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Machine learning
background?

Hello codebits!
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Agenda

» Data Mining/ Machine Learning?
 Why is scaling hard?
 |Introducing Apache Hadoop.

» Going beyond simple statistics.



Machine learning — what's that”?



Data Mining Applications

* Marketing.
e Surveillance.

* Fraud Detection.
» Scientific Discovery.
* Discover items usually purchased together.

= Extracting patterns from data.



Machine Learning Applications

E-Mail spam classification.
News-topic discovery.
Building recommender systems.

= Extracting prediction models from data.
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Image by John Leech, from: The Comic History of Rome by Gilbert Abbott A Beckett.

Bradbury, Evans & Co, London, 1850s
Archimedes taking a Warm Bath



Archimedes model of nature

Density of Object
Density of Fluid

Weight
Weight — Apparent immersed weight
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An SVM's model of nature

class +1
wW*x+b>1

eparating hyperplane
w*x+b=0



The challenge



Mission

Provide scalable data mining algorithms.
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" Cannot be stored on sm gle.
Takes too Iong to k




Challenges when scaling out.
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Typical developer

« Has never dealt with
large (petabytes)
amount of data.

* Has no thorough
understanding of
parallel programming.

e  Has no time to make
sl 200 emeeThww software production
ready.
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5 May 1, 2007 by danny angus
= http://www.flickr.com/photos/killerbees /479864437 /


http://www.flickr.com/photos
http://www.flickr.com/photos/jaaronfarr/3384940437/

http://www.flickr.com/photos/cspowers/282944734/ by cspowers on October 29, 2006


http://www.flickr.com/photos/cspowers/282944734/
http://www.flickr.com/photos/cspowers/

Easy distributed programming.
Well known in industry and research.

Scales well beyond 1000 nodes.




Hadoop assumptions



Assumptions:

Moving computation is cheap.
Moving data is expensive.

|deas:

Move computation to data.
Write software that is easy to distribute.

8"“


http://www.flickr.com/photos/ian-s/archives/date-posted/2007/12/31/
http://www.flickr.com/photos/ian-s/

Assumptions:

Systems run on spinning hard disks.
Disk seek >> disk scan.

@ .
August 27, 2007 by Stuart Bryant I d e a S "

http://www.flickr.com/photos/stuartbryant/1249649001/

Improve support for large files.
File system AP| makes scanning easy.


http://www.flickr.com/photos/stuartbryant/archives/date-posted/2007/08/27/
http://www.flickr.com/photos/stuartbryant/




HDFS building blocks




Name Node Data Nodes

(Graphics: Thanks to Thilo.)



Anatomy of a file write

HDFS client

Slide inspired by: “Hadoop — The definitive guide”, Tom White, O'Reilly



Anatomy of a file write

HDFS client

Create file

Close file

Slide inspired by: “Hadoop — The definitive guide”, Tom White, O'Reilly



Anatomy of a file write

HDFS client

Create file
-
Close file
Write packet
Data Node
Ack packet

Slide inspired by: “Hadoop — The definitive guide”, Tom White, O'Reilly



Anatomy of a file write

HDFS client

Create file

Close file

Write packet

Data Node
Ack packet ¢

Data Node

¢

Data Node

Slide inspired by: “Hadoop — The definitive guide”, Tom White, O'Reilly



Map/Reduce by example
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pattern="http://[0-9A-Za-z\-_\.]¥"

grep -o "$pattern” feeds.opmi | sort | uniq --count




pattern="http://[0-9A-Za-z\- \.]*"

grep -o "$pattern” feeds.opml | uniq --count

|REDUCE




Scheduling Processing
Name Node, Data Nodes,
Jobs Job tracker Task trackers

2N

Result

b

(Graphics: Thanks to Thilo.)



Mission

Provide scalable data mining algorithms.
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HowTo: From data to information.



January 3, 2006 by Matt Callow
flickr.com/photos/blackcustard/81680010




http://www.flickr.com/photos/29143375@N05/3344809375/in/photostream/

http://www.flickr.com/photos/redux/409356158/
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From data to information.

«Collect data and define your learning problem.
e Data preparation.
* Training a prediction model.

* Checking the performance of your model.
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DATENSCHUTZ
Tausende demonstrieren fiir
Biirgerrechte im Netz

Fiir einen besseren Arbeitnehmerdatenschutz und gegen
die Gesundheitskarte: 130 Organisationen hatten zur
Demonstration aufgerufen. Sie fiirchten den
Uberwachungsstaat.

