

Figure 2.1. Business Model of e-Learning Cloud Computing (Laisheng and
Zhengxia 2011)

2.2.3. e-Learning Cloud Computing Architecture

Cloud based e-learning architecture is mainly divided into five layers: hardware resource
layer, software resource layer, resource management layer, server layer and business
application layer (Laisheng and Zhengxia 2011). Cloud based e-learning architecture is
explained in the Figure 2.2.
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1.

Business
Application

Figure 2.2. Architecture of e-Learning Cloud (Laisheng and Zhengxia 2011)

Hardware resource layer: This is the most bottom layer in the cloud service
middleware where it handles the essential computing things like physical memory

and CPU for the total system.

. Software resource layer: This layer is created with the help of operating systems

and middleware. With the help of middleware technology, many software

solutions combine to offer the grouped interface for the software developers.

. Resource management layer: This layer plays an important role on get loose

coupling of software and hardware resources.

. Service layer: Service layer is divided into three levels namely IAAS, PAAS, and

SAAS. These service layers help to cloud customers to use the various forms of
cloud resources for their products like software resource, hardware resource, and

infrastructure resource.

. Business application layer: Business application layer differs from all other layers

in cloud based e-learning architecture, because this layer acts as important

business logic of e-learning.
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2.2.4. Key Benefits of Cloud Based e-Learning

There are several advantages when the e-learning is implemented with the cloud

computing technology, they are as follows

o E-learning systems can make use of the following (Pocatilu, Alecu, and Vetrici
2009)

® [nfrastructure: use an e-learning solution on the provider's infrastructure.
® Platform: use and develop an e-learning solution based on the provider's
development interface.

= Services: use the e-learning solution given by the provider.

e Lower costs: E-Learning users need not have high end configured computers to run
the e-learning applications. They can run the applications from cloud through their
PC, mobile phones, tablet PC having minimum configuration with internet
connectivity. If the e-learning services are used for a relative short time (several
weeks, a quarter, a semester), the savings are very important. Using cloud
computing instead of investments in datacenters (hardware and software licenses)
will result in a shift from capital expenditure (CapEx) to operational expenditure

(OpEx) (Al-Jumeily et al. 2010; Fasihuddin, Skinner, and Athauda 2012).

o Improved performance: Since the cloud based e-learning applications have the
majority of the applications and processes in cloud, client machines do not generate

problems on performance when they are working (Rao, Sasidhar, and Kumar 2010).

o Instant software updates: Since the cloud based application for e-learning runs with
the cloud power, the software are automatically updated in cloud source. So e-

learners always get updates instantly (Verma and Rizvi 2013).

o Improved document format compatibility: Since some file formats and fonts do not
open properly in some PCs/mobile phones, the cloud powered e-learning
applications do not have to worry about those kinds of problems since the cloud
based e-learning applications open the file from cloud (Boja, Pocatilu, and Toma

2013).
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o Benefits for students. Students get more advantages through cloud based e-learning.
They can take online courses, attend the online exams, get feedback about the
courses from instructors, and send their projects and assignments through online to

their teachers (Pocatilu, Alecu, and Vetrici 2009; Youssef 2012).

o Benefits for teachers. Teachers also get numerous benefits over cloud based e-
learning. Teachers are able to prepare online tests for students, deal and create better
content resources for students through content management, assess the tests,
homework, projects taken by students, send the feedback and communicate with

students through online forums (Verma and Rizvi 2013; Youssef 2012).

o Better services and maintenance. Applying the cloud in the educational systems
provides instant global platforms, resources utilization and real-time configuration,
so any unexpected emergency cases can be processed very quickly, this is referred

to as reliability ( Fasihuddin, Skinner, and Athauda 2012).

o Access flexibility. Using the cloud grants, learners and staff personnel have the
opportunity to rapidly, widely, feasiblely, equitablely and economically access a
variety of application platforms and resources through the web pages on-demand
and it can be accessed anytime and anywhere using any a cheap access device

(Boja, Pocatilu, and Toma 2013).

e Research collaboration. Cloud computing provides research collaboration and data
sharing, and it can be used as a shared environment for learners and users

(Fasihuddin, Skinner, and Athauda 2012).

o Scalability & Availability. 1t is scalable and available to e-Learning systems. e-
Learning organizations can establish systems through these services in a simple way

(Boja, Pocatilu, and Toma 2013).

2.2.5. Current Challenges & Issues in Cloud Based e-Learning

While the cloud based e-learning has many advantages, still there are some

disadvantages in cloud computing so as for e-learning applications. Figure 2.3 shows

19



those limitations in cloud based e-learning application (Laisheng and Zhengxia 2011;

Ercan 2010):

Challenges for e-lean

Figure 2.3. Challenges for e-Learning Cloud (Laisheng and Zhengxia 2011)

e Charge: When cloud computing is used for e-learning systems, charges are very
crucial in the overall system - how the cloud vendors charge the schools and
individuals.

e Bandwidth: Since the cloud based e-learning fully depends on the internet sources,
bandwidth plays a vital role to deploy the data in internet servers.

e Security: Security plays a fundamental role as some of the e-learning materials are
confidential. If the data is stored in cloud, the issue of security of this valuable data
on unknown cloud servers arises.

e User Idea: Infrastructure of cloud computing, IT service delivery, and usage
patterns used in cloud based e-learning undermines the traditional way of using
computer technology.

e FEducational Forms and Methods: The main challenge for e-learning technology
is the replacement of traditional educational forms and methods. The e-learning is
entirely removing the importance of teachers in its technology.

o FEducation Management Rules: we need suitable management rules are to be

maintained for cloud based e-learning because when using cloud for e-learning
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systems there may be a chance for new problems on learning environment through
cloud based e-Learning.
e Resource Development: In any technology, the stakeholders need to be involved

in its development to bring the best outcome from its usage.

2.3 Review of Cloud Computing Intitiatves in Education / Related
Work

There are different system architectures for e-learning systems based on cloud
computing platform in the educational domain in literature. In this section, a review of
the some of the recent research about Cloud Computing initiatives in education is

reviewed.

Zhang and Liu introduced new architecture for cloud-based e-learning systems. It
consists of three main layers, e-learning infrastructure layer, integration platform layer
and access layer. The first layer, the infrastructure layer consists of two components,
information infrastructure and teaching resources. Information infrastructure includes
information management system and the system software and hardware. Teaching
resources component is a mixture of different teaching materials that are distributed in
different places. The second layer, the integration platform is to integrate the different
resources that belong to different platforms in the infrastructure layer. Finally, the access
layer consists of the applications that share teaching resources accompanied with some

interactive tools that support the learning and teaching process (Zhang and Liu 2010).

Selvi and colleagues presented an architecture for applying problem-based learning
approach (PBL) on e-learning system that is integrated with cloud computing
technology. The PBL template consists of three significant modules which includes,
understand the problem, explore the problem and resolve the problem. Within the group,
learners discuss multiple solutions with the help of a discussion forum to determine the
best solution. The cloud infrastructure in e-learning system is used to achieve scalability,
accessibility, persistent storage, and efficient use of resources (Selvi, Kaleel, and

Chinnaiah 2012).
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Jinda and Singhal proposed an e-learning architecture based on Social Clouds. They
blend the two important technologies, social networking and cloud computing. The
social cloud provides the e-learning providers a common platform where they can share
their information and make it universally accessible. This model will act as a social
networking site among all the providers and learners. It also acts as knowledge search
engine where all the contents of providers will be offered to the learner (Jindal and

Singhal 2012).

Liao and Wang present a new model for collaborative e-learning called Collaborative
Cloud. They apply the cloud computing and electronic commerce to connect learners
and coordinate the resources in e-learning in a more effective way. The collaborator can
request instructional services and the cloud system will advise and dispatch appropriate
resources including text, audio, video files or the candidate list from the service provider
to the requester based on the relations among requestor’s knowledge status (their level of

knowledge, price and historic service quality) (Liao and Wang 2011).

Jiao et al. introduce research that is based on the development of cloud computing
technology and the application of online video resources. It aims to provide a
perspective and practical references for the distance collaborative teaching and research
in cloud computing environment. This process allows to teachers to transfer their
educational activities to the "cloud" to enhance the quality of distance teaching and
research and promote the professional development of teachers. The procedure of the
activity is divided into three phases: preparation phase, implementation phase, and

reflection phase (Jiao et al. 2011).

Vishwakarma and Narayanan proposed architecture model for the academic cloud and
gives scheme focus on the e-learning as a service such as EduCloud and Education and
learning as a service (ELaaS) and how the resources of organizations can be shared and
connected together to perform all activities with greater flexibility. Academic cloud is
the use of cloud computing in the academic institutions for enhancing the learning

outcome, sharing of resources, and reduction in cost of maintenance. The whole
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organizations can be connected for example the academic block, library, laboratory,
bank, hospital and hostels. Whenever we need to access the resources, we can connect to
the central system from the local servers. All the academic institutions can be connected
globally and they can share the resources and e-contents for the e-learning process. It
will enable the academicians, researchers, scientists and students who are working at
various institutes and universities, to share their ideas and experiences (Vishwakarma

and Narayanan 2012).

Jung and colleagues argue that the existence of simplified requisition interface with a
method for estimation of cloud configuration is imperative such an interface allowing
negotiations with cloud wusers. They, then, introduces CloudAdvisor as a
Recommendation-as-a-Service platform designed to recommend an optimal cloud
configuration for given user workload and preferences such as a maximum budget, a
throughput expectation, the amount of input load estimated, and willingness to save

energy (Jung et al. 2013).

Zhang and colleagues proposed a semi-automated, extensible, and simplified approach
and a declarative system for cloud service selection, called CloudRecommender that
transforms the cloud service configuration selection from an ad-hoc process that involves
manually reading the provider documentations to a process that is structured, and to a
large extend, automated. The system includes a repository of available infrastructure
services from different providers including computing, storage and network services. The
core idea of the CloudRecommender is to formally capture the domain knowledge of
services using a declarative logic-based language, and then implement it in a
recommender service on top of a relational data model. (Zhang et al. 2012).

Today, there is a growing number of cloud providers on the market claiming to offer

Cloud infrastructures. Each of them describes their capabilities using their own terms,

definitions, and goals. Nevertheless, there is a lack in the community for a common

terminology, accompanied by a clear definition and classification of Cloud features.

Prodan and Ostermann conduct a survey on a selection of Cloud provider to address this

deficiency, and propose taxonomy of eight important cloud computing elements
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covering service type, resource deployment, hardware, runtime tuning, business model,

middleware, and performance (Prodan and Ostermann 2009).

Celesti et al. introduce The “Vertical Supply Chain” scenario where a Cloud service
provider begins to build their services using cloud-based services offered by other
service providers. This means a cloud service provider is able to arrange its own services
laaS, PaaS, or SaaS to target business, on top of “generic” laaS using the IaaS(s)
provided by other clouds. More specifically, that approach is based on the eXtensible
Resource Identifier (XRI) technology which enables a cloud service provider to manage
the whole composed services, retrieving information about them from the IaaS(s) on
which they are deployed. Therefore, through this approach, each Service Provider is able
to satisfy all SaaS allocation requests and also able to achieve an efficient use of the

hardware resources, consequently minimizing costs (Celesti et al. 2011).

D’Agostino and colleagues introduced the context of an Italian research project aimed
to transfer ICT advancements from research centers towards ICT SMEs. Their research
focuses on the design of a brokering tool for hybrid clouds capable of adequately
responding to specific Quality of Service (QoS) constraints. Aimed to satisfy the highest
number of user requests while trying maximizing the profit of the private provider, and
to fulfill the actual requirements according to the agreed SLAs, in the context of a posted
price economic model, the proposed brokering algorithm may apply different allocation
policies, based on the reservation of a quota of private resources to high-level QoS
applications. The brokering tool will transparently manage the allocation of the
requested service to the public or to the private Cloud infrastructures, depending on the
QoS expectations and the workload of the private Cloud resources (D’Agostino et al.

2013).

Alhamad, Dillon and Chang developed an approach that characterizes the key aspects of
the trust relationship between cloud providers and users. The notion of trust involves
several dimensions. These dimensions include: the scalability, availability, security, and

usability parameters of I[aaS, PaaS,SaaS, and DaaS. Moreover, each of the trust
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dimensions will be represented within a fuzzy framework, and measures along each
dimension will be developed. In addition, an overall figure for trust value will be
developed for the cloud providers. In this research, the focus is on how to evaluate the
trusted cloud providers in such a way that users of cloud can easily understand and start
to build a trusting relationship with the service providers (Alhamad, Dillon, and Chang

2011).

Although there is an increased attention on Cloud Computing in the academic literature
in the recent years, most research works focus on technical aspects of cloud computing.
Research on consumers’ preferences for cloud services is limited to studies from
consulting and industry companies. Koehler and colleagues introduced an approach
intended to explore consumer preferences for service attributes and show possibilities of
second-degree pricing discrimination in the cloud computing field. Conjoint attributes
are: Provider Reputation, Required Skills, Migration Process, Pricing Tariff, Cost
compared to intern Solution and Consumer Support. The results help both practitioners
and academic researchers to better understand the prerequisites of a successful market
introduction of cloud services and to design appropriate services (Koehler,

Anandasivam, and Dan 2013).
From this review the following is found:

e Many of these researches proposed architecture of cloud-based e-learning system,
and described the main layers which constitute this system. Also many of these
researches presented e-learning architecture based on Clouds integrated with other
technology. They blend two or more important technologies with cloud computing
such as: social networking, problem based learning approach (PBL), application of

online video resources and/or electronic commerce.

e All the research used cloud infrastructure in e-learning system to achieve one or
more of following features; scalability, accessibility, persistent storage, and
efficient use of resources, share their information and make it universally
obtainable, collaborative e-learning and/or to enhance the quality of distance

teaching and research.
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Most researches proposed model of academic cloud and provide scheme focuses
on the Education and learning as service such as EduCloud and (ELaaS). They aim
to build e-learning organizations on cloud and take the advantages of the cloud
infrastructure. The resources and e-contents for e-learning organizations can be

shared and connected globally.

Some researches introduce recommender systems such as; CloudAdvisor and
CloudRecommender as a Recommendation-as-a-Service platform designed to
provide interface allowing negotiations with cloud user and recommend an optimal
cloud configuration based on the users' preferences and captured knowledge of

CSPs.

The taxonomy of important cloud computing elements to select the target and the
best CSPs in the market claimed to offer Cloud infrastructures are: the service
type, resource deployment, hardware, runtime tuning, business model,
middleware, and performance. Also there are several dimensions that build a
trusting relationship between service providers and users including: the scalability,

availability, security, and usability parameters.

Acceptable number of these researches aimed to provide the context of a posted
price economic model satisfying the highest number of user requests while trying
to maximize the profit of the providers and minimize costs. These contexts are
achieved by using the [aaS(s) provided by other clouds or using brokering tool for

hybrid clouds.

The results (conclusions) show that Cloud based E-Learning is a technology that
took shape by enhancing the existing E-learning technologies and methodologies
with the help of Cloud Computing technology and that it provides the great

infrastructure for an e-Learning environment on the cloud.

It is noticed in this review that there are some limitations as follows: these researches

aimed to use the cloud services in provision of the required e-learning services for e-

learning organizations, but not all e-learning services are available on the cloud

computing, and these reviews did not provide a method about how the e-learning
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organizations can select the most appropriate cloud service for each required service.
The recommendations offered by recommender systems were not accurate and they are
limited to the recommendations on specific CSPs, and they consider the user's
preference without considering the technical aspects or vice versa. There are also some
important business aspects which have not been taken into account such as technology

environment status and time to market.

Current research works do not look for effective ways to develop CSPs to attract and
serve e-learning business area since all CSPs are now offering services to generic
consumers, and they do not focus on a specific domain. One reason for the ignorance of
CSPs to serve the e-Learning business area might be due to the lack of having a full map

of the e-Learning market.

All attempts conducted in cloud computing to obtain an economic model were not
successful as required because it involved resources from other and external CSPs,

therefore they need the agreement from all sharing CSPs.

In this research, we will try to overcome these limitations through developing a system
to avail a useful tool for educational organizations. It suggests a suitable Cloud
Computing model for each of the identified e-Learning services based on both the
technical aspects of service criteria requirements and the circumstances for each
individual e-Learning organization. On the other hand, it looks at ways for encouraging
the CSPs to consider serving the new promising business area. It also aids them in
drawing a full picture on the e-Learning market and supports them in identifying their

target market.

The second contribution of this research consists in providing a great economical and
quick solution to all CSPs by developing e-Learning services through wrapping around

freely available Internet services that were designed without e-Learning in mind.
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Chapter Three

Cloud Computing

In this chapter, the researcher will try to show what cloud computing technology is, and
provide sufficient knowledge of the basic concepts it contained in, and how it
distinguishes from all the other concepts.We will be also identify the most important
(types, features, significant characteristics), and main layers that make up the cloud
computing architecture. The main problems in cloud computing will be explained in the

following chapter.

3.1. Cloud Computing

Many computing resources, including hardware and software such as distributed
computing software, computer clusters, storage devices and network infrastructure are
hidden behind what is called ‘cloud computing platform’ (Bai et al. 2011). The concept
of delivering computing resources through a global network had its roots since the
sixties. In 1999, Salesforce.com arrived to be one of the first milestones for cloud
computing (Sosinsky 2011). In 2002, Amazon Web Services provided a suite of cloud-
based services, including storage, computation and even human intelligence. In 2006,
companies and individuals were allowed to rent computers on which to run their own

computer application (Fasihuddin, Skinner, and Athauda 2012).

Obviously, it can be declared that August 24, 2006 can be considered as the birthday of

cloud computing because on this day Amazon launched the initial test version of its
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Elastic Computing Cloud (EC2) to the public. In 2007, the term "Cloud Computing" first
became popular in the English Wikipedia. Consequently, Dell tried to trademark the
word mark. In 2008, there was a great development of active parties in the significantly
popular fields of Cloud Computing. It is noteworthy that Google was the pioneer to
propose the concept of cloud computing (Ma et al. 2010). Today the most significant
contribution to cloud computing was from technology giants such as Microsoft and
Google. These firms delivered services in a reliable and easy way that created a wider-
general acceptance of online-services (Sosinsky 2011). Eventually, it can be declared
that the sparkle of the concept of cloud computing was first enlightened by Sun

Microsystems, implying: The network will be the computer.

