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ABSTRACT 

In this project work, a hybrid cloud system using StackOps Distro Community 

Edition was designed and implemented. The Electrical and Electronic 

Engineering Department of the Federal University of Technology, Owerri was 

used as a case study. This is essential as there is greater need for readily 

available and on-the-go Information and Communication Technology services. 

Ubiquitous access to data, files, documents, project work and the like are vital 

in all spheres of life, and especially in education. Cloud access is solely on 

username and password authentication against a preloaded database. Cloud 

client devices such as mobile phones, tablets, ipads, laptops and desktops could 

be used to access the system provided Internet facilities with any web browser 

application software are installed. StackOps Distro Community Edition Cloud 

Software was used for the private cloud deployment over a wired local area 

network while WhoGoHost Web Hosting Service Provider was used to host the 

public cloud system. These two clouds form the EEE Hybrid Cloud System 

with a tested average response time of 476milliseconds, above 90% availability 

and 0% packet loss. This hybrid cloud system will provide much needed 

software, database and communication resources to the departmental staff and 

registered students. 

Key Words: Cloud, Information, Communication, Technology, Internet, 

Browser, Hosting and Hybrid. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background Information 

Cloud computing is a relatively new technology whereby computing resources 

are accessed over the Internet, via thin clients, as a service.  

The computing resources referred to here are both software and hardware 

computing resources such as application programmes, system programmes, 

servers, storage, networks, services, computer processing capacity and so on. 

Cloud computing does not require various software applications to be installed 

on the individual computing devices. It just requires a basic Internet web 

browser, such as Mozilla Firefox or Internet Explorer, to be installed. Neither 

does cloud computing depend on extensive localised hardware such as physical 

servers. All the other computing software and hardware needed are then 

accessed over the Internet from the various cloud providers. Users therefore 

need not have any knowledge of, specialized skills in, or control over the 

technology infrastructure “in the cloud” that supports them (Rhoton, 2011).  

Any thin client, which is a networked computer with minimal internal 

processing capacity, can be used to access cloud services. This sets the stage for 

ubiquitous computing whereby cloud users can access digital content and 

applications anyhow and anywhere from computing devices such as mobile 
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phones, laptops, desktop personal computers, netbooks, nettops, tablets, e-Book 

readers, media players and so on (Barnatt, 2010). 

One of the greatest advantages of cloud computing is that the cloud user is 

billed on a pay-as-you-use basis. This simply means that the cloud user is only 

expected to pay for the services actually utilized within any given period which 

results in great cost savings for the cloud user when compared with traditional 

computing. Computing resource usage is monitored, controlled, measured and 

reported, providing transparency for both the cloud provider and cloud user of 

the utilized service (Mell, 2011).                                                                                  

The term “Cloud Computing” is derived from the use of a cloud-shaped symbol 

as an abstraction for the complex infrastructure it contains in system diagrams. 

The drawing of stylized clouds, denote networks, such as the Internet, in 

diagrams of computing and communications systems.  The cloud computing 

term is useful as it distinguishes the kinds of activities that have been done 

online (over the Internet) for a couple of decades now from a totally new age of 

online software and processing power (Barnatt, 2010). 

While cloud computing is a relatively new technology and paradigm shift from 

traditional computing, it has actually been around for several years in more 

basic forms. Some of the major building blocks and concepts in the origination 

of cloud computing are Service Bureaus, Utility Computing, Grid Computing, 

Autonomic Computing, Platform Virtualization, Open Source Software, 



14 

 

Software as a Service, Client Server Model, Service Oriented Architectures, 

Mainframe Computer, Peer to Peer Model, and so on (Krutz, 2010). 

 1.2 Problem Statement 

In the department of Electrical Electronic Engineering, Federal University of 

Technology, information dissemination is largely done in hardcopy. Staff and 

students need to go to the administrative office of the department to access vital 

information. Physical notice boards in varying degrees of disrepair and 

defacement are still in use. Deadlines and urgent internal and external 

memoranda are routinely missed due to poor circulation of vital notices. 

Collaboration on project and research work is tedious as collaborators have to 

be physically in the same place which is not always convenient. Some 

departmental courses such as ENG 214 (Introduction to Computer 

Programming for Engineering Application) which base heavily on programming 

compilers require the students and staff to buy them individually and develop 

projects on them exclusively. Thus, there is a need for an interactive internet 

based portal where departmental staff and registered students can access 

departmental resources, information and application software such as the EEE 

Handbook, notice boards, emails and programming compilers. This will make 

the department as a whole more goal oriented with all the tools for great 

performance readily available and remove the bottlenecks in accessing vital 

information. 
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1.3 Objectives 

The primary objective of this project is as follows: 

 To design and implement a Hybrid Cloud using StackOps Distro 

Community Edition.  

Some of the other salient aims of this research into the cloud computing 

technology are to achieve the under listed: 

 To design and implement a Private Cloud System. 

 To design and implement a Public Cloud System. 

 To design for the Electrical/Electronic Engineering Department an 

efficient communication platform to ease information dissemination and 

research collaboration. 

 To provide some basic application software, research tools and resources 

in a uniform manner. 

 To test the Hybrid Cloud System. 

1.4 Justification of Study 

The importance and significance of this project work can be clearly shown by 

some of the following key reasons. Currently in the department there is high IT 

capital expenditure and running costs due to the department‟s reliance on hard 

copies and traditional means of communication such as paper memoranda 
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placed in staff mail boxes. With the deployment of the EEE Hybrid Cloud, such 

expenditure is greatly reduced and limited to vital communication with units 

outside the department. Also, the rate of information dissemination, via the 

eNotice Board, is greatly improved as staff and students of the department can 

keep abreast of departmental affairs and functions without being physically 

present in the department. Furthermore, basic computer software resources can 

be centrally acquired and accessed which will reduce the usual software license 

fees and increase uniformity within the department.  

1.5 Scope of Study 

The scope of this research is limited to a detailed review of literature pertaining 

to cloud computing technology with reference to its basic characteristics, uses, 

service types, deployment models, clients and so on. Also the actual design 

methods, assumptions, requirements, materials, installation, operation and 

constraints as related to the hybrid cloud system are covered in this research. 

The cloud implementation, tests performed and results are discussed as well as 

the areas suggested for further research work.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Brief History of Cloud Computing 

Cloud Computing is a relatively new technology and as such, the experts 

disagree on its exact definition.  

In the simplest of terms, Cloud Computing can be defined as the use of 

computing resources (hardware and software) which are delivered as a service 

over a network. The network utilized in Cloud Computing is the Internet. In 

general, Cloud Computing represents a different way to architect and remotely 

manage computing resources.  

This is the most basic of definitions and may be sufficient for non-technical      

readers. Experts disagree on what constitutes the essence of this fundamental 

shift in technology. Some are able to articulate their perspectives more 

eloquently than others, but that doesn‟t mean they are accepted any more 

universally. Most definitions of cloud computing include elements of the 

complete description and yet they typically do not address every aspect that has 

been associated with cloud computing. According to the 451 Group, “the cloud 

is Information Technology (IT) as a Service, delivered by IT resources that are 

independent of location”. Gartner defines it as a style of computing where 

massively scalable IT-related capabilities are provided as a service across the 

Internet to multiple external users (Gartner, 2010). Forrester says it is a pool of 

abstracted, highly scalable, and managed infrastructure capable of hosting end-

consumer applications and billed by consumption. Wikipedia, which is a web-

based encyclopaedia, defines cloud computing as a style of computing in which 

dynamically scalable and often virtualized resources are provided as a service 

over the Internet. Users need not have knowledge of, expertise in, or control 

over the technology infrastructure “in the cloud” that supports them (Rhoton, 

2011). 
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Christopher Barnatt, in his book “A Brief Guide to Cloud Computing” states 

that cloud computing is where dynamically scalable, device-independent and 

task-centric computing resources are obtained over the Internet, with any 

charges being on a per-usage basis (Barnatt, 2010). 

According to the National Institute for Science and Technology (NIST), Cloud 

computing is a model for enabling ubiquitous, 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 (Mell, 

2011).  This is the most commonly accepted definition in use today despite the 

fact that it is not universally accepted.  

A white paper published for the ACM Computer Communication Reviews, 

titled “A Break in the Clouds: Towards a Cloud Definition” compared over 

twenty distinct definitions of cloud computing in their research. The main 

notions were assembled and the following definition was derived. Cloud 

computing is “a large pool of easily usable and accessible virtualized resources 

(such as hardware, development platforms and services) that 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 Service Level Agreements (SLAs) (Vaquero, 

2009). 

The term “Cloud Computing” is derived from the use of a cloud-shaped symbol 

as an abstraction for the complex infrastructure it contains in system diagrams. 

The cloud symbol is used to represent the internet as depicted in Figure 2.1 

(Wikipedia, 2012). 
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Fig. 2.1: Cloud Computing Logical Diagram (Wikipedia, 2012). 

 

The origin of the term cloud computing is obscure, but it appears to derive from 

the practice of using drawings of stylized clouds to denote networks in diagrams 

of computing and communications systems. The term came into being around 

2008 when a variety of new services started to emerge that permitted computing 

resources to be accessed over the Internet (Barnatt, 2010). The word cloud is 

used as a metaphor for the Internet, based on the standardized use of a cloud-

like shape to denote a network on telephony schematics and later to depict the 

Internet in computer network diagrams as an abstraction of the underlying 

infrastructure it represents. The cloud symbol was used to represent the Internet 

as early as 1994 (Wikipedia, 2012).
 
In the strictest sense, the „cloud‟ is a label 

for online computing resources rather than the entire Internet. The term „cloud 

computing‟ is also useful as it distinguishes the kinds of things that have been 

done online for some decades now from a totally new age of online software 

and processing power (Barnatt, 2010).
 

http://en.wikipedia.org/wiki/File:Cloud_computing.svg
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The underlying concept of cloud computing dates back to the 1950s, when 

large-scale mainframe became available in academia and corporations, 

accessible via thin clients / terminal computers, often referred to as "dumb 

terminals", because they were used for communications but had no internal 

computational capacities. To make more efficient use of costly mainframes, a 

practice evolved that allowed multiple users to share both the physical access to 

the computer from multiple terminals as well as to share the CPU time. This 

eliminated periods of inactivity on the mainframe and allowed for a greater 

return on the investment. The practice of sharing CPU time on a mainframe 

became known in the industry as time-sharing (Strachey, 1959). 

In the 1990s, telecommunications companies, who previously offered primarily 

dedicated point-to-point data circuits, began offering virtual private network 

(VPN) services with comparable quality of service, but at a lower cost. By 

switching traffic as they saw fit to balance server use, they could use overall 

network bandwidth more effectively. They began to use the cloud symbol to 

denote the demarcation point between what the provider was responsible for 

and what users were responsible for. Cloud computing extends this boundary to 

cover servers as well as the network infrastructure (IETF, 1993). 

As computers became more prevalent, scientists and technologists explored 

ways to make large-scale computing power available to more users through 

time sharing, experimenting with algorithms to provide the optimal use of the 

infrastructure, platform and applications with prioritized access to the CPU and 

efficiency for the end users (Corbato, 2012). 

John McCarthy opined in the 1960s that "computation may someday be 

organized as a public utility" (Strachey, 1959). Almost all the modern-day 

characteristics of cloud computing (elastic provision, provided as a utility, 

online, illusion of infinite supply), the comparison to the electricity industry and 

the use of public, private, government, and community forms, were thoroughly 

http://en.wikipedia.org/wiki/Time-sharing
http://en.wikipedia.org/wiki/Virtual_private_network
http://en.wikipedia.org/wiki/John_McCarthy_(computer_scientist)
http://en.wikipedia.org/wiki/Public_utility
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explored in Douglas Parkhill's 1966 book, The Challenge of the Computer 

Utility. Other scholars have shown that cloud computing's roots go all the way 

back to the 1950s when scientist Herb Grosch (the author of Grosch's law) 

postulated that the entire world would operate on dumb terminals powered by 

about 15 large data centers (Ryan, 2011). Due to the expense of these powerful 

computers, many corporations and other entities could avail themselves of 

computing capability through time sharing and several organizations, such as 

GE's GEISCO, IBM subsidiary The Service Bureau Corporation (SBC, founded 

in 1957), Tymshare (founded in 1966), National CSS (founded in 1967 and 

bought by Dun & Bradstreet in 1979), Dial Data (bought by Tymshare in 1968), 

and Bolt, Beranek and Newman (BBN) marketed time sharing as a commercial 

venture. 

The development of the Internet from being document centric via semantic data 

towards more and more services was described as "Dynamic Web" (Tolk, 

2006). This contribution focused in particular in the need for better meta-data 

able to describe not only implementation details but also conceptual details of 

model-based applications. 

The ubiquitous availability of high-capacity networks, low-cost computers and 

storage devices as well as the widespread adoption of hardware virtualization, 

service-oriented architecture, autonomic, and utility computing have led to a 

tremendous growth in cloud computing (The Economist, 2009; Gartner, 2010; 

Gruman, 2008). 

After the dot-com bubble, Amazon played a key role in the development of 

cloud computing by modernizing their data centres, which, like most computer 

networks, were using as little as 10% of their capacity at any one time, just to 

leave room for occasional spikes. Having found that the new cloud architecture 

resulted in significant internal efficiency improvements whereby small, fast-

moving "two-pizza teams" (teams small enough to feed with two pizzas) could 

http://en.wikipedia.org/wiki/Douglas_Parkhill
http://en.wikipedia.org/wiki/Herb_Grosch
http://en.wikipedia.org/wiki/Grosch%27s_law
http://en.wikipedia.org/wiki/Service_Bureau_Corporation
http://en.wikipedia.org/wiki/Bolt,_Beranek_and_Newman
http://en.wikipedia.org/wiki/Hardware_virtualization
http://en.wikipedia.org/wiki/Service-oriented_architecture
http://en.wikipedia.org/wiki/Autonomic_Computing
http://en.wikipedia.org/wiki/Dot-com_bubble
http://en.wikipedia.org/wiki/Amazon.com
http://en.wikipedia.org/wiki/Data_center
http://en.wikipedia.org/wiki/Computer_networks
http://en.wikipedia.org/wiki/Computer_networks
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add new features faster and more easily, Amazon initiated a new product 

development effort to provide cloud computing to external customers, and 

launched Amazon Web Service (AWS) on a utility computing basis in 2006 

(Brooks, 2010; Hof, 2006). 

In early 2008, Eucalyptus became the first open-source, AWS API-compatible 

platform for deploying private clouds. In early 2008, OpenNebula, enhanced in 

the RESERVOIR European Commission-funded project, became the first open-

source software for deploying private and hybrid clouds, and for the federation 

of clouds (Rochwerger, 2009). In the same year, efforts were focused on 

providing quality of service guarantees (as required by real-time interactive 

applications) to cloud-based infrastructures, in the framework of the IRMOS 

European Commission-funded project, resulting to a real-time cloud 

environment (Kzriazis, 2010). By mid-2008, Gartner saw an opportunity for 

cloud computing "to shape the relationship among consumers of IT services, 

those who use IT services and those who sell them" and observed that 

"organizations are switching from company-owned hardware and software 

assets to per-use service-based models" so that the "projected shift to 

computing... will result in dramatic growth in IT products in some areas and 

significant reductions in other areas" (Gartner, 2008). 

On March 1, 2011, IBM announced the Smarter Computing framework to 

support Smarter Planet (Hall, 2011). Among the various components of the 

Smarter Computing foundation, cloud computing is a critical piece. 

Cloud computing developed from technologies and business approaches that 

emerged over a number of years. The major building blocks range from Internet 

technology to cloud service providers as illustrated in Figure 2.2. 

 

 

 

http://en.wikipedia.org/wiki/Amazon_Web_Services
http://en.wikipedia.org/wiki/Eucalyptus_(computing)
http://en.wikipedia.org/wiki/OpenNebula
http://en.wikipedia.org/wiki/Quality_of_service
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Fig. 2.2: Origins of Cloud Computing (Krutz, 2010). 

