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Abstract 

Public sectors and government agencies delivering e-government services should look for better vehicles 

to decrease IT budgets, and at the same time provide agile IT services to organizations and citizens. The 

paradigm of cloud computing, which has been recently introduced and developed, offers means for public 

managers and government executives to address issues of budget constraints and agility of service. 

Literature review shows that cloud computing deployment models such as private cloud, public cloud, 

hybrid cloud  and cloud computing services such as Infrastructure as a Service ,Platform as a Service and 

Software as a Service were being defined and implemented in the industry. If adopted and implemented in 

developing economy like Ethiopia, these cloud architecture and services will benefit in lowering ICT 

infrastructure costs and acquire  new ways to manage Data Center resources, applications developed and 

resources to develop softwareôs to deliver e-government services to the public. 

 

In this research project, great efforts have been made to adopt everything as a service XaaS of three vendors. Cisco 

IaaS cloud architecture for Ethiopian government Data Center particularly in Oromia Regional State Datacenters is 

adopted. Software as a service of Intel vendors is also adopted for Oromia Regional State datacenter application 

usage. Platform as a service is also adopted from Oracle cloud providers which enable Regional software 

development tools accessible simply from the vendors. The adopted architecture is based on the already existing 

government private cloud (Woredanet) and used to provide G2G (Government ïto-Government) application with 

minimum cost for storage within government Data Centers. 

Using open source virtualization softwareôs XenServer 6.5 and Xencenter, we have tested the adopted infrastructure 

as a service is in area of small Local Area Network. The Software as a service and Platform as a service is also 

depends on the Infrastructure adopted and simple to experiment. We have analyzed the results of our testing that it 

can be scale up to WAN (Wide Area Network) like woredanet. If the Xencenter client application is installed on all of 

the woreda/district desktop computers that are connected to Oromia Regional Data Center, they can share resources 

of Data Center servers being at a remote location. 

We recommend, therefore, that researchers give attention to these areas of cloud services both in private and public 

cloud deployment models. The future research should also focus on the bandwidth conception of XaaS in case of 

Ethiopian e.government and the security of XaaS.  
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CHAPTER ONE 

1. Introduction 

1.1 Background 

Governments are in realizing the potential benefits of the Information Technology to provide e-services. E-services 

are delivering cost-effective services, which can drive the growth of the economy and government productivity. Cloud 

computing is a talented  technology model that is changing the way public sector organizations consume Information 

and Communications Technology (ICT), and how they deploy and deliver services to stakeholders. Cloud computing 

provides a new service consumption and delivery model inspired by Consumer Internet Services. It drives down 

costs and accelerates cost reduction benefits. In addition, cloud architectures can benefit governments to reduce 

duplicate efforts and increase effective utilization of resources [1]. It is also indicated in [2] that E-Governance with 

cloud computing offers integration management with automated problem resolution, manages security end to end, 

and helps budget based on actual usage of data.  

 

The flow of information is essential for effective governance and managing the day-to-day business of government 

services for the citizens. E-Government creates opportunities to reduce the costs of providing information and 

services to the public. It is the use of Information and Communication Technology that have the ability to transform 

relations with citizens, businesses, and different levels of government. In an e-government implementation 

approach, ICT can serve a variety of different customers: citizens, businesses etc by empowering them through 

access to information. Some of the benefits of e-government services are - less corruption, increased transparency, 

greater convenience, revenue growth, and cost reductions. Some of e-government applications fall under the 

following categories [3]. 

¶  G2G (Government to Government):-Administration, Inter-government enterprise, Control, monitor and 

distribution.  

¶ G2C (Government to Consumer):- Registration/Land/Revenue Services, Hospital services, Agricultural 

services.  

¶ G2B (Government to Business) :Tenders (e-tenders),Contract Management ,Tax. [3]. 

The goal of e-governance is to Expand services for stakeholders (Governments, citizens, businesses), Improve 

internal operations,  Increase collaboration  and access to information. 

All these e-government applications rely on the available infrastructure at the data center, software applications which 

enhance government eservices, and platform applications, which is used to develop these applications. All of the 

government services are an essential corporate asset that connects all servers, applications and storage services. 
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Therefore, these services are a key component that needs to be planned and managed carefully to meet the growing 

performance demands of users and applications. 

 

With its emphasis on consolidation, virtualization, and automation, cloud computing has emerged as an important 

strategy for achieving e-government goals and managing data centers and applications. As it is described in [4], 

governments that adopt cloud-computing strategy believe that ñIf the goal of e-Governance is to be achieved, it can 

do so by leveraging cloud everything as a service without having to purchase significant hardware and software 

lowering both time and cost barrier in service delivery.ò 

1.2 E-government Services in Ethiopia 

Ethiopian Government has recognized the power of ICT in national development plan and had launched e-

government initiatives in 1997 E.C [4]. One of the e-government initiatives is establishing VPN called ñWoredanet ICT 

Networkò in which all public sectors in the country are to be connected to get e-Services from National Data Center. 

The objectives of the woredanet is to provide ICT services such as video conferencing, directory services, mail 

services, voice services, and Internet connectivity to the federal-level, Regional-level and woreda-level government 

entities. The service is also to build a transparent & accountable government system and increase citizen 

participation in the government. Beneficiaries of the services are the public sectors, business organizations and 

community .The long term plan of the government is to ensure e-governance in which the following components of e-

government will be justified. These components are: G2G (Government to Government), G2B (Government to 

Business) and G2C (Government to Citizen).E-government (electronic Government) is defined as the service delivery 

model of a government to its customers in which  traditional delivery mode is substituted by online services to ensure 

efficiency in governance and public sectors. Based on this initiative, there are 1 National Data Center, 9 Regional 

Data Centers in the country. The National Data Center is connected to the Regional Data Centers and to all woredas 

that have woredanet ICT Network in the country. Currently, over 630 woredas (districts) are connected; some 

government ministries and some Regional bureaus that are connected to the woredanet are getting internet and 

video conferencing services. In addition, Regional Data Centers are established in each Regional State. These Data 

centers are providing ICT services such as video conferencing, directory, messaging, and VoIP and Internet at the 

federal, Regional and lowest level of government throughout the country. [4] 

Federal government ministries and Regional Bureaus have conducted BPR (Business Process Reengineering) study 

of their respective businesses and developed MIS applications since 2000 E.C. As an example, in Oromia about 22 

Regional bureaus developed MIS applications after BPR study, where each of them developed sector specific 

applications and databases. Some of the Bureaus have developed specific applications like Oromia Revenues 

authority SIGTAS, Oromia Finance and economic development Bureaus IBX/IFMISS, Oromia Healthy Bureaus 
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HMIS, Oromia Court , Court Management System, Oromia Education Bureaus, Education Management Information 

System, Oromia  Good Governance and Civil Service Bureaus. [4] 

 All of them require installation, patching, configuration, deployment, independent storage and computing power 

(Server, CPU, and Memory) which is very expensive to purchase for each of these Regional bureaus. If we imagine 

for the remaining 8 Regional states the same scenario exists to store application and data of their respective bureau. 

