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Content-Based Methods

= Find other popular items by the same author or similar
keywords

= Recommendation quality is relatively poor
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Filtering Music
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Filtering Jokes

SELECT DESIRED SEAT
BY CLICKING ON THE. ABOVE CHART

www.xkcd.org

HEY, R SOUE

T JUST ST AN IR HORT Y SRA
FLAING A 0801 OF THIS
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/
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Filtering Jokes

= |et the users rate the jokes
= Sort by average rating
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Collaborative Filtering

= People who have agreed in the past tend to agree in the
future
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Good or Bad?

BRUCE WIS aeassssssanss:

DIE HARD

Die Hard (1988) Dirty Dancing (1987)
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Good or Bad?

U REEVES DENNIS HOPPER SANDRA BULI

READYFR
HOUR

SULEDY

JUNE 10
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movielens
helping you find the right movies

lost-fm amazoncom.

the social music revolution
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Jester 4.0

Jokes for Your Sense of Humor

@ givealink.org

Share your links!
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Jester
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40 (http://leigentaste.berkeley.edu)

ot -3 Jester 4.0

Jokes for Your Sense of Humor

Jokes Recommending Jokes Jokes About Suggest a Joke Leave Feedback Register End Session

A man approached a very beautiful woman in a large supermarket and asked, "vou know, I've
lost my wife here in the supermarket. Can you talk to me for a couple of minutes?”

] Wh‘g’? "

"Because every time I talk to a beautiful woman my wife appears out of nowhere.”

{ Less Funny
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MovieLens (http:/imovielens.org)

FAOK KK = Must See

i Welcome ahugger@student.ethz.ch (Log oun 3% %77 = Will Enjoy
m 0 v _l € ' en S You've rated 16 movies. Kx K07 =1t's OK
helping you find the right movies You're the 25th visitor in the past hour. :f??};’:;m Bad
HHHH=

Home | Find Movies | Q&A (new) | Preferences | Help

Shortcuts Search There are 11163 movies matching your search:
Movies without a prediction are Not Shown

Movies you've rated are Not Shown
You've sorted by: Prediction

Basic Search Show Printer-Friendly Page | Download Results | Permalink

Title: Tags Related to Your Search: based on a book (1401), sci-fi (1209), classic (1120), comedy (1116), Nudity (Topless) (1066),
All Genres ~ All Dates ~ (about tags)

Domain: All movies - Skip to page #:

Page 1 of 745 1 2 3 4 ..745 next

Tag:
[ Use selected buddies! Prediction Your Movie Wish
¥ Exclude your ratings or Ratings Rating Information List
¥ Exclude movies without wRy Not seen ~ American Hardcore (2006) DVD info|imdb|fiag B
predictions Documentary

[add tag] Popular tags: uu{SEtQ | r [+ [ 418 (s [$19}

Wy Not seen ~ Dumplings (Gaau ji) (2004) DVD infolimdb|flag B
Drama, Horror, Thriller - German. Mandarin. Cantonese

Select Buddies
[add tag] Popular tags: rating very dependent on version [+ 1] | I_Q_Q_y___}:gg_ﬂg___ﬁq___f_q_i_ﬂnﬁm | To See [+ (418

Il Test Buddy WYYy Not seen ~ Evening with Kevin Smith, An (2002) DVD info|imdb|flag B
Comedy, Documentary

[add tag] Popular tags: funnynﬁm | movie business [+ i1} | Kevin Smith [+ [ ]!

WXy Notseen - 49 Up (2005) DVD info|imdb|flag B

What are buddies?

Advanced Search [add tag] Popular tags: netflix B r5ED | 7n Up (series)nﬂﬁw | To See [+ 19}
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Netflix

= www.netflix.org
= DVD/Blue-Ray rental and video streaming

= 1’000’000% for the first beating the current recommendation
algorithm by 10%

= Competition started in October 2006
= Ended July 2009
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GroupLens: An Open Architecture for Collaborative
Filtering of NetNews

Research paper from 1994 by:

= Paul Resnick, MIT Center for Coordination Science
= Neophytos lacovou, University of Minnesota

= Mitesh Suchak, MIT Center for Coordination Science
= Peter Bergstrom , University of Minnesota

= John Riedl , University of Minnesota
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Problems of NetNews

|:> Signal to noise ratio Is too low

= Splitting bulletin board into newsgroups
= Moderated newsgroups

= News clients
Summary of the author and subject line
Display discussion threads together
String search facilities
Kill files

Mittwoch, 28. April 2010
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Predicting Scores

= Score prediction system Is robust to certain differences of

Interpretation of the rating scale
One user rates 3-5 and the other 1-3
One thinks 1 and the other 5 is best score

Mittwoch, 28. April 2010
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Predicting Scores

= Predictions can be modeled as matrix filling

____

Mittwoch, 28. April 2010 19
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Predicting Scores

= Assign similarities to each of the other people
= Compute over articles rated by both