 

These building blocks which show the evolution of cloud computing can be 

further classified into software concepts and hardware concepts. Table 2.1 

describes the basic software concepts such as software as a service and open 

source software. Table 2.2 describes the basic hardware concepts such as peer to 

peer architecture and grid computing. 
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Table 2.1: Important Software Concepts in the Evolution of Cloud Computing (Krutz, 2010). 

CONCEPT DESCRIPTION 

Platform Virtualization The logical portioning of physical computing resources into multiple 

execution environments, including servers, applications, and operating 

systems. Virtualization is based on the concept of a virtual machine 

running on a physical computing platform. Virtualization is controlled by 

a Virtual Machine Monitor (VMM), known as a hypervisor. Xen, an open 

source hypervisor, is widely used for cloud computing. 

Open Source Software Open source uses the Internet to share intellectual property and to allow 

the collaborative creation of things too complex to be developed by one 

individual. To date, most open source initiatives have had the goal of 

creating free computer software. However, open source practices and 

philosophy are also now being applied in creation of products as diverse as 

3D printers, robots, electric and hydrogen powered vehicles and prosthetic 

limbs. 

Software as a Service 

(SaaS) 

A software distribution and deployment model in which applications are 

provided o customers as a service. The applications can run on the users‟ 

computing systems or on the provider‟s Web servers. SaaS provides for 

efficient patch management and promotes collaboration. 

Service Oriented 

Architectures (SOA) 

A set of services that communicate with each other, whose interfaces are 

known and described, whose functions are loosely coupled (the type of 

interface is not tied to the implementation), and whose use can be 

incorporated by multiple organizations. The SOA service interfaces are 

specified in extensible markup language (XML) and the services are 

expressed in (WSDL). Applications can access services in a Universal 

Description, Definition, and Integration (UDDI) registration directory. 

Cloud Services 

Examples 

Salesforce.com provides enterprise cloud computing services in 1999. 

Cloud computing services provided by Amazon Web Services in 2002. 

Elastic Compute Cloud (EC2) commercial services offered by Amazon to 

small companies and individuals whereby computing resources can be 

rented. Google offers Google Apps, which include Web applications such 

as Gmail, Docs and Calendar. Microsoft Azure Services Cloud Platform 

supports applications to be hosted and run at Microsoft data centres. 

VMware is a company that provides virtualization software for a variety of 

platforms. IBM and Juniper Networks formed a collaborative partnership 

in the delivery of cloud computing services. 
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Table 2.2: Important Hardware Concepts in the Evolution of Cloud Computing (Krutz, 2010). 

CONCEPT DESCRIPTION 

Service Bureaus These are companies which provide business services for a fee. It is used 

to describe technology based services provided to customers who do not 

have the scale or expertise to incorporate these services in their internal 

operations and prefer to outsource them to a service bureau. The service 

bureau‟s value to its customer is a combination of technology, process and 

business domain expertise. 

Utility Computing The packaging and delivery of computing resources to a customer who 

pays for these resources as a metered service when needed. The objective 

is to use services effectively while reducing associated costs. The term 

“utility” is used to compare this type of computing resource utilization and 

payment to those of utilities such as providers of electricity. 

Grid Computing The application of the processing power of multiple networked computing 

resources to solve a specific problem. It is a form of parallel processing 

conducted on a network of computers. In grid computing, servers, storage 

and networks are combined to form powerful computing resource nodes 

that can be dynamically provisioned as needed. 

Autonomic Computing The functioning of a computer system without external control. The term 

is based on the autonomic nervous system of the human body, which 

controls breathing, heart functioning, and so on without conscious input 

from the individual. The objective of autonomic computing is to have the 

computer perform critical and complex functions without any major 

intervention by a user. 

Client-Server Model This refers broadly to any distributed application that distinguishes 

between service providers (servers) and service requesters (clients). 

Mainframe Computer These are powerful computers used mainly by large organizations for 

critical applications, typically bulk data processing such as census, 

industry and consumer statistics, research and development, police and 

secret intelligence services, enterprise resource planning, and financial 

transaction processing. 

Peer-to-Peer Model This is distributed architecture without the need for central coordination. 

Participants are both suppliers and consumers of resources (in contrast to 

the traditional client–server model). 

 

http://en.wikipedia.org/wiki/Distributed_application
http://en.wikipedia.org/wiki/Census
http://en.wikipedia.org/wiki/Enterprise_resource_planning
http://en.wikipedia.org/wiki/Transaction_processing
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2.2 Ongoing Research Work 

Many universities, vendors and government organizations are investing in 

research around the topic of cloud computing (Cloudbook, 2010; NSF, 2009): 

 In October 2007, the Academic Cloud Computing Initiative (ACCI) was 

announced as a multi-university project designed to enhance students' 

technical knowledge to address the challenges of cloud computing 

(Miller, 2008). 

 In April 2009, UC Santa Barbara released the first open source platform-

as-a-service, AppScale, which is capable of running Google App Engine 

applications at scale on a multitude of infrastructures. 

 In April 2009, the St Andrews Cloud Computing Co-laboratory was 

launched, focusing on research in the important new area of cloud 

computing. Unique in the UK, StACC aims to become an international 

centre of excellence for research and teaching in cloud computing and 

provides advice and information to businesses interested in cloud-based 

services (Sommerville, 2009).  

 In October 2010, the TClouds (Trustworthy Clouds) project was started, 

funded by the European Commission's 7th Framework Programme. The 

project's goal is to research and inspect the legal foundation and 

architectural design to build a resilient and trustworthy cloud-of-cloud 

infrastructure on top of that. The project also develops a prototype to 

demonstrate its results (TClouds, 2010). 

 In December 2010, the TrustCloud research project (Ko, 2011) was 

started by HP Labs Singapore to address transparency and accountability 

of cloud computing via detective, data-centric approaches encapsulated in 

a five-layer TrustCloud Framework. The team identified the need for 

monitoring data life cycles and transfers in the cloud, (Ko, 2011) leading 

to the tackling of key cloud computing security issues such as cloud data 

http://en.wikipedia.org/wiki/AppScale
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leakages, cloud accountability and cross-national data transfers in 

transnational clouds. 

 In June 2011, the Telecommunications Industry Association developed a 

Cloud Computing White Paper, to analyze the integration challenges and 

opportunities between cloud services and traditional U.S. 

telecommunications standards (TIA, 2011). 

 In July 2011, the High Performance Computing Cloud (HPCCLoud) 

project was kicked-off aiming at finding out the possibilities of enhancing 

performance on cloud environments while running the scientific 

applications - development of HPCCLoud Performance Analysis Toolkit 

which was funded by CIM-Returning Experts Programme - under the 

coordination of Prof. Dr. Shajulin Benedict. 

In traditional computing, local software applications are installed and data is 

stored on individual personal computers. Computer users within organizations 

may also access enterprise applications, data storage and processing power from 

a corporate data centre as well as the Internet for accessing information from 

websites and exchanging emails and file attachments. 

In cloud computing, corporate data centres have been decommissioned. 

Software applications are no longer installed on individual computer systems. 

Data storage, processing power, enterprise applications and personal 

applications are all accessed from the cloud.  

This shift to cloud computing has dire implications for traditional software 

companies and IT personnel in company departments (Barnatt, 2010). Figure 

2.3 and figure 2.4 show the main difference between traditional computing and 

cloud computing.  
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Fig. 2.3: Traditional Computing Model (Barnatt, 2010). 
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Fig. 2.4: Cloud Computing Model (Barnatt, 2010). 
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2.3 Cloud Computing Participants 

It is important to understand that an ecosystem of participants define the cloud 

computing market. This ecosystem consists of four categories of players 

namely: 

1. Consumers 

2. Service Providers 

3. Service Designers  

4. Systems Integrators as cloud service providers 

The relationship between the four cloud computing participants is depicted in 

figure 2.5. 

 

 

Fig. 2.5: Cloud Computing Participants. 

 

The fourth category of participants is a combination of the first three. That is, 

system integrators can be consumers of cloud services, they can become service 

providers themselves or they can design cloud services. Here are characteristics 

of each: 

CLOUD 
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CONSUMERS 

SERVICE 
DESIGNERS 

SERVICE 
INTEGRATORS 
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PROVIDERS 
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1. Consumers: There are different types of consumers. A cloud services 

consumer might be an individual, or a small business team. Departments 

in large companies can be cloud services consumers. The IT Department 

can use cloud services to either supplement existing data centre services, 

or to provide specific cloud-based applications such as customer 

relationship management (CRM) to the Sales Department. Likewise, even 

a company that provides cloud services to consumers may use third-party 

cloud services to supplement their capacity. 

2. Service Providers: Cloud service providers are companies that offer 

packaged services to consumers. Many different types of providers range 

from those who offer services to individuals and those who serve a broad 

set of constituents. Many service providers focus on certain markets or 

certain types of workloads so they can optimize their offerings 

inexpensively. Thousands of cloud services providers provide public 

cloud services. Other service providers offer private clouds to support 

specialized services. A service provider can also be the consumer of a 

service they acquire to support their customers. Some traditional 

businesses have taken on the role of becoming a service provider to their 

customers and partners. These companies are discovering that like 

professional service providers, they can create a private cloud and offer 

their own set of services to their customers, which are viewed as a new 

source of revenue. 

3.  Service Designers: Companies that create sophisticated services, tools, 

and applications to support a variety of cloud models have a huge 

opportunity. These designers typically build everything from a full 

“Software as a Service” (SaaS) platform to tools needed for developers or 

deployers of cloud services. For example, there is an emerging market for 
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companies that design security and governance offerings to support a 

variety of cloud models. 

4. System Integrators as Cloud Service Providers: System integrators are 

helping customers integrate their data centre with public cloud services 

and private cloud environments. These companies are helping to define 

best practices and implementation road maps. These integrators can 

provide private clouds that they can host and manage for customers 

(Hurwitz, 2012). 

Users access cloud computing using networked client devices, such as desktop 

computers, laptops, tablets and smartphones. Some of these devices - cloud 

clients - rely on cloud computing for all or a majority of their applications so as 

to be essentially useless without it. Examples are thin clients and the browser-

based Chromebook. Many cloud applications do not require specific software 

on the client and instead use a web browser to interact with the cloud 

application. With Ajax and HTML5 these Web user interfaces can achieve a 

similar or even better look and feel as native applications. Some cloud 

applications, however, support specific client software dedicated to these 

applications (e.g., virtual desktop clients and most email clients). Some legacy 

applications (line of business applications that until now have been prevalent in 

thin client Windows computing) are delivered via a screen-sharing technology 

(Wikipedia, 2012).  

2.4 Characteristics of Cloud Computing 

According to the NIST, there are five (5) essential characteristics of cloud 

computing, namely: 

1. On-demand self-service 

2. Broad network access 

3. Resource pooling 

http://en.wikipedia.org/wiki/Desktop_computers
http://en.wikipedia.org/wiki/Desktop_computers
http://en.wikipedia.org/wiki/Laptop
http://en.wikipedia.org/wiki/Tablet_computer
http://en.wikipedia.org/wiki/Smartphones
http://en.wikipedia.org/wiki/Thin_clients
http://en.wikipedia.org/wiki/Chromebook
http://en.wikipedia.org/wiki/Ajax_(programming)
http://en.wikipedia.org/wiki/HTML5
http://en.wikipedia.org/wiki/Web_user_interface
http://en.wikipedia.org/wiki/Look_and_feel
http://en.wikipedia.org/wiki/Desktop_virtualization
http://en.wikipedia.org/wiki/Thin_client
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4. Rapid elasticity 

5. Measured service 

On-demand self-service. A consumer can unilaterally provision computing 

capabilities, such as server time and network storage, as needed automatically 

without requiring human interaction with each service‟s provider (Mell, 2011). 

On-demand self-service allows users to obtain, configure and deploy cloud 

services themselves using cloud service catalogues, without requiring the 

assistance of IT (Perera, 2012). The self-service requirement of cloud 

computing prompts infrastructure vendors to create cloud computing templates, 

which are obtained from cloud service catalogues. Manufacturers of such 

templates or blueprints include BMC Software (BMC), with Service Blueprints 

as part of their cloud management platform (Sturdevant, 2011) Hewlett-Packard 

(HP), which names its templates as HP Cloud Maps (Waters, 2010) RightScale 

(Babcock, 2011) and Red Hat, which names its templates CloudForms. 

(Jackson, 2012) The templates contain predefined configurations used by 

consumers to set up cloud services. The templates or blueprints provide the 

technical information necessary to build ready-to-use clouds. Each template 

includes specific configuration details for different cloud infrastructures, with 

information about servers for specific tasks such as hosting applications, 

databases, websites and so on (Babcock, 2011). The templates also include 

predefined Web service, the operating system, the database, security 

configurations and load balancing (Jackson, 2012). 

Cloud consumers use cloud templates to move applications between clouds 

through a self-service portal. The predefined blueprints define all that an 

application requires to run in different environments. For example, a template 

could define how the same application could be deployed in cloud platforms 

based on Amazon Web Service, VMware or Red Hat (Brown, 2012). The user 

organization benefits from cloud templates because the technical aspects of 

http://en.wikipedia.org/wiki/RightScale
http://en.wikipedia.org/wiki/Red_Hat
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cloud configurations reside in the templates, letting users to deploy cloud 

services with a push of a button (Riglian, 2011; Samson, 2012). Cloud 

templates can also be used by developers to create a catalogue of cloud services 

(SiliconIndia, 2012). 

Broad network access. Capabilities are available over the network and accessed 

through standard mechanisms that promote use by heterogeneous thin or thick 

client platforms (e.g. mobile phones, laptops, and PDAs). 

Resource pooling. The provider‟s computing resources are pooled to serve 

multiple consumers using a multi-tenant model, with different physical and 

virtual resources dynamically assigned and reassigned according to consumer 

demand. There is a sense of location independence in that the customer 

generally has no control or knowledge over the exact location of the provided 

resources but may be able to specify location at a higher level of abstraction 

(e.g., country, state, or data centre). Examples of resources include storage, 

processing, memory, network bandwidth, and virtual machines. 

Rapid elasticity. Capabilities can be rapidly and elastically provisioned, in some 

cases automatically, to quickly scale out, and rapidly released to quickly scale 

in. To the consumer, the capabilities available for provisioning often appear to 

be unlimited and can be purchased in any quantity at any time. 

Measured Service. Cloud systems automatically control and optimize resource 

use by leveraging a metering capability at some level of abstraction appropriate 

to the type of service (e.g., storage, processing, bandwidth, and active user 

accounts). Resource usage can be monitored, controlled, and reported, 

providing transparency for both the provider and consumer of the utilized 

service (Mell, 2011). 

As John Rhoton states in his book “Cloud Computing Explained”, the 

characteristics or attributes of typical cloud solutions are key in understanding 

common interpretations of Cloud Computing. On their own, these attributes are 
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neither necessary nor sufficient prerequisites to the notion of cloud computing, 

but typically, the more of these attributes that apply, the more likely it would be 

accepted as a cloud solution. Some of these attributes are: 

a) Off-Premise: The service is hosted and delivered from a location that 

belongs to the service provider. This usually has two implications: the 

service is delivered over the public Internet and the processing occurs 

outside the user‟s firewall. In other words, the server must cross both 

physical and security boundaries. 

b) Flexible Billing: The elasticity of cloud computing as earlier explained can 

equate to direct cost savings. Fine-grained metering of resource usage, 

combined with on-demand service provisioning, facilitate a number of 

options for charging customers. Fees can be levied on a subscription basis 

or can be tied to actual consumption, or reservation, of resources. 