3.1.1. Cloud Concept

Over the last half century, significant advances in Information and Communications
Technology caused rapid emerging of cloud computing as the new information
technology platforms. (Mousannif, Khalil, and Kotsis 2012). Cloud computing can be
considered as a new era of computing technology. After mainframe, personal computer,
client-server computing and the Web, cloud computing has been ranked as the fifth
generation of computing (Fasihuddin, Skinner, and Athauda 2012). Clearly, cloud
computing is beneficial as it changes the traditional personal computer-based production
model and definitely changes the way people obtain information , share content, and

communicate with each other (Bai et al. 2011).

Through cloud computing, the computing infrastructure and data storage goes out of the
users' hands to the cloud and consequently used as a service on-demand over the internet
(Fasihuddin, Skinner, and Athauda 2012; Ercan 2010). This implies that the user's data
is saved in the internet data center, and not stored locally in their personal devices. Thus,
cloud computing providers become responsible for the management of effective data
processing and guaranteeing strong computer skills and sufficient strong space available
for customers (Ma et al. 2010). The main idea of cloud computing is a "pay-as-you-go"
model that delivers the cloud services according to customer’s needs and depending on

the amount paid (Mousannif, Khalil, and Kotsis 2012).
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3.1.2. Cloud Definition

There is no exact definition for cloud computing till now. However the work of National
Institute of Standard and Technology provided a general definition of cloud computing:
"Cloud computing is a model for enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks, servers, storage, applications, and
services) that can be rapidly provisioned and released with minimal management effort or

service provider interaction." (NIST 2011; Mell and Grance 2011).

Another definition is given by (Vaquero et al. 2009): “Clouds are a large pool of easily
usable and accessible virtualized resources (such as hardware, development platforms and/or
services). These resources can be dynamically reconfigured to adjust to a variable load
(scale), allowing also for an optimum resource utilization. This pool of resources is typically
exploited by a pay-per-use model in which guarantees are offered by the infrastructure

provider by means of customized SLAs.”

3.1.3. Cloud Computing Main Actors

Table 3.1 briefly lists the main actors defined in the NIST cloud computing reference

architecture. The general activities of the actors are defined in this table (NIST 2011).
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Table 3.1. The NIST Identification of Cloud Computing Actors

Actor Definition

Cloud Consumer | A person or organization that maintains a business relationship
with, and uses service from, Cloud Providers.

Cloud Provider | A person, organization, or entity responsible for making a service
available to interested parties.

A party that can conduct independent assessment of cloud services,
Cloud Auditor | nformation system operations, performance and security of the
cloud implementation.

An entity that manages the use, performance and delivery of cloud
Cloud Broker services, and negotiates relationships between Cloud Providers and
Cloud Consumers.

Cloud Carrier | An intermediary that provides connectivity and transport of cloud
services from Cloud Providers to Cloud Consumers.

3.2. Differences with Similar Concepts

When comparing the cloud idea to the existing clusters or supercomputers that are
offered from IBM and other technology companies (IBM 2009), it is obvious that
clouds are located globally and are made of heterogeneous and mostly anonymous
computer networks (Foster et al. 2008). According to Foster et al. (2008) cloud
computing and grid computing are the same when it comes to the vision, which aims to
decrease the costs of computing while increasing the flexibility, quality and reliability by

outsourcing a service to a third party.

However the scale of how things were ten years ago and how things are now, is
different. The data that need to be analyzed nowadays is huge and generate therefore
even more computing demand. With virtualization and the huge investments of large
companies such as Amazon, Google, and Microsoft it creates “real commercial large-
scale systems containing hundreds of thousands of computers” (Foster et al. 2008). In
other words, cloud computing has put distributed computing into another stage. Now it
needs just a simple bank account to access on-demand computers that are located in

datacenters all around the world which are able to compute a massive amount of data
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just-in-time (Foster et al. 2008; Carr 2008). That makes cloud computing new and

exciting for companies to invest in.

3.3. Enabling Technologies

There are two technologies that made the way of distributed computing and therefore

cloud computing realizable: virtualization and load balancing.

3.3.1. Virtualization

Virtualization is the technology that tends to present an abstract computing platform and
covers up the physical characteristics of the computing platform from the users.
Virtualization shows up a single physical machine that can function as a set of a variety
of Logical Virtual Machines (VMs). Through virtualization, it becomes allowed to run
and host multiple operating system environments totally separated from one another.
Therefore, virtualization provides extreme flexibility to use different partitions of
resources on the same piece of hardware to different certain requirements of service
requests. Thus, it can be comprehended that a cloud functions as a pool of virtualized
resources through the internet that provides pay-per-use service to satisfy user requests
on the provisioning/deprovisioning of virtual machines (Armbrust et al. 2009). That is,
effective virtualization significantly supports sharing of complex systems and separation

of data/application (Mousannif, Khalil, and Kotsis 2012).

3.3.2. Load Balancing

One and the most important characteristic of Cloud computing is vitalized network
access to a service. It does not matter where you are and how you can access the service,
you will be directed to available resources. The technology used to distribute service
requests to resources in efficient and fast manner is referred to as load balancing. It is a
complementary technique for the vitalization concept, and it is the key to the
achievement of cloud architectures. Using load balancing technology, we can increase
performance and availability since resources can be used proficiently, and the cloud can
gain all these advantages through dependence on this technology. Load balancing is

capable of distributing the working processes consistently and equally between 2 or
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more computers. The initiative of load balancing is run by an application, so a load

balancing solution is regularly used in internet services (Rimal, Choi, and Lumb 2009).

3.4. Cloud Computing Characteristics

There are five essential characteristics for cloud computing, which are as follows (Mell
and Grance 2011; Fasihuddin, Skinner, and Athauda 2012; Jula, Sundararajan, and
Othman 2014):

1. On-demand self-service. Whenever the customers require any services, they

can get them automatically without any need of human help from the providers.

2.  Broad network access. The network (internet) makes the services available and
accessible by a heterogeneous client platform (e.g., Smartphone, tablet, PC and

other).

3.  Resource pooling. The pool of physical and virtual resources that constitute

cloud computing serves a variety of consumers using multi-tenancy model.

4. Rapid elasticity. Based on consumers' demand, the resources of cloud

computing are provided and released automatically and immediately.

5. Measured service. The resources' provision and usage are automatically
controlled and optimized by a cloud computing system based on metric capacity
that fits different provided resources. Also, for more transparency in services for
both; the consumer and the provider, resource usage for individual consumer is

monitored and reported.

3.5. Cloud Computing Architecture

There are three main layers or service models that make up the cloud computing
architecture. They are IAAS, PAAS, and SAAS. These layers provide a variety of
services to the customers from cloud providers as shown in Figures 3.1 and 3.2 and as
follows ( Hofer and Karagiannis 2011; Mousannif, Khalil, and Kotsis 2012; Mell and
Grance 2011):
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TAAS: Infrastructure as a Service provides resources from the cloud providers to
their clients. These resources include: storage, hardware, servers, networking
components. The cloud providers are responsible for the maintenance of these
hardware resources. The clients pay money only when they need to use the resource.
Also, they do not have to pay after the work finishes. Moreover, the client is able to
resize or extend the kind of service from their cloud providers according to their

needs. The IAAS facility is provided with the help of virtualization.

PAAS: Platform as a Service derives its importance from the fact that it provides
the development environment for building, testing, and delivering software
applications or any other services through cloud. In this case, the user only needs the
required service without any download or installation of applications on the cloud

user's machine. The following illustrations show that in action.

SAAS: Software as a Service enables the customer to enjoy the software like Word
Processor through the cloud for almost free or low price. Thus, cloud allows the user
to use certain software applications without the need to get license, and accordingly,
it saves a lot of money. In some cases, the users can access certain software
applications like MS- Excel in offline mode, and once they come to online, the data

processed in that application are synchronized with the cloud.

Cloud Applications

(Software as a Service - Saa$)

Cloud Software Environment
(Platform as a Service - PaaS)

Cloud Software Infrastructure
(Infrastructure as a Service - [aaS)

‘ Computational " Storage \

Figure 3.1. Cloud Computing Architecture (Al-Jumeily et al. 2010)

Communications
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End Users Resources Managed at Each layer Examples:

Business Applications, Google Apps,
Web Services, Multimedia Facebook, YouTube
Saleforce.com

Software as a o
Service (Saa$) Application

Software Framework (Java/Python/.Net) Microsoft Azure

Platformasa Storage (DB/File) /" Google AppEngine

Amazon SimpleDB/S3

Platforms

Service (Paa$) l

Amazon EC2,
GoGrid
Flexiscale

Computation (VM) Storage (block)

Infrastructure l Infrastructure

asaservice (laaS)
CPU, Memory, Disk, Bandwidth

Hardware

Figure 3.2. The three Main Categories of Cloud Computing Services (Hofer and
Karagiannis 2011)

After deeper studying of the types of services, the following illustration in Figure 3.3
shows the three of the most famous companies that currently offer three technology

capabilities and solutions under the name of cloud computing.

Amazon Googe Salesforce Customer implicatons
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Figure 3.3. Technology Capabilities for Cloud Computing (Narasimhan 2009)
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3.5.1. The Ownership in Different Service Models

A Cloud taxonomy is a way of categorizing and comparing cloud solutions based on
their degree of control, methods of provisioning and delegation of operations. Figure 3.4
shows a diagram of where the responsibility typically lies with the types of cloud
computing, and it demonstrates the owner responsibilities and cloud provider

responsibility (Rady 2012; Gurkok 2014).

On-premise
Environment

Applications

(as a Service)

Applications

(as a Service)

Applications

Data

Data

Data

Runtime

Middleware

Runtime

Middleware

0/S

Virtualization
Servers

Storage

Networking

0/s
Virtualization
Servers
Storage

Networking

Runtime
Middleware
0/5
Virtualization
Servers
Storage

Networking

(as a Service)

Applications
Data
Runtime
Middleware
0/sS
Virtualization
Servers
Storage

Networking

Figure 3.4. The Ownership in Different Service Models

3.6. Cloud Computing Deployment Models

There are four main different types of clouds in cloud computing which differ on their
modes of deployment of computing. They are Public Clouds, Private Clouds, Hybrid

Clouds and Community Clouds as shown in Figure 3.5.

e Public Clouds: The idea of a public cloud involves the traditional concept of cloud
computing in the way that it offers the chance to use computing resources from

anywhere in the world. Public cloud uses pay-per-use method. That is, the user pays
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transaction fees only for the resources being used (Mell and Grance 2011; Armbrust

et al. 2009; Rimal, Choi, and Lumb 2009).

¢ Private Clouds: They are internal clouds. That is, they are normal data centers used
in a private network. It can be declared that private clouds are more secure than the
traditional public clouds for the fact that they restrict the undesired public to access
the data existing in the private data center. However, there are still worries about the
system's purchase, building, and maintenance (Mell and Grance 2011; Armbrust et

al. 2009; Rimal, Choi, and Lumb 2009).

e Hybrid Clouds: A hybrid cloud is a mixture of both private and public cloud. In
these clouds, there are two kinds of portion. One kind of portion is private as it can
be accessed only internally while the other kind of portion is public as it can be
accessed only externally. The following illustration shows that explained (Mell and

Grance 2011; Rimal, Choi, and Lumb 2009)

Private/
Internal

Public/
Extemal

'The Cloud

On Premises / Internal Off Premises / Third Party

CIOUd ComPUting Types CC-BY-5A 3.0 by Sam Johnston

Figure 3.5. Cloud Computing Types (Giacomo and Brunzel 2010)

e Community Clouds: Many companies that have the same requirements share this kind
of external private clouds. This kind of clouds is offered by third party providers, but

only the companies that operate in this community can access it (Mell and Grance 2011).
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3.7. Problems in Cloud Computing

There are issues in cloud computing environments as follows (Mezgar and Rauschecker

2014; Avram 2014; Kumar and Chelikani 2011):

e Security and privacy problems. The organization using a cloud service will be held
in a shared environment. A shared environment is implicitly less secure than a non-
shared one, delegating the storage and processing of data do not relieve the
organization of its legal and regulatory obligations around this data, and critical

points among others are raised around trusting the vendor’s security model.

o Reliability. Each aspect of reliability should be carefully considered when engaging
with a CSP, negotiated as part of the SLA, and tested in failover drills. Additional
costs may be associated with the required levels of reliability; however, the business

can do only so much to mitigate the risks and the cost of a failure.

o Interoperability and standardization. Every new cloud service providers have their
own way on how a user or cloud application interacts with their cloud leading to
cloud API propagation. Cloud adoption will be hampered if there is not a good way

of integrating data and applications across clouds.

o Economic Value. As usage expands and interoperability requirements for the
business process become more onerous, a new approach is needed. This evolution
may be the most cost-effective approach; however, there is a risk that the business
transition costs from one solution to another may change the cost and benefit

equation, and hence the solution that should be employed.
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Chapter Four

SCCeLE: Conceptual Model and
Architecture

This chapter intuitively demonstrates the model of Smart Consultant for Cloudifying e-
Learning Environment (SCCeLE) by providing the methodology of how the rule-based
expert system is built. The e-Learning service criteria and the e-Learning organization
circumstances which dictate the rules of this expert system will be presented. The
benefits of recommended cloud mix model to e-Learning organizations and CSPs will be

also highlighted.

4.1. Overview on the SCCeLE Model

When organizations provide e-Learning in fully virtual or partial virtual way, they often
face with the dilemma whether they should go for hosted cloud computing or an on-
premise solution. There is really no right or wrong answer but e-Learning organizations
need to assess their needs for e-learning services and their circumstances before taking
the decision. The fundamental point is that not all solutions for e-learning services work
best on the Cloud or on-premise option, and the choice often requires a trade-off or a
balance between the organizations' circumstances and the nature of the required e-

learning services' to optimize the hosting infrastructure and obtain the best solution.
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Figure 4.1 depicts the model behind the Smart Consultant system for Cloudifying e-
Learning Environments (SCCeLE). SCCeLE is a rule-based expert system that takes few
parameters as inputs and makes recommendations as an output. These recommendations
represent the most appropriate set up of the e-Learning environment on the Cloud. In
other words, they suggest the most appropriate Cloud mix for all the required e-Learning

services as defined by the e-Learning organization.

Survey was conducted to understand the nature of the e-Learning environment in the
market. Many educational organizations of different types were visited, interviews were
arranged, and questionnaires were distributed. This survey identified many aspects of
the model: the types and sizes of the available e-Learning organizations in the market,
their needs and the expected QoS of the different e-Learning services. In what follows,
the different elements used by the rules to make the recommendation are discussed in

more details.

Technology
Environment
Status

E-Learning Organization
Circumstances

Technical Aspects
of
e-Learning

Services

Figure 4.1. The SCCeLE's Model
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The benefits of the SCCeLE rule-based expert system include:

SCCeLE rule-based expert system was implemented to test the idea and to avail a useful
tool for e-Learning organizations to use in defining the most suitable e-Learning
environment implementation strategy using a mix of Cloud models that best fit their

current situations and targets.

SCCeLE also makes consultations to CSPs where it encourages the CSPs to conquer the
business of e-Learning as it aids them in drawing a full picture on the e-Learning

market, and supports them in identifying their target market.

4.2. SCCeLE Inference Process

In its process of recommending the most appropriate Cloud Model Mix for a certain
educational organization, the inference process of SCCeLE goes through two phases; the
first of which is purely academic and considers the technical aspects of the e-Learning
services, while the second step considers the business aspects of the e-learning

organization, as depicted by Figure 4.2.

Technology
Environment
Status

E-Learning Organization
Circumstances

E-Learning Service
Technical
Consideration

Recommended Cloud-Mix
Modsl

Figure 4.2. The SCCeLE Inference Process
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4.3. The SCCeLE's First Inference Phase

The first phase of SCCeLE is purely technical, and considers the technical aspects of the
e-Learning services. It depends solely on three main parameters as input which are; type
and size of the e-Learning organization, e-Learning services and QoS requirements, and
the e-Learning service criteria. These parameters are obtained from the survey which
consists of three tools; interviews, literature reviews and the questionnaire. After that,
this phase will show the initial cloud mix model based on the rules of cloud

configuration as depicted in Figure 4.2.

The parameters of SCCeLE's First Phase are explained in detail as follows:

4.3.1. Taxonomy of e-Learning Organizations

In our study, we dealt a wide spectrum of e-learning organizations .We divided the
educational organizations into three main types to include all types of educational
organizations that deal with e-learning services, and also to cover all sectors of e-
learning environment including : universities, training institutes and self-training
companies. After that, we made three levels of classification on these types of e-
Learning organizations. The first one is the fully and partially virtual classification. This
classification is only for university and institute organizations. The fully virtual refers to
everything offered by e-Learning services which are purely virtual in nature and are
conducted over the Internet (Haywood 2000; Hui 2007; Kumar and Chelikani 2011).
The partially virtual refers to only some of the offered e-Learning services which are
conducted over the Internet while the others are done traditionally. The organizations

here provide these services to support the traditional learning.

The second classification is based on the size of the educational service provided by the
organization. We determine the size of each organization by Nominal values that are
based on using scale ranging from 0 as ‘very small’ and 10 as ‘very large’. Here are
some examples of the organizations classified based on this scale : Fully virtual
university can be classified into Very Large, Partial virtual university can be classified

into Large, fully virtual training institute can be classified into Medium, Partial virtual
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training institute can be classified into Small , and self-training company can be

classified into Very Small.

The third classification is at the level of each type of organization where each type is
classified into three sizes: large (L), Medium (M), and small(S) based on the size of e-
learning services provided or based on the size of their usage or dependability on
electronic services for education. We make this division in this study in order to be more
accurate, more detailed and to tackle the topic in more depth. At the end of the study on

organizations, we get fifteen types of e-learning organizations.

Figure 4.3 depicts the taxonomy of the educational organizations as currently identified
in terms of the level of e-Learning adoption. In the SCCeLE model, the size of the e-

Learning organization plays a role in the recommendation.

