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Computer Science is changing

« The 20™ century was about taming nature (and winning wars)
— dams, roads, airplanes, rockets, ...

e | think the 215t century will be about understanding people
— health, communication, education, knowledge, ...

« Computer Science is leading the way, but it's a different computer
science



* | started working on search when Gene Myers came to my
office one day in 1989 and presented an interesting problem he
was working on.

« We went back and forth with ideas, and in 24 hours we got the
basic design of Suffix Arrays.

|t was one of the most exciting 24 hours of my life

Google Confidential and Proprietary



If | had known in 1989 everything | know today about search, it wouldn’t
have helped much — there was very little that | could have done with
that knowledge



Technology revolution since 1982

* CPU performance has gone up by a factor of 3500 (1 MHz — 3.5GHz)*

* Memory prices per megabyte are down by a factor of 45,000 ($3,500 to 7.8
cents)”

* Disk prices per megabyte are down by a factor of 3,600,000 ($1,200 to .033
cents)*



If only gas mileage improved as much as disk prices

* One gallon of gas would take you to the moon and back 114
times!

. (costing $1.30)
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GO (‘nge |ges prices in 1962 | (Seareh | prmnes™="

Web

News resulis for gas prices in 1982 - View today's top stories
é‘?’-‘\ Bush moves to guell anger over gas price - Globe and Mail - Apr 26, 2006

[ElGasoline Price History

Gasoline Price History. The following plot shows how much | paid for each gallon of gas |
bought over the past 26 years or so. ...

www_randomuseless.info/gasprice/gasprice_html - 3k -

Cached - Similar pages - Remove result

[#]1980s Flashback-Eco

1982 Economy / Prices . Cost of a gallon of regular gas:. $1.30.
50.84. Cost of a gallon of - 2

wwwe. 1980sflashback com/1982/Economy_asp - 21k - Cached - Similar pages - Remove result

ost of a dozen eggs:.

FEsAA Michigan - Fuel Gauge Report

1982, $1.309. 1983, $1.264_ 1984, $1.251. 1985, $1.236. 1986, $0.940 ... Gas prices jumped
32 cents per gation: from $1.042 (in Detroit area) in July 1990 ...

www-autoclubgroup comfmichiganfautosffuel_gauge.asp - 28k -

Cached - Similar pages - Remove result

[EBruce Bartlett Opinion Editorial: Gasoline Rises to its 1982 Price
Gasoline Rises To lts 1982 Price. Drivers understandably are upset over the ... It was the
Carter Administration’s blundering that gave us long gas lines in ...
whanw_ncpa.orgfopedfbartlett/mar1300_html - 6k - Cached - Similar pages - Remove result

[ The Foundation For Taxpayer & Consumer Rights (FTCR)

The memo's date, 1982, is particularly significant because that is when federal ...
"Divorcerment” would prohibit refiners from setting retail gas prices. ...
www_consumenvatchdog orgfco/?postid=4211&
pageTitle=The+High+Price+of+Gasoline+ls+All+About+Power - 18k -

Cached - Similar pages - Remove result

History and Analysis -Crude Oil Prices
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The web changed everything

« By the middle of 1993, right after Mosaic was launched, | stopped all
my other research and concentrated on the web

* People said that there was nothing new in the web, and it was not
worth academic research

« My answer was “you don't understand, it will be in every home!”



Let's talk about Search



Good results are (and should be) taken for granted

GO ()gle ‘ griffin music palo alto % | Search ‘ Instant is on ¥

About 158,000 results (0.24 seconds) Advanced search
*§ Everything » Gryphon Stringed Instruments - Fine guitars, acoustic and electric ...
[T Sep 8, 2010 ... Most music stores have sales all the time while Gryphon is famous for not
- ge having them, ... Palo Alto, California 94306 650.493.2131 ...
il Videos www.gryphonstrings.com/ - Cached - Similar
' Book Ukuleles Taylor Guitars
00ks Steel String Guitars The Gryphon Advantage

v| More Vintage & Used Only  Nylon String Guitars

Banjos Really Cool Stuff

Mountain View, CA More results from gryphonstrings.com »

v Change location

| Show search tools



Search is hard, very hard

We strive to answer every question, in every language, in a personalized
fashion, in less than 100 ms, for free

« Scale and diversity are almost beyond comprehension

« About one third of all unique queries that we get in any given day, we
have never seen before!

 Expectations and needs will continue to grow



The results page has to be...

