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Overview

* Products — what can | use Google for?
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* User Interface

e Culture

Google



Google connects users to many kinds of information
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We Have Just Begun Delivering On Our Mission

...........................................................................................................................................................................................................................

Organizing the world’s information and making it
universally accessible and useful



Google Earth

e Zoom, tilt, and rotate

* Fly to address

e Search for businesses

* Get driving directions

e Read reviews

* Get layers of mapping
Information
—Restaurants, dining,

ATMs, etc



Local Search

Amazing drag-to-
move interface

o Super fast

e Driving directions
 Maps — 3 views
 Reviews
 Monetization




Picasa Photo Software

...........................................................................................................................................................................................................................

Organize | Edit | Share | Print | Backup | Create

e No need to remember file and
folder names

« Scales to manage real-life volumes
of pictures

e Powerful but easy ways to fix
common problems




Blogger Makes It Easy To Publish

...........................................................................................................................................................................................................................

post. publish. read/track.

Blogger

Email

Mobile phones via New postings

go@blogger.com show up_on’
_ personalized
Picasa start page

Any phone via
voicemail posting

Microsoft Word




Gmalil — Communications Hub

Revolutionizing how people communicate

john@gmail.com e Spam filter
* Ease of use
* Superior
performance
* Fast, accurate
indexed
searching



Google Talk

Call or send instant messages to friends for free —
anytime, anywhere in the world

* Choice — get in touch by emaill,
IM, or call

e Quality — friends sound as if
they’re in the same room

e Convenience — Gmail contacts
preloaded
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Google Toolbar

...........................................................................................................................................................................................................................

Take the power of Google with you anywhere on the web

SpellCheck — Check your spelling whenever you type in web forms
AutoLink — Turn street addresses into links to online maps
AutoFill — Fill out forms for faster online shopping

@L WordTranslator — Translate English words into other languages



Desktop Search — Navigate Your Own Information

...........................................................................................................................................................................................................................

Information when you want it, right on your desktop

Benefits
A. News

B. Web Clips
C. Scratch Pad
D. Weather

E. Photos

F. Stocks

G. Emall

H. Quick View

» Personalized info in one place
» Launch applications
» Search instantly

* Find emaill, files, photos, web history

Quick Find
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Moving Offline Content Online: Google Print

...........................................................................................................................................................................................................................

Search and
navigation tools for
browsing the book
Publisher branding Content with search
¢ terms highlighted
Links to “Buy this
Book™*
. Google Adsense for

Content contextual
advertising



Google Mobile Search

We offer Mobile Web Search and Image Search in over 90 languages

Web results: Web results:

‘ipod’ ‘ipod’

Results 1 - 10 of about Results 1 - 3 of about
58,400,000. 288,000.

1 Apple — iPod - Pocket-
sized ultralight hard-drive
based device. Includes
ipod technical specifications, - ipod
www.apple.com/ipod/

2 iPodlounge | All Things
iPod - The world® leading 1 ipod_blue.jpg —

iPod resource for news, www.hp.com/hpinfo/newsroo

reviews, forums, tips and m/press_kits/2004/digitalexpl
tricks, - aunch/music.html
www.ipodlounge.com/

3 iPod Hacks :: The Latest
and Greatest for Your iPod -
Includes information about
possible hacks, forum, news,

and surveys. -
Google www.ipodhacks.com/ Google 2 apple3d.jpg -
www.watch.impress.co.jp/av/
Web Sear C h Next I m ag e Sear C h docs/20040720/apple.htm
Search Tips Next
2005 Google

Search Tips
2005 Google




Video Search and Collaboration

...........................................................................................................................................................................................................................

An searchable archive of thousands of TV programs and
consumer-generated videos

* Free video playback

e Search results
pinpointed

 Free video viewer for
In-browser playback

e Can play video from
different time lapses

e Platform for video
promotion, distribution,
monetization for content
producers/owners




Overview

* Products

* Business — how does Google make money?
* Infrastructure

* Applications

* User Interface

e Culture



Revenue: Google connects relevant ads to Content

...........................................................................................................................................................................................................................

Google.com
AdSense for Search

Partner AdSense for Search j

e.g. AOL, Ask Jeeves, Amazon.com
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Network Storage

Award-Winning Multi-Capable
Storage Network Solutions. Learn More.

www.mcdata.com

Google Properties
Froogle, Google Directory

AdSense for Content
Any Web Page

AdSense for...

