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Abstract

Research (@ Google

At its core, Google's mission is to organize the world's information and make it
universally accessible and useful. The breadth of this mission, coupled with our
services based delivery model, provides Google great opportunities to perform
research and to innovate in many areas of technology. In this presentation, I'll
summarize our approach to innovation and the results we have achieved in many
domains; for example, translation, speech, and vision. I'll also discuss some of our
focus areas moving forward, and our general approach to research organization. Il
conclude by discussing our interactions with the research world around us, a world with
which we desire strong, mutually beneficial connections.
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Outline

Google’s Mission
Our Technical Approach
Innovation

Research @ Google
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Key Themes

A. Totally Transparent Processing

B. The Rule of Distributed Computing
C. Hybrid, not Artificial, Intelligence

6. Some Other Research Projects
7. Relationship with Academe and other Research Organizations

8. Summary and Perspective on Computer Science
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Google's Mission and Google Research

Organizing the world’s information and
Making it universally accessible and useful.

Google

Growp divectery

GMail ———

Moty e e @
Dot Coles Ontey -
el P e =
o U LY 1Y
s Ao g, l. k. I“
el | |7
‘‘‘‘‘‘ oaane oo =
e ENENTE
= "

=

A research organization optimized for in situ work (JO L)Sle\.



Search and more...

%) More Google Products - Mo:

File Edit View History Bookmarks Tools Help

[-[»] [Gl]

|} Helpdesk (=] Google Mail  M-NRR [=] Home Cal. (%] Corp. Cal. "¥? Yahoo! Fin. (5] Moma @ WSJ & NYT & Google Docs - Person ... || PelW. 4 Research HC | | PROVANTAGE: Adobe ...

Q/E & i @ L_l(\} & http://www.google.com/intl/en/options/
CGoogle  sarah palin E] G Search ~ ~E» &
& More Google Products & Tannersville, PA to Grand Central St...

N Alerts
"‘\> Get email updates on the topics of your choice

Blog Search
Find blogs on your favorite topics

Book Search
Search the full text of books

Checkout
Complete online purchases more quickly and securely

Google Chrome'
A browser built for speed. stability and security

Desktop
Search and personalize your computer

Earth
Explore the world from your computer

Finance
Business info. news. and interactive charts

GOOG-411
Find and connect with businesses from your phone. for free

Google Health"=*'
Organize your medical records online

iGoogle
Add news. games and more to the Google homepage

PSORNDSO NP

Images
Search for images on the web

Maps
View maps and directions

News - now with archive search
Search thousands of news stories

Notebook
Clip and collect information as you surf the web

Patent Search
Search the full text of US Patents

Product Search
Search for stuff to buy

Scholar
Search scholarly papers

9 ﬁ > M~ Q Bookmarks> F2geRank v N Autolink ﬁ‘_’ AutoFill |e$ Send tov & sarah E{ palin L@ Setting:

& More Google Products | sarah palin - Google Translate
Code

Download APIs and open source code

Custom Search"="'
Create a customized search experience for your community

Labs
Explore Google's technology playground

!:: ;@ ‘Oj\i (%]

Communicate, show & share

Blogger
Share your life online with a blog — it's fast, easy. and free

Calendar
Organize your schedule and share events with friends

Docs
Create and share your online documents, presentations, and spreadsheets

Gmail
Fast. searchable email with less spam

Groups
Create mailing lists and discussion groups

Knol
Share what you know

Orkut
Meet new people and stay in touch with friends

orkut

/N Picasa
Y@ Find. edit and share your photos

Reader
Get all your blogs and news feeds fast

Sites
Create websites and secure group wikis

; SketchUp
Build 3D models quickly and easily

@k) Talk
<*IM and call your friends through your computer

Translate
View web pages in other languages

YouTube
5 YoulID Watch, upload and share videos

b [1-q3 objectives.d... ‘& Inbox for azs@azs-...

%) More Google Prod. f et Notepad (G Microsoft PowerP... | 1 1 e

m



How (1): A Focus on Services

 Google primarily delivers services to achieve it’s mission
* Implications
* Lower cost of Development
 Economies of scale
* Lower cost of Installation
* Lower cost of Operation
* Resilience
* Location transparency
« Service Integration

« Aggregated user feedback

Google



How (2): The Google Common Distributed System

 Vast:
— Data in the cloud
— Processing in the cloud

— Global Usage

(Feasible due to large clusters using decades of distributed computing research)
* Implications:

— Economies of scale from shared infrastructure

— Low barriers to product launch

— Decentralized development more feasible

Google



How (3): Empiricism - Let Measurement & Feedback Rule

-0.54 2 70 0.55060
$4.78 RPM

108 milliseconds

0.0000339 2,800,000,000 views
425,440.01 56.76% 17.35

108 seconds/search

9995.55 1.3 searches per user
480,000,000 total pageviews
1607.44 10,400 655

$0.303 CPA 108
$7,660,400
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Key Change: Holistic Approach To Design

Focus
Not: /
User [ >\ Computer Service
But: _— Focus
Vast # < > Vast
of Users Computer Services

* Implications
* Users and computers doing more than either could
individually.
* Virtuous circle from: Data and Processing, Reach,
Feedback in a virtuous circle.
Google



How Do We Innovate...

« Commitment to advancing technology
— Rich domain of work due to our mission
— Some exciting, grand challenge problems

« Cultural agreement that getting a concept into production is often as
challenging and fun as its initial invention

 Technical leverage
— The Google Common Distributed System
— A Focus on Services

— Holistic Approach to Design

Google



Google’s Research Mission

To innovate, and to catalyze innovation, and to
learn in ways that collectively help Google
achieve its mission

Implications:
— QOperation in areas relevant to Google
— Broad applicability of many areas of CS and related areas
— A diversified portfolio (various points on risk/reward curve)
— Strong relationship to academic community

— Strong emphasis on publication

Google



Google’s Innovation Culture is Different

* Focus on talent
* Distributed across the organization:

* Impacting Google necessitates broad, diverse involvement in
science and engineering

» Research is done both in our research team and in our
engineering organization, organized opportunistically

« Teams benefit greatly:
— From mutual talent
— From Google’s comparative advantages to our scale and broad use

— From service-based architecture (“ease” of working in vivo)

Google



Publications

* Publishing/presenting is important

 Publications at

Year Number of Publications
2004 15

2005 54

2006 122

2007 197

2008 216

2009 250+ (p)




Google Publications as of Early 2008
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Key Systems Papers, for Example

Google Cluster Infrastructure

Luiz Barroso, Jeffry Dean, Urs Hoelzle: Web Search for a Planet: The Google Cluster
Infrastructure, IEEE Micro, Volume 23, Issue 2, March 2003.

GFS (Google File System)

Sanjay Ghemawat, Howard Gobioff, Shun-Tak Leung: The Google File System, 19th ACM
Symposium on Operating System Principles, Lake George, NY, October 2003.