Lightning fast

Most relevant

Most comprehensive

Freshest




But even that's not enough

The real goal should always be
to solve the user's problem



if users can't spell, it's our problem

if they don't know the syntax of search, it's our problem

if they don't know what words to use, it's our problem

if there is not enough content on the web, it's our problem
if they can't speak the language, it's our problem

if the web is too slow, it's our problem

We look at the WHOLE problem



Examples of what goes into the algorithm

« Language: We know that child care is very similar to childcare and
to day care. We know that Mexico does not match New Mexico

« Time: We can figure out how time sensitive your results should be

* Place: We know that a day care in Menlo Park may be a good result
when you're looking for a day care in Palo Alto

» Context: We know that Dr is a doctor in “Dr Zhivago” and a drive in
“Rodeo Dr.”

* You: Personalized search



Give me what | need, not what | said...
« A funny example: [how many calories in a pound?]

- Strictly speaking, the correct answer is 9x10"°

—The question is about conversion of mass (pound) to energy
(calories), and there is a formula for that (which the Google
calculator used)

« But this is most likely not what the user had in mind



I We use data that is not on the web



Go:=:gle alaska 301

Web Images Maps Videos News Mare = Search tools

About 21,900,000 results (0.32 seconds)

Alaska Airlines Flight 301

On-time - departs in 7 hours 14 mins

SFO»- SEA

Departs San Francisco, Arrives Seatile,

Monday, June 16 Monday, June 16

Time Terminal Gate Time Terminal Gate
6:15 PM 1 22 8:10 PM N { 4]

Showing airport times

Alaska Airlines (AS) #301 FlightAware
flightaware.com/live/flight/ASA30 = FlightAware ~

Alaska Airlines (AS) #301 Flight Tracker (ASA301) Flight Tracker (en route flights,
arrivals, departures. history) with live maps and aircraft photos.



This was the top regular result for [alaska 301]

flickr -

Home The Tour  SignUp  Explore - alaska 301 Search

Signin  Help

Alaska 301 To Seattle

We found 237 photes matching alaska
ALL 201, Click "search” above to seel

2IZES

3 ’ Uploaded on June &, 2008
' " by asmythie
E / — asmythie's photostream

PlanePie

Additional Information

=) Some rights reserved

oto

Would you like to comment?

Sian up for a free account, or sign in (if you're already a member).



I We can understand the use of language



Pilot — Flight
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helicopter pilot training Search
About 8 120,000 results (0.31 seconds) Advanced search
» Learn to Fly Helicopters Sponsared links

GoldenGateHelicopters com/Training  Train in Robinson R22 or R44 for Rotorcraft Private - ATP License.

Helicopter Pilot Training
www_guantumhelicopters.com  Nationally accredited, FAA approved Full service training center.

West Valley Flying Club
waww.wvfc_org 3 Locations in the SF Bay Area 36 Years of flight instruction
| Show map of 1901 Embarcadero Rd # 100. Palo Alto. CA 94303

Helicopter Schools and Flight Training Directory

Helicopter Schools and Pilot Training. Looking for something different? Then helicopter
school may be for you. Helicopters are widely used to monitor ...

www_bestaviation net’helicopter_schools/ - Cached - Similar

Helicopter Piloting - Helicopter Aviation 7'~

Training to become a Helicopter Pilot. If you are thinking about getting your helicopter
license, there are a few things you may want to know first. ...
www._copters.com/helo_pilet html - Cached - Similar

Helicopter Flight Training - Bristow Academy Inc

Part-time Evening Private Pilot Course Now Offered in Titusville ... Florida Tech, Bristow
Academy Announce Partnership for Helicopter Flight Training ...

Tuition & Fees - Contact Us - Online Flight Schedule - Locations

www_heli.com/ - Cached - Similar

Midwest Helicopter - Homebpaoe



I We can fix almost any spelling problem



acadolphlus

Search

Google

*J Everything
Images

Bl Videos

¥ | More

Mountain View, CA
¥/ Change location

¥ Show search tools

Something different
bifidus
bifidobacterium
lactobacillus
rhamnosus
florastor

About 0 results (0.21 seconds)
Did you mean: acidophilus Top 2 results shown

Acidophilus - Wikipedia,. the free encyclopedia

Acidophilus is a general name for a group of probiotics, often added to milk or sold as a
capsule, which contains one or more of the following bacteria that ...
en.wikipedia.org/wiki/Acidophilus - Cached - Similar

ACIDOPHILUS
Dr. Sears suggests: Take an acidophilus supplement, or try another probiotic like

Culturelle®, one capsule daily. Culturelle contains another beneficial ...
www.askdrsears.com/htm|/8/T080400.asp - Cached - Similar

Results for: acadolphlus
Your search - acadolphlus - did not match any documents.
Suggestions:

Make sure all words are spelled correctly.
Try different keywords.
Try more general keywords.