Monetization can take the form of placed advertising or can rely on simple 

credit card charges in addition to elaborate contracts and central billing. 

c) Virtualization: Cloud services are usually offered through an abstracted 

infrastructure. They leverage various virtualization mechanisms and 

achieve cost optimization through multi-tenancy. 

d) Service Delivery: Cloud functionality is often available as a service of 

some form. While there is great variance in the nature of these services, 

typically the services offer programmatic interfaces I addition to the user 

interfaces. 

e) Simplified Management: Administration is simplified through automatic 

provisioning to meet scalability requirements, user self-service to expedite 

business processes and programmatically accessible resources that 

facilitate integration into enterprise management frameworks. 

f) Affordable Resources: The cost of resources is dramatically reduced for 

two reasons. There is no requirement for capital expenditures on fixed 
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purchases. Also, the economy of scale of the service providers allow them 

to optimize their cost structure with commodity hardware and fine-tuned 

operational procedures that are not easily matched by most companies. 

g) Multi-tenancy: The cloud is used by many organizations (tenants) and 

includes mechanisms to protect and isolate each tenant from all others. 

Pooling resources across customers is an important factor in achieving 

scalability and cost savings (Rhoton, 2011). 

Multitenancy enables sharing of resources and costs across a large pool of 

users thus allowing for:  

o Centralization of infrastructure in locations with lower costs (such 

as real estate, electricity, etc.)  

o Peak-load capacity increases (users need not engineer for highest 

possible load-levels)  

o Utilisation and efficiency improvements for systems that are often 

only 10–20% utilised (Hof, 2006). 

h) Service-level Management: Cloud services typically offer a service-level 

definition that sets the expectation with the customer as to how robust that 

service will be. Some services may come with only minimal or non-

existent commitments. They can still be considered cloud services but will 

not be “trusted” for mission-critical applications to the extent that others 

governed by more precise commitments might (Rhoton, 2011). 

Christopher Barnatt in his book, A Brief Guide to Cloud Computing, states the 

key cloud computing characteristics are as follows: 

a) Cloud computing is dynamically scalable: This is due to the fact that users 

only ever have to consume the amount that they actually require. Just as 

pre-paid meter electricity consumers draw as much or as little electricity as 

they need from the power grid, so any cloud users can draw as many or as 

few computing resources from the cloud as they require at any given 

http://en.wikipedia.org/wiki/Multitenancy
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moment. This means that individuals and organizations will no longer have 

to invest in computing resources that often sit idle. Nor will they have to 

wait in frustration for complex computing tasks to be completed due to a 

lack of available processing power. 

b) Cloud computing is device-independent: Cloud computing resources can 

be accessed by any kind of computer. Provided that such a computer has 

an Internet connection and a web browser, it really does not matter if the 

computer is a traditional desktop or laptop PC, or even a netbook, tablet, 

smartphone, e-book reader, surface computer, ambient device or any other 

new computing appliance. This is a radically new development as even 

though it has become easy over the past decade to exchange data between 

different computers, there remains a requirement for the right software to 

be installed. For instance, if a Microsoft PowerPoint presentation is created 

and sent as an e-mail attachment, the recipient needs to have the Microsoft 

PowerPoint software application installed on his computer system to be 

able to open and edit the file in a completely compatible manner. However, 

if the cloud service Google Docs is used to create the presentation, the e-

mail attachment could be opened and edited on any kind of computer 

system with an Internet connection and web browser.  

c) Cloud computing is task-centric: Cloud computing is task-centric because 

the usage model is based entirely around what users want to achieve, rather 

than any particular software, hardware or network infrastructure. Users do 

not need to purchase or install anything before using a cloud computing 

resource. Nor do they have to maintain or pay for anything during periods 

in which no resources are being used. Simply put, cloud computing allows 

a consumer to simply get on with the task at hand without bothering about 

the location and installation of the tools being used. 
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d) Cloud computing has no fixed costs: In business, a fixed cost is something 

that has to be paid regardless of the number of people who use a certain 

facility or the company‟s level of production. A variable cost is different 

because it changes according to the number of people involved and output 

levels. As cloud computing is dynamically scalable and task-centric, for 

most users it has no fixed cost. Rather, all costs are on a per-usage or 

variable basis. Software applications purchased from the cloud similarly 

incur only variable costs. When provision is not free, charges are typically 

based on the number of people using an application each month, or the 

number of records or projects being worked on. Thus the fact that cloud 

computing has only variable costs is extremely important for small 

companies as they can now access all kinds of sophisticated business 

software  applications previously available to much larger corporations. 

Examples of such software applications include the latest versions of 

human resource, project management and customer relationship 

management (CRM) applications (Barnatt, 2010). 

Some other basic characteristics of cloud computing include: 

 Application programming interface (API) accessibility to software that 

enables machines to interact with cloud software in the same way that a 

traditional user interface (e.g., a computer desktop) facilitates interaction 

between humans and computers. Cloud computing systems typically use 

Representational State Transfer (REST)-based APIs. 

 Performance is monitored, and consistent and loosely coupled 

architectures are constructed using web services as the system interface 

(Gens, 2008). 

 Security could improve due to centralization of data, increased security-

focused resources, etc., but concerns can persist about loss of control over 

certain sensitive data, and the lack of security for stored kernels (Hughes, 

http://en.wikipedia.org/wiki/Application_programming_interface
http://en.wikipedia.org/wiki/Representational_state_transfer
http://en.wikipedia.org/wiki/Computer_performance
http://en.wikipedia.org/wiki/Web_services
http://en.wikipedia.org/wiki/Computer_security
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2009). Security is often as good as or better than other traditional 

systems, in part because providers are able to devote resources to solving 

security issues that many customers cannot afford (Mills, 2009). 

However, the complexity of security is greatly increased when data is 

distributed over a wider area or greater number of devices and in multi-

tenant systems that are being shared by unrelated users. In addition, user 

access to security audit logs may be difficult or impossible. Private cloud 

installations are in part motivated by users' desire to retain control over 

the infrastructure and avoid losing control of information security.  

 Maintenance of cloud computing applications is easier, because they do 

not need to be installed on each user's computer and can be accessed from 

different places. 

2.5 Cloud Computing Service Models 

In cloud computing, there are several service models. These service models 

basically refer to the type of service provided to the consumer by the cloud 

service provider. One characteristic aspect of cloud computing is a strong focus 

toward service orientation. Rather than offering only packaged solutions that are 

installed directly on desktops and servers, or investing in single-purpose 

appliances, the functionality that users require are broken down into basic 

modules that can be assembled as required. Thus a classification structure was 

formulated to illustrate the relationships between services.  The most common 

classification uses the SPI (Software as a Service, Platform as a Service, 

Infrastructure as a Service) model (NIST, 2009). These three basic service 

models are depicted in Figure 2.6. 
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Fig. 2.6: Basic Cloud Computing Deployment Models (Barnatt, 2010). 

These three service models differ in the extent of sharing they imply for their 

customers. Infrastructure services share the physical hardware. Platform 

services allow tenants to share the same operating system and application 

frameworks. Software services share the entire software stack. As shown in 

Figure 2.7, these three approaches represent different tradeoffs in a balance 

between optimization, which leverages multi-tenancy and massive scalability, 

on the one hand, and flexibility to accommodate individual constraints and 

custom functionality, on the other hand. 
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Fig. 2.7.: Software, Platform and Infrastructure Services (Rhoton, 2011).  

Software services are typically highly standardized and tuned for efficiency. 

However, they can only facilitate minor extensions. At the other extreme, 

infrastructure services can host almost any application but are not able to 

leverage the benefits of economy of scope as easily. Platform services represent 

a middle ground as they provide flexible frameworks with only a few 

constraints and are able to accommodate some degree of optimization (Rhoton, 

2011). 

Cloud Software as a Service (SaaS): The capability provided to the consumer 

is to use the provider‟s applications running on a cloud infrastructure. The 

applications are accessible from various client devices through a thin client 

interface such as a web browser (e.g., web-based email). The consumer does not 

manage or control the underlying cloud infrastructure including network, 

servers, operating systems, storage, or even individual application capabilities, 

with the possible exception of limited user-specific application configuration 

settings (Mell, 2011). 

Examples of SaaS include: Google Apps, Microsoft Office 365, Onlive, GT 

Nexus, Marketo, and TradeCard (Wikipedia, 2012). 

http://en.wikipedia.org/wiki/Google_Apps
http://en.wikipedia.org/wiki/Microsoft_Office_365
http://en.wikipedia.org/wiki/Onlive
http://en.wikipedia.org/wiki/GT_Nexus
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http://en.wikipedia.org/wiki/TradeCard
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Cloud Platform as a Service (PaaS): The capability provided to the consumer 

is to deploy onto the cloud infrastructure consumer-created or acquired 

applications created using programming languages and tools supported by the 

provider. The consumer does not manage or control the underlying cloud 

infrastructure including network, servers, operating systems, or storage, but has 

control over the deployed applications and possibly application hosting 

environment configurations (Mell, 2011). 

Examples of PaaS include: AWS Elastic Beanstalk, Cloud Foundry, Heroku, 

Force.com, EngineYard, Mendix, OpenShift, Google App Engine, Windows 

Azure Cloud Services and OrangeScape (Wikipedia, 2013). 

Cloud Infrastructure as a Service (IaaS): The capability provided to the 

consumer is to provision processing, storage, networks, and other fundamental 

computing resources where the consumer is able to deploy and run arbitrary 

software, which can include operating systems and applications. The consumer 

does not manage or control the underlying cloud infrastructure but has control 

over operating systems, storage, deployed applications, and possibly limited 

control of select networking components such as host firewalls (Mell, 2011). 

Examples of IaaS providers include Amazon CloudFormation, Amazon EC2, 

Open Stack Distribution Stack Ops, Windows Azure Virtual Machines, 

DynDNS, Google Compute Engine, HP Cloud, iland, Joyent, Oracle 

Infrastructure as a Service, SingleHop, Rackspace Cloud, ReadySpace Cloud 

Services, SAVVIS, Terremark, NaviSite, and Linode (Wikipedia, 2012). 

Open Stack Distribution StackOps can be defined as an open source 

infrastructure as a service (IaaS) initiative for creating and managing large 

groups of virtual private servers in a cloud computing environment. The goals 

of the OpenStack initiative are to support interoperability between cloud 

services and allow organizations and businesses to build Amazon-like cloud 

services in their own data centres. The technology consists of a series of 
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interrelated projects that control pools of processing, storage, and networking 

resources throughout a datacenter, all managed through a dashboard that gives 

administrators control while empowering its users to provision resources 

through a web interface. OpenStack APIs are compatible with Amazon EC2 and 

Amazon S3 and thus client applications written for Amazon Web Services can 

be used with OpenStack with minimal porting effort. 

OpenStack has a modular architecture that currently has the following 

components:  

 OpenStack Compute (NOVA) – This is a cloud computing fabric 

controller for provisioning and managing large networks of virtual 

machines (VMs). It is written in Python and uses many external libraries 

such as Eventlet (for concurrent programming), Kombu (for AMQP 

communication), and SQLAlchemy (for database access). Nova's 

architecture is designed to scale horizontally on standard hardware with 

no proprietary hardware or software requirements and provides the ability 

to integrate with legacy systems and third party technologies. It is 

designed to manage and automate pools of computer resources and can 

work with widely available virtualization technologies. 

 OpenStack Object Storage (SWIFT) – This is a scalable redundant 

storage system that provides support for both object storage and block 

storage. Objects and files are written to multiple disk drives spread 

throughout servers in the data center, with the OpenStack software 

responsible for ensuring data replication and integrity across the cluster. 

Storage clusters scale horizontally simply by adding new servers. Should 

a server or hard drive fail, OpenStack replicates its content from other 

active nodes to new locations in the cluster. Because OpenStack uses 
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software logic to ensure data replication and distribution across different 

devices, inexpensive commodity hard drives and servers can be used. 

 OpenStack Block Storage (Cinder) - Provides persistent block-level 

storage devices for use with OpenStack compute instances. The block 

storage system manages the creation, attaching and detaching of the block 

devices to servers. Block storage volumes are fully integrated into 

OpenStack Compute and the Dashboard allowing for cloud users to 

manage their own storage needs. In addition to local Linux server storage, 

it can use storage platforms such as Ceph and CloudByte. Block storage 

is appropriate for performance sensitive scenarios such as database 

storage, expandable file systems, or providing a server with access to raw 

block level storage. Snapshot management provides powerful 

functionality for backing up data stored on block storage volumes. 

Snapshots can be restored or used to create a new block storage volume. 

 OpenStack Networking (Neutron) – This is a system for managing 

networks and IP addresses. Like other aspects of the cloud operating 

system, it can be used by administrators and users to increase the value of 

existing datacenter assets. OpenStack Networking ensures the network 

will not be the bottleneck or limiting factor in a cloud deployment and 

gives users real self-service, even over their network configurations. 

OpenStack Neutron provides networking models for different 

applications or user groups. Standard models include flat networks or 

VLANs for separation of servers and traffic. OpenStack Networking 

manages IP addresses, allowing for dedicated static IPs or DHCP. 

Floating IPs allow traffic to be dynamically rerouted to any of your 

compute resources, which allows you to redirect traffic during 

maintenance or in the case of failure. Users can create their own 

networks, control traffic and connect servers and devices to one or more 
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networks. Administrators can take advantage of software-defined 

networking (SDN) technology like OpenFlow to allow for high levels of 

multi-tenancy and massive scale. OpenStack Networking has an 

extension framework allowing additional network services, such as 

intrusion detection systems (IDS), load balancing, firewalls and virtual 

private networks (VPN) to be deployed and managed. 

 OpenStack Dashboard (Horizon) – This provides administrators and users 

a graphical interface to access, provision and automate cloud-based 

resources. The design allows for third party products and services, such 

as billing, monitoring and additional management tools. The dashboard is 

also brandable for service providers and other commercial vendors who 

want to make use of it. The dashboard is just one way to interact with 

OpenStack resources. Developers can automate access or build tools to 

manage their resources using the native OpenStack API or the EC2 

compatibility API. 

 OpenStack Identity (Keystone) - This provides a central directory of users 

mapped to the OpenStack services they can access. It acts as a common 

authentication system across the cloud operating system and can integrate 

with existing backend directory services like LDAP. It supports multiple 

forms of authentication including standard username and password 

credentials, token-based systems and AWS-style (i.e. Amazon Web 

Services) logins. Additionally, the catalog provides a queryable list of all 

of the services deployed in an OpenStack cloud in a single registry. Users 

and third-party tools can programmatically determine which resources 

they can access. 

 OpenStack Image Service (Glance) - This provides discovery, registration 

and delivery services for disk and server images. Stored images can be 

used as a template. It can also be used to store and catalog an unlimited 
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number of backups. The Image Service can store disk and server images 

in a variety of back-ends, including OpenStack Object Storage. The 

Image Service API provides a standard REST interface for querying 

information about disk images and lets clients stream the images to new 

servers. 

Another depiction of the relationship of the SaaS, PaaS and IaaS Models is 

shown in Figure 2.8 below. 

 

 

 

 

 

Fig. 2.8: Cloud Computing Service Models (Barnatt, 2010). 

In 2012, Network as a Service (NaaS) and Communication as a Service (CaaS) 

were officially included by ITU (International Telecommunication Union) as 

part of the basic cloud computing models, recognized service categories of a 

telecommunication-centric cloud ecosystem (ITU-T, 2012). 

Cloud Network as a Service (NaaS): A category of cloud services where the 

capability provided to the cloud service user is to use network/transport 

connectivity services and/or inter-cloud network connectivity services (ITU-T, 

2012). NaaS involves the optimization of resource allocations by considering 

network and computing resources as a unified whole (Gabrielsson, 2010). 

Traditional NaaS services include flexible and extended Virtual Private 

Network (VPN), and bandwidth on demand. NaaS concept materialization also 

includes the provision of a virtual network service by the owners of the network 

infrastructure to a third party Virtual Network Provider (VNP) or Virtual 

Network Operator (VNO) (Carapinha, 2010). 
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Figure 2.9 below shows the inter-relationship between the cloud clients and the 

three basic cloud service models available. 

