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Dear Colleagues,

Welcome to the HP Labs 2010 Annual
Research Report. This has been an outstanding
year for HP Labs, and | am proud to present
our people and achievements to you.

At HP Labs, we believe in Innovation with a " ;
Purpose — making important advances to the 7
state of the art and delivering these innovations CA <
to HP’s customers, improving their businesses ;
and technology experiences. Our researchers
pursue a challenging, leading-edge research
agenda, and work hard to ensure their
discoveries benefit HP’s customers by
partnering with our businesses on technology
transfer and commercialization.

Throughout this report, we will describe our
research areas, introduce some of our
researchers to you, and share some of the most
important contributions from 2010 that have
made an impact on HP’s products and services.
From co-innovation with customers, to
collaboration with universities, to real-world
demonstrations of our technology in action, HP
Labs researchers are turning exciting scientific
breakthroughs into solutions for our customers’
and society’s most important problems.

We welcome you to read about our research
here, as well as online at the HP Labs web site:
http://www.hpl.hp.com .

Best regards,
Prith Banerjee

Senior Vice President, Research, and Director,
HP Labs

A ¥




HP Labs Overview

common theme across our research areas, consistent
About HP Labs with our strategy: we're innovating at every touchpoint
of information. Recent innovations include:

Our People

HP Labs’ Impact

HP Labs’ researchers tackle difficult technology
problems, relevant to HP’s customers and businesses.
We are doing research in areas such as infelligent
infrastructure, cloud services, information analytics,
print and content delivery, and sustainability. There's a



aligns with one of the solicited topics. IRP calls have
attracted over 1000 proposals from more than 250
universities in nearly 40 countries in three years,
making for a highly selective program.

Innovation Research Program

HP Labs Singapore

Designed as a global, open, competitive, qnpuol call In 2010, HP Labs launched our newest research facility
for proposals, each year HPL publishes a series of in Singapore. HP Labs Singapore researchers are
research topics, and interested researchers are invited developing an enterprise cloud software platform

to submit proposals for a collaborative project that dubbed Cirious, alongside researchers in Palo Alto,
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California and Bristol, England. The opening of this
new research lab is the culmination of many years of
successful Open Innovation activities in Singapore,
including close collaboration with universities,
government agencies — such as Singapore’s Economic
Development Bank (EDB), InfoComm Development
Agency (IDA), and the Agency for Science, Technology
and Research (A*STAR) - and industry partners.

HP Labs Promotes Two Pioneering
Researchers to Senior Fellow

Norm Jouppi, Director of the Intelligent Infrastructure
Lab, oversees HP's research on next-generation servers
and datacenters, and is instrumental in the company’s



agenda in converged infrastructure. His recent research
has included realizing the impact of nanophotonic
technology on computer systems, applications of new
non-volatile memory technologies, heterogeneous chip
multiprocessor architectures and blade system
architectures. He leads a cross-disciplinary team of
researchers in computer architecture, virtualization,
networking and programming languages, who also
work closely with HP Labs’ Networking and Sustainable
Data Center efforts.

Chandrakant Patel, Director of the Sustainable
Ecosystems Research group, has been a driving force
behind HP’s overall sustainability strategy. Over his 19-
year career, he has established HP’s leadership in
sustainable IT, data center and thermo-mechanical

(cooling) technologies. Most recently, Patel has driven
the concept of lifetime “cradle to cradle” consumption
of joules of available energy within the IT ecosystem,
which is changing the conversation about the role of IT
ecosystems in managing global resources. He currently
leads a multi-disciplinary research team focused on
sustainable IT ecosystems and supply- and demand-side
management, and the reduction of carbon emissions
throughout the global economy.