MapReduce Programming Model for generating & processing large data
sets

Jeffrey Dean, Sanjay Ghemawat: MapReduce: Simplified Data Processing on Large Clusters,
OSDI'04: Sixth Symposium on Operating System Design and Implementation, San Francisco, CA,
December, 2004.

BigTable: A Distributed Storage System for Structured Data
Chang, et al. OSDI 06.

e Many more papers in other areas, of course

Google



Selected Publications

« Audiovisual Celebrity Recognition in Unconstrained Web
Videos, Sargin, Aradhye, Moreno, Zhao

» Automatic Speech and Speaker Recognition: Large Margin
and Kernel Methods, Keshet, Bengio

» Bid Optimization for Broad Match Ad Auctions, Even dar,
Mansour, Mirrokni, Muthukrishnan, Nadav

 Dependency Parsing, Kubler, McDonald, Nivre

« Detecting The Origin Of Text Segments Efficiently, Abdel-
Hamid, Behzadi, Christoph, Henzinger

 Domain Adaptation with Multiple Sources, Mansour, Mohri

« LSH Banding for Large-Scale Retrieval with Memory and
Recall Constraints, Covell, Baluja

 OpenFst: An Open-Source, Weighted Finite-State
Transducer Library and its Applications to Speech and
Language, Riley, Allauzen, Jansche GO C )816“'



Selected Publications

« Qutclassing Wikipedia in Open-Domain Information
Extraction: Weakly-Supervised Acquisition of Attributes over
Conceptual Hierarchies, Pasca

* Solving Maximum Flow Problems on Real World Bipartite
Graphs, Negruseri, Pasoi, Stanley, Stein, Strat

* The Unreasonable Effectiveness of Data, Halevy, Norvig,
Pereira

« Using the Doubling Dimension to Analyze the Generalization
of Learning Algorithms, Bshouty, Li, Long

 Google's Deep-Web Crawl, Madhavan, Ko, Kot,
Ganapathy, Rasmussen, Halevy

* Webtables: Exploring the power of tables on the web,

Cafarella, Halevy, Wang, Zhang
Google



Selected Publications

« Cost-efficient Dragonfly Topology for Large-scale Systems,
Kim, Dally, Scott, Abts,

« Detecting influenza epidemics using search engine
query data, Ginsberg, Mohebbi,Patel,Brammer,
Smolinski, Brilliant

* Discriminating the relevance of web search results with
measures of pupil size, Oliveira, Aula, Russell

« A discriminative kernel-based model to rank images from text
queries, Grangier, Bengio

« Boosting with Structural Sparsity, Duchi, Singer

» Affiliation Networks, Lattanzi, Sivakumar

 On Sampling-based Approximate Spectral Decomposition,
Kumar, Mohri, Talwalkar

Google



Disk drive failures are a significant problem

« Datasheets do not tell whole story; MTTF is not enough
« Significant and valuable previous work, but insufficient
* Knowledge would help
« Conventional wisdom --- Is it true?

— Typical disk drive failure rate: < 1% per year

— Temperature: increases failures

— Utilization: increases failures

Google



System Health Infrastructure

Data collected
on every
machine,
periodically

Stored
indefinitely

Analysis done
offline

Results/Graphs

Mapreduce
/ Sawzall

3
Bigtable

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Analysis
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Temperature

Failure rates per average temperature
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Introduction to Android

Open Source Project. l
Watch the video »

Timeline

Learn more about what's
happened and where
we're headed.

* Android timeline »
open source project CE

How will you shape it? T-Mobile G1 Now Available
T-Mobile

Get the source code »
Android Open Source Project

, Android

ﬁ AR N -
Open Handset Alliance

= I Market updatea: |E\| Developers |'| Open Source announces the launch of
Android Open Source Project

Open Handset Allian:

Android Market is an open senvice that Android enables developers Android Open Source Project provides et “

makes it easy for developers to to easily create great mobile access to the entire platform source

distribute applications to handsets. applications. and enables developers to contribute.

Learn more » Learn more » Learn more »

Site Terms of Service - Privacy Policy - Brand Guidelines
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The Evolutionary Path Forward to New Accomplishments

» Application mix will continue to grow in unpredictable ways:

— Four areas in flux today: publishing, education, healthcare and
government

« Systems will evolve: ubiquitous high performance networking,
distributed computing, new end-user devices, ...

* Three truly big results brewing:
1.Totally Transparent Processing
2.lIdeal Distributed Computing
3.Hybrid, Not Artificial, Intelligence

Google



Totally Transparent Processing

Google



Totally Transparent Processing

VdeD, Viel, VmeM, VeeC

Google




Types of Transparent Processing

e Search, of many forms < Transformational

. Navigation and Communication

Suggestion * Information Fusion

« Some Google Examples:
* Universal search
* Voice Search
« Find Similar, applied to images
» Google Translate, particularly in mash-ups
« Combining images and maps
* Audio transcription

Google

* Images and 3d models



Fluidity Among the Modalities

Many New
Modalities Here or
Coming




The New Frontier of Web Search — Better/Faster Queries

Google

Espana
red —
real madrid 37.700.000 resultados | Heramientas del idioma
real player 58.000.000 resultados|
Busg . " pafia
real academia espafiola 1.410.000 resultados
realtek 12.100.000 resultados
real betis 2.420.000 resultados
real sociedad 2.710.000 resultados
real zaragoza 1.530.000 resultados
reale 28.600.000 resultados
Programas de public| ez myrcia 1.070.000 resultados 00Gle.com in English
real valladolid 1.380.000 resultados
oemar

Query completion before: Used a fixed dictionary, e.g., in emacs, bash, T9Y, etc.

Query suggestion today: Model queries with query logs, serve them dynamically
Technical challenges:

*  response-time, coverage, freshness, corpus dependency (YouTube, image, mobile)

* domain dependent: rea -> real madrid good suggestion in Spain

* diversity (danger of popularity), filtering out duplicates, inappropriate results, etc.
Impact: Made possible by scale,

o thericher the query log corpus, the better GO Ugle

*  the faster the response time, the better



Voice Search

\

BHEI@ 2:12pm

Google

v

Hold =] to search by voice

@ My Location: London SW1W 0

For voice search, just bring the \&g . .‘ &

phone to your ear and speak.

Dialer Contacts Browser Maps
Really, no buttons required!

Watch a video to learn more.




