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LET™S TMPLEMENT
CLOUD COMPUTING SO
I HAVE SOMETHING TO
TALK ABOUT AT THE
EXECUTIVE MEETING.

Dilber com  DilbenCanoonstglgmail com

TELL THEM WERE
EVALUATING IT. THAT
LAY NELITHER OF US
NEEDS TO DO ANY
REAL LWJORK.
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SIMPLY EXPLAINED - PART 17:
CLoUD COMPUTING

“Wilber 1s probably taking this Cloud
computering too seriously.
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== Software Engineering Institute Cloud Computing

>“A large-scale distributed computing paradigm that is
driven by economies of scale, in which a pool of
abstracted, virtualized, dynamically-scalable, managed
computing power, storage, platforms, and services are
delivered on demand to external customers over the
Internet.” 1

»>Cloud Computing is a distributed computing
paradigm that focuses on providing a wide range of
users with distributed access to virtualized hardware
and/or software infrastructure over the Internet.

L |. Foster, Y. Zhau, R. loan, and S. Lu. “Cloud Computing and Grid Computing : 360-Degree Compared.” Grid Computing
Environments Workshop, 2008.



Drivers for Cloud Computing Adoption

Scalability Users have access to a large amount of resources that scale
based on user demand.

Elasticity The environment transparently manages a user’s resource
utilization based on dynamically changing needs.

Virtualization  Each user has a single view of the available resources,
independently of how they are arranged in terms of physical
devices.

Cost The pay-per-usage model allows an organization to only pay
for the resources they need with basically no investment in
the physical resources available in the cloud. There are no
infrastructure maintenance or upgrade costs.

Mobility Users have the ability to access data and applications from
around the globe.

Collaboration Users are starting to see the cloud as a way to work
simultaneously on common data and information.



Barriers for Cloud Computing Adoption

Security The key concern is data privacy. Users do not have control
of or know where their data is being stored.

Interoperability A universal set of standards and/or interfaces have not yet
been defined, resulting in a significant risk of vendor lock-in.

Control The amount of control that the user has over the cloud
environment varies greatly between vendors.

Performance All access to the cloud is done via the internet, introducing
latency into every communication between the user and the
environment.

Reliability Many existing cloud infrastructures leverage commodity
hardware that is known to fail unexpectedly.



TANSTAAFL

“There Ain't No Such Thing As A Free Lunch.”
Robert Heinlein, 1966
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Business Implications




Big Players in the Cloud

The McGrawHill companies

BusinessWeek

GOOGLE’S
NEXT BIG DREAM..

Imagine what you could do with the world’s mlghtlest computer
BY STEPHEN BAKER

Alﬁazon S Risky Bet =

jgﬂﬂezuﬁwaﬂslnnm our busingss with his
Web technology. Wall Street wishes he would just mind the store.

EYROSERTE HOF ORRX
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Cloud Observations

> “The great search tools available today
are a direct result of easy access to data
because the Web is already In the cloud”

<+ Greg Badros, Google Engineering Director

> “We never defined the Internet, and it
became extremely successful.”

<+ Geir Ramleth, Bechtel CIO
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ZDnet’s Vision of Growth

The Growth
of Cloud
Computil"l! J Present |

cloud computing n.
Leveraging 3rd party computing
capability over the network to cut
costs, increase scale, improve
agility, and access best practices
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Controlling IT Costs

Traditional IT
Cloud Computing

—e

In an honest
picture, the two

Instances of
Fi:-.-:fn:_l |.:._-,1-_. variable Costs

\CapEx) should not be
shown as equal in

Ccosts

size.
Variable Costs Cloud:
(OpEx] Larger or
Smaller?

Lisars
Cloud Computing Economics
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Animoto: Small Start-up

. " 3
| |
43

ot

Lo b e

Turn your photos into a
slideshow with
transitions and music.

videos as captivating as your photography

OVERVIEW  FEATURE

Animoto on Facebook

B
ok
dﬁ:ligmu! l:l build your buzineze  pricing
R I el - photographers
in 3.5 days
E-+m— 3B e e
JU to 55U0 servers
1R00
o
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Amazon Web Services

ﬂ? Amazon Web Services - Microsoft Internet Explorer provided by LS. ARMY PEOSTRI
@ = I http:jfaws.amazon. comf

