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Ques-ons	
  

•  How	
  does	
  “stuff	
  work”	
  and	
  how	
  did	
  it	
  come	
  to	
  
be?	
  

•  What	
  are	
  the	
  basic	
  research	
  areas	
  of	
  CS	
  that	
  
impacted	
  it?	
  

•  What	
  are	
  commercial	
  needs	
  drove	
  it?	
  

•  How	
  has	
  that	
  “stuff”	
  changed	
  with	
  -me?	
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2012 
2012	
  NITRD	
  update	
  by	
  PCAST	
  



Some	
  Background	
  Informa-on	
  
•  IT	
  is	
  around	
  1T$*	
  of	
  US	
  economy	
  (itself	
  18T$	
  GDP)	
  

–  Apple	
  Inc.	
  (Nasdaq:	
  AAPL),	
  (560B/30B)	
  	
  
–  Exxon	
  Mobil	
  Corpora-on	
  (NYSE:	
  XOM),	
  
–  Google	
  Inc	
  (Nasdaq:	
  GOOG),	
  (358B	
  /12B)	
  
–  MicrosoE	
  CorporaGon	
  (Nasdaq:	
  MSFT),	
  (344B/20B)	
  
–  Berkshire	
  Hathaway	
  Inc.	
  (NYSE:	
  BRK.B),	
  	
  
–  Wal-­‐Mart	
  Stores,	
  Inc.	
  (NYSE:	
  WMT),	
  	
  
–  Johnson	
  &	
  Johnson	
  (NYSE:	
  JNJ),	
  	
  
–  General	
  Electric	
  Company	
  (NYSE:	
  GE),	
  	
  
–  Chevron	
  Corpora-on	
  (NYSE:	
  CVX)	
  	
  
–  Wells	
  Fargo	
  &	
  Co	
  (NYSE:	
  WFC) 
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*Atkinson,	
  R.	
  D.,	
  &	
  Stewart,	
  L.	
  A.	
  (2013).	
  Just	
  the	
  FACTS:	
  
	
  The	
  Economic	
  Benefits	
  of	
  Informa-on	
  and	
  Communica-ons	
  Technologies	
  	
  
	
  



Deconstruc-ng	
  a	
  Search	
  Query	
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Challenges in Building Large-Scale Information 
Retrieval Systems

Jeff Dean
Google Fellow

jeff@google.com

Credits	
  to	
  material	
  used	
  from	
  	
  
sta-c.googleusercontent.com/media/research.google.com/en/us/people/jeff/	
  
WSDM09-­‐keynote.pdf	
  



The	
  Origins	
  of	
  PageRank	
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• Stanford WebBase project (1996 - 1999)
http://dbpubs.stanford.edu:8091/~testbed/doc2/WebBase/
http://dbpubs.stanford.edu:8091/diglib/

• funded by NSF through DLI1
http://www.dli2.nsf.gov/dlione/

Background - Paper

“The Initiative's focus is to dramatically advance the 
means to collect, store, and organize information in digital 

forms, and make it available for searching, retrieval, and 
processing via communication networks -- all in user-

friendly ways.” quote from the DLI1 website

Page,	
  Lawrence,	
  Sergey	
  Brin,	
  Rajeev	
  Motwani,	
  and	
  Terry	
  Winograd.	
  The	
  PageRank	
  	
  
cita-on	
  ranking:	
  Bringing	
  order	
  to	
  the	
  web.	
  (1999).	
  
Brin,	
  Sergey,	
  and	
  Lawrence	
  Page.	
  The	
  anatomy	
  of	
  a	
  large-­‐scale	
  hypertextual	
  Web	
  search	
  
	
  engine.	
  Computer	
  networks	
  and	
  ISDN	
  systems	
  30,	
  no.	
  1	
  (1998):	
  107-­‐117.	
  



Some	
  Other	
  Research	
  Ideas	
  
•  Cache	
  	
  (M.	
  Wilkes,	
  1965,	
  Cambridge)	
  
•  The	
  internet	
  (Cerf,	
  Kahn,	
  1969,	
  ARPA)	
  
•  The	
  Web	
  and	
  HTML	
  (T.	
  Berners-­‐Lee,	
  1989,	
  CERN)	
  
•  PageRank	
  (Brin,	
  Page,	
  Motwani,	
  Winograd,	
  
Stanford,	
  1997)	
  

•  SIFT	
  Image	
  Features	
  (Lowe,	
  UBC,	
  1999)	
  
•  Hadoop	
  (Cunng,	
  Cafarella,	
  Yahoo/UW,	
  2005)	
  
•  Deep	
  Learning	
  (Hinton+others,	
  Toronto+	
  
others,	
  ??)	
  