Challenges and Rationale for Success

Technically this is very challenging:
o Huge vocabulary
o Variability in accent
o Background noise

What makes this possible:
o Scalable technology
o Data inputs: Query logs, voice logs
o Compute power

Google



Choosing a data source

Web Queries Speech Transcriptions Business Listing
Databases
huge N tiny N wide coverage

typed, not spoken

perfectly matched to task

little info for popularity

user in a different setting

slow, expensive, manual(!)

little info for how callers ask

Google advantage

chicken and egg

where most efforts like this
start

Google



Combination works best: utterance ROC curves: incl. rejection)
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The Benefits of Unsupervised Training
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Transcriptions in Google Voice

& Google Voice - Inbox N

< | » || + |©https:/ jwww.google.com/voicesinbox

Gmail Calendar Docyments Pholos Reader Web more v

¢ (ar Google ‘!—!-’»

Johan.Schalkwyk | (914) 2006482 | Send feecback | Settings | Help | Sign out

i ()
Google Voice' Search
Ocall QsMs ¥~ | Delete Report Spam  More Actions ~ | Refresh show: [ Urreas  140f4
T (212) 565-8996 % Add City, N Reply ~ More ~
\i? Starred 908 6:38 AM & month
History
swn » 00:27 Transcript usoful? / “
Trash hello this is a test of this music playing in the background | just wonder how the system does in $o hit me back at nine one four seven one theee eight
B Contacts eight seven four eight okay it looks like i got a voicemail this and see you later bye
© Voicemail 0 (212) 5658996 © Add - New York City, NY =T—
O SMs 9/9/08 6:25 AM & mo 90 Reply
8 :oc » 00:24 Transcript usoful? o 3§
O Received hi i wonder if we can have dinner tonight at red lobster it's carsten the ark you can have some fun discussing there i just had to rebatch at the US open
O Missed if you want to give me a message you can call me back or send me an email at on call craig at G mail dot com see you later bye
Balance (%) 0 (212) 565-8996 ® Add - New York City, NY s——
$9.82 J 9/9/08 6:23 AM & o Reply
Add Croct  Ratos  History

P 00:20 Transcrigt usoful? o 3§

hi this is john i'm just calling to test the grand central system i'm calling from colonial city 'm at the comer of fourteenth avenue and eighth avenue
please call me back my number is (914) 713-8748 (hal's my home number bye

) (650) 265-1193 Add - |

CA e
9/9/08 ;19 AM 6 m ago Reply ore

> 00:14 Transcript useful? o 3§

Hello Googlers, and welcome to Google Voice. You are the eary testers and we'd love to hear what you think about it. To learn more about it, see our
Known Issues list and to give feedback, go to go/voice-testers. Thanks and we hope you enjoy it.

©2009 Google - Terms - Blog - Google Home

Google



Google Translate

RBMT — Rules-based machine translation
SMT — Statistical (data-driven) machine

translation

2001-2004
RBMT - 3rd Party
2001

e French

e [talian

e Spanish

*  Portuguese
e German
2004

e Chinese

* Japanese

e Korean

2006

SMT - Google

e Chinese

e Arabic

e Russian

RBMT - 3vrd Party
e French

e [talian

*  Spanish

*  Portuguese
* Japanese
*  Korean

2007

SMT - Google
e Arabic

*  Chinese (S)
e Chinese (T)

e Dutch

e French

e German
e Greek

e [Italian

*  Korean

* Japanese
*  Russian

e Spanish

*  Portuguese

2001 - 2004

2008

SMT - Google
*  Arabic

*  Bulgarian
* Catalan

*  Chinese (S)
e Chinese (T)
*  Croatian

e Czech

e Danish
e Dutch

*  Filipino
o Finnish
e French
e German
e Greek

e Hebrew
*  Hindi

e Indonesian
e [talian

* Japanese

Korean
Latvian
Lithuanian
Norwegian
Polish
Portuguese
Romanian
Russian
Serbian
Slovak
Slovenian
Spanish
Swedish
Ukrainian
Vietnamese

2009

SMT - Google
*  Albanian

*  Arabic

*  Bulgarian
* Catalan

*  Chinese (S)
*  Chinese (T)
*  Croatian

Czech

e Danish

*  Dutch

*  Estonian

»  Filipino

»  Finnish

» French

* Galician

*  German

*  Greek

e Hebrew

*  Hungarian
*  Hindi

» Indonesian
o [talian

* Japanese

*  Korean

* Latvian

*  Maltese
* Norwegian
* Polish

» Portuguese
e Romanian

e Russian

*  Serbian

e Slovak

»  Slovenian
*  Spanish

o Swedish

e Thai

o Turkish

o Ukrainian
*  Vietnamese
NEW

*  Afrikaans

* Belarusian
» Icelandic

e Irish

*  Macedonia
* Malay

o Swahili

o Welsh

»  Yiddish




Web Translation

37

21CTIS Foreword

Google Translate

NS http://translate.google.com/transiate?js=y&prev=_t&hl=en&ie=| vww.seoul.co.kr/news/dailyList.php&sl=ko&tl=en&history_state0=
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Plus, Seoul ' sLog blog * started a newspaper in Seoul
Page

L BOF 22.2°C 2000.09.14 [€9] + Subscribe + Login + Register » Site Map

A USRA USRATY SRS (S« 2z |

- R +Local + Editorial s € £ Cul Life »Seoul In » All » Press
Administration ¢ ent Pohuct Econoo:«\ Socml Opinion International Entertainment Sports * Culture- Life articles Releases

’ AP\ g 7iaes) Fu

Tues, September 15th Mon, September 14th Sun, September 13th

— All articles

Aot — [1 years now, the world financial crisis] ... economic recovery, signs of inflation ... 1 2009-09-15
International raw material prices are deulsseokyigo. Compared with the beginning of the year when the

— Seoul in gold price has already jumped more than 20%. The (}R) and other key products such as zram prices on

Y R Goseniant vl the rise is too strong. $ 70 per barrel of oil inside, while ining the three-digit . Earlier
this global liquidity ..

— Politics

Teachers believe that recommendation? Please do not? I 2009-09-15

Assignment of the start of a typical irregular recruitment, admissions control a typical letter of recommendation from
teachers and s!udmts the key evaluate Yo children to write stories that are coming in. Within a short period of the

1ab write something physically difficult, the students write a letter of recommendation

— Economics
— Community

— Editorial / Opinion

Z 2 comes a sign makes ...
— international -

— Sport:
s Joint Chiefs Chairman Koo yukchamchongiang mors | 2009-09-15
— Culture 1= P Government over the 14th chairman of the Joint Chiefs of Staff (left, 30, 64 term, 58), Commander of 3rd grade
57 < = captain for military affairs, such as greetings were carried jeongyeok. Army Chief of Staff in the Han (the right
term, 31, 64 58), deputy army chief, the deputy CFC hwanguidon (31, 64 term, 56), Defense Information and head
— Entertainment ———— ofeach..

HR Block ... 64 31.32 rumors term 'generational change’' 1 2009-09-15

Army Chief of Staff for Personnel July 14 mulgalyi jeongyeok was carried. Yisanghui (64 26 penod) of 64 3 Secretary of Defense Joint
Chiefs of Staff Chairman Kim Tae-term hubaein Secretary of Defense for the past three days doemy inted military p lin
high places, the predictions for the major said. Group practices, according to the 29-30 period from 64 JAonyeo}du! are expﬂc(nd to have .

