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Real Life Examples

D O O Amazon.com: Social Computing, Behavioral Modeling, and Prediction: Huan Liu, John ). Salerno, Michael J. Young: Books

< | > ¢ EE 4+ | @ http://www.amazon.com/Social-Computing-Behavioral-Modeling-Prediction/ ~ Q- amazon Q)

[T1 Apple Yahoo! Google Maps YouTube Wikipedia News (26)v Popularv

—l Amazon.com: Social Comp... ]

Social Computing, Behavioral Modeling, and Quantity: (1 7%) []

. LOOK INSIDE! Prediction (Hardcover)
,C“Sk}o, i by Huan Liu (Editor), John J. Salerno (Editor), Michael J. Young (Editor) @ Add to Shopping Cart
i Key Phrases: social network analysis, electronic institutions, cognitive modeling,
e New York, Cambridge University Press, Virtual World (more...) or
No customer reviews yet. Be the first. Sign in to turn on 1-Click orderi
List Price: $129.00 ) or
price: $129,00 & this item ships for FREE with Super % Add to Cart with
Saver Shipping. Details
Amazon Prime Free Trial
In Stock. required. Sign up when you
Ships from and sold by Amazon.com. Gift-wrap available. check out. Learn More
A\ :
. Want it delivered Thursday, February 19? Order it in the next 14 hours N N
2laE vELr Ll CSEmE ages and 52 minutes, and choose One-Day Shipping at checkout. Details More Buying Choices
Search inside this book
12 new from $95.29 4 used from $103.33 16 used & new from
. $95.29
Tell the Publisher!
1'd like to read this book Have one to sell? [ Sell yours h
A & Don‘t have a Kindle? Get | Add to Wish List | ~
.. Yyours here.
| Add to Shopping List
| Add to Wedding Registry

C Frequently Bought Together > | Add to Baby Registry

Customers buy this book with Social Network Analysis: A Handbook by John P Scott

A
£ Share with Friend: |

SN Drire Fnr Rnth: €174 /%5
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Real Life Examples

amazoncom
S

Your Amazon.com

Hello. Sign in to get personalized recommendations. New customer? Start here.

& ¥ Today's Deals = Gifts & Wish Lists = Gift Cards

Your Digital tems

FREE 2-Day Shipping: See details

Your Account | Help

Wish List

‘ Advanced Search | Browse Subjects | New Releases | Bestsellers | The New York Times® Bestsellers | Libros en espaiiol ‘ Bargain Books | Textbooks

Click to LOOK INSIDE!

Trwin King
Rcardo Baeza-fates ko |

R CRTR
= LY a0

Weaving Services
and People on the

World Wide Web

&) Springer

Share your own customer images
Search inside this book

Weaving Services and People on the World
Wide Web [Hardcover]

Irwin King (Editor), Ricardo Baeza-Yates (Editor)
& e
Be the first to review this item | ] Like | (0)

List Price: $89-00

price: $79.11 & this item ships for FREE with Super
Saver Shipping. Details
You Save: $19.89 (20%)

In Stock.

Ships from and sold by Amazon.com. Gift-wrap available.
Only 2 left in stock--order soon (more on the way).

Want it delivered Thursday, July 21? Order it in the next 0 hours
and 19 minutes, and choose One-Day Shipping at checkout. Details

18 new from $14.62 13 used from $14.62

@ FREE Two-Day Shipping for Students. Learn more

C Customers Who Bought This Item Also Bought >

LOOK INSIDE!
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Quantity: [ 1 B‘

or
Sign in to turn on 1-Click ordering.
or

(e S |
Amazon Prime Free Trial

required. Sign up when you
check out. Learn More

[ Addtowishlist |

More Buying Choices
31 used & new from $14.62

Have one to sell?  Sell yours here
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Real Life Examples

® O O Amazon.com: Social Computing, Behavioral Modeling, and Prediction: Huan Liu, John J. Salerno, Michael J. Young: Books

4| > || & |||+ | @ htp://www.amazon.com/Social-Computing-Behavioral-Modeling-Prediction/ = Q- amazon (6)

Frequently Bought Together | Add to Baby Registry
Customers buy this book with Social Network Analysis: A Handbook by John P Scott
[ Share with Friend"l
LOOK INSIDE! R Price For Both: $174.85

7 N7T (@AddbothtoCart |
B
Ve 9%

<Eustomers Who Bought This Item Also Bought > Page

 scales rati
| hate it

't lik
D¢ | don’t like
Predictably Irrational: : Generative Social Science:
Hidden Forces That... i 3 - Studies in Agent-Bas... by
Ot Joshua M. Epstein
Yo (189 $16.34 lt’ k Yoirdodiedr (5) $42.00
ditorial Reviews | o0 of ot | ke it