– GPUs	
  ….	
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What	
  Is	
  	
  
a	
  Search	
  
Query?	
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Google’s	
  answer	
  



What	
  Is	
  a	
  Search	
  Query?	
  

10/13/14	
   CS@JHU	
  M&Ms	
  2014,	
  GD	
  Hager	
   9	



Bing’s	
  
answer	
  

9/28/14, 7:47 PMwhat is a search query - Bing

Page 1 of 1http://www.bing.com/search?q=what+is+a+search+query&go=Submit&…query&sc=3-21&sp=-1&sk=&cvid=00af009615a94541a398ac37e0e13309

Learn more Info for Support

Privacy and Cookies Advertise Help

New Legal About our ads Feedback

© 2014 Microsoft

48,300,000 RESULTS

Deschutes County Web Query

The Definition of Query

Google Search query

What's a Query

Searchers Query

What is Querying

1 2 3 4 5

Web search query - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Web_search_query
A web search query is a query that a user enters into a web search engine to satisfy his
or her information needs. Web search queries are distinctive in that they are ...
Types · Characteristics · Structured queries

What is a query - Answers.com
www.answers.com › … › Technology › Computers › Computer Terminology
Queries allow you to decide what fields or ... A web query is simply the process of
searching for information on the internet using search engines like ...

Related searches for what is a search query

Query Definition - Computer
www.techterms.com/definition/query
Daily Definition; Random Term; Browse by Tech Factor; 1 2 3 4 5 6 7 8 9 10 ... One type
of query, which many people perform multiple times a day, is a search query.

Search queries - Webmaster Tools Help - Google Support
https://support.google.com/webmasters/answer/35252?hl=en
Search queries See the top searches that bring users to your site

What is a Search Engine Query ? - Definition from …
www.techopedia.com/definition/28064
A search engine query is a request for information that is made using a search engine.
Every time a user puts a string of characters in a search engine and presses ...

What is a database query - Answers.com
www.answers.com › … › Computer Programming › Database Programming
A database query is a piece of code (a query) ... The term 'query' means to search, to
question, or to find. When you query a database, ...

Search Queries: The 3 Types of Search Query & How to ...
www.wordstream.com › Blog
Dec 10, 2012 · Excellent post for Search Queries! Now, I'm cleared. Is there any way we
can create a search that could hit good in all 3 types of search queries?

Query | Define Query at Dictionary.com
dictionary.reference.com/browse/query
Not long ago a query arrived, ... generally as a formal request to a database or search
engine. SQL is the most common database query language. 2. question mark.

Related searches
Deschutes County Web Query

The Definition of Query

Google Search query

What's a Query

Searchers Query

What is Querying

Top Search Queries

Deschutes County Recorder

Ads related to what is a search query

People Search-Free Search
www.usa-people-search.com
Search Free for Anyone in the US! Get Phone, Address, Names &
More.

People Search-Search Free
www.Intelius.com/PeopleSearch
6,000+ followers on Twitter
1) Enter Any Name & Search Free! 2) Get Phone, Address, Age &
More.

Search Query
www.Calibex.com
Cheap Prices and Huge Selection. Search Query on Sale!

See your ad here »

Images Videos Maps News MoreWeb

Any time

1 Greg

what is a search query



What	
  Is	
  a	
  Search	
  Query?	
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Yahoo’s	
  
answer	
  

9/28/14, 7:49 PMwhat is a search query - Yahoo Search Results

Page 1 of 2https://search.yahoo.com/search;_ylt=Ap.nuA2O70qgUtXjdwEj_YibvZx…s+a+search+query&toggle=1&cop=mss&ei=UTF-8&fr=yfp-t-dummy_1&fp=1

MailSearch

17285 related questions

Web search query - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Web_search_query   Cached
A web search query is a query that a user enters into a web search engine to satisfy his
or her information needs. Web search queries are distinctive in that they are ...