 

Fig. 2.9: Cloud Computing Services (Wikipedia, 2012). 

Cloud Communication as a Service (CaaS): This is an outsourced enterprise 

communications solution that can be leased from a single vendor. Such 

communication can include voice over IP (VoIP or Internet Telephony), Instant 

Messaging (IM), collaboration and videoconference applications using fixed 

and mobile devices. CaaS has evolved along the same lines as Software as a 

Service (SaaS). The CaaS vendor is responsible for all hardware and software 

management and offers guaranteed Quality of Service (QoS). CaaS allows 

businesses to selectively deploy communications services and models on a pay-

as-you-go, as-needed basis. This approach eliminates the large capital 

investment and ongoing overhead for a system whose capacity may often 

exceed or fall short of current demand. CaaS offers flexibility and expandability 

that small and medium-sized organizations might not otherwise afford, allowing 

for the addition of devices, modes or coverage on demand. The network 

capacity and feature set can be changed from day to day if necessary so that 

functionality keeps pace with demand and resources are not wasted. There is no 

http://en.wikipedia.org/wiki/File:Cloud_computing_layers.png
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risk of the system becoming obsolete and requiring periodic major upgrades or 

replacement (Rouse, 2008). 

2.6 Cloud Computing Deployment Models: 

There are four main deployment models for cloud computing, namely: 

1. Private Cloud 

2. Community Cloud 

3. Public Cloud 

4. Hybrid Cloud 

A depiction of these four cloud deployment models is shown in Figure 2.10. 

 

Fig. 2.10: Cloud Computing Deployment Models (Wikipedia, 2012). 

 

1. Private Cloud. The cloud infrastructure is operated solely for an 

organization. It may be managed by the organization or a third party and 

may exist on premise or off premise. 

2. Community Cloud. The cloud infrastructure is shared by several 

organizations and supports a specific community that has shared concerns 

(e.g., mission, security requirements, policy, and compliance 

considerations). It may be managed by the organizations or a third party 

and may exist on premise or off premise. 
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3. Public Cloud. The cloud infrastructure is made available to the general 

public or a large industry group and is owned by an organization selling 

cloud services. 

4. Hybrid Cloud. The cloud infrastructure is a composition of two or more 

clouds (private, community, or public) that remain unique entities but are 

bound together by standardized or proprietary technology that enables 

data and application portability (e.g., cloud bursting for load balancing 

between clouds) (Mell, 2011). 

The following Table 2.3 gives a comparison based on cost, privacy, scalability, 

sign-on capabilities and so on among the four cloud deployment models 

currently available. 

Table 2.3: Comparison of the different Cloud Deployment Models 

CRITERIA PUBLIC PRIVATE COMMUNITY HYBRID 

Initial cost Typically zero Typically high Shared Typically 

moderate 

Running cost Predictable Unpredictable Unpredictable unpredictable 

Customizat-

ion 

Impossible Possible Possible Possible 

Privacy No (Host has access 

to the data) 

Yes Yes No 

Single sign-

on 

Impossible Possible Impossible Impossible 

Scaling up Easy while within 

defined limits 

Laborious but no 

limits 

Possible Possible 

 

2.7 The Cloud Adoption Curve 

Cloud computing is now seriously and rapidly entering the main stream. In 

2009 scepticism was still rife but by 2010 there was a strong and growing 

awareness of cloud computing‟s competitive, environmental and innovatory 

paybacks. As network computing giant Sun Microsystems argued in one of its 

recent white papers, „cloud computing is the next generation‟ and is now well 

and truly „taking the information technology world by storm‟. 2010 is treated by 

most analysts as the first really big year of cloud computing and it is forecast 
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that the transition to mainstream cloud computing will take about a decade. 

Given such analysis, Figure 2.11 illustrates a likely cloud computing adoption 

curve. The vertical axis in Figure 2.11 plots the number of firms transitioning in 

whole or part to cloud computing in a particular year.  As the figure shows, 

between 2005 and 2010 the steadily rising number of firms embracing cloud 

computing were all pioneers. Cloud computing‟s second phase of mainstream 

early adoption runs from 2010 to 2015. The number of companies involved is 

expected to peak around 2015, with the second part of the decade comprising a 

mainstream phase of late adoption. By 2020 it is then likely that we will witness 

a „laggard‟ period in which most of the remaining companies will start using 

cloud computing. While the supply, if not the application, of computing 

resources will in future cease to give a competitive advantage, there is at present 

a medium-term competitive payback to be gained from being an early adopter. 

This is because companies who are early adopters of cloud computing will 

obtain cost savings and innovation gains that the laggards will not yet be 

reaping. Speculatively, by 2020 the playing field will have evened out and few 

companies will be overpaying for their computing resources. However, the 

opportunity to run computing more effectively than others for even a few years 

is something that no organization should ignore (Barnatt, 2010). 

 

Fig. 2.11: The Cloud Adoption Curve (Barnatt, 2010).  
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2.8     The State of Cloud Computing around the World 

Cloud computing has come to stay and is being implemented in several parts of 

the world today. The only difference between countries and continents 

worldwide is the level of their adoption of cloud computing.  

AFRICA 

Africa, despite being home to billions of people who don‟t even own a 

computer, much less an internet connection, may ironically be one of the places 

that will benefit dramatically from cloud computing. 

The multitude of challenges facing the continent actually make Africa a fertile 

ground for cloud computing, because it paves the way for mobile applications 

on the cloud. According to data from the World Bank, while only an estimated 

140 million out of 1 billion people on the continent use the Internet, there are 

650 million mobile phone users (World Bank, 2012).   

Several issues need to be addressed before cloud computing becomes viable in 

Africa.  

First is the availability of broadband internet, which has been a problem for 

businesses who wish to set up shop in Africa. Fortunately, Africa is receptive to 

progress, and bandwidth in their country is showing dramatic improvements 

over the past few years.  

Besides broadband issues, potential cloud service providers in Africa need to 

face another important problem: the power grid. While South Africa is already 

enjoying first world utilities in many aspects, electrical service is not one of 

them. The incumbent power provider is not very reliable, resulting in frequent 

outages. Besides being unreliable, there‟s also a lack of electrical capacity – 

there‟s simply not enough power being generated to sustain large companies 

with server farms. This very serious infrastructure problem scares away 

companies from building data centres in Africa. 
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Ironically, it is Africa‟s shortcomings in wired infrastructure that made the 

region a good place for cloud adoption. One of the key results of the lack of 

decent and affordable wired services is that people have instead adopted mobile 

application services. In some cases, mobile applications of certain types have 

usage statistics that dwarf even the US‟s. An example is Safaricom‟s M-PESA 

mobile payment system, which provides a way for customers to transfer money 

to each other through mobile phones. 

Compared to wired internet, the deployment of mobile bandwidth in Africa is 

significantly easier, both from a financial and cultural perspective. A recent 

World Bank study even revealed that 97 percent of Africa‟s population can be 

covered by mobile without the need for any government subsidy. 

Even Africa‟s problem with electricity is solved by mobile devices, as mobile 

devices tend to be rechargeable and don‟t need to be connected to an outlet all 

the time. In fact, even areas where there are no electric grid have mobile users, 

since recharging can be done via generators and solar cells. 

Africa will be the continent that will show the industry that the true path to the 

cloud is not only independent of the PC, but of the Web as well. The key 

difference with mobile users in Africa and those in more developed countries is 

that while the latter use their mobile devices to access Web content, the former 

tend to stay off the Web and stick to content within apps, without even realizing 

that they‟re web based as well. This could bode well for a lot of cloud apps that 

are being marketed as “apps” for mobile devices instead of web-based 

interfaces. 

The main takeaway from Africa‟s cloud computing industry is that one of the 

key drivers of success is a company‟s ability to pay attention to the needs of 

users on a local level. You need to offer services that are relevant to the target 

audience – in culture, needs, and financial capabilities. This is a lesson that the 

West needs to learn right now, instead of assuming that cloud computing 
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applications are a universal service that doesn‟t need to be tailored specifically 

on a user-per-user basis (Cruz, 2012). 

CHINA 

China is the newest country to see the massive potential of cloud computing, 

and the nation is now throwing its massive weight behind the cloud, with the 

country currently accounting for around 3% of the global cloud computing 

market share, estimated to be around $90 billion USD in 2011 alone. Their 

annual growth rate is also impressive, with analyst firm Gartner‟s last figures 

putting the country at around 40% growth per annum. 

Much of China‟s growth with regard to cloud computing will come from the 

encouragement of the Chinese government itself. For example, their National 

Cloud Computing Industry Development Plan, which was recently accepted and 

implemented by the State Council and expected to launch within the next few 

months. The so-called “China Cloud” will cover a wide range of cloud 

strategies, including development, key tasks, and a technology roadmap 

designed to support China‟s cloud computing industry from 2011 to 2015. 

China‟s Ministry of Industry and Information Technology is also helping in the 

push for cloud computing services by providing instructions on their development 

as well as pilot and demonstration projects in the better half of 2010. 

The first users of cloud computing technology in China will be the government, 

education, telecommunication, finance, petrochemical, petroleum, and 

electricity sectors.  However, the first real big push for the technology will be 

targeted towards the public sector, as the cloud computing based systems are 

seen as a vital enabler, helping improve workplace productivity and efficiency, 

leading to an overall better service for the citizens. 

China‟s 3 biggest state-owned telecommunications companies – China Unicorn, 

China Telecom, and China Mobile – are all key promoters of the country‟s 

cloud computing strategy. They certainly benefit a lot from cloud services due 
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to their huge data centre footprints and customer base, as well as the network 

access capabilities already set in place. 

China‟s cloud computing strategy also depend on their local IT companies, with 

their largest search engine Baidu and their largest B2B internet company Ali Cloud 

Computing being the largest private cloud users. Baidu currently focuses on cloud 

computing apps while Ali Cloud deals with technology and infrastructure. 

Like any country, China will benefit a great deal from the cloud‟s ability to 

improve the resource efficiency of various sectors, which in turn will result in a 

more efficient society. According to the Ministry of Industry and Information 

Technology‟s Mr. Yang, cloud computing is expected to be adopted by more 

sectors in the future. The main challenge that the Chinese must hurdle with 

regard to cloud is the fact that they still need to decide on who is going to start 

building their cloud infrastructure, in order to ensure the security and reliability 

of their cloud computing platforms. It‟s common knowledge that China places a 

great deal of importance on control and security, but cloud technology needs 

compromises in those two key aspects in order to maintain interoperability and 

unification of data formats and standards (Cruz, 2012). 

EUROPE 

A large number of potential adopters of cloud computing in Europe are averse 

to embracing the technology fully due to unfounded fears that it has 

unnecessary risks or dangers operations and management, resulting in the 

region falling behind a large part of the world. 

While there are specific challenges that need to be hurdled with regard to cloud 

computing, they can be addressed, and in fact doing so would necessitate a 

faster and more streamlined adoption of cloud computing by Europe‟s 

organisations, businesses, and public authorities, which would result in 

accelerated productivity growth and an increase in competitive across the board. 



54 

 

There are several key areas where actions are needed in order to help drive the 

adoption of cloud computing in Europe: 

 The market of Europe, to date, cannot be looked at as a single market 

because the European Union only unifies certain aspects of politics. By 

and large, each country continue to maintain their own laws on 

technologies, press freedom, and consumer rights 

 Aside from the fragmentation of the laws and culture, there is also the 

issue of unclear and highly debatable laws. These laws don‟t clearly draw 

up the rights and protection of cloud consumers that prevents businesses 

to fully trust the cloud 

 Issues with contracts due to fears over data access and portability, as well 

as change of control and ownership of the data. 

 Various conflicting standards due to a proliferation of different standards 

and a lack of certainty as to which ones provide adequate levels of 

interoperability and portability. 

The above factors prevent, or at least make it difficult to start, a “European 

Super-Cloud”, or a dedicated hardware infrastructure that will provide generic 

cloud computing services to the public sector users across Europe. 

Due to its emancipation from geographical limitations, cloud computing is 

capable of elevating the digital single market to a new level. But this will only 

happen if we manage to implement single market rules. The gains to be had are 

potentially huge, with the estimated GDP to be generated by the public cloud 

amounting to 250 Billion Euro in 2020 with cloud-friendly policies 

implemented, compared to only 88 billion Euro if there is no intervention. It is 

also expected to generate around 2.5 million new hobs. 

For the cloud to work well as a platform for digital content services, there is a 

need to enhance access to and use of all sorts of content and data across 

different devices and territories. 
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Besides completing the Digital Single Market, a climate of certainty and trust must 

be developed by allaying fears and stimulating the active adoption of cloud 

computing technology throughout Europe. In order to create trust in cloud 

technology, there is a chain of confidence building steps that need to be taken, such 

as legislation and drawing clear expectations and commitments. 

It is also largely up to Member States to adopt, embrace, and further enrich the 

potential of cloud computing, usually through the development of a public sector 

cloud that is based on common approaches that foster increased trust and 

performance while reducing costs. There needs to be more active participation in 

the European Cloud Partnership, and for close cooperation between the member 

states with regard to the development and adoption of common interoperability 

measures and standards (Tantow, 2012). 

AUSTRALIA 

Cloud computing has the potential to solve a lot of the problems that are being 

encountered by organizations these days with regard to expansion, cost 

effectiveness, and Information Technology. The concept itself has attracted the 

attention of big players in the government, business, and in the IT industry. 

However, many of the key decision makers are still in the dark, not knowing what 

cloud technology really means in practice, the benefits it brings, and the specific 

challenges that need to be hurdled before it can be exploited in large enterprises. 

There are already a number of Australian organizations, including large businesses, 

that are adopting a zero software policy, as they aggressively adopt cloud 

computing in their infrastructure when found feasible. 

While majority of cloud computing adopters do so because of the promise of cost 

efficiency, they tend to discover better strategic benefits with regard to improving 

their organization‟s agility, flexibility, efficiency, and relationships with clients 

and customers. Most of them even benefit in a way that allows them to reduce the 

time it takes for new products and services to enter the market. 
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The type of cloud computing technology adoption exhibited in Australia is not 

limited to packaged solutions, as there was extensive use of platforms for 

developing and running stand alone applications via the cloud. It wasn‟t limited 

to non-critical tasks either, as there are many instances of strategic and security-

sensitive applications still being ran via the cloud. 

A large number of organizations who had less than 20 percent adoption rate 

prefer virtualization, as they work methodically in order to create centralized, 

shared pools of computer hardware inside the enterprise. In two distinct cases, 

the organizations were very aggressive and have migrated 80 percent of their 

applications to a virtualized network, successfully completing a major internal 

transition as they moved out a large part of their infrastructure and put it in the 

hands of third party providers (Tantow, 2012). 

INDIA 

In a recent report titled the India Cloud Market Overview, the International Data 

Corporation (IDC) stated that the Indian cloud market has grown by 70 percent 

last year (2012), and is expected to exhibit a 50 percent growth rate for the next 

three more years. It is said that the Indian cloud market is rapidly maturing and 

seeing new entrants and investors, even though public cloud still lags way 

behind the private cloud due to a number of factors. 

Like with any emerging market, the biggest challenge for public cloud 

computing in India is the lack of dependable infrastructure. In some areas of the 

country, the grid is still subject to intermittent power outages, which means data 

centre operators will have to contend with downtimes and possible loss of 

service and data, or be forced to rely on diesel fuel to run backup generators, 

which can be very impractical when it comes to operational costs.  

Another challenge that‟s slowing down the rate of public cloud adoption in India is 

disparity between urban and rural residents, between uneducated and educated 

people, and between people who don‟t have access to technology and people who 
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do. It‟s true that cloud computing offers advantages or benefits that extend beyond 

the context of businesses, but until people who don‟t really have much to do with 

technology start to feel its benefits, the adoption of public cloud will remain 

limited to large businesses that have faith in the technology. 