Product Description l ' it
Social computing concer ﬁﬁﬁﬁﬁ o ‘ e nal systems. Behavioral modeling \;
reproduces the social beiw&wmman of behavior, patterns, and potential v

Yal»!

g
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Real Life Examples

amazoncom |  Haos See Al 40 Your Account | &7 Cart | Your Lists & | Help | (NEW
Amazon,com Product Categories g

‘Your Browsing History | Recommended For You | Rate These Items | Improve Your Recommendations | Your Profile | Learn Mare

Today's Recommendations For You

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

Page 1 of 25

e
HICHRELIACKSON
4 ‘ 'y
AMAR ES COMBATIR
Invincible v ~ Michael Jackson In Search_of Sunrise, Vol. 7: Asia Fallen ] ~ Evanescence Amar Es Combatir [+ ~ Mana
Srfrfricd: (880) $7.99 [v] ~ D] Tiesto i (2,447) $8.99 Yrirdkdr (55) $8.49

Yook (53) $15.99
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Real Life Examples

YAaHOO! MOVIES

My Movies: gabe ma Edit Profile
Recommendations For You Receive Recommendations by Email

Movies in Theaters: 94039

Burn After Reading (R)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: B- 4794 ratings
The Critics: B 14 reviews

¢} Don't Recommend Again &7 Seen It? Rate It!

Fight Club (R)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: B+ 52392 ratings
The Critics: B 12 reviews

) Don't Recommend Again L7 Seen It? Rate It!

Vicky Cristina Barcelona (PG-13)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: B 1923 ratings
The Critics: B+ 13 reviews

€} Don't Recommend Again &7 Seen It? Rate It!

Pride and Glory (R)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: A- 59 ratings
The Critics:  C+ B reviews

¢} Don't Recommend Again &7 Seen It? Rate It!

Lakeview Terrace (PG-13)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: B 3229 ratings
The Critics: € 12 reviews

¢} Don't Recommend Again &7 Seen It? Rate It!

The Duchess (PG-13)
Showtimes & Tickets | Add to My Lists

Yahoo! Users: B+ 953 ratings
The Critics:  B- 10 reviews

) Don't Recoramend Again &7 Seen It? Rate It!

See All Recommendations
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Real Life Examples

1, | iTunes 8
e

eno iTunes
- M -, DEA vs. Heroin Kingpin - -y
(et ) D | (>r] & comm—) 4 o DEA Q l_m Q
N N N 0:00 € ] -0:30 A Search
LIBRARY Genius Sidebar
ﬁ Music DEA )
E movies More Episodes From This Season
= [TV Shows v DEA, Season 1
§ Podcasts Reality TV
KR KK V2 21 Ratings
L7 Applications g ’
Radio e DEA vs. Heroln Kingpin
& bt | , A > DEA, Season 1 $1.99(_sux
4. Ringtones ' BL Enln Enoda
/ (N
STORN Operation Pill Grinder
&+ [Tunes Store Anthony Bourdain: No... Anthony Bourdain: No... Black Gold Cops > DEA, Season 1 $1.99 (8w )
|@ Purchased Season 3 Season 1 Season 20 Episode 3
L Purchased on A Show 1 Remaining Episode
Y PLAYLISTS More From DEA
e AELS F ™ The Six Million Doll
s Cenius DR/ ¢ DEA, Season 2
‘H Kk Kk k Vs -

» (] ADC on iTunes
» (] Pink Floyd
» 2 TV Shows

@ 60's Music

Season
Reality TV

$199(__Ssur )
$2.99 (_SuY HD
Genius Recommendations

WA W O W

% Music Videos CSI: NY Easy Money The First 48 PEIAIY Preview
Season 5 Season 7 >
@ My Top Rated Carrier
LR 8 20

@ Recently Played

@ Top 25 Most Pl $1.99 (_sux_)

' 00-1il_kim-the_...
& 8Mile

41 50 Cent - Gues..
F Acquisition

5 Aerosmith-MTV.

F Animals

J Atmosphere

J Atmosphere Ov -
J' Beastic Boys v

EXEAANE

DI

Kitchen Nightmares

Season 1

LAW & ORDER

Law & Order

Season 17

Law & Order: SVU

Season

11 TV shows, 8.9 hours, 8.74 CB

10

g American Gangster
Gangland, Season 1
L 8 8 30

$1.99 (__8ux
Scorpio

Flashpoint, Seaso
L e 0.8 & 4

-

Season 1. [p. 1

$1.90 _8W ) o

Deama

(49 Computer ¢ || & | B l_
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Real Life Examples
iLike.