What is a query - Answers.com
www.answers.com  › …  › Computers  › Computer Terminology
Queries allow you to decide what fields or ... A web query is simply the process of
searching for information on the internet using search engines like ...

Search queries - Webmaster Tools Help - Google Support
support.google.com/webmasters/answer/35252?hl=en   Cached
Search queries See the top searches that bring users to your site

What is a search query - Yahoo Answers Results
When searching the internet, what is a query ? 2 answers

It's a request for some asset on a remote server. Basically when you click a link, or
type a word(s) into the search bar on the browser, it then compiles a 'packet' which
'says' where it comes from (the 'source'), where it's going (the...

What is a query ? or a search expression? are they the same? 1 answer
A query is anything typed into a web page and submitted. The term usually appears
on web pages with search boxes, because that's one of the most common uses of
queries. A search expression is a set of search terms. As far as most users are...

What is the best way to post a search query on the Internet ? 7 answers
http://johnny.ihackstuff.com/index.php?module=prodreviews this will give you tips
to getting narrowed responses from www.google.com, i dont know about yahoo os
msn

Query Definition - Computer
www.techterms.com/definition/query   Cached
Daily Definition; Random Term; Browse by Tech Factor; 1 2 3 4 5 6 7 8 9 10 ... One type of
query, which many people perform multiple times a day, is a search query.

What is a Search Engine Query? - Definition from Techopedia
www.techopedia.com/definition/28064   Cached
A search engine query is a request for information that is made using a search engine.
Every time a user puts a string of characters in a search engine and presses ...

What is a database query - Answers.com
www.answers.com  › …  › Database Programming
A database query is a piece of code (a query) ... The term 'query' means to search, to
question, or to find. When you query a database, ...

Search Queries: The 3 Types of Search Query & How to Target ...
www.wordstream.com  › Blog
Dec 10, 2012 · Hi Alex. There is no way that we can target all type of search queries
because all are totally different from each other. Actually Naviagational Users dont ...

What is Query (Database Query)? Webopedia
www.webopedia.com  › TERM  › Q
This is perhaps the easiest way to pose a query because the menus guide you, but it is
also the least flexible. Query by example (QBE): In this method, ...

what is a search query

Web

Images

Video

News

Local

Shopping

Maps

More

Anytime

Past day

Past week

Past month

 Sign In

Home Mail News Sports Finance Weather Games Groups Answers Screen Flickr Mobile More



It	
  All	
  Starts	
  With	
  a	
  Spider	
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hrp://programming4.us/website/15366.aspx	
  



Inverted	
  Index	
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10/7/14, 4:17 PMInverted index

Page 1 of 3http://www.elasticsearch.org/guide/en/elasticsearch/guide/current/inverted-index.html

Guide Videos

OVERVIEWOVERVIEW RESOURCESRESOURCES COMMUNITYCOMMUNITY CASE STUDIESCASE STUDIES BLOGBLOG COMPANYCOMPANY

DOWNLOAD

search  

elasticsearchelasticsearch » getting started getting started » mapping and analysismapping and analysis » inverted indexinverted index

«  «  exact values vs. full textexact values vs. full text      analysis and analyzers  »

Elasticsearch uses a structure called an inverted index which is designed to allow very fast full text

searches. An inverted index consists of a list of all the unique words that appear in any document,

and for each word, a list of the documents in which it appears.

For example, let’s say we have two documents, each with a content  field containing:

1. “The quick brown fox jumped over the lazy dog”

2. “Quick brown foxes leap over lazy dogs in summer”

To create an inverted index, we first split the content  field of each document into separate words

(which we call terms or tokens), create a sorted list of all the unique terms, then list in which

document each term appears. The result looks something like this:

Term))))))Doc_1))Doc_2
.........................
Quick)))|)))))))|))X
The)))))|)))X)))|
brown)))|)))X)))|))X
dog)))))|)))X)))|
dogs))))|)))))))|))X
fox)))))|)))X)))|
foxes)))|)))))))|))X
in))))))|)))))))|))X
jumped))|)))X)))|
lazy))))|)))X)))|))X
leap))))|)))))))|))X
over))))|)))X)))|))X
quick)))|)))X)))|
summer))|)))))))|))X
the)))))|)))X)))|
........................

