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Evolution of model 
computing
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Logical evolution of 
computing
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Networks

Multiple regional networks linking computers 
Initially at universities and national labs

Inter‐Networking and the Internet

Inter‐Networking of regional networks with TCP/IP
Began to replace regional alternatives
Worldwide adoption – file transfer

remote resources and collaboration
Mainly used for highly scalable HPC jobs

The World Wide Web

HTML page format, HTTP protocol, and
Mosaic browser for document exchange
Initially in universities; worldwide adoption

Network Sharing

Information Sharing

Grid Computing

Standards and software for sharing of 

Resource Sharing

Networking

Cloud Computing

Everything as a service over the Web:
SaaS, utility computing, IT services, …
everywhere, always available, scalable, …

Services Sharing

Evolution of Sharing 
on the Internet
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Common,
Location‐independent,
Online
Utility that is available on
Demand

What is Cloud Computing?
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Fundamental Elements of cloud Computing

http://lh4.ggpht.com/_qBCRrQORlFI/Sy0he-UzqII/AAAAAAAAAkI/Ce61DupcWuM/s1600-h/Fundamental-elements-cloud-computing[4].png
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Five characteristics of cloud computing

http://lh6.ggpht.com/_qBCRrQORlFI/TPjhSo5DrZI/AAAAAAAAAtQ/ub4kggu2dLQ/s1600-h/Essential-Cloud-Service-Attributes[11].png
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Pros and Cons of 
cloud computing
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Types of clouds and Risks
Public/External cloud
Hybrid/ Integrated  cloud
Private/Internal cloud
Community/Vertical Clouds
Risks in cloud computing



14

A public cloud (also called 
External Cloud)is one based on 
the standard cloud 
computing model, in which a 
service provider makes 
resources, such as applications 
and storage, available to the 
general public over the 
Internet. Public cloud services 
may be free or offered on a 
pay‐per‐usage model.
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A public cloud is hosted, operated, and managed by a third‐party 
vendor from one or more data centres
In a public cloud, security management and day‐to‐day operations are 

relegated to the third party vendor, who is responsible for the public 
cloud service offering. 
Hence, the customer of the public cloud service offering has a low 

degree of control and oversight of the physical and logical security 
aspects of a private cloud
The main benefits of using a public cloud service are:

•Easy and inexpensive set‐up because hardware, application and 
bandwidth costs are covered by the provider.
•Scalability to meet needs.
•No wasted resources because you pay for what you use.
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Examples of public clouds include:
Amazon Elastic Compute Cloud (EC2), 
IBM's Blue Cloud, 
Sun Cloud, 
Google AppEngine and 
Windows Azure Services Platform
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Private cloud (also called internal cloud or corporate cloud) is a 
marketing term for a proprietary computing architecture that provides 
hosted services to a limited number of people behind a firewall.
Advances in virtualization and distributed computing have allowed 

corporate network and datacenter administrators to effectively become 
service providers that meet the needs of their "customers" within the 
corporation.
Marketing media that uses the words 

"private cloud" is designed to appeal to 
an organization that needs or wants more 
control over their data than they can get 
by using a third‐party hosted service such 
as Amazon's Elastic Compute Cloud (EC2) 
or Simple Storage Service (S3)
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A variety of private cloud patterns have emerged:
Dedicated
Private clouds hosted within a customer‐owned data centre or at a 
collocation facility, and operated by internal IT departments
Community
Private clouds located at the premises of a third party; owned, 
managed, and operated by a vendor who is bound by custom SLAs 
and contractual clauses with security and compliance 
requirements
Managed
Private cloud infrastructure owned by a customer and managed by 
a vendor
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A hybrid cloud is a composition of at least one private cloud and at 
least one public cloud. A hybrid cloud is typically offered in one of two 
ways: a vendor has a private cloud and forms a partnership with a public 
cloud provider, or a public cloud provider forms a partnership with a 
vendor that provides private cloud platforms.

A hybrid cloud is a cloud 
computing environment in 
which an organization 
provides and manages some 
resources in‐house and has 
others provided externally.
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For example, an organization might use a public cloud 
service, such as Amazon Simple Storage Service (Amazon S3) 
for archived data but continue to maintain in‐house storage 
for operational customer data. 
Ideally, the hybrid approach allows a business to take 

advantage of the scalability and cost‐effectiveness that a 
public cloud computing environment offers without exposing 
mission‐critical applications and data to third‐party 
vulnerabilities. 
This type of hybrid cloud is also referred to as hybrid IT.
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Community clouds are a deployment pattern suggested by NIST, 
where semi‐private clouds will be formed to meet the needs of a set of 
related stakeholders or constituents that have common requirements or 
interests. 
Communities of Interest (COI) constructs typical of the federal 

government may be enabled by community clouds to augment their 
wiki‐centric collaboration processes with cloud enabled
capabilities as well.
A community cloud may be private for its stakeholders, or may

be a hybrid that integrates the respective private clouds of the 
members, yet enables them to share and collaborate across their clouds 
by exposing data or resources into the community cloud.
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Risks in cloud computing
Security
Compatibility
Availability
Compliance
Monitoring
Lock – In
Standardization
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SOA and Cloud:
Service oriented architecture (SOA) is defined by The Open Group to be 