[Morning Briefing] 7.6 billion in new growth engines, supporting professional training | 2009-09-15
Labor and Human Resources Develop Corporati and the new growth engine in the field of professional training in the program next

year, up from 7.6 billion won to support the p i iation and an was signed 14 days. Concluded the Korea Financial
Investment Agency Association ( Green bankme industry), Korea IT lndusm Promotion Association (the software industry .

ZE daejanggeup nominee profile | 2009-09-15
® Policy and Strategic Planning areas nomines Han yukchamchongjang expert. Field and policy perspectives and insights in the field were
combining. The Defense Ministry and army head evoyuksa d 's various business and policy experience, military

bureaucracy that has overall management plan. The style is gentle and has an affinity. When the Japanese ...

T Blchird "chastity would like gachyeokjeongchihal" I 2009-09-15
& s Park Hong, Tokyo correspondent term | | "the politics of the fisture will, like chastity." Yukio

Democratic Partv of Japan's next prime minister Ichird the 14th dav of a private office in Chivoda-ku.

>

m
—




Cross-language search

/ ‘ Digital SLR Camera - Goo... =¥ 21CTIS Foreword P

|
<« Clls%ih //translate.google.com/transiate_s?h (ti=ko » O~ &~
™M CorpMail [£%] Corp.Cal. @ WS) & NYT I MNRR [ Weather [5] Home Cal. @ Moma 7% GSites [2] Bloom _@ GoogleDocs (& Fin Data. *f Mtgs/Calls % Wolfram [ G1 *§ iGoogle » (7] Other bookmarks
Web Images Videos Maps News Shopping Mail more v Help “,
GO L')gle translate Home Text and Web Translated S h Tools

Translated Search

REEICGR liDigital SLR Camera
My language:  English

Translate and Search

Translated results from Korean web pages

E| Search pages written in: | Korean

English translation

Korea dika-D-SLR digital camera. professional shopping mall price dika
Digital Camera Shop. Memory cards, power supplies, digital printers. digital camcorders and sales.
www_dicakorea.co.kr/ - 56k - hed

DSLR mania - Digital SLR Camera [DSLR] cameras are. and Canon DSLR cameras...
Digital SLR Camera [DSLR] cameras are. and Canon DSLR Camera [DSLR-related]...DSLR Course
‘category of the other posts. 2007-10-09 14:50:35 Digital SLR Camera [DSLR] cameras are....
blog.daum.net/dsirmall/290360 - 98k - Cached

SLRCLUB

slrclub.com/ - 1k - Cached

[Brain Box] LG Co., Canon EOS 350D Digital SLR Camera Give

Brainbox, Benchmark, www._brainbox.co_kr, brainbox.co_kr, www_brainbox kr, brainbox kr, benchmark,
benchmarking, Brain Box. beubak, joint purchasing. tools. hardware....
www_brainbox_co_kr/news/view.asp?id=8051 - 123k - C ed

Hobby User News - 3900 megapixel digital SLR camera market

Shiseido broadcast March (324 &) was starring in a new campaign ad. she became the first thing mateun
topics ... 39 million pixel digital SLR camera market: 1...
videogamerx.gamedonga.co_kr/zbxe/?mid=news_hobby&category=10867

- 80k -

Mikseusya re-owned di | SLR camera
Pre-digital SLR cameras. pre-
Konica Minolta (6). Olympus (2)...
www._mixshop.co._kr/shop/shopbrand.htmi?xcode=028&type=X - 43k - Cac

Visual media - itviewpoint.com - Digital SLR Camera price 'endless crash’'

Photos are used primarily to professional digital SLR (sasik half days) camera, the price is going down
endlessly. Sigma camera supplies last century. the camera 2 million won in Korea early in the sales...
38 itviewpoint.com/?category=145&mid=blog&listStyle=gallery&am... - 183k - C

ched

B Aimital @1 D

~ rnorlent,

tal SLR cameras. "all views. Canon (12). Nikon (5). Fuji (2). Pentax (8).

Translated to: CIAIE SLR ZHHI2} - Not quite right? Edit

=l

Results 1 - 10 of about 392,000 for CIXIE€ SLR ZHHI2t

Original Korean - Hide Korean results

ClZtmalot CIAIE2tMlel M2 AEE-D-SLR CI3HE[ KOt 4 FH 2
CIXIE 2Hilet £ TE HIZ22|3t=, FEEA AR, AXNEE R S THH.
www _dicakorea.co.kr/ - 56k - & H|0

DSLR Ot 0} - C| X € SLRZI O 2HDSLRIZIO 2t 404 2= DSLR2tO| 2} ...

CIXIE€ SLRZHHI2HDSLR]ZHHI2E4-0H. 31 = DSLRZHHI2F [DSLR2H] ... DSLR ZVEF ZHe| n2|2] CHE 2. 2007-
10-09 14:50-:35 CI XIS SLRZHHI2HDSLR]ZHHI2F42H. ..

blog.daum_net/dslrmall/290360 - 98k - 7 = HIO|&]

SLR CLUB
sirclub.com/ - 1k - HZMEl HIO|X

[2o1Er A LGaAL FH= EOS 350D CI A€ SLR ZtOi| 2} L\t

Brainbox. Benchmark, www_brainbox.co_kr, brainbox.co.kr, www.brainbox_kr, brainbox_kr, HIXIOt3, WIX|O. =2
YA 28k BP0, 2, SISO, ..
www_brainbox.co _kr/news/view. asp?id=8051 - 123k -

R EE

Hobby User News - 39000t St CIA| € SLR ZiOjl2t EA]
322 TECI= AMOISEEEE)2 AHIE HHI2! 200 EMsts 2122 HOPHE = 22 HUM 2ol2t
2t 39002F Bt4 CIXIE SLR 2HHI2E A1 1 ...

videogamerx.gamedonga.co_kr/zbxe/?mid=news_hobby&category=10867

- 80k - HZIEl

QAM[ENCIAE SLR 2
ED CIXIE SLR ZHHI2E 1 CIXIE SLR ZHHI2E = HHIZZ| 3H=(12) - LIZ(5) - FXI(2) - HISA(8) - BLIZL
OI=EKe) - S F2(2) ...

www._mixshop.co.kr/shop/shopbrand.html|?xcode=028&type=X - 43k -

PSESE T

HIEL O0|C| 0 -itviewpoint.com - CI A€ SLR ZtO2t 21 28 = 3

ATl IEDHS0| =2 AFESHE CIAIE SLR(Z2MEMALA) SHHI2E 212301 £8101 =2 5t 2UCH =12 AlI20H 3
HI2tE 2 E35k= HI21ZHHI2H= 2002H2 ERHH| THH ...
itviewpoint.com/?category=145&mid=blog&listStyle=gallery&am... - 183k - HZI=! H|0[X|

5
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Translate My Page Gadget

m Metropolitan Transportation Authority mta.info

State of New York

Schedules Maps Service Advisories

Features

e MTA Sustainability Webinar, June 2008

e Reporton Construction Excellence

e Strategic Information Technology Report -
EnvisionIT

e MTA Sustainability Initiatives

e Shop 2nd Avenue

e ‘Waorkforce Development Report

® Rider Report Card Results

e Security Campaign

In order to help prevent flooding, the MTA has | | ® Live Webcast MTA Public Meetings

hegun to install new street furniture on || ® Executive Director and CEO Presentations
Hillside Avenue in Queens. The furniture | | ¢ Chairman's Remarks

MTA Home
NYC Transit

MTA in Pictures - Oct 7, 2008

CNA

Long Island Rail Road
Long Island Bus
Metro-North Railroad
Bridges & Tunnels
Capital Construction
Bus Company

raises the grates ahove sidewalk level to
I prevent water, silt, mud, and debris from | RS EL IES
cascading into tunnels. e Financial PlaniCapital Program
(FAQs/Contact Us) e 5 e Financial & Performance Indicators
Get directions to anywhere in the o MTA Budget

region, search locally, and more with || = .