Now, if we want to search for "quick)brown"  we just need to find the documents in which each

term appears:

Term))))))Doc_1))Doc_2

inverted indexinverted index
exact values vs. full text

inverted index

analysis and analyzers

mapping

complex core field types

hrp://www.elas-csearch.org/guide/en/elas-csearch/guide/current/
inverted-­‐index.html	
  



Browser	
  to	
  Computer	
  to	
  Internet	
  to	
  
Search	
  Engine	
  to	
  Cloud	
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10/5/14, 12:01 PMYahoo

Page 1 of 4https://www.yahoo.com/

End of the line
for Brady?

The 'umbrella
revolution'

Affleck, Maher
square off

Player's epic
penalty

Clooney
wedding cost

This $1,200 machine lets you make
untraceable semi-automatic rifles at home
Cody Wilson, the libertarian behind the world's first 3D-
printed gun, is now selling an all-in-one desktop CNC mill,
called the Ghost Gunner. The lower receiver, which connects
the stock, barrel, magazine, and other parts of the gun
together, is the component that is legally considered to be
a…

The Verge

Chris Pratt's Stunning
Workout Tip You Need to
Try
Guardians of the Galaxy superstar
Chris Pratt reveals the incredible…
method he used to get in
outstanding shape - fast.Prince Charles To Divorce Camilla Parker-

Bowles After Barbra Streisand Affair
Revelation
The revelation that Prince Charles and Barbra Streisand had
a fling has led Camilla Parker-Bowles to consider divorcing
the heir to the head of the British royal family. It has been
reported that Charles cheated on Princess Diana numerous
times with both Camilla and Streisand over several years.

The Inquisitr from RSS

Samsung Made Its Prettiest Phone Yet,
But Boy Does It Look Familiar
Samsung consistently pumps out phones with big...
Business Insider 51 mins ago

Ad Feedback - AdChoices

Close Ad

YouniFIT Sponsored

 

Is it time to pull the plug on Tom Brady?
New England's problems go far beyond its quarterback, but it may not
matter for fantasy owners.  Last-minute updates » 1 – 5 of 70

 All Stories News Local Entertainment Sports More

Jennifer Love He…

Kendra Wilkinson

Mary Kom

Robin van Persie

Katherine Heigl

Trending Now
Leaked celebrit…

Miranda Lambert

Cell phone plans

Elizabeth Smart

Stacy Lewis

1

2

3

4

5

6

7

8

9

10

Only on Yahoo

Top Stories

Hong Kong's 'umbrella revolution' ex…
Katie Couric, Global News Anchor, Yahoo
News

Sen. Gillibrand: Bold, candid, and out…
Bobbi Brown, Editor in Chief, Yahoo Beauty

How Wink can make your life better
David Pogue, Editor in Chief, Yahoo Tech

Nebraska hospital prepares for Ebola patient1
U.S. airman dies in typhoon waves, 2 missing
28 minutes ago

2

U.S. lifts 40-year arms ban on Vietnam3
Hong Kong protesters to remove some
barricades 38 minutes ago

4

Hospital: U.S. Ebola patient in critical
condition

5

 
​55 °F  | °C  Sunny

Today
​61°  ​45°

Tomorrow
​71°  ​55°

Tuesday
​71°  ​56°

Pikesville

Mail

News

Sports

Finance

Weather

Autos

Homes

Dating

Jobs

Shopping

Health

Style

Beauty

Food

Movies

Travel

Yahoo en Español

ADVERTISEMENT

Yahoo Stream Ads:
Always at the
Center of Attention.
Learn more now

More Yahoo Sites

Make 
your homepage

Search Web My Yahoo Sign In Mail

Home Mail Answers Groups Flickr Tumblr Games Live Screen Mobile More  

10/5/14, 12:05 PMGallery

Page 1 of 2https://azure.microsoft.com/en-us/gallery/

Free Trial
Sign%up now and get $200 in
Azure credits

MSDN
Get up to $1,800 per year of
Azure services

Startups
Join the BizSpark program and
get free Azure services

Azure Gallery
Simplify the development and management of your
applications with partner solutions that work with Microsoft
Azure

Virtual Machines
Access Microsoft and partner solutions configured to run
in Azure Virtual Machines. Deploy with confidence
knowing that each solution has been vetted through
Microsoft Azure Certified for Virtual Machines.

