1.1 Introduction

Cloud computing is a transformative computing paradigm that involves delivering appli-
cations and services over the internet. Many of the underlying technologies that are the
foundation of cloud computing have existed for quite some time. Cloud computing involves
provisioning of computing, networking and storage resources on demand and providing these
resources as metered services to the users, in a "pay as you go" model. In this chapter you
will learn about the various deployment models, service models, characteristics, driving
factors and challenges of cloud computing.



Definition: Cloud computing is a model for enabling ubiquitous, convenient, on-deman
network access to a shared pool of configurable computing resources (e.g., network
servers, storage, applications, and services) that can be rapidly provisioned and release
with minimal management effort or service provider interaction.



Characteristics of Cloud Computing

On-demand self service

Cloud computing resources can be provisioned on-demand by the users, without requiring
interactions with the cloud service provider. The process of provisioning resources is
automated.

Broad network access

Cloud computing resources can be accessed over the network using standard access mech-
anisms that provide platform-independent access through the use of heterogeneous client
platforms such as workstations, laptops, tablets and smartphones.



Resource pooling

The computing and storage resources provided by cloud service providers are pooled to serve
multiple users using multi-tenancy. Multi-tenant aspects of the cloud allow multiple users
to be served by the same physical hardware. Users are assigned virtual resources that run
on top of the physma] resources. Vanous forms of v1rtuahzatlon approaches such as full
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Rapid elasticity
Cloud computing resources can be provisioned rapidly and elastically. Cloud resources can
be rapidly scaled up or down based on demand. Two types of scaling options exist:
e Horizontal Scaling (scaling out): Horizontal scaling or scaling-out involves launch-
ing and provisioning additional server resources.

* Vertical Scaling (scaling up): Vertical scaling or scaling-up involves changing the

computing capacity assigned to the server resources while keeping the number of
SEIVer resources constant,



Measured service

Cloud computing resources are provided to users on a pay-per-use model. The usage of the
cloud resources is measured and the user is charged based on some specific metric. Metrics
such as amount of CPU cycles used, amount of storage space used, number of network I/O
requests, etc. are used to calculate the usage charges for the cloud resources.



In addition to these five essential characteristics of cloud computing, other characteristics
that again highlight savings in cost include:

Performance

Cloud computing provides improved performance for applications since the resources avail-
able to the applications can be scaled up or down based on the dynamic application workloads.



Reduced costs

Cloud computing provides cost benefits for applications as only as much computing and
storage resources as required can be provisioned dynamically, and upfront investment in
purchase of computing assets to cover worst case requirements is avoid. This saves significant
cost for organizations and individuals. Applications can experience large variations in the
workloads which can be due to seasonal or other factors. For example, e-Commerce applica-
tions typically experience higher workloads in holiday seasons. To ensure market readiness
of such applications, adequate resources need to be provisioned so that the applications can
meet the demands of specified workload levels and at the same time ensure that service level
agreements are met.



Outsourced Management

Cloud computing allows the users (individuals, large organizations, small and medium
enterprises and governments) to outsource the IT infrastructure requirements to external
cloud providers. Thus, the consumers can save large upfront capital expenditures in setting
up the IT infrastructure and pay only for the operational expenses for the cloud resources
used. The outsourced nature of the cloud services provides a reduction in the IT infrastructure
management costs.



Reliability

Applications deployed in cloud computing environments generally have a higher reliability
since the underlying IT infrastructure is professionally managed by the cloud service. Cloud
service providers specify and guarantee the reliability and availability levels for their cloud
resources in the form of service level agreements (SLAs). Most cloud providers promise
99.99% uptime guarantee for the cloud resources, which may often be expensive to achieve
with in-house IT infrastructure.



Muiti-tenancy

The multi-tenanted apprqach of the cloud allows multiple users to make use of the same shared
resources. Modern applications such as e-Commerce, Business-to-Business, Banking and

Financial, Retail and Social Networking applications that are deployed in cloud computing
environments are multi-tenanted applications. Multi-tenancy can be of different forms:

e Virtual multi-tenancy: In virtual multi-tenancy, computing and storage resources are
shared among multiple users. Multiple tenants are served from virtual machines (VMs)
that execute concurrently on top of the same computing and storage resources.

e Organic multi-tenancy: In organic multi-tenancy every component in the system
architecture is shared among multiple tenants, including hardware, OS, database
servers, application servers, load balancers, etc. Organic multi-tenancy exists when
explicit multi-tenant design patterns are coded into the application.



