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I HP today
Fortune 14 - US
Fortune 41 - Global

172,000 employees
Revenue for the year ended July

31, 2008: $113.1 Bn
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Leadership across the board
Worldwide data for calendar CQ1 2008

SHARE  POSITION
Blade Servers! 46.9% #1
x86 based Servers! 34.4% #1
Unix + Linux + Windows Servers! 33.1% #1
Branded Tape Drives'> 25.0% #2
Disk Storage Systems! 19.4% #2
SAN Systems"é 14.1% #3
Automated Software Quality 45.9% #1

Distributed system management software 171% #1
IT project and portfolio management 10.8% #2

Support/training services 6.7% #2
Inkjet printers* 46.6% #1

Laser printers# 43.5% #1
Workstations3 37.3% #2
Notebooks? 21.4% #1
Desktops 16.0% #1

Sources:
IDC June 2008 World Wide Tracker Data & IDC Worldwide Quarterly Disk Storage Systems Tracker, June 2008

IDC FYO6 Annual Services and Software Data
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Research & development

New ideas and new thinking
30,000+ technical contributors
$3.6B annual investment

Company-wide R&D s’rra’reﬁy driven by Shane Robison and
Ottice of Strategy and Technology

Business groups enhance core products, services and
customer experiences

HP Labs innovates “beyond” the roadmaps

. . > |
p . !
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HP Completes EDS Acquisition

$13.9B transaction is largest ever in IT services,
second-largest in technology sector

Services company with FY2007 annual collective
revenue of $38B

210,000+ services employees in 80 countries’

'Aggregate figure in combined services businesses at year-end fiscal 2007

For those countries that require consultation with works councils and other employee representatives in relation to the local implementation of the merger, this document is not
intended to provide country-specific information, and in no way reflects final decisions at a local level. Where required by law, final decisions will be subject to prior consultation
with works councils and other employee representatives

LABS™



HP + EDS

IT Services
Technology Estimated Addressable Market (2007): $5008B - $550B

Hardware
Distributed

oaee ™" veeos I
Software

IT Services
Globally

Infrastructure

Technology
Outsourcing

HP 3%

Application
Outsourcing

HP: Largest Technology Company in the World
(LaBs™)

Infrastructure Lab

Source:  IDC; Gartner’s April 2008 IT Services Market Metrics Worldwide Market Share
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P Labs:

P’s central research organization

P strategy creation
trategically aligned technologies

» New opportunities for HP

« Fundamental science




HP Labs around the world

5 research themes with 20-30 projects at a time

Bristol

Palo Alto St. Petersburg

Be|||ng ' g Haifa

Tokyo ' Bangalore

600 researchers in 23 newly

/ locations formed labs
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High impact research themes

Addressing the next technology challenges and opportunities

Information | Cloud
explosion '~ services

Content ' I ! Intelligent

transformation | | infrastructure




Evolution to the Cloud
The First Generation

reach
The
Internet
connectivity
» I
1960 1970 1980 1990 2000 2005 2010 2020 =
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Stage 1: The Internet: Connectivity
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The Second Generation

reach
The
information &
e-commerce
The
Internet
connectivity
» I
1960 1970 1980 1990 2000 2005 2010 2020 [;.uew)
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Stage 2: The Web: Information

14

10-Sep-2008

YA RS KYAX ,_
biquitous, uniform access

to information

Killer App: Web & eCommerce

T NEEAR
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The Third Generation

4

A

reach The

Cloud

virtualized
services

The
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e-commerce

The
Internet
connectivity

> ’rime

1970 1980 1990 2000 2005 2010 2020
(LaBs™)
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Stage 3: The Cloud: Services

SRV

o

ubiquitous, uniform access

to services
27

(LaBs™)

Automated
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I So, What is Cloud Computing?

The 451 Group: “The cloud is IT

as a Service,

delivered by IT resources that are independent of

location”

Gariner: “Cloud compu’rinﬁ is a style of computing

where massively scalable

related capabilities

are provided ‘as a service’ across the Internet to

multiple external customers”
Forrester: “A pool of abstracted,

nighly scalable,

and managed infrastructure capable of hosting

end-customer applications and bil
consumption”

ed by

LABS™



I A Real Trend or a Marketing
Bandwagon?

Both:

A usetul, evocative way ot talking about a big shitt
in IT delivery and consumption

There won't be a precise definition
There will be many abuses of the term

LABS™
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A Contluence ot Technologies and Ideas

Grid computing, utility computing, virtualization, SOA

Direct comparisons with these technologies are ‘apples and
oranges’ comparisons (or fruitless ©) ...

... because Cloud computing is a conceptual service
model, where:

Services are delivered remotely from a logical resource
The details behind the scenes are hidden; may use the techs. above

Are paid for based on how much service is consumed
Are genuinely on-demand

Cloud computing is a real trend driven by
The ubiquity of internet connectivity

Low-cost commodity hardware and open source software

Figuring out a bunch of technical stuff e



And ...