Songs from friends and similar people
22 cwyao

,} ¥ Yictims by The Oppressed
Q " New! Traditional Byrd69
,} ¥ Skinhead Girl by The Oppressed
4°  New! Traditional Byrd69

v ») King Of The Jungle by Last Resort
/g‘ " New! Traditional Byrd69

,} ¥ Violence In Our Minds by Last Resort
é: " New! Traditional Byrd69

I ¥ Violence by The Templars

é: "~ New! Traditional Byrd69

View all | invite more friends
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5-scale Ratings

Search for items to rate | Music | [Enrique |.;@

Search results for Enrique in Music:

~ Enrique Iglesias Saved
XAt
Your tags:
—r T
2. Enrique
~ Enrique Iglesias Saved
) 90" ¢ 0%¢
Your tags:
[ ] (Aaw) (what's this)
3. Seven
« ~ Enrique Iglesias Saved
| 3 sharen

~ Your tags:
o [ |G whats iy
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5-scale Ratings

Sign In

What is your e-mail address?

My e-mail address is Igabe.hao.ma@gmail.com o
amazoncom [ Haos | See All 40

Do you have an Amazon.com password? Amazon.com  Product Categories

O No, I am a new customer. Your Browsing History | Recommended For You || Rate These Items I]

® ves, I have a password:

 Sign in using our secure server @)
L]

Search for items to rate | Amazon.com

[ |

(@)
€@ use the search box @ Tell us what you € Repeat until the
above to find your think of the items Recommendations you
favorite books, we return for your find in Your Amazon.com
movies, albums, search by rating reflect your tastes and
artists, authors and the item or telling interests,
brands. us you already own
them.
Search for items to rate | Music v Enrique (@)
€ use the search box @ Tell us what you € Repeat until the
above to find your think of the items Recommendations you
favorite books, we return for your find in Your Amazon.com
movies, albums, search by rating reflect your tastes and
artists, authors and the item or telling interests.
brands. us you already own
them.
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On The Menu

® Introduction

® Basic Techniques
® Collaborative filtering

® Matrix factorization

® Different Models

Social graph
® Social ensemble
Social distrust

Website recommendation
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Basic Approaches

® Content-based Filtering
® Recommend items based on key-words

® More appropriate for information retrieval

® Collaborative Filtering (CF)
® Look at users with similar rating styles

® ook at similar items for each item

Underling assumption: personal tastes are
correlated-- Active users will prefer those items
which the similar users prefer!

The Chinese University of Hong Kong, CSCI5070 Advanced Topics in Social Computing, Irwin King



Framework

ltems
il i2 ij im

Ui

ul I | 3 4 2 5 3| 4
Users

uj 3 4 ril 3| 4 3| 4 4

unl |1 31512 4 | | 3
®*The tasks

®  Find the unknown rating!

®  Which item(s) should be recommended?
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Collaborative Filtering

® Memory-based (Neighborhood-based)

® User-based

® |tem-based

® Model-based

® Clustering Methods

® Bayesian Methods

®  Matrix Factorization

etc.
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User-User Similarity

Q2: How to
select

‘ . / . <%\ eighbors
£ '

[

QIl:How to measure % ,
the similarity? ]@ d
AN
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User-based Collaborative Filtering

ltems
Ui
u| 1|3 4 2 5 3| 4
us
Users 3 4 3| 4 3| 4 4
us
Us |D 3152 4|1 3
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User-based Collaborative Filtering

ltems
Ui
u| 1|3 4 2 5 3| 4
us3
Users 3 4 3] 4 3| 4 4
us
ue | | 3152 401 3
— ) —
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User-based Collaborative Filtering

Users

uj
u
us
U4
us

Ué
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User-based Collaborative Filtering

ltems
Ui
[uz | |3 4 2 5 3| 4 1
us3
Users [u4 3 4 3|4 3| 4 4
us
ue | | 3|52 4|1 3

|
[ "",7: Ly \
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User-based Collaborative Filtering

ltems
Ui
u2 |Tl 4 2 5 3| 4
us3
Users 3 4 3| 4 3| 4 4
us
Us IL_, 3|52 4|1 3
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User-based Collaborative Filtering

® Predict the ratings of active users based on the ratings of
similar users found in the user-item matrix

® Pearson correlation coefficient

w(a,i) = j € I(a)NI(s)

V2 (Tes = )2 3 (rij — 7:)?