GO ()8 le Transit :'T‘rlipr‘-l'lalxr;;e.r:;ubway and Bus Directions

oy * Regional Transit Alerts

e Need Regional Transit Directions?
Try Trips123

e Current Traffic and Transit Conditions

. Go ugle“

Accessibility
Informatiop




'@ Google Desktop: America... x/Y [ Translated version of htt...

€« C ¢ nhttp//www.translate.google.com/ » O F-

m Customize Links ™ CorpMail [ Corp. Cal. *2 Moma @ ws) & NYT D MNRR [ PelW. [ HomeCal. 7= google sites E] Bloomberg _@ Google Docs -' iGoogle @ FinData. [ (3 Other bookmarks

GO‘ ) ICW This page was automatically translated from English. Back to Translate
4 8 View original web page or mouse over text to view original language.

m

WELCOME ATTENDING AUTHORS COMMITTEES PRESS ROOM SPONSORS STORE REGISTRATION

CONTACTO

Pasado a ser patrocinador o

. - s .o expositor
Actualizaciones de Noticias Noticias Anteriores actualizaciones ...

PATROCINADORES PLATINO

"Abril 22 - CEREMONIA DE INAUGURACION"

Documentos y Presentaciones La ceremonia se celebrara en el Auditorio A, justo después de la Web Grupo 20 © aniversario.

Jelefonica
Twitter etiqueta # www2009 Con el fin de asistir a la ceremonia de inauguracién, los participantes deben usar la Conferencia Insignia, de haber
completado el proceso de inscripcion en el registro de contador situado en el Palacio Municipal de Congresos del 20 de abril

Flickr etiqueta WWW2009MADRID en adelante.

Fundacion

Por razones de seguridad siguientes restricciones se aplicaran el 22 de abril:
Grupo de Facebook 2 g 5 PATROCINADORES DE ORO
Zo + Contra el registro el 22 de abril se abrird a 07.45 hrs. A partir de las 10.00 a las 11.30 ser3 cerrado
DISFRUTAR DE ESPANA! + Lugar de acceso, le serd prohibido de 10.15 a 10.30 hrs. (incluso a los delegados el uso de una tarjeta de

identificacion WwWWwW2009)
MAPA: LUGAR Y MONUMENTOS

CAPTURAS DE LOS HECHOS DE + 2009/04/07 relacionado de datos disponibles para WWW2009 documentos | Navegar ponencias y pdsters en

EPrints
MADRID VIDA! +« 2009/04/07 Mejor Papel / Cartel nominaciones anunciadas
TOURS 1 DIA PARA: \/ A/ \A/ 2 PATROCINADORES PLATA
TOLEDO, EL ESCORIAL O V\'/ \VV \V Oog
SEGOVIA /
/\\ADRID/SPAIN rfdkext M
EXPERIENCIA BULLET viajes en ’ Semantic Technology Lab
tren a: .
SEVILLA O BARCELONA (2 %2 WWW2009 Programa de un vistazo
horas)
» - ” 20 de abril 21 de abril 22 de abril 23 de abril 24 de abril
Divertirse en SEVILLA Feria de Lunes Martes Migrcoles Jueves Viernes PATROCINADORES DE BRONCE
Abril (4/28/2009 - 5/3/2009) )
Tutoriales
e Documentos de referencia de pista
ENCONTRAR SU PREFERENCIA —
EN ONDA SURF MUNDAKA O — —Ta— — 3
Tarifa Via web en Iberoameérica DAEDALUS

W4A — |

artalaz | Nazarrallzdaras da nizta



YouTube Caption Translation

%0“ T“he Waorldwide | English Si

Home | VYideos @ Channels | Community

2/28/09: Your Weekly Address
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Impact of data - More data is better ...
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Challenges in Image processing

/ Visual Semantics \ / Correspondence \

* Recognition (people,
landmarks, objects)

« Matching images and
videos

« Machine Learning - Image mosaicing

- AN /

/ Geometry \ / Image Processing \

« Maps from aerial imagery

« OCRin all the world’s
* Multi-view stereo |anguages

N /X >
Google

» Ego-motion estimation




Image Analysis in Image Search

Image Search helps users find the image they want quickly.
Understanding the actual content of an image is critical.
We've been focusing more and more on analyzing images
This has been rolling out over the last year.

« Both as user visible filters

« Behind the scenes in our back-ends.
Genre filters like clip art / line drawings / color are great

examples

Google



Similar Images in Image Search

Google has just launched a "Similar Images" feature.

Accessed by clicking on the similar images link under an
image.

It can also be accessed via preview thumbnails in the
result frame.

We think this will create a major shift in how to search for
Images.

Searching for images can now become a navigational
experience, where the text (or voice) query acts as a

starting point

Google



Similar Images in Image Search

« A variety of features are used to determine visual similarity.

color color
texture 83 texture [:]
shape shape

Google




Similar Images in Image Search

Refine by the content of a specific image.

. [/} "
Different "faces" of v s g
450 x 600 - 63k - jpg 288 x 432 - 46k - jpg 480 x 640 - 35k - jpg 300 x 400 - 93k - jpg

Parls_ .. img2.travelblog.org labellefrancetours.com splendorsofeurope.com glasssteelandstone.com
Similar images Similar images Similar images

' '..u" o

Paris... . Paris Ummm ... Pa";g’(’]‘mhs’?g‘“ggks‘!"d'“gs 313 x 344 - 39K - jpg 317 x 364 - 36k - jpg 405 x 500 - 43k - jpg 498 x 600 - 166k - jpg
375 x 500 - 65k - jpg 299 x 330 - 72k - jpg X . -1P9 www_topnews in www_topnews.in makeup-makijaz.info celebritywonder.com
cruises.about.com blog.wired.com www e-architect.co.uk GimiriAates Similar imaoes

e Rl M

357 x 600 - 43k - jpg 900 x 675 - 63k - jpg 700 x 350 - 44k - jpg 415 x 332 - 29K -
www_e-architect.co.uk pixdaus.com www_e-architect.co.uk viamichelin.com
Similar images Similar images Similar images



Content-based retrieval of sound

query
words

. Sparse : .
Auditory Trainable Ranking by
front end feature matrix dot product
extraction

sound stabilized bag of bag of ranked
waveform auditory features words hits
image or
correlogram

Auditory front end based on stable models from long ago, with new feature
extraction ideas.