View virtual machine images J/en%
us/gallery/virtual%
machines/L

Web Applications
Explore and install popular Open source community web
applications ranging from blogging engines, photo
galleries to eCommerce solutions. Build dynamic
Websites in just minutes using these ready to use
applications.

View web applications J/en%
us/gallery/web/L

Active Directory
Configuring Single Sign%On to many different SaaS
application of various vendors can be a difficult and
demanding task. Azure Active Directory simplifies the
process by providing the most popular SaaS applications
preintegrated and ready to use.

View SaaS applications J/en%
us/gallery/active%
directory/L

Add>Ons
Discover, purchase, and provision application and data
services from Microsoft partners. These services can be
combined with Azure services from Microsoft to build
powerful cloud solutions. Services provisioned through
the Azure Store can be managed through the Azure
management portal and service usage will be included on
a single bill from Microsoft.

View add%ons J/en%
us/gallery/store/L

Go Social

Facebook

Jhttp://go.microsoft.com/fwlink/?

linkid=306390&clcid=0x409L
Twitter

Jhttp://go.microsoft.com/fwlink/?

linkid=306391&clcid=0x409L
Rss

Jhttp://azure.microsoft.com/blog/feed/L
Newsletter

Jhttp://go.microsoft.com/fwlink/?

linkid=306393&clcid=0x409L

Microsoft Azure 2/en5us/6
Features J/en%us/solutions/L
Services J/en%us/services/L
Regions J/en%us/regions/L
Case Studies J/en%us/case%
studies/L
Pricing J/en%us/pricing/overview/L
Calculator J/en%
us/pricing/calculator/L
Documentation J/en%
us/documentation/L
Downloads J/en%us/downloads/?
sdk=netL
Gallery J/en%us/gallery/L

Community
2http://go.microsoft.com/fwlink/?
linkid=394285&clcid=0x4096
Blogs J/blog/L
Service Updates J/en%us/updates/L
Forums J/en%us/support/forums/L
Events J/en%
us/community/events/L

Support 2/en5
us/support/options/6
Forums J/en%us/support/forums/L
Service Dashboard

Account
2https://account.windowsazure.com6
Subscriptions
Jhttps://account.windowsazure.com/subscriptions/L
Profile
Jhttps://account.windowsazure.com/profile/L
Preview Features J/en%
us/services/preview/L
Management Portal
Jhttps://manage.windowsazure.com/L

Trust Center 2/en5
us/support/trust5center/6

Start Today J/en%
us/pricing/free%

Activate Now J/en%
us/pricing/member%

Learn More

FREE TRIAL

@/en>
us/pricing/free>
trial/D

SALES 15800586751389 MY ACCOUNT 2/EN5US/ACCOUNT/6 PORTAL 2HTTPS://MANAGE.WINDOWSAZURE.COM6 Search

Features Pricing Documentation J/en%us/documentation/L Downloads J/en%us/downloads/L

Gallery J/en%us/gallery/L Blog J/blog/L Community Support



Then	
  We	
  Need	
  Horsepower	
  …	
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Image	
  from	
  Dean,	
  Google	
  1997	
  

Research Project, circa 1997
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•  Given	
  search	
  terms	
  e.g.	
  dog,	
  cat	
  
•  Return	
  pair	
  <docid,	
  score>	
  
•  Score	
  is	
  the	
  “secret	
  sauce”	
  for	
  ranking	
  docs	
  
•  Doc	
  servers	
  return	
  pre-­‐formared	
  snippets	
  plus	
  doc	
  
address	
  



Some	
  Ques-ons	
  
•  Where	
  are	
  the	
  borlenecks?	
  

•  What	
  is	
  missing?	
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Adding	
  Speed	
  and	
  Income	
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Serving System, circa 1999
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Image	
  from	
  Dean,	
  Google	
  1999	
  



What	
  Makes	
  an	
  Effec-ve	
  …	
  
•  Search?	
  