One of the cloud‟s key benefits also end up having an unintended side effect in 

India, as its ability to boost the growth of an organization has helped widen the gap 

between large businesses and SMEs – with large businesses being more savvy and 

able to adopt the cloud for their operations, while small enterprises are unable to 

adopt the cloud and remain stagnant. 

The future looks bright, nonetheless, as some of the more progressive companies in 

the country have used the problems with infrastructure as an encouragement to 

spur new innovation. For example, IBM‟s Bangalore office has solved problems 

with the inconsistent power grid and the high cost of diesel-based generators by 

installing rooftop solar panels that provide direct current power to their own data 

centres. In a lot of established markets, solar installations may not be worth their 

upkeep costs at such low volumes but in India, where diesel power is on the 

increase and solar power is subsidized, the solar system ends up paying for itself in 

as little as four years. 

Other companies also become creative in avoiding or solving the increased cost of 

cloud computing brought forth by a weak infrastructure, such as the IIIT Delhi 

University, which uses the idle capacity of their school‟s computer lab as a private 

cloud. 

Cloud computing is embraced by India‟s large businesses, primarily because they 

have already solved most of the infrastructure challenges. Due to their large scales 

and the presence of an existing IT department, it‟s very easy for these businesses to 

adopt the cloud and enjoy all the cost savings and efficiencies that it delivers. 

The market for cloud computing within the country has already doubled between 

2009 to 2012, thanks to large businesses making up the bulk of Indian cloud 
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computing growth. Additionally, since these large businesses don‟t have legacy 

infrastructure to transform, they are more agile and can adopt new strategies as 

they come. 

Experts are concerned about small to medium enterprises in India, as they either 

don‟t have existing IT systems or have ones that lack experience, and as such, are 

more averse to adopting the cloud for their use. What‟s worse is that SME‟s are the 

backbone of India‟s economy, as they are responsible for almost half of India‟s 

industrial output and private employment. One of the reasons is that there‟s an 

overabundance of cheap labour in the country, making automation unnecessary and 

sometimes even uneconomical. However, this can change in the future as the cloud 

becomes cheaper due to the fact that manual labour doesn‟t scale. 

Like with any technology, a country‟s government‟s plans for cloud technology are 

very important as it is one of the key entities in a country that can really invest and 

support technology at a huge scale. In India‟s case, the cloud has been embraced 

by the government, perhaps as much as any other country. 

One of the most ambitious examples of how governments can take advantage of 

cloud computing is India‟s Unique Identification (UID) project. The UID aims to 

provide a positive change to the lives of the people at the bottom rung of the 

economic pyramid simply by providing a real time service for the verification of 

the identity of any Indian resident through biometrics or demographic information. 

The UID‟s advantage is that it‟s a generalized online service that is accessible by a 

wide variety of national, state, and local government authorized agencies as well as 

private businesses. The previous e-governance systems were limited in 

comparison, having been dependent on individual ministries and lacked 

standardization (Cruz, 2012). 

2.9  The State of Cloud Computing in Nigeria 

United States of America (USA) based technology company, Oracle states that 

enormous potential exists for cloud computing in Nigeria despite the broadband 
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infrastructure bottle necks. According to the Country Manager, Oracle Nigeria, 

Layo Ajayi, cloud computing services help businesses cut down capital 

expenditure (CAPEX) on information technology (IT) infrastructure and in the 

same stroke, improves business flexibility and hastens time to market among 

other benefits. Consolidation and standardisation, according to the Oracle 

Country Manager are the first steps to private cloud deployment. 

Acknowledging the numerous benefits, she noted the complexity of planning, 

building and managing infrastructure is significant. Cloud providers need to 

address client concerns about security, compliance, integration, performance, 

capital expense requirements, deployment and operational risks, so as to allow 

clients accelerate their cloud journey. 

Cloud computing is also receiving a strong push from the public sector, with 

Rivers State Government introducing the RIV Cloud in April 2012 with support 

from MTN and GLOBACOM. This platform provides storage and application 

hosting to both public and private sectors, and will migrate tax filings online. 

The Nigerian National Petroleum Corporation (NNPC) also built a private cloud 

in July 2012. The Tier+3 data centre is expected to save the NNPC some 

$5million dollars yearly by centralising operations like its procurement 

platform, its intranet and Microsoft exchange mail service.  
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CHAPTER 3 

RESEARCH METHODOLOGY 

3.1 Choice of Design Method 

This chapter deals with the design methods, models, approach, assumptions, 

requirements, materials and methods used to achieve the EEE Hybrid Cloud 

System. As a hybrid cloud deployment system is desired, the hardware and 

software design and installation for both the private cloud and public cloud were 

carried out. Stack Ops Distro Community Edition was the private cloud server 

operating system employed with tools such as the Dashboard and Stack Ops 

Smart Web Installer. The public cloud was hosted by WhoGoHost and designed 

using mySQL Database Management, PHP Programming Language among 

others. The two subsystems were then coupled to attain the hybrid cloud system 

desired. The design constraints as were encountered during these design stages 

are also outlined here. 

There are two popular forms of design methodologies employed in hardware 

design projects. They are namely bottom-up and top-down design methods 

(Crespi, 2005). 

The design methodology applied in this work was the bottom-up approach as 

this was the best suited seeing as the basic building blocks and subsystems 

required will be designed first and then combined into the bigger desired hybrid 

cloud computing system. This design method is preferable as it allows for 

greater scalability, flexibility and adaptability. The design approach consisting 

of four steps namely modelling, synthesis, analysis and optimization can be 

depicted as shown in Figure 3.1. Rapid application software development 

(RAD) methodology which favours iterative development was also employed. 
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Fig. 3.1: Bottom-Up Design Cycle (adapted from Crespi, 2005). 

3.2 Cloud Design Assumptions 

In this cloud computing system deployment project, several assumptions were 

made at the design stage which under ideal circumstances would have been 

implemented in the actualization of the project. Due to financial and 

infrastructural constraints among others, some of these assumptions were not 

met in the implemented hybrid cloud computing system. Some of the 

assumptions are as follows: 

 Availability of Internet Connectivity 

 Ideal Hardware Components Employed 

 Availability of Client Computers (Devices) 

 Adequate Computer Literacy of Intended Cloud Administrators 

3.3 Cloud Design Requirements 

Design requirements can be grouped in two categories namely functional and 

non-functional design requirements. The functional design requirements specify 

what the intended design should achieve while the non-functional design 

requirements specify how the design should meet the design requirements. To 

achieve the cloud system desired despite the design constraints mentioned in the 
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previous section, the following design requirements and specifications are 

essential. 

3.3.1 Manageability / Scalability / Flexibility: This refers to the ease of 

management of the cloud system, the scalability (whether inwards or outwards) 

of its physical and virtual infrastructure in terms of the dropping/adding of 

client computers, clusters and virtual machines as demand decreases or 

increases. Graphic User Interfaces (GUIs) will be included for better user-cloud 

interaction and access. 

3.3.2 Robustness: Robustness or recoverability is also a design requirement as 

it specifies the ability of the cloud system to recover from various unexpected 

incidents which may lead to system downtime. The recovery time should be 

kept at the barest minimum where possible. 

3.3.3 Security: This design requirement indicates the ability of a design to 

have a good or bad impact on overall cloud infrastructure security. There should 

be unauthorized access prevention, data confidentiality and integrity and 

forensic capabilities in case of a breach of cloud security. Staff and student 

authentication will be essential to prevent unauthorized access to the cloud 

system using unique personnel and matriculation numbers respectively.  

3.3.4 Availability: The cloud system should have an uptime of at least ninety 

percent (90%) especially during the academic school session from 8:00am to 

4:00pm daily. This will allow the staff and students to optimally utilize the 

cloud‟s resources. For this to be achieved high speed internet access and back-

up power supplies need to be in place. The following formula is used to 

calculate the availability of the cloud system. 
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A= ( U / (U+D)) x 100………............……………………………………...eqn. 

3.1 

Where, 

A = Availability of the Cloud System 

U = Uptime. Period for which the system is effectively functioning. 

D = Downtime. Period for which the system is unavailable.  

Or 

Availability = ((Elapsed Time–Downtime)/Elapsed Time) x 100…………eqn. 

3.2 

3.3.5 Capacity: The Electrical Electronic Engineering Department of the 

Federal University of Technology Owerri has staff strength of sixty-five (65) 

persons which includes the academic, technologist and administrative staff. The 

number of registered EEE Students is approximately nine hundred (900). 

Therefore simultaneous access of the cloud system for half of this approximated 

number of users is desired. As a cloud system with a hundred users needs about 

250KB disk space. So approximately one thousand cloud users will need a 

minimum of 2500KB (2.5MB) disk space as is shown in the calculations below. 

Disk Space required for 100 Users     = 250KB 

Disk Space Required for 1000 Users  = 
          

   
 KB 

         = 2500KB or 2.5MB 
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3.4 Functional Design of the Cloud System 

This EEE cloud system is designed to have the following functionalities as 

shown in Figure 3.2 as follows: 

 Electronic Mail Services 

 Electronic Notice Board 

 Departmental Resources (databases, Hand Book, etc) 

 Course/Lecturer Lists 

 Results 

 Electronic Laboratory 

 Electronic Library 

 Programming Compilers 

 Research/Teaching Aids 

 

 

 

 

 

 

 

 

 

Fig. 3.2: EEE Cloud Functionality. 
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3.5 Choice of Cloud Deployment Model 

In order to choose the most suitable cloud deployment model to implement for 

the Electrical Electronic Engineering Department, FUTO, a comparison of the 

available cloud deployment methods is essential as was depicted in Table 2.1. 

As previously stated, there are four main cloud deployment models, namely: 

 Public Cloud: Here, cloud computing resources are generally offered on 

a pay-per-use billing system and can be accessed only through the 

internet. The software, platform and infrastructure are managed by a 

cloud service provider. 

 Private Cloud: All the cloud computing resources are created and 

managed solely to suit a given enterprise and can be managed internally 

within the enterprise or externally by a cloud service provider. 

 Community Cloud: This is similar to the private cloud deployment 

model although here it spans over several enterprises (organizations) with 

similar requirements.  

 Hybrid Cloud: In this deployment model, two or more cloud deployment 

models are merged together while maintaining their unique characteristics 

and benefits. 

From comparison, a public cloud or a private cloud would not provide the full 

functionality needed so a hybrid cloud deployment model was selected based on 

both public and private cloud capabilities.  
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3.6 Design Model of the EEE Hybrid Cloud System 

Before this work could be actualised, a basic model of the system had to be 

defined which would act as the guide for the project work. This model would 

depict the basic blocks which make up the entire desired system. The design 

model of the EEE Hybrid Cloud System is as shown in Figure 3.3. 

  

 

 

 

 

 

 

 

Fig. 3.3: Design Model for EEE Hybrid Cloud System. 

From this model, it can be seen that the power supply, hybrid cloud system 

encompassing both the private and public cloud systems and the cloud clients or 

users are the basic building blocks which need to be achieved and put into place  

individually and then brought together to achieve the desired project objective. 

3.6.1 Hybrid Cloud System: The first major block is the hybrid cloud system. 

This is essentially made up of the public and private cloud systems. These two 

cloud systems contain various sub-blocks which need to be designed and 

implemented as shown in the proceeding sections. 
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3.6.1.1 Private Cloud System: The private cloud system comprises of all 

the physical and virtual infrastructure, network and resources which are hosted 

locally and under the sole control of the cloud administrator. This part of the 

hybrid cloud system is very secure as unauthorized access can be mitigated with 

the use of customized authentication techniques. Figure 3.4 shows a block 

diagram of the processes involved in the private cloud deployment setup. 

 

 

 

 

 

 

 

 

 

 

Fig. 3.4: Private Cloud System Setup 

a) Hardware Installation for the Private Cloud System 

The hardware components needed for the actualisation of the private cloud 

system were sourced and assembled. The following components and tools were 

utilised in the configuration of the physical cloud infrastructure: 
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 1 Desk Top Personal Computer System: HP, LINUX OS, 4GB RAM, 

450GB HDD, 1GB Network Card, 2GHz Processor Speed. 

 2 Client Laptop Personal Computers: HP, Windows 8 OS, 4GB RAM, 

triple core I3, 750GB HDD 

 1 D-Link Switch: 8-Port 

 1 USB Modem: 1Mbps Data Rate (minimum) 

 1 roll of Network Patch Cable: Category 5 Enhanced (Cat 5e) Solid 

Ethernet Cables Unshielded Twisted Pair (UTP) 24 AWG EIA/TIA 568B 

 12 Network Cable Connectors: 8-Position 8-Contact (8P8C) Modular 

Connectors (RJ45) 

 1 Crimping Tool 

 1 Simple Cable Tester 

 1 Computer Table 

 1 Uninterrupted Power Supply (UPS) 

All the network patch cables which are used to connect the desk top personal 

computer which acts as the Cloud Server to the 8-Port Switch and client laptop 

personal computers and Universal Serial Bus (USB) Modem are constructed. 

Common categories of Ethernet cables include Cat 5, Cat 5e, Cat 6 and Cat 6a. 

Table 3.1 following shows a comparison of their respective properties based on 

which a choice of Ethernet cable used in this project was made (Wikipedia, 

2012). 

 

 

 

 



69 

 

Table 3.1: Properties of Different Categories of Ethernet Cables (Wikipedia, 

2012). 

Cable 

Category 

Length 

(m) 

Speed Frequency 

(MHz) 

Power over 

Ethernet 

Cat 5 100 ≤100Mbps 100 Yes 

Cat 5e 100 ≤1Gbps 100 Yes 

Cat 6 55 ≤10Gbps 250 Yes 

Cat 6a 100 ≤10Gbps 500 Yes 

 

Ethernet Category 5e (Cat 5e) cables are used as it is a twisted pair cable used 

for carrying signals. The cable standard provides performance of up to 1Gbps 

and is suitable for 10BASE-T, 100BASE-TX (Fast Ethernet), and 1000BASE-T 

(Gigabit Ethernet). Cat 5e is also used to carry other signals such as telephony 

and video. 8P8C modular connectors, often referred to as RJ45, are used for 

connecting category 5e Ethernet cable. The cable is terminated in either the 

T568A scheme or the T568B scheme. The two schemes work equally well and 

may be mixed in an installation so long as the same scheme is used on both ends 

of each cable. A straight-through cable is used to connect two different-layer 

devices (e.g. a hub and a PC). Two like devices normally require a cross-over 

cable. The difference between the two is that a straight-through cable has both 

ends wired identically with 568B, while a cross-over cable has one end wired 

568A and the other end wired 568B. Table 3.2 shows the wiring specifications 

for TIA/EIA-568-A.1-2001 T568A and TIA/EIA-568-B.1-2001 T568B 

respectively. 
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http://en.wikipedia.org/wiki/1000BASE-T
http://en.wikipedia.org/wiki/Telephony
http://en.wikipedia.org/wiki/Video
http://en.wikipedia.org/wiki/8P8C
http://en.wikipedia.org/wiki/T568A
http://en.wikipedia.org/wiki/T568B


70 

 

Table 3.2: TIA/EIA-568-A.1-2001 T568A and TIA/EIA-568-B.1-2001 T568B Wiring 

(Wikipedia, 2012). 