File Edit “iew Favorites Tools Help

=l #2| x| Jive search

= : »
W o Amazon \Web Services | | o - [ - iy - ohPage v (0F Tools -

Sign in to the AWS Management Console Create an AWS Account

amazon
webservices~

AWS Products Developers Community Support Account

Amazon Elastic Compute Cloud (EC2)
Amazon Elastic MapReduce
Auto Scaling

Amazon CloudFront

Amazon SimpleDB

Amazon Relational Database Service
(RDS)

Amazon Simple Queue Service (5QS)

Amazon CloudWatch

Amazon Virtual Private Cloud (VPC)
Elastic Load Balancing

Amazon Flexible Payments Service
(FPS)

Amazon Simple Storage Service (53)
Amazon Elastic Block Storage (EBS)
AWS Import/Export

AWS Premium Support

Alexa Web Information Service
Alexa Top Sites

Amazen DevPay Amazon Mechanical Turk

Werner Vogels, CTO
Amazon.com

Amazon Fulfillment Web Service (FWS)

== Bandwidth Consumed by
Amazon Web Services

eStorage (S3 & EBS)
Computation (EC2)
*Bandwidth

Database (SimpleDB)
o... and others

Bandwidth Consumed by
Amazon’s Global Websites

2001 2002 2003 2004 2005 2006 2007 2008
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Wall Street: Major IT User

> Where to perform
computation and record
keeping?
<+ Have taken all office space
available

< Have maxed out electricity
available

< Have hit ceiling on cost of space

> Solution

<+ Move daily operations into the
cloud because they cannot build
any more IT centers in the Wall
Street area



Army G2: Military Cloud

Build systems without unnecessary
barriers between customers,
applications, and data.

e.g. Location, Hardware, O/S, Networks

Does not solve issues with data formats,
iIncompatible APIs, and classification

Note: This slide is intentionally vague because of the applications and users.




Commercial Cloud Companies

Eell])‘lsgrﬁigeg“ Amazon Elastic Compute Cloud (Amazon EC2) - Beta Gﬁ ﬁ beta
@® Path’
@51 | POWER OF NETWORK.COM Kitera.

& b-hive m MOS0

ojent ~ VERIO [
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Technology Ubiquity vs. Advantage

Customers Vendors
Want Want

Evolution of Business Technology

—

DOES IT Proprietary
MATTER? advantages

Diminishing
advantages

Many
Users

= Curve:
Libiquity
~h

£ Curve
(dhvantage potential
4

Time
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Transaction Costs, 1937

> “The Nature of the Firm” (1937), Ronald Coase, Nobel Prize in
Economics, 1991

> Other things being equal, a firm will tend to be larger:

< the less the costs of organizing and the slower these costs rise with
an increase in the transactions organized.

<+ the less likely the entrepreneur is to make mistakes and the smaller
the increase in mistakes with an increase in the transactions
organized.

< the greater the lowering (or the less the rise) in the supply price of
factors of production to firms of larger size.
> Technology changes that mitigate the cost of organizing
transactions across space will cause firms to be larger—the
advent of the telephone and cheap air travel, for example, would
be expected to increase the size of firms.

20



Restaurant Example

& L Water

-
3
3
i
=
]
5
1
s
H
.+
*

Sewage



IBM Case Study

*Reduced Capital Expenditure
*Reduced Operations Expenditure
*Reduced Risk of Startup

N sLess Idle Time
DEVEIBE eI *More Efficient Use of Energy
Opportunity . .
Eunds *Accelerate Innovation Projects

Enhanced Customer Service

New
Development

Software
Costs

Deployment Business Case Results:
soft Annual savings $3.3M (84%)
Labor Costs (from $3.9M to $0.6M)

Costs

Payback Period:
73 days
NPV: $7.5M
IRR: 49%
ROI: 103%
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Bechtel IT Cost Evolution

> Geir Ramleth, CIO of Bechtel
»> Measure IT Center Size and Efficiency:
> Original