= Pearson Correlation Coefficients
Between -1 and 1

— COV(K’ I—) — E[(K _luKen)(L _luLee)]
e O-Ken |]TLee O-Ken |]TLee

I

UKen = standard deviation of Ken

Hyen = average of Ken’s ratings

Mittwoch, 28. April 2010
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Predicting Scores

= Correlation Coefficients of Ken

User Correlation

-0.8
Meg +1
Nan 0

H*

Mittwoch, 28. April 2010
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Predicting Scores

= Weighted average of all ratings on article 6
= Ken’s prediction is 4.56

Z (‘]6 —H; )[rKen—J

::uK + JURaters
2 |en-s]

JURaters

Bprediction

% P

Mittwoch, 28. April 2010
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Scaling Issues

= Relevant performance measures
Prediction quality
Compute time and disk storage

= Rating is small, but each article may be rated by many
users

= Volume of ratings could exceed volume of news

Mittwoch, 28. April 2010
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Scaling Issues

= Pre-fetching ratings and pre-computing predictions keeps
user time constant

= High computation complexity

= Volume of all ratings may exceed the storage capacity

100’000 users rate 10 articles per day. 100 bytes are required to
store a rating. 1GB of storage required per 10 days.

Mittwoch, 28. April 2010
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Cluster Models

= Better online scalability and performance than classical
collaborative filtering

= Complex and extensive clustering is run offline

= Prediction quality gets reduced

Mittwoch, 28. April 2010
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ltem-to-ltem Collaborative Filtering
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ltem-to-ltem Collaborative Filtering

Amazon.com extensively uses recommendation algorithms
10’000’000 products and customers

Result returned in real-time (< 0.55s)
Algorithm must respond immediately to new information

Mittwoch, 28. April 2010
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Amazon.com

amazon Com Hello, Alex Hugger. We have recommendations for you. (Mot Alex?)
Alex's Amazon.com | 4 ¥ Today's Deals | Gifts & Wish Lists | Gift Cards

The new Green: Make every day Earth Day

Sponsored by Hewlett Packard

Your Account | Help

Your Amazon.com “our Browsing History Recommended For “ou Rate Theze tems Improve Your Recommendations “our Profile

“our Communities Learn More

[wish List &

Your Amazon.com > Improve Your Recommendations

(If you're not Alex Hugger, click here.)

Help us make better recommendations. You can refine your recommendations by rating items or adjusting the checkboxes.

EDIT YOUR COLLECTION

Items you own (o)
Items you've rated
(2)

Items you've rated

-

Items vou've marked 1.
"MNot interested" (o)

Matrix-Trilogy [Blu-ray]
Items you've marked

Blu-ray ~ Keanu Reeves

as gifts (o) Your tags:
‘Add) (What's this?)
N_e_Ed Help? Click to Add: future movie rel lord of the rings, thrillers, keanu resves
Visit our help area to
learn more.
2. LOOK INSIDE!
Q‘ Java In A Nuishell, 5th Edition
F 1 by David Flanagan
Your tags:
(Add ) (what's this?)

Click to Add: javs, programming, reference, bool, api, computer lsngusge, nutshell, obiect-crisnted design

1-20f2

Mittwoch, 28. April 2010

Your Rating:

x| ¥rfrdnird

|| Don't use for

recommendations

x| rfrdedrey
I:l Don't use for
recommendations

29
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Amazon.com

The ne

amazon.com Hello, Alex Hugger. We have recommendations for you, (Mot Alex?)
st

Alex's Amazon.com | i Today's Deals | Gifis & Wish Lists | Gift Cards

Seorch TS I © Vion Tt @

Your Amazon.com Your Browsing History Recommended For You Rate Thess tems Improve Your Recommendations “our Profile “our Cemmunities Learn More

Help

Alex, Welcome to Your Amazon.com (if you'rs not Alex Hudger, dick hare.)

Today's Recommendations For You

m

Here's a daily sample of items recommended for you. Click here to see all recommendations. Page 1 of 17

LOOK INSIDE!

Underworld Trilogy (Underw... Apollo 13 (15th Anniversary... Thinking in Java (4th Edition] Chronicles of Riddick [Blu... Avatar (Two-Disc Blu-r... Eantastic Four [Blu-ray] Blu-ray £
Blu-ray ~ Tony Curran Blu-ray ~ Tom Hanks (Paperback) by Bruce Eckel Blu-ray ~ Vin Diesel Blu-ray ~ Sam Waorthington ~ Inan Gruffudd

Foiriofn's (24) 556.49 Frinindindr (2) $18.99 i’y (302) 544.09 FOAAOAn T (49) 51649 Yrindndn’r (484) 52499 Yrinioin'y (501) §13.99

Fix this recommendation Fix this recommendation Fix this recommendation Fix this recommendaticn Fix this recommendation Fix this recommendation

- Improve Your Recommendations
Coming Soon for You P

Items you own
Items you've rated (z)

Avatar (Two-Disc Blu-r... Saving Private Rvan [Blu-ray]
Blu-ray ~ Sam Worthington Blu-ray ~ Matt Damon
Arirdn; (484) 524.99 Frirfrfirdr (1,718) 52499

Fix this recommendation Fix this recommendation

> See more recommended future releases
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Amazon.com

X The new Green: Make every day Earth Day
amazon.com Hello, Alex Hugger. We have recommendations for you. (Mot Alex?)