Research Agenda

Our greatest impact comes from working
collaboratively on large, multi-disciplinary research
activities, with customers and partners, to deliver




innovation to HP’s products and solutions and transform
the customer experience. Our work falls into eight
broad themes. Within these themes, we have 24 “Big
Bet” projects. These are ambitious projects that, if
successful, could lead to significant business
opportunities for HP.
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Cloud and Security

HP Labs and Global Insurer Lloyds
Team Up on Digital Risk Management

Some of the risks identified by the report’s authors may
not be new — extortion or theft, for example - but
thanks to technology they can happen faster and leave
a larger impact on businesses. Others, such as hacker
attacks, have only emerged along with business’






Researcher Profile: Simon Shiu

Ph.D. Computer Science, Durham University,
England ’
Senior Research Manager, Cloud and
Lab

RESEARCH INTERESTS | Simon Shiu

passion for all aspects of informatic
with particular focus on enterpri
management. As part of his wor
and Security Lab, ideas that he
team are pursuing include sec
system modeling, situationc
trusted infrastructure.

SPOTLIGHT | Shiu value
customers and believes
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increasing reliance on IT, but are just as capable of
causing lasting damage. Beyond just detailing the risks
that are out there, “Managing Digital Risk” goes on to
make concrete recommendations to companies looking
to more effectively manage their risks in the digital
space. These include taking steps to ensure cyber crime
is seen as much more than just a problem to be tackled
at the IT department level; and understanding that risk
managers need fo develop comprehensive risk
management strategies fo mitigate against the
increasing variety of threats they face.
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G-Cloud Demonstrator Brings Cloud
Computing Research to Life




Information Analytics

Image-Based Automation and
Document Knowledge Management for
Increased IT Agility

Customers of HP's Business Technology Optimization
(BTO) suite are continually seeking new ways to add
agility to their IT departments and reduce the cycle time
required for developing and releasing applications.



Researcher Profile: Ruth Bergman

D. Operations Research, Massachusetts

RESTS | Ruth Bergman’s
artificial intelligence and
She is currently exploring
yorithms can be used to
utomation and insight.

man is a Principal

e IT Informatics research
d several successful

s from HP Labs to HP

Dust & Scratch Removal for
t Interpretation for the HP
e is currently managing the

it of an image-based automation
technology which represents a new approach
to software automation independent of the
underlying e application technology.






Researchers from HP Labs’ IT Informatics project have
developed several key advances in 2010, with the
potential for impact across a range of HP's BTO
products.
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Live Customer Intelligence Helps Brands
Make Sense of Their Reputations

Online

The proliferation of customer feedback and commentary
from online review sites, surveys, blogs, and social
networks has created new channels for customers to

share their experiences and voice their opinions. These
dynamic, online social channels engage customers,
prospects, and influencers — touching virtually every key
constituent in an organization’s value chain. These
channels are reshaping how customers evaluate and
choose products, how brands are perceived, and how
business processes interact with the customers.
Marketing based on traditional customer demographics
information is not sufficient and will become
increasingly irrelevant. Marketers are increasingly
requiring the seamless integration of realtime data
analysis into their marketing strategies, including the
ability to model, identify, understand, measure and
react quickly to sentiment, opinion, intention, and
behavioral trends expressed in unstructured content in
emerging social channels. These capabilities are
transforming the way companies interact and manage
relationships with their customers.
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Intelligent Infrastructure

Intelligent Infrastructure Big Bets

CeNSE - Central Nervous System for the Earth

A Central Nervous System for the Earth is positioned
to provide a new level of environmental awareness
through a network of millions of inexpensive sensors,
data storage, and analysis tools to improve the
safety, sustainability, and security of people and
businesses. Our sensor effort is focused on creating a
Moore's Law for sensing. We are applying our
nanotechnology expertise to push the boundaries of
cost, size, power consumption and integration to
create more capable sensor nodes, combining
technologies such as chemical/biological and inertial
sensing. Our networking effort lays the conceptual
groundwork for the communication fabric of a
CeNSE-scale sensor network, with an emphasis on
the wireless component. Areas of focus include the
tools of network information theory, allowing for new
architectures, protocols, and codes that go well
beyond those deployed in state-of-the art networks
today. Finally, our analytics effort applies realtime
event visibility to move systems from historical or
reactive analysis to proactive, realtime optimization.