< 1998 = 35,000 sq.ft. running at 2% efficiency

» Consolidated Server/IT Center
< 2002 = 20,000 sq.ft. running at 50% efficiency

2 > Virtualization of Servers
= <+ 2008 = 1,000 sq.ft. running at 80% efficiency

» Cloud Computing
< 2010 = 0 sq.ft. running at 100% efficiency

23



Technology and Architecture




UC Berkeley View of Cloud Computing

Above the Clouds: A Berkeley View of Cloud
Computing

> #1 Must-Read on the Subject

> Summary of Paper:
. . . . Armando Fox
1. lllusion of infinite compute R seph
« Tt . Randy H. Katz
resources on demand

grd:};eu—vt Konwinski
2. Ability to pay for resources as
needed

Davic A. Patterson
Ariel Rabkin
3. New term for an old idea
(utility, cluster, grid)

lon Stoica
4. Top 10 obstacles to growth

T e

Matei Zaharia

Electrical Engineering and Computer Sciences
University of California at Berkeley

Technical Report No. UCB/EECS-2009-23
http:ifwww eecs berkeley edu/Pube/TechRptsfZ009/EECS-2005-28. html

February 10, 2009

’5

http://www.eecs.berkeley.edu/Pubs/TechRpts/2009/EECS-2009-28.pdf
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Berkeley: Top 10 Obstacles to Growth

(List from Feb 2009)

Avallability of Service

Data Lock-in

Data Confidentiality & Auditability
Data Transfer Bottlenecks
Performance Unpredictability
Scalable Storage

Bugs in Large Distributed Systems
Scaling Quickly

Reputation Fate Sharing

10. Software Licensing

26



3 Cloud Service Models

> Cloud Software as a Service (SaaS)
<+ Use provider’s applications over a network
< Hot Mall, Google Docs, Ghost.cc

> Cloud Platform as a Service (PaaS)
<+ Deploy customer-created applications to a cloud

» Cloud Infrastructure as a Service (laaS)

< Rent processing, storage, network capacity, and
other fundamental computing resources

< Amazon Web Services and Others

> To be considered “cloud” they must be
deployed on top of cloud infrastructure

27



(FoRRESTERD  Cloud Related Service Offerings

Cloud Market Types

Software-as-a-
Service

Application
Components
-as-a-Service

Software

Platform-as-a-
Service

Virtual
Infrastructure-as-
a-Service

Physical
Infrastructure

Types of Offerings

 Rich Internet application web sites
e Application as Web Sites

¢ Collaboration and email

 Office Productivity

« Client apps using cloud services

* APIs for specific service access for
integration

* Web-based software service than can
combine to create new services, as in a
mashup

* Development-platform-as-a-service
» Database

» Message Queue

* App Servicer

* Blob or object data stores

« Virtual servers

* Logical disks

* VLAN networks

» Systems Management

* Managed Hosting

* Collocation

* Internet Service Provider
e Unmanaged hosting

Examples

* Flikr

* Myspace.com

» Cisco WebEXx office
* Gmail

* IBM Bluehouse

» Amazon Flexible Payments Service and DevPay
» Salesforce.com’s AppExchange

* Yahoo! Maps API

» Google Calendar API

* zembly

» Google App Engine and BigTable

» Microsoft SQL Server Data Services
* Engine Yard

» Salesforce.com’s Force.com

e Akamai

* Amazon EC2 and S3

» CohesiveFT

* Mosso (from Rackspace)

« Joyent Accelerators

* Nirvanix Storage Delivery Network

» GoDaddy.com
» Rackspace
» Savvis

Adapted from Forrester Research Taxonomy

Level of

2\

Abstraction

28



Examples of Cloud laaS Environments

»Amazon Elastic Compute Cloud (EC2)

< Provides users with a special virtual machine (AMI) that can be deployed
and run on the EC2 infrastructure

»Amazon Simple Storage Solution (S3)
< Provides users with access to dynamically scalable storage resources
»IBM Computing on Demand (CoD)

< Provides users with access to highly configurable servers plus value-added
services such as data storage

»Microsoft Live Mesh

< Provides users with access to a distributed file system; targeted at
individual use

>Microsoft Azure Services Platform

< Provides users with on-demand compute and storage services as well as a
development platform based on Windows Azure



Examples of Cloud PaaS Environments

»Google App Engine

< Provides users a complete development stack and allows them to run their
applications on Google’s infrastructure

»>Yahoo! Open Strategy (Y!OS)

< Provides users with a means of developing web applications on top of the
existing Yahoo! platform, and in doing so leveraging a significant portion of the
Yahoo! resources