Newsletters

Browsers

Email




Lesson Learned

You do not need to build what the market is
asking for in order to succeed.

“If I'd asked my customers what they wanted, |
would’ve had to go looking for faster horses.”

— Henry Ford



Definitions

* Inventory available page slots for ads

e Keywords terms entered in a search

* Impression showing ad to a user

e Creative — the text/image that is shown

e CPM Cost Per Mille (1,000 impressions)

e CPC Cost Per Click

* CTR Click Through Rate (= Clicks/Impressions)



Creating an AdWords Ad



Specialized Search

e Given a gquery, find the best ads from over 100,000
advertisers

* How do you model utility to users?

— Want high-quality, targeted ads,
that generate revenue

— Balance importance of high click-through-rate
(CTR) with advertiser’s willingness to pay

e Auction theory helps!



Ranking Ads

...........................................................................................................................................................................................................................

Keyword: skydive

Skydive with Us Need Skydiving Insurance?
Only one accident last year. We've got your back.

Have fun and play the odds! Even if you lose, you win!
www.skydivewithus.com www.skydiveinsurance.com

CPC=%$0.40, CTR=2% CPC=%$0.20, CTR=5%
Effective CPM = $0.40*20=%$8 Effective CPM = $0.20*50=%$10



Ranking Ads

...........................................................................................................................................................................................................................

Need Skydiving Insurance?
We've got your back.

Skydive with Us

Only one accident last year.
Have fun and beat the odds
www.skydivewithus.com

Even if you lose, you win!
www.skydiveinsurance.com

CPCQ40, CTR=2% CPC=%$0.20, CTR=5%
Effective CPM = $0.40*20=%$8 Effective CPM = $0.20*50=%$10



Auction Basics

* English auction — “going going gone!”
e Dutch auction — price dropped until someone bites

» 15t price sealed auction — winner pays their bid

“Winners remorse”  “Bid Shading”

Complicates selecting a bid



Vickrey Auction

e 2"d price sealed — pay 2"9 highest bid

* All 4 auctions bring in the same amount of money for
the seller

* Vickrey has simplest bidding strategy:
Just bid your true value

(no bid shading, no winner’s curse)

e \Won 1996 Nobel Prize in Economics



Let Advertisers Bid True Value

* $0.40 and $0.20 are “bids” per click reflecting
the maximum CPC the advertiser is willing to pay

* Insurance company could have bid $0.16001 CPC
had eCPM = $0.16001*50 = $8.005
and still gotten ranked #1

* S0... we act as If they did:
they pay only $0.16/click, not $0.20

* The system acts in their best interest

e No need to increase their bid when someone else
gets ranked ahead of them

* \When there’s no competition, you pay the minimum



Engineering challenge: Predicting CTR

* Dizzying set of factors could affect clickthrough
— Country, time of day, targeted text vs. query, ...

* How does one automatically figure out which factor is
more relevant?

— How to quickly update model in face of change



Different kinds of ads and cost models

* Image ads e Cost per click

e Audio ads ... per impression
e Click to call ads ... per acquisition
* Video ads ... per playback

 How do we continue to present a “simple” model to
advertisers?

 Many product and Ul challenges



Overview

* Products

* Business

e Infrastructure — what's running Google?
* Applications

* User Interface

e Culture



Google Technology Layers

...........................................................................................................................................................................................................................

Web search
GMall

_ . Ads system
Services and Applications Google Earth ...

(GFS
Mapreduce
Bigtable ...

e —

Distributed systems

Infrastructure

Computing platform




Explosive Computational Requirements

...........................................................................................................................................................................................................................

* Every single Google application is
growing in many dimensions:

— More users, use more

Data

— More data: web pages, mailboxes,
blogs, etc.

Applications

— Better quality: more relevant,
faster response

* And more applications!

Users and usage

Quality



The Scale of the Web

e Google indexes many billions of web documents
— Web pages: more than 3 times our competitors

— Images: more than 2 billion images
— News: >4500 sources, updated continuously

— File types: more than 35 million non-HTML documents
— UseNet messages: more than 1 billion messages

* Many petabytes of data

* Documents indexed in 35+ languages
* Google has >100 staff in the kitchens!

* Engineers must have food within 100 ft.



Google’s Perspective on Scale

Lots of computers

Lots of storage

Lots of networking

_ots of power used and heat generated

| ots of data

_ots of software to make it all work together

...and lots of Googlers to develop all these!