“an architectural style that supports service orientation. Service 
orientation is a way of thinking in terms of services and service‐based 
development and the outcomes of services.”  
According to NIST “Cloud Computing is a model for enabling 

ubiquitous, convenient, on‐demand network access to a shared pool of 
configurable computing resources (e.g., networks, servers, storage, 
applications, and services) that can be rapidly provisioned and released 
with minimal management effort or service provider interaction. This 
cloud model promotes availability and is composed of five essential 
characteristics, three service models, and four deployment models.”
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Cloud services, according to The Open Group definition, are SOA services.  
However, not all SOA services are Cloud service because they require automated 
deployment and management as well as offering support in order to support the 
Cloud characteristics. 

SOA standards in The Open Group that can be applied to Cloud include: 
•The Open Service Integration Maturity Model – this model helps determine the 
level of service use in an organization, these levels apply to the use of cloud 
services.  Cloud computing can be seen as the ‘Virtualized” and “Dynamically 
reconfigurable” levels.

•The SOA Ontology defines service and SOA concepts which can be used as a basis 
for describing cloud services, though extension Ontologies should be developed 
for cloud.. 
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•The SOA Reference Architecture defines the functional and cross cutting concerns 
and ABBs for SOA, which also applies to Cloud. This standard has been used as a 
basis for the IBM CCRA. 

•The SOA Governance Framework defines a governance reference model and 
method that applies to the development of cloud services and solution portfolio 
and lifecycle management. Best practices for governance of Cloud solutions will 
need to be developed in addition to this standard.

•Security for Cloud and SOA, a joint workgroup between SOA and Cloud 
Workgroups in The Open Group, defines security considerations and ABBs for both 
Cloud and SOA.
SOCCI, another joint SOA and Cloud Workgroup in The Open Group defines the 
architecture for exposing infrastructure as a service for both SOA and Cloud 
solutions.
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The SOA RA as being standardized by The Open Group, applies to Cloud 
architectures and is the underlying architecture for the IBM CCRA. 

The functional concerns: 
operational systems
service components
Services
business processes and consumer 

interfaces; all exist in and are relevant 
to functional concerns for cloud 
architecture’s
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Cloud Computing Reference Architecture(IBM) 
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Roles
The IBM Cloud Computing Reference Architecture defines three main 

roles: 
•Cloud Service Consumer, 
•Cloud Service Provider and 
•Cloud Service Creator. 

Each role can be fulfilled by a single person or can be fulfilled by a 
group of people or an organization. 
The roles defined here intend to capture the common set of roles 

typically encountered in any cloud computing environment. 
Therefore it is important to note that depending on a particular cloud 

computing scenario or specific cloud implementation, there may be 
project‐specific sub‐roles defined.
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Cloud Service Consumer
A cloud service consumer is an organization, a human being 

or an IT system that consumes (i.e., requests, uses and 
manages, e.g. changes quotas for users, changes CPU  
capacity assigned to a VM, increases maximum number of 
seats for a web conferencing cloud service) service instances 
delivered by a particular cloud service. 
The service consumer may be billed for all (or a subset of) 

its interactions with cloud service and the provisioned service 
instance(s).
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Cloud Service Provider
The Cloud Service Provider has the responsibility of 

providing cloud services to Cloud Service Consumers. 
A cloud service provider is defined by the 

ownership of a common cloud management platform 
(CCMP). 
This ownership can either be realized by truly 

running a CCMP by himself or consuming one as a 
service.
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Cloud Service Creator
The Cloud Service Creator is responsible for creating a cloud 

service, which can be run by a Cloud Service Provider and by that 
exposed to Cloud Service Consumers. 
Typically, Cloud Service Creators build their cloud services by 

leveraging functionality which is exposed by a Cloud Service 
Provider. 
Management functionality which is commonly needed by Cloud 

Service Creators is defined by the CCMP architecture. 
A Cloud Service Creator designs, implements and maintains 

runtime and management artifacts specific to a cloud service.
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Cloud Service Models :
Cloud Computing can be broadly classified into 
three *aaS, i.e., three layers of Cloud Stack, also 
known as Cloud Service Models or SPI Service 
Model:

•Infrastructure‐as‐a‐Service (IaaS)
•Platform‐as‐a‐Service (PaaS)
•Software‐as‐a‐Service (SaaS)
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Diagram for : 
Relationship 
between services, 
uses, and types of 
clouds
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In general terms, 
Internet and Cloud 
can mean the same 
thing. They are shown 
here as two layers 
because the Internet 
is quite broader than 
the cloud.