Next Generation Datacenters

The explosion of data that enterprises, consumers and
sensors continuously generate, store, search, and
mine requires new thinking about the way in which
the datacenters processing this information have to be
designed, managed and programmed. At the same
time, emerging technologies around nonvolatile
memories and photonics enable new designs. Our
end goal is to build a scalable, power- and cost-
efficient, automated and programmable datacenter
for the "data-centric" society. To achieve this, we
have structured a research plan that ties together
novel computing platforms, scalable systems and
management software, and programming platforms.

Radically Rethinking Datacenter Design
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Researcher Profile: Peter Hartwell

Ph.D. Electrical Engineering, Cornell University
Distinguished Technologist, Intelligent
Infrastructure Lab

g techniques, and xperience
commercializing silicon MEMS products and
working on advanced sensors and actuators.

SPOTLIGHT | Hartwell leads HPL’s MEMS team
and is currently developing highly-sensitive
inertial sensors for measuring motions and
vibrations of the smallest scale. He’s also been
at the center of HP's CeNSE research program,
an application of sensor technology which the
company calls an “information ecosystem” that
will embed trillions of sensors in the earth and
connect them with computing systems, software,
and services. In 2010, Hartwell and his team
received numerous awards recognizing their
sensing achievements including the HP CEO
Innovation Award, EE Times Annual Creativity
in Electronics (ACE) Award for Most Promising
New Technology, Electronic Design News
(EDN) Magazine Innovation Award for
Accelerometers, and Design News Magazine's
Golden Mousetrap for Best New Products in
Sensors and Vision.




RESEARCH INTERESTS |
recognized as one of the
of optical interconnects. He
performed some of the
use i su

of Electrical and Electronics Engineers (IEE
and has served on numerous technical pro
committees of infernational conferences on
optical communications. He has co-authored

. . . II' [} & )
over 80 peer-reviewed journal articles and ) ! ; % 1

holds over 70 issued patents. Tan’s current _r » =
research is focused on exploring ways to cost- S 4
effectively replace all off-chip copper 5 R
inferconnections within a server rack with light. - ey M.-

He seeks innovative optical solutions to remove s .

the electronic bandwidth boftleneck while
reducing energy usage.




Photonic Backplane Demonstrated

Many of today’s high performance electronic systems
face significant future scaling challenges due to the
limitations of electronic interconnects both in terms of
power and bandwidth density. This is especially a
problem in the design of core network switches, which
must accommodate both increasing port counts and

data rates. At the same time, the bandwidth
requirement for data center switches is increasing
dramatically due to the shift to higher bandwidth link
standards, such as 100 Gb Ethernet.




StoreOnce: Taming the Data Storage
Challenge

HP StoreOnce Technology

PROBLEM
© Coumiplex, Tncompalible declipliction s
O Limited scalability and flexibility

© Extra time and cost for backups

SOLUTION

© HP StoreOnce deduplication
© Single deduplication engine
ocross the enterprise

BENEFITS

© Up to 20% faster performance
© Up fo twice the price/ performance
© One deduplication approach for unified management



Researcher Profile: Kimberly Keeton

Ph.D. C
at Berke
Senior Research Scientist, Intelligent
Infrastructure Lab

RESEARCH INTERESTS | Kimberly Keeton
works in the area of information management,
where she and her colleagues are building a
database-like system for data mining, analysis

and search applications that simultcneiusly

e, University of California

orts high update throughput and allows
ies to trade off result performance for result
ess. In addition, she is recognized as an
rity in the areas of automating storage
gement, computer architecture

terization of databases, and intelligent

SPOTLIGHT | Keeton has published over 40
papers in peer-reviewed venues, and has been
anted 10 U.S. patents, with over a dozen
ditional applications pending. She is a

ior member of both the Institute of Electrical
d Electronics Engineers (IEEE) and the
sociation for Computing Machinery (ACM).
eton has served on numerous technical
yrogram committees, and has co-chaired the
gram committees for ACM SIGMETRICS