At Internet scale

Millions of users

With unprecedented flexibility

APls, mash-ups and other integrations, scaling up and
down, ...

At breakthrough cost levels
Economies of scale
New revenue models

Eliminating old sources of cost (Saa$S vs. CD)

LABS™

20 10-Sep-2008 Cloud Computing | © 2008 Hewlett-Packard Development Company, L.P.



Google in 2007

« 36 data centers containing > 800K servers
« 40 servers/rack

 Custom hardware, customized Linux base
OS, lots of homebrew s/w

» Gobbling up dark fibre

«  Many unreliable servers to fewer high cost servers

« Single search query touches 700 to up to Tk machines in < 0.25sec

«  Typical H/W failures: Install 1000 machines and in 1 year you'll see:
1000+ HD failures, 20 mini switch failures, 5 full switch failures, 1 PDU
failure

«  There are more than 200 Google File System clusters

«  The largest BigTable instance manages about 6 petabytes of data
spread across thousands of machines

h
(LABS™)
utomate:
Infrastructure Lab
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Cloud Service Layers

Example: SalesForce.com CRM

Cloud Platform Services

Cloud Infrastructure Services

Example: Amazon EC2, S3
.

Ve

Physical Infrastructure
(not a cloud service)

<

h
(LABs™)
Automated
Infrastructure Lab
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IT as a Service, Delivered by Cloud(s)

Media sharing Business Apps
Backup

Search : : O

Mobile Services
Email
Productivity O O Location-Based

Management Apps

Apps Services
Social Storage on
Ne’rworking Platform Infrastructure Demand

on Demand on Demand

LABS™
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15 Ways to Tell it's not a Cloud

It you peel back thedebel-and If you know where the machines
it's says “Grid” or “OGSA[" are... it's not a cloud
underneath... it's nofa cloud

If there is o copsultant in the room...
It you need to send a 40 page it's not a cloud

requirements document fo the If you need to specify the number of
vendor then... s not cloua machines you want Zp ront... it's not
If you can't bu.?/, it on your p(frsonol a clou

credit CCII‘d....I s not a clou I it only runs one operafing
It ’rhgy are trying to sell you system... it's not a clou

hardware...'it's"not a cloud. If you can’t connect to it from your

It there is no API... it's not a cloud. own machine... it's not a cloud

If you need to re-architect your If you need to install software to use
systems for it... it's not a cloud. it... it's not a clou

It it takes more than ten minutes to It you own all the hardware... it's
provision... it's not a cloud not a cloud

If you can’t de-provision jn less than
ten minutes... it's not a clou

James Governor, Redmonk

LABS™



Why Cloud Computing?

Cost reduction
Benefit from economies of scale
Predictability of spend
Avoids cost of over-provisioning
Reduction in up-front investment
Risk reduction
SDcl%meone else worries about running the data-centre, protecting your data, and providing

Reduces risk of under-provisioning
Flexibility
Add/remove use of services
Scale up and down as needed
Do it quickly
Service Evolution

Services evolve and (hopefully!) improve behind the scenes, with no user-involvement
require

Ubiquity

access from any place, any device, any time

LABS™
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Get Ready for the Hype ...

Figure 1. Hype Cycle for Emerging Technologies, 2008

visibility
Green IT s
0 Social Computing Platforms
O Video Telepresence
Microblogging ? fop
3-D Printin:

[ Cloud Computing ©

Surface Computers O Solid-State Drives

Augmented Reality 4 ‘

Mobile Robots
Basic Web Services
Behavioral Economics
Public Virtual Worlds
i Location-Aware Applications
" SOA
Service-Oriented }
Business Applications ¢ Tablet PC
Virtual Assistants = Electronic Paper
RFID (Case/Pallet) Wikis
Social Network Analysis
Context Delivery Architecture Idea Management
| Printin i Corporate Bloggi
Erasable Paper Printing Systems logging AS of July 2008
Peak of
Technology I Trough of - Plateau of
A nflated P Slope of Enlightenment g
Trigger Expectations Disillusionment Productivity
- i
time
Years to mainstream adoption: bstlcte

Olessthan2years O 2to5years @ 5to10years A morethan 10years @& before plateau
Source: Gartner (July 2008)
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I s the Cloud Ready tor the Enterprise?