. . Training Self training

Fully
virtual
training

*All offered e-Learning
Fu ||y services are purely virtual
and conducted over the

Internet Fully
virtual

university

institute
*Only some of the offered

e-Learning services are
conducted over the
Internet while the others
are done traditionally university

Partial Partial
virtual virtual
training
institute

(a) Fully/Partial Virtual Organizations (b) e-Learning Organizations

Figure 4.3. e-Learning Organizations’ Taxonomy

4.3.2. e-Learning Services

The survey as well as the literature reviews helped identifying the different possible e-
Learning services. We dealt in this research with the most important and most
frequently e-learning services that are used in the e-learning processes. We also
considered whether these services are for instructors, administrators or students, and

whether they are before, during or after the e-learning process. They can also be viewed
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from three different perspectives; administration, awareness and assessment perspectives
(Shih, Chang et al. 2000; Haywood 2000). Summary of the most commonly used

services as revealed by the survey are as follows:

1. Closed Circle Mailing System/Closed Mailing List System. A Closed Mailing

List for each Section members including the instructors and assistants.

2. Office Hours Management. Managing and administrating Office Hour sessions

for instructor and their students, e.g., scheduling, notifications, etc.

3. Office Hours’ One-On-One Chatting System. An online synchronous
communication service through which the student can have a one-to-one session

with the instructor through an online chat room.

4. Discussion Group (Forum). An offline discussion service providing a medium
where ideas and views on a particular issue can be exchanged. It allows students to
discuss various topics amongst each other, or with their instructor, and they can

hold conversations in the form of posted messages.

5. Collaborative Team Work (e-Meeting). An online synchronous service that
allows a team of students to collaborate in doing things together without the need

for physically attending meetings.

6. Virtual Class Room. An online simulation of a traditional classroom in which
lectures are virtually and synchronously conducted where each individual

(instructor and students) is located differently.

The virtual class room service includes some important communication tools as

follows:

a) Floor Control Tool. It allows the instructor to control who to speak in a
virtual class.

b) Audio Communication Tool. It is essentially necessary and it allows
transferring the audio between the instructor and the learners in the class room.

One possible solution is to use internet phone.
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¢) Video Communication Tool. A video conferencing type of tool should be
provided to the instructor and students. It allows transmitting the sound and
images together between the instructors and learners in the class.

d) Chat Room Tool. It allows the instructor and students to communicate via text
in the virtual class.

e) White Board Tool. It allows the instructors and students to share drawings of

simple graphics objects on the same board at the same time in the class.

7. Lecture Recording & Playback. Recording virtual classroom lectures
synchronously and then later allowing for offline and asynchronously replay of the

recorded lecture.

8. Lecture-on-Demand (Delivery). The presentation of a web document can be
incorporated with a video record, which is synchronized to the navigation on the
web document. This service allows an instructor to navigate a web document and

record video at the same time.

9. Course Development/Course Authoring. Web-based multimedia learning

material can be developed using this service.

10. Student Assessment and Exams. An on-line service for both student assessment

and self testing.

11. Quiz. An on-line service for student initial assessment which offers some
questions concerned with what has been studied and then asking students to

answer them. It often contains a few questions offered at periodic intervals.

12. Self Testing An on-line service that allows any student to evaluate themselves by

answering a series of questions related to a particular topic.

13. Learning Process Analysis. It is an off-line service that offers analytical

information regarding a course, section, instructor, students...etc.
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14.

15.

16.

17.

18.

19.

20.

21.

Virtual Library. An off-line service that maintains storing, searching, and
retrieving learning materials, such as e-books, research articles, recorded

multimedia, etc.

Personal Student Notebook with Annotation Facility. This service allows
students to take notes while attending a class .Similarly, students need a tool to
cut and paste course materials that they think are important. This editing tool
allows students to edit various types of multimedia information, such as text,

figures, audio, and even video recordings.

Courses Resume (Syllables). It is a service that displays a summary or a brief

description about the course and all the topics that will be taught in this course.

Assignment. An offline asynchronous service that helps managing assignments

among the instructor and the learners.

FAQs (Frequently Asked Questions). An offline asynchronous service that is
used to answer student’s administrative and course questions without the need of
human involvement. Students use keywords and other mechanisms to retrieve
questions and answers. This service, if used properly, should be able to reduce

the load on both instructors and administrators.

Files Download (Download Center). An Off-line asynchronous service that
allows the instructors and students to exchange files, such as assignments,

syllables, learning materials...etc.

On-line Registration and Course Selection. This service allows learners to

register on the web and select courses.

Student Record Maintenance. The administrator needs web-based tools to
maintain student academic records, such as the application records, the transcript

records, etc.
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22,

23.

24.

25.

26.

27.

Course Catalog Maintenance. Available courses of virtual university and
course syllabuses should be maintained on a web site, which can be accessed by

both learners and instructors.

Curriculum Schedule Maintenance. On-line courses can be scheduled using
this tool. The scheduling tool should consider load balancing among the

synchronous communication servers and the course on demand servers.

Transcript/Diploma Inquiry. Transcripts and diploma can be requested from

the web. After verification, these documents can be sent to learners.

Accounting. The accountant general needs a web-based tool to maintain the

account balance of students, payroll of academic stuff, and other issues.

Public Announcement. The administrator can put out a public message to
different groups of members using this tool (e.g. to learners, or instructors),

either through an e-mail system, or via on-line audio/video broadcasting).

Certificate / Certification Issuance
This administrative service allows administrators to issue the educational

certificate for learners when they have completed the educational period.

4.3.3. Educational Organizations’ Need for e-Learning Services

In the survey, the different interviewed educational organizations were asked to identify

the e-Learning services they use as well as the importance of each service to their

educational system. In this research, a table has been created based on the results

obtained from the questionnaire for some of the identified e-Learning services. It aims to

study the relationship between the e-Learning organizations and the e-Learning services

through identifying the needs of each category of the e-Learning organizations

taxonomy for each of these e-learning Services. (In terms of the importance of their

existence in the e-Learning organization or the size of usage for this service).

Table 4.1 shows the majority of organizational need, as identified by the questionnaire

for each service in terms of one of three choices: “needed”, “optional”, or “not needed”.
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v" This means the service is needed or essential for the organization
o This means the service is optional for the organization.

This means the service is not needed for the organization.

In other words, the essential option it consider the important of the service for the
organization, and we should provide them with the appropriate hosting platform with the
required specifications that make them function properly. It is possible to develop this
platform to obtain the best specifications and performance in case the organization's
circumstances permit. However, we give a little importance to the optional option
because it is possible to be provided or not. Therefore, we provide a hosting platform
that makes them functional with the simplest specifications and prices. Accordingly,
there is no need to develop this platform as long as it is not essential or necessary. Not
needed service means that the organizations don't need them, and therefore we do not

give them any importance in the hosting platform.
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Table 4.1. Educational Organizations’ Need for e-Learning Services

Fully virtual Pardal virtual Fully virtual training Pardal virtual training Self Training Company
Organization Types University kT]].i‘F'E rsity Institute Institute
fServices Types
L M 5 L M 5 L Y 5 L M 5 L M 5
Closed Mailing List = v ] v = v v v = = =
Office Hour
Management v | O O v (o] o] (o}
Office Hour Session
(On_line Chat Room) v o o’ o o o o o’ o’
Discussion Group v v O O O O " O O O O O
(Forum)
Collaborative Team
Work v v o o o v v o o o
[/ E-Meeting
Course Development -
fCourse Authoring v = o = o O o L=
Lecture-on-
Demand(delivery) ¥ = = = = =7 = = = = =
WVirtual Class Room ¥ = = = = = = = = = =
Virtual lecture
Playback & v oy v Ie] Ie] " " " O " o o
Recording
Assignments v v v Lo} L] v Lo} Lo} Lo} O
Student Assessment v v v O v O O
and Exams
Quiz v v o v o o v o o o o o
Self Testing v’ ol O + O O " v O O O O
Learning Process
Analysis v o o o o v o o o
Virtmal library v v o ] o o v o o o o o
Personal Student
Motebook Tool with
Annotation Facility v v o o o v v o o o
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4.3.4. The QoS Map That Defines the QoS of Each e-Learning Service

In the survey, the different interviewed educational organizations were asked to identify
the e-Learning services they use as well as the expected QoS (Quality of Service) of
each service to their educational system. This table is created to study the QoS map that
defines the QoS of each e-Learning service as required by each category of the e-
Learning organizations Taxonomy. The quality of service intended here is defined as

follows:
QoS= (Amount of Services/Number of Features) + Performance
This table contains two main fields as follows:

A. Operational Environment (QoS) field: it means identifying the expected QoS
of each service to their educational system, and it takes two values; H means
High QoS, and M means Moderate QoS. Whereas the essential need of the
service takes two values H (high QoS) and M (Moderate QoS). The optional

need takes only M value.

B. Technology Environment (Commonly High Available Software) field: that
means the software that supports the service is commercially available and
commonly used in the current environment, and it takes the values; N (No)
which means that the software is not available, Y (Yes) which means that the
software is available with high features, and NS (not satisfactory) which means

that the software is available with low or not satisfactory features.

Table 4.2 shows the expected QoS (features and performance) of each e-Learning
services for each organizational type as either “high” or “moderate”, as revealed by the

survey.
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Table 4.2. The QoS for e-Learning Services as Expected by the Educational Organizations

Operational Environment ((QoS5)
rganizagen Types

£ Sorvices Trpes Technology Fully virtual Partial virtnal Fully virtual training Partial virtual training  Self Training Company
Environment university university institute institate
L M s L M s | LY s L .Y s L .Y s
LormEb by S N H H H H ¥ ¥ H ¥ ¥ M| om ] ¥ ] &=
Office Hour
Management T H H M M = = H M M = = = M = =

Office Hounr Seszion

(On-line Y H H " [0 P [x H P P LWl [x] [xi | [x] [
Chat Room)

Lot ey ¥ H| H ¥ ¥ Mo m H ¥ ¥ ¥ M = ¥ = =
(Forum)

Collaborative Team
Work /! E-Meeting 4 H H " [0 P [x H P P P [x] [xi | [x [

Course Development

/Course Anthoring N H H ] P B = B "] = B [x] [xi [x [x [

Lecture-on-

Demand(delivery) Y H H M M ¥ = H M M ¥ B 5| H H M
Virtnal Class Reem N H H H M M = H H H M = H M M
Viriual lecinre
Playback &
Recording ¥ H | H H M M = H H H M = E| H v M
Y
Assignments H H H M M = H M M M = = M = =
Student Assessment N H H H M = = H M = = M = =
and Exams
Quiz o H H M ™ ™ ¥ H Y ¥ ™ = M| M =
Self testing N H H il H "] W H M il I il = M = |
Learning Process
Analysis N H il il W il = H W il W = = = = |
Virtual library Y H H il H "] W H "] il I il = 1% = |
Personal Stndent
Hotebooktool with N Hl H | ™ M| wm| = H | ™ M M E| BE| ™ = =

Annotation facility
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4.3.5. The Effective Criteria of e-Learning Services

This research investigates those criteria that impact the selection of the most appropriate
cloud model. Literatures as well as specialists’ opinions (through the survey) were the
sources for the identification of the most effective criteria (Buyyaa et al. 2009; Monfort
et al. 2010; Dong 2009). In this research, a table consisting of the general criteria and
main type of e-learning service has been created. It aims to study the nature of each
service individually and abstractly and from the technical aspect in the E- learning
environment depending on some criteria and specifications. This table is considered
essential in this study because it has a strong influence in determining the initial
recommendation of the hosting platform for each e-learning service. In this study, each
service is studied based on these criteria on two different levels of QoS; High and
Moderate. Table 4.3 shows the recognized need of each of the e-Learning services of
these criteria. There are four main fields of criteria and each of them includes a set of

sub-criteria as follows:

A. Service type or QoS. Performance

e Real Time/On-line: the service is conducted while the user is on-line.

e Synchronous / Asynchronous: specifies the service in terms of whether both the
learner and instructor are either co-existing to enact the service (synchronous)
or it is done with the presence of one of them only (asynchronous). All
Synchronous services are real time while only some asynchronous services are
real time.

e Administrative services: an off-line service that is done by an administrator
(employee), hence low performance is acceptable.

B. Data Needs

e Required database: a parameter specifying the size of the database (if need).

e Sensitive data: privileged or proprietary information, such as student records,
which, if compromised through alteration, corruption, loss, misuse, or
unauthorized disclosure, could cause serious harm to the organization owning

it.
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C. Performance
® Speed/ Response time: the length of time taken for a service to react to a given
stimulus or event.
e Accessibility/Availability: service accessibility from anywhere at any time.
¢ Reliability: a measure of the mean time between failures.
D. Others
e Dynamic Scalability: the nature of the service is subject to unplanned and sudden
changes in the demand rate for the service.
e Spiky Demand (Short term need): seasonal planned and predictable changes in
service access that occur at expected fixed time period.
¢ Processing Power: number crunching and processor consuming tasks.
All main fields except the Service type fields in this table are measured by four specific

values as follows:

N/A This means the service is not affected by these criteria.
H:  This means the service takes high value of criteria.
M  This means the service takes medium value of criteria.

L This means the service takes low value of criteria.

Table 4.3. Default Criteria of e-Learning Services as Revealed by the Survey
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Service Name

Closed
Mailing List

Office Hour
Management

Office Hour
Session (On-line
Chat Room)
Discussion
group (Forum)

Collaborative
Team work
[ E-Meeting
Course
Development
fCourse
Authoring

Lecture-on
Demand(Deliver)

Virtual Class
Room
Virtual Lecture
Recording

& Replaving
Assignments

Exams/ Student
Assessment

Quiz

Self testing

Learning
Process Analysis

Virtual Library

Personal Student
Notebook with
Annotation
Facility

Service Type Data Needs Performance Others
Q{IS el S}'nchsr'onous . . ,- - o - . . -
~ a Required | Sensitive Speed Accessibility/ | Reliability | Dynamic | Processing Spiley
Level Time/On-line | Asynchronous | DB Size Data Response | Awailability Scalability Power Demand
r time {Short term
Administrative Need)
M H H N/A N/A
High No Asy. M N/A . .
Moderate M N/A N/A
High _ | M M M L NA NA
High _ . H H H L N/A N/A
- Yes Syn. NA | NA T M M 3 NA | NA
Moderate
High . M M M L N/A N/A
Moderate No AS}’ M N/A L L L H N/A NIA
High _ _ H H H L N/A N/A
Moderate | 'C° S L | s T M M H NA NA
High . H H H L N/A N/A
b T H | NA Ty M M M NA NA
Moderate
High . H H H L H N/A
Moderate | L I H | NA = M M H M NA
High _ | H H H L NA NA
Moderate | L ST NA | NA M M M NA L
High Syn. Recordj.r.lg . H H H L N/A H
Moderate Yes Asy. Replaym L Ll M M M H N/A M
High No Asy. M N/A M M M N/A M L
Moderate L L L N/A L M
High H H H L N/A H
Moderate Yes Asy. M £ M M M L N/A M
High H M M L NiA L
Moderate | 1 — M M M M M L NA L
High _ M M M H N/A M
Moderate U= =T L L L L L H N/A M
High i N/A L N/A N/A H N/A
No Adm. H H ; : - -
Moderate N/A L N/A N/A H N/A
High . H H N/A N/A N/A
Moderate | ° Asy. H | NA ™y M M | NA | WA | WA
High . M M M L N/A H
R S L | NA M M M NA H
Moderate
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4.3.6. Cloud Configuration Guidelines

Configuring a service on the cloud is governed by few guidelines that determine the
most suitable cloud model for any application or service based on some criteria that have
been previously identified for each e-Learning service. These guidelines are described

below:

1. SaaS makes sense to use in one of the following cases (Monfort et al. 2010;

Kepes 2013):

e Applications where competitors use the same software because this fundamental
technology is a requirement for doing business, but does not itself confer a
competitive advantage. For example, email.

e Applications where there is significant interplay between the organization and
the outside world. For example, email newsletter campaign software.

e Applications that have a significant need for web or mobile access. An example
would be mobile sales management software.

e Software that is to be used only for a short term need. An example would be
collaboration software for a specific project.

e Software where demand spikes significantly, for example tax or billing software
used once a month.

e Applications requiring low budget

2. PaaS makes sense to use in one of the folowing cases (Kepes 2013; Xu, Hu, and

Su 2013):

e In any situation where multiple developers will be working on a development
project.

e Where other external parties need to interact with the development process.

e Where developers wish to automate testing and deployment services.

e Methodologies based on iterative and incremental development, will also
increase the uptake of PaaS as it eases the difficulties around rapid development
and iteration of software.

e Some examples of PaaS include Google App Engine, Microsoft Azure Services,

and the Force.com platform.

58



3. laaS makes sense to use in one of the folowing cases (Kepes 2013):
e Where demand is very volatile — any time there are significant spikes and troughs
in terms of demand on the infrastructure.
e For new organizations without the capital to invest in hardware
e Where the organization is growing rapidly and scaling hardware would be
problematic
e Where there is pressure on the organization to limit capital expenditure and to
move to operating expenditure
e For specific line of business, trial or temporary infrastructural needs
4. FaaS makes sense to use in the following cases:
e Quick set up for a moderate to low performance services, especially when the

time-to-market is short and the clients are not having high expectations.

However, this research suggested a new Cloud Model that we called it FaaS (Freeware
as a Service). On the Internet, there are many services that are offered to public users
completely free, e.g., emails, chatting, social networks, YouTube, calendar, etc. FaaS
tries to make use of those free Internet services in favor of their clients. More details on

FaaS are discussed in Chapter Five.

In some cases, it is recommended not to use the Cloud but rather use own on-premise

facilities, which cancel the advantages of using the Cloud model.

5. On-premise makes sense in one of the following cases:
e There is a need for a large database
o There are sensitive data.

e High processing power is required.

SCCeLE's First Phase Rules

Figure 4.4 shows the rules comprising the first inference phase of SCCeLE. The first
phase recommends one of the three models of on-premise, [aaS, and SaaS, while the
other two models of PaaS and FaaS may appear in the Cloud Model Mix of the final

recommendation. In the first phase, the need for large database, sensitive data, and large
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processing power are the three major determinants for the on-premise model, while the
speed and response time are the determinants for the IaaS model. The SaaS model
depends on the criteria of dynamic scalability and spiky demands. The first inference
phase has 13 rules. Table 4.4 depicts the main conditions of criteria for all hosting

models, and it demonstrates the conditions of SCCeLE's first phase rules.