»Force.com

<+ From salesforce .com (SaaS leader), provides enterprise users a platform to
build and run applications and components bought from AppExchange or
custom applications

»>Zoho
< Provides a large suite of web-based applications, mostly for enterprise use
»Akamai EdgePlatform

< Provides a large distributed computing platform on which organizations can
deploy their web applications; large focus on analysis and monitoring



GSA Covernment Cloud Computing Framework

P\

Cloud User Tools
A

Application User/ Admin Reporting &
Integration Portal Analytics

N

Citizen Engagement

1
! i Gov Productivit ' Gov Enterprise Apps
! 1
1 1 g -
1 1 -
A ite ' ! :
; I X

Customer /
Account

API's MHint

User Profile
Workflow Mgmt

Engine

Analytic
Tools

Legacy Apps
Mainframes

Office Automation

Data Mgmt

Platform as a

Service (PaaS) | Order Mgmt

Reporting
EA

Trouble Knowledge
Mobile Device Mgmt Mgmt
Integration
Billing /

Infra;tructu reas a Data Migration Invoice
Service (laaS) Tools Tracking

Product
ETL Catalog

Core Cloud Services

SerVI_C_e Mgmt & Service SLA Mamt Performance DR/ Operations
Provisioning Provisioning g Monitoring Backup Mgmt
Security & ”
] Data P y Data/Network Data Privac Certification & Authentication & Auditing &
ata Frivacy Security Y Compliance Authorization Accounting
Dat_a _Qe”ter Routers / LAN/WAN Internet Hosting
Facilities Firewalls Access Centers

Cloud Service Delivery
Capabilities

31



GSA Deployment Model

COMMUNITY CLOUD

PRIVATE CLOUD Shared by several
organizations and

supports a specific
community that has
shared concerns

HYBRID CLOUD

Composition of two or more
clouds (private, community, or

Operated solely for an
organization.

PUBLIC CLOUD

Made available to the
general public or a large
industry group and is
owned by an organization
selling cloud services.

public) that remain unique entities
but are bound together by
standardized or proprietary
technology that enables data and
application portability



NIST

NationalInsfiut of Cloud Definition Framework

Srandards and Technelogy
U.8. Depariment of Commerce

ybrid Clouds
Deployment :
Models Private Community Public Cloud

Cloud Cloud

Service Software as a Platform as a Infrastructure as a
Models Service (SaaS) Service (PaaS) Service (laaS)

On Demand Self-Service

Essentl_al_ Broad Network Access Rapid Elasticity
Characteristics
Resource Pooling Measured Service
Massive Scale Resilient Computing
common Homogeneity Geographic Distribution
Characteristics Virtualization Service Orientation

Low Cost Software Advanced Security




System Applications




DISA Components for the Cloud

> Platform-As-A-Service (PaaS)

< Delivers a computing platform and/or solution stack as a
service

< Facilitates deployment of applications without the cost and
complexity of buying and managing the underlying hardware 7‘2«
and software layers

> Infrastructure-As-A-Service (laaS)
< The delivery of computer laaS, typically platform virtualization
< For example:
* Virtual desktops
» Grid computing

L : : ) K4
> Applications-As-A-Service (AaaS) /Software-As-A-Service (SaaS) FQPQE r®
< Leverages the Cloud in software architecture mil
< Eliminates the need to install and run the application on the «Develops the SaaS
customer's own computer Ecosphere o
. . eAccelerates applications

<+ Type: development

e Commercial
e Government

Independent But Complementary Activities




RACE — How It works

/ \SERVICE OFFERING - $500/MO

— Basic Security — Test and Development

/ \ —  Basic system admin for provisioning
— 365/24/7 Help Desk Support
— DECC Standard configuration:

— Server Image
1 CPU
1 GB Memory
50 GB Storage
OS - STIG'd or UnSTIG'd
LAMP stack
Connectivity ~ NIPR

Current Future

"}1

% Sun HP-uX

)
u’fjJWmdows %AIX

Server ready for use




RACE — Benefits

Increased Speed Increased Scalability
#% 24 hour provisioning # % Increase capacity ~ 24 hours
#% Online self service &% “Turn On / Turn Off” monthly

2% Credit card acquisition # % Capacity on demand

Reduced Risk Reduced Cost
# % No capital $ needed ¢#% Pay only for what you need
# % DECC Infrastructure ¢4+ Month-to-month service
#% Develop under DoD IA standards ¢4 No annual maintenance fees
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DISA Vision of Services

‘ Plug-n-Fight

, ————————————————————————— L I I

Device
Clients

L
@H

&

Enterprise Tactical
Content Delivery

% Network

Fixed Geo-redundant
Data Centers

: g 'SIPRNet jg
I oy 2

I Deployable .Sl
Data Center [l

Do for Computing what IP did for Networks
Cloud = default background resource
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Technical Questions You Should Ask (1)

> What is performance overhead?