® Cosine measure

Taq " T3

Irallz * [Iril]2

4

c(a,1)

.4
A .
. L1 T |
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Nearest Neighbor Approaches

Y N ( ™\
Hi-dimensional
:> :"> Most frequent items
{x,y,z}:i){a,b,c‘}
Lowd sonal (aggregate)
_ ow-dimensional \_ Association rule )
Representation of input data Neighborhood formation Recommendation generation

Figure 1: Three main parts of a Recommender System.

® All with a measure greater than a threshold

® Best K ones

® Prediction 1. =Ts+

The Chinese University of Hong Kong, CSCI5070 Advanced Topics in Social Computing, Irwin King

> wla,i)(ry; —74)

Zi w(a, )

|dentify highly similar users to the active one

[Sarwar, 00a]
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Collaborative Filtering

® Memory-based Method (Simple)

User-based Method [Xue et al,, SIGIR ’05]
ltem-based [Deshpande et al., TOIS '04]

® Model-based (Robust)

Clustering Methods [Hkors et al, CIMCA ’99]
Bayesian Methods [Chien et al., IWAIS ’99]
Aspect Method [Hofmann, SIFIR 03]

Matrix Factorization [Sarwar et al.,, WWW ’0l]
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Collaborative Filtering

® Memory-based (Neighborhood-based)

® User-based

® |tem-based

® Model-based

® Clustering Methods

® Bayesian Methods

®  Matrix Factorization

etc.
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ltem-ltem Similarity

® Search for similarities among items

® Item-Item similarity is more stable than user-user

similarity
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Correlation-based Method

[Sarwar, 2001 ]
® Same as in user-user similarity but on item vectors

® Pearson correlation coefficient

® ook for users who rated both items

o — 2l — T5)(Tui — 74)
? \/Zu(ruj —75)2 ), (Tus — 75)?

i ii ij im

uj

® u: users rated both items NNE 4
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Correlation-based Method

[Sarwar, 2001 ]
® Calculate item similarity, then determine its k-most

similar items

1 2 3 -1 0 i+ n1 n
7z A 1 2
2 | ‘A .
I 1 2 3 -1 i m-1 m
L — u|R| |R R . - R
t 1 1
— [
u[R| [R R R| | l N '
L
2
! L/ |
m-1 i
I | regression-based
m 4 4 L :l
o T 2
2nd 1st 4th 3rd 5th

| | | | I

Ranking of the items similar to the  i-th item

® Predict rating for a given user-item pair as a weighted

sum over similar items that he rated ;
. 8 . .fr' .
- ZJ Ly aj ua| 2 3 ? 4

Tai —
Zj Sij i ,@
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Collaborative Filtering

® Memory-based (Neighborhood-based)

® User-based

® |tem-based

® Model-based

® Clustering Methods

® Bayesian Methods

® Matrix Factorization

etc...
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Matrix Factorization

ol Bl 3 | 0 ooy By 3 [l | 3 X

u | 5 2 3 4 | 5 2 25 3 48 4 21 48

u, 4 3 5 U, 3024 29 5 41 26 47

u; 4 2 2 4 u; 4 1.7 2 3239 30 2 4

U, uy, 48 21 27 26 47 38 24 49

s | 5 1 2 4 3 us 5 1 2 34 4 3 46

ug 4 3 2 | 4 35 ug 4 | 3 129 2 4 34| 3 5
(1.551.22 0.37 0.81 0.62 —0.01] [ 1.00 —0.05 —0.24 0.26 1.28 0.54 —0.31 0.52]
0.36 0.91 1.21 0.39 1.10 0.25 0.19 —0.86 —0.72 0.05 0.68 0.02 —0.61 0.70
0.59 0.20 0.14 0.83 0.27 1.51 Vi=1049 0.09 —0.05—-0.620.12 0.08 0.02 1.60
0.39 1.33 —0.43 0.70 —0.90 0.68 —0.40 0.70 0.27 —0.270.99 0.44 0.39 0.74
11.050.11 0.17 1.18 1.81 0.40 | | 1.49 —1.00 0.06 0.05 0.23 0.01 —0.36 0.80
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Matrix Factorization

® Matrix Factorization in Collaborative Filtering

To fit the product of two (low rank) matrices to the
observed rating matrix.

To find two latent user and item feature matrices.

To use the fitted matrix to predict the unobserved ratings.

U, Uy Vi1 Vin