Table 4.4. The Main Condition of Criteria for All Hosting Models

Precaution/ No Problem
Hosting Model On-
.g . . IaaS PaaS SaaS FaaS
/Criteria Premise
M
. //if partially
Spiky Demand L M-L M-L dependant
(Short term need) on the S.W
M
// if partially
Dynamic Scalability L M-L M-L dependant
on the S.W
Required Data Base Size M-L L L
Sensitive Data M-L L L
Processing Power M-L L L
e sy . oy H
Accessibility/Availability ML HM HM 0
s M
Reliability M-L HM q
L
/1 if partially
Speed/ Response time H-M M M-L dependant
on the S.W
-L
//if partially
QoS .performance H M M L dependant
on the S W

Gain/Loss

- Main Conditions for Initial Recommendations
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R1

R2

R3

R4

R5

R6

R7

if Service -Need="Not needed"
Then Recommended-Model is "Not needed"
Exit

if Stepis "initial model selection"
There is H Data Base size.
There is H sensitive data
There is H Processing power
There is H-M Speed/ Response time
There is M-L Accessibility/Availability
There is M-L Reliability.
There is H QoS. Performance
There is L or No Dynamic Scalability.
There is L or No Spiky Demand

Then Recommended Model is "On-Premise"
Change Step to "Degradation"

if Step is "initial model selection"
There is H Data Base size.
There is H sensitive data
There is H Processing power
There is H-M Speed/ Response time
There is M-L Accessibility/Availability
There is M-L Reliability.
There is H QoS. Performance

Then Recommended Model is "On-Premise"
Change Step to "Degradation”

if  Stepis "initial model selection"
There is H Data Base size.
There is H sensitive data
There is H Processing power
There is L or No Dynamic Scalability.
There is L or No Spiky Demand

Then Recommended-Model is "On-Premise"
Change Step to "Degradation"

if  Stepis "initial model selection"
There is H Data Base size.
There is H sensitive data
There is H Processing power

Then Recommended-Model is "On-Premise"

Change Step to "Degradation”

if  Stepis "initial model selection"

There is H Data Base size.

Then Recommended-Model is "On-Premise"

Change Step to "Degradation"

if Stepis "initial model selection"

There is H sensitive data

Then Recommended-Model is "On-Premise"

Change Step to "Degradation”

R8

R9

R10

R11

R12

R13

if Stepis "initial model selection"
There is H Processing power

Then Recommended-Model is "On-Premise"
Change Step to "Degradation

if Step is "initial model selection"
There is H-M Dynamic Scalability.
There is H-M Spiky Demand
There is L or No Data Base size.
There is L or No Sensitive data
There is L or No processing power
There is M-L Speed/ Response time
There is H Accessibility/Availability
There is H Reliability
There is L QoS. Performance

Then Recommended Model is "SaaS"
Change Step to "Degradation"

if Step is "initial model selection"
There is H-M Dynamic Scalability.
There is H-M Spiky Demand
There is L or No Data base
There is L or No sensitive
There is L or No processing power
There is M-L Speed/ Response time
Then Recommended-Model is "SaaS"
Change Step to "Degradation"

if Step is "initial model selection"
There is H-M Dynamic Scalability.
There is L or No Data base
There is L or No sensitive
There is L or No processing power
There is M-L Speed/ Response time

Then Recommended-Model is "SaaS"

Change Step to "Degradation”

if Step is "initial model selection"
There is H-M Spiky Demand
There is L or No Data base
There is L or No sensitive
There is L or No processing power
There is M-L Speed/ Response time
Then Recommended-Model is "SaaS"
Change Step to "Degradation"

if Step is "initial model selection"
Then Recommended-Model is "laaS"
Change Step to "Degradation"

Figure 4.4. The Rules of SCCeLE’s First Phase
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4.4. The SCCeLE's Second Inference Phase

The second inference phase of SCCeLE is more pragmatic as it considers the
organizational circumstances: Financial situation (Budget), Marketing Plan (Time-to-
Market), and the Operational requirements (QoS.Performance). It also considers the
technology environment status: software application availability as depicted by Figure
4.5. This phase of SCCeLE takes the initial cloud mix model and the four parameters as
input. It reveals the final cloud mix model based on the rules of cloud configuration as

output, as depicted by Figure 4.2.

The First Phase

A Criteria)

»Budget
A #Time-to-Market

»QOperational Ability
The Second Phase

#The availability of Software

Figure 4.5. SCCeLE Input Parameters

The Rules and Upgrading/Downgrading Strategy of SCCeLE's Second Phase

The inference process of the second phase either upgrades or downgrades the initial
recommendations of the first phase based on those parameters of pragmatic
circumstances, according to this second phase degradation sequence: on-premise, laaS,
SaaS, and/or FaaS. PaaS is recommended if there is a need to develop software with

special features as shown in Figure 4.6.
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Figure 4.6. Upgrading/Downgrading Strategy of SCCeLE’s Second Phase

Figure 4.7 shows a sample of the rules used by the second inference phase (for “laaS”
initial recommendation). Note that the reasons of upgrading and downgrading the initial
recommendation are dictated by the pragmatic circumstances and the second phase
drivers. Also note that it is possible to recommend a temporary step for developing
customized software for satisfactory features and performance. In addition, the
explanation modules of SCCeLE discrepancy report the gain/loss in performance as well
as precautions to consider when contracting with the CSP. The second inference phase

has 252 rules.

The Whole Set of SCCeLE Rules: The Second Phase is showing in the Appendix 1,
Table 4.7 representing and describing all the cases considered of the second phase to

make up the 252 rules.
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R20 If Stepis "Degradation"
Recommended-Model is "laaS"
There is H QoS
There is H Budget
There is S.W-Commonly-Available =Y
There is Service -Need # "optional"
There is Time-to —Market=H
Then Recommended-Model is "On-premise"
Exit
Loss: = + {Accessibility/Availability (if
Accessibility-Availability=H) + Reliability (if
Reliability =H)}
Gain =+ {QoS.Performance}
R21 If Stepis "Degradation"
Recommended-Model is "laaS"
There is H Budget
There is S.W- Available =NS or N
Time-to-Market=H-M
Then Recommended-Model is "PaaS"
Exit //to develop new customized S.W and
then go back to laaS.
Loss =+ {Delay in time-to-market}

R22 If Stepis "Degradation"
Recommended-Model is "laaS"
There is H-M Budget
There is S.W-Commonly-Available =Ns
There is L Time-to —Market
Then Recommended-Model is "Saa$S and PaaS"
Exit
// to use Saas for a temporary period while
developing a customized S.W on Paa$ ,and after
finishing the S.W development go to laaS and to run
the developed S.W.
Loss =+ {Delay in time-to-market}
R23 If Stepis "Degradation"
Recommended-Model is "laaS"
There is H-M Budget
There is S.W-Commonly-Available =N
Time-Market=L
Then Recommended-Model is "Faa$S and PaaS"
Exit
// to use FaaS for a quick start up for a temporary
period while developing a customized S.W on Paa$
,and after finishing the S.W development go to laaS
and to run the developed S.W.
Loss =+ {Delay in time-to-market}

R25

R26

R24 If

Step is "Degradation"

Recommended-Model is "laaS"

There is L Budget

There is S.W-Commonly-Available =Ns

There is L Time-to —Market

Then Recommended-Model is "SaaS"

Exit

Loss =+ {QoS.Performance+ Speed/ Response

time (if Speed-Response time=H)}

Precaution = + {DB size (if DB-Size=M) +
Sensitive Data (if Sensitive-Data =M),
Processing Power (if Processing-Power =M}

Gain =+ {Accessibility/Availability (if

Accessibility-Availability=M or L) +

Reliability (if Reliability =M or L)}

If Stepis "Degradation"
Recommended-Model is "laaS"
Budget=L
There is S.W-Commonly-Available =N
Time-Market=L
Then Recommended-Model is "FaaS"
Exit
Loss =+ {QoS.Performance++,
Reliability (if Reliability = H) +
Speed/ Response time (if Speed-
Response-time=H or M)}
Precaution = + { DB size (if DB-Size=M) +
Sensitive Data (if Sensitive-Data =M),
Processing Power (if Processing-Power =M}
Spiky Configuration (if Spiky-on demand =H)
Dynamic Scalability (if Dynamic Scalability =H)}
Gain =+ {Accessibility/Availability (if
Accessibility-Availability=M or L) +
Reliability (if Reliability = L)}

If Stepis "Degradation"
Recommended-Model is" laaS"
S.W-Commonly-Available = Y
Time-to —Market=L or budget=L

Then Recommended-Model is "SaaS

Exit

Loss =+ {QoS.Performance+ Speed/ Response

time (if Speed-Response time=H)}

Precaution = + {DB size+ Sensitive Data +

Processing Power}
Gain =+{ Accessibility/Availability (if
Accessibility-Availability=M or L) +
Reliability (if Reliability =M or L)}

Figure 4.7. Sample Rules of SCCeLE’s Second Pragmatic Phase

64



Table 4.5 demonstrates the final Cloud Configuration Mix recommendation as a
Recommended Cloud-Mix Model for certain circumstances of the e-Learning

organization as generated by the SCCeLE expert system.

Table 4.5. The Output Recommendation of SCCeLE for a Medium
Fully Virtual University (default service criteria are assumed)

Service Name

Closed Mailing List v

Office Hour "
Management
Office hour session "
{(Om-line Chat Room)
v
e

Discussion group
(Forum)
Collaborative Team
work / E-Meeting
Course Development "

/Course Authoring

<

Lecture-on demand e

Virtual Class Room

Virtual Lecture
Recording & Replayving

R

Assignment

Exams/ Student
assessment

Quiz
Self testing

S IRV EEVIRN

Learning process
Analysis

Virtual library

Personal Student
Notebook with
Annotation Facility

<,

4.5. SCCeLE Recommendations for the CSPs

Figure 4.8 demonstrates important point in the SCCeLE rule-based expert system;
SCCeLE aids the CSPs as it does with the educational organizations. With the SCCeLE
system, the cloud provider will have a good business idea about the e-learning
environment so that they can follow a specific business model. The value proposition of

this business is to provide the suitable e-learning environment through the provision of
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different cloud model platforms for e-learning organization to perform all the services.
SCCeLE highlights a new area for cloud provider which is the e-learning arena, and it
provides CSPs with a market map of the best Cloud mix for each type of e-Learning
services for all types of organizations. The recommended entries of the map are
generated by the SCCeLE based on the default values for all parameters as identified by
the survey. Table 4.6 shows a sample market map. The market map will help the CSPs
to understand the market needs for each category of the educational organizations so that
they can identify their target market and tailor their service offerings according to their

targets and objectives.

I/P from e-learning organization
Rule-based system
Criteria of E-
Learning Services ———%  Phasel
Organizational
Circumstances —p
e Market Ma
(Upgrades or p
Technological | Downgrades)
| Environment Statue
(_—
CSPs
Discrepancy Report
1

Figure 4.8. SCCeLE Recommendations for the CSPs
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Table 4.6. Recommended e-Learning Services Market Map as Generated by the SCCeLE

Qo5. Features

Services Types Fully Virtual Partial Virtual Fully Virtual Training Partial virtual Training Self Training Company
/Organization Types University University Institute Institute
L M 5 L M 5 L M 5 L M 5 L M 5
Closed Mailing List TasS | IsaS | TaaS | IsaS | TaaS | IaaS | InaS | IaaS | IaaS | TaaS | IaaS | \°F . | TaaS Not | Not
: . g Needed Needed | Needed
Office Hour Not Not Not Not Not Not Not
Manssement Iaa% IaaS Saals Saal Needed | Needed IaaS Saal Saas Needed | Neaded | Needed SaaS Needed | Needed
Office Hour Session Not Not Not Not Not
(On-line Chat Room) Iaa% IaaS IaaS Iaas IaaS Needed IaaS Iaa% IaaS IaaS Needed | Needed IaaS Needed | Needed
Discussion group Not Not Not
(Fo ) Iaa% IaaS IaaS Iaas IaaS IaaS IaaS Iaa% IaaS IaaS IaaS Neaded IaaS Needed | Needed
Collaborative Team Not Not Not Not Not
e T T IaaS IaaS Iaa5 Iaa5 IaaS Needed IaaS IaaS IaaS Iaa5 Needed | Needed IaaS Needed | Needed
Course Development On- On- On- On- On- Not On- On- Not On- Not Not | Not Not Not
/Course Authoring Premise | Premise | Premise | Premise | Premise | Needed | Premise | Premise | Needed | Premise | Needed | Needed | Needed | Needed | Needed
Lecture-on demand On- On- On- On- On- Not On- On- On- On- Not Not On- On- On-
Premise | Premise | Premise | Premise | Premise | Needed | Premise | Premise | Premise | Premise | Needed | Needed | Premise | Premise | Premise
Virtual Class Room Iaa% IaaS IaaS Iaas IaaS NNuIt i IaaS Iaa% IaaS IaaS NNnIt i NNuIt i IaaS IaaS IaaS
Virtual Lectuw
Recnrl;in; & ;:EP;:FIIJ‘E Iaa% IaaS IaaS Iaas IaaS NNuIt i IaaS Iaa% IaaS IaaS Nant i NNult i IaaS IaaS IaaS
Assignment Not Not Not Not Not
Iaa% IaaS IaaS Iaas IaaS Needed IaaS Iaa% IaaS IaaS Needed | Needed IaaS Needed | Needed
Exams/ Student On- On- On- On- Not Not On- On- Not Not Not Not | On- Not Not
assessment Premise | Premise | Premise | Premise | Needed | Needed | Premise | Premise | Needed | Needed | Needed | Needed | Premise | Needed | Needed
Quiz Not Not Not
IaaS IaaS IaaS IaaS IaaS IaaS IaaS IaaS IaaS IaaS Neaded | Neaded IaaS IaaS Neaded
Self testing Not Not Not
IaaS Iaas SaaS IaaS S5aas Saas IaaS S5aaS S5aaS SaaS Saal Needed Saal Needed | Needed
Learning process On- On- On- On- On- Not On- On- On- On- Not Not Not Not Not
Analysis Premise | Premise | Premise | Premise | Premise | Needed | Premise | Premise | Premise | Premise | Needed | Needed | Needed | Needed | Needed
Virtual library On- On- On- On- On- On- On- On- On- On- On- Not | On- Not Not
Premise | Premise | Premise | Premise | Premise | Premise | Premise | Premise | Premise | Premise | Premise | Needed | Premise | Needed | Needed
Personal Student - - — - -
- . o o o o o
'_\ntel::nuk “n‘_.h. IaaS IaaS Saals Saal Saas Neaded IaaS Saal Saas Saals Needed | Needed SaaS Needed | Needed
Annotation Facility
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Chapter Five

FaaS: The Conceptual and
Operational Models
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Chapter Five

FaaS: The Conceptual and Operational
Models

This chapter proposes a new cloud model of Freeware as a Service (FaaS), and gives the
idea of software development methodology (Software Development by Wrapping,
SDW). Examples and case studies of some e-Learning services were implemented with
specially customized scenarios on top of the appropriate free Internet services will be

presented.

5.1. Introduction

e-Learning organizations need large budgets to establish an e-Learning environment on
their premises. There is a need for three major components in such a budget; two of
them go for the establishment of the environment—namely, hardware infrastructure and
e-Learning software—while the third one goes for deployment and operation—mnamely,
staffing and running costs. The laaS Cloud model avails the platform and hardware less
expensively, leaving the operation as the responsibility of the client. Meanwhile, SaaS
offers the expensive software for rent, taking full responsibility of all the activities of the
operation including maintenance, and upgrade (Verma and Rizvi 2013). However, SaaS
CSPs are not generally enthusiastic to offer but the generic software that is commonly
used by everybody and that most organizations require (Ghazizadeh 2012). Specialized
software requires specialized target customers and that makes the model less economical

and less profitable. This research raised the following question: “Are those commonly
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known three CSP service models—namely, [aaS, PaaS, and SaaS—the only possible
options; or is it possible that technology opens new opportunities for another fourth
model that is economically more suitable?” This research proposes a fourth model that
CSPs can use to overcome this dilemma. FaaS is designed to overcome this dilema; the

dilema of offering expensive specialized software yet making good profit.

Noteworthy, many Internet services are offered to public users completely for free, e.g.,
emails, chatting services, social networks, YouTube, calendar ...etc. The service
providers of these free services offer everything for free: software, platform, storage, and
even operation, maintenance, and upgrade. It is a free Cloud-like service. The freely
offered services are offered in a generic fashion that fits everyone, e.g., emailing service.
In specialized software, such as in e-Learning, the services might require customized set
of features and scenarios of interaction with the user, although still categorized under the
same service type as the generic freely offered one. To explain, the emailing in e-
Learning is usually a closed circle email in which the students are limited to
communicate only with the stakeholders of their section (e.g., with the instructors,
assistants, and/or administrators). They even do not have to use the account ID’s of the
recipients (when sending an email) but rather check their names from closed circle list of
names. Moreover, the sender does not have to login to the mailing engine but rather
he/she is always logged in once logged into the LMS system. This is a mailing service
scenario still does the core tasks of any emailing system, such as sending, receiving,
inbox ...etc, yet differing completely from what is commonly offered by a generic

emailing system.