•  Ad?	
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More	
  Scale?	
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Early 2001: In-Memory Index
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Dean,	
  Google	
  2001	
  



A	
  More	
  Complete	
  Picture	
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Query Serving System, 2004 edition

Root

…

…

Parent
Servers

…
…

Leaf
Servers

Repository 
Shards

…

Repository
Manager

File
Loaders

Cache servers

Requests

GFS

Coordinates index
switching as new shards
become available

Multi-level tree for 
query distribution

Leaf servers handle both index 
& doc requests from in-memory 
data structures



Some	
  Interes-ng	
  Plusses	
  and	
  Minuses	
  

•  Queries	
  are	
  now	
  fast	
  –	
  par-cularly	
  at	
  tail	
  
•  Throughput	
  is	
  high	
  

•  Now	
  depending	
  on	
  a	
  very	
  large	
  #	
  of	
  machines	
  
–	
  one	
  key	
  machine	
  down	
  and	
  that	
  query	
  fails	
  
or	
  takes	
  a	
  long	
  -me	
  

•  What	
  if	
  a	
  query	
  kills	
  a	
  machine	
  –	
  you	
  can	
  mow	
  
down	
  the	
  en-re	
  cluster	
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Canary	
  Requests	
  
•  Send	
  a	
  request	
  to	
  one	
  machine	
  and	
  see	
  if	
  it	
  dies	
  
•  If	
  not,	
  go	
  ahead	
  
•  If	
  it	
  does,	
  try	
  a	
  couple	
  more;	
  if	
  they	
  die,	
  give	
  up	
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Google	
  2007	
  Architecture	
  2007: Universal Search
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Indexing Service



An	
  Aside	
  –	
  Visual	
  Search	
  
•  Key	
  breakthrough	
  due	
  to	
  Lowe	
  (SIFT,	
  1999)	
  
	
  

•  Second	
  key	
  technology:	
  use	
  of	
  weak	
  labels	
  
from	
  the	
  Web	
  

•  Third	
  key	
  technology:	
  learning	
  technologies	
  
that	
  can	
  be	
  applied	
  at	
  scale	
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Visual	
  Words	
  
•  Example: each group 

of patches belongs to 
the same visual word 

Figure from  Sivic & Zisserman, ICCV 2003 Kristen Grauman 







Running	
  in	
  The	
  Real	
  World	
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Machines + Racks

• In-house rack design

• PC-class motherboards

• Low-end storage & networking 
hardware

• Linux

• + in-house software

Clusters

From	
  Dean	
  



Running	
  in	
  the	
  Real	
  World	
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The Joys of Real Hardware

Typical first year for a new cluster:

~1 network rewiring (rolling ~5% of machines down over 2-day span)

~20 rack failures (40-80 machines instantly disappear, 1-6 hours to get back)

~5 racks go wonky (40-80 machines see 50% packetloss)

~8 network maintenances (4 might cause ~30-minute random connectivity losses)

~12 router reloads (takes out DNS and external vips for a couple minutes)

~3 router failures (have to immediately pull traffic for an hour)

~dozens of minor 30-second blips for dns

~1000 individual machine failures

~thousands of hard drive failures

slow disks, bad memory, misconfigured machines, flaky machines, etc.

Long distance links: wild dogs, sharks, dead horses, drunken hunters, etc.Dean	
  



Time	
  for	
  a	
  Reality	
  Check	
  
•  Suppose	
  you	
  have	
  a	
  bug	
  that	
  is	
  exercised	
  once	
  
in	
  a	
  million	
  queries	
  

•  How	
  oyen	
  will	
  that	
  bug	
  be	
  exercised	
  in	
  a	
  day	
  
at	
  Google?	
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3.5	
  billion	
  queries/day	
  -­‐>	
  40k/second	
  -­‐>	
  every	
  25	
  seconds,	
  



A	
  Slight	
  Digression	
  –	
  SAT	
  and	
  Program	
  
Verifica-on	
  

•  Simple	
  problem:	
  is	
  a	
  boolean	
  formula	
  
sa-sfiable?	
  
– A	
  &	
  B	
  	
  	
  ===	
  yes	
  A=1,	
  B=1	
  
– A	
  &	
  ~A	
  ===	
  no!	
  