PAMIR multi-label retrieval (MLR) for the trainable back-end retrieval.

What about sound segmentation or separation?

Google



“Sapsucker” (woodpecker) representations
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Newer Modalities

« 3D Graphics
 Maps and Geography
« Timelines

* Music

« Etc.

Google



Maps/Earth as a Modality

® Google Earth
File Edit View Tools Add Help

¥ Search

FiyTo | FindBusinesses | Directions |

Fly o e.g., Reservoir Rd, Clayville, NY

seoul korea E Q

[+] Seoul. South Korea

X

¥ Places Add Content
& C1& My Places -
[[163 Sightseeing

"I Disney World, Florida, USA
I Dallas - Fort Worth Intemational
,J RMS Queen Mary
| Grand Canyon, US
" Eiffel Tower, France
| CN Tower, Canada E
J Hamburg, Germany
“limperial Palace, Japan
7,\ Christ The Redeemer, Brazil
[[Las Vegas, US
] Lisbon, Portugal
[ saint Peter's Basilica, Vatican ...
"I Basilica of EI Pilar, Spain
[ London Eye, UK
\Sydney Olympic Site, Australia
[“IRed Square, Russian Federation
"I Mount Saint Helens, US
"|Former Republican Palace, Iraq  ~

¥ Layers

i Primary Database
Geographic Web
Pancramio
[VI[W) wikipedia

]

[ I3 Preview
“1{® Businesses
1= Roads
# (V][5 30 Buildings
T1 @ Street View
F Borders and Labels
ﬂ Traffic

©2009/Euiopagiechnologies
SIZENRININ S

—
Eyejalt, 23641t (&
@ 042 AM

Imagery Date Jan 28, 2006 37 3400 QTN 1”6 90" 12 E eley. 167 ft

N
w e I Coogle Earth o | "3 Googlecom "1 toda0 soou P objectives "E ores L & vou oty el e el o e Microsoft Po... ® Google Earth



Totally Transparent Processing In-Process...

Many New
Modalities Here or
Coming




ldeal Distributed Computing

Google



Distributed Computing is 30 years old.
But, not very deeply understood until recently

The application mix

The true nature of global, open systems:

— Implications on systems, applications, mix and match.

The implications of operations at true scale

— E.g., work on programming & runtimes predominated system mgmt.
The complexity of the architecture that would result

— We tend to assume, if we can conceive it, it’s okay.

The collection of further abstractions that would build on fundamentals
then known

In summary there was a limitation of understanding of
(truly) large-scale, open integrated distributed systems

Google



Converging Progress

Gpqpdn)

Human Interface Technologies
(broadly construed)

/

Web technologies Programming
/ Languages &
Distributed computing methodologies

Networking Open systems

/ . ) Operating  approaches
/ Securtty/Technologtes Systems
/

Algorithms and Theoretical Results Long Term Geometric Growth in Processing, Network, Storage

Time GO US[Q



Cloud Computing Architecture

The “Cloud”

Computer Computer Computer
Cluster Cluster Cluster

Cﬁﬁﬂ%!

i%

Billions
of

endpoints

Internet

All manner of networking hardware

56

Google



Optimization Applications

Vast opportunities for applying optimization in large

systems:

- There are two traditional fields:
1.Long Term Planning:
* Network planning, capacity planning.
2. Short Term Operational Decisions:
» Scheduling of tasks, dynamic allocation.

- We want to introduce new types of applications:

1. On Line Optimization.

2. Data Checking:
» Verify consistency and validate data/config file.

3. Dynamic repair:
* Find the closest feasible solution after an incident (computer

broke down).

= Continual optimization (i.e. replan after a driver missed a

turn). Go ugle‘“



Fusion Tables: a collaborative database in the cloud

An online database that will make it easier for users to

share data with others uploading tables and inviting collaborators

e xplore their data using filters & aggregates and visualizing the
data on maps, timelines, chars, etc.

combine datasets creating merged tables from multiple base tables

discuss their data participating in threaded discussions
publish as web making public datasets and embedding
properties visualization on external pages

 leverage the reliability and performance of the Google
infrastructure for data management applications
Google




Fusion Tables Example (1)

Google Fusion Tables (Pre-Alpha) - Mozilla Firefox

Fle Edit \iew History Bookmarks Jools Melp

é $ v e ° ’.} Iﬂ hatp:fdslist.0 tableserver fusiontables vb borg.google.com:2620/DataSourcedsreid=1401/1401 LI [-EJ' 2
Google I ;l 2search v B [ v o~ @ ~ i @ Bookmarks ¥ = v ‘PrcCheck ¥ g AutoLnk ¥ §Autefill v & v @jayant v
Home Jayant@gmail.com | Eeedback | Sign out

Water Usage Peter Gleick
Share |

File View Edit Visualize Merge

Current view. All - Show options (fiterfagqreqate/choose columns) 1-100 of 172 Next »

Country v Year v Total Fresh Per-capitaW Domestic use Industrial Use Agriculturalu  Domestic ut  Industrial U Agriculturaly  Sourc 2005 Populat ) i
Algeria 2000 .07 18478 2199 13.19 8493 4081 2438 11979 | 28 © 1
Angola 2000 035 2196 2 17 0 505 KR K] 1317 | 1588 © M
Benin 2001 0.13 154 32 23 as 493 354 693 | 844 © M
Botswana 2000 0.19 107.34 a1 18 a1 4401 1932 4o 1 © M
Burkina Faso 2000 08 5047 13 i 86 786 06 52 | 133 © M
Burundi 2000 029 3841 16.81 6 7 65 23 2958 | 7% © M
Cameroon 2000 099 80 56 18.11 805 7384 1099 488 4479 | 632 © M
Cape Verde 2000 002 3922 7 2 a9 275 078 3’69 | 0st © M
Central Afric e 5 - -
R.;;J:,',: Lo 2000 003 743 80 18 449 594 118 034 | i © M0
Chad 2000 0.23 2359 17 0 83 40 0 1958 | 975 © m
Comoros 1999 0.01 125 48 3 a7 6 063 588 | 08 © M
Congo,
Democratic —
Republic 2000 0.35 .26 53 17 3147 332 106 187 | 5755 > 1t
(formerly Zaire)
Congo.Repdic 2000 003 75 §9.27 29 12 445 218 08 | i © 0
Cote Dvore 2000 093 51.24 24 1182 54 91 123 506 3326 | 1815 © M
Dypbouti 2000 002 2632 84 0 16 2127 0 405 | 079 (:) ﬁ

™
Egypt 2000 83 9228 762 3 865 7027 5538 79344 | e © ®
show debug »

[I;ono IO‘IiOponNoubook ® ¥
e



Fusion Tables Example (2)