This research raised the other following question: “Is it possible to build software with a
specialized scenario and yet utilizing an existing software engine that implements the
core features of the required software?” The idea was to investigate a methodology of
software development through implementing a customized interface that interacts with
the user at one side and communicates the requests in a customized fashion to the utility
engine to get the actual service and then tailor the response and feed it back to the user

in a proper way. This is what we called “Software Development by Wrapping” (SDW),
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which refers to building an interface that wraps an existing software engine to obtain the

core service, as shown in Figure 5.1

Figure 5.1. A Sketch Depicting How the SDW Methodology Wraps Up the
Freeware Service Engine with a Customized Specialized Scenario

Wrap-up Scenario

5.2. Proposed Approach

This research proposes an economically less expensive Cloud Model offering services to
specialized application domains through utilizing freely available Internet services,
although those free services are not designed to serve the e-Learning system. This
proposed model is called FaaS, (Freeware as a Service) Cloud Model. We consider this
approach and the services offered as a fourth cloud model. Figure 5.2 depicts the
relationship between the freeware service and the newly developed specialized software
for the e-Learning. FaaS offers two complementing components: a software
development methodology (Software Development by Wrapping, SDW) and a Cloud
Operational Model. Both methodology and operation are not limited to the e-Learning
domain of services but rather they are generic and can be applied to any other domain of
applications. However, this research focuses its experiments and prototype

implementations only on e-Learning.
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Figure 5.2. Proposed Approach for Developing e-Learning Services on Top of
Freely Available Internet Service

A. SDW Methodology

Although the free services are usually generic, the SDW suggests that CSPs still can
develop specialized and customized applications on top of such free services by
wrapping the free service up by a specially designed interface that communicates
with the service engine to get the basic service according to a specific scenario that
suites a certain application domain , e.g., e-Learning. In the FaaS approach, we wrap
up those free services in such a way that offers a more suitable look and feel for the e-
learning environment with a minimum cost for development. The assumption here is
that the free service provider avails an open source or API for the programmers to
use; e.g., Google has Google+ and Google Apps. Figure 5.3 depicts the idea of

software development technique under the FaaS.
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Freeware as a Service (FaaS)

Wrapping or top layer of
New Interface
Commensurate with the
Needs of e-learning Service

Engine or Essential Core
Functions of Free internet
Service

Figure 5.3. The Idea of Software Development SDW Technique Under FaaS

B. Cloud Operational Model

The operational model of FaaS uses a composite 2-server platform configurations: one
at the free service provider, which offers the service in a generic fashion to the public
freely, while the other server is at the CSP who offers the specialized service with the
newly customized interface and scenario. Figure 5.4 depicts how this operational
model works. In this operational model, the user interacts with the software according
to an interface that is specially designed according to a scenario suitable to the
specialized domain. However, the actual service runs on the servers at the premises

of, and under full operation and support of the free service provider.

AT Free Service Provider AT CSP I

Freely Availa!)le e-Learning Service
Internet Service - Interface
Engine
| User
|

Virtual e-Learning CSP

Figure 5.4. The Operational Model of FaaS
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In fact, the actual service is offered as usual on the servers of the free service provider
who takes a full responsibility of deployment, operation, maintenance, and even update.
The specialized CSP carries only the interface that the user interacts with. This interface
implements the specialized scenario as requested by the corresponding specialized
service and then requests the actual service from the engine of the free service in a
proper way; it then provides the responses and feedback to the user using a proper
format. Noteworthy, the user feels like getting the whole service by the specialized

CSP; he/she does not realize the composite model of servers.

Of course, this composite operational model of 2-servers platform affects the overall
performance of the service. The performance criteria of the FaaS-based services are the
poorest among those of all other cloud models, simply because the performance is
dependent on a third party—the freeware service provider—the actual operator of the

service.

The usefulness of the FaaS model consists in the following: The FaaS approach can be
used by CSPs to develop less expensive e-Learning environments because this approach
saves both the implementation and operation costs of e-Learning systems. The less
quality and limited features will quickly and cheaply overcome many of challenges
facing small e-Learning organizations. On the other hand, small organizations that do
not have the capital to meet their needs by this approach can obtain the required e-

learning services at affordable prices to them.

5.3. Examples and Case Studies

In this research, we studied some very famous e-Learning systems especially the e-
Learning systems that is proprietary of the Deanship of Distance learning at King
Abdulaziz University (KAU) including; the e-Learning Management Electronic System
(EMES) and the Virtual Class Room System (CENTRA). Based on studying these
systems, we can recognize the design and features of their services and how these
services of e-Learning systems work. We got insight into the scenario of Closed Circle
Mailing System that is used in Blackboard and EMES. Likewise, we also got insight into
the scenario of Office Hour's One-On-One Chatting System, Collaborative Teamwork e-
Meeting, and a Virtual Classroom that is used in CENTRA. On the other hand, we

identified many of the popular and enjoyed internet services offered to public users
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completely free. Thus, in this research, we integrate free services with the features e-

Learning services through using SDW methodology.

To experiment with the proposed methodology (SDW), several e-Learning services were
implemented with specially customized scenarios on top of the appropriate free Internet
services. For instance, Google Apps were used to develop many applications, e.g., a
Closed Circle Mailing System on top of the free Gmail service. Many other prototypes
were also developed on top of Google’s Hangout, such as Office Hours’ One-On-One
Chatting System, Collaborative Teamwork e-Meeting, and a Virtual Classroom. The last
three cases show how this approach can be used in developing several different services
with different properties using only one free internet service engine. Figure 5.5 shows
the implemented prototypes and the corresponding free services they utilized. A more

detailed discussion on these prototypes is presented in the following sections.

Closed-list Email Service — Gmail Service

Virtual Office Hours Meeting Room — Google’s Hangout Chat Tool
Collaborative Conferencing Meeting Room — Google’s Hangout Chat Tool
Virtual Classroom — Google’s Hangout Chat Tool

Scheduling of Tasks — Google Calendar

Office Hour Meetings — Google Calendar

Virtual Classes _ Google Calendar

Figure 5.5. Some of the Prototyped e-Learning Services as Developed Under the
FaaS Development Methodology

5.3.1. Closed Circle Mailing System with Specially Customized
Scenario
Closed Circle Mailing System was implemented with specially customized scenario and

developed on top of the free Gmail service as follows:
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Closed Circle Mailing System

Emailing in e-Learning is usually a closed circle email in which the students are
limited to communicate only with and the stakeholders of their section (e.g., the
instructors, assistants, and/or administrators). They even do not have to use the
account ID’s of the recipients (when sending an email) but rather check their
names from the closed circle list of names. Moreover, the sender does not have
to login to the mailing engine but rather he/she is always logged in once logged
into the LMS system. This is a mailing service scenario that still does the core
tasks of any emailing system, such as sending, receiving, inbox ...etc, yet
differing completely from what is commonly offered by a generic emailing

system.

Google Gmail Service

The Google Gmail service offers email clients access to retrieving and sending
emails through Gmail account. Instead of having to manage your own outgoing
mail server on our DigitalOcean VPS, we can simply configure Google's SMTP
server settings into whatever script or program we wish to send email from. All
we need is either a (i) free Gmail account or (i1) paid Google Apps account. We
need incoming mail (POP3 or IMAP) server and outgoing e-mail server (STMP)
name for Gmail for sending and receiving mail through Gmail from and to any
email. We have the option to have Google store and index the emails you send
via its SMTP server, so all our sent emails will be searchable and backed-up on
Google's servers. If we elect to use Gmail or Google Apps account for our email

as well, we will have all our emails in one convenient place (Miscellaneous,

2013).

Google’s Gmail service has the great features and possibilities that enable us to

customize according to a specific scenario that suites a certain email service. In this

research, we used Google Gmail service as free internet service to perform the Closed

Circle Email scenario tasks for e-Learning. We apply the SDW methodology in this

scenario by wrapping the Gmail service up using a specially designed interface that

communicates with the Gmail engine to get the core tasks but according to a Closed
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Circle Email scenario. Consequently, the CSPs can offer this service as a FaaS cloud

model.

Closed Circle Mailing System consists of the same main components of the general

mailing list as shown in Figure 5.6

Inbox J Sent J Compose a message J

Figure 5.6. Closed Circle Mailing System Scenario

e Inbox. Students can see all messages received from the stakeholders of their
section (e.g., students, instructors, assistants, and/or administrators). As well, for

the instructor.

e Sent Mail. Students can see all messages that they sent from their accounts to
all members' accounts (i.e.) the stakeholders of their section (e.g., students,

instructors, assistants, and/or administrators). As well, for the instructor.

e Compose a Message. Students and instructors will follow steps when using the

email service to send an email in a specific section.

1. It will appear as the normal message consisting of the following main

components: to, cc, title, the text of the message, and send button.

2. When a student or an instructor clicks on #o, the groups of closed mailing list
for student or instructor of their section will appear. The type of groups can be:
o Instructor
o Instructor's assistant

o Administrator
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o Students

3. Then the student and/or instructor can select the type of users, and the list of
names of selected type will be appear (retrieve the list of names for this section

from the DB), and then they can select specific names from each list.
4. Then, all the selected names will be posted into the message of the email.

5. Then, the student and/or instructor can write the title and the text of message

then, they can click on send button.

6. Finally, the message will be successfully sent. Otherwize a fail send error

message will be displayed.

The Operational Model of FaaS—The Closed Circle Mailing
Service in e-Learning

Figure 5.7 depicts how the FaaS operational model works with the Closed Circle
Mailing service and Gmail service. The operational model of FaaS here uses a
composite 2-server platform configurations: one at the Google provider, which
offers the Gmail service in a generic fashion to the public freely, while the other
server is at the CSP who is offering the Closed Circle Mailing service with the
newly customized interface and scenario. In this operational model, the user
interacts with interface that is created by CSP. This interface implements the
specialized scenario of the Closed Circle Mailing service and then requests the
actual service from the engine of the Gmail service in a proper way; it then
provides the responses and feedback to the user in a proper format. Accordingly,
the user will deal with Closed Circle Mailing service interface formally and

externally, and with Gmail service functionally and internally.

AT Google AT CSP '

I

I

| ‘ — Closed Mailing | 9

| Gmail Server List Service

| ‘ Interface * .
I I

I
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Figure 5.7. The Operational Model of FaaS—The Closed Circle Mailing Service in

e-Learning

5.3.2 Office Hours’ One-On-One Chatting System with Specially

Customized Scenario

Office Hours” One-On-One chatting system was implemented with specially customized

scenario. It was developed on top of the free Google’s Hangout service as follows:

Office Hours’ One-On-One Chatting System

We will use office hours’ one-on-one chatting service to execute the appointment
of office hours between the instructor and the student during the learning
process. It is an online synchronous communication service through which the
student can have a one-on-one session with the instructor through an online chat

room.
Google’s Hangout

Google's new Hangouts system provides a consistent chat and video
collaboration experience across multiple platforms. Google+ Hangouts is a free
video chat service from Google that enables both one-on-one chats and group
chats with up to ten people at a time. It is somewhat similar to Skype, FaceTime
and Facebook Video Chat. The new Hangouts app works even better with
Google+. When we use Hangouts and when we have a Google+ account, we may
start chats with the Google+ Circles using Hangouts. Chat discussions are limited
to 100 people. The possibilities of this technology include: Video Chatting,

location sharing, sharing documents, scratchpads, images and YouTube videos
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with other users, "Hangouts on Air" feature is used for broadcasting live video
conversations that are accessible to anyone with a web browser , Google Drive,
A digital whiteboard, Slideshare and friendly online drawing tool (Oberer and
Erkollar 2012; Cochrane et al. 2011).

Google’s chatting system, Hangout™ service has great features and utilities that enable
us to customizable according to a specific scenario that suits certain interactive session
services. In this research, we use Google Hangout service as free internet service to
perform the One-On-One Office Hours scenario tasks for the e-Learning service. We
apply the SDW methodology in this scenario by wrapping the Hangout service up by a
specially designed interface that communicates with the Hangout engine to get the core
tasks but according to One-On-One Office Hours scenario. Consequently, the CSPs can

offer this service as a FaaS cloud model.

We called the LMS system that offers all the e-Learning services as a FaaS “Smart
Cloud LMS”. When the provider of the e-learning organizations enters to the smart
cloud LMS to select the Service, the screens of customization and personalization will

appear to allow the provider to adapt the service formally as shown in Figures 5.8 and

5.9.
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Customization of On-line Chatting

Text Chat

White board
Notebook
Setting
Network Signals
Camera

Audio

OOt

Figure 5.8. Customization Options

Personalization of On-line Chatting

I:I Logo

I:I Background Color

Figure 5.9. Personalization Options

When users (Instructors and/or Students) want to use any service from the smart cloud
LMS, they should enter their IDs and passwords as shown in Figures 5.10, and then

select the specific section from the list of sections for specific course in which they are

enrolled.

All sections ; My Section ‘

User ID &Password

for Students &
Instructors

Figure 5.10. The List of All Sections for Specific Courses
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o After the user selects the certain section, all services that are offered as FaaS will
appear and become available to the instructors and students.

o After the user (Instructor and /or Student) selects the Office Hour's Session service,
the schedule that containing of all Office Hour Sessions for this specific section and
for this user will appear.

o  When the user (Instructor and /or Student) clicks on Upcoming Schedule tab, the

schedule times of all Office Hour Sessions that will take place between the

instructor and student for specific section will appear as shown in Figures 5.11.

Office Hours’ one-on-one Chatting Svstem Schedule

Create Office

Upcoming Schedule Playvback
I g : Howr Session
Office Hour Session Start Time Duration
CS101-TAB-22(60031) (Sunday-3-October) 03/10/13 6:30 Pm 1h20m Join
CS101-TAB-22(60031) (tuseday-18-december) 18/12/2013 5:30 Pm 1ih Join

Figure 5.11. Upcoming Schedule of Office Hours’ One-On-One Chatting System

o When the user (Instructor and/or Student) clicks on the Playback tab, a table that
containing any sessions that have been previously recorded between the instructor
and student for specific section will appear. They can be also played back any

session in this table as shown in Figures 5.12.
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Office Hours' one-on-one Chatting Svstem Schedule

Create Office

Upcoming Schedule Playback o
) Hour Session

Office Hour Session Start Time Duration

(C'S101-TAB-22(60031) (Sunday-3-October) (MTH288234)  03/10/136:30Pm  1h20m = 2iayback

CS101-TAB-22(60031) (tuseday-18-december) (HTH288660) 18/1220135:30Pm  1h Playback

Figure 5.12. Playback Schedule of Office Hours’ One-On-One Chatting System

o When the students need to create a new Office Hour Sessions with any instructors,

they click on the Create Office Hour Session tab and fill in the required data as

shown in Figures 5.13.

Create Office Hour Session Screen

Select the Instructor: ‘

Select the Student: l

Start Time:

Duration:

I

Submit

Figure 5.13. Create New Office Hours’ One-On-One Sessions
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The Office Hours’ One-On-One Chatting System is an interactive session that is carried
out using Hangout and YouTube free services. Hangout offers many of the required
utilities, such as whiteboard, Chatting, Video calls, while YouTube is used for recording
the sessions and playing them back. Other software utilities are also used, e.g., Notepad
to simulate the Notebook utility. When the instructor and/or student clicks on the “join
button” on the Upcoming Schedule, the screen of the Hangout service will appear with a

new interface and the Office Hours’ One-On-One Chatting Session between instructor

and student will start as shown in Figures 5.14.

Control of Chatting pane
Session Pane

White board
pane

Working
Pane

Figure 5.14. Office Hours’ One-On-One Chatting Interface Developed on Top of
Google’s Hangout
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e The Operational Model of FaaS—The Office Hours’ One-On-One Chatting

Service in e-Learning

Figure 5.15 depicts how the FaaS operational model works with the Office Hours’
One-On-One Chatting service and Hangout. The operational model of FaaS here
uses a composite 2-server platform configuration: one at Google as the service
provider, which offers the Hangout service freely to the public in a generic
fashion, while the other server is at the CSP who is offering the Office Hours’
One-On-One Chatting service with the newly customized interface and scenario.
In this operational model, the user interacts with the interface that is created by the
CSP. This interface implements the specialized scenario of Office Hours Chatting
service. It requests the actual service from the engine of the Hangout service in a
proper way; it then provides the responses and feedback to the user in a proper
format. Accordingly, the user will deal with Office Hours’ One-On-One Chatting
service interface formally and externally, and with Hangout session service

functionally and internally.

________________________ -
AT Google AT CSP |
Instructo
<m0 \\0
XC
Hangout One-On-One _ Qx&

Chatting System ‘
System ‘ ateeface Student )

|
|
|
|
| Chatting
|
|
|

- Virtual e-Learning CSP  « = = = = = =

Figure 5.15 The Operational Model of FaaS—The Office Hours’ One-On-One
Chatting Service in e-Learning
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5.3.3 Collaborative Teamwork e-Meeting with Specially Customized
Scenario

Collaborative Teamwork e-Meeting was implemented with specially customized

scenario. It was developed on top of the free Google’s Hangout service as follows:

e Collaborative Teamwork e-Meeting

An online synchronous service that allows a team of students or a team of
students and their instructor to collaborate in doing things together without the

need to meet physically.

In this research, we also use Google Hangout service as free internet service to perform
the Collaborative Teamwork e-Meeting scenario tasks as an e-Learning service. We
apply the SDW methodology in this scenario by wrapping the Hangout service up using
a specially designed interface that communicates with the Hangout engine to get the core
tasks but according to Collaborative Teamwork e-Meeting scenario. Consequently, the

CSPs can offer this service as a FaaS cloud model.

The Collaborative Teamwork e-Meeting is an interactive session which is carried out by
using the Hangout and YouTube free services. Hangout offers many of the required
utilities, such as whiteboard, Chatting, Video calls, Application Sharing, Video Play
...etc as shown in Table 5.1, while YouTube is used for recording the sessions and
playing them back. Other software utilities used here as outsourcing include Notepad,
Word Application and Google Drive to simulate the Notebook , Agenda , Minutes of the
Meeting utility. These utilities are not provided in the Hangout software, and we used
these applications to complement the requested interface to commensurate with the

Collaborative Teamwork service.

When the user enters to the Collaborative Teamwork e-Meeting, the screen of the
Hangout with a new interface appears and the session of Collaborative Teamwork e-

Meeting starts. It consists of the following panes as shown in Figure 5.16.
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General Pane

Control of Control of

Screen

Session Pane
Display Pane

Student
Chatting Pane

Working
Pane

Figure 5.16. Collaborative Teamwork e-Meeting Interface Developed on Top of
Google’s Hangout
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Table 5.1. Description of The Hangout Tools

Tools

Description

Desktop Screen Share: to share the instructor’s
desktop screen and show running applications.

Capture: to capture the working pane on the screen.

Whiteboard: to write and draw on by the instructor.

Video Play: to play and show the video on
YouTube.