Cloud Models
Service Models

Cloud Services

Software Platform Infrastructure
as a Service as a Service as a Service
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Infrastructure as a service

IaaS provides the users the capability to provision computing and storage resources. These
resources are provided to the users as virtual machine instances and virtual storage. Users can

start, stop, configure and manage the virtual machine instances and virtual storage.

deploy operating systems and applications of their choice on the virtual resources provisioned
in the cloud. The cloud service provider manages the underlying infrastructure. Virtual

resources provisioned by the users are billed based on a pay-per-use paradigm. Common
metering metrics used are the number of virtual machine hours used and/or the amount of

storage space provisioned.



In addition to the fundamental components needed to run a computer, an laaS provider also includes a
host of complimentary services that enhance the package.

AStorage resiliency (recovery modes, backups, and data replication)
ALog access

AMonthly billing reports

ALoad balancing and clustering

AMonitoring

AAutomation and orchestration

Example Microsoft Azure, Digital Ocean, Amazon Web Services
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Platform as a service

PaaS provides the users the capability to develop and deploy application in the cloud using
the development tools, application programming interfaces (APIs), software libraries and
services provided by the cloud service provider. The cloud service provider manages the

underlying cloud infrastructure including servers, network, operating systems and storage.

The users, themselves, are responsible for developing, deploying, configuring and managing
applications on the cloud infrastructure.

Just like laaS, PaaS offers additional services that complement the standard ones for
which they were made:

ADatabase integration

ADevelopment team collaboration
AApplication design, testing, and development
AWeb integration

Alnformation security
Example Salesforce, Software AG, IBM Cloud
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Software-as-a-Service (Saas)

SaaS provides the users a complete software application or the user interface to the the
annlication itself. The cloud service provider manages the underlying cloud infrastructure

including servers, network, operating systems, storage and application software, and the user
is unaware of the underlying architecture of the cloud. Applications are provided to the user

through a thin client interface (e.g., a browser).

Qaaf annlicationg are nlatform indenendent

and can be accessed from various client devices such as workstations, laptop, tablets and
smartphones, running different operating systems. Since the cloud service provider manages



There are a few trademarks about SaasS that they are known for:

AAre accessible with a valid subscription

AApplications are accessible via smartphones and other devices

ADon't require any downloads or installations
AEasy to scale applicati -~

Example- Google
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Applications, management and user interfaces
provided over a network

-

~ Platformasa Service (Paa$s)

Appllcanon development frameworks, aperatmg
- systems and de_ployment frameworks

-

Infrastructure as a Service (laas)

Virtual computing, storage and network resources
that can be provisioned on demand

Figure 1.1: Cloud computing service models
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Summary of Key Differences

On-Premises laaS PaaS SaaS

Infrastructure as a Service Platform as a Service Software as a Service

Applications Applications Applications Applications

Runtime Runtime

Middleware Middleware Middleware Middleware

o/s o/s o/s o/s

Virtualization Virtualization Virtualization Virtualization

Servers Servers Servers

Storage Storage Storage Storage

Networking Networking Networking Networking
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Deployment Models

Public Cloud

A The name says it all. It is accessible by the public Or large industry group

A Public deployment models in the cloud are perfect for organizations with growing and fluctuating demands.
A It also makes a great choice for companies with low -security concerns.

A Thus, you pay a cloud service provider for networking services, compute virtualization & storage available on
the public internet.

A This is also a great delivery model for the teams with development and testing.

A Its configuration and deployment are quick and easy, making it an ideal choice for test environments.



Befits of Public Cloud
AMinimal Investment p As a pay-per-use service, there is no large upfront cost and is ideal for

businesses who need quick access to resources
ANo Hardware Set-up p The entire infrastructure is fully funded by the cloud service providers
ANo Infrastructure Management p Does not require an inhouse team to utilize the public cloud

Limitations of Public Cloud
AData Security and Privacy Concerns p Since it is accessible to all, it does not fully protect against cyber -

attacks and could lead to vulnerabilities
AReliability Issues p Since the same server network is open to a wide range of users, it can lead to

malfunction and outages
AService/License Limitation p While there are many resources that you can exchange with tenants, there

IS a cap on usage



Private Cloud

A Private Cloud is also termed as 'Internal Cloud', which allows the accessibility of systems
and services within a specific boundary or organization .