TIA/EIA-568-A.1-2001 T568A TIA/EIA-568-B.1-2001 T568B 

PIN PAIR WIRE COLOUR PIN PAIR WIRE COLOUR 

1 3 1 
white/green 

1 2 1 
white/orange 

2 3 2 
green 

2 2 2 
orange 

3 2 1 
white/orange 

3 3 1 
white/green 

4 1 2 blue 4 1 2 blue 

5 1 1 
white/blue 

5 1 1 
white/blue 

6 2 2 
orange 

6 3 2 green 

7 4 1 
white/brown 

7 4 1 
white/brown 

8 4 2 
brown 

8 4 2 brown 

 

Because all Ethernet cables are twisted, manufacturers use shielding to further 

protect the cable from interference. Unshielded twisted pair (UTP) can easily be 

used for cables between your computer and the wall, but you will want to use 

shielded twisted pair (STP) for areas with high interference and running cables 

outdoors or inside walls. 
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Construction of the Network Patch Cables: 

1. Cut the required length of three (3) feet from the roll of Category 5 

Enhanced (Cat 5e) Solid Ethernet Unshielded Twisted Pair (UTP) 24 

AWG EIA/TIA 568B Cables. 

2. Using the crimping tool, peel off about 1” (25mm) of the outer cabling to 

expose the unshielded twisted pairs. Ensure not to cut any of the internal 

wiring. If any of the pairs are cut, cut off that whole portion of cable and 

expose a fresh inch. This is because exposed copper wire will lead to 

cross-talk, poor performance or no connectivity at all. 

3. Separate each of the colour-coded wires of the exposed cable and arrange 

in the EIA/TIA 568B wiring specification for a straight through network 

Ethernet cable. For easier handling, cut the wires so that they are 3/4" (19 

mm) long from the base of the jacket and even in length. 

4. Hold the wires flat and parallel between thumb and fore finger. Cut the 

top of the wires even with one another so that they are 1/2" (12.5 mm) 

long from the base of the jacket, as the jacket needs to go into the 8P8C 

connector by about 1/8", meaning that you only have a 3/8" of room for 

the individual cables. Leaving more than 1/2" untwisted can jeopardize 

connectivity and quality. Ensure that the cut leaves the wires even and 

clean; failure to do so may cause the wire not to make contact inside the 

jack and could lead to wrongly guided cores inside the plug. 

5. Keep the wires flat and in order as you push them into the RJ-45 plug 

with the flat surface of the plug on top. Ensure all the wires made it into 

the jack and maintain their positions by looking head-on at the plug. The 

cabling jacket should also enter the rear of the jack about 1/8" (4 mm) to 

help secure the cable once the plug is crimped. Verify that the sequence is 

still correct before crimping with the crimping tool. 
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6. Place the wired plug into the crimping tool and give the handle a firm 

squeeze until a clicking noise is heard. Once crimping is completed, the 

handle of the crimping tool will reset to the open position. To ensure all 

pins are set, double-crimp by repeating this step. 

7. As it is a straight-through cable, repeat steps one to six on the other end 

of the cable. 

8. For the four required cables, repeat steps one to seven.  

9. Use a simple cable tester to verify the cables function properly as badly 

wired cables affect the connectivity within the system. 

b) Wired Local Area Network Setup: 

First of all, the connection of the physical topology of the private cloud system 

is done. The desk top personal computer is set up with the central processing 

unit, monitor (visual display unit), keyboard and mouse connected accordingly. 

The desktop then is connected to power supply and switched on. Using the 

constructed network patch cables, connect the desk top personal computer to the 

D-Link 8-Port Switch. Then connect the two laptop personal computers to the 

switch. One laptop computer will serve as the cloud client while the other will 

be configured as the modem via which internet connectivity will be shared 

among the cloud components using the internet connection sharing function 

available on the Windows Operating System. The desk top personal computer is 

configured to act as the cloud server. The physical topology described above is 

depicted in Figure 3.5. 
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Fig. 3.5: Physical Topology of the Private Cloud System. 

c) Software Installation of the Private Cloud System 

The following were required in the software installation of the Hybrid EEE 

Cloud System: 

 Cloud Operating System Software: Stack Ops Distro Community Edition 

which is an open stack distribution. 

 Linux Operating System: Ubuntu 12.04 LTS X86_64 

 LAN setup – Internet Source (a USB modem plugged to a separate laptop 

and configured with ICS to share) 

The software installation was carried out in three (3) stages. These were: 

1. Internet Connection Sharing (ICS) 

2. Stack Ops Distro Operating System Set Up 

3. Installation of Cloud Infrastructure: 

 Provisioning of Nodes, Virtual Machines and Controllers 

 Dashboard Customisation  

USB 

MODEM 
LAPTOP 

CLOUD CLIENT 

SWITCH 

CLOUD SERVER 
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Internet Connection Sharing (ICS): Internet Connection Sharing is simply a 

means of sharing the internet connection provided by the USB modem 

connected to one laptop (the host computer) over the local area network via a 

switch. It is a Microsoft Windows-based function. It is supported by most 

Microsoft Windows operating systems except Windows 7 Starter OS and earlier 

Windows operating systems. For the purpose of this project design, Windows 8 

OS was employed. 

The following steps are taken to set up Internet Connection Sharing: 

1. Plug the USB modem into one of the Windows 8 OS laptops (which 

serves as the host computer) and connect to the internet. 

2. Right click on the network icon on the status bar and select Open 

Network and Sharing Centre. Click on Change Adapter Settings. Double 

click on Ethernet.  

3. When the Ethernet Properties window opens up, click on the Sharing tab. 

Here, select the Allow other network users to connect through this 

computer’s Internet connection option. 

4. Ensure the IP addresses are set manually on the local area network on 

each of the networked computers by right clicking on LAN connection 

and selecting the Properties tab. Click Internet Protocol Version 4 

(TCP/IPv4) and then click on Properties. Check Use the following IP 

address and then enter this address 192.168.137.25 (which can range 

from 1 to 254, excluding 0, 250 and 255) and click on OK. 

5. Also ensure that all the network computers have their internet options 

configured for ICS. 
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6. A separate network connection is made from the host computer to the 8-

port switch using RJ45 connectors. The other computer systems will then 

be connected to this switch with similar RJ45 connectors.  

Thus, these computers are connected to the host computer and will have access 

to the internet through the host computer‟s shared internet connection. Below is 

a logical network diagram (Figure 3.6) depicting the ICS concept. 

 

 

 

 

 

 

 192.168.137.25 

            192.168.137.250  

Fig. 3.6: Logical Network Diagram of the Hybrid Cloud System. 

Stack Ops Distro Operating System Set Up: The Base Cloud Operating 

System (OS) used here is OpenStack Distribution StackOps. OpenStack can be 

defined as an open source infrastructure as a service (IaaS) initiative for creating 

and managing large groups of virtual private servers in a cloud computing 

environment. The following steps are taken for the Base Cloud OS installation: 

 

1. Start up the Desk Top Personal Computer. 

 

INTERNET 

CLOUD SERVER ON 
LOCAL NETWORK 

----------- -----------  

 
CLIENT 

COMPUTER 

  

http://searchcloudcomputing.techtarget.com/definition/Infrastructure-as-a-Service-IaaS
http://searchservervirtualization.techtarget.com/definition/virtual-private-server
http://searchcloudcomputing.techtarget.com/definition/cloud-computing
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2. Follow the steps required for normal booting of a Windows Operating 

System. 

3. Ensure that Compact Disk Drive is the default selected for first boot 

device. 

4. Insert the Cloud Operating System Installation Disk into the Compact 

Disk (CD) Drive of the desk top computer. 

5. Restart the Desk Top Personal Computer. 

6. As the Cloud OS CD is still in the CD Drive, it is now the default boot 

device, and the system will automatically select and run the Cloud OS 

CD. Follow the booting process which is now Linux-based. 

7. Select Install StackOps Node (US Keyboard). This starts up the Cloud OS 

Installation Wizard. The configuration and steps are as follows. 

8. The network has the IP Address: 192.168.137.0. This turns the laptop 

modem to a DHCP and DNS (IP Address) with a static IP address. A 

private IP address is used as the hybrid cloud is first of all on a Local 

Area Network (LAN) and it is for a private/local server. This local IP 

address can then be later mapped using the NAT command onto a public 

IP address for access over the internet.  

9. Configure Net Mask to 255.255.255.0. This is a private IP address 

originally Class B but subnetted to Class C. 

10. Set gateway to 192.168.137.1. This IP address indicates the gateway 

router. All traffic going outside the LAN goes through this router. 

11. Configure DNS server 4.2.2.2. This enables host name resolution. It 

translates user interface host names (e.g. facebook.com) to the actual IP 

address of facebook.com. 

12. Configure ETH 0 (Ethernet zero). This physically specifies the selected 

private IP address to the interface on the server. 
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13. Partition Disks. This is done to create volumes where the cloud server 

will have its storage. Partitioning of the hard drives and provisioning of 

logical volumes for cloud server storage. Volume group name is nova-

storage logical volume manager (LVM). 

The Cloud Operating Base System core packages have now been completely 

installed and the cloud infrastructure on the server and clients can now be 

installed. 

Installation of the Cloud Infrastructure: This involves the deployment of 

nodes, virtual machines and controllers. It also deals with the use of the 

dashboard and its customisation. For this installation, the Stack Ops Smart Web 

Installer is used. This basically involves getting the server and the clients on the 

internet. This installation is done via the client computer (laptop) unlike the 

base cloud OS installation that was done directly on the server (desk top 

computer).  

1. Confirm internet connection sharing is up and running by accessing the 

internet from the client computers. 

2. From one of the client computers, using Internet Explorer Web Browser, 

navigate to the IP address of the server which is set at 

http://192.168.137.250:8080. This is the Universal Resource Locator 

(URL) with which the cloud server was launched. 

3. Create a Stack Ops Distro account complete with login and password 

authentication. Login username created was Uchechi01. Password: 

*********. 

4. Login and commence deployment. Deployment here is single node 

deployment as one machine is used. 

5. To login to the user interface on the cloud server the username set was 

root and the password ********. 

http://192.168.137.250:8080/
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The Dashboard tab (menu) is used through the stackops distro account to 

manage the cloud infrastructure. From this dashboard, an overview of the cloud 

server‟s instances and volumes can be obtained.  

3.6.1.2 Public Cloud System: Several steps and processes were carried 

out to achieve the public cloud aspect of the hybrid EEE Cloud system.  Figure 

3.7 concisely outlines them. 

 

 

 

 

 

 

 

 

Fig. 3.7: Public Cloud System Set Up 

 

After an intelligent and comparative search of various web hosting providers 

operating in Nigeria (NTG, 2014) as well as personal recommendations from 

respected colleagues (Chukwudebe, 2013 and Eze, 2013), WhoGoHost 

Webhosting Services was selected. This was based on some criteria such as 

storage space available (1GB), bandwidth limit (4GB), subscription cost 

(N2,500.00) and modes of payment (Online), reliability and availability (over 

90%), ease of migration from one subscription package to another, free domain 
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name registration, number of subdomains (4), databases and emails supported 

(unlimited) among others. 

Shared web hosting rather than dedicated or collocated web hosting was used as 

this provisioned the required service at an affordable cost without the 

cumbersome underlying technicalities which are involved in building and 

running a dedicated web hosting platform. Shared web hosting involves several 

different organizations sharing the system resources of a particular server 

through virtual private server hosting, each operating within its own partition, 

managed by the web hosting provider. 

Once selected, necessary payments and set up processes were conducted using 

the data listed below. 

 

Domain: eeecloudfuto.net 

Username: eeecloud 

Password: ********* 

Hosting Package: Basic (100MB) 

Server IP: 46.16.188.2 

Nameserver 1: ns23.whogohost.com 

Nameserver 2: ns24.whogohost.com 

Before propagation of the newly created website the access URLs were: 

Temporary FTP Hostname: 46.16.188.2 

Temporary Webpage URL: http://46.16.188.2/~eeecloud/ 

Temporary Control Panel: http://46.16.188.2/cpanel 

Once the domain was propagated the access URLs became: 

FTP Hostname: www.eeecloudfuto.net 

Webpage URL: http://www.eeecloudfuto.net 

Control Panel: http://www.eeecloudfuto.net/cpanel 

http://46.16.188.2/~eeecloud/
http://46.16.188.2/cpanel
http://www.eeecloudfuto.net/
http://www.eeecloudfuto.net/cpanel
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To Access Webmail:http://www.eeecloudfuto.net/webmail 

Mail Settings 

All email with the default email account are captured via: 

POP3 Host Address: mail.eeecloudfuto.net 

SMTP Host Address: mail.eeecloudfuto.net 

Username: eeecloud 

Password: ********** 

Additional email accounts that were added were done using: 

POP3 Host Address: mail.eeecloudfuto.net 

SMTP Host Address: mail.eeecloudfuto.net 

Username : The FULL email address that was picked up from (e.g. 

uchechi.iwuchukwu@eeecloudfuto.net).  

Password: As specified in the control panel during email account creation by 

cloud administrator. 

Details of the database and table creations done as well as all importation of 

cloud files and apps will be discussed in the next chapter. 

3.6.1.3  Power Supply for the EEE Hybrid Cloud System: In this project 

work, the EEE Hybrid Cloud System is built and implemented using some basic 

electronic devices such as a desktop computer which acts as the private cloud 

server, client laptop computers among others. Without adequate, steady and 

stable power supply, the proposed hybrid cloud system cannot be realised. This 

is due to the fact that the cloud system needs to be available for access of its 

resources for certain periods as defined each day and as such will need to be 

powered up. Figure 3.8 shows the block diagram of the power supply 

connection for the cloud system. The power ratings listed below are thus 

required to support these devices. 

 

 

http://www.eeecloudfuto.net/cpanel
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Uninterrupted Power Supply Unit Rating 

Model used: Mercury Elite 650 Pro 

Input: 220 Volts alternating current with a frequency of 50/60 Hertz 

Output: 220 Volts alternating current with a frequency of 50/60 Hertz 

Fuse: T6.3 Amperes/ 250 Volts alternating current 

Desk Top Power Supply Rating 

Input: 220 Volts alternating current with a frequency of 50/60 Hertz 

Desk Top Monitor Rating 

Alternating Current (AC) Adapter 

Model: ADPC 1236 

Input: 100-240 Volts alternating current with a frequency of 50/60 Hertz. 1.3 

Amperes. 

Output: 12 Volts direct current. 3.0 Amperes. 

 

 

  

 

 

 

 

 

Fig. 3.8: Power Supply for the EEE Hybrid Cloud System. 
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To avoid critical damage to the cloud system physical infrastructure, which 

would lead to cloud downtime and unavailability of the cloud resources, it is 

essential the power supply ratings are strictly adhered to. 

Furthermore, to mitigate cloud system downtime during power outages which is 

still a regular occurrence within the university campus, a backup electric power 

generator should be provided. 

A flow chart showing the flow of processes taken during the design and set up 

of the hybrid cloud computing system is as displayed in Figure 3.9. 
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      Fig. 3.9: Hybrid Cloud System Setup Flow Chart. 
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3.6.1.4 Cloud Clients: A database of authenticated cloud clients, 

comprising of the staff and students of EEE Department, FUTO, is created and 

uploaded using the phpMyAdmin menu via the web host administration Cpanel. 

This will provide the first level of security against unauthorized cloud access. 

The programmed username for staff is their personnel numbers and for students 

is their university matriculation numbers. Acceptable client devices for access 

to the hybrid cloud system may be thin or thick computing devices with any 

suitable web browser software such as Mozilla Firefox or Internet Explorer 

installed.  Linux and Windows Operating Systems are both well tolerated and 

supported. 

 

3.7 Cloud Design Constraints 

In every project work, there are constraints and limitations which need to be 

considered during the design stage. Some of the major constraints faced during 

the design and implementation of this project are mentioned as follows. 

3.7.1 Epileptic Internet Access: The on-going challenges of inadequate 

Internet access within the Campus as well as the slow internet speeds available 

(about 8Mbps) greatly impair the viability of the cloud system. This design 

constraint can be somewhat mitigated with the use of pay-as-you-go USB 

Modems which are readily available and affordable from any of the 

telecommunications services but not completely reliable.  