Rund 7500 Demonstranten nahmen an dem Protestzug unter dem Motto
"Freiheit statt Angst — Stoppt den Uberwachungswahn" in Berlin teil

THn T amnban s rnmdtm ninh b anderme mamen Ho Vnlmmih e

e Remove noise.



DATENSCHUTZ
Tausende demonstrieren fiir
Biirgerrechte im Netz

Fiir einen besseren Arbeitnehmerdatenschutz und gegen
die Gesundheitskarte: 130 Organisationen hatten zur
Demonstration aufgerufen. Sie fiirchten den
Uberwachungsstaat.

e Remove noise.
e Convert text to vectors.

Rund 7500 Demonstranten nahmen an dem Protestzug unter dem Motto
"Freiheit statt Angst — Stoppt den Uberwachungswahn” in Berlin teil
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From texts to vectors



If we looked at two words only:

Sunny weather
A

High performance computing

.

>







Binary bag of words

Imagine a n-dimensional space.
Each dimension = one possible word in texts.
Entry in vector is one, if word occurs in text.

bi’j_[l‘v’xiedj

Oelse

Problem:

* Number of word occurrences not accounted for.



Term Frequency

Imagine a n-dimensional space.
Each dimension = one possible word in texts.
Entry in vector equal to the

Problem:

e Common words dominate vectors.



TF with stop wording

Imagine a n-dimensional space.
Each dimension = one possible word in texts.

Entry in vector equal to the words frequency.

b. .=n.

I,] I,]

Problem:

« Common and uncommon words with same weight.



TF-IDF

Imagine a n-dimensional space.

Each dimension = one possible word in texts.
Filter stopwords.

Entry in vector equal to frequency.

b, .=n, ;Xlog( D]
Problem: [d:t,€d]|

* Long texts get larger values.

)



Normalized TF- IDF

Imagine a n-dimensional space.

Each dimension = one possible word in texts.
Filter stopwords.

Entry in vector equal to the weighted frequency.

| D|
|d:t,€d ||

i Xlog( )

an]

* Additional domain knowledge ignored.

Problem:



Reality

e There are a few more words in news.

» Use all relevant features/ signals available.
* \Words.
 Header fields.
» Characteristics of publishing url.

» Usually pipeline of feature extractors.



From data to information.

«Collect data and define your learning problem.
«Data preparation.
* Training a prediction model.

* Checking the performance of your model.



Step 2: Similarity



Euclidian

-/




Euclidian




Euclidian

Cosine




Step 3: Clustering


















Reality

e Seed selection.
 Choice of initial k.
» Continuous updates.

» Regular addition of clusters.



Discover groups of similar items

« Canopy.  Dirichlet based.
* k-Means. » Spectral clustering.

* Fuzzy k-Means. * Others upcoming.



From data to information.

«Collect data and define your learning problem.

«Data preparation.

«Training a prediction model.

* Checking the performance of your model.



Evaluation

 Compare against gold standard.

« Use quality measures.

 Manual inspection.



From data to information.

«Collect data and define your learning problem.
«Data preparation.
«Training a prediction model.

«Checking the performance of your model.



http://www.flickr.com/photos/generated/943078008/



ttp://lwww.flickr.com/photos/eschipul/4160817135/




What else does Mahout have to offer.



ldentify dominant topics

* Given a dataset of texts, identify main topics.
Algorithms: Parallel LDA

 Examples:

 Dominant topics in set of mails.
» |dentify news message categories.



Assign items to defined categories.

* Given pre-defined categories, assign items to it.
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Assign items to defined categories.

* Nalve Bayes.  Random forests.

« Complementary naive < Logistic regression.
bayes.

« HMM for sequences.



Recommendation mining.

Neighborhood

Correlation

* Collaborative filtering. l ] ‘ |

!

™
User
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Show most relevant ads
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Eostenlose Lieferung maglch.

T (1)
Drogerie & Bad: Alle 13 Artikkel ansehen

Clearasil Ultra Anti-Pickel Reinigungspads, 65 Btiick von Clearasil (Ba
Meu kaufen: EUR 7,99

Gewdhnlich versandfartig in 1 bis 3 Wochan,
Eostenlose Lisferung maglich,

Drogerie & Bad: alle 13 Artikel snsehen

Yordd of warCraft . Weath of the Lich King (Add-gn) von Yivendi Unive
Vista / XP)

Mew kaufen: EUR 39,99

Worbestelibar
Eostenlose Lisferung moglich,

Games: Alle Artikel snsehen
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~ Dtis Gospodnetic {Authn?j, Erik Hatcher {P.uthorj
Prirdode e [+ (20 customer reviews)

List Price: $44:06

Price: $29.67 & this item ships for FREE with Super Saver Shipping. Details
You Save: $15.28 (34%)

In Stock.

