Exploratory Research
Essential

Computing

Andrew A. Chien
Director Intel Research
Vice President Corporate Technology Group



Intel Research’s Mission




e, MunlverSIty ¥
N ties



Intel Research around the world

2twork of Open Research Lablets
D-located with top Universities
onnection to Research Community

giterale)] Research

(g
*. Eatel Research Pittiborgh i
SEpreh

*Pittsburgh
\_ _4

| *Berkeley |




lmpact en Intel

= Sensors and Activity Inference (Sensornetworks)

e Nanovision and Superresolution

e Planetlab — Networking, Distributed Systems
e High Speed Signalling

e Ultra-low Power
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Simplifying and enriching all
aspects of work and daily life




Richly Communicative
“Easily form and enrich
relationships”

Personal Awareness
“Empower me to achieve the
goals I value most”
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Physicality

“Actuating everyday objects”

Concealing Complexity
“Technology that just works”




Mobile Sensing Platform &
Activity Inference

" Informative, yet unobtrusive sens p fi
" Sensors, form factors, ergonomlcs\ 4
= Activity inference
|
|

Enhanced Context-awareness
Better Applications and Interfaces

Research Activities
" Mobile Sensing Platform prototypes

" Embedded inference; detect continuously;
enable context-aware applications

" Experiments across applications, contexts,
sensing platforms

" Ex: — 85% accuracy on detecting sitting,
standing, walking up/down stairs, riding
elevator, brushing teeth
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Mobile Times

" Incorporate temporality as a fundamental
element in designing technologies

"Current focus is on objects, places, people and
synchronous/asynchronous

" Deeper understanding of time as an aspect of
- everyday life
— “Living in a 24/7 world; relative vs. absolute time
"“freshness date” for technologies, content

“Move from information flows to temporal
interactions

"Technology that fits our daily temporal patterns

Research Activities

" Develop models of temporality across cultures

" Ethnological studies - diverse geographies,
cultures, markets and segments

" Shift to integrated platform for probabilistic data
management; interactive exploration of
probabilistic models of temporal-spatio behaviors

" New visualizations, representations of qualitative
and quantitative data
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Enhance/simplify life through tech that fits our daily temporal patterns

Failure to recognize the temporal dimension of technology is a threat to the bottom line

Ethno-mining is a novel approach:

Tight, iterative analytic loops that integrate both the results and the processes of ethnographic and data mining techniques






Inferring Communities &

Communication

= ldentify and model behavior and Sensing Physical
interactions in groups and communitie World Interactions

(social networks) *
" Extract interaction & group-specific ¢-’
s m—

attributes such as emotion, intent,
engagement levels

" Capture and share the right level of
information «

Research Activities

" Prototypes and group data collection
experiments
" Multi-person conversation detection
" 80%, 4-way (meeting room)
" 70%, 4-way (nhoisy open atrium)

)

Population Sensitive Flow
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Reliable Email

" Explore new approaches to fic

" Social Whitelisting: Use social relatior

to accept mail from people you don't know,
but preserve privacy

" Collaborative filtering: users vote on spam;
system defends against malicious users who

cast fake votes
[ Friend-of-Friend J
- - trust relationshi
Research activities B! TEIEHONSTIP
Bob (B)
" Combination of social networking, distributed -
systems, secure protocols @

N
= Simulation studies to demonstrate viability Cest
(e.g., eliminate 87% of false positives Sa

— trust , -~
identified in email trace) w— —
Alice (A) Charlie (C)
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%ynamically Composable
Computing (DCC)

= “Carry Small, Live Large’

= Research for ultra-mobile, ri
experiences, spanning device ensem

CONTEXT AWARE DISCOVERY:
location, presets, templates, machine

i‘ S C “'

local infrastructure | learning, NFC -
® Stand-alone devices have limited Ul, @/ |
segmented usage, isolated resources l o/
" Acquire and combine nearby resources (e.g.
displays, storage, networks, processing) to COMPOSITION

build a logical computing platform

Research Activities

" Make it easy for users to wirelessly compose
multi-device platforms through automation
and context.

" Speedup composition by encoding service
information in the discovery protocol (no
overhead of forming IP connections)

" Extend logical platform battery lifetime by
trading-off power and bandwidth, using a

system-wide power model. Shared Displays, Storage & Networking.
Displays become one virtual display
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UWB is a technology well suited for extending logical platform battery lifetime by trading-off power and bandwidth, using a system-wide power model. 