Did you mean to search for: acidophilus

Advanced search

Instantis on v

Sponsored links

Acidophilus

Help Digestion- 40% Off Acidophilus Plus
Limited Time Get Free Shipping
www.Puritan.com/Acidophilus
Puritan.com is rated #r####

Acidophilus: The Facts

What Are The Health Benefits of
Acidophilus? Read What Works & Why!
www.JonBarron.org

Acidophilus

Centrum®, Nature Made®, Schiff® Brand
Names 30% - 70% Below Retail!
www.medicalprovisions.com

Acidolphus

Get the Answers You're Looking For.
Acidolphus
www.RightHealth.com/Digestive

See your ad here »
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Itchatukni Springs

Search

About 2 results (0.30 seconds)

Did you mean: Ichetucknee Springs Top 2 results shown

> Ichetucknee Springs State Park - Welcome to Florida State Parks
Welcome to Ichetucknee Springs State Park. The crystalline Ichetucknee River flows six
miles through shaded hammocks and wetlands before it joins the Santa ...
Photo Gallery - About the Park - Activities - Additional Info
www.floridastateparks.org/ichetuckneesprings/ - Cached - Similar

Ichetucknee River and Ichetucknee Springs - Tubing. Camping ...
Online guide to the beautiful Ichetucknee River and Ichetucknee Springs in Fort White,
Florida. Tubing, camping, swimming, canoeing, kayaking, and more fun ...

River Tubing - Park Information - Park Pictures - Local Camping
www.ichetuckneeriver.com/ - Cached - Similar

Results for: ltchatukni Springs

First half of '09, all went as planned - Clara South's MySpace Blog |

Dec 8, 2009 ... Itchatukni Springs was amazing as well. You could go free diving down to
the spring where the water is seeping from the groud and it's so ...
blogs.myspace.com/index.cfm?fuseaction=blog.view...blogld... - Cached

Clara South's MySpace Blog |

Itchatukni Springs was amazing as well. You could go free diving down to the ...
blogs.myspace.com/claraissocool

[#) Show more results from myspace.com

Did you mean to search for: Ichetucknee Springs

Advanced search

Instantis on v

Sponsored links

Ichetucknee Springs

Enjoy huge discounts. More hotels
available now!
www.agoda.com/Hotel_Deals

See your ad here »
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’ cragflist Search

About 292,000,000 results (0.17 seconds) Advanced search

Did you mean: craigslist Top 2 results shown

» craigslist: los angeles classifieds for jobs, apartments ...

craigslist provides local classifieds and forums for jobs, housing, for sale, personals, services,
local community, and events.

I Search craigslist.org

www.craigslist.org/ - Cached - Similar

craigslist: california classifieds for jobs, apartments, personals ...
craigslist > california. choose the site nearest you (or suggest a new one): SF bay area -
bakersfield - chico - fresno / madera - gold country ...

geo.craigslist.org/iso/us/ca - Cached - Similar

Results for: cragfl;ist

The Hoboken Journal: Das ist Kaput!- Gothic Cabinet Craft Furniture

Jul 12, 2010 ... Das ist Kaput!- Gothic Cabinet Craft Furniture. Another business in Hoboken is
going under, Gothic Cabinet Craft Furniture at 216 Washington ...
thehobokenjournal.blogspot.com/.../das-ist-kaput-gothic-cabinet-craft.html - Cached

Selling list (40x craft pack. scs and torches) - Diablo 3 & Diablo ...
4 posts - 3 authors - Last post: Aug 28

Selling list (40x craft pack, scs and torches) Europe Standard - Ladder.
diablo.incgamers.com/forums/showthread.php?t=778475 - Cached

Exclusive: Track List From Brian Eno's Upcoming Album, Small Craft ...
Aua 23 2010 Innovative mus<ician Brian Eno has aone throuah several evolutions over the

Instantison v
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‘ president eisenoir

Instantison ¥
Search

About 104 results (0.14 seconds)

Did you mean: president eisenhower Top 2 results shown

Dwight D. Eisenhower - Wikipedia, the free encyclopedia

As President, Eisenhower concluded negotiations with China to end the Korean War. .....
Wernher von Braun briefs President Eisenhower in front of a Saturn 1 ...