As the need of automating the manual business process increases within public sectors of the country, it requires 

complicated installation and configuration and huge amount of storage space and computing power. [4] 

By considering the above limitations of the existing service delivery, the main focus of this research is on issues that 

are appropriate to deliver application and data center services through cost effective way. Therefore, this research 

attempts to seek a solution by adopting Cloud XaaS Architecture for Ethiopian e-Government Services. 

1.3 The Ethiopian Government Cloud (WoredaNet) 

Woredanet is a terrestrial and satellite-based network whose primary objective is to provide ICT services such as 

video conferencing, directory services, mail services, voice services, and Internet connectivity to the federal-

level, Regional-level and woreda-level government entities.  From conception, the Woredanet was established to 

leverage its infrastructure to establish a three-tier structure for the provision of government based quality ICT 

service to the public sector driven by user requirements. This was to be achieved by harmonizing efforts 

undertaken by other government institutions in terms of ICT capacity building or service delivery by use of and/or 

extension of the Woredanet infrastructure. [4] 

The Woredanet ICT Network is instituted as an infrastructure frame (Skeleton) that goes in line with the FDREôs 

Federal and Regional governmentôs hierarchy. The upgrading works of this system are designed to cover the 

governmentôs administrative, legislative and executive organs hierarchical structure. [4] 

Figure 1.1 Below depicts architectures of Ethiopian Government National Network  
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Figure 1.1 Ethiopian Government National Information Network Architecture [4] 

As shown in figure 1.1 there is one National Data Center, NDC, with high-speed Fiber optic Network connectivity 

with the Ethiopian Telecom Broad band Metro Network (BBMN). There are 13 ministries, 19 agencies, 9 

Regional Data Centers and some of woredas/districts are all connected via a Terrestrial connectivity ADSL 

(Asynchronous Digital Subscriber Line) to the ETC BBMN. The rest of the woredas are connected via satellite 

VSAT (Very Small Aperture Terminals). NDC has redundant and failover systems by design. 
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Figure.1.2 The Woredanet Architecture as it follows the Government Structure [5] 

1.4 G2G Services in Ethiopia 

 The Woredanet is capable of delivering the following core services to all of the federal, Regional and Woreda sites 

that are included within its scope [5]: 

Web Service: - To provide wider access to content available on the Internet for education, health, agriculture and 

governance by civil servants. Such service will contribute in the bridging the digital divide currently experienced 

between unequal distribution of Web access between urban and rural and between densely populated towns and 

thinly populated remote areas.  

Voice over IP (IP-Telephony) Service:-To establish a common and singular voice over IP (Internet Protocol) 

communication infrastructure between Federal, Regional, and Woreda sites which can be stated to be non-existent at 

the present. This particular service is expected to contribute largely to the increase of the tele-density of the country 

by providing an aggregated telephone access service especially to remote woredas without having to traverse the 

traditional telephone exchanges. 
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 Directory Service: -To establish a government wide catalogue of digital resources for managing of government 

folders, files, users, computers, and enforcing of a coherent usage policy in the sharing of such resources. The 

directory service can greatly impact the alignment of government goals from a top down approach as well as across 

lateral approach by the design and implementation of policy across a network such as Woredanet.  

Messaging: - It is an email and chat messages within the government intranet (woredanet) based on web service 

technology. It is based on web service protocols used for any other web services but within intranet email 

applications. It is structured and secured messaging service following the government hierarchical structure from 

federal, to Regional and to woreda. It is a consistent and true collaboration environment, whereby free flow of mail 

messages can take place between governments organizations connected to woredanet. As an example, contact 

details of a specific resource at a woreda, e.g. an email address owertiyo@oromiya.gov.et can be published, and 

common experiences can be posted and shared among the different levels of government.    

Video Conferencing: - To reduce distance, time, and cost and to substitute the value of face-to-face meeting by use 

of IP based Videoconferencing devices as tools for conducting meetings. The value of such a tool is not only for 

holding up a one to one meetings but also in conducting group meetings and broadcasting recorded sessions, 

programs  or television content to the remote woredas. 

Web based Government Applications: - .In order to obtain maximum benefits from opportunities provided by ICT, 

appropriate ICT content and application is developed and tailored to user needs. The government is committed to the 

development of locally relevant ICT content and application consistent with specific sector business process. 

In this line, the Oromia National Regional government is determined to develop and implement appropriate sector 

based content and application in priority areas but spanning over 22(twenty two) Regional bureaus. These public 

sectors have studied the BPR of their sector specific business and are connected to woredanet. A total of 45 

applications with their respective data base and Regional portal were developed and deployed in Oromia Regional 

Data Center. 

The developed MIS (Management Information System) are based on web service technology and accessed only 

within the government intranet (woredanet) through browsers. There is also a bureau specific application developed 

for the purpose of specific task, which is installed on standalone computer. 

1.5 XaaS (IaaS, PaaS and SaaS) Technological Attempts in Ethiopia 

Shared hosting is the prominent hosting option for most businesses and government organizations in Ethiopia. 

Most business and government institutions host their web-based application on EthioTelecom servers. The 

principle of XaaS hosting option comes from the fact that EthioTelecom is sharing the resources of a single 

server with many other users. This sharing option extends to email systems, portals and some web based 
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applications. Potential breaches or performance problems on websites outside of our control can take down the 

server and leave our website offline for prolonged periods [5]. 

