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Material adapted from course created by Dr. Luo 
Si, now leading Alibaba research group 

Collaborative Filtering

Outline

• Introduction to collaborative filtering

• Main framework

• Memory-based collaborative filtering approach

• Model-based collaborative filtering approach
– Aspect model & Two-way clustering model

– Flexible mixture model

– Decouple model

• Unified filtering by combining content and collaborative 
filtering
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What is Collaborative Filtering?

Collaborative Filtering (CF):

Making recommendation decisions for a specific user based on the 

judgments of users with similar tastes

Content-Based Filtering: Recommend by analyzing the 
content information

Collaborative Filtering: Make recommendation 
by judgments of similar users

What is Collaborative Filtering?

Collaborative Filtering (CF): Making recommendation decisions for a specific 
user based on the judgments of users with similar tastes

Train_User 1 1 5 3 3 4

Train_User 2 4 1 5 3 2

Test User 1 ? 3 4

http://sunsite.au.ac.th/education/abc/pic/cartoon/t.gif
http://www.turkeyhill.com/images/question-mark.jpg
http://www.memphisathletic.com/emb/stock/lion_cartoon.gif
http://www.corralclub.com/images/peanut.gif
http://images.google.com/imgres?imgurl=www.standingword.com/imcmahan/clipart/carrot.jpg&imgrefurl=http://www.standingword.com/food.htm&h=375&w=319&prev=/images?q%3Dcarrot%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DN
http://images.google.com/imgres?imgurl=www.ams.usda.gov/howtobuy/meat.gif&imgrefurl=http://www.ams.usda.gov/howtobuy/&h=227&w=150&prev=/images?q%3Dmeat%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
http://images.google.com/imgres?imgurl=www.theinternationalkitchen.com/pix/recipes/tomato.gif&imgrefurl=http://www.theinternationalkitchen.com/recipesarchive.htm&h=144&w=144&prev=/images?q%3Dtomato%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
http://mathforum.org/t2t/images/washing.apple.gif
http://www.aces.edu/department/ipm/corn.gif
http://www.famoussams.net/images/burger.gif
http://images.google.com/imgres?imgurl=www.standingword.com/imcmahan/clipart/carrot.jpg&imgrefurl=http://www.standingword.com/food.htm&h=375&w=319&prev=/images?q%3Dcarrot%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DN
http://images.google.com/imgres?imgurl=www.ams.usda.gov/howtobuy/meat.gif&imgrefurl=http://www.ams.usda.gov/howtobuy/&h=227&w=150&prev=/images?q%3Dmeat%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
http://images.google.com/imgres?imgurl=www.standingword.com/imcmahan/clipart/carrot.jpg&imgrefurl=http://www.standingword.com/food.htm&h=375&w=319&prev=/images?q%3Dcarrot%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DN
http://images.google.com/imgres?imgurl=www.ams.usda.gov/howtobuy/meat.gif&imgrefurl=http://www.ams.usda.gov/howtobuy/&h=227&w=150&prev=/images?q%3Dmeat%26svnum%3D10%26hl%3Den%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8
http://www.imdb.com/title/tt0121765/photogallery
http://www.imdb.com/title/tt0021310/photogallery
http://www.imdb.com/title/tt0083866/photogallery
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What is Collaborative Filtering?

Collaborative Filtering (CF): Making recommendation decisions for a specific 
user based on the judgments of users with similar tastes

Train_User 1 1 5 3 3 4

Train_User 2 4 1 5 3 2

Test User 1 5 3 4

Why Collaborative Filtering?

• Advantages of Collaborative Filtering
– Collaborative Filtering does not need content information as required 

by CBF

– The contents of items belong to the third-party (not accessible or 
available)

– The contents of items are difficult to index or analyze (e.g., 
multimedia information)

• Problems of Collaborative Filtering
– Privacy issues, how to share one’s interest without disclosing too 

much detailed information?

http://www.imdb.com/title/tt0121765/photogallery
http://www.imdb.com/title/tt0021310/photogallery
http://www.imdb.com/title/tt0083866/photogallery
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Why Collaborative Filtering?