Yes, for some applications

Crash and burn, dev/test, batch processing, peak-load
capacity expansion for some tasks

Some applications gaining traction

Often outside the control of the internal IT organisation
LOTS of interest

Not for the core mission critical stuff ... yet

LABS™



A Nice Example: NYT and EC2

28

10-Sep-2008

& Self-service, Prorated Super Computing Fun! - Open - Code - New York Times Blog - Mozilla Firefox

Eile

Edit WView History Bookmarks Tools Help

ﬁ |G http:/fopen.nytimes, com,2007/11,/01/self-service-prorated-super-computing-fun/

B[ »] (Gl

Q) |

P Getting Started [ Latest Headlines

HOME PAGE

MY TIMES | TODAY'S PAPER ‘ VIDEQ | MOST POPULAR | TIMES TOPICS |

Try Electrenic Editien | Log In | Register Now

‘Wednesday, August 20, 2008

Ehe New JJork Eumes

Open

Search

OPEN

All the Code That's Fit to printf()

Back to front page »

12007

, 200

Self-service, Prorated Super Computing Fun!

v DEREK GOTTFRID
AGS: AWS, EC2, HADOOP, MAPREDUCE, 33

I\ m

As part of eliminating TimeSelect, The New York
Times has decided to make all the public domain
articles from 1851-1022 available free of charge.
These articles are all in the form of images scanned
from the original paper. In fact from 1851-1980, all
11 million articles are available as images in PDF
format. To generate a PDF version of the article
takes quite a bit of work — each article is actually
composed of numerous smaller TIFF images that
need to be scaled and glued together in a coherent fashion.

Magic EC.

Previously we had generated all the PDFs dynamically. This approach had
worked reasonably well, but with the strong possibility of a significant
traffic increase we started to rethink things. Clearly, pre-generating all the
articles and statically serving them would be a great option. Pretty quickly
I thought about how we could do this (and have some fun along the way,
but beware — my idea of fun is probably radically different from that of
most people).

I had been using Amazon S3 service for some time and was quite
impressed. And in late 2006 I had begun playing with Amazon EC2. So the
the basic idea I had was this: upload 4TB of source data into §3, write some

WORLD U.S. N.Y./REGION| BUSINESS TECHNOLOGY | SCIENCE HEALTH SPORTS | OPINION | ARTS | STYLE TRAVEL JOBS REALESTATE AUTOS

Search This Blog Search

All NYTimes.com Blegs »

About Open
A blog about open source technology at The New York Times,
written by and primarily for developers. This includes cur own
projects, our work with open-source technologies at
nytimes.com, and other interesting topics in the open source
and Web 2.0 worlds.

Monthly Archives Select Month ]

Popular Tags

.
AP1 archives aws clustering Connection
Pooling dbslayer dbslayer rails ruby ecz2 feeds
firefox gadget Google hadoop ie internship
javaseript json map mapplets mapreduce
mashedo8 metadata microformats MySQL nytprof
open projects opensearch OpenSocial 0SCOI
oscono$ Perl php plugin politics rss s3
search simpledb twitter widget

Recent Posts

July 25 0SCON 2008 — Day oz Sessions

1 comments  Just a quick check-in from here at 0SCON!
Derek’s talk in the morning went really
well. We were pretty surprised to find a
packed room waiting when we arrived.
Thanks to everyene for showing up, and
please let us know if you have any follow-up
questions. And of course, once we get Derek’s
slides [...]

July 24 0SCON 2008 — Day o1 Sessions
i comments  While all the other “nytimers” are running
around having interesting discussions, I

Cloud Computing | © 2008 Hewlett-Packard Development Company, L.P.
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I Why is this Compelling?

Disruptive
Technology

Performance

Time

h
(LaBs™)
Automated
Infrastructure Lab
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Barriers to Adoption

Security

Trust in the service vendor
Service levels
Stability
Geographic presence
ISV support not widespread
Few have taken the plunge in a big way

Cusfomizability of service offerings for specitic needs of
each enterprise

Concerns about lock-in, lack of multi-vendor options

Data locality

Regulatory concerns

Challenge of migrating from in-house (or outsourced) apps
Vested interests! e



I Private/Hybrid Clouds

The Enterprise Cloud: large-scale intrastructure
satistying all cloud properties, delivering services
out to enterprise business units

Hybrid Model: in-house cloud linked seamlessly to
the public cloud

“Cloudbursting”

LABS™
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HP LABS RESEARCH EXAMPLE

VIRTUAL INFRASTRUCTURE
SERVICE
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HP Labs: Cloud Research

- -

extending the Cloud

Mercado

SLiM (Service Lifecycle Management)

forming the Cloud

massive, global,
Exascale Compuﬁng, SUSI'ainGbiIiiy federa‘l‘ed |nfros‘|'ruc‘l'u =)
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Forming the Cloud: Cells as a Service

34

An infrastructure-level
Cloud service =

Delivering secure,
isolated virtual

Resources

and
infrastructures — Cells - o
. Model $ . Securely
to mU“.Iple CUStomerS into the Cell

Ofttering enterprise- Conroled
grade properties e

external
network

Running on large-scale
physical infrastructures

LABS™
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Model-Based Cell Management