1.6 Oromia Regional State Woredanet 

The same scenarios available in Oromia Regional State. Many services available in Oromia Regional State like 

portal, mail services are available for the public organizations through woredanet. The Region develops MIS 

applications for 21 Regional bureaus and deploys it on woredanet VPN. All these services are available through 

woredanet VPN that deployed at Oromia data center and given by three redundant data centers which contains 

different hardwareôs (router, switch, server, UPS) 

From these, everything as a service XaaS (every ting as a service) is not implemented in Ethiopia and Oromia 

Regional State Currently. Even if many researchers have done many researches regarding cloud computing it 

was not implemented in Ethiopia. 

1.7  Statement of the Problem 

Oromia Regional State has three data centers which are built with any rules and regulations for the purpose of 

redundancy. This data centers contains many equipments like Servers, computers, air Conditioners, Storage Medias, 

CCTV Cameras, Routers, Switches, Racks and all of these materials consume power which costs the Regional State 

more money. If we imagine servers located in three data centers, it is about wastage of money in the Region. The 

above Scenarios works for all 9 Regional State of the country, Ethiopia. 

The Oromia Regional State also developed money applications by outsourcing and in house. The application 

developed in Oromia Regional State needs huge amount of training and effort for development and configurations. 

Licensing and patching of these applications needs more many, which the Region cannot afford. Instead of buying 

application softwareôs, and facing the complexity of buying and maintaining of hardware and software for the 

provisioning of platform applications, XaaS cloud architecture and virtualization technology can serve for  better 

enhancement of the organizations capability of customer services.[Source: Interviews]   

Software used in the Region is also used without any license and legal background, which brings a consequence of 

many problems. Most of the time this software freely available from the market with minimum cost. Because of no 

any patching and updates they are attacked by viruses and files of the users are lost. To solve this problems the 

cloud computing services has to be implemented. Security of the adopted cloud is also one of the major issues to be 

considered through the work. [Source: Interviews]   
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To seek a solution to these problems Cloud infrastructure, software and platform services of XaaS architectures has 

to be adopted.  

This research is done to answer the following research question. 

How can we provide XaaS cloud services using few Data Centers, softwareôs and platform in Ethiopia 

particularly in Oromia by developing suitable Framework? The research also answers the following 

questions in detail. 

¶ What is the possible Framework for XaaS cloud service technologies available, their implementation for 

e-Government services and their potential and associated advantages and challenges? 

o What is the possible IaaS Framework for Woredanet VPN particularly Oromia Regional State Datacenters? 

o  What is the possible SaaS Framework for Woredanet VPN particularly Oromia Regional State Datacenters? 

o What is the possible PaaS Framework for Woredanet VPN particularly Oromia Regional State Datacenters? 

1.8  Objectives of the Research 

General Objective 

The main objective of the study is to design a framework for XaaS cloud service architecture in Woredanet of 

Ethiopian government to enhance e-Government services for the society. 

Specific Objectives 

To achieve the general objective the specific objectives of this research work are as listed below. 

B To assess the existing infrastructure in Oromia Regional State Data center at particular and Woredanet VPN 

in general. 

B To assess and compare the existing Oromia regional data Center architecture with XaaS cloud architecture 

requirements 

B To review and select the XaaS cloud components(IaaS, PaaS and SaaS) architecture that is appropriate to 

adopt in oromia Regional state data centers 

B To Review literature on policies and parameters to implement XaaS cloud service.  

B To define system and users requirements. 

B To produce a framework that helps to adopt XaaS cloud services in oromia regional state Data centers. 

B To conduct experiments using open source tools on the adopted architecture in one of the Oromia Regional 

Data Centers 
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1.9  Methodology of the Study 

Both qualitative and quantitative methods will be used to conduct the study. NDC (National Data Center) and 

Regional Data Centers will be conducted under the study. Applications softwareôs and system softwareôs that runs on 

Woredanet VPN will be conducted. National data center and some Regional bureaus and sample woredas that are 

connected to woredanet VPN are also part of the study. The following methodologies will be used in the research: 

1.9.10 Literature Review 

Literatures on traditional data centers, cloud data centers, cloud computing benefits, XaaS cloud service providers, 

XaaS cloud services architectures and platforms will be reviewed. The existing XaaS cloud service architectures, 

technologies and how different countries used for e-Government services will be reviewed. The literatures on ICT/e-

government policy, Information exchange standards and regulations in Ethiopia will be reviewed. In addition to these, 

books and articles of related field is reviewed. 

1.9.1  Study Population and Sampling Method  

Study population and sampling method are used in this research. Random sampling method is used for 

questionnaires that distributed to the targeted group. 

1.9.2  Data Source and Data Collection 

Data source is creating correct and exact questionnaires for selected and targeted customers. These questionnaires 

and interviews must be to the right person for successful research. 

× Questionnaires 

The questionnaires are also prepared for Oromia Regional State ICT agency directors and experts. Regional 

Bureaus ICT experts are also one of the interviewers ethio telecom and national data center is also target group 

them to be interview.  

× Interview 

Interviews are made with Oromia Regional State ICT agency heads, experts and concerned peoples. National 

datacenter and Ethiotelecom experts are also part of these interviews. 

× Observations 

The existing service delivery of application and platform software are observed in Oromia Regional State ICT agency 

and National Data centers. Oromia Regional State ICT agency data center is also observed. The observation will be 

the physical infrastructures like server, router, switches and other data center equipments. What are the application 

hosted and used by the organizations is also one part of the observations. 
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1.9.3  Data Analysis and Interpretations 

Data collected will be analyzed using comparative analysis. The existing XaaS cloud service architecture and 

technologies reviewed in the literatures will be compared with the result of data analysis. The analysis of the 

quantitative data is analyzed and interpreted with number based calculations and the qualitative data is interpreted 

and analyzed with text or method based 

1.9.11 Design Procedures 

Implementation and testing of the Framework for XaaS cloud architecture is carried out by experimenting each of 

XaaS components. From the bottom of the framework that is IaaS is tested and approved for the real 

implementations. Then on top of IaaS, PaaS is tested and implemented. Finally SaaS for applications available on 

the cloud is kept on PaaS. 

1.9.4  Tools Used 

In this research we have experimented on our prototype by using citrix XenServer 6.5.  XenServer 6.5 is the 

complete server virtualization platform from Citrix. The XenServer package contains all you need to create and 

manage a deployment of virtual x86 computers running on Xen, the open-source paravirtualizing hypervisor with 

near-native performance. XenServer is optimized for both Windows and Linux virtual servers. XenServer runs directly 

on server hardware without requiring an underlying operating system, which results in an efficient and scalable 

system. XenServer works by abstracting elements from the physical machine (such as hard drives, resources and 

ports) and allocating them to the virtual machines running on it. A virtual machine (VM) is a computer composed 

entirely of software that can run its own operating system and applications as if it were a physical computer. A VM 

behaves exactly like a physical computer and contains its own virtual (software-based) CPU, RAM, hard disk and 

network interface card (NIC). XenServer lets you create VMs, take VM disk snapshots and manage VM workloads.  