Sponsored by Hewlett Packard
Alex's Amazon.com | 1§ § Today's Deals | Gifts & Wish Lists | Gift Cards Your Account | Help

searcn T I © e @

Your Amazon.com “four Browsing History Recommended For You Rate These ftems Improve Your Recommendations Your Profile

our Communities Learn More
Your Amazon.com > Improve Your Recommendations
(If vou're not Alex Hugger, click here.)
Help us make better recommendations. You can refine your recommendations by rating items or adjusting the checkboxes.
Items you've rated
Items you own (0] Your Rating:
y Items you've rated
(3)
Items you've marked 1.
“Not interested" (1) NHL Greatest Moments
Items you've marked DVD ~ Wayne Gretzky
as gifts (o) Your tags: v
(Add) (What's this?) = Eeirc‘;;l;::n':dc‘artions
N_e_Ed Help? Click to Add: hockey, gretzky, lemisux, crosby, hockey plavers, hockey history, canadisn tire
Visit our help area to
learn more.
2.
Matrix-Trilogy [Blu-ray]
Blu-ray ~ Keanu Reeves
RS N N = Yriririrdr
) Add) (What's this?) = Ee?:r;:nl:::nﬁ:?articns
Click to Add: future movie rel lord of the rings, thrillers, keanu resves
3. LOOK INSIDE!

Java In A Nutshell, 5th Edition
by David Flanagan

Your tags: Rttt

i = e
‘]‘A\/A (Add) (What's this?) || Don't use for

recommendations
IN A NUTSHELL

Click to Add: jsva, programming, reference, book, spi, computer language, nutshell, obiect-oriented design

1-30f3
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Amazon.com

amazoncom

Alex's Amazon.com | 7§ ¢ Today's Deals

LRI N All Departments

Hello, Alex Hugger. We have recommendations for you, (Mot Alex?)

Gifts & Wish Lists

Gift Cards

The new Green: Make every day E
Sponsored by Hewl

Your Account | Help

Your Amazon.com ‘Your Browsing History

Recommended For You

Rate These tems

Improve our Recommendations

Your Profile

our Communities Learn More

Alex, Welcome to Your Amazon.Com (if you're not Alex Hugaer, dick here.)

Today's Recommendations For You

Here's a daily sample of items recommended for you. Click here to see all recommendations.

LOOK INSIDE!

ENTERPRISE
i 5SSt |

NHL History of the Philadelphia Java Enterprise in a Nutshell

NSIDE!

PYTHON

Pvthon in a Nutshell, Second

Do You Believe in Miracle...

Flyers (In... (Paperback) by Jim Farley
yoininindy (4) 51299 Yrirdninds (25) 528067
Fix this recommendation Fix this recommendation

Ed... (Paperback) by Alex

Martelli
Yoindninly (40) 52639

Fix this recommendaticn

DVD ~ Craig R. Whitney
Yoinininir (53)
Fix this recommendation

Reqgular Expression Pocket Re...
(Paperback) by Tony
Stubblebine

Hrirdrder (22) 51019

Fix this recommendation

Avatar (Two-Disc Blu-r...

Sawing Private Ryan [Blu-ray]

Elu-ray ~ Sam Worthington
Frinirdir’r (454) 52499
Fix this recommendation

Blu-ray ~ Matt Damon
Yrirdrdody (1,718) 52499
Fix this recommendation

Page 1 of 25

Constantine [Blu-ray] Blu-ray ~

Keanu Reeves
Yrirdr' s (661) 514.49

Fix this recommendation

Improve Your Recommendations

Items you own
Items you've rated (3]
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amazoncom.
How It Works - Offline

= Similar-items table

= Calculating similarity between a single product and all
related products
Complexity: O(mn?) - in practice: O(mn)
m: number of users
n: number of items

Mittwoch, 28. April 2010 33
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amazoncom.
How It Works - Online

= Gjlven a similar-items table

= Find all similar items to each of the users ratings and
purchases

= Aggregate those items
= Recommend most popular and correlated items
= Number of users has no effect on performance

Mittwoch, 28. April 2010 34



ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

General difficulties

Cold start

Self-fulfilling prophecy

= Recommendations for groups

= Evaluation of recommendation systems

Mittwoch, 28. April 2010
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Conclusion

= Effective form of targeted marketing

= Mostly used in e-commerce business
But can always be used when signal to noise ratio is too low

Mittwoch, 28. April 2010
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Questions?

Mittwoch, 28. April 2010
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