A The cloud platform is implemented in a cloud-based secure environment guarded by
advanced firewalls under the surveillance of the IT department that belongs to a
particular organization .

A Private clouds permit only authorized users, providing the organizations greater control
over data and its security . Business organizations that have dynamic, critical, secured,
management demand -based requirements should adopt Private Cloud.



The advantages of using a private cloud are:

1 Highly private and secured : Private cloud resource sharing is highly secured.
2.Control Oriented : Private clouds provide more control over their resources than
public clouds as it can be accessed within the organization's boundary

The Private cloud has the following disadvantages:

1.Poor scalability : Private type of clouds is scaled within internal limited hosted resources.
2.Costly: It provides secured and more features, so it's more expensive than a public
cloud.

3.Pricing: is inflexible; i.e., purchasing new hardware for up  -gradation is more costly.
4.Restriction: It can be accessed locally within an organization and is difficult to expose
globally.




A Hybrid Cloud is another cloud computing type, which is integrated, i.e., it can be a
combination of two or more cloud servers, i.e., private, public, or community combined as
one architecture, but remain individual entities.

A Non-critical tasks such as development and test workloads can be done using the public
cloud. In contrast, critical tasks that are sensitive such as organization data handling, are
done using a private cloud.

A Benefits of both deployment models, as well as a community deployment model, are
possible in a hybrid cloud hosting.

A It can cross isolation and overcome boundaries by the provider; hence, it cannot be
categorized into any of the three deployments - public, private, or community cloud.



Advantages of Hybrid Cloud Computing are:

1.Flexible
2.Secure

3.Cost - Effective
4.Rich Scalable

Disadvantages of Hybrid Cloud are:
1.Complex networking problem
2.0rganization's security Compliance




A Community Cloud is another type of cloud computing in which the cloud setup is shared
manually among different organizations that belong to the same community or area.

A An example of such a community is where organizations/firms are there, along with the financial
institutions/banks.

A A multi -tenant setup developed using cloud among different organizations that belong to a
particular community or group having similar computing concerns.

A For joint business organizations, ventures, research organizations, and tenders, a
community cloud is an appropriate solution.

A The selection of the right type of cloud hosting is essential in this case. Thus, community
based cloud users need to know and analyze the business demand first.






Amazon

A Amazon may be the most widely known cloud vendor.

A They offer services on many different fronts, from storage to platform to
databases.

A Amazon seems to have their finger in a number of cloud technologies.



Amazon Elastic Compute Cloud (Amazon EC2)

Amazon Elastic Compute Cloud (Amazon EC2yeéb a&ervice that offers

resizable compute capacityithe cloud and is designed to make web scaling
easier for developers.

Amazon EC2 providesanple web interface that allows you to obtain and

configure capacity with little difficuly. It allows you control of your computing
resources.

Amazon ECeuts the time it takes to obtain and boot new servanstances to
a few minutes, allowing you to change scale as your needs change
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Amazon EC2 allows users to launch 1nsta.nces on demand using a simple web-based
interface. Amazon provides pre-configured Amazon Machine Images (AMIs) which
are templates of cloud instances. Users can also create their own AMIs with custom

applications, libraries and data. Instances can be launched with a variety of operating
systems. Users can load their applications on running instances and rapidly and easily

mncrease or decrease capacity to meet the dynamic application performance requirements.
With EC2, users can even provision hundreds or thousands of server instances simultane-
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msly, manage network access permissions, and monitor usage resources through a web
nterface. Amazon EC2 provides instances of various computing capacities ranging from
mall instances (e.g., 1 virtual core with 1EC2 compute unit, 1.7GB memory and 160GB
nstance storage) to extra large instances (e.g., 4 virtual cores with 2 EC2 compute units
ach, 15GB memory and 1690 GB instance storage). Amazon C2 also provides instances



1.First, you have to log in to AWS console
2. On the Console Dashboard, click on EC2.

AWS Management Console

AWS services

Find Services
You can enter names, keywords or acronyms.