 Benefits of Using XenServer:-  Using XenServer reduces costs,  Reducing the number of separate disk images 

that need to be managed,  Allowing for easy integration with existing networking and storage infrastructures,  

Allowing  you  to  schedule  zero  downtime  maintenance  by  using  XenMotion  to  live  migrate  VMs  between 

XenServer hosts.  Increasing  availability  of  VMs  by  using  High  Availability  to  configure  policies  that  restart  

VMs  on  another XenServer host if one fails, Increasing portability of VM images, as one VM image will work on a 

range of deployment infrastructures. 

1.9.12  Testing Procedure 

I try to test the adopted framework using Xenserver virtualization tools. The testing is performed on LAN environment 

using routers, switches, computers and cables. Virtualizing virtual machine, storage repository configuration and 

computing resource configuration is the major jobs done. 
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1.10  Scope of the study 

The scope of this thesis is also limited to only adoptions of XaaS components like SaaS, PaaS and IaaS.  In case of 

IaaS it is also limited to Memory, CPU and Storage of the Infrastructures. 

1.11  Limitations  

The limitations for this research is tools used for implementation is not fully free. Literatures related to government 

services in Ethiopia especially woredanet is not available on internet. 

1.12 Delimitations 

The delimitation of the study is that the framework that is going to be produced may not work for public cloud 

because some government resources may not be exposed to public cloud. In these research areas like data as a 

service, network as a service and bandwidth as a service is not included. 

1.13 Thesis organizations  

The Organizations of this thesis depends on the standard thesis writing formats. Each Section separated by chapters 

which talks about specific area. The organizations of the papers are as follows:- 

¶ Chapter one: - discusses about Introductions, Objectives, and Problem of statements. 

Under this chapter major topics like e.government, the Ethiopia cloud services, technology attempt Ethiopia 

and problem of statement is discussed.,  

¶ Chapter Two: - discusses about Literature Reviews. 

Under this chapter literature reviews and related work is discussed. The concept of XaaS discussed in 

detail. E.government cloud and legal frame work in Ethiopia is discussed. Cloud adoption in different 

countries and related work in different universities is also included. 

¶ Chapter Three: - discusses about Cloud Computing Assessments and Findings in Ethiopia. 

Questionnaires and interviews of different target group is discussed and analysis of the result is presented 

as graph. 

¶ Chapter Four:-  discusses About Implementations of the Findings and designing the performance of XaaS 

This chapter explains about Different parameters of framework selection. Findings of the research 

is also presented in this chapter..  

¶ Chapter Five:-  discusses about Conclusion and Future Works 

Conclusion and future work of this research is available under this chapter 
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CHAPTER TWO 

2. Literature Review 

This chapter explains about the concepts and technologies related to cloud computing and research works related to 

adoption of cloud architecture for e-governments and other services are discussed. To make   readers get our 

objectives we start with the general concept and go to the specific issues that focuses on characteristics of e-

government services in a cloud and requirements of cloud XaaS architecture. 

2.1 Overview of Cloud Computing 

National Institute of Standards and Technology (NIST) defined Cloud computing  as ñCloud computing  is a model for 

enabling ubiquitous (ever-present), 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 interactionò [6].When you store your photos online 

instead of on your home computer, or use webmail or a social networking site, you are using a ñcloud computingò 

service. If you are an organization, and you want to use, for example, an online invoicing service instead of updating 

the in-house one you have been using for many years, that online invoicing service is a ñcloud computingò service[7]. 

Cloud computing refers to the delivery of computing resources over the Internet. Instead of keeping data on your own 

hard drive or updating applications for your needs, you use a service over the Internet, at another location, to store 

your information or use its applications. Doing so may give rise to certain privacy implications [7]. 

2.1.1 Characteristics  

The characteristics of cloud computing include on-demand self-service, broad network access, resource pooling, 

rapid elasticity and measured service. On-demand self-service means that customers (usually organizations) can 

request and manage their own computing resources. Broad network access allows services to be offered over the 

Internet or private networks. Pooled resources means that customers draw from a pool of computing resources, 

usually in remote data centers. Services can be scaled larger or smaller; and use of a service is measured and 

customers are billed accordingly [6].  

2.1.2 Deployment of cloud services:  

Cloud services are typically made available via a private cloud, community cloud, public cloud or hybrid cloud.  

Public cloud: -are offered over the Internet and are owned and operated by a cloud provider. Some examples 

include services aimed at the general public, such as online photo storage services, e-mail services, or social 

networking sites. However, services for enterprises can also be offered in a public cloud.  
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Private cloud: - the cloud infrastructure is operated solely for a specific organization, and is managed by the 

organization or a third party.  

Community cloud: - the service is shared by several organizations and made available only to those groups. The 

infrastructure may be owned and operated by the organizations or by a cloud service provider.  

 Hybrid cloud: -is a combination of different methods of resource pooling (for example, combining public and 

community clouds)[6]. 

2.2 Cloud Computing Service Models 

The cloud computing service models are Software as a Service (SaaS), Platform as a Service (PaaS) and 

Infrastructure as a Service (IaaS). In Software as a Service model, a pre-made application, along with any required 

software, operating system, hardware, and network are provided. In PaaS, an operating system, hardware, and 

network are provided, and the customer installs or develops its own software and applications. The IaaS model 

provides just the hardware and network; the customer installs or develops its own operating systems, software and 

applications [6].  

As shown in figure 2.1 Cloud Providers offer services that can be grouped into three categories [8]. 

Software as a Service (SaaS) 

In this model, a complete application is offered to the customer, as a service on demand. A single instance of the 

service runs on the cloud & multiple end users are serviced. On the customers side, there is no need for upfront 

investment in servers or software licenses, while for the provider, the costs are lowered, since only a single 

application needs to be hosted & maintained. Today SaaS is offered by companies such as Google, Salesforce, 

Microsoft, Zoho, etc [8]. 