1, USENIX FAST 2010, and IEEE/IFIP
SN/PDS 20C
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HP and Hynix Semiconductor
Announce Agreement to Bring
Memristor to Market

The existence of memristors was demonstrated by HP
Labs researchers in 2006, 35 years after a professor at

UC Berkeley proposed their existence as the fourth
basic circuit element, after the resistor, capacitor and
inductor. Subsequent research by the Nanoelectronics
Research Group, directed by Stan Williams, led to
increases in memory density of four to eight times
compared to standard technologies, by stacking layers
of memristor crossbars; and demonstrated that the
memristors are also capable of performing Boolean
logic functions.



Mobile and Immersive Experience

HP Labs 3D Research Goes Live in
2010
HP Labs’ 3D team has had an outstanding year,

starting with the unveiling of Pluribus 3D technology at
the 2010 Sundance Film Festival, and culminating in



Researcher Profile: Steve Kitson

Ph.D. Physics, University of Exeter, England
Research Scientist, Mobile and Immersive
Experience Lab

RESEARCH INTERESTS | Steve Kitson's focus
has spanned the areas of biosensors, quantum
optics, and photonic band gap structures. His
most recent research targets next-generation
display technologies combining high-efficiency
optics with nanotechnology, and the
development of novel materials and new

- manufacturing techniques.

SPOTLIGHT | Kitson is a technical lead for
PL's displays research group where the
ojective is fo develop novel display
ologies rivaling the image quality of
. His recent contributions include
ive enhancements for a full-color
e display architecture and a novel
echnology where the image persists
/ without consuming any power. The
ntion is a key step towards producing
h many more pixels than is currently
bling print-like resolution. These
ulted in Kitson receiving
attention, including articles in
Scientist magazines, and
of an HP exhibit at England’s
Society Summer Exhibition.
d over 30 papers and filed

Cotior
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an exciting 3D show by Earth, Wind and Fire that was

broadcast at the 2011 Consumer Electronics Show Flexible DiSp'CIyS, One Step Closer to
(CES) in Las Vegas. Viewers at first thought they were Reoli’ry

watching the venerable funk band warm up pre-

concert, but in reality they were watching a near-life

size, wide-screen 3D projection of the band.

One of the most remarkable aspects of the team'’s
research accomplishments has been its emphasis on
close collaboration with university and external

HP Labs 3D Team

\

Harlyn Baker, Nelson Chang Jack Cattolico, Brad Wittke



research partners. For example, a joint program with
the Flexible Display Center at Arizona State University
is leading to exciting new wearable devices that will be
delivered to the U.S. Army; and a multi-year
collaboration with researchers at the Renato Archer
Center for Information Technology (CTI) in Brazil has
helped the HP Labs team speed up the rate at which
they can build and demonstrate the concepts they
develop in the lab.

SiteOnMobile: Simplifying Web Access

for Millions



RESEARCH |

Mitchell’s inte
mobile user
education, a
Since joining HPL in
multiple projects incl
secure user interface
collaboration.

SPOTLIGHT | Mitchel
original user interfac
Collaboration Studio
video conversation si
paper award at AC
research on mobile
also served as head
five years on the org
Tech Camp, a week-lo summer

er AC

committee and has served

program committee membé
international conferences
including MobiCASE, IEEE

has over 20 patents pending.
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Suryaprakash Kompalli j i ' .
Ph.D. Computer Science and Engineering, University at Buffalo, State University of New York .
Research Scientist, HP Labs India '

Dinesh'Mandalapu
M.E. Electrical Engineering, Indian Institute of Science, Bangalore
Research Scientist, HP Labs India '

RESEARCH INTERESTS | Suryaprakash Kompalli and Dinesh Mandalapu work on the Intuitive and Rich User Experilénces
project at HPL India which is focused on developing novel interaction paradigms for HP’s next billion customers. The project
combines multimodal and paper-based interactions, simplified access to the web, security, and novel hardware to create rich.
user experiences. Kompalli sees this project representing a key value proposition for customers by providing the ability to
complete daily tasks in the/digital domain using simple interactions on affordable hardware. Mandalapu believes that
enabling intuitive and effective multi-modal interactions based on natural input modalities like pen, touch, pressure, hand
gestures and speech will redefine human computer interfaces for personal systems.