Early life and family - Early military career - World War ||
en.wikipedia.org/wiki/Dwight_D._Eisenhower - Cached - Similar

Dwight D. Eisenhower | The White House

Republican emissaries to his headquarters near Paris persuaded him to run for President in
1952. "l like Ike" was an irresistible slogan; Eisenhower won a ...
www.whitehouse.gov/about/presidents/dwightdeisenhower - Cached - Similar

Results for: president eisenoir

ror) EMC Update: Nova Scotia Edition

File Format: PDF/Adobe Acrobat - Quick View

Newest Maritimes FSA Team Member Doug Eisenor. As was recently announced in the
Update by EMC President and General Manager Al ...
wem.pavliks.com/WCMAdmin/Images/.../NS_Volume02lssue05.pdf

NEWS - TROMADANCE!

David Gregory (Director, Plague Town / President, Severin Films) Frank H Woodward
(Director Lovecraft: Fear of the Unknown) Jason Eisenor (Sundance Featured ...
tromadance.com/past_years/2009/index.php - Cached

Advanced search



I We can understand context



Change = to adjust

Web Images Videos Maps News Shopping Gmail more ¥

Google

*4 Everything
¥ More

v Show search tools

how to chalnge screen brightness on laptop Search

About 643,000 regults (0.37 seconds) Advanced search

7 posts - 5 authors - Last post: Jan 3, 2008
[Archive] How to change laptop screen brightness? General Hardware.
icrontic.com »}, » Tech: Hardware » General Hardware - Cached - Similar

How do | adjust my brightness or contrast on my laptop?

How do | adjust my brightness or contrast on my laptop? ... Finally, laptops only enable
users to only adjust the brightness of their screen. ...
www.computerhope.com/issues/ch000594.htm - Cached - Similar

How to change monitor brightness. contrast, etc? [Archive ...
15 posts - 12 authors - Last post: Apr 17, 2007

| have a Sony Viao Laptop. | was able to change the brightness on my ... The screen
brightness settings are not listed in the Gnome Power ...
ubuntuforums.org » ... » Hardware & Laptops - Cached - Similar




Change = to convert

Web Images Videos Maps News Shopping Gmail more ¥

Google

*3 Everything
¥ More

v Show search tools

how do i chalnge a pdf into a word document Search

About 48,200,000 gfesults (0.43 seconds) Advanced search

Convertingd PDF Documents to Microsoft Word - Tips

5 ... | had a scanned pdf doc from a website that | needed to convert to a word
order to convert a PDF into Word you must have the ...
one.com/.../Converting-PDF-Documents-to-Microsoft-Word/ - Cached - Similar

Convert PDF to Word - Tips

How can | convert a PDF document to a Word file for simple editing? ... Can | copy and
paste content in a PDF document into a new Excel or Word file without ...
www.pdfzone.com/c/a/Tips/Convert-PDF-to-Word/ - Cached - Similar

Convert PDF to Word (DOC) — 100% Free!

Use Nitro's industry-leading PDF-to-Word converter to create better quality DOC & RTF files
than the alternatives. Convert your PDF files right now — free!
www.pdftoword.com/ - Cached - Similar




Change = to exchange

Web Images Videos Maps News Shopping Gmail more ¥

GO Ugle does the post office change foreign currency

About 1,000,000 results (0.28 seconds)

*4 Everything Foreign Currency 0% Commission
v More The Post Office® for foreign currency exchange
at 0% commission. Order online. Free home delivery.
www.postoffice.co.uk/portal/po/content1?catld...mediald.

ached - Similar

v/ Show search tools Post Office® | Travel Insurance and Currency Exchange

Advanced search

vellers Cheques | Post Office®
d American Express Travellers Cheques

The Post Office® can help with all your travel essentials including travel insurance, foreign

currency and our passport check and send service. ...
www. postoffice.co.uk/portal/po/product1?catld... - Cached - Similar

(4 Show more results from www.postoffice.co.uk

foreign currency - Welcome to Royal Mail
www.royalmail.com/portal/po/jump1?catld=19300207... - Similar



Change = to install

Web Images Videos Maps News Shopping Gmail more ¥

GO ( )Sle how to change memory in laptop Search

About 11,800,000 res (0.33 seconds) Advanced search

*4 Everything
B Videos How to Install Laptop Memory
3 min 12 sec - Jan 18, 2007

Laptop RAM Change
4 min 39 sec - Jan 22, 2008

¥ More www.youtube.com www.youtube.com
>
—— )
Any time
Past 2 months Installing laptop memo
Complete info on installing Laptop Memory also includes complete guide to all other
¥ More search tools computer memory, ram upgrades, memory installation, find the best place ...