Platform as a Service (PaaS) 

Here, a layer of software or development environment is encapsulated & offered as a service, upon which other 

higher levels of service can be built. The customer has the freedom to build his own applications, which run on the 

providerôs infrastructure. To meet manageability and scalability requirements of the applications, PaaS providers offer 

a predefined combination of OS and application servers, such as LAMP platform (Linux, Apache, MySql and PHP), 

restricted J2EE, Ruby etc. Googleôs App Engine, Force.com, etc are some of the popular PaaS examples [8].  

Infrastructure as a Service (IaaS) 

IaaS provides basic storage and computing capabilities as standardized services over the network. Servers, storage 

systems, networking equipment, data centre space etc. are pooled and made available to handle workloads. The 
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customer would typically deploy his own software on the infrastructure. Some common examples are Amazon, 

GoGrid, 3 Tera, etc [8].  

Figure. 2.1 The Cloud Computing Service Models [8]. 

2.3 XaaS Overview 

Anything as a Service or X as a Service, usually the abbreviation XaaS is used. It is an umbrella term in informatics 

for a service-oriented approach to the management and use of information and communication technologies in the 

form of services. XaaS in practice: is just an umbrella term for various forms of the use of information and 

communication technologies as services, such as Software as a Service, Infrastructure as a Service, Platform as a 

Service, Communications as a Service, Network as a Service and Monitoring as a Service (MAAS). According to the 

Open Group, XaaS is the essence of Cloud Computing [9]. 

Anything-as-a-service, or XaaS, refers to the growing diversity of services available over the Internet via cloud 

computing as opposed to being provided locally, or on premises. Also known as everything-as-a-service, anything-as-

a-service reflects the vast potential for on-demand cloud services and is already being heavily marketed and 

promoted by companies like VMware and HP.   

Anything-as-a-service derives the "X" in its XaaS acronym as a result of being a catch-all term for everything from 

software-as-a-service (SaaS) to storage-as-a-service, desktop-as-a-service (DaaS), disaster recovery-as-a-

service (DRaaS), network-as-a-service (NaaS), infrastructure-as-a-service (IaaS) and platform-as-a-service(PaaS), 

and even emerging services such as marketing-as-a-service and healthcare-as-a-service[9]. 
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Software as a Service 

SaaS is a rapidly growing market as indicated in recent reports that predict ongoing double digit growth. This rapid 

growth indicates that SaaS will soon become commonplace within every organization and hence it is important that 

buyers and users of technology understand what SaaS is and where it is suitable [10]. 

Characteristics of SaaS 

Like other forms of Cloud Computing, it is important to ensure that solutions sold as SaaS in fact comply with 

generally accepted definitions of Cloud Computing.  

Some defining characteristics of SaaS include: 

¶ Web access to commercial software. 

¶ Software is managed from a central location. 

¶ Software delivered in a ñone to manyò model. 

¶ Users not required handling software upgrades and patches. 

¶ Application Programming Interfaces (APIs) allow for integration between different pieces of software. 

Where SaaS Makes Sense 

Cloud computing generally and SaaS in particular, is a rapidly growing method of delivering technology. That said, 

organizations considering a move to the Cloud would want to consider which applications they move to SaaS [10]. As 

such there are particular solutions we consider prime candidate for an initial move to SaaS: 

¶ As per the ñVanillaò offerings, where the solution is largely undifferentiated. A good example of a vanilla 

offering would include email where many times competitors use the same software precisely because this 

fundamental technology is a requirement for doing business, but does not itself confer a competitive 

advantage. 

¶ Applications where there is significant interplay between the organization and the outside world. For 

example, email newsletter campaign software. 

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

management software. 

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

specific project. 

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

SaaS is widely accepted to have been introduced to the business world by the Sales force Customer Relationship 

Management (CRM) product. As one of the earliest entrants it is not surprising that CRM is the most popular SaaS 
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application area, however e-mail, financial management, customer service and expense management have also 

gotten good uptake via SaaS [10]. 

Where SaaS May Not be the Best Option 

While SaaS is a very valuable tool, there are certain situations where we believe it is not the best option for software 

delivery. Examples where SaaS may not be appropriate include: 

¶ Applications where extremely fast processing of real time data is required. 

¶ Applications where legislation or other regulation does not permit data being hosted externally. 

¶ Applications where an existing on-premise solution fulfills all of the organizationôs needs. 

Platform as a Service 

Platform as a Service (PaaS) brings the benefits that SaaS bought for applications, but over to the software 

development world. PaaS can be defined as a computing platform that allows the creation of web applications quickly 

and easily and without the complexity of buying and maintaining the software and infrastructure underneath it. 

PaaS is analogous to SaaS except that, rather than being software delivered over the web, it is a platform for the 

creation of software, delivered over the web [10]. 

Characteristics of PaaS 

There are a number of different takes on what constitutes PaaS but some basic characteristics include, 

Services to develop, test, deploy, host and maintain applications in the same integrated development 

environment [11]. All the varying services needed to fulfill the application development process. 

¶ Web based user interface creation tools help to create, modify, test and deploy different UI scenarios. 

¶ Multi-tenant architecture where multiple concurrent users utilize the same development application. 

¶ Built in scalability of deployed software including load balancing and failover. 

¶ Integration with web services and databases via common standards. 

¶ Support for development team collaboration some PaaS solutions include project planning and 

communication tools. 

¶ Tools to handle billing and subscription 
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Where PaaS Makes Sense 

PaaS is especially useful in any situation where multiple developers will be working on a development project or 

where other external parties need to interact with the development process. As the case study below illustrates, it is 

proving invaluable for those who have an existing data source ï for example sales information from a customer 

relationship management tool ï and want to create applications, which leverage that data. Finally, PaaS is useful 

where developers wish to automate testing and deployment services. 

The popularity of agile software development, a group of software development methodologies based on iterative 

and incremental development, will also increase the uptake of PaaS as it eases the difficulties around rapid 

development and iteration of software [11]. 

Where PaaS May Not be the Best Option 

We contend that PaaS will become the predominant approach towards software development. The ability to 

automate processes, use pre-defined components and building blocks and deploy automatically to production will 

provide sufficient value to be highly persuasive [11].  That said, there are certain situations where PaaS may not be 

ideal, examples include: 

¶ Where the application needs to be highly portable in terms of where it is hosted. 