Technology revolution since 1980

e Microprocessor performance went up by a factor of
>10000 (1 MHz 3.5GHz, 8 bit 64 bit)

 Memory prices per megabyte are down by a factor of
30,000 ($3,500 10 cents)

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

e End-user connection speed went up by a factor of 40000
(75 baud  3Mbps)

* Dream of all the organizing and making accessible all the
world’s information is nearly obtainable!



If only gas mileage improved as much...

1 liter of gas would take you to the moon and back 30 times!



googl e. stanford. edu (1997)



Google Server Rack (1999)



Google Data Center (2000)

...........................................................................................................................................................................................................................




Empty Google Data Center (2001)



2001 + 3 days



* Google-specific
mechanical, thermal and
electrical design

e Highly customized PC-
class motherboards

* “Low-end” storage and
networking gear

* Running Linux

* [In-house management &
application software



Why Use Commodity PCs?

* HP Integrity Superdome  HP ProLiant DL-360
— 64 1.5GHz Itanium2s — 2 3.0GHz Pentium4 Xeons
— 128GB DDR DRAM — 4GB DDR DRAM

* Performance per CPU * Performance per CPU
— 13K tpmC — 26K tpmC

e Price/CPU: ~$42,000 e Price/CPU: ~$2,500

e 33x cost-efficiency advantage for the PC-class server!

e Get a ~1000 CPU PC-class cluster for about the same price
of one 64-CPU high-end server... and possibly 30x the
performance!



What about Failures?

Stuff breaks

* Even with 3-year MTBF, 1 in 1000 will fail each day

e Smallest Google application needs 2000 machines

* Have to deal with failures in software

e Replication and redundancy, needed for capacity anyway
* S0, why bother with expensive reliable hardware?

* Reliable hardware makes software engineers lazy

* Fault-tolerant software makes cheap hardware practical



What about Networking?

e Cost of provisioning Gigabit networking
— To a single server (NIC): $6
— To a server rack (40 servers): ~$50/port

— To a Google cluster (thousands of servers): priceless...

¢ Impact o programmers
— High-bandwidth communication among small groups of machines
— Datacenter-level bi-section bandwidth is poor

— Programmers need to be careful about communication locality

* How about a huge switch connecting all Google
servers at full Gigabit?



How about Storage?

* Need to store lots of data
e \What to use?
— SCSI? IDE? SATA? SAS? Flash???

e How to connect them?

— Directly attached controller?
— SATA port multiplier? SAS expander? NAS? SAN?

* Redundancy
— RAID? JBOD?

* Design could affect hundreds of millions of dollars



Architectural Balance

e Case study — need to access 500GB of data
— Option 1: 500 GB HDD, $500, 20ms latency, 10MB/s throughput
— Option 2: 500 GB RAM, $50,000, 200ns latency, 2GB/s throughput

e 100x more cost for 200-100000x more performance?

e Add costs of CPU, networking, power, cooling, data center,
maintenance and repair, etc.

 \When would it be worth 1t?

* Overall cost-performance analysis Is essential and
complicated



The Power Headache

e Computing industry ignored power efficiency for two
decades

* Marketing push for higher MHz created increasingly power
Inefficient systems

* This will eventually impact affordability of computing
systems significantly



Power Trends

Three Generations of Google Servers

20

18

16

14

12
Performance

10

~*Performance
—-Performance/server price
2 -+~ Performance/Watt

A B C

 Performance is up
* Performance/cost is up

 Performance/Watt is stagnant



Power vs. Hardware Costs Today

 Example: high-volume dual-CPU Xeon server
— System power ~250W
— Cooling 1W takes about 1W  ~500W
— 4-year power cost >50% of hardware cost!
— Ignoring:

» Cost of power distribution/UPS/Backup generator
equipment

e Power distribution efficiencies

* Forecasted increases in the cost of energy
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Extrapolating Over The Next 5 Years

— Hardware

—Power (40% growth)
12000
10000

8000

6000

Price ($)

4000

2000

Power (20% growth)
— Power (50% growth)

1 2 3

Time (years)

— Power (30% growth)

Power costs
dominate



Possible Solutions

* Good news is that this is not yet a dominant cost
factor

— We are worried about trends

e Short term:
— Accelerate chip-multiprocessing technology

— Lots of architectural tricks

* Long term

— Fundamental changes in process technology are
needed



What Google Is Doing

* \Working closely with component manufacturers to
promote power-efficient designs