SPOTLIGHT

Kompalli’s research interests span image processing, GPU architectures for image processing, and techno-social challenges in
emerging markets. Prior to his current HPL activities, he also focused on medical image analysis and healthcare IT. Kompalli is
a member of IEEE and has been a reviewer for several journals and image processing conferences. He holds four patents and
several peer-reviewed publications.

Mandalapu’s research interests are in machine learning and human computer interaction. His current focus is on enabling
natural and intuitive interactions by exploring new and emerging modalities such as multi-touch, pressure and camera-based
input. He had earlier worked in the area of handwriting recognition and developed innovative algorithms for recognizing
Indic scripts. Mandalapu is currently pursuing his Ph.D. at the Indian Institute of Science and has been a reviewer for several
infernational conferences focused on handwriting recognition and human computer interaction.
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Innovative Social Media Services -
Woatercooler, Rankr and iCatcher -
Garner Increased Attention in 2010

Compressing Web
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The team recently demonstrated a service that analyzes
e T ————— the allocation of attention within social media to predict
real-world outcomes. In April, after analyzing the
positive or negative sentiments expressed in 2.8 million
Twitter messages regarding 24 movies, the team
predicted the films’ box-office revenues. Their results
significantly outperformed the Hollywood Stock
Exchange, a popular market-based predictor for box-
office performance, and proved that social media can



Researcher Profile: Thomas Sandholm

Ph.D. Computer and Systems Sciences, Royal
Institute of Technology, Stockholm, Sweden
Research Scientist, Social Computing Research
Group

RESEARCH INTERESTS | Thomas Sandholm
studies incentive design in distributed and
mobile systems and has contributions related to
resource allocation, demand prediction,
parallel job scheduling, crowd sourcing, and
recommender systems. His latest focus is on
context-aware mobile services.

SPOTLIGHT | Sandholm invented the Gloe
Web geotagging service which is now being
used by the HP ePrint mobile printing product,
as well as in the AfricaMap project, a
CERN/UNOSAT collaboration to provide
social annotation of satellite images in Africa.
He also contributed a new job scheduler to the
latest release of Apache Hadoop.
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provide more than just information and content to
individual users. This research was highlighted by the
New York Times Magazine in its 10 th annual “Year in
Ideas 2010” feature.




Networking and Communications



Researcher Profile: Jeff Mogul

Ph.D. Computer Science, Stanford University
HP Fellow, Networking and Communications

Lab -
RESEARCH INTERESTS | Jeff Mogul is
. recognized as a leader in the areas of

operating systems, Interrft protocols and
performance, and network 1/O convergence.
His recent SPAIN (Smart Path Assignment In
Networks) research, initiated by HPL colleagues
Jayaram Mudigonda and Praveen
Yalagandula, aims fo provide low-cost, high-
bandwidth multi-path networking for modern
data centers. Research on DevoFlow, initiated
by Jean Tourrilhes and other HPL colleagues,
argues that the popular OpenFlow "Software-
Defined Network" model, while a major
improvement over traditional device-centric
networking, requires some tweaking for
efficiency and scalability.