Ships from and sold by Amazon.com. Gift-wrap available.

e Daspdng i

Tk il

i 1 iy L

23 new from $19.99 15 used from $17.11
Also Available in: List Price: Our Price: Other Offers:

Paperback (2) £44-00 £29.69

See larger iImage

Share your own customer Images

Publisher: learn how customers can search
Inside this book.

Frequently Bought Together

Customers buy this book with Building Search Applications: Lucene, LingPipe, and Gate by Manu Konchady
Price For Both: $70.12
o Add both to Cart | | Add both to Wish List |

Show availability and shipping details

LOOK INSIDE!

LoD INEIDE!

." 3 it "
I"\J Solr 1.4 Enterprise Hadoop: The Definitive Hibernate Search in Introduction to
Search Server by David Guide by Tom White Action by Emmanuel Information Retrieval by

Collective Intelligence

in Action by Satnam Alag




http://www.flickr.com/photos/25831000@N08/4156701164
.

/ http://www.flickr.com/photos/philfotos/4510197138/

Thanks to Falko Menge for the pictures of Brussels.



Recommending people

Shane Curcuru Invite | x
Conference Lead at Apache '
&)

Invite | x

Invite | =




Recommendation mining.

* Online collaborative filtering on single machine.
e Offline Map/Reduce based version.
» Content similarity can be integrated.

 Based on former Taste project.



Frequent pattern mining

» Given groups of items, find commonly co-
occurring items.

« Examples:

* |n shopping carts find items bought together.
* |n query logs find queries issued in one session.
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flickr.com/photos/quinnanya/2806883231/
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Artful Magpie
m/photos/kmtuck r



http://www.flickr.com/photos/kmtucker/archives/date-posted/2009/03/14/
http://www.flickr.com/photos/kmtucker/




[=| Sign in to the AWS Management Console i@ Create an AWS Account

amazon
web services”

- AWS ~ Products Developers < Community Support Account

Poducts &Senvices | Amazon Elastic Compute Cloud (Amazon EC2)

: Amazon Elastic Compute Cloud (Amazon EC2) is a web service that provides ;
Amazon EC2 Details ; HUSE S ¢ ) ) : P [ Sign Up For Amazon EC2 @
resizable compute capacity in the cloud. It is designed to make web-scale
EC2 Overview computing easier for developers.
riikls Amazon EC2's simple web service interface allows you to obtain and
Amazon EC2 SLA configure capacity with minimal friction. It provides you with complete
control of your computing resources and lets you run on Amazon’s proven
EC2 Instance Types computing environment. Amazon EC2 reduces the time required to obtain

Amazon Elastic MapReduce

Amazon Elastic MapReduce is a web service that enables businesses,
researchers, data analysts, and developers to easily and cost-effectively
process vast amounts of data. It utilizes a hosted Hadoop framework running
on the web-scale infrastructure of Amazon Elastic Compute Cloud (Amazon
ECZ)} and Amazon Simple Storage Service (Amazon 53).

Using Amazon Elastic MapReduce, you can instantly provision as much or as
little capacity as you like to perform data-intensive tasks for applications such
as web indexing, data mining, log file analysis, machine learning, financial



(Thanks to Thilo for helping set up the
cluster, Thanks to packet and masq
for two of the three machines.)






Why go for Apache Mahout?



http: Ilwww fllckrfcom g hotosl1 328/2176949559




November 16, 2005 [phil
http://www.flickr.com/photos/hi-phi/640552¢







Sebastian Schelter
Jake Mannix
Benson Margulies
Robin Anil

David Hall
AbdelHakim Deneche
Karl Wettin

Sean Owen

Grant Ingersoll
Otis Gospodnetic
Drew Farris

Jeff Eastman

Ted Dunning

Become a committer: Isabel Drost
Of Apache Mahout

Emeritus:

Niranjan Balasubramanian
Erik Hatcher

Ozgur Yilmazel

Dawid Weiss




*-user@®.apache.org
*-dev@?*.apache.org

Interest in solving hard problems.
Being part of lively community.
Engineering best practices.

Bug reports, patches, features.

E=e———— " Documentation, code, examples.
Image by: Patrick McEvoy






Berlin Buzzwords 2011

Search/ Store/ Scale

May/ June 2011
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*-user@hadoop.apache.org
*-dev@hadoop.apache.org

Interest in solving hard problems.
Being part of lively community.
Engineering best practices.

Bug reports, patches, features.

=——————W Documentation, code, examples.
Image by: Patrick McEvoy
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