Customers interact with

Cell Managers via S5

bidirectional model Model

exchange ™

The Cell realises the
resources in the model,

Resources
and
Services
Projected
Securely
info the Cell

reflects changes Gl
onnectivity
Evolution to rich model et

external

properties: adaptation, e
pertormance, ...
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Cell-Based Service Composition

36

Provide enhanced
infrastructure services —
beyond the ‘atomic’
virtual resource s>
elements

Service composition
allows rich, Cell-based
Inlr'I'CISh'UC’fU re services Cell implementing DB

to be securely offered
to other Cells 2993

Supgor’red directly by e
the Cell infrastructure
management system

LABS™
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I Service Composition Examples

Encrypted Volume Service

A service that ofters encrypted volumes to ensure that all
persistent data is kept “sate”

Replicated data service

Data guaranteed to be saved to multiple locations

3rd-party Audit Service

Squirrel away logs and other events securely for later
audit requirements

LABS™



The Cell Service

(LaBs™)

Automated
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The Cell Service
(LABS™)

! request cell
Automated
39
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The Cell Service

management

endpoint

Create Cell
(LABS™)

Automated
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The Cell Service

management

endpoint

infrastructure
specification

@ and model

(LABS™)

Automated
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The Cell Service

management

endpoint

(LABS™)

Automated
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The Cell Service

management

endpoint

infrastructure
specification

and model
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The Cell Service

management

endpoint

infrastructure
specification

and model
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The Cell Service

management

endpoint

infrastructure
specification

and model

45 10-Sep-2008 Cloud Computing | © 2008 Hewlett-Packard Development Company, L.P.

(LaBs™)

Automated
Infrastructure Lab



The Cell Service

— management
endpoint
infrastructure
specification
and model
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The Cell Service

— management
endpoint
infrastructure
specification
and model
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Cell Infrastructure Management System

Design target:

Large-scale, commodity physical infrastructure
Thousands of nodes
Simple networking and storage

Commodity virtualization technology
Everything virtualized

Security at the core

Complete automation

LABS™
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Cell Management Core

49

Runs on every phy]sicol
ell

machine in the C
Intrastructure

Controls the lifecycles of
virtual machines

Provides the fundamental
‘plumbing’

Con’rrol(s ingress and egress o[
network traftic between virtua
machines

Presents storage volumes to
virtual machines

Small, correct

All other s.ys’r?m management
funThons implemented as
Cell-based system services

10-Sep-2008 Cloud Computing | © 2008 Hewlett-Packard Development Company, L.P.

Physical Machine

Virtual Machines

Host OS & VMM,
Cell Management Core
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Virtual Networking

Arbitrary connectivit
can be gs’rgblis ed y.
between virtual machines

Subnets within Cells

Con nections between Ce”S Virtual Machines Virtual Machines Virtual Machines
Con nef(’rions to external e I Al i s Core i Cre
networks

Nefrvnork rules de’rTrmine

which paths are allowed Network Rules

Both ends must agree )
Ic\loermc?lrk resource (rate)
Foyndation for Cell

Isolation

Autom:
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Virtual Storage

51

Cell Management Core
presents storage volumes

to VMs
Tricks behind the scenes:

Copy-on-write layers

Caching on local disk for
volatile or read-only
volumes

Back-ended by a variety
of storage ’reCKnologies
Storage arrays
Distributed storage

10-Sep-2008 Cloud Computing | © 2008 Hewlett-Packard Development Company, L.P.
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Host OS & VMM,

Cell Management Core



I Core System Management Services

Running in Cells, with privileged access to the
management core

Example services:
Customer model transfer and processing
VM placement and migration
Network policy distribution

Storage management and storage policy distribution
Liveness

LABS™



Cells: Not Just the Data Centre

secure boundaries forming

I distributed service “cells”

policies

Home

Service Providers mobile devices

(LaBs™)

Automated
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I HP/Infel/Yahoo! Global Cloud
Computing Research Test-Bed

B @ @

nnnnnn

Sponsors:
HP Labs, Intel Research, Collaborative, open
Yahoo! Research research on

> | management of Cloud

artners: Computing data-centres

IDA Singapore and applications
Karlsruhe Institute of A shared, large-scale,
Technology distributed test-bed

University of lllinois at
Urbana Champaign

LABS™



I Beyond the Cloud: What comes nexit?

‘Prediction is very
difficult, especially
about the future.’

Niels Bohr

LLLLLL



A Cyclic Evolution?

Mainframe

Centralised

The Internet

The Cloud

The Data

Centre (LaBs™)
Automated
Infrastructure Lab

56 10-Sep-2008 Cloud Computing | © 2008 Hewlett-Packard Development Company, L.P.



Mesh Networks of Connected Devices
'Plasma Computing’?
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