3.7.2  Unreliable Power Supply: The essence of the cloud computing model is 

its ubiquitous nature and constant availability. This is hindered drastically by 

the unreliable power supply on Campus which will lead to excessive cloud 

downtime. Also the unstable power supply fluctuations can cause infrastructural 

damages to the sensitive physical components of the cloud system. This design 
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constraint is countered at additional expense by the use of back-up electric 

power generators and uninterrupted power supply (UPS) units. 

3.7.3 Inadequately Skilled/Equipped Cloud Users: The cloud computing 

system is an electronic one only accessible via thin or thick client devices. 

Cloud users will be expected to have the minimum required computer skills to 

be able to navigate the cloud optimally. Also access to thin or thick cloud 

clients must be readily available. An EEE Internet Cafe can be put in place to 

enable cloud users have access to the EEE Cloud on a pay-as-you-go basis 

which will in turn help generate much needed revenue for the department. Also 

centres such as the ICT, the UCC (University Computer Centre) and the 

AfriHub within the university campus can be used as cloud access centres. 

3.7.4  Cloud Policy and Standards: Despite the cloud and its varied 

applications having been around for a while now, policies and standards guiding 

cloud deployment and usage are still being evolved and stream lined. Adherence 

to such policies is essential to proper and legal cloud usage. 

3.8 EEE Hybrid Cloud Implementation 

To implement this project, the various stages and processes listed below were 

performed. 

 Cloud Graphic User Interface Customization 

 Loading and linking of Hybrid Cloud Applications and Resources 

 Integration of the Cloud GUI on the Private Cloud Server 

 Uploading Cloud Files to the Public Cloud  

 Creating Databases on the Hybrid Cloud 
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3.8.1 Cloud Graphic User Interface Customization 

Once the single node has been deployed and communication is established 

between the client and the private cloud server by navigating to 

192.168.137.250:8080 via the client computer‟s web browser, the graphic 

user interface (GUI) displayed below in Figure 3.10 opens up.  

 

     Fig. 3.10: Tomcat 7 Apache Graphic User Interface. 
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This GUI was then customized using hyper text markup language (HTML) into 

the desired format with the required functionality, internal and external links 

and resources. This GUI which can be located on the local file system at 

var/lib/tomcat7/webapps/ROOT/index.html is the default cloud web home page. 

 

3.8.2 Loading and linking of Hybrid Cloud Applications and Resources 

The below listed services and resources were provided on the hybrid cloud. 

Some were created and loaded on the private or public cloud systems while 

some which were already in existence were linked to the hybrid cloud for ease 

of access. 

a. Electronic Mail Services 

b. Electronic Notice Board 

c. Departmental Resources (Handbook, etc) 

d. Course/Lecturer Lists 

e. Results 

f. Electronic Laboratory 

g. Electronic Library 

h. Programming Compilers 

i. Research/Teaching Aids 

Their Graphic User Interfaces are as displayed in Chapter Four. 

3.8.3 Integration of the Cloud Graphic User Interface on the Cloud Server 

In order for this to be the default web page viewed by all the intended EEE 

Hybrid Cloud users, it needs to be integrated on the Cloud Server. The 

following steps were taken to achieve this. 

1. Ensure the network connections have been made between the cloud 

server, switch, client computers and the internet via internet connection 
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sharing from the host computer. Boot up the systems and log onto the 

cloud server using the required user name and password. 

2. Save the customized web page files created on any of the client laptops 

on a formatted USB flash drive. Plug this USB flash drive on the Cloud 

Server system. 

3. From the root command prompt key in: dmesg | grep sd <press ENTER> 

This displays the various specifications of all peripherals connected to the 

cloud server. From here get the identity of the USB flash drive device and 

the sd type. 

4. Create directory by keying in: mkdir myflash      <ENTER> 

5. To mount the USB flash drive key in: mount dev/sdb1 myflash 

6. To enter the newly created directory key in: cd myflash 

7. To copy the new cloud web GUI files from the flash into the directory 

key in: 

cp index.html /var/lib/tomcat7/webapps/ROOT/eeecloud/index.html     <ENTER> 

cp cloud.jpg /var/lib/tomcat7/webapps/ROOT/eeecloud/cloud.jpg     <ENTER> 

cp cloudbg.jpg /var/lib/tomcat7/webapps/ROOT/eeecloud/cloudbg.jpg  <ENTER> 

cpfutologo.jpg/var/lib/tomcat7/webapps/ROOT/eeecloud/futologo.jpg <ENTER> 

8. To confirm the files have been accurately mounted on the cloud server, 

change directory from myflash to the root and then to the eeecloud 

directory by keying in: 

cd /              <ENTER> 

cd  /var/lib/tomcat7/webapps/ROOT/eeecloud        <ENTER> 

ls              <ENTER> 

 



89 

 

This lists all the files in the eeecloud directory and confirms the mount 

process was successful.  

9. To end the process and eject the USB flash drive from the cloud server, 

key in: 

cd /          <ENTER> 

umount myflash        <ENTER>  

To confirm the cloud web graphic user interface had been successfully uploaded 

on the cloud server and would be viewed by all cloud clients, navigate to 

192.168.137.250:8080 from any of the client laptops and check. 

3.8.4 Uploading Cloud Files to the Public Cloud 

Uploading of the created and customized cloud web pages were done using the 

cPanel menu on logging on to the hybrid cloud from the URL 

www.eeecloudfuto.net/cpanel GUI. On entering the appropriate username and 

password, the cPanel X - Main window opens up. 

1. Under the File tab, click on the File Manager option. In the Directory 

Selection pop up window, select Web Root (public_html/www). This 

ensures that all uploaded files will be viewed on the public cloud across 

the entire network. Click on Go. This opens up a new web browser for 

cloud file management. 

2. Click on the New Folder icon and create two new folders cgi-bin and 

scripts. 

3. Click on the Upload tab which opens up a third web browser cPanel X. 

Click on the Browse tab and navigate to the locations of the individual 

cloud files to be uploaded making sure each file does not exceed 

92.47MB. Click on the files to start the upload. Files must be uploaded 

one at a time. 

http://www.eeecloudfuto.net/cpanel
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4. Go back to the cPanel File Manager window and view the uploaded cloud 

files. 

 

Below is a table (Table 3.3) of all the cloud files uploaded. Cloud files 1 

through 13 were uploaded into the general folder public_html while cloud files 

14 through 17 were uploaded into the scripts subfolder.  

Table 3.3: List of Cloud Files Uploaded. 

S/NO FILE NAME SIZE TYPE 

1 cloudbg.jpg 10.48KB image/x-generic 

2 class.cloud.php 610B application/x-httpd-php 

3 cloud.jpg 4.1KB image/x-generic 

4 contactus.php 2.17KB application/x-httpd-php 

5 dbconnection.php 389B application/x-httpd-php 

6 eboard.php 2.03KB application/x-httpd-php 

7 eeehandbook.doc 724KB application/msword 

8 elaboratory.php 1.83KB application/x-httpd-php 

9 elibrary.php 1.75KB application/x-httpd-php 

10 error_log 1.12KB text/x-generic 

11 home.php 4.1KB application/x-httpd-php 

12 index.php 4.08KB application/x-httpd-php 

13 mainstyle.css 2.35KB text/css 

14 jquery-1.6.2.js 230.67KB text/x-generic 

15 jquery-1.7.2.js 92.62KB text/x-generic 

16 jquery-1.8.3.js 91.44KB text/x-generic 

17 webtoolkit.aim.js 1.16KB text/x-generic 
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3.8.5 Creating Databases in the Hybrid Cloud 

In a similar way, using the cPanel menu, databases can be created and 

populated. The following steps were used to do so. 

1. From the cPanel main menu, go to the Database tab and click on 

phpMyAdmin. This opens up a new web browser window for database 

management.  

2. Click on Create New Database or from the SQL Tab key in: 

create database eeecloud_eeecloudfuto and then click on Go. This creates 

a new empty data base named eeecloudfuto. 

3. Create a table in the database by clicking on the newly created database 

and then selecting Create New Table. Name the table userdata and 

specify the number of columns wanted. Name each column and specify 

the character types that will be valid in each column. In this instance, 8 

columns were specified as follows: 

ALTER TABLE „userdata‟ ADD „name‟ VARCHAR (50) NOT NULL AFTER 

„idno‟; 

      

<ENTER> 

ALTER TABLE „userdata‟ ADD „password‟ VARCHAR (9) NOT NULL AFTER 

„name‟;               

<ENTER> 

ALTER TABLE „userdata‟ ADD „gender‟ VARCHAR (1) NOT NULL AFTER 

„password‟;               

<ENTER> 

 

This is continued until all the columns have been named, positioned and 

specified as desired. As the userdata table is used to authenticate cloud 

clients, it is filled with the required data of the intended cloud clients. 
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This is to guard against unauthorized access to the cloud portal and its 

resources. To insert the data, the following format of codes was entered 

after clicking on the SQL Tab. 

INSERT INTO userdata VALUES (INT, „varchar‟,„varchar‟,„varchar‟,„varchar‟, 

„varchar‟,„varchar‟,„varchar‟);            

<ENTER> 

The specifications as used for the 8 columns are listed in Table 3.4. For the 

contactus table, these steps were also followed. 

Table 3.4: Userdata Table Data Specifications. 

COLUMN TITLE CHARACTER TYPE LENGTH 

serialno INT 5 

usertype VARCHAR 9 

Idno VARCHAR 11 

Name VARCHAR 50 

password VARCHAR 9 

gender VARCHAR 1 

alternateemail VARCHAR 50 

gsmno VARCHAR 13 

 

At any point during the data insertion, entered data may be edited or deleted 

using the tools and tabs provided. Data can also be imported or exported from 

the tables as required. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Results  

Figure 4.1 displays the customized web home page for the EEE Departmental 

Hybrid Cloud. The HTML for this web page is created by saving the default 

web home page and then right clicking on it and opening it as a Microsoft Text 

Document using Microsoft Notepad Application Software or using Notepad++ 

Software to edit it. (See Appendix 1) 

 

 

Fig. 4.1: Customized Graphic User Interface (Cloud Web Home Page). 
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For each of the desired functions listed in section 3.8.2, a tab or hyperlink is 

created on the cloud web home page from which navigation can be made to 

access any of these functions. Each function also has a dedicated graphic user 

interface via which the hybrid cloud user can interact with the system. Figures 

4.2 to 4.7 show screenshots of the customized GUIs. 

  

 

Fig. 4.2: Cloud Application (SaaS) for Programming Languages. 

From this interface, a choice of programming languages can be made and used 

to develop and run programmes via the Develop menu. The Learn menu can be 

used to access tutorials and projects on any of the offered programming 

languages. This cloud app is especially needed to assist Staff and Students in 

ENG 214 (Computer Programming for Engineering Applications) course work 

mounted by the department. Cloud clients will be able to write and run 

programmes on the cloud as well as save programming projects on the cloud. 
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With this application, students will no longer need to obtain different compilers 

for the various languages. Instead, with a client device connected to the internet 

and a web browser, they can use the compilers available on the cloud. Some of 

the programming languages offered are C++, C#, Java, PHP and Python. 

 

Fig. 4.3: EEE Hybrid Cloud Webmail. 

 

As designed for, the EEE Hybrid Cloud will also provide email services for all 

students and staff in the department. This will further ease communication 

between staff and students alike. Assignments, lecture materials, projects, 

seminars, memoranda, minutes, etc can now be sent via electronic media which 

will reduce the expense and inherent waste involved in running a hard copy 

department. With this in place, collaborative papers and joint projects will be 
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possible. To access the webmail, the same username and password used to 

access the hybrid cloud is required. Mailbox storage space is set as 250MB 

which allows cloud clients to save important documents on the cloud they can 

access from anywhere in the world as the cloud is also publicly hosted. This 

added benefit will encourage students to pay their school and departmental fees 

on time as only such students will have their cloud access renewed. 

 

 

Fig. 4.4: e-Notice Board Graphic User Interface. 

 

The e-Notice Board will be available for all EEE Staff and Students to post 

important official departmental messages.  These messages may be reviewed by 

the head of department before posting to ensure they are appropriate. Notices 

such as examination time tables, lecture time tables, departmental events, etc 
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will be placed here. This will reduce the communication gap between the 

administrative, technological and academic staff and the students and will lead 

to a smoother running of departmental affairs. 

Last year, the department commenced a project to provide an e-Laboratory for 

its staff and students. On completion, this hybrid cloud system can be used to 

host and access it. The e-Laboratory is proposed to have tools such as Labview 

and Electronic Workbench. 

 

Fig. 4.5: e-Laboratory Graphic User Interface. 

The department is also currently working on an e-Library which will contain 

numerous books and materials relevant to communication, electronics, 

computer and power systems engineering. For ease of access and to ensure all 

registered students gain stress-free use of this valuable resource, it is suggested 

that the hybrid cloud system be used to access it.  
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Fig. 4.6: e-Library Graphic User Interface. 

 

Fig. 4.7: Feed Back Page Graphic User Interface. 

As no system can be truly prefect and as there will be no learning without 

feedback, this cloud web page is very essential. Via this medium, complaints 

and suggestions on any issues, challenges or faults with any aspect of this 

hybrid cloud system will be entertained and worked on. The cloud administrator 
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will access the contact us database from the administrator‟s link on the cloud 

home page. Figure 4.8 displays the contact us database screen shot. 

 

Fig. 4.8: Contact Us Database Screen Shot. 

As the admissions, courses/lecturers and results tabs on the hybrid cloud home 

page are linked to already existing web pages on the Federal University of 

Technology Owerri Website, the graphic user interfaces were not customized. 

 

4.2 Testing of the EEE Hybrid Cloud System 

Once the cloud system has been designed, installed and fully implemented, the 

next stage is to test it to ensure it functions optimally and as expected. Several 

key performance indicators that can be tested include availability, response 

time, functionality, mobility, compatibility and ease of use.  
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4.2.1 Response Time Test 

The response time of the system was tested by using the PING command from 

Command Prompt in the MS-DOS Software Application and the IP address 

(46.16.188.2) or domain name (www.eeecloudfuto.net). 

To perform this test, ensure the computer system is connected to the internet 

and the cursor is on command prompt by using the change directory (cd..) 

command twice. The following was keyed in from command prompt: 

C:\>PING www.eeecloudfuto.net    <ENTER> 

 

Figure 4.9 shows the Command Prompt Window with the PING test results. 

 

Fig. 4.9: PING Test Screen Shot. 

http://www.eeecloudfuto.net/
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The PING Test revealed a 0% packet loss as the 4 packets sent were received 

without any loss and an approximate average round trip time of 476milliseconds 

with a minimum time of 463ms and a maximum time of 500ms. 

4.2.2 Cloud Client Survey 

In order to get a real feel of the performance of the cloud system, a 

questionnaire (see appendix 4) was shared out to 40 prospective cloud clients. 

Using the following credentials; username: 1001 or username: 1002 and 

password: password1, the respondents were asked to log on at 

http://eeecloudfuto.net and rate their experience on the various criteria listed on 

the questionnaire. The rating key was 5-excellent, 4-very good, 3-good, 2-fair 

and 1-poor. After collation, the following Table 4.1 of results was obtained. 

 

Table 4.1: Hybrid Cloud Survey Results. 

KEY 
Response 

Time 
Availability Functionality Accessibility Depth 

5 17 16 14 14 8 

4 10 13 14 16 20 

3 13 11 12 10 10 

2 0 0 0 0 0 

1 0 0 0 0 0 

no 

reply 
0 0 0 0 2 

TOTAL 40 40 40 40 40 

 

 

 
      

http://eeecloudfuto.net/
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A graphical representation of the above collated data is presented in the column 

chart in Figure 4.10 below. 

 

Fig. 4.10: Graphical Representation of Cloud Performance Survey. 

As availability of the cloud system is one of the key design considerations, it is 

necessary to be tested for. Figure 4.11 shows a pie chart representation of the 

percentages of survey respondents who scored the availability of the cloud 

system.   