CSLL: A vision of mobile computing where simple connectivity to both relevant information and surrounding objects provides a far more rewarding end-user experience than is possible with stand-alone devices. These experiences will be achieved through context awareness or by easily & wirelessly combining sets of discrete devices into a single logical computing platform.
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Dynamic Inspection: Parallelism

for Software Robustness

® Programs misbehave too often: bugs, 4
security attacks, hardware faults. %

® Runtime tools are too slow to be truly Q
effective.

)
® The challenges of debugging will increase E
with multi-core systems.

Re-execute?

[
¥ d
Examine history w’}f

Research Activities
= Utilize additional performance of multi-core

Rollback

systems for debugging. \ Y,
" Automatic detection of- and recovery from- - N

software errors. Inspect program’s dynamic PRSIk

behavior on a core and use program history Minimal State, — Less State.

to }deerstand fc_allures. ' | *}Sgtgﬁ%ggge Larger Grain
= Efficient dynamic program inspection & . A

rewind via a log that is captured by the o

hardware, managed by the system and ,—AWH

exposed to software Detection

Time
distant past recent history
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Log-based Architectures�


Dynamic Physical Rendering

" Flexibly conformable and
mobile matter

"Tangible interfaces

" Programmable matter

" Sensing, Planning, Actuation

Research Activities

" Design of fundamental elements
of programmable matter
(claytronics)

" Algorithms for shaping,
morphing, motion

" Programming and debugging for
million-element systems

" Power and system challenges for
unreliable system elements

intel)




=
Diamond

" Tap the value in complex
loosely-organized data by enabli
cheaper and easier search,
retrieval, processing (higher level)

" Novel algorithms and architectures,
non-indexed search

~ A
= - - #raln = 500
Research Activities T isevabenenbesasissonipmniusnetasn
" Transform distance metric learning into 1= N WAV S I N
binary classification problems ¢ [Fersreresrerasresssrreceraastangeer
" Boosted Distance Metric learning improves R R A St
with more dimensions and requires less § A
storage than baseline algorithms S I
" Interactive data exploration QO A5 S O MO SOOI WO SOV N
environments - “play” with complex e loa
data (a la spreadsheets) D P e e e
" Collaborative research with \_ [ A y

Carnegie Mellon University
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Learn a distance metric that

 keeps data from same classes together

 separates data from different classes

 provides a storage-efficient binary representation



Contributions



 New method: Boosted Distance Metric Learning (BDM)

 We show how boosting can iteratively generate �  a binary representation that satisfies given pairwise�  similarity/dissimilarity constraints.

 Experiments on UPMC breast cancer dataset validate�  effectiveness both in classification accuracy and�  dimension reduction.

Observations: 

 BDM significantly outperforms both PCA and LDA

 BDM improves with more dimensions but LDA cannot

 BDM requires much less storage (bits) than baselines


=
Diamond - Breast Cancer

“ Apply novel algorithms an
to medical research and diagna

" Improve doctor decisions by
retrieving similar annotated cases

Research Results

" Automatic detection of suspicious masses
using [Zheng et al., 2005] and UPMC features
to describe mass region of interest

" Supervised learning of optimal distance metric

" Interactively construct searchlets — based on
examples of classified cell images

" Find cells of particular size (ex. adipocytes) in
microscopy images

" Collaborative research with University of
Pittsburgh Medical Center.
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Additional research results: 

Learned distances improve retrieval accuracy

Worst of learned distances > best of baseline




What you’ll see today from IR

d Management (IGM)
— Integrated Biosystems Lab

e People Centered Innovation
— Women and Technology: Options and Growth for the Next 50%
— Personal Digital Money
— Mobile Times: Can Technologies Deliver More Than Busyness
— Islamic Charities



What you’ll see today (con’t)

able Living as a Lens for Technological Innovation

e Building the Mobile Tomorrow
— Dynamically Composable Computing (DCC)
— UbiFit: Use of mobile sensing and personal displays to motivate fithess
— Context-Aware IM: Sensing and inference for social application on UMPCs

— Pedestrian Navigation: Inertial sensors (gyros and magnetometers) to
make more intuiting reactive applications (map demo)
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