< On individual CPU

<+ On system including data and program transfer
> What is cost gain

<+ From size efficiency; “green” location (rumor that Google has
purchased the Niagara Falls including Canada!)

> Is Cloud Security adequate: can clouds be trusted?
» Can one can do parallel computing on clouds?

<+ Looking at “capacity” not “capability” i.e. lots of modest sized jobs

< Marine corps will use Petaflop machines — they just need ssh and
a.out
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Technical Questions Your Should Ask (2)

> How Is data compute affinity tackled in clouds?
<+ Co-locate data and compute clouds?
< Lots of optical fiber i.e. “just” move the data?
> What happens in clouds when demand for resources
exceeds capacity — is there a multi-day job input queue?
< Are there novel cloud scheduling issues?

»> Do we want to link clouds (or ensembles as atomic clouds);
If so how and with what protocols

> Is there an intranet cloud e.g. “cloud in a box” software to
manage personal (cores on my future 128 core laptop)
department or enterprise cloud?

40



Simulation Iin the Cloud
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Simulation in the Cloud

OO
- o

NEW WORLD
*Soldier-centric
*Desktop Equipment
*Universal Access

Service &
Soldier

ke ea @ Centric
A

=

DOT.MIL

ENABLERS
*Massive Computation
*Global Networks

*Cloud Services
*Distributed Management
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> High Compute Power in Professionally
Managed Centers

< Scalable to large exercises and large
numbers of exercises

<+ On-demand access to resources
> Power to Model
<+ Finally put the “Reality” in “Virtual Reality”
< Tighter system connections reduces lag
> Server-side Computing for LVC

< Provide modeling for all types of exercises
and experiments

< Reduced sim-to-sim lag time
> Heterogeneous System-of-Systems
< Multi-site collaboration




Simulation as a Cloud Service

> Scalable Simulation Services

provided to remote customers - &
| oM R B

on the customers’ schedule [
SERA (it = = '
Customer —

> Break the 1-to-1 relationship
between equipment and

Wlew
events Reusahle ‘
: : : : Bml ness .
> Light simulation client as an e OPOTENE  —

application on any military
system -
< Browser-based | % & elianie savitet .
< Generic Sim Engine & Tools
< Flexible Game Engine ﬁi‘ﬁ} .,,1. {, | Q:"li. Incregsed
. . i Aitigy
> Evolving Services at the core | . |

B Computation on Demand Fartnor Croddt Pute @aeheand Sustam Bebend Stam  Cusomar B
[Commercial SOA Diagram]
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OneSAF vs. World of Warcraft

World of Warcraft OneSAF
_ Visual Detail: 100X Visual Detail: 1X
.»  Algorithm Detail: 1X 4 Algorithm Detail: 100X
Heavy Client Demand 8 Heavy Server Demand

s ——




> Use Case 1

B

Many independent users
within HPC environment

User needs large scenario
(necessitating HPC) but only
needs to control a subset of
entities

System needs to provide
“local” implementation
(execution) of these entities
for brief periods to support
user interaction with minimal
latencies

> Use Case 2

K/
0‘0

Many users cooperatively
involved in federation of SAFs
within HPC environment.

Each user needs to control a
subset of entities

Optimization in this case
simpler than optimization of
case 1

CloudSAF CONOPS

Local Area Network

Wide Area Network

-~
D m
- . . ::/
IL%__ L= (=]
® . .t;,-";
Tier 1:

User’s Local Device

Tier 2:
Virtualized Rack

Tier 3:
HPC




Resources for HPTI

» Much more detalls and support than we
covered today.

> Additional Resources are Available at:

<+ Modelbenders.com
 http://www.modelbenders.com/cloud.html m

<+ Slideshare.net

P
« Search “Cloud Computing” g Slideshare
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