* Designing highly power-efficient servers and power
supplies

e Several innovations Iin datacenter technology

— Efficient power distribution
— Efficient cooling



Google Query Serving Infrastructure
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Elapsed time: 0.25s, machines involved: 1000+




Reliable Building Blocks

* Need to store data reliably

* Need to run jobs on pools of machines

* Need to make it easy to apply lots of computational
resources to problems

In-house solutions:
e Storage: Google File System (GFS)
* Job scheduling: Global Work Queue (GWQ)

* MapReduce: simplified large-scale data processing



Google File System (GFS)

...........................................................................................................................................................................................................................

2 Misc. servers
= .
Masters | @ Client
14
Client
C,| P&y C, Col Cs

Cs |Gy Cs - C,

Master manages metadata
Data transfers happen directly between clients/chunkservers
Files broken into chunks (typically 64 MB)

Chunks triplicated across three machines for safety



GFS Usage at Google

e 30+ Clusters
* Clusters as large as 2000+ chunkservers
* Petabyte-sized filesystems

e 2000+ MB/s sustained read/write load

* All in the presence of HW fallures

* More information can be found in SOSP, '03



Basic Computing Cluster

|
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____________ . |
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MapReduce: Easy-to-use Cycles

Many Google problems:
"Process lots of data to produce other data"

 Many kinds of inputs:

— Document records, log files, sorted on-disk data structures, etc.
 Want to use hundreds or thousands of CPUs

e ... but this needs to be easy to use

e MapReduce: framework that provides (for certain classes of
problems):

— Automatic & efficient parallelization/distribution
— Fault-tolerance

— 1/O scheduling

— Status/monitoring



MapReduce Programming Model

Programming Model

* Input is sequence of key/value pairs

e Users write two simple functions:

— Map: takes input k/v and produces set of intermediate key/value
pairs

— Reduce: takes intermediate k and all intermediate values for that
key, combines to produce output key/value

e key+combined value are emitted to an output file



MapReduce: System Structure



MapReduce: Fault-Tolerance

* Programming model makes failure recovery easy
— If worker W dies, re-execute tasks done by W elsewhere
e Multiple executions to reduce average completion time
— Spawn backup executions of last few map or reduce tasks
— Greatly diminishes impact of a few slow machines
e Very robust:
— Running MapReductions able to tolerate even massive failures

— e.g. large-scale network maintenance: once lost 1800 out of 2000
MapReduce workers, but MapReduction finished just fine

“MapReduce: Simplified Data Processing on Large Clusters” in OSDI’04



63



64



65



66



67



68



69



Building a Scalable Data Analysis System

* Insight: many large data sets we use have simple
structure

— web page repository

— query logs

— status/health records from 1000’s of machines
— source code control and software build records
— elc.

* These are not SQL databases
— Some data sets are bigger than a DBMS could handle

— Often don’t need full complexity of a DBMS



Understanding the Problem

e Often, analyses of data tend to be simple (stepwise)
— counts, sums, histograms
— maximum, minimum, gquantiles, top k
— filtering, sampling
— aggregating
* General statistical analysis often only requires...

— ...computing small number of statistics from large
volumes of data

— ... and then, performing more complex operations using
only these statistics



The Approach

e Data Is generally a sequence of records
— For commutative operations, record order is irrelevant

— For associative operations, aggregation order is
Irrelevant

* Insight: by examining one data record at a time, we
can distribute calculations across many machines in
parallel

* Built our own language that examines one record at a
time



Example: A Week of Code Submissions

proto "p4stat. proto”

subm t st hr oughweek: table sunfm nute:int] of
| nt;

| og: P4ChangelistStats = i nput;

m crosecond: tine = 1|o0g.tine;

mnute: int = mnuteof(mcrosecond) +
60* ( hour of (m crosecond) +
24* (dayof week(m crosecond)-1));

emt submtsthroughweek[m nute] <- 1;

e Language’s em t statements deliver data to aggregators

e Aggregated results are output at the end of each run

— ...and help make lovely graphs!



Code Submissions Through a Week

Yes, we do take
weekends off...

