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Virtualization

Grid Computing

Application Hosting

Utility Computing

Platform as a Service

Infrastructure as a Service

Software as a Service

Cloud Computing Goes By Many Names

Storage as a Service

Database as a Service



Google Trends:  “cloud computing” vs “social networking”

Popular Buzz Word



Adoption curve of cloud computing?
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• What are the primary
technology drivers?

• How might it benefit both
startups and enterprise IT?

• How does it change
application delivery?

• Thoughts on where it is going.

Lots to talk about



• Growth of the Internet usage
> Broadband networking
> Mobile, location-aware, services
> Self-service

• Massive data – horizontal scale
> User-generated content,

digital media 
> Even more data ahead –

environmental monitoring

• Moore's Law driving down cost of computing and storage
> Low cost 1U servers, +1 TB consumer disk drives
> Consumer devices: smart phones, netbooks, gaming consoles
> Enables new capabilities: speech, NLP, semantics

Perfect Storm Fueling Cloud Computing



Natural Evolution of the Web

Web Sites

Applications

Developer
Platforms

Compute
and Storage

SaaS
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ARPANET, 1969-85



• Very large, horizontal
scale systems built from 
commodity components 

• Component failure
must be handled gracefully

• Non-traditional, highly 
replicated data storage
and caching solutions

• Applications built from 
cooperating set of services

Internet scale demands have driven 
new application design patterns 



Age of “Warehouse Scale” Machines

Google’s data center on the Columbia river, Oregon

Thousands and Thousands of Commodity Parts Built 
into a System to Essentially Serve a Single Application

Power and Cooling Major Drivers of Cost



Cloud service providers level the field
• Anyone can gain efficiencies of large scale
• Pay-as-you go, pay only for what you need
• Automation and programatic API control
• Scale up, scale down
• Better agility, faster response, more innovation

“Let me be very clear here: 
I really don’t want to operate datacenters 
anymore...
We’d rather spend our time giving our 
customers great service and writing great 
software rather than managing physical 
hardware,” 

Don MacAskill, CEO, Smugmug



• Strong interest in both Public and Private Clouds

• Driven by cost saving
and “consumer model” of the internet

• Internal IT looks more like a service provider
> Higher degree of automated system administration

> Greater agility for business units through self-service

> Still responsible for IT policy, security, best practices

> Outsource many functions to pubic cloud providers 

• Service providers already responding
> Variations to meet business requirements

> Working to meet regulatory requirements

Impact on Enterprise IT



Real Ecosystem Emerging



CloudWorld Session SC13

Case Study: Agile Analytics in the Cloud



Taking advantage of scale in 
building a cloud computing service

Number of Data Center Cores

Cost per CPU-hour vs 
data center capacity

$
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Hardware – Replicated N times

Data Center OS + Virtualization + APIs Automated
Sys Admin

Self-Service
Provisioning

Linux OS

Application

Windows OS

Application

Solaris OS

Application

Easily quantified cost model for resource allocation

Separate Apps From Infrastructure
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Customers Get Resources From a Nearly 
“infinite” Pool of Virtual Resources



Different allocation strategies can be 
designed to meet different requirements 
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Application OS • “Just-enough OS”: minimal set of features

• Linux, Windows, required by App

• Delivered with the Application

• Allocate virtual resources
required by applications

• Data center services

• Optimizes for system utilization

• Transparent migration, fail-over, backup

Data Center OS 
and Services

Will this drive research into distributed, “cloud” OS?

Prediction: Specialization
of Operating System



http://www.rpath.com/corp/rethinking

EC2 AIM's
VMware Mkt
CohesiveFT

rPath

Virtual Machine Images: pre-packaged 
with software stacks or full applications



2900 Machine Images

Amazon's AWS 



• Virtual Machine Images built and reviewed by security experts
• Built in tools and auditing capabilities

Service Provider Virtual Machine Instance

OpenSolaris
Security-reinforced container

 Application
Software Libraries

Restricted Ports

Non-exec stack

Encrypted swap

Stateful packet 
filtering

Kernel-level 
auditing

Glenn Brunette:         http://blogs.sun.com/gbrunett/entry/new_opensolaris_immutable_service_containers
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Hardening of Virtual Machine Containers: 
Immutable Service Containers



Sun Cloud - Virtual Data Center



820 Business Apps
iPhone App Store

100,000 developers
65,000 Apps in store

1.5B downloads

Google App Engine

150,000 developers
50,000 apps

Explosion of Apps
   – AppExchange, Google Apps, iPhone



  Applications

Citizen Engagement

Wikis / Blogs

Social Networking

Agency Website Hosting

Email / IM 

Virtual Desktop

Office Automation

Gov Productivity

Business Svcs Apps

Core Mission  Apps

Legacy Apps 
(Mainframes)

Gov Enterprise Apps

US Government turning to the Cloud to 
modernize IT infrastructure to lower costs
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GSA framework for cloud services



GSA Cloud 
Storefront 

(Web Portal)

IaaSProviders

Internet

IaaSVendor 1

IaaS Vendor 2

IaaS Vendor n

Federal 
Agency 1

Federal 
Agency 2

Federal 
Agency n

The GSA Federal Cloud Storefront provides the 
predefined IaaS service offering options from the 
supported IaaS vendors based on the submitted 

inquires from the Federal Agency

Federal Agencies inquire and procure IaaS
service through the GSA Cloud Storefront

Based on Federal Agency’s selection, 
the GSA Cloud Storefront enables the 
procurement of IaaS services with the 
vendor.

1
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4

Once IaaS Services are procured 
the Federal Agency works directly 
with the selected IaaS vendor in 

configuring and utilizing the 
services via the Internet
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Government Agencies
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inquires from the Federal Agency

Federal Agencies inquire and procure IaaS
service through the GSA Cloud Storefront

Based on Federal Agency’s selection, 
the GSA Cloud Storefront enables the 
procurement of IaaS services with the 
vendor.
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Once IaaS Services are procured 
the Federal Agency works directly 
with the selected IaaS vendor in 

configuring and utilizing the 
services via the Internet
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Government Agencies

GSA Cloud Computing Storefront



• For Individuals:  
> Greater access to information and collaboration

• For Society: 
> Developing nations may leap-frog traditional data centers
> Revolutionize education

• For Business and Economic Growth:  
> Better decisions, better way to conduct business
> Lower barriers of entry
> Possibility of spurring job growth and new applications

• What will cloud computing look like in 2015?
• Who will it benefit?

Project to study global 
impact of cloud computing 



• Applications acquire/release resources:
> In response to increased demand
> Recover from failed components
> Minimize power, minimize cost, meet SLAs

• Allow PaaS providers to dynamically scale with their customer demand.

• Cloud service customers themselves may choose
different management tools, policies

• Your data center becomes virtual and app centric 
>  let others manage the physical systems

Future: Applications will increasingly
be responsible for self-provisioning



• Inter-connected network
of servers, storage,
and applications

• Segmented into public
and private clouds
> For security
> For predictability
> For regulatory compliance

• Unified and driven by a set of 
protocols, software API,
and services

• Open to all

Future: Global Cloud of Clouds 
(a.k.a “InterCloud”)



Cloud Computing
is the Answer.

The only real question:
Will you be ready?
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