	
  

•  Original	
  NP	
  complete	
  problem	
  (Cook	
  1971)	
  

•  So	
  What?	
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A	
  Slight	
  Digression	
  -­‐-­‐	
  SAT	
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Add	
  Some	
  Horsepower	
  
•  Microsoy	
  Z3	
  cluster	
  

– Very	
  efficient	
  powerful	
  SAT	
  solver	
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hrp://research.microsoy.com/en-­‐us/um/redmond/projects/z3/Z3_System.pdf	
  

Z3: An Efficient SMT Solver

Theories

Core Theory

SAT solver

Rewriting 
Simplification

Bit-Vectors

Arithmetic

Partial orders

Tuples

E-matching

Arrays

OCamlText .NETC

A	
  large	
  fracGon	
  of	
  windows	
  bugs	
  now	
  found	
  by	
  program	
  verificaGons	
  



Time	
  for	
  a	
  Reality	
  Check	
  
•  Suppose	
  you	
  have	
  a	
  bug	
  that	
  is	
  exercised	
  once	
  
in	
  a	
  million	
  queries	
  

•  How	
  oyen	
  will	
  that	
  bug	
  be	
  exercised	
  in	
  a	
  day	
  
at	
  Google?	
  
	
  
	
  

•  Even	
  more	
  complicated	
  because	
  queries	
  are	
  
highly	
  parallel!	
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3.5	
  billion	
  queries/day	
  -­‐>	
  40k/second	
  -­‐>	
  every	
  25	
  seconds,	
  



A	
  Paradigm	
  Is	
  Born	
  
•  Every	
  problem	
  has	
  to	
  deal	
  with	
  all	
  of	
  the	
  possible	
  
hardware	
  and	
  soyware	
  excep-ons	
  –	
  lots	
  of	
  work!	
  

•  BUT,	
  many	
  of	
  the	
  underlying	
  computa-ons	
  are	
  
“embarrassingly	
  parallel”	
  
–  Send	
  a	
  query	
  to	
  server	
  (e.g.	
  “do	
  you	
  have	
  this	
  term”)	
  
– Aggregate	
  the	
  results	
  

•  The	
  idea	
  of	
  Map-­‐Reduce	
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Map	
  Reduce	
  
•  User	
  writes	
  two	
  main	
  func-ons	
  

– Map	
  -­‐>	
  the	
  work	
  each	
  worker	
  has	
  to	
  do	
  –	
  e.g.	
  find	
  
docs	
  for	
  an	
  index	
  term	
  

–  Reduce	
  -­‐>	
  the	
  work	
  to	
  combine	
  the	
  results	
  –	
  e.g.	
  find	
  
the	
  top	
  n	
  queries	
  based	
  on	
  ranking	
  

•  System	
  handles	
  
– Distribu-on,	
  load	
  balancing,	
  communica-on,	
  
checkpoin-ng	
  …	
  

•  Apache	
  Hadoop	
  a	
  common	
  (open	
  source)	
  
system	
  for	
  Map-­‐Reduce	
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Compu-ng	
  at	
  Scale	
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MapReduce Usage Statistics Over Time

Number of jobs

Aug, ‘04

29K

Mar, ‘06

171K

Sep, '07

2,217K

May, ’10

4,474K

Average completion time (secs) 634 874 395 748

Machine years used 217 2,002 11,081 39,121

Input data read (TB) 3,288 52,254 403,152 946,460

Intermediate data (TB) 758 6,743 34,774 132,960

Output data written (TB) 193 2,970 14,018 45,720

Average worker machines 157 268 394 368

Dean:	
  Map	
  Reduce	
  Sta-s-cs	
  



Some	
  Lessons	
  
•  Reality	
  is	
  a	
  harsh	
  taskmaster	
  –	
  many	
  of	
  the	
  best	
  ideas	
  
are	
  forged	
  from	
  real	
  problems	
  

•  It’s	
  usually	
  not	
  a	
  single	
  idea	
  –	
  borrow	
  from	
  the	
  best!	
  

•  It’s	
  hard	
  to	
  trace	
  the	
  impact	
  of	
  ideas	
  to	
  frui-on	
  –	
  at	
  
best	
  we	
  can	
  do	
  an	
  anecdotal	
  approxima-on;	
  don’t	
  be	
  
fooled	
  by	
  an	
  overly	
  simplis-c	
  view!	
  
	
  

•  There	
  are	
  few	
  truly	
  failed	
  ideas,	
  just	
  failed	
  applica-ons	
  
thereof	
  –	
  persevere!	
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