Number of Submissions

Time (Minutes of the Week)
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Query Frequency Over Time
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Google Seismograph

...........................................................................................................................................................................................................................

one hour

December 22, 2003




Fun with query logs



Query Traffic on Aug. 14, 2003

A picture iIs worth a few hundred million queries...



Data + CPUs = Playground

e Substantial fraction of internet available for
processing

* Easy-to-use huge infrastructure
— Teraflops
— Petabytes
— Terabits

— Megawatts



Overview

* Products

* Business

* Infrastructure

* Applications — how Is the infrastructure used?
* User Interface

e Culture



The Power of Data

e Conventional wisdom:

— Given an order of magnitude increase in computational
power...

— ... you can solve previously impractical problems
* Unconventional wisdom

— Given an order of magnitude increase in data...

— ... you can solve previously unsolvable problems!
* It’s not just about getting a more robust solution

— Some methods that appear to fail with limited data can
work well with enormous amounts of data



Spelling Correction the Old Way

e Classic methodology

* Use a lexicon/dictionary (~100K words)

— Flag words not found in lexicon as misspellings

e Suggest correction words that are small edit distance
from unrecognized word

— Edit distance is usually defined as a measure over the
number of characters that need to be changed, added,
removed or transposed to convert one word to another



Spelling Correction: Challenges

e Such a scheme for spelling correction can have many
short-comings on the web

— People often search for proper names
— But, proper names are rarely in lexicons

— Example: Using a well-known word processor:
e Kofi Annan is a spelling mistake

e Suggested correction is Koki Anna (who?)

e Set of terms on web iIs much larger than standard
lexicons and changes regularly



Spelling Correction on the Web

* People misspell queries, even a popular one such as
“britney spears”

* Here are some actual variants (of over 800 we’ve seen):

Dritney spears <« correct spelling
orittany spears
orittney spears
pritany spears
oritny spears
priteny spears
oritteny spears
Or I ney spears <
prittny spears

Dri ntey spears




Learning From Data

Searching for Britney Spears...



Spelling Correction the Google Way

* Use the web as a contextual lexicon

— Find misspellings based on contextual usage on web
* Build a probabilistic model of term spellings

— Allows lexicon to adapt to web word usage

— Can have richer spelling correction model
* Example using Google:

— Kofi Annan is not a spelling mistake

— Kofee Annan is corrected to Kofi Annan

— Kofee Shop is corrected to Coffee Shop
e Context is key



Application: Automatic Machine Translation

e Goal: Provide automatic high-quality translations of
text between different languages

e Enables all text data on the web to be accessible In

any language no matter what the language of original
text

* Long-standing, challenging Al problem

* But, lots of data can really help!



Approach: Statistical Machine Translation

* In machine translation we have to make decisions
under uncertainty (e.g., how does a phrase translate
to another phrase)

* Goal: make good, ideally optimal decisions
* General theory

— Build a statistical model of translation

— Use decision theory to make optimal decisions



Statistical MT: Translation is a search problem



Building a Translation Model

* Modeling: describing (probabilistic) translation process
— Pr(target lang. sentence | source lang. sentence)

* Training: use pre-translated pairs of text to learn
parameters of log-linear model:

e Search: actual translation process

— For an new input sentence f, find the translation e
where Pr(e | f) Is maximal



Arabic to English

60
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Results measure BLEU% Score
(Agreement with human reference translations)

The official release of the MT-05 results is online at:
http://www.nist.gov/speech/tests/mt/mtO5eval_official results release 20050801 v3.html



Yes, Size Matters

e Doubling news LM training corpus size: ~0.5% higher BLEU
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Leveraging Infrastructure for Applications

* Google has...
— Tremendous computational resources
— Vast amounts of data
— Huge volumes of users / queries
— Lots of great people to work with

— Lots of interesting problems to solve

* Provides a uniqgue opportunity to leverage this scale
for a wide variety of applications



Overview

* Products

* Business

* Infrastructure

* Applications

e User Interface — what do the users see?

e Culture



Ul Example: Google Maps

* Dynamic, infinite
draggable maps

e Readable, clean
map rendering

 Driving directions

e Open API for
developers



Google Maps

e Satellite view

e Uses satellite
Imagery

* Map is still
Infinitely
draggable



Maps Front-end Design

* Metaphor: infinite map under a small window
— Accomplish with DHTML by splitting map into tiles

e As user pans, rotate tiles to make map seem infinite
e CSS positioned map tiles with crop at the map border