www.computermemoryupgrade.net/installing-laptop-memory.html - Cached - Similar

Upgrading Laptop Memory - lllustrated how to upgrade laptop memory
Photo and video illustrated guide to laptop memory upgrades on different laptop models.
www.fonerbooks.com/laptop_2.htm - Cached - Similar




Change = to switch

Web Images Videos Maps News Shopping Gmail more ¥

GO Ugle how to change between monitors Search

About 84,600, results (0.40 seconds) Advanced search

*4 Everything How to switch between monitors in Vista?

v More Aug 3, 2009 ... I'm running Vista Ultimate and what | want to do is switch between monitors
easily. Laptops generally have a Fn key that does this easily ...

www.autohotkey.com/forum/topic47183.html - Cached - Similar

v/ Show search tools Using Multiple Monitors with Windows XP
Jul 26, 2004 ... Additionally, each of my three monitors uses a different resolution, so
windows change size as | drag them between displays. ...
www.microsoft.com » ... » Computer Setup and Maintenance - Cached - Similar

How to Move Items Between Monitors | eHow.com

How to Move Items Between Monitors. If you have two or more monitors connected to your
computer, you may want to move items between them.

www.ehow.com » ... » Computer Hardware » Computer Monitors - Cached - Similar




Change = to replace

Web Images Videos Maps News Shopping Gmail more ¥
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v Show search tools

how to challnge a power outlet Search

About 28,200, results (0.25 seconds) Advanced search

How to Replace an Electrical Outlet | eHow.com

Mar 27, 2007 ... Turn off the power to the outlet at the fuse box or circuit breakers. ... A
salesperson can help you find the correct outlet to replace the ...

www.ehow.com » ... » Electrical Repairs - Cached - Similar

How to Replace an Electrical Outlet | eHow.com

How to Replace an Electrical Outlet. Replacing an electrical outlet is something ... Find your
circuit breaker panel and turn OFF the power to the outlet. ...

www.ehow.com » ... » Electrical Repairs - Cached - Similar

| Show more results from www.ehow.com

Electrical - Replace Old Electrical Outlet With New Electrical ...
Replace an Old Electrical Outlet in 10 Steps. By Lee Wallender, About.com Guide ... Shut off

power to circuit you will be working on at the service panel. ...
homerenovations.about.com/od/electrical/.../artinstalloutle.htm - Cached - Similar



We know that ‘bio’ mean biography

Google
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Timeline

Page previews

¥ More search tools

’ gandhi bio

Search

About 1,220,000 results (0.12 seconds)

» Mahatma Gandhi Biography
Mahatma Gandhi biography of the famous indian human rights activist and spiritual leader.
www.ascensiongateway.com » ... » Biographies - Cached - Similar

Mohandas Karamchand Gandhi - Wikipedia, the free encyclopedia

Gandhi was called to the bar on 10 June 1891 and left London for India on 12 ...... Biography
portal - Ethics portal - Hinduism portal - Human rights portal ...
en.wikipedia.org/wiki/Mohandas_Karamchand_Gandhi - Cached - Similar

Mahatma Gandhi Biography - Biography.com

Learn about the life of Mahatma Gandhi at Biography.com. Read Biographies, watch
interviews and videos.

www.biography.com/articles/Mahatma-Gandhi-9305898 - Cached - Similar

Mahatma Gandhi - Biography

Mini Biography. Mohandas Karamchand Gandhi (Mahatma Gandhi) was born on October 2,
1869, into a Hindu Modh family in Porbanadar, Gujarat, India. ...
www.imdb.com/name/nm0003987/bio - Cached - Similar

Kamat's Potpourri: Mahatma Gandhi - A Biography
Gandhi: A Biography. First Online: August 15,1997. Page Last Updated: June 15,2010. First
See: Introduction to learn Who was Gandhi? ...

Advanced search



Unless it's warfare — Content counts!

Google
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bio warfare

Search

About 323,000 results (0.16 seconds)

» Did you mean: biowarfare

Biological warfare - Wikipedia, the free encyclopedia

Biological warfare (BW), also known as germ warfare, is the deliberate use of disease-
causing biological agents such as protozoa, fungi, bacteria, protists, ...