Control of attendance: to control of
appearing the collaborators of the e- meeting
in the recording.

Remote Access: to access the remote desktop of any
collaborator in the e- meeting.

i

Start broadcast: to start the session and/or the
recording. When clicking on this button, it will
change to “Stop broadcast”.

Stop broadcast: to end the session and/or the
recording, and after that the recording session will
be saved in the database.

1
e

Audio: to activate the audio of the instructor or to
set it on the mute.

Stop
‘U

Camera: to activate the photo of instructor in video
call or to inactivate.

Close Video Call: to exit from the on-line session.

Notebook: to write the notes and drafts by the
instructor.

)

Step Out: to temporarily step away from the lecture
temporarily and then come back.
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Figure 5.17 depicts the Whiteboard tool that allows users to write and draw anything

during the Collaborative Teamwork e-Meeting session.

Figure 5.17. Using the Whiteboard Tool of Google’s Hangout with a New Interface
during the Collaborative Teamwork e-Meeting Service

Figure 5.18 depicts the desktop and application share tool that allows users to share the
applications and to get access to a specific desktop during the Collaborative Teamwork

e-Meeting session.
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Figure 5.18. Using Desktop Sharing Tool of Google’s Hangout with a New Interface

during the Collaborative Teamwork e-Meeting Service

The Operational Model of FaaS—The Collaborative Teamwork e-Meeting
Service in e-Learning

Figure 5.19 depicts how the FaaS operational model works with the
Collaborative Teamwork e-Meeting service and Hangout. The operational model
of FaaS here uses composite 2-server platform configurations: one at the Google
provider, which offers the Hangout service freely to the public in a generic
fashion, while the other server is at the CSP who is offering the Collaborative
Teamwork e-Meeting service with the newly customized interface and scenario.
In this operational model, the user interacts with interface that is created by CSP.
This interface implements the specialized scenario of Collaborative Teamwork e-

Meeting service and then requests the actual service from the engine of the
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Hangout service in a proper way; it then provides the responses and feedback to
the user in a proper format. Accordingly, the user will deal with Collaborative
Teamwork service interface formally and externally, and with general Hangout

session service functionally and internally.

________________________ -
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I AT Google |
I AT CSP
| Instructo i‘
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I u Meeting Service Student
| Interface fﬁ‘
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l Application / |
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Figure 5.19. The Operational Model of FaaS—The Collaborative Teamwork e-
Meeting Service in e-Learning

5.3.4. Virtual Classroom with Specially Customized Scenario

Virtual classroom was implemented with specially customized scenario. It was

developed on top of the free Google’s Hangout service as follows:
e Virtual Classroom

An online simulation of a traditional classroom in which lectures are virtually and
synchronously conducted where each individual (instructor and students) is

distantly located.

In this research, we also used Google Hangout service as a free internet service to
perform the Virtual Classroom scenario tasks for e-Learning. We apply the SDW
methodology in this scenario by wrapping the Hangout service up by a specially

designed interface that communicates with the Hangout engine to get the core tasks but



according to Virtual Classroom scenario. Consequently, the CSPs can offer this service

as a FaaS cloud model.

The Virtual Classroom is an interactive session which is carried out using Hangout and
YouTube. The virtual classroom is carried out using other software utilities such as that
used in the collaborative teamwork e-meeting service. The virtual classroom screen
looks different for the students, instructors and assistants or administrators. Each of them

has certain options and specific permissions as will be shown in the next figure.

A. Virtual Classroom for Instructor
When the instructor enters to the virtual classroom, the name of this instructor will
appear on the participant's pane and he/she can follow up the sequence of students'
questions through the property of Q&A in the Hangout session. The screen of the
Virtual Classroom for the instructor consists of some panes and options as shown in

Figure 5.20.
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Figure 5.20. Virtual Classroom Interface for Instructor Developed on Top of
Google’s Hangout

B. Virtual Classroom for Student

When student enters to the virtual classroom, the name of this student will be appear on
the student’s pane. Students in virtual classroom can ask the instructor in sequence and

through the property of Q&A in the Hangout session as shown in Figure 5.21.
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Figure 5.21. Virtual Classroom Interface for Students Developed on Top of
Google’s Hangout

C. Virtual Classroom for Assistants and Administrators
Assistants and administrator can enter to the virtual classroom as collaborators, and
their names will not appear the participant's pane.They will be hiden during the session
of the Virtual Classroom by using the property of “control of attendance” so they are

can’t be seen in the session recording as shown in Figure 5.22.
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Figure 5.22. Virtual Classroom Interface for Assistants and Administrators
Developed on top of Google’s Hangout

e The Operational Model of FaaS—The Virtual Classroom Service in e-Learning

Figure 5.23 depicts how this operational model works with the Virtual Classroom
service and Hangout. In this operational model, the user interacts with the interface
that is created by the CSP. This interface implements the specialized scenario of
Virtual Classroom service and then requests the actual service from the engine of the
Hangout service in a proper way; it then provides the responses and feedback to the
user in a proper format. Accordingly, the user will deal with the Virtual Classroom
service interface formally and externally, and with general Hangout session service

functionally and internally.
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Figure 5.23. The Operational Model of FaaS—The Virtual Classroom Service in e-
Learning

Table 5.2 The e-Learning Services Features and the Corresponding Features on
Free Internet Services as Used in the Experimental Implementation of the
Prototypes

Features of e-Learning Services Features of Free Internet Services

Office Hours’ One-On-One Meeting

Office Hour Session (On-line Chat). Video Chat Hangout. Video Chat
Office Hour Session (On-line Chat).Txt Chat Hangout. Inside Text Chat
Office Hour Session (On-line Chat). Whiteboard Hangout. Whiteboard

Notepad. Popup window

. ¥ _ X
Office Hour Session (On-line Chat). Noteboo Wi, Bagng i

Office Hour Session (On-line Chat). Step Out Programming
Office Hour Session (On-line Chat). Start Recording Hangout. Start Broadcast
Office Hour Session (On-line Chat). Stop Recording Hangout. End Broadcast

You tube. Playback

Office Hour Session (On-line Chat). Playback Google+ Page. Hangout-onair Post

Office Hour Session (On-line Chat). Exit Hangout. Exit

Collaborative e-Teamwork
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Features of e-Learning Services Features of Free Internet Services

Collaborative e-Meeting. Vide Chat

Hangout. Video Chat

Collaborative e-Meeting. Txt Chat

Hangout. Outside Txt Chat

Collaborative e-Meeting. Whiteboard

Hangout. Whiteboard

Collaborative e-Meeting. Notebook

Notepad. Popup window
Word. Popup window

Collaborative e-Meeting. Agenda

Notepad. Editor
Word. Editor
Google Drive. Create Document

Collaborative e-Meeting. Minutes of Meeting

Notepad. Editor
Word. Editor

Collaborative e-Meeting. Participants

Programming

Collaborative e-Meeting. Desktop Screen Share

Hangout. Desktop Screen Share

Collaborative e-Meeting. Capture

Hangout. Capture

Collaborative e-Meeting. Video Play

Hangout . YouTube

Collaborative e-Meeting. Control of attendance

Hangout.Control of attendance

Collaborative e-Meeting. Remote Access

Hangout.Remote Access

Collaborative e-Meeting. Step Out

Programming

Collaborative e-Meeting. Start Recording

Hangout. Start Broadcast

Collaborative e-Meeting. Stop Recording

Hangout. End Broadcast

Collaborative e-Meeting. Playback

You tube. Playback
Google+ Page. Hangoutonair Post

Collaborative e-Meeting. Exit

Hangout. Exit

Virtual Class Room. Vide Chat

Hangout . Vide Chat

Virtual Class Room.Txt Chat

Hangout. Outside Txt Chat

Virtual Class Room. Whiteboard

Hangout . Whiteboard

Virtual Class Room. Notebook

Notepad. Popup window
Word. Popup window

Virtual Class Room. Agenda

Notepad. Editor
Word. Editor
Google Drive. Create Document

Virtual Classroom. Participants

Programming

97




Features of e-Learning Services

Virtual Class Room. Desktop Screen Share

Features of Free Internet Services

Hangout. Desktop Screen Share

Virtual Class Room. Capture

Hangout . Capture

Virtual Class Room. Video Play

Hangout . YouTube

Virtual Class Room. Control of attendance

Hangout. Control of attendance

Virtual Class Room. Remote Access

Hangout. Remote Access

Virtual Class Room. Step Out

Programming

Virtual Class Room. Q&4

Hangout. .0&A4

Virtual Class Room. Start Recording

Hangout. Start Broadcast

Virtual Class Room. Stop Recording

Hangout. End Broadcast

Virtual Class Room. Playback

You tube. Playback
Google+ Page. Hangoutonair Post

Virtual Class Room. Exit

Hangout. Exit
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Chapter Six

SCCeLE and FaaS

Prototype Implementation

99



Chapter Six

SCCeLE and FaaS
Prototype Implementation

This chapter discus in details the implementation of two prototypes; SCCeLE rule-based

expert system and FaaS approach. It also shows how these prototypes are implemented.

6.1. Implementation of SCCeLE Prototype
Implantation of the SCCeLE prototype consists of two stages. The first stage is to build
SCCeLE prototype, and the second stage is to apply SCCeLE prototype on the default

values to provide cloud mix model recommendations to e-Learning organizations and

CSPs.

6.1.1. Building the SCCeLE Prototype (Excel model)

SCCeLE expert system prototype is built by designing and programming the two phases
of SCCeLE using Microsoft Excel® and the visual .NET® development environment. It
passes through the following steps and it is a simple prototype to apply the ideas we
suggest.
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6.1.1.1. Survey and Data Collection

Data that assisted in the construction and using of the SCCeLE system is collected from
the Survey that was conducted to understand the nature of the e-Learning environment in
the market. This survey identified many aspects of the model and it has underwent three

stages as follows:

e Interviews

Many educational organizations of different types were visited and interviews
were arranged and held with them. That helped us to identify and understand the
types and sizes of the available e-Learning organizations in the market today, and
also to identify the important and required e-Learning services for those

organizations.

e Literature Review

This research reviews different publications in some of the leading digital
libraries. Some that have been visited include: IEEE Xplore, SpringerLink and
Science Direct. Most of the reviewed publications are published between 2009
and 2013. This is because it help us in achieving the aim of this Survey. Based on
all these studies, we can revise the impotnat and popular e-learning services that
are used in the e-Learning enviroment including the ones that have been
identified previously from interviews. We were able to identify the basic
effective criteria of e-Learning services that are important in determining each
type of cloud model . Then we got the most important guidelines that determine
the suitable type of hosting platforn accoding to the criteria type. Also, we
explored all the environmental circumstances that influence the selection of the

appropriate hosting platform.
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e The Questionnaire

The data sample that we have adopted in this study was obtained from the
questionnaires which were conducted on several groups; a number of
departments, colleges and the experienced e-Learning faculty members at King
Abdul-Aziz University (KAU), and also on many international institutes,
international school, electronic universities and companies. This questionnaire
aims to study the relationship between e-Learning organizations and e-Learning
services through identifying the e-Learning organizations’ needs and expected
QoS for different e-Learning services, also it aims to recognize the opinions of
majority people in determining the value of the criteria for each e-learning

service .

6.1.1.2. Designing the Rules

Based on study of the criteria of e-learning services, the guidelines and environmental
circumstances, the rules of the two inferencing phases of SCCeLE rule-based expert
system are designed and built using the Macro programming facility of Microsoft
Excel© and visual .NET© . The first inferencing phase has 13 rules and the second

inferencing phase is implemented using 252 rules.

6.1.2. Applying SCCeLE Prototype on the Default Values

After building the SCCeLE system, we applied it on the values that were obtained from
the questionnaire and they became as the default values of the parameters for this
system, as shown in Figure 6.1. This prototype also allows users to change these values

and enter the appropriate values to them.
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Services /Organization Types . Fully virtual university
QoS. Performance
Closed Mailing list Medium No EssentialHigh quality Essential/High quality Essential/High quality
Office Hour Management Low Yes EssentialHigh quality EssentiallHigh quality OptionallModerate quality
Office hour session (On-line Chat Room) High Yes EssentialHigh quality Essential/High quality OptionallModerate quality
Discussion group (Forum) Medium Yes Essential/High quality Essential/High quality OptionallModerate quality
Collaborative Team work / E-Meeting High Yes EssentialHigh quality Essential/High quality OptionallModerate quality
Course Development /Course Authoring Medium No Essential/High quality Essential/High quality OptionallModerate quality
Lecture-on-Demand(delivery) Medium Yes EssentialHigh quality Essential/High quality OptionallModerate quality
Virtual Class Room High Yes EssentialHigh quality Essential/High quality Essential/High quality
Virtual lecture Playback & Recording High Yes EssentialHigh quality Essential/High quality Essential/High quality
Assignments Medium Yes Essential/High quality Essential/High quality Essential/High quality
Student Assessment and Exams Medium No EssentialHigh quality Essential/High quality Essential/High quality
Quiz Medium No EssentialHigh quality Essential/High quality OptionallModerate quality
Self Testing Medium No Essential/High quality Essential/High quality OptionallModerate quality
Learning Process Analysis Medium No EssentialHigh quality OptionallModerate quality OptionallModerate quality
Virtual library Medium Yes Essential/High quality Essential/High quality OptionallModerate quality
Personal Student Notebook Tool with Annotation Facility Medium No EssentialHigh quality Essential/High quality OptionallModerate quality

QoS. Features

Essential/High quality

EssentiallModerate quality

Partial virtual university

Optional/Moderate quality

Essential/High quality

Fully virtual training institute

Essential/Moderate quality

Essential/lModerate quality

OptionaliModerate quality

Not Needed

Not Needed

Essential/High quality

Optional/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Not Needed

Essential/High quality

Optional/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Essential/High quality

Optional/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Not Needed

Essential/High quality

EssentiallModerate quality

Optional/Moderate quality

Optional/Moderate quality Optional/Moderate quality Not Needed Optional/Moderate quality Optional/Moderate quality Not Needed
Optional/Moderate quality Optional/Moderate quality Not Needed Essential/High quality Essential/lModerate quality Optional/Moderate quality
Optional/Moderate quality Optional/Moderate quality Not Needed Essential/High quality Essential/High quality Essential/High quality
Optional/Moderate quality Optional/Moderate quality Not Needed Essential/High quality Essential/High quality Essential/High quality
Optional/Moderate quality Optional/Moderate quality Not Needed Essential/High quality Optional/Moderate quality Optional/Moderate quality
OptionaliModerate quality Not Needed Not Needed Essential/High quality Optional/Moderate quality Not Needed

Essential/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Essential/High quality

Optional/Moderate quality

Optional/Moderate quality

Essential/High quality

Optional/Moderate quality

Optional/Moderate quality

Essential/High quality

Essential/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Not Needed

Essential/High quality

Optional/Moderate quality

Optional/Moderate quality

Essential/High quality

Optional/Moderate quality

Optional/Moderate quality

Essential/High quality

Optional/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Optional/Moderate quality

Not Needed
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Partial virtual training institute

Self Training Company

OptionalModerate quality OptionalModerate quality Not Needed OptionalModerate quality Not Needed Not Needed
Not Needed Not Needed Not Needed OptionalModerate qualty Not Needed Not Needed
OptionalModerate qualty Not Needed Not Needed OptionalModerate qualty Not Needed Not Needed
OptionalModerate quality OptionalModerate quality Not Needed OptionalModerate quality Not Needed Not Needed
Optional/Moderate quality Not Needed Not Needed OptionalModerate quality Not Needed Not Needed
OptionalModerate qualty Not Needed Not Needed Not Needed Not Needed Not Needed
OptionalModerate qualty Not Needed Not Needed EssentialHigh quality EssentialHigh quality OptionalModerate qualty
OptionalModerate quality Not Needed Not Needed EssentialiHigh quality OptionalModerate quality OptionalModerate quality
Optional/Moderate quality Not Needed Not Needed Essential/High quality OptionalModerate quality OptionalModerate quality
OptionalModerate qualty Not Needed Not Needed OptionalModerate qualty Not Needed Not Needed
Not Needed Not Needed Not Needed OptionalModerate qualty Not Needed Not Needed
OptionalModerate quality Not Needed Not Needed OptionalModerate quality OptionalModerate quality Not Needed
Optional/Moderate quality OptionalModerate quality Not Needed OptionalModerate quality Not Needed Not Needed
OptionalModerate qualty Not Needed Not Needed Not Needed Not Needed Not Needed
OptionalModerate qualty OptionalModerate qualty Not Needed OptionalModerate qualty Not Needed Not Needed
OptionalModerate quality Not Needed Not Needed OptionalModerate quality Not Needed Not Needed

Figure 6.1. Inserting All Values (That are Obtained from the Questionnaire) into the SCCeLE Prototype and Setting them as

Default Values
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Snapshots of the program used to reveal the cloud mix model:

First screen (Figure 6.2) in the program is used to set the pragmatic parameters of the second phase of system that considers the

busniess aspects of the organization. The user is asked to select the (type, size, Budget and time to market) of the organization from the

dropdown lists. Consequently, the expert system will show the defulat values of (level of needs, QoS, and whether the commnly

available Sofware that supports this service exists or not ) for each service. Also, users can change these values from several options

specified in this system.

Services /Organization Types AS;E:I':"';TW iﬁ'"y virtual university
Closed Mailing list No Essential/High quality
Office Hour Management Yes Essential/High quality
Orgnization type: | Fully virtual university | Office hour session (On-line Chat Room) Yes Essential/High quality
Discussion group (Forum) Yes Essential/High quality
Orgnization Size: |Medium | Collaborative Team work / E-Meeting Yes Essential/High quality
Course Development /Course Authoring No Essential/High quality
Orgnization Budget: |Low | Lecture-on-Demand(delivery) Yes Essential/High quality
Virtual Class Room Yes Essential/High quality
Time to Market: |Medium Alv Virtual lecture Playback & Recording Yes Essential/High quality
Assignments Yes Essential/High quality
Student Assessment and Exams No Essential/High quality
Show Defualts Quiz No Essential/High quality
Self Testing No Essential/High quality
Learning Process Analysis No OptionalModerate quality
Virtual library Yes Essential/High quality
Personal Student Notebook Tool with Annotation Facility No Essential/High quality

Save and Go Next

Figure 6.2. Setting the Parameters of SCCeLE's Second Phase
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The second screen (Figure 6.3) is used to set the technical parameters and crateria for each e-learning service during the first phase of

system that considers the technical aspects of the e-Learning services. These values are H (high), M (meduim) and L (low).