http://lh4.ggpht.com/_qBCRrQORlFI/S7lHaS4ZZlI/AAAAAAAAAnc/3saPl4nXYng/s1600-h/CloudSaaSPaaSIaaS1.jpg
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Infrastructure‐as‐a‐Service (IaaS)
This is the base layer of the cloud stack. 
It serves as a foundation for the other two layers, for their 

execution. 
The keyword behind this stack is Virtualization. 
Amazon EC2 is a good example of an IaaS. In Amazon 

EC2 (Elastic Compute Cloud) our application will be executed 
on a virtual computer ( also known as an instance). 
we have our choice of virtual computer, meaning that we 

can select a configuration of CPU, memory and storage that is 
optimal for our application. 

http://aws.amazon.com/
http://aws.amazon.com/
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The IaaS provider supplies the whole cloud infrastructure 
viz. servers, routers, hardware based load‐balancing, firewalls, 
storage and other network equipment. 
The customer buys these resources as a service on an as 

needed basis.
A few of us may claim that this sounds somewhat similar to 

what the customers were doing even 10 years back with 
traditional hosting
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Why should companies opt for IaaS ?
•The billing is on hourly or monthly basis
•Cloud is elastic in nature(IaaS provider can respond quickly 
to scale up or down, Amazon EC2 calls it Auto Scaling)

One more feature about Amazon EC2, which is perhaps provided by 
other IaaS providers as well, is Elastic Load Balancing
The Amazon EC2 SLA (Service Level Agreement) guarantees 99.95% 

availability of the service within a region over a trailing 365 day period. 
GoGrid has the most generous SLA with a guarantee of 100% 
Uptime and 24/7 Support
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Platform‐as‐a‐Service (PaaS):‐
the middle layer of Could Stack, i.e., PaaS (Platform as a Service).
This middle layer of cloud is consumed mainly by developers or 

tech savvy individuals.
The PaaS provider will deliver the platform on the web, and in 

most cases we can consume the platform using our browser. 
There is no need to download any software. 
This combination of simplicity and cost efficiency empowers small 

and mid‐size companies, or even individual developers, to launch 
their own Cloud SaaS. 
Without any initial investment, they can leverage the power of 

these platform providers.
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PaaS Layers:‐
•Cloud OS
•Cloud Middleware

Google App Engine and Windows Azure are examples of Cloud Operating Systems 
(OS). 
OrangesScape and Wolf PaaS are cloud middleware.

Examples: Best PaaS Providers
•Microsoft Windows Azure
•Google App Engine
•Force.com (SalesForce)
•OrangeScape
•Wolf PaaS

http://lh5.ggpht.com/_qBCRrQORlFI/S8vMCqCfKoI/AAAAAAAAAog/Twal8pVJNtM/s1600-h/PaaS-Layers-Cloud OS-Middleware[15].png
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Different components of a typical PaaS offering:‐
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Software‐as‐a‐Service (SaaS)
Software as a Service (SaaS) is a cloud computing model, which hosts various 

software applications and makes them available to customers over the Internet or 
other network. 
There are two main software delivery models for SaaS:
to give an online access to a single copy of an application,
to host commercially available software and deliver it over Internet.
The last opportunity is very similar to one, which is used for other on demand 

computing software delivery models, for example ASP (application service 
provider). 
However due to its global accessibility and main technologies that support 

service‐oriented architecture (SOA), Web services and even new developmental 
approaches, SaaS is becoming more and more popular amongst other software 
delivery models.
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The main advantages of SaaS model are:
no concerns about software buying (licenses), 
installing and maintaining,

automatic updates and patch management,
automation of administrative tasks,
easier collaboration with other users – everyone 

has the same version of software,
world‐wide access.
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Cloud Service Providers in India:
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Sl No Company Service Location
1 AppPoint AppsOnAzure ‐PaaS Bangalore
2 Clogeny Cloud Enabler Pune
3 CtrlS CtrlS Cloud ‐IaaS Hyderabad

4 EazeWork
EazeHR ‐ SaaS

NoidaEazePayroll ‐SaaS
EazeSales ‐SaaS

5 NetMagic Solutions

Cloud 2.0

Mumbai
CloudNet
CloudServe
PrivateCloud

6 OrangeScape
OrangeScape Studio ‐
PaaS

Chennai

7 Ozonetel Systems
KooKoo – PaaS

Hyderabad
CTS ‐ SaaS
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Sl No Company Service Location
8 PK4 Software Impel CRM ‐SaaS Bangalore

9 Ramco
Ramco 
OnDemand ‐SaaS

Chennai

10 Remindo Remindo ‐ SaaS Mumbai
11 Synage DeskAway ‐SaaS Mumbai

12 Tata Communications
InstaCompute ‐
IaaS

Mumbai

InstaOffice ‐SaaS
13 TCS iON ‐ ITaaS Mumbai
14 Wolf Frameworks Wolf PaaS Bangalore
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2011 Top 10 : Cloud Service 
Providers

#1: Amazon
For the second year in a row, the 

king of cloud is still Amazon Web 
Services. No other company has come 
close to the cloud-based innovation 
AWS provides.