Google Fusion Tables (Pre-Alpha) - Mozilla Firefox
Ele Edt \iew History Bookmarks Yools Help 4
Qi 3 z ° ”.} |-§’ hetpi/idshist,0 tableserver fusiontables vb borg.google . com: 26201 /DataSourcedsreid=1401/1401 LI IFGJ' X
Google I LI Msearch v« W [~ e~ @~ i W Bookmarks ¥ o v ‘Wrcheck ¥ yAutolink ¥ §]Autosill v & v @jayant v
Home Jayant@gmail.com | Feedback | Sign out

Water Usage #eter Gleck

Share|

File View Edit Visualize Merge

Current view. All - Show options (Hter/aggregate/choose columns) 1-100 of 172 Next »
Country v Yearv  Total Fresh ulturals  Sourc 2005 Populat -
Share this table B3 oz
Aigeria 2000 807 1979 | 328 @ m
Angola 2000 035 1317 | 1584 © M
Benin 2001 013 Kplacpnapl; 'S Viewers (1) 593 | B4 © M
© As viewers - can see and comment on the data hagonzak@gmail com €3 ~
Botswana 2000 019 O As collaborators - can aiso edt the data 44 .01 | 1.97 L ﬂ
Burkina Faso 2000 08 Q As owners - can also invie people (o view or colaborale Collaborators (0) 52 | 1323 () o
Burunds 2000 029 sorhalevy@omal.com Owners (1) D958 | % © M
Cameraon 2000 099 Mysediomeloony k479 | 832 © 0
Cape Verde 2000 002 Bses | 0st © M
Central Afncan P Separate emad addresses with commas -
200 | 4 ) 1
Republic o e O Send email imatations ok M > @
Chad 2000 023 Invike these people | 958 | 5 © M
Comoros 1959 0.01 3 Anyone may view this table 588 | 08 © M
Congo,
Democratic o
Republic 2000 035 6.26 53 17 3147 332 1.08 197 | 5155 © iy
(formerly Zaire)
oo Repdtic:  neg 003 75 5927 29 12 445 218 09 | s © 0
Cote Dvoire 2000 093 5124 24 1182 £4 .91 123 506 3326 | 1815 © M
Dibouts 2000 002 2632 84 0 16 2127 0 405 | 09 © M
Egypt 2000 593 9228 762 B 85 7027 5536 79344 | 7403 © M

= U
= show debug «
[ Transfernng data from dskst.0 tableserverfusiontables vb borg google.com... | | # '%on Notebook | @



Fusion Tables Example (3)

Google Fusion Tables (Pre-Alpha) - Mozilla Firefox

Fle Edt \iew History Bookmarks Yools MHelp

= » v e ° ’.) I-!! hatp:fdslist.0 tableserver fusiontables vb borg.google com:26201/DataSource?dsreid= 14011401 ;I [K',l' Y
Google I _'J 2search v B [ v gp~ @ ~ i @ Bookmarks ¥ = v ‘FrcCheck ¥ g Autounk ¥ §jAutefll v & v @jayant v
Home Jayant@gmail.com | Feedback | Sign out

Water Usage Peter Gieick

Sharel

File View Edit Visualize Merge

”Filtor | Aggregato Choose columns

industrial Use (%) *| > |=|fo X
Add condtion

Apply  Clear fiker

)

Current view: [Industrial Use (%) > 50) - Hide options 1. 21021

Country v Year v Total Fresh Per-capitaWa Domesticu Industrial U  Agricultural Domestic us« Industrial Use Agricultural.  Source 2005 Pop
Bedze 2000 0.15 55556 7 13 20 3889 40556 1111 [ 0.27 (S M
Canada 1995 4472 138581 1956 6867 11.77 2711.08 95163 163.14 0 22 [ m
Singapore 1975 0.19 4368 a5 5 4 19.75 2238 176 - 4.33 [ i}
Austria 1999 367 448 11 3508 6392 099 157.23 28543 446 m 819 (63 M B
Belgium 1988 744 71401 133 B5 47 1.22 84 97 51029 875 k 1042 ‘:; ﬁ
Bulgana 2003 692 89521 302 7822 18,76 27 70025 16797 m 7713 (& i}
Czech Republic 2002 191 185 89 4076 57.1 2.14 76.18 106,71 400 m 02 i}
Finland 1989 23 44381 1385 83469 268 60.56 37143 1182 m 525 (& it
France 2000 33.18 548 1 1572 7448 98 85.18 4082 53N m 605 (& i}
Germany 2001 38.01 45967 1236 6785 19.79 568 3119 9097 m 8269 (5> fil}
Hungary 2001 21.03 2082.1 924 5867 32.00 19248 122154 668.16 m 101 (S i}
Iceland 2003 0.17 55667 3402 6585 013 1928 371312 074 m 03 (5 fii} W
Iretand 1994 1.18 284 34 2282 7736 002 64 33 21995 005 415

5
3

: : show debug v
[ Done | # | & open Notebook I ®



Fusion Tables Example (4)

Google Fusion Tables (Pre-Alpha) - Firefox

[

jayant@gmail.com | Feedback | Sign out

Share ]
File View Eat Visualize Merge \
Current view. All - Show options (fiter/agqregate/choose columns) 1-17201172|
Location | Country =]
vaiue  [Industrial Use (%) =
k.
Industrial Use (%)
o M
shaw debug )

| Read www.google.com

I_J | ® |a Open Notebook



Fusion Tables Example (5)

Google Fusion Tables (Pre-Alpha) - Mozilla Firefox

Ele Edt View History Bookmarks Yools Help

& H - & O 2 [(Wtpundshstorableserverfusiontables vb.borg google.com:26201/DataSourcedsreid= 1402/1402 L]IFGJ' 2
Google | v | $§search v & B 4> v @~ i @ Bookmarks v 2 v ‘Check v \AutoLink v F]Autoril ¥ % v @jayant v
Home Jayant@gmail.com | Feedback | Sign out

Renewable Fresh Water Resources Facificinstuse

Sharel

File View Edit Visualize Merge

Current view: All - Show options (fiterfaggregate/choose columns) 1-100 of 177 Next » ]

Country v Annual Renewable Water Resourcesa (km*3lyr) « Year of Estimate ~ @ @
Algeria 143 1997 © M
Angola 1840 1987 © M
Benin 258 2001 (& 7]
Botswana 147 2001 (5 o7
Burkina Faso 175 2001 (& o
Burundi 38 1987 (& o
Cameroon 2855 2003 (6> |
Cape Verde 03 1990 (&, |
Central African Republic 1444 2003 © B
Chad 430 1987 © R
Comoros 12 2008 © M
Congo 8320 1987 G 1]
Congo, Democratic Republic (formerly Zaire) 12830 2001 o o 1
Cote Dvorre 810 2001 (> 1]
Dybouti 03 1997 (&, 1
Egypt 858 1997 (&> 511
Equatorial Guinea 280 200 © @
Eritrea 83 2001 & 611
Ethiopia 1100 1987 < it