¶ Where proprietary languages or approaches would impact on the development process 

¶ Where a proprietary language would hinder later moves to another provider ï concerns are raised about 

vendor lock-in20 

¶ Where application performance requires customization of the underlying hardware and software 

Infrastructure as a Service 

Infrastructure as a Service (IaaS) is a way of delivering Cloud Computing infrastructure, servers, storage, network 

and operating systems as an on-demand service. Rather than purchasing servers, software, datacenter space or 

network equipment, clients instead buy those resources as a fully outsourced service on demand [12]. 

By contrast, ñPrivate Cloudò is infrastructure that emulates some of Cloud Computing features, like virtualization, but 

does so on a private network. Additionally, some hosting providers are beginning to offer a combination of traditional 

dedicated hosting alongside Public and/or Private Cloud networks. This combination approach is generally called 

ñHybrid Cloud.ò [12]. 
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Characteristics of IaaS 

As with the two previous sections, SaaS and PaaS, IaaS is a rapidly developing field. That said there are some core 

characteristics which describe what IaaS is. IaaS is generally accepted to comply with the following: 

¶ Resources are distributed as a service 

¶ Allows for dynamic scaling 

¶ Has a variable cost, utility pricing model 

¶ Generally includes multiple users on a single piece of hardware 

Where IaaS Makes Sense 

IaaS makes sense in a number of situations and these are closely related to the benefits that Cloud Computing bring. 

Situations that are particularly suitable for Cloud infrastructure include: 

¶ Where demand is very volatile ï any time there are significant spikes and troughs in terms of 

demand on the infrastructure 

¶ For new organizations without the capital to invest in hardware 

¶ Where the organization is growing rapidly and scaling hardware would be problematic 

¶ Where there is pressure on the organization to limit capital expenditure and to move to operating 

expenditure 

¶ For specific line of business, trial or temporary infrastructural needs [12]. 

Where IaaS May Not be the Best Option 

While IaaS provides massive advantages for situations where scalability and quick provisioning are beneficial, there 

are situations where its limitations may be problematic [12]. Examples of situations where we would advise caution 

with regards IaaS include: 

¶ Where regulatory compliance makes the off shoring or outsourcing of data , storage and processing difficult 

¶ Where the highest levels of performance are required, and on-premise or dedicated hosted infrastructure 

has the capacity to meet the organizationôs needs 

2.4 Challenges of Adopting Cloud XaaS Architecture 

The key challenges that create barriers between cloud computing and its adopters are privacy, interoperability, and 

reliability [13]. 
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A.  Trust and Privacy: - Nowadays cloud computing is completely moving towards virtualization. In a 

virtualized cloud environment, the cloud provider allocates a virtual machine (VM) for each client. The VM 

runs the clientôs applications and maintains virtual storage. The VM runs on the underlying providerôs 

operating system. The advantage of virtualization in cloud computing is the isolation of VMs where the VM 

of each client is isolated from other clients, so that if any client's VM is infected with a virus or becomes 

malicious, it will not affect the other clients Under the same provider because they are residing on separate 

VMs.  

B. Interoperability: - This is the ability of two or more systems work together in order to exchange information 

and use that exchanged information. Many public cloud networks are configured as closed systems and are 

not designed to interact with each other. The lack of integration between these networks makes it difficult for 

organizations to combine their IT systems in the cloud and realize productivity gains and cost savings. To 

overcome this challenge, industry standards must be developed to help cloud service providers design 

interoperable platforms and enable data portability. [13]. 

C. Reliability: - The challenge of reliability comes into the picture when a cloud provider delivers on-demand 

software as a service. The software needs to have a reliability quality factor so that users can access it 

under any network conditions (such as during slow network connections). [13]. 

 

2.5 Benefits of Adopting Cloud XaaS Architecture 

Beside the challenges of cloud computing, there are numerous benefits of cloud computing that encourages 

business organizations to adopt IT solutions based on the cloud. The key benefits of adopting cloud computing 

are cost reduction, easy scalability and increased productivity [13]. 

A. Cost Reduction: - the usage of SaaS enables business organizations to minimize payment costs for IT 

resources and maximize business performance as well as profit. Clients are required to pay according to the 

use of resources. If clients need an application for a short period of time, it is useless to buy the application 

by paying the complete licensing cost. The solution based on cloud computing cuts down the cost of paying 

for the applications and resources that are not in use any more. [13]. 

B. Easy Scalability: - Cloud computing is a flexible model and provides on demand business scalability by 

using on-demand cloud services such as SaaS, PaaS or IaaS. Scalability is another aspect of cloud 

computing that can provide an advantage to business.  

C. Increased Productivity: - In this rapid era of technology and innovations, business is growing rapidly. The 

demands of customers are increasing with high speed and they need the products more quickly with less 

time. In order to achieve these demands, business organizations around the globe need to communicate 

and collaborate by using IT resources such as collaborative applications and remote access web services. 
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Cloud computing provides these business demanded application on the cloud or internet. Users are able to 

access these applications at anytime and anywhere.  

 

2.6 Comparison of XaaS with other IT services options 

While Cloud Computing has been a major topic of interest and excitement in the IT world for several years now, 

many businesses are still only just be fitting to understand what it might mean for them and what impact it could have 

on their bottom line. Cloud based applications are able to support most forms of computer-based process in the 

current marketplace and offer great benefits for business. Part of this is because of the removal of the requirement to 

install and update new software every time there is a new release or update and this equates to significant savings, 

in terms of both time and money [14].The key practical differences between traditional computing environments and 

cloud computing are summarized in the table 2.1                         below [14]. 

 

Table 2.1 practical difference between cloud computing and traditional environments [14]. 
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2.7 Implementation of Cloud Computing for e-Government 

E-Governance provides an automation of all government functionalities and enhances organizational efficiency and 

citizen participation. The effective e-governance involves e-governance requirements and components of the e-

governance [15]. 

2.7.1 E-Governance Requirements  

E-Governance provides a way to improve government work and make easy sharing of information with the citizens. 

For practical implementation of E-Governance, it is important to identify certain factors, which are going to play key 

role during deployment of E-Governance [15]. The e-governance requirements are divided into three parts:-  

¶ Government-to-Government: The need of government-to-government functionality is fully related to 

administration, inter government control and monitor on the government. It focuses on the inter 

communication between two governments and other aspects of the government-to-government 

communication [15]. 