Q

» Recently visited services

v All services

{0} Compute | Management & Governance
EC2 CloudWatch
Lightsail [4 AWS Auto Scaling

- ECR CloudFormation
ECS CloudTrail

EKS Config
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3. On the Amazon EC2 console, click on Launch Instance.

a_""j’_s Services v Resource Groups + %
EC2 Dashboard Resources
Events 4
T You are using the following Amazon EC2 resources in the US East (Chio) region:
ags
0 Running Instances 0 Elastic IPs
Repaorts
o 0 Dedicated Hosts 0 Snapshots
Limits
0 Volumes 0 Load Balancers
=] INSTANCES 0 Key Pairs 2 Security Groups
Instances 0 Placement Groups

Launch Templates

Spot Requests ‘ Learn more about the latest in AWS Compute from AWS re:Invent by viewing the EC2 Videos.

Reserved Instances
Dedicated Hosts

Create Instance
Capacity Reservations

To start using Amazon EC2 you will want to launch a virtual server, known as an Amazon EC2 instance.

AMls

L
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4. Click on the TSelectiT button in the row with the require
Microsoft Windows Server 2016 Base.

1. Choose AMI 2. Choose Instance Type 3. Configure Instance 4. Add Storage 5. Add Tags 6. Configure Security Group 7. Review

Step 1: Choose an Amazon Machine Image (AMI) Cancel and Exi
An AMI is a template that contains the software configuration (operating system, application server, and applications) required to launch your instance. You can select an AMI provided by AWS, our user community, or the AWS
Marketplace; or you can select one of your own AMls.

Q, windows
Quick Start (19) 110 19 of 19 AMIs
My AMIs {0) = Microsoft Windows Server 2019 Base - ami-09cd19553bbabbed3 m
AWS Marketplace (559) Microsoft Windows 2019 Datacenter edition. [English] B4-bit (xB6)
= g Foot device type: ebs Vfirbualization type: hvm
Community AMIs (6218)
v Microsoft Windows Server 2019 Base with Containers - ami-Oeb1e0a0c93f85c7 m
U Free tier only (j) Windows Microsoft Windows 2019 Datacenter edition with Containers. [English]

64-bit (x86)

Free tier eligible

Root device type: ebs ‘irbualization type: hvm
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5. You can Choose the family and typer as per requirement, here we choose t2micro (free instance type) .

6 . Click on

Step 2: Choose an Instance Type

Revi

ew and

Launcht

Amazon EC2 provides a wide selection of instance types optimized to fit different use cases. Instances are virtual servers that can run applications. They have varying combinations of CPU, memory, storage, and networking capacity, and «
give you the flexibility to choose the appropriate mix of resources for your applications. Learn more about instance types and how they can meet your computing needs.

Filter by: | Allinstance types Current generation

Currently selected: t2.micro (Variable ECUs, 1 vCPUs, 2.5 GHz, Intel Xeon Family, 1 GiB memory, EBS only)

Family b Type
General purpose 2.nano
] General purpose
General purpose 12.small
General purpose 12 medium
General purpose 12 large
General purpose 12 xlarge
General purpose t2.2xlarge

vCPUs (i)

1

Show/Hide Columns

b Memory (GiB)

0.5

- Instance Storage (GB) (i ~

EBS only

EBS only

EBS only

EBS only

EBS only

EBS only

EBS only

EBS.Optimized Available (1)~ Network Performance (1) « " '° .s!:!:pon .
- Low to Moderate Yes
- Low to Moderate Yes
- Low to Moderate Yes
- Low to Moderate Yes
- Low to Moderate Yes
- Moderate Yes
- Moderate Yes

-

Cancel | Previous Review and Launch Next: Configure Instance Details
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6. Click on Launch.

Step 7: Review Instance Launch

Please review your instance launch details. You can go back to edit changes for each section. Click Launch to assign a key pair to your instance and complete the launch process.
¥ AMI Details Edit AMI

b Microsoft Windows Server 2019 Base with Containers - ami-0eb1e0a0cSf3f85c7
Free fier IMicrosoft Windows 2019 Datacenter edition with Containers. [English]
eligible

Root Device Type: ks Virtuslization type: huvm

If you plan to use this AMI for an application that benefits from Microsoft License Mobility, fill out the License Mobility Form. Don't show me this again

¥ Instance Type Edit instance type
Instance Type ECUs vCPUs Memory (GiB) Instance Storage (GB) EBS-Optimized Available Network Performance
t2.micro Variable 1 1 EBS only - Low to Moderate
» Security Groups Edit security groups
» Instance Details Edit instance details
» Storage Edit storage
» Tags Edit tags

Cancel = Previous m


https://vmarena.com/wp-content/uploads/2019/03/AWS-VM-CREATION-05.png
https://vmarena.com/wp-content/uploads/2019/03/AWS-VM-CREATION-05.png

Microsoft

Azure Services Platform

AThe Azure Services Platform isleud computing and services platform hosted
In Microsoft datacenters.