Overview - History - Biological agents

en.wikipedia.org/wiki/Biological_warfare - Cached - Similar

BIOLOGICAL WARFARE

by TW McGovern - Cited by 6 - Related articles

Thomas W. McGovern, MAJ, MC, George W. Christopher, LTC, USAF, MC (warning: contains
graphic images of the effects of biochem exposure.)
www.telemedicine.org/biowar/biologic.htm - Cached - Similar

NOVA Online | Bioterror | History of Biowarfare

Here, explore confirmed cases of biowarfare and bioterrorism throughout history, including
several that are painfully recent. And learn more about ...
www.pbs.org/wgbh/nova/bioterror/history.html - Cached - Similar

BioWarfare - learn all about biological and chemical warfare
Introduction - Counters - Smallpox - Text Only - Discover the various biological and chemical

Advanced search
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‘ b&b ab Search
About 1,590,000 results (0.15 seconds) Advanced search
» Alberta Bed & Breakfasts Sponsored link

www.BnBFinder.com Bed and Breakfasts in Alberta Find By Price, Location, Amenities

Bed and Breakfasts of Alberta - Alberta Bed & Breakfast Association
Lists inspected, approved bed and breakfast homes, with colour photographs, descriptions
and contact information.

www.bbalberta.com/ - Cached - Similar

Jasper Accommodation the Wyndswept Jasper Bed and Breakfast

The Wyndswept Bed and Breakfast Located at: Lot #12, Folding Mountain Village Jasper
East Alberta Canada 3 Minutes from Jasper National Park East Gate ...
www.jasper-bedandbreakfast.com/ - Cached - Similar

Alberta Bed and Breakfast Inns. Find AB B&B's & Lodaging Listings.
Alberta Bed and Breakfast Inns & B&B directory. Find the perfect Alberta Bed and
Breakfast lodging accommodations.

www.bedandbreakfast.com/alberta.html - Cached

Rocky Mountain House AB bed and breakfast & inns. Find the perfect...
Rocky Mountain House AB, Alberta Bed and Breakfast and Inns directory. Wide ...
www.bedandbreakfast.com » Canada » Alberta bed and breakfast inns - Cached

(4] Show more results from bedandbreakfast.com




I And we're having fun!



GO Ugle ‘ recursion Search | MEeNT

About 3,220,000 results (0.13 seconds) Advanced search
*§ Everything » Did you mean: recursion
Images
i Vid Recursion - Wikipedia, the free encyclopedia
ideos Recursion, in mathematics and computer science, is a method of defining functions in which
v More the function being defined is applied within its own definition; ...
en.wikipedia.org/wiki/Recursion - Cached - Similar
Mountain View, CA Recursion (computer science) - Wikipedia, the free encyclopedia
¥| Change location Recursion in computer science is a method where the solution to a problem depends on
solutions to smaller instances of the same problem. ...
Any time en.wikipedia.org/wiki/Recursion_(computer_science) - Cached - Similar
Fast month Recursion - from Wolfram MathWorld
All results Oct 11, 2010 ... A recursive process is one in which objects are defined in terms of other
Wonder wheel objects of the same type. Using some sort of recurrence relation, ...

mathworld.wolfram.com » ... » Algorithms » Recursion - Cached - Similar
¥ More search tools

recursion
Something different |Sr:§| fr-r’\,e ﬁ?;t?o;{; Definition of recursion, possibly with links to more information and
iteration xw2k.nist.gov/dads//HTML/recursion.html - Cached
parallelism )
factorization Recursion

PR TR T P Recursion simply means applying a function as a part of the definition of that same function.



Many of today's algorithms are not based on
structure, they are based on data,

which in turn is based on people



Learning from user data
Is the key



Data will cheat you whenever it can

Data is useless -- unless you know how to read it

Important factors are almost always missing

It often addresses short term only

You can always benefit from more of it..

Google



Analogy to medical research

Moving from beliefs and opinions to science saved
millions and made medicine what it is today.

Many of us are alive today because of the use of
controlled experiments in medicine

But there is still not enough data
Many medical decisions are still made based on instincts

 Worse, 50-75% of research results cannot be replicated

Google



We see knowledge

through small facts



Esquilino

Trastevere




From dots to wisdom

 If you think of facts as dots, we now have access to more dots than
ever

« Actually more dots than anyone can imagine

 But we still need to connect the dots

« Connecting those dots might require new methods



Data === Information

Information __, Knowledge

Knowledge Wisdom

—
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“Hey, no problem!”
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S0 how to think big?



If you have to ask you'll never know

Louis Armstrong