Accordinally, the system will show the inatial recommendation and the final recommendation for each service based on the technical

and busniess aspects.

Criterial Services Type Semoetype ‘ Data needs : Perfomlange” : : mngrs ‘ SE—— .
Senvice Name QoS Real‘t;rr:;emn- I::::autw}gesi Sensitive data Speed! tiI;eesponse A;izi:g}l::gyl Reliabilty s[}::gm:ﬁy Prt:}f}i?::ng tsi;{}}\rﬁyt[;smr;:dl Model Final Recommendation
Closed Mailing List High MNo Medium NIA Medium High High Low NIA NIA laas Faa$
Office Hour Management High Mo MIA MIA Medium Medium Medium Low NIA NIA laas Saas
Office hour session (On-line Chat Room) High Yes MIA MIA High High High Low MIA NIA laas Saas
Discussion group (Forum) High MNo Medium NIA Medium Medium Medium Low NIA NIA laas 5aa$
Collaborative Team work / E-Mesting High Yes NIA NIA High High High Low NIA NIA laas Saa$
Course Development /Course Authoring High Na High /A High High High Low MIA NIA On-Premise Faas
Lecture-on demand High Yes High NIA High High High Low High NIA On-Premise Saas
Virtual Class Room High Yes MIA MIA High High High Low NIA NIA laas Saa$
Virtual Lecture Recording & Replaying High Yes Low /A High High High Low MIA High laas Saas
Assignment High MNo Medium NIA Medium Medium Medium NIA Medium Low laas 5aa$
Exams/ Student assessment High Yes Nedium High High High High Low NIA High On-Premise Faa$
Quiz High Yes Madium Medium High Madium Madium Low MIA Low laas Faas
Self testing High Yes Low MIA Medium Medium Medium High NIA Medium laas Faa$
Learning process Analysis Moderate Na High High A Low NIA NIA High NIA On-Premise Faas
Virtual library High Mo High MIA High High High MIA A NIA On-Premise Saas
E;g‘ﬁ;ﬁl Student Notebook with Annotation | ;. No Low NiA Megium Megium Megium Low A High laas Faa$
Recommend

Figure 6.3. Setting the Technical Parameters of the SCCeLE's during the First Phase and Revealing the Initial

Recommendation and the Final Recommendation for Each e-Learning Service
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The third screen (Figure 6.4) displays the explanation module of SCCeLE reports (Discrepancy Report) the gain/loss in performance as

well as precautions to consider when contracting with the CSP.

Criteria/Services Type Data needs Performance Others.
. . . - ) L I A ) - Processing Spiky Demand
Service Name Recommendation Required database Sensitive data Speed/ Response time Accessibility/ Availability Reliability Dynamic Scalability —  Short term need]
I laa$ Medium WA Medium High High Low MiA WA
Closed Mailing List
Faa$ Low Low Low Low Low Low Low Low
) laas Wi MIA Medium Medium Medium Low WA MIA
Office Hour Management Saas Low Low Low Low Low Low Low Low
laas WA WA High High High Low WA WA
Office hour session {On-line Chat Room) S o ow L:\.' L:\.' L:\.' on ow 0=
I e ) laas Medium MiA Medium Medium Medium Low A MiA
: Saas Low Low Low Low Low Low Low Low
Collaborative Team work / E-Megting - WA WA High High Figh Low NA NA
Saas Low Low Low Low Low Low Low Low
Course Development /Course Authoring On-Premise High A High High High Low NA NA
Faas Low Low Low Low Low Low Low Low
P — On-Premise High WA High High High Low High WA
Saas Low Low Low Low Low Low Low Low
- laas WA WA High High High Low WA WA
Saas Low Low Low Low Low Low Low Low
) . ; laas Low NIA High High High Low Ni& High
Virtugl Lecture Recording & Replaying Saas o o on ow ow on on T
- laas Medium MIA Medium Medium Medium MIA Medium Low
Assignment Saas Low Low Low Low Low Low Low Low
T — On-Premise Medium High High High High Low MiA High
Faas Low Low Low Low Low Low Low Low
Quiz laas Medium Medium High Medium Medium Low MiA Low
Faas Low Low Low Low Low Low Low Low
X laas Low A Medium Medium Medium High A Medium
Self testing
Faas Low Low Low Low Low Low Low Low
. R . On-Premise High High WA Low A WA High WA
Leaming process Analysis Faas Low Low Low Low Low Low Low Low
) ) On-Premise High WA High High High WA MiA WA
Wirtual library
Saas Low Low Low Low Low Low Low Low
) ) . laas Low MW/A Medium Medium Medium Low WA High
Personal Student Motebook with Annotation Facility
Faa$§ Low Low Low Low Low Low Low Low

Final Recommendation

Figure 6.4. The Discrepancy Report of SCCeLE
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The fourth screen (Figure 6.5) is used to demonstrate the Cloud Configuration Mix recommendation for certain circumstances as

generated by the SCCeLE expert system.

Service Name

On-Premise

laaS

PaaS

Saas

FaaS

Closed Mailing List

Office Hour Management

Office hour session (On-line Chat Room)

Discussion group (Forum)

Collaborative Team work / E-Meeting

XXX | XX

Course Development /Course Authoring

Lecture-on demand

Virtual Class Room

Virtual Lecture Recording & Replaying

Assignment

Exams/ Student assessment

Quiz

Self testing

Learning process Analysis

X | XXX

Virtual library

Personal Student Notebook with Annotation Facility

Fig.6.5. The Output Recommendation of SCCeLE (Cloud Mix Model) for a Medium Fully Virtual University
(default service criteria is assumed)
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The fifth screen (Figure 6.6) is to show a market map with the best cloud mix model for each type of e-Learning services, for all types

of organizations. The recommended entries of the map are generated by the SCCeLE based on the default values for all parameters as

identified by the survey.

Services [Organization Types

(oS, Features

Fully virtual universi

Partial virtual universi

Fully virtual training institute

Partial virtual training institute

Self Training Compan

Closed Mailing list 323 323 323 [3as |3as |3as 3as 3as 335 |laas 333 Notheeded |(laaS Notheeded (Notheeded
Office Hour Management [az5 [az5 5338 REE NotNeeded [NotNeeded |laaS REER) 3235  |MNotNeeded |(NotNeeded |MNotNeeded |3aaS Notheeded (Notheeded
Office hour session (On-line Chat Room) |3a3 |3a3 |3a3 [3as |3ad NotNeeded |laa3 |aas 333 |laas NotNeeded [NotNeeded |laaS NotNeeded [NotNeeded
Discussion group (Forum) (325 (325 (325 [3as |a3s [3as 3as 333 335 |laas 333 Notheeded |(laaS Notheeded (Notheeded
Callaborative Team work / E-Mesting (333 (333 (333 [33s 333 NotNeeded (laas 333 335 |laas NotNeeded [Notheeded |laaS NotNesded (NotNeeded
Course Development /Course Autharing On-Premise |On-Premise |On-Premise |On-Premise (On-Premise (NotNeeded |On-Premise On-Premise | NotNeeded |On-Premise |Notheeded |Motheeded [NotNeeded |NotMNeeded |MofMeeded
Lecture-on-Demand(delivery) On-Premise |On-Pramise |On-Premise |On-Premise |On-Premise |NotNeeded |On-Premise (On-Premise | On-Premise |On-Premise |NotNeaded |MotNeeded |On-Premise \On-Premise |On-Premise
Viriual Class Room [3as [3as [3as |3as |3as NotNeeded |laas 333 333 |laas NotNeeded [NotMNeeded |laaS 323 aas

Virtual lecture Playback & Recording laad laad laad |aad |aad NotNeeded |laa3 |aas 333 |laas NotNeeded [NotNeeded |laaS laas aas

Assignments (325 (325 (325 [3as |a3s NotNeeded (laas 333 335 |laas NotMNeeded [Notheeded |laaS Notheeded (Notheeded
Student Assessment and Exams On-Premige |On-Premise |On-Premise |On-Premize (Notheeded (NotNeeded |On-Premise On-Premise | NotNeeded |Notheeded |Notheeded |MothNeeded (On-Premise \NotMeeded |NofMeeded
Quiz laad laad laad |aad |aad laal |aas |aas 333 |laas NotNeeded [NotNeaded |laaS 335 Not Needad
Self Testing (325 (325 5338 [3as 5aas 5aad 3as a3 gaas  [5as Saas Notheeded |S3aas Notheeded (Notheeded
Learning Process Analysis On-Premise |On-Pramise |On-Premise |On-Premise |On-Pramise |NotNeeded |On-Premise On-Premise | On-Premise |On-Premise |MotNeaded |MotMeeded |NotMeeded |NotNeeded (NotNeeded
Virtual library On-Premise |On-Premise |On-Premise |On-Premise (On-Premise (On-Premise |On-Premise |On-Premise | On-Premise |On-Premise |On-Premise |MotNeeded (On-Premise |NotMNeeded |NofNeeded
:;;Z‘;;?;f&‘f;ﬁ‘;“”ter’””kT””'"‘““ S kS %S (SES [SmS  |NotMeeded S [Sasd S [5:S  [NoiNeeded NotMeeded [SaaS  |NotNesded |NotNeeded

Calculate

Figure 6.6. A Recommended e-Learning Services Market Map as Generated by the SCCeLE

109




6.2. Implementation of the FaaS Prototype
A simple prototype has been designed and implemented using Java EE, JSTL, Html,
Javascript and Sql database development environment to build the FaaS model and to

prove the idea behind the SDW methodology.

The following snapshots of the program demonstrate some e-Learning services that are
implemented by the FaaS model.

6.2.1. Smart Cloud LMS Prototype

First screen (Figure 6.7) in the program displays the Homepage of the Smart Cloud LMS
that consists of four prototypes which have been designed and implemented to prove the

idea behind the SDW methodology.

Closed Circle e- Virtual Classroom

Mailing Service Service

AR

Virtual Office Ykl Chats oo Virtual Collaborative

Hours Service Teamwork service

Online Chatting Collaborative Meeting

Figure 6.7. Smart Cloud LMS Prototypes Homepage
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Second screen (Figure 6.8) displays the homepage of the registeration administrative
tasks in the Smart Cloud LMS, where the administrator of the Smart Cloud LMS is
responsible for all administrative tasks of the registeration process including; adding
courses; adding sections for each course and assigening (instructors, assistants and/or

administrators) for each section as shown in Figure 6.9. Finally, the administrator can

register students for certain sections of the course.

Figure 6.8. Registration Administrative Tasks Homepage

Add Course

Add Section

Figure 6.9. Assigning Sections, Instructors and/or Asistants for a Specific Course
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6.2.1.1 The Closed Circle e-Mailing Service

The implemented prototype uses a specially designed scenario (Closed Circle eMailing
System) on top of the free emailing service of Gmail. Figure 6.10 and Figure 6.11 show
those important differences in the scenario between the generic emailing system and the
Closed Circle e-Mailing service. The sender has to select the recipients from a closed
list of stakeholders (usually colleagues and/or instructor of the same section) without
even knowing their email addresses. In fact, none of the involved members knows or
needs to know their email addresses. After selecting the recipients from the closed list,
the system fetches the email addresses from the proprietary database and prepares to
compose the email message as requested by the generic emailing engine that will do the
rest of the work. It is worth noting that the student can have as many closed-circle
emailing lists as the number of sections he/she has registered in. Accordingly, the
different emailing boxes for each of these Closed Circles will contain only those

messages from/to the specific closed list of stakeholders.

Select Recipients - Google Chr...

‘ [ localhost:8084/Mashaelvu/to_2jsp

Administrator:
Khaled Majeed
Instructor:
Shehab Ahmad
Assistant
¢ Mohammad Ahmad
| Students:
| ¥ Fatma Siraj

|

select

Figure 6.10. A Closed Circle e-Mailing List to Choose the Recipients From

112



To: | Mohammad Ahmad, Fatma Siraj

Cloud computing

Figure 6.11. The Selected Recipients are then Passed to the “To” Field of the Gmail
Message

6.2.1.2 Virtual Office Hours, Virtual Collaborative Teamwork, and Virtual
Classroom

A number of e-Learning services have been prototyped using Google’s chatting system
“Hangout™”, specifically, one-on-one office hours sessions, collaborative teamwork e-
Meetings, and the virtual classrooms. Those three e-Learning services have many things
in common. The first utility is a One-On-One session; the second has a limited small
group size; while the third is a Virtual Classroom that uses many specific utilities. They
all require an interactive session, which is simulated through using Hangout and
YouTube. The tailored scenarios as prototyped for the e-Learning service of scheduling
and managing the interactive sessions of the three types of e-Learning services will be

discussed in the folowing sections.

113



A. Office Hours’ One-On-One Chatting Service
o Booking a Meeting

Figure 6.12: On this screen, a student can request a One-On-One Office Hours

Session by booking a meeting .

contact

Office Hours Meetings

Student: Ali Sultan

Upcoming Sessions m Booking a Meeting

Booking a meeting with your Instructor

Meeting Title Question on the Stack

I don't understand the push algorithn|

Description

Figure 6.12. Booking a Meeting for Office Hours’ One-On-One Chatting by Students

The administrator is responsible for arranging and assigning the new upcoming
meetings between the students and the instructor based on the students' requests.
Figure 6.13 shows the administrator interface for assigning new upcomming

meetings.

Assign Upcoming Meetings

Select Meeting ID - Meeting Details

Instructor [r—rs Student Ali Sultan
MName e

Meeting ID 4277 MNa.

Meeti
e:ml:g Question on the Stack Description | don't understand the pu Type Chatting

Hangout Link

Date 28/5/2014 Time Wednesday 10:00 am <s-w?authuser=3&hl=en

Youtube

Lirill wvatch?v=eQkOKOYKJB8 Video Embed lowfullscreen=</iframe>

Done

Figure 6.13. Assigning New Upcoming Meetings for Office Hours’ One-On-One Chatting
by the Administrator

o Upcoming Sessions
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The instructor can see all the important information of the new One-On-One
Office Hour Sessions under the upcoming sessions list that are requested by the
student and specified by the administrator. Both students and instructors can join
upcoming Office Hour Sessions. Figure 6.14 shows the user interface for

scheduled upcoming sessions.

contact

Office Hours Meetings

Student: Ali Sultan

Upcoming Sessions m Booking a Meeting

Upcoming Sessions

[ WewingTwe | ome | Tme | pcton |
I Question on the Stack 28/5/2014 Wednesday 10:00 am Jeoin

Back to Tools

a) Student Interface

contact

]
\
\
e
5

Office Hours Meetings

Instructor: Amal Ali

Upcoming Sessions m

Upcoming Sessions

S T B N
‘Question on the Stack Ali Sultan 28/512014 Wednesday 10:00 am Done

Back to Tools

b) Instructor Interface

Figure 6.14. The User Interface for Scheduled Upcoming Office Hour
Sessions
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Figure 6.15 shows the user interface for new Office Hours' One-On-One Chatting

Session developed on top of Google’s Hangout after joining the upcoming session.

B O Coogler

Question on the Stack
Oviewers @ Links

Figure 6.15. The User Interface for New Office Hours’ One-On-One Chatting
Session Developed on Top of Google’s Hangout
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o The History of Done Sessions
Students and instructors can re-play any previous meeting sessions which can be

found on the history tab. Figure 6.16 shows the user interface for the history of

done sessions with a replay capability.

about us contact

Office Hours Meetings

Student: Ali Sultan

Upcoming Sessions m Booking a Meeting

History

[ WeetngTile [ Dwe | hcion
| Question on the Stack | 28/5/2014 I replay

Back to Tools

a) Student Interface

about us contact

Office Hours Meetings

Instructor: Amal Ali

Upcoming Sessions m

History

| Question on the Stack Ali Sultan | 281612014 | replay

Back to Tools

b) Instructor Interface

Figure 6.16. The User Interface for History of Done Office Hour Sessions
with a Replay Capability
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B. The Collaborative Teamwork e-Meetings
o Assign a Collaborative Meeting
Figure 6.17: On this screen, the instructor can initiate the request and assign new

Collaborative Meetings with students.

contact

Collaborative Meetings

Instructor: Amal Ali

Upcoming Sessions m Assign a Collaborative Meeting

Assign a Collaborative Meeting

Meeting Title Discussing the Stack hc

Discussing the Stack homework

Description

Figure 6.17. Initiating New Collaborative Teamwork e-Meetings by
Instructors
Figure 6.18 shows the administrator interface for assigning new upcomming

meetings.

about us contact

Assign Upcoming Meetings

Select Meeting ID v | Meaeting Details

Instructor Student

Meeting ID 6055 Name Amal Ali Name

Me_;:::g Discussing the Stack hc Description Discussing the Stack hc Type Collaborative

Hangout Link

Date 26/5/2014 Time Monday 11:30 am MTg?authuser=0&hl=en

Y°"]'_'i'r“ie vatch?7v=eQkOKOYKJBS Video Embed lowfullscreen></iframe>

Done

Figure 6.18. Assigning New Upcoming Meetings for Collaborative
Teamwork e-Meetings by the Administrator
o Upcoming Sessions
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Student and instructors can join all upcoming Collaborative Teamwork e

Meetings. Figure 6.19 shows the user interface for scheduled upcoming sessions

3
|
1
i
§
3

Collaborative Meetings

Student: Ali Sultan

Upcoming Sessions m

Upcoming Sessions
[ MeeingTwe [ Dme | Tme | Acion |

| Discussing the Stack ;
o Monday 11:30 am

Back to Tools

a) Student Interface

about us contact

Collaborative Meetings

Instructor: Amal Ali

Upcoming Sessions m Assign a Collaborative Meeting

Upcoming Sessions

Mesting Til [ Date | Tme |
| Discussing the Stack homework 26/5/2014 | Monday 11:30 am | | Done

Back to Tools

b) Instructor Interface

Figure 6.19. The User Interface for Scheduled Upcoming Sessions of
Collaborative Teamwork e-Meetings
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Figure 6.20 shows the user interface for new Collaborative Teamwork e-Meetings

developed on top of Google’s Hangout after joining the upcoming session

:’ & m l 0

me (112F
@ vhatis cloud computing?