AThe Azure Services Platform supplids@ad range of functionality to build
applicationsto serve individuals or large enterprises, and everyone in between



Windows Azure

Microsoft'spubliccloud computingplatform.

It providesa range of cloud services,including compute, analytics, storage
and networking. Userscan pick and choosefrom these servicesto develop
and scalenew applications, or run existingapplicationsn the publiccloud.

Windows Azure gives developers an on-demand compute and storage
environment that they canuseto host, scale,and manageweb applications
through Microsoft datacenters
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https://searchcloudcomputing.techtarget.com/definition/cloud-computing
https://searchwindowsserver.techtarget.com/feature/How-to-plan-for-an-Azure-cloud-migration

Paas Providers

Google

Google App Engine
A Google App Engine enables developerbudd their web appson the
same infrastructure thatJ2 ¢ SNR D223t SQa 24y I LIWX AOF 0A2Yy A



Features
Leveraging Google App Engine, developers can accomplish the following tasks:

wWrite code once and deploy
Google App Engine makes it easiedéploy web applications by dynamically
providing computing resources as they are needed
Developers write the code, and Google App Engine takes care of the rest.

wAbsorb spikes in traffic
When a web appurges in popularitythe sudden increase inaffic canbe
overwhelmingfor applications of all sizes
large companies that find themselvesarchitectingtheir databases and
entire systems several times a year.
With automatic replication and load balancingsoogle App Engine makes it
easier to scale from one user to one million

wEasily integrate with other Google services
L dufn@cessary and inefficierfor developers to write components like
authentication and email from scratcfor each new application,

Developers using Google App Engine can make usailoin components
I Vv R D 2bfoader$madly of APIshat provide plugand-play functionality
for simple but important features.



Cost

Free quota to get started: 500MB storage and enough CPU and
bandwidth for about

5 million pageviews per month

b g$®.i2/per CPU cotleour

P g$®.18mper GBnonth of storage

b g$®.4Bnper GB of outgoing bandwidth

P g$® . Ilger GB of incoming bandwidth

eeeEeg

The imagananipulation APl enables developers to scale, rotate, and
crop images on the server

Google Web Toolkit

A With Google Web Toolkitlevelopers can develop and debwgeb applications
in the familiarJava programminganguage, and then deploy them laghly
optimized JavaScript.



A Java 5 syntax capabilities includva generics, enumerated types, annotations,
auto-boxing, variable parameter lists, and more

A provide a rich and growing set libraries ,thoroughly tested, reusable libraries
for implementinguserinterfaces datastructures client/server communication



Salesforce.com

Salesforce.com made its name with the success of its flagship Salesforce.com
automation application.

The company has three primary areas of focus:

wThe Sales Cloud The popular cloud computingales application

_ooThe Service CloudThe platform forcustomer service that lets companies tap
Itrrllteo power of customer conversationso matter where they take place

wYour Cloud Powerful capabilities to develop custom applications on its cloud
computing platform, Force.com



Salesforce.com CRM

wSales

Its value proposition is that @mpowers companies to manage people and
processes more effectivelyso reps can spend more time selling and less time on
administrative tasks.

wMarketing.

The applicatiorempowers customers to manage multichannel

campaigns and provide uppo-date messaging to sale#&nd since the application is
integrated with the Salesforce.com CRM Sales application, the handeHds is
automated.

wServiceThe Service Cloud is the ngdatform for customer serviceCompanies
can tap into the power of customer conversations no matter where they take
place.

SOl dza S A 0 Q& Sedvige Qlo#dllowsSontpanieKicinstantly connect
to collaborate in real time, share sales information, and follow joint processes.