SPOTLIGHT | Mogul is a Fellow of the
Association for Computing Machinery (ACM)
and has made significant contributions to the
peer-review process in the field of computer
network research. He served as program co-
chair of the 2010 ACM/IEEE Symposium on
Architectures for Networking and .
Communications Systems (ANCS), and is
serving as program co-chair of the 2011 ACM
Special Interest Group on Data L]
Communications (SIGCOMM) conference. He
is also on the steering committee of the 2011
Workshop on Hot Topics in Management of
Internet, Cloud, and Enterprise Networks and
Services (HotlCE). In 2010, Mogul co-authored =
several prominent papers with his HPL
colleagues including a Symposium on
' v_,‘J(i‘et orked Systems Design and Implementation
ISDI) paper, "SPAIN: COTS Data-Center
Ethernet for Multipathing over Arbitrary

Topologies," and a HotNets paper, "DevoFlow:
Cost-Effe Flow Management for High

erforma prise Networks."




OpenFlow and HP Labs: Partnering for
Success




Printing and Content Delivery

Keeping Patients Safe from Counterfeits
in Africa with mPedigree
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Researcher Profile: Cong-Lei Yao

Ph.D. Web Mining, Peking Unive
Researcher, HP Labs China

RESEARCH INTERESTS | Cong-lei Yao is
focused on web mining with specific emphasis
on semantic-based web content extraction,
online computational advertising, and web
information filtering and recommendation. His
current efforts are around contextual coupon
matching and the development of web-based,
automated coupon recommendation engines.

SPOTLIGHT | Yao leads the Printing and
Content Delivery Lab’s Automated Publishing
team based in China. His team is targeting
web content analysis, parallel computing, and
image analysis, and has contributed innovati
technologies to a number of HP’s web printi
products including Smart Print and Article
Clipper.




Now, through an exciting program led by mPedigree —
a social enterprise based in Ghana - HP and other
companies are teaming up to actively combat these
counterfeits. Thanks in part to HP Labs technology, with
mPedigree consumers can authenticate pharmaceuticals
free of charge and at the point of purchase, using only
a basic mobile phone. The system assigns a code to

each package of participating drugs, revealed by
scratching off a coating. The consumer can send this
code by text message to a free SMS number, and the
consumer receives a text message reply confirming the
authenticity of the drug. If the code is counterfeit, the
patient receives a text message warning them that the
package may be a fake.

Community Magazines through
Interactive Design Reuse

Creating professional-quality brochures and magazines
is a demanding task for small businesses and
consumers when the budget available precludes
professional assistance. Self-help, through customizable
templates, is the current commercially-available
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solution, but the range of templates available limits user
choice. Users also often find it difficult to fit their
content into these templates. In an ideal world, the style
of any media viewable on the web should be reusable
with any user content through a drag-and-drop
interface.

GPU-RIP Technology Speeds Up
Commercial Printing Pipeline






Researcher Profile: Napoleon Leoni

-
Ph.D. Mechanical Engineering, Carnegie Mello
University -

Principal Scientist, Printing and Content er)
Lab

RESEARCH INTER
worllaQn the devel
process technologi
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SPOTLIGHT | Leoni recently
effort for a key technolog
the future high speed dig
HP’s Graphics Solutions Busi
spearheaded an effort across
departments fc '
with proven potential to
inkjet system reliability. C
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Breakthrough Technology from HP Labs
Enables 76% Speed Increase in HP

Indigo Presses

This unique charge roller unit was developed in HP
Labs in collaboration with HP’s Imaging and Printing
research and development team. It is the first such
technology used in a production digital press, and

supports by far the highest process speed of any offset-
quality electrophotographic press.




Services

Open Innovation Spotlight: Design and
Pricing of Post-Sales Services

Dr. Ming Hu at the University of Toronto has been
working with the Analytics for Operations team on
designing and pricing innovative post-sales services to
appeal to a broader market and improve service attach
rates. Together the team has created an analytical
framework for modeling the optimal decisions of
customers and providers involved in extended
warranties and other aftermarket services — explicitly
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Researcher Profile: Jaap Suermondt

Ph.D. Medical Information Sciences, Stanford
University

Director — Industry Verticals Research, Services
Research Lab

RESEARCH INTERESTS | Jaap Suermondt’s
research spans data mining (particularly text
mining, automated categorization and
quantification), information management,
enterprise IT services, uncertainty management,
analytics, personalization, operational
efficiency, decision support systems, electronic
health records, and clinical information
systems.