0

5
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15

20

25

5

4

3

2

1

no reply

KEY Mobility Portability Content Graphics Compatibility 
User 

Friendliness 

5 15 17 10 0 10 18 

4 11 11 21 17 15 12 

3 9 8 9 14 13 10 

2 0 0 0 9 0 0 

1 0 0 0 0 0 0 

No Reply 5 4 0 0 2 0 

TOTAL 40 40 40 40 40 40 
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Fig. 4.11: Pie Chart Representation of the Availability of the Cloud System 

4.2.3 Cloud-based Testing 

Cloud-based testing service vendors such as Neotys, Keynote Systems, HP and 

Compuware can be hired on a pay-per-use basis to test the cloud system. These 

vendors collaborate with cloud platform vendors such as Amazon, Google and 

Microsoft to generate the traffic needed to create a realistic testing environment. 

Due to financial constraints, this testing method could not be further 

investigated. 

4.3 Discussion of Results 

From the previous section, it has been clearly shown that the EEE Hybrid Cloud 

System is a well received and viable development. From its quick response 

times of 463milliseconds to 500 milliseconds and zero percentage packet loss, it 

shows it will respond well when loaded with network traffic. Its well rated 

content, user friendliness and functionality indexes as revealed from the survey 

shows it meets a need in the department and will be a much used resource. The 

compatibility index rating shows that despite the random and wide sample of 

client devices, operating systems, internet sources and web browser software 

used, the cloud system was still easily accessed and utilized. With a combined 

40% 

32% 

28% 

0% 0% 0% 

Availability 

5 4 3 2 1 no reply
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72% of survey respondents rating the clouds‟ availability index very good to 

excellent and the remaining 28% rating it good, it shows that this key design 

consideration was adequately satisfied. 

4.4 Costing of the EEE Hybrid Cloud System 

To realise this project, several components, items and subscriptions were 

obtained. Bearing in mind the need for sustainability of the project and ease of 

maintenance, as well as the need for reliable and durable use, readily available 

and moderately affordable components were employed. A list of all expenditure 

is presented in Table 4.2. 

Table 4.2: Costing of the EEE Hybrid Cloud System 

S/NO ITEM/DESCRIPTION PRICE QTY COST 

1 Server hardware – Desktop or Laptop 

(Min. Specs: 4GB RAM, 2.0GHz, 40GB 

storage, 1 NIC) 

85000 1 85,000.00 

2 Cloud OS (Linux-based OS, Stackops-

Distro of Openstack cloud dev platform) 

20000 1 20,000.00 

3 LAN setup – Internet source  

(USB modem plugged 2 a separate laptop 

and configured with ICS to share) 

6000 1 6,000.00 

3 Internet Subscription Data Bundle 1500 6 9,000.00 

4 3meter Ethernet patch cable  250 4 1,000.00 

5 8-port switch  5,000 1 5,000.00 

6 Client Laptop Computer 80000 1 80,000.00 

7 Clips, crimper tool, rj45 connectors Set 4000 1  4,000.00 

8 Computer Table 12000 1 12,000.00 

9 Domain Name/annum FREE 1 FREE 

10 Public Web Hosting/annum 2500 1 2,500.00 

11 Compilr SaaS Monthly Access 2000 4 8,000.00 

12 PHP/HTML Programming   15,000.00 

13 Uninterrupted Power Supply Unit 5000 1 5,000.00 

14 Miscellaneous   5,000.00 

TOTAL 257,500.00 
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4.5 EEE Hybrid Cloud System Extension 

In the unlikely case of population explosion in the Electrical Electronic 

Engineering Department of the Federal University of Technology, Owerri, the 

hybrid cloud system can be extended to accommodate twice the number of 

clients designed for in chapter three. The base requirements will thus be as 

follows in Table 4.3. 

Table 4.3: Hybrid Cloud Extension Requirements 

S/NO ITEM DESCRIPTION 

1 Cloud Server Hardware Server class processor - 64-bit dual processor, hex-

core, 2.26 GigaHertz, Intel Xeon (GHz) or higher 

2 Memory 160GB of RAM or its equivalent 

3 Disk Storage Solid State Disks (SSD), Storage Area Network 

(SAN) setup, RAID array configuration, up to 

80TB capacity 

4 Cloud Operating System Same can support increased number of users 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

In this project, a hybrid cloud was designed and implemented for the Electrical 

Electronic Engineering Department of the Federal University of Technology, 

Owerri. This project was implemented using Stack Ops Distro Community 

Edition for the private cloud with a single node deployed and using the 

dashboard for customization and management. WhoGoHost Internet Web 

Hosting Provider was used to host the public cloud, with its cPanel menu 

employed for its management and necessary modifications.  

Applications such as software programming languages independent 

development environments, email services and departmental resources were 

provided for. Links to already available resources such as the FUTO 

Admissions web page were created as well as links to departmental sources 

soon to be provisioned. These were provisioned for ease of access by 

departmental staff and students.  

After testing the hybrid cloud system by means of the PING Test and a 

Questionnaire Survey, its availability, resourcefulness, usefulness and 

compatibility among other key performance indexes were clearly portrayed. 

5.2 Contribution to Knowledge 

• Use of the Cloud Computing Technology to design and implement an 

efficient communication and resource tool for the Electrical Electronic 

Engineering Department of the Federal University of Technology, 

Owerri. 
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•  Combination of StackOps and WhoGoHost Platforms to implement the 

Hybrid Cloud  System.  

 

5.3 Recommendations for Further Research 

This project displays just the tip of the iceberg of the paradigm that is cloud 

computing. Further effort and resources should be put into this line of research 

as its benefits as portrayed in chapters one and two are numerous. Listed below 

are some suggestions for further work and investigation. 

1. Using Cloud Based Test Providers such as Neotys (Neoload) to 

provide more rigorous and detailed stress and traffic testing as well as 

load balance testing. 

2. Expansion of cloud offerings to include Google Applications tailored 

to education, research and development such as Google Sites, Vault, 

Docs, etc. 

3. Integration of more SaaS cloud applications such as office 

management services, time management services, etc.  

4. Investigation into the possibility of interlinking both cloud systems for 

ease of data and resource flow and backup. 

5. Use of dedicated web hosting for further control over and security of 

the cloud system. 

6. Integration of a chat software application for online chat capabilities to 

further augment the email services provided and allow for real time 

communication. 

7. Use of a separate domain name registrar for ease of migration and 

upgrade to a higher web host subscription plan. 
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8. Development of local programmes for deployment on the cloud to 

reduce IT expenditure. 
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APPENDIX A 

HOME PAGE PHP CODES 

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0 Transitional//EN"> 

<!-- saved from url=(0028)http://192.168.137.250:8080/ --> 

<!--?xml version="1.0" encoding="ISO-8859-1"?--><!DOCTYPE html PUBLIC "-

//W3C//DTD XHTML 1.0 Strict//EN" "http://www.w3.org/TR/xhtml1/DTD/xhtml1-

strict.dtd"><HTML  

lang="en" lang="en" xml:lang="en"  

xmlns="http://www.w3.org/1999/xhtml"> 

<HEAD> 

<link href="mainstyle.css" rel="stylesheet" type="text/css" media="screen" /> 

  <script src="scripts/jquery-1.6.2.js" ></script> 

  <script language="Javascript" type="text/javascript"> 

  function gotolab(){ 

   location.href='elaboratory.php'; 

  } 

  function gotolib(){ 

   location.href='elibrary.php'; 

  } 

  function gotoadmiss(){ 

   location.href="http://futo.edu.ng/Admissions.aspx"; 

   } 

  function gotocourses(){ 

 location.href="http://futo.edu.ng/Schools/engineering/Electrical.aspx"; 

   } 

  </script> 

<META content="IE=10.000"  

http-equiv="X-UA-Compatible"> 

<TITLE>EEE FUTO: Cloud</TITLE>  

<META http-equiv="Content-Type" content="text/html; charset=windows-1252"> 

<META name="GENERATOR" content="MSHTML 10.00.9200.16408"> 

</HEAD>  

<BODY> 

<div id="maincontent"> 

<div id="cloudbanner"> 

<!--<div id="logo"></div> --> 

<div id="mainbanner"><center><H2>Welcome to Electrical Electronic Engineering 

Department Hybrid Cloud</H2> 

<span>Federal University of Technology, Owerri, Imo State, Nigeria.</span> 

<h3>A Masters Project implemented by Iwuchukwu, Uchechi C. 

20094768548.</h3></center> 
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<table width="100%" border="0" id="topmenu"> 

<tr><td><a href="index.html"> Cloud Home</a></td><td><a href="cloudapp.php"> 

Cloud Apps(SaaS)</a></td><td><a href="eeehandbook.doc"> EEE 

Handbook</a></td> 

<td><a href="http://eeecloudfuto.net:2095/"> Email</a></td><td bgcolor=""><a 

href="eboard.php">e-Notice Board</a></td> 

<td><a href="admin.php"> Administrator</a></td><td><a href="contactus.php"> 

Contact Us</a></td></tr> </table> 

<div id="largemenu"><table width="100%" border="0"><tr><td><button 

onclick="gotoadmiss()"> Admissions</button></td><td><button 

onclick="gotocourses()"> Courses/Lecturers</button></td><td><button 

onclick="gotolib()"> E-Library</button></td><td><button onclick="gotolab()"> E-

Laboratory</button></td><td><button>Results</button></td></tr></table> 

</div> 

</div> 

</div> 

<div id="mainbody"><center> 

<h3>Introduction to Electrical & Electronic Engineering Department</h3></center> 

<P>Electrical and Electronic Engineers are principally concerned with the design, 

production and use of systems, subsystems,  

components and devices whose operation depends on Electrical and Electronic 

engineering effects. The entire field of Electrical and Electronic engineering has 

expanded rapidly in the last decades and now encompasses a wide range of 

professional activities. Due to its diversity, it is difficult for an Electrical and 

Electronic Engineer to be a specialist or expert in  

all the branches of the field. As a result of this, the areas offered for specialization are: 

<ol><li>Communications Engineering Technology</li> 

<li>Electronics and Computer Engineering Technology</li> 

<li>Electrical Engineering Technology (Power Systems)</li> 

</ol> 

</P> 

<P>In addition to undergraduate courses the department also offers postgraduate 

courses in these fields as well as in Control Engineering Technology. 

The department of Electrical & Electronic Engineering has a strong staff strength 

which comprises Professors, Readers and several other lecturers of good academic 
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standing. Also, the department has well equipped laboratories which are actively 

utilized by both the staff and students. 

</P> 

<P>From the inception of the University till date, the department of Electrical & 

Electronic Engineering has turned out thousands of graduates most of whom are 

currently gainfully employed in various spheres of human endeavour such as power 

and energy industries, telecommunications, manufacturing and production, oil and 

gas, agriculture, education, banking and several other sectors of the global economy.  

The Department looks forward to becoming a world class developer of future 

Electrical & Electronic Engineers. 

</P> 

</div> 

</div> 

</BODY></HTML> 

 

eNOTICE BOARD PHP CODES 

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.0 Transitional//EN"> 

<!-- saved from url=(0028)http://192.168.137.250:8080/ --> 

<!--?xml version="1.0" encoding="ISO-8859-1"?--><!DOCTYPE html PUBLIC "-

//W3C//DTD XHTML 1.0 Strict//EN" "http://www.w3.org/TR/xhtml1/DTD/xhtml1-

strict.dtd"><HTML  

lang="en" lang="en" xml:lang="en"  

xmlns="http://www.w3.org/1999/xhtml"> 

<HEAD> 

<link href="mainstyle.css" rel="stylesheet" type="text/css" media="screen" /> 

  <script src="scripts/jquery-1.6.2.js" ></script> 

<META content="IE=10.000"  

http-equiv="X-UA-Compatible"> 

     <TITLE>EEE FUTO: Private Cloud</TITLE>  

<META http-equiv="Content-Type" content="text/html; charset=windows-1252"> 

<META name="GENERATOR" content="MSHTML 10.00.9200.16408"> 

</HEAD>  

<BODY> 

<div id="maincontent"> 

<div id="cloudbanner"><H1>Welcome to the Cloud of EEE Department FUT 

Owerri</H1> 

 

<h3>A Masters Project implemented by Iwuchukwu, Uchechi C. 

20094768548.</h3></center> 
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<table width="100%" border="0" id="topmenu"> 

<tr><td><a href="index.html"> Cloud Home</a></td><td><a href="cloudapp.php"> 

Cloud Apps(SaaS)</a></td> 

<td><a href="staffmail.php"> Staff mail</a></td><td bgcolor=""><a 

href="eboard.html">e-Notice Board</a></td> 

<td><a href="admin.php"> Administrator</a></td><td><a href="contactus.php"> 

Contact Us</a></td></tr> </table> 

<div id="largemenu"><table width="100%" border="0"><tr><td><button> 

Admissions</button></td><td><button> Course 

Outline/Registration</button></td><td><button> E-

Library</button></td><td><button> E-

Laboratory</button></td><td><button>Results</button></td></tr></table> 

 

</div> 

</div> 

 

<div id="mainbody"> 

<div id="noticeboard"> 

<h2>  Notice Board  </h2> 

<form method="post"> 

<table width="60%"> 

<tr><td>Subject</td><td bgcolor=""><input type="Text" id="subject"></td></tr>  

<tr> 

<td>Message</td><td bgcolor=""><textarea rows="10" 

id="message"></textarea></td></tr>  

<tr><td></td><td><input type="submit" value="Paste to Board"><input type="reset" 

></td></tr>  

<tr> 

</table> 

</form> 

 

 

</div> 

</div> 

</BODY></HTML> 
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APPENDIX B 

 

CLOUD CLIENT QUESTIONNAIRE ON EEE HYBRID CLOUD EXPERIENCE  

 

Name:…………………………………………………………………………………………….... 

User Type (staff/student):…………………………………………………………………… 

Kindly visit the EEE HYBRID CLOUD via this URL http://eeecloudfuto.net (username: 

0001 or username:1002, password: password1) and rate your experience on the 

various criteria listed in the table below using the specified rating key. 

RATING KEY: 

5 - Excellent     4 - Very Good   3 - Good   2 - Fair 1 - Poor 

KEY PERFORMANCE INDEX 5 4 3 2 1 

SPEED/RESPONSE TIME      

RELIABILITY/AVAILABILITY      

FUNCTIONALITY      

DEPTH      

ACCESSIBILITY      

CONTENT      

GRAPHICS      

COMPATIBILITY      

USER FRENDLINESS      

 
SPEED: The response time of the cloud system or the latency which is a measure 

from the time a request is sent till when a reply is received. 

RELIABILITY/AVAILABILITY: The ability to access the cloud system at anytime of the 

day and the hitch-free duration of access. 

http://eeecloudfuto.net/
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FUNCTIONALITY: The degree of usefulness of the designed cloud system.  Does it 

meet its objectives? 

CONTENT DEPTH: The level of satisfaction of the cloud clients with the nature of 

resources provisioned.  

ACCESSIBILITY: The ability to gain access to the cloud system irrespective of the 

cloud client device being employed. 

GRAPHICS: The quality and aesthetics of the cloud systems’ graphic user interfaces. 

COMPATIBILITY: The ease of access to the cloud system irrespective of the operating 

system and internet browser being used by the cloud client. 

USER FRIENDLINESS: The ease of use and general clarity of the cloud system. 

 

Thank you for your time. Your rating will be used as part of my testing for my 

ongoing project work. 

 

Iwuchukwu, Uchechi Chinwe 

EEE DEPARTMENT 

FUTO 
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APPENDIX C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow Chart of Hybrid Cloud Accessibility 

Navigate to 

www.eeecloudfuto.net 

Boot Up  

Client System 

STAR
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Username 
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NO YES 

Log Out 



122 

 

 

 

 

 

 

 

Picture displaying the implemented Hybrid Cloud System 

 