Collaboration

Salesforce.corf®RMcanhelp an organization work more efficiently with
customers, partners, and employees by allowing them to collaborate
among themselves in the cloud.

wAnalytics

Force.com offers redlme reporting, calculations, and dashboards so a
business is better able to optimize performance, decision making, and
resource allocation.

wCustom Application€ustom applications can be quickly created by
leveraging one data model, one sharing model, and one user interface.

Assignment https://trailhead.salesforce.com/
https://trailhead.salesforce.com/today






Claud-bhased Services & Applications

Cloud Computing for Healthcare

Specialist
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Payers
({Governments, Private Health Insurance
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Figure 1.10: Cloud computing for healthcare

-> Secure access to patient data

-> Personal health record(PHR)

-> E prescribing

-> Streamline admissions, care and
discharge



Cloud Computing for Energy Systems

Cloud-based Framework for
predicting faults in energy systems

7 Faults Database
L i al:inn
1 ctors |
) Fault.'- Database
j g “ Malntenanuej
i Faults® | e ctacuh
Prediction

| Prediction | (joyd-based distributed
batch processing

Figure 1.11:

Cloud computing for energy systems

-> Thousands afensors gather real time
maintenance data for condition
monitoring andfailure prediction
purpose

-> Critical componentgunction correctly
->Window turbine bearings, turning
gearsmonitored

->Power gridsreal time information
collected using specialized electrical
sensorsmust be monitored

-> CloudViewstorage, processing and
analysis of massive machine maintenanc
data



Cloud Computing for Transportation Systems

Vehicles with tracking
and sensing devices

Public/Private Cloud

| Real-time vehicle | Dynamic vehicle
tracking x routing

Alerts

Figure 1.12: Cloud computing for transportation systems

-> Intelligent transportation System(IT)&driven by
data collected from multiple source&processed to
provide new services

-> Advanced route guidancealynamic vehicle
routing, anticipating customerdemands for pick up
and delivery problems

-> Major challenge

-> Eg Real timefresh food supply tracking and
monitoring

-> Fresh fooddamagedctransit-unrefrigeration

Solutions
-> Foodlimited time-reroute to closer destination
->Alerts raisedtransit condition



Cloud Computing for Manufacturing Industry
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Figure 1.13: Cloud computing for manufacturing industry

-> |ndustiral control systenProgrammable
logic controllers(PLEYenerate monitoring
data of machines

-> This data is collected , managed and
analysed;helps inestimating state of the
systemctake action failures



Cloud Computing for Government
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Figure 1.14: Cloud computing for government

-> Improving efficiency and transparency of
government operations

-> E goverence systenmproves delivery of
services to citizens

->Transport reservations, vehicle registrations,
Issuing driving license, income tax filing, bill
payments certificates

-> Share common related data with citizens

-> Utilization of govenmnet schemes can be
collected



Cloud Computing for Education

Faculty/Teachers

Public/Private Cloud

University/School |
'~ Information Management <
systems - 1o

g 5 Collaboration
" il Lo - Tools/Online

4= i Repositony: . o4

University/College/
School

Faculty/Teachers/ Students

Researchers
Educators

Figure 1.15: Cloud computing for education

-> Quiality onle class,

-> Online forums

-> |nformation
management system
admission, administration
-> Online distance
education programs

-> Online exams
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students



Cloud Computing for Mobile Communication
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Figure 1.16: Cloud computing for virtualizing radio access network

-> Heterogenous network devices for
radio access network and core network

->Network function virtualizatiom
Comprises of network function

Implemented in software that run on
cloudtechnology- 5G



Virtualization

Virtualization refers to the partitioning the resources of a physical system (such as computing,
storage, network and memory) into multiple wvirtual resources.

Virtualization is the Key
enabling technology of cloud computing and allows pooling of resources. In cloud computing,

icmrrrrmim s e mmalad o cerve mulrinle nsers usine multi-tenancy. Multi-tenant aspects of the

Figure 2.1: Virtualization architecture



Hypervisor
The virtualization layer consists of a hypervisor or a virtual machine monitor (VMM). The

hypervisor presents a virtual operating platform to a guest operating system (OS). There are

Figure 2.3: Hypervisor design: Type-2

Figure 2.2: Hypervisor design: Type-|



Guest OS
A guest OS is an operating system that 1s installed in a virtual machine in addition to the host

or main OS. In virtualization, the guest OS can be different from the host OS.

Full Virtualization

Figure 2.4: Full virtualization



Para-Virtualization