Making It Look Pretty

- We overlay search results and Ul widgets using
absolutely positioned DIVs, CSS, and even VML

+ @ +



Making It All Work with Crazy Hacks

- Mozilla/Safari/Opera do not support vector markup

+ Draw driving direction lines on the server in a PNG image
and overlay

- |E does not support alpha transparency in PNGs

+ Use a little known ActiveX control

- Safari and Opera don't support parsing XML strings

+ We wrote an XML parser in JavaScript (no joke)

- AJAX Interaction typically breaks browser back button
+ Use dummy IFRAMESs to store transient state

- And many, many more¥x

- Would Flash have been a better option? (Yahoo Maps)



The Benefit of DHTML: Simple API

- Putting map on page requires only two lines of
JavaScript:

var map = new Gvap(docunent. get El enent Byl d( " map")) ;
map. cent er AndZoon( new GPoi nt (-122. 141944, 37.441944), 4);

- Initially designed to make it easier to integrate Google
Maps with other Google properties (e.g., Google
Local)

- Developers figured this out before we published API
+ Housi ngMaps. com Chi cagoCri ne. or g, and more¥s

+ Helping others also build innovative applications



New Orleans Before Katrina Hits

http://ww. sci pi onus. coml katrina. htm

The site is the
brainchild of
Jonathan Mendez...

Mendez turned to his
co-worker, Greg Stoll,
who had
experimented with
Google Maps' API,
and asked him to
code a way for
people to report and
find damage
assessments on a
Google Map.

— Wired, Sept. 2005



New Orleans After Katrina Hits

http://ww. sci pionus. conf katrina. htm

The site is the
brainchild of
Jonathan Mendez...

Mendez turned to his
co-worker, Greg Stoll,
who had
experimented with
Google Maps' API,
and asked him to
code a way for
people to report and
find damage
assessments on a
Google Map.

— Wired, Sept. 2005



A Tool in Times of Crisis

http://ww. sci pionus. conf katrina. htm

The site is the
brainchild of
Jonathan Mendez...

Mendez turned to his
co-worker, Greg Stoll,
who had
experimented with
Google Maps' API,
and asked him to
code a way for
people to report and
find damage
assessments on a
Google Map.

— Wired, Sept. 2005



Overview

- Products

- Business

- Infrastructure

- Applications

- User Interface

- Culture £ what's it like at Google?



Who Does All This?

- Working with CS pioneers
- Talented, motivated people
Y4 working in small teams
Y4 on problems that matter
Y4 with freedom to explore their ideas

- Access to enormous computational
resources

- 820% rule® to explore own ideas



Having Fun, Getting Stuff Done
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Having Fun, Getting Stuff Done




Google Is a Great Place to Work

...........................................................................................................................................................................................................................

Flexible work environment
Health and wellness benefits
Free gourmet meals

Convenient on-site services
(massage, doctor, dry-cleaning, etc.)

Parental benefits
Vacation and time-off
Employee network groups
20% time for engineers

Yaand more!
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Focus on the user and all else will followY4

...........................................................................................................................................................................................................................

Google aspires to be an organization that reflects the globally
diverse audience that our search engine and tools serve.

We believe that in addition to hiring the best talent,

the diversity of perspectives, ideas, and cultures
leads to the creation of better products and services.
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We're Hiring All Over the World

Google Zurich

Google New York Google Tokyo

Google Bangalore

We have engineering positions in:
Mountain View, CA

Santa Monica & Irvine, CA
Seattle (Kirkland), WA

New York, NY

Phoenix, AZ

Pittsburgh, PA

Waterloo, Ontario (Canada)
Tokyo (Japan)

Zurich (Switzerland)
Bangalore, Hyderabad (India)
Beijing, Taipei

Belo Horizonte (Brazil)

Y4 and others!

+ 1+ 1+ + I+ 1+
H+ H+ + + + + I+



It's Not Just About Searchy.,

- Google has experts inY4

Product design

User interfaces

Machine learning, Statistics, Information retrieval, Al

_ Yaand much,
Data structures, Algorithms
much more!

Compilers, Programming languages

Networking, Distributed systems, Fault tolerance

Hardware, Mechanical engineering




It's Not Even Just About Engineering¥s

- Google also has experts in:
+ Product Management
+ Product Marketing
*+ Finance
+ Technical Sales
+ Technical Program Management
+ Staffing
+ Online Sales and Operations

+ 1, and more