¶ Government to Business: Business organizations are important for any country and contributing 

substantially for the development. Government also keeps an eye on these organization for enforcing the 

policies, standards and accountability. Here it essentially required to automate government to business 

interaction such as tender management, contract management, tax payments etc. [15]. 

¶ Government to Citizen: Basically, the prime responsibility of any government is citizen service. 

Government to citizens interface is required to facilitate them basic emanates, proper education, health 

care and a quality life. A single window government solution could help to achieve citizens satisfaction 

required in E-Governance [15]. 

 

Figure 2.2 Typical requirements of e-governance [15]. 
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2.7.2 Components of a typical E-Governance Application  

Three-tier architecture for E-Governance is shown in figure 2.3 below. The architecture consists three layers of the 

system. In the data storage layer, proper schema for data storage has been defined for e-governance. It provides 

foundation for storage for data, which is coming from different processes and serves the request of the any process, 

which demands the data. Application layer works between user layer and data layer. It facilitates the connection 

between user process and data layer. The upper layer or user layer has a graphical User Interface for the user 

interaction with the system. In E-Governance system, a user can interact with the help of upper layer (GUI) and can 

get information from the system. The government officials and legislatures can update the information of the system 

with the help of upper layer .This architecture has the following advantages in context of E-Governance [15].  

Å Heterogeneous System: E-governance application support different platforms, different hardware and different 

working software. It integrates all these heterogeneous systems to fulfill the requirements of E-Governance.  

Å Modifiability: In 3-tier architecture, responsibility of each tier is fixed. Segregation of responsibilities makes it easy 

to modify and code at any tier.  

Å Scalability to handle many clients: Clients communicate with the system by using application layer. This 

application layer provides database connections to clients. The strength of client is deploying several servers on 

application layer.  

Å Integrated Data Access: Most of the applications use data from different sources. Application layer provide facility 

of managing the connection to database. Application is used to connect all these data sources.  

Figure 2.3 explains the architecture of E-Governance with three layers:- User, application and Storage. 

 

Figure 2.3: Typical architecture for an E-Governance application [15]. 
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2.7.3 Layers of cloud computing for e-governance 

Layers of cloud computing models for e-governance can be divided into three parts [15]. 

Infrastructure as a Service (IaaS): It provides infrastructure as a service including hardware and networks/storage 

requirements for data centers. For E-Governance applications common infrastructural requirement are 24x7 

availability, uninterrupted power supply to data centers, proper bandwidth allocation. In the proposed model, the 

focus of application designer should be on usability and functionalities of E-Governance system.  

Platform as a Service (PaaS): Cloud provides different type of platforms as a service such as OS provisioning, 

middleware support services, database support services and workflow management. In e-governance with cloud 

advantages departments can get resources whenever they need them as compared to traditional methods.  

Software as a Service (SaaS): It provides all application requirement for success full implementation of E-

Governance .For example , Suppose an E-Governance plan decides to extend their area at district level Than no 

software is required to purchase at district level but cloud provider will provide required software along with additional 

standards services such as employee management system, district management solutions; call center service etc. in 

this manner cloud can provide best solution as per requirement, Hence cloud reduces cost of E-Governance. 

 

 

 

 

 

 

 

 

Figure 2.4: Layers of cloud computing for e-governance [15]. 

The above figure 2.4 is also the same for implementation of XaaS. It is simply putting the layers top of each other. 

2.7.4 Cloud Vision for E-Governance 

This section performs a selection of elements for the cloud, which is useful, for implementing the cloud based E-

Governance [15]. 
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Internet over Cloud: Most of services on internet are dependent on cloud 70% of the internet users are also using 

cloud in various applications.  

Distributed Data Centers: Individual information systems are vulnerable to risks such as outside attacks, intruders, 

environmental risks etc. Distributed data centers provide protection from these types of threats. Distributed data 

centers facilitate the E-Governance application usage and management by providing support for communication and 

real time platform. Data is distributed among different centers so single ownership on data is eliminated and it 

provides more security to information related to citizens.  

Data Center Operation: Main aim of Data center operations is to facilitate availability and continuity of services. 

Cloud computing uses cost effective hardware for setting data centers and the same data center can be shared in 

various E-Governance application. Use of same hardware setup is used for various e-government applications. It 

increases the resource utilization and provides scalability to the E-Governance system. On the basis of resource 

consumption, future plan could be built for e-governance applications.  

 

Table 2.2: Configuration of layers of e-Governance [15]. 

The above table 2.2 is the same for XaaS framework. There is no difference simply putting the layers on top of each 

other. 

2.7.5 Challenges of Traditional e-governance 

Traditional e-governance faces different challenges as listed below [16]. 

ω Resources cannot scale up and down with the demands that change over time. This may result in insufficient or 

redundant resources 

ω SW and HW have to be frequently upgraded and maintained which costs, time and money 

ω New SW licenses have to be purchased 
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ω System should be available 24 hours a day and 7 days a week. 

ω  Limited data storage and recovery 

ω Need to provide secure environment with authentication and access control 

ω  Lack of accountability 

2.7.6 Placement of e-Government Services in a Cloud 

Before putting e-government services to cloud decisions have to be taken on which e-government services have to 

place in private cloud or public cloud. The following section discusses placement considerations and principles before 

deciding to put e-government services to clouds. 

Placement Considerations 

As indicated in [17], before putting e-government services in to clouds the following considerations have to be taken 

into account. Security and risk management, business requirement, leveraging common e-government services, 

economy of scale, rapid elasticity and presence of high bandwidth internet connectivity are among important factors 

to be considered before deciding to place e-government services to clouds. 

 Placement Principles 

It is also indicated in [17], before putting e-government services in to clouds e-government services that are to be put 

in private clouds or in public clouds have to be differentiated. E-government services with classified data have to be 

put in to private cloud. These e-government services are to be deployed in government data centers. Examples of e-

government services with classified data are those application and support services specific to government (HRMS 

and e-court). E-government services without classified data can be put in to public cloud. Examples of e-government 

services without classified data are those application and support services that can be put to public (e-mail and e-

procurement).It is also indicated in [18] Cloud services such as PaaS (e.g Sharepoint) that is used to develop mission 

critical applications   should not be put to public cloud. 

2.7.7 Requirements of e-Government Services in a Cloud 

Before putting e-government services in to clouds, the following core Infrastructures must be in place as indicated in 

[17]. 