Amazon has stepped up its support 
and now offers a premium "white 
glove" service that routes your call to 
the nearest engineering specialist.

http://aws.amazon.com/
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#2: Verizon/Terremark
Charging into the number two position on our 

list is Verizon. 
The telco giant had previously built its own 

cloud; high-quality stuff but with a 
commensurate price. 

Verizon then bought Terremark, much as you 
or I would buy a coffee and a bagel. Not only is 
Terremark one of the premier Tier 1 hosters in 
the world, it's also a cloud supplier to the 
coveted enterprise market, effectively moving 
Verizon into the top ranks.

http://www.verizonbusiness.com/Medium/solutions/cloud_services/
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#3: IBM

New to the list is IBM with its 
Smart Business Test and 
Development Cloud. 

While Big Blue might be lugging 
a hundred years of IT baggage, it 
has finally launched Infrastructure 
as a Service, although initially just 
for test and development purposes.

http://www.ibm.com/ibm/cloud/
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#4: Salesforce.com
Salesforce.com maintains a spot in the top 

five
The company singlehandedly forced its way 

into the Platform as a Service market with this 
buy, and it will give them legs to hit customers 
not interested in the patented "Salesforce.com 
maximum lock-in" feature offered on Force.com 
and their CRM platform.

The Software as a Service market is rapidly 
coalescing into a mature, well-defined space; 
props to Salesforce.com for grabbing on to 
something that keeps it relevant going forward.

http://www.salesforce.com/
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#5: CSC

Our second new entrant on the list is CSC. 
The IT integrator and service provider has cooked up 

an interesting private cloud service called BizCloud. 
The company will wheel VCE -- the giant cloud-in-a-

box system from VMware, Cisco and EMC -- into your IT 
shop.

CSC then manages your hardware; for extra capacity, 
you can hook into a public cloud service, also running on 
VCE.

CSC points to the trend of enterprises looking for 
practical ways to use (and get to) cloud computing; the 
company also performs massive-scale integrations with 
Google Apps and other Software as a Service players. 
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#6: Rackspace

Even though Rackspace fell in the ranks from 
last year's list, it's still the number two cloud 
provider after Amazon in terms of revenue. 

It might even be coming close in terms of its 
user base, a remarkable feat.

But aside from the feel-good soft launch of 
OpenStack last year, it's still business as usual.

The company hasn't made any major 
renovations to the service, something that may 
change as Rackspace absorbs cloud 
management technology firm Cloudkick.

http://www.rackspace.com/cloud/
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#7: Google

Google App Engine has won lots of business 
among Web, gaming and mobile companies --
much like Microsoft Azure -- but similarly has 
yet to make any impact among enterprise 
developers.

The company is also reportedly hiring 6,000 
warm bodies in 2011, most likely to supply that 
crucial enterprise support Google has so 
notably lacked. Can’t win the cloud with foosball 
and beanbags, kids; put your big-boy clothes on 
and get ready for real customers. The race is 
on with Microsoft!

http://code.google.com/appengine/
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#8: BlueLock

first new entrant on the list, BlueLock is 
a small-scale provider that's been a key 
testbed for VMware’s vCloud Express. 

It even pioneered a tool to help 
customers get out of their ESX bubbles 
and mix in vCloud resources, something 
VMware hadn’t been able to do. 

BlueLock’s Indiana facilities should 
soon become a major local employer, as 
it's now a key VMware/VCE provider and 
likely to see continued growth.
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#9: Microsoft
Microsoft is on a bit of a downward 

spiral. While the software giant has 
made a song and dance about 
its Azure cloud service, claiming 
31,000 companies are customers, 
we’ve yet to see any significant traction 
among enterprise IT developers. 

Web companies, mobile companies, 
tech and social networking firms use it, 
sure, but so far there’s no standout 
among traditional enterprises.

http://www.microsoft.com/en-us/cloud/default.aspx
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#10: Joyent
Joyent, however, kept a spot in the top 10 

by releasing its platform software and forming 
a partnership with Dell to sell pre-configured 
cloud infrastructure packages.

It's a nice way to push the model -- use the 
Joyent service, or build our own if we like the 
technology but not the public option. 

This may be the direction the market is 
headed, as more and more businesses want 
to adopt cloud computing within their 
infrastructure.

http://www.joyent.com/
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