• Applications Collaborative Filtering

– E-Commerce

– Email ranking: borrow email ranking from your office mates (be 
careful…)

– Web search? (e.g., local search)

Formal Framework for Collaborative 

Filtering

Test User Ut 2       3

What we have:

• Assume there are some 
ratings by training users

• Test user provides some 
amount of additional 
training data

What we do:

• Predict test user’s rating 
based training 
informationRut (Oj)=

Training
Users: Un

O1        O2      O3 ……Oj………… OM

U1

U2

UN

4       1                                 1

5                2                                 2

Ui

Objects: Om

3       2       4

http://www.nonvaleurs.de/ebay/ho_ebay_logo_000204_h.jpg
http://www.cosmogirl.com/asktheexpert/images/logo_yahoo.gif
http://www.prnewswire.com/features/holiday2/circuit-city-logo.jpg
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Memory-Based Approaches

• Memory-Based Approaches

– Given a specific user u, find a set of similar users

– Predict u’s rating based on ratings of similar users

• Issues

– How to determine the similarity between users?

– How to combine the ratings from similar users to make the 

predictions (how to weight different users)?

Memory-Based Approaches

• How to determine the similarity between 
users?

– Measure the similarity in rating patterns 
between different users
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Memory-Based Approaches

• How to combine the ratings from similar users for 

predicting?

– Weight similar users by their similarity with a specific user; use 

these weights to combine their ratings.

_

_ ,^

,

( ( ) )

( )

t

t
t

t

uuu u
u

u
u

u u
u

w R o R

R o R
w



 



Prediction:

Memory-Based Approaches

Remove User-specific Rating Bias

Train_User 1 1 5 3 3 4

Train_User 2 4 1 5 3 2

Test User 1 ? 3 4

http://www.imdb.com/title/tt0121765/photogallery
http://www.imdb.com/title/tt0021310/photogallery
http://www.imdb.com/title/tt0083866/photogallery
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Memory-Based Approaches

Train_User 1 1 5 3 3 4

Sub Mean (Train1) -2.2 1.8 -0.2 -0.2 0.8

Train_User 2 4 1 5 3 2

Sub Mean (Train2) 1 -2 2 0 -1

Test User 1 ? 3 4

Sub Mean (Test) -1.667 0.333 1.33

Normalize Rating

Memory-Based Approaches

Train_User 1 1 5 3 3 4

Sub Mean (Train1) -2.2 1.8 -0.2 -0.2 0.8

Train_User 2 4 1 5 3 2

Sub Mean (Train2) 1 -2 2 0 -1

Test User 1 ? 3 4

Sub Mean (Test) -1.667 0.333 1.33

Calculate Similarity: Wtrn1_test=0.92; Wtrn2_test=-0.44; 

http://www.imdb.com/title/tt0121765/photogallery
http://www.imdb.com/title/tt0021310/photogallery
http://www.imdb.com/title/tt0083866/photogallery
http://www.imdb.com/title/tt0121765/photogallery
http://www.imdb.com/title/tt0021310/photogallery
http://www.imdb.com/title/tt0083866/photogallery
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Memory-Based Approaches

Train_User 1 1 5 3 3 4

Sub Mean (Train1) -2.2 1.8 -0.2 -0.2 0.8

Train_User 2 4 1 5 3 2

Sub Mean (Train2) 1 -2 2 0 -1

Test User 1 ? 3 4

Sub Mean (Test) -1.667 0.333 1.33

Make Prediction: 2.67+(1.8*0.92+(-2)*(-0.44))/(0.92+0.44)=4.54 

Memory-Based Approaches

Train_User 1 1 5 3 3 4

Sub Mean (Train1) -2.2 1.8 -0.2 -0.2 0.8

Train_User 2 4 1 5 3 2

Sub Mean (Train2) 1 -2 2 0 -1

Test User 1 5 3 4

Sub Mean (Test) -1.667 0.333 1.33

Make Prediction:   2.67+(1.8*0.92+(-2)*(-0.44))/(0.92+0.44)=4.54

http://www.imdb.com/title/tt0121765/photogallery
http://www.imdb.com/title/tt0021310/photogallery
http://www.imdb.com/title/tt0083866/photogallery
http://www.imdb.com/title/tt0121765/photogallery
http://www.imdb.com/title/tt0021310/photogallery
http://www.imdb.com/title/tt0083866/photogallery
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Memory-Based Approaches

• Problems with memory-based approaches

– Associated a large amount of computation online costs
(have to go over all users, any fast indexing approach?)

– Heuristic method to calculate user similarity and make user 
rating prediction

• Possible Solution

– Cluster users/items in offline manner, save for online 
computation cost

– Proposal more solid probabilistic modeling method