SPOTLIGHT | Suermondt leads teams within
HPL's Services Research Lab focused on
analytics research and new services for key
vertical markets. In 2009, his team, with their
HP business collaborators, received the Institute
for Operations Research and Management
Science’s (INFORMS) Franz Edelman Award
for achievement in operations research,
honoring the best application of operations
research in the world. Suermondt is inventor or
corinventor on over 50 filed patent
applications, with 32 patents granted so far.
He was Program Chair of the Annual
Symposium of the American Medical
Informatics Association (AMIA) in 2008, and is
a Fellow of the American College of Medical
Informatics.



accounting for factors like market heterogeneity,

information asymmetries, and competition from other . .
service providers. HP Labs’ Services Research Portfolio

Grows in 2010




Sustainability

Sustainability Big Bet

Sustainable Datacenter

The Sustainable Datacenter is a datacenter that
consumes net zero energy from non-renewable
sources like the public electric grid, over its entire
lifecycle from initial resource extraction and
manufacturing to operation and end-of-life
reclamation. This data center satisfies the Service-
Level Agreements (SLAs) of the hosted services, while
reducing the Total Cost of Ownership (TCO) and
emissions. Research thrusts include IT-facility demand
management, supply-side management, integrated
design and management, and management
information systems.




rcher Profile: Amip Shah

. Mechanical Engineering, University of
California - Berkeley
Senior Scientist, Sustainable Ecosystems
Research Group

RESEARCH INTERESTS | Amip Shah is widely
recognized as an expert in the application of
thermodynamics for environmental
management, particularly in the context of
electronics and information technology (IT). He
is currently involved in the Sustainable
Datacenter research project at HP Labs, which
seeks to integrate resources that consume
available energy in a data center (such as [T,
power, and cooling equipment) with the
sources that provide available energy to the
data center (such as the utility grid, on-site

ackup generators, and off-grid distributed

wer sources). Shah'’s prior research has

included diverse topics related to lifecycle
assessment, product and process design
methodologies, as well as the socio-economic
impacts of technology. "

QGHT | Shah has co-authored over 100
c%s and reports in the areas of
environmental'sustainability, thermal
management, electronics packaging, and
energy policy. His honors include the 2006-
2007 Best Paper Award from the American
Society of Mechanical Engineers (ASME)
\_&ELOF Electronic Packaging, 2002 ASME
harles T. Main Gold Medal, 2002 Irene
Elizabeth Tracey Award from Rowan University
for Excellence in Engineering, and 2001 ASM
Arthur Lililliston Medal for his work explorj
the relcﬁ%‘bﬁefween engineering
technology and the 1997 Kyoto Protoco
United Nations Framework Conventio

Climate Change. Shah is also Chair g
ASME Santa Clara Valley Section.
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Turning Research into Reality:
Demonstrations of Sustainable
Datacenters around the World




Sustainable Cities: Enabled by Supply
and Demand Management

The team’s supply side perspective calls for using pools
of resources of available energy, alongside design and
management that minimizes the energy required to
extract, manufacture, mitigate waste, transport, operate
and reclaim components. This might mean creating
numerous “micro-grids” that incorporate various sources
of locally-sourced energy, such as solar panels or wind
turbines, that complement centrally-sourced electrical
energy. The demand side perspective requires

provisioning resources based on the needs of the user
by using flexible building blocks, pervasive sensing,
communications, knowledge discovery and policy-
based control. As an example, given a sustainability
policy, upstream and downstream pumps in a water
micro-grid can be programmed to operate to maintain
an optimal balance of demand and supply.