Manal

Figure 6.20. The User Interface for New Collaborative Teamwork e-Meetings
Developed on Top of Google’s Hangout
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o The History of Done Sessions
Students and instructors can also re-play any previous meeting sessions which can

be found on the history tab. Figure 6.21 shows the user interface for the history of

done sessions with a replay capability.

about us contact

Collaborative Meetings

Student: Ali Sultan

Upcoming Sessions

History

 Weeingte | ome | Acion |
Di ing the Stack h rk 26/5/2014 replay

Back to Tools

a) Student Interface

about us

Collaborative Meetings

Instructor: Amal Ali

Upcoming Sessions Assign a Collaborative Meeting

History

Discussing the Stack homework 26/6/2014 replay

Back to Tools

b) Instructor Interface

Figure 6.21. The User Interface for History of Done Collaborative
Teamwork Sessions with a Replay Capability
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C. The Virtual Classroom
o Assigning a Virtual Meeting
Figure 6.22: On this screen, the instructor can initiate a request and assign new

Virtual Classroom meetings with students.

Virtual Classroom Meetings

Instructor:Amal Ali

Upcoming Sessions m Assign a Virtual Classroom

Assign a Virtual Classroom Meeting

Meeting Title 'he Stack data Structure

The Stack data Structure|

Description

submit

Figure 6.22. Initiating New Virtual Classroom Meeting by the Instructor

Figure 6.23 shows the administrator interface for assigning new upcomming

meetings of virtual classroom.

Assign Upcoming Meetings

Select Meeting ID ~ | Meeting Details

¥ Instructor Student

Meeting ID G055 Name Amal Ali fo
Meeting . h .
Title Discussing the Stack hc.  Description | Discussing the Stack hc Type Collaborative

Hangout Link

Date 26/5/2014 Time Monday 11:30 am MTg?authuser=08hl=en

Yo']"_ti::‘ watch?v=eQkOKOYKJES Video Embed lowfullscreen><fiframe>

Done

Figure 6.23. Assigning New Upcomming Meetings for Virtual Classroom by
the Administrator
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o Upcoming Sessions
Student and instructors can join all upcoming Virtual Classroom meetings.

Figure 6.24 shows the user interface for scheduled upcoming sessions.

about us

Virtual Classroom Meetings

Student: Ali Sultan

Upcoming Sessions m

Upcoming Sessions

 Weengtwe [ Dme [ Tme | hcton |
The Stack data Structure 211512014 l Wednesday 7:00 pm Join

Back to Tools

a) Student Interface

about us contact

Virtual Classroom Meetings

Instructor:Amal Ali

Upcoming Sessions

 MeeingTwe | Duwe | Tme |
The Stack data Structure | 211512014 Wednesday 7:00 pm Jcnn Done

Back to Tools

b) Instructor Interface

Figure 6.24. The User Interface for Scheduled Upcoming Sessions of Virtual
Classroom
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o The History of Done Sessions
Students and instructors can also re-play any previous meetings which can be

found on the History tab. Figure 6.25 shows the user interface for the history of

done sessions with a replay capability.

about us contact

Virtual Classroom Meetings

Student: Ali Sultan

Upcoming Sessions m

History

 WeetngTe | Dme [ hoton |
The Stack data Structure 21/5/2014 replay

Back to Toels

a) Student Interface

contact

Virtual Classroom Meetings

Instructor:Amal Ali

Upcoming Sessions Assign a Virtual Classroom

History

[ MeetngTwe |  Date | Action |
The Stack data Structure 211512014 replay

Back to Tools

b) Instructor Interface

Figure 6.25. The User Interface for History of Done Virtual Classroom
Sessions with a Replay Capability
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Conclusion and Future Work
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Chapter Seven

Conclusion and Future Work

This chapter concludes the work conducted throughout this thesis. Section 7.1, reviews
the results and highlights the main contributions. Section 7.2 points out few future

research directions.
7.1. Conclusion

The main contribution of this research is of two folds. First an e-Learning-Cloud model
is developed. In this model, taxonomy of e-Learning organizations is outlined; e-
Learning services are laid down; a map of the needed services of each category of e-
Learning organizations together with their requested QoS are drawn out of a market
survey; the performance criteria of each of the services were studied and suggested; and

rule-based expert consultant system is designed and implemented (SCCeLE).

The expert recommender suggests the best Cloud Computing model for each of the
identified e-Learning services based on both the service criteria requirements and the
circumstances for each individual e-Learning organization according to its specific
devoted budget, time-to-market plan, and QoS operational requirements as well as the

technology environmental status and availability of software supporting the service.
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This expert system supports both the e-Learning organizations and the CSPs in
promoting the business of e-Learning. It guides the e-Learning organizations in
optimally implementing their e-Learning environments through recommending a
suitable cloud-mix implementation model that suits their budgets and other
considerations and goals. On the other hand, it encourages CSPs to enter the e-Learning
business domain through implementing an e-Learning market map that aids them in
identifying their target market’s needs and helps them in designing their offerings

through availing appropriate information.

The second contribution of this research is recommending an approach for developing e-
Learning services through wrapping around freely available or shareware Internet
services that were designed without e-Learning in mind. This approach saves both
implementation and operation costs of e-Learning systems, which will encourage both
current small CSPs and new comers to enter the e-Learning specialized market. It will
also avail the e-Learning services to the small e-Learning organizations in a quick and

less expensive manner, which will again encourage and boost this business.

The answers of the two hypotheses are raised in this thesis, which can be summarized as

follows:

The answer of the first hypothesis is: Yes, it is possible to use the software technology
to boost e-learning business through encouraging both educational organization and
CSPs to adopt e-Learning, and that has been achieved by implementing the rule-based
expert system (SCCeLE):

e SCCeLE tests the idea and offers a useful tool for e-Learning organizations to

use in defining the most suitable e-Learning environment implementation
strategy using a mix of cloud models.

e SCCeLE also gives consultant to CSPs where it encourages the CSPs to conquer
the business of e-Learning as it aids them in drawing a full picture on the e-

Learning market, and supports them in identifying their target market.
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The answer of the second hypothesis is: the commonly known three CSP service
models—namely, laaS, PaaS, and SaaS are not the only possible options; and it is
possible that technology opens a new opportunity for another fourth model that is more
economically suitable. That has been achieved by implementing SWD methodology and
the proposed FaaS as a fourth cloud model for developing e-Learning services software

on top of freely available internet services.

7.2. Future Work

However, there are still some research issues that are already recognized and require
further future investigation. Tasks along both dimensions of this research are planned
for future work. For instance, more investigations are yet to be worked out for designing
all the remaining e-Learning services using the FaaS technology, such as scheduling of
tasks for example ‘office hours meetings’ and ‘virtual classes’ using Google Calendar.
Other issues yet to be investigated include playback and streaming; assignments and

exams; forums and discussion groups, etc.

Along the other research dimension requiring further investigation is the expert
recommender for the CSPs. It is a similar expert system like that of the e-Learning
organizations but for the CSPs Extra abilities in addition to the market map which are
yet to be designed. In addition to extending the rule-base to for example ask the CSP
many questions about their business plans; financial abilities; preferred cloud models,
.etc, upon which a tailored recommendation that more closely fits the specific CSP’s
circumstances and plans would be recommended. We believe that both the expert
recommenders, for the e-Learning organizations and for the CSPs, will together
contribute to build a new business model for the emerging and promising market of e-
Learning. Finally, one of the important future issues that we look forward to

implementing is the experimental evaluation of the SCCeLE recommendation system.
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Appendices

Appendix 1: The Whole Set of SCCeLE Rules: The Second Phase.

Table 4.7 Representing and Describing The Whole Set of SCCeLE Rules
(The 252 Rules of the Second Phase)

Commonly

Initial Time-to . Needs & Final
Recommendation Budget Market Av::\l;i/ble QoS Recommendation
On-premise H H Y Essential :H On-premise
H H Y Essential: M On-premise
H H Y Optional: M On-premise
H H N Essential :H PaaS
H H N Essential: M PaaS
H H N Optional: M PaaS
H H Ns Essential :H PaaS
H H Ns Essential: M PaaS
H H Ns Optional: M PaaS
H H Ns Not needed
On-premise H M Y Essential :H laaS
H M Y Essential: M TaaS
H M Y Optional: M TaaS
H M N Essential :H PaaS
H M N Essential: M PaaS
H M N Optional: M PaaS
H M Ns Essential :H PaaS
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Initial Time-to Comfnonly Needs & Final
Recommendation Budget Market sz:\l;ble QoS Recommendation
H M st Essential: M PaaS
H M Ns Optional: M PaaS
On-premise H L Y Essential :H SaaS then laaS
H L Y Essential: M SaaS
H L Y Optional: M SaaS
H L N Essential :H FaaS and PaaS
H L N Essential: M FaaS and PaaS
H L N Optional: M FaaS and PaaS
H L N Not needed
H L Ns Essential :H SaaS and PaaS
H L Ns Essential: M SaaS and PaaS
H L Ns Optional: M SaaS and PaaS
On-premise M H Y Essential :H laaS
M H Y Essential: M laaS
M H Y Optional: M laaS
M H N Essential :H PaaS
M H N Essential: M PaaS
M H N Optional: M PaaS
M H Ns Essential :H PaaS
M H Ns Essential: M PaaS
M H Ns Optional: M PaaS
On-premise M M Y Essential :H JaaS
M M Y Essential: M TaaS
M M Y Optional: M laaS
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Commonly

Initial Time-to . Needs & Final
Recommendation Budget Market sz:\l;ble QoS Recommendation
M M kN Essential :H PaaS
M M N Essential: M PaaS
M M N Optional: M PaaS
M M Ns Essential :H PaaS
M M Ns Essential: M PaaS
M M Ns Optional: M PaaS
On-premise M L Y Essential :H Saa$ then laaS
M L Y Essential: M SaaS
M L Y Optional: M SaaS
M L N Essential :H FaaS and PaaS
M L N Essential: M FaaS and PaaS
M L N Optional: M FaaS and PaaS
M L N Not needed
M L Ns Essential :-H SaaS and PaaS
M L Ns Essential: M SaaS and PaaS
M L Ns Optional: M SaaS and PaaS
On-premise L H Y Essential :H SaaS
L H Y Essential: M SaaS
L H Y Optional: M SaaS
L H N Essential :H FaaS
L H N Essential: M FaaS
L H N Optional: M FaaS
L H Ns Essential :H SaaS
L H Ns Essential: M FaaS
L H Ns Optional: M FaaS
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Initial Time-to Comfnonly Needs & Final
Recommendation Budget Market sz:\l:/ble QoS Recommendation
On-premise L M Y Essential :H SaaS

L M Y Essential: M SaaS
L M Y Optional: M SaaS
L M N Essential :H FaaS
L M N Essential: M FaaS
L M N Optional: M FaaS
L M Ns Essential :H SaaS
L M Ns Essential: M FaaS
L M Ns Optional: M FaaS
L L Y Essential :H SaaS
L L Y Essential: M SaaS
L L Y Optional: M SaaS
L L N Essential :H FaaS
L L N Essential: M FaaS
L L N Optional: M FaaS
L L Ns Essential :H SaaS
L L Ns Essential: M FaaS
L L Ns Optional: M FaaS
laaS H H Y Essential :H On-Premise
H H Y Essential: M JaaS
H H Y Optional: M laaS
H H N Essential :H PaaS
H H N Essential: M PaaS
H H N Optional: M PaaS
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Initial Time-to Comfnonly Needs & Final
Recommendation Budget Market sz:\l:/ble QoS Recommendation
H H kN Not needed
H H Ns Essential :H PaaS
H H Ns Essential: M PaaS
H H Ns Optional: M PaaS
H M Y Essential :H IaaS
H M Y Essential: M laaS
H M Y Optional: M laaS
H M N Essential :H PaaS
H M N Essential: M PaaS
H M N Optional: M PaaS
H M Ns Essential :H PaaS
H M Ns Essential: M PaaS
H M Ns Optional: M PaaS
H L Y Essential :H SaaS then [aaS
H L Y Essential: M SaaS
H L Y Optional: M SaaS
H L N Essential :H FaaS and PaaS
H L N Essential: M FaaS and PaaS
H L N Optional: M FaaS and PaaS
H L Ns Essential :H SaaS and PaaS
H L Ns Essential: M SaaS and PaaS
H L Ns Optional: M SaaS and PaaS
TaaS M H Y Essential :H TaaS
M H Y Essential: M TaaS
M H Y Optional: M laaS

142




Initial Time-to Comfnonly Needs & Final
Recommendation Budget Market sz:\l:/ble QoS Recommendation
M H kN Essential :H PaaS
M H N Essential: M PaaS
M H N Optional: M PaaS
M H Ns Essential :H PaaS
M H Ns Essential: M PaaS
M H Ns Optional: M PaaS
M M Y Essential :H TaaS
M M Y Essential: M TaaS
M M Y Optional: M TaaS
M M N Essential :H PaaS
M M N Essential: M PaaS
M M N Optional: M PaaS
M M Ns Essential :H PaaS
M M Ns Essential: M PaaS
M M Ns Optional: M PaaS
M L Y Essential :H SaaS then IaaS
M L Y Essential: M SaaS
M L Y Optional: M SaaS
M L N Essential :-H FaaS and PaaS
M L N Essential: M FaaS and PaaS
M L N Optional: M FaaS and PaaS
M L Ns Essential :H SaaS and PaaS
M L Ns Essential: M SaaS and PaaS
M L Ns Optional: M SaaS and PaaS
laaS L H Y Essential :H SaaS
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Commonly

Initial Time-to . Needs & Final
Recommendation Budget Market sz:\l;ble QoS Recommendation
L H L Y Essential: M SaaS
L H Y Optional: M SaaS
L H N Essential :H FaaS
L H N Essential: M FaaS
L H N Optional: M FaaS
L H Ns Essential :H SaaS
L H Ns Essential: M FaaS
L H Ns Optional: M FaaS
L M Y Essential :H SaaS
L M Y Essential: M SaaS
L M Y Optional: M SaaS
L M N Essential :H FaaS
L M N Essential: M FaaS
L M N Optional: M FaaS
L M Ns Essential :H SaaS
L M Ns Essential: M FaaS
L M Ns Optional: M FaaS
L L Y Essential :H SaaS
L L Y Essential: M SaaS
L L Y Optional: M SaaS
L L N Essential :H FaaS
L L N Essential: M FaaS
L L N Optional: M FaaS
L L Ns Essential :H SaaS
L L Ns Essential: M FaaS
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Commonly

Initial . Budget Time-to Available Needs & Final .
Recommendation Market SW QoS Recommendation
L L Ns Optional: M FaaS
SaaS H H Y Essential :H JaaS
H H Y Essential: M SaaS
H H Y Optional: M SaaS
H H N Essential :H PaaS
H H N Essential: M PaaS
H H N Optional: M FaaS
H H Ns Essential :H PaaS
H H Ns Essential: M PaaS
H H Ns Optional: M SaaS
H M Y Essential :H TaaS
H M Y Essential: M SaaS
H M Y Optional: M SaaS
H M N Essential :H PaaS
H M N Essential: M PaaS
H M N Optional: M FaaS
H M Ns Essential :H PaaS
H M Ns Essential: M PaaS
H M Ns Optional: M SaaS
H L Y Essential :H SaaS then IaaS
H L Y Essential: M SaaS
H L Y Optional: M SaaS
H L Y Not needed
H L N Essential :H FaaS and PaaS
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Commonly

Initial Time-to . Needs & Final
Recommendation Budget Market sz:\l:/ble QoS Recommendation
H L N Essential: M FaaS and PaaS
H L N Optional: M FaaS
H L N Not needed
H L Ns Essential :H SaaS and PaaS
H L Ns Essential: M SaaS and PaaS
H L Ns Optional: M SaaS
H L Ns Not needed
SaaS M H Y Essential :H TaaS
M H Y Essential: M SaaS
M H Y Optional: M SaaS
M H N Essential :H PaaS
M H N Essential: M PaaS
M H N Optional: M FaaS
M H Ns Essential :H PaaS
M H Ns Essential: M PaaS
M H Ns Optional: M SaaS
M M Y Essential :H TaaS
M M Y Essential: M SaaS
M M Y Optional: M SaaS
M M N Essential :H PaaS
M M N Essential: M PaaS
M M N Optional: M FaaS
M M Ns Essential :H PaaS
M M Ns Essential: M PaaS
M M Ns Optional: M SaaS
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Commonly

Initial . Budget Time-to Available Needs & Final .
Recommendation Market SW QoS Recommendation
M L Y Essential :H SaaS then IaaS
M L Y Essential: M SaaS
M L Y Optional: M SaaS
M L N Essential :H FaaS and PaaS
M L N Essential: M FaaS and PaaS
M L N Optional: M FaaS
M L Ns Essential :-H SaaS and PaaS
M L Ns Essential: M SaaS and PaaS
M L Ns Optional: M SaaS
SaaS L H Y Essential :H SaaS
L H Y Essential: M SaaS
L H Y Optional: M SaaS
L H N Essential :H FaaS
L H N Essential: M FaaS
L H N Optional: M FaaS
L H Ns Essential :-H SaaS
L H Ns Essential: M FaaS
L H Ns Optional: M FaaS
L M Y Essential :H SaaS
L M Y Essential: M SaaS
L M Y Optional: M SaaS
L M N Essential :H FaaS
L M N Essential: M FaaS
L M N Optional: M FaaS
L M Ns Essential :H SaaS
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Commonly

Initial Time-to . Needs & Final
Recommendation Budget Market sz;n\l:/ble QoS Recommendation
L M Ns Essential: M FaaS
L M Ns Optional: M FaaS
L L Y Essential :H SaaS
L L Y Essential: M SaaS
L L Y Optional: M SaaS
L L N Essential :H FaaS
L L N Essential: M FaaS
L L N Optional: M FaaS
L L Ns Essential :H SaaS
L L Ns Essential: M FaaS
L L Ns Optional: M FaaS
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