— — _show debug =]

[l;ono |+ [ﬁ Opep Notebook | @
| e



Fusion Tables Example (6)

Google Fusion Tables (Pre-Alpha) - Mozilla Firefox
Fle Edt View History Bookmarks Yools MHelp .
« P -0 = I{l hatp:/dshist.0 tableserver fusiontables vb borg google com:2620)/DataSourcedsreid= 1402/1402 L“K'.'!' aQ
Google I _ﬂ 2search v B [ v o~ @ ~ i @ Bookmarks ¥ =2 v ‘JFCheck ¥ g Autounk ¥ §jAutesll v & v @jayant v
Home Jayant@gmail.com | Feedback | Sign out

select table to

Renewable Fresh Water Resources Faciicing merge with

Share
File View Edit Visualize Merge |
Choase which column to use for matching data Merge wath
across the two tables
[Water Usage
Renewable Fresh Water Resources Water Usage
= =
O Annual Renewable Water Resourcesa (km3ir) O Year
Q Year of Estimate O Total Fresh Water Withdrawal
O Per-capta Waterwithdrawal
E O Domestc usa %
O Industnal Use (%)
O Agncultural use (%)
0 o mmscusy”  creagte a new
0 O Industrial U
0 © Mgt merged table
O © Source
O Setect columns [ Select columns
Save as a new table named [Water Resources and Usage
il from the two base tables, using the rows from the first table
Merge tables ] Cancel |
Current view: All - Show options (fiter/aggreqate/choose columns) 1-100 of 177 Next »

[ Done | o Ia Open Notebook I ®

‘m

show debug -f



Fusion Tables Example (7)

Google Fusion Tables (Pre-Alpha) - Mozilla Firefox

Ele Edt View History Bookmarks Yools Help

& W - e o ".} l{. hatpiidshist,0 tableserver fusiontables vb borg.google com:2620 1 /DataSourcerdsreid=1402/1402 _'_I I)CJ' X
Google I Ll 2search v« W v e~ @~ i @ Bookmarks ¥ = ¥ ‘Wrcheck ¥ g AutoLnk ¥ §Autefll ¥ 4 v @jayant v
Home Jayant@gmail.com | Eeedback | Sign out

Water Resources and Usage Pacific Institute Peter Glaick

Share |
File View Edit Visualize Merge
Current view. All -

Rumns of 177 Next»

Country v Cmﬂ Fres! Per-capita Watenn Domestic use % v  Industrial Use (%)  Agricultural use (% 2006$ &
Atghanistan PP 2000 2308 —— e G — 2985
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Fusion Tables Example (8)

Google Fusion Tables (Pre-Alpha) - Mozilla Firefox
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Where is the research?

Motivation: commercial databases have become far too
intimidating for common users

* Not being used even when there is a fit

Redefining how structured data management can be done (on
the Web)

* Focusing on supporting common user activities

* Making data management primitives easily available
 Blurring the notion of database boundaries

Google



Excitement in Distributed Systems

Size of user community

Storage Scale (requiring
various characteristics)

— E.g., security, privacy, availability,

Processing Scale

— High performance batch
processing

— High throughput

— Low latency
Rapid dynamics

Highly variable end-user
devices

Communication Scale

— Bandwidth
— Endpoints

Efficiency

— Equipment

— Communication
— Power

— Management

Extensibility

Compliance

And more to come, no doubt

Google



|deal Distributed Computing

Larege networked clusters grow in a fully distributed world

« Arbitrarily high volume transactions

* And, various, partitionable batch process for learning, fusion, etc.
* Network
— Response-time and bandwidth as needed
» Cluster Processing, or “Cloud Computing” growing ever larger
— Massive parallelism to hit sweet spot of capital & operating efficiency
* Distributed computing
— Data sharing, function shipping, as needed
— Connected and disconnected operation, as seamless as possible
— Auto balancing of loads between client device and cloud elements
— Emphasis on manageability (newly, to handle consumers’ many endpoints)

« Significant efficiency gains

Google



Hybrid, Not Artificial, Intelligence

Google



Hybrid, not Artificial, Intelligence

“Artificial Intelligence” aimed at having computers as capable as
people, often in very broad problem domains

It has proven more useful for computers rather:
— To extend the capability of people, not in isolation

— To focus on more specific problem areas

Aggregation of user responses has proven extremely valuable in
learning

Examples

— Feedback in Information Retrieval; e.g., in ranking or spelling
correction

— Machine learning; e.g., image content analysis, speech recognition
with semi-supervised learning

Another example of bottom up successes C 00 816



My Long-held View on Semantics, Syntax, & Learning

Large scale learning has proven surprisingly effective

Learning is occurring over increasingly variegated features:
— Both Semantic

— And Syntactic, and generated in multiple ways

In my WWW 2002 (Architecting Knowledge Middleware)
and Semantic Web 2005 Keynotes, | referred to this as The
Combination Hypothesis

Today, | would refine this as the combination of approaches
and learning from people.
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Fantastic Opportunities Abound

Google



Just a Few Opportunities

New Interfaces and applications with mass customization

— Implications on every vertical

— Examples: health, government, entertainment

 Virtually unlimited data storage

» Ever improving system “understanding”

 Increasingly fluid partnership between people and computation
« Fundamental changes in the methods of science

* QOpportunities for optimization in many more domains

There are no real limits

Google



We Desire A Stronger Relationship with Academe (1)

Google tremendously values talented people and education

* We have preferred a bottom-up approach:
— Google collaborating with faculty and students for mutual benefit

« Google: Knowledge of challenging problems, skilled employees,
opportunities for internship/sabbatical, money

 University: Faculty and student skills, breadth/depth of perspective
— Internships
— Visiting Faculty
« University Research Grants with moderate funding
— Roughly 100 worldwide

— Recommend proposals developed with advice/perspective of
Google employees

Google



Technology Leadership: NSF CLUE Program

National Science Foundation

WHERE DISCOVERIES B EGIN

CIuE 1n the Search for Data-Intensive
(Cloud) Computing

Jeannette Wing

Unique relationship between Google,
IBM and NSF allows academic
computing research community to
access large-scale computer cluster
for cloud computing.

Google
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Google Relationship with Academe (cont.)

» Check out growing sites:
—//research.google.com
—//research.google.com/university
—//code.google.com
—//code.google.com/edu

* Technology Round Table Videos (new!)
—http://research.google.com/roundtable/

Google



Summary: Innovation at Google

Strong commitment to broadly advancing technology due to our
mission: some grand challenge problems

Leverage
— Scale in processing and information, and Usage

— Learning and Empiricism

We try to minimize the distance between Research and Development

— Recognize that putting ideas into production is often as challenging
and fun as inventing the idea

« Google will attempt to use its capabilities beneficially to foster
research, education, and advancement broadly

e Goto for more information and resources

Google



Thank you!

Go ugle“