Analytics and Sustainability Research
for More Energy-Efficien’r Homes and
Neighborhoods

Looking towards this future, HPL sustainability
researchers began a project on home energy
monitoring in 2009. They have deployed sensors in



residential homes, collecting energy data for individual
appliances and “activity zones” (entertainment, office,
kitchen, etc.). An HP gateway in each home receives
sensor readings every 3 seconds and sends an
aggregated set to the cloud every 2 minutes. Over 20
million sensor readings have been collected over the
last 14 months.
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Researcher Profile: Zainab Jamal

Ph.D. Marketing Science, University of
California, Los Angeles

Research Scientist, Services Resear

RESEARCH INTERESTS | Zainab
of focus is in developing econometr
statistical models to understand and pr .
customer response behavior. This area feeds
into the broader research stream of enabling
businesses to optimize their marketing
operations through analytical technologies in
the backdrop of major paradigm shifts in the
landscape such as personalized marketing and
Eaa$ (Everything-as-a-Service). She brings deep
industry knowledge to her research expertise in
marketing operations, having worked in
different roles in brand management and
product development after her Masters in
Economics (Delhi School of Economics) and
M.B.A. (Indian Institut
Ahmedabad).

SPOTLIGHT | Jamal stre
back to the community a
for-profits such as CRY (Child-
and the Give Foundation. She als
HPL's Charitable Giving Campai
and helped raise program aw:
donations. Along with HPL ¢
Zhang, Jamal won the Don
and Customer Equity Competi
which was organized by the
Association. Competitors had to predict donor
behavior using two years’ of data from a not-
for-profit organization.



2010 Results

Business Impact

By working with our most forward-thinking customers,
we are taking advantage of another mechanism to
tackle challenging problems, and jointly innovating the



next generation of HP products and services. A number
of projects are already underway, including product
personalization in the financial services sector;
improving safety in the health care industry; and using
data analysis to gauge customer sentiment in consumer
product markets.

Advancing the State of the Art
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Thought Leadership

People

Our people have made incredible advances in 2010,
and we are proud to introduce you to just a few of
them throughout this report. Our success is founded on
these teams of brilliant individuals who exhibit their



I‘ ight

B.S. drﬂgineering, Uiversity of Bristol,
En O °
Dire PL European Projects , Cloud and

ty Lab

—-—
ARCH INTERESTS | Nick Wainwright
atly leads HP’s involvement in a number of
E ean research projects in the area of
erne hnologies and internet security
His other interests include internet
wnications technologies, computer
ctures, and .digﬁcl media technologies.
SHT | W 'n\,ighf is actively involved
ber of high-profile European
logy strategy-setting organizations. He is
ber of the EU’s Future Internet Assembly
g co ee where he works to facilitate
fion across the European research
ity in cross-cutting issues of technology,
pplications, and usage of the internet of the
future. Wainwright also chairs the UK’s Future
Internet Strategy Group which provides a
forward-looking view on internet technologies
including cloud to UK national stakeholders
including the UK’ s'Technology Strategy Board
ond e De 4 of Business, Innovation and
ina board member of the

fwo Software and Services
Initiative QJE$I) n Technology

Platform.



passion for our customers every day. We are constantly
seeking to recruit, challenge, and develop the best
talent in the industry, and look for employees with fresh
perspectives, an appreciation for multi-disciplinary
work, and a healthy dose of motivation. Bringing these
amazing people together helps us turn research into
reality, every day.

Ronald Schafer — 2010 IEEE Jack S. Kilby Signal

Processing Medal

Looking Forward






Appendix 1: Selected 2010 Technology Transfers

Cloud and Security



Information Analytics

Intelligent Infrastructure

Sensing capabilities developed by HPL are providing novel capabilities to create differentiated value for HP’s sensing
practice. HP CeNSE will utilize HPL technologies to generate unique, data-driven opportunities leveraging HP products,



services and relationships to create high-value outcomes for HP’s customers. An example is an innovative program with Shell

that is creating an industry-changing, ultra-high resolution seismic data solution for land-based oil and gas exploration. 2010
technology contributions include a next-generation accelerometer, new electronics package, system networking topology, and
network system architecture analysis.

Mobile and Immersive Experiences



Networking and Communications

Printing and Content Delivery



Services

Sustainability
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