ω Data centers 

ω Facilities management 

ω Core network ( government network connectivity 

& SAN) 

ω Virtualizations 

ω Automation 

ω Self-service portal 

ω IDS/IPS, 

ω load-balancing, DNS 
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2.8  Performance analysis of Cloud Computing   

In this section we provide a comprehensive evaluation of the Amazon AWS technologies. We evaluate the 

performance of Amazon EC2 and storage services such as S3 and EBS.  We also compare the Amazon 

AWS public cloud to the Fermi Cloud private cloud.[45]. 

2.8.1   Memory hierarchy performance 

This section presents the memory benchmark results. They sufficed to run read and write benchmarks. The 

experiments for each instance were repeated three times. Memory bandwidth is a critical factor in scientific 

applications performance. Many Scientific applications like GAMESS, IMPACT-T and MILC are very sensitive to 

memory and width Amazon has not included the memory bandwidth of the instances. It has only listed their memory 

size.  I also measure the memory band-width of each instance. [45]. 

 

 

 

 

 

 

 

 

Figure 2.5:- Memory Performance.[45]. 

Result of figure 2.5 above shows that cache size and write performance for all instances are bending graph. 

2.8.2   Network performance 

They have run many experiments on network performance of Amazon cloud. The experiments test the network 

performance including bandwidth and latency. [45]. 
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Figure 2.6:- Network Performance. [45]. 

From the figure 2.6 above the network performance of parallel threads and network bandwidth is the same for all 

types of instances. 

2.8.3 Compute Performance 

In this section, we evaluate the compute performance of EC2 instances.  Figure below shows the compute 

performance of each instance using HPL as well as the ideal performance claimed by Amazon. It also shows the 

performance variance of instances. [45]. 

Figure 2.7:- Compute Performance. [45] 

Form the figure 2.7 above the result shows that for instances of large the compute performance is better than micro 

and small instances. 

2.8.4  Raw performance comparison. [45] 

On both of the Clouds, they have chosen the instances that can achieve the highest performance on HPL 

applications. On EC2, they use c3.8xlarge instances that are enabled with Intel Xeon E5-2680 v2 (Ivy Bridge) 

Processors and a 10 Gigabits network adapter with SRIOV technology. On FermiCloud, each server machine is 
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enabled with 2 quad core 2.66 GHz Intel processors, and 8 port RAID Controller.  On FermiCloud machines are 

backed by (16 Gigabits effective) Infiniband network adapters.[45]. 

Figure 2.8:- Row Performance Comparison.[45]. 

From the figure 2.8 the result obtained is that for CPU efficiency and network throughput for EC2 and Fermi cloud 

computing provider the fermi is higher. For network latency EC2 is better. 

2.8.5 Memory Cost. [45] 

This section compares the cost of the memory on Amazon EC2 instances.  Figure.  20 compares the cost of 

instances based on their memory capacity and bandwidth.[45]. 

 

 

 

 

 

 

Figure 2.9 Memory capacity and memory bandwidth cost.[45]. 

The result of figure 2.9 shows that for instances of medium and micro the memory capacity cost is higher. For the 

large instances the memory capacity cost is small. 
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2.9 Overview of Cloud Hosting  

a. Private Cloud Hosting 

This hosting option is also known as Clustered Servers. For larger enterprises, there is a need to ensure consistent 

performance and reliability. This is usually achieved through a set of clustered servers, which share the load (load 

balancing) of the required performance. The content and applications are also mirrored across the cluster to ensure 

that performance is always maintained at an optimum level .This is more expensive but removes the single point of 

failure risk as, even if one of the servers breaks down, the rest of the servers keep running and delivering results of 

visits to the website or application. Itôs another advantage is, no external data security risk, has complete control 

feature so that corporate governance of data and application assured. This option is preferable for hosting G2G 

applications [21]. 

b. Public Cloud Hosting 

Public Cloud Hosting is a large cluster of servers that provide all of our hosting requirements in an elastic 

manner, scaling up and down, as we need it in Response Percent to demand for our web applications or 

websites. It is generally paid for as a utility, meaning we only pay for what we use. Its limitation is that it is 

difficult to assess external data risks and corporate governance issues. Because the public cloud is such a 

large virtual space, there can be huge volumes of websites and web applications operating within it. If one of 

these goes wrong and starts demanding lots of resources, the cloud will adapt to fulfill its needs. This option is 

preferable for hosting B2B applications. The best known cloud service is Amazon EC2 web services [21]. 

Cloud Hosting 

 

Private Cloud Hosting 

¶ Complete Control 

¶  Guaranteed Reliability through SLAs (if 

outsourced) 

¶  No Single point of failure 

¶  No external data security risk 

¶  Corporate Governance Assured 

¶ Expensive 

¶  System admin skills essential 

unless the cluster is under a 

managed contract 

 

 

Public Cloud Hosting 

¶ Less Expensive 

¶  Fully managed by a third party, better reliability 

¶  No performance issues ï it scales as needed 

¶ So large that external factors may 

affect our site and may take a long 

time to resolve  

¶  Difficult to assess external data risks 

and corporate governance issues 

 

Table 2.3:  Summary of Cloud Hosting [21]. 
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From the summary Table 2.3 [21], it can be concluded that cloud hosting option has tremendous advantages than 

traditional hosting options. E-government applications require corporate governance and have to be free from 

external data security risk. Therefore, from the cloud hosting options researchers in [21];[22] recommend private 

cloud hosting options for e-government applications.  

2.10  Comparison of Cloud versus Grid Computing 

Distributed Computing is a group of networked computers that work on a smaller portion of 

a large task simultaneously. This group can consist of any kind of computer including 

virtual servers from a cloud. Distributed Systems are open and scalable. The computers in 

the system can come and go and the distributed system server must assign the work and 

collect the output from the systems as they arrive and leave [23]. 

 

On the other hand Cloud Computing is a specialized form of Distributed Computing. In 

Cloud Computing the underlying resources, such as storage, processors, memory, are 

completely abstracted from the consumer. Therefore the vendor of the cloud service is 

responsible for the reliability, performance, scalability and security of the service. For the 

developer this is a big advantage. For the companies, this reduces capital expenditure. The 

disadvantages are the loss of control over the outsourced resources, latency, network and 

cloud integration issues [23]. 

Summary of comparison between grid computing and cloud computing is presented in table 2.4 

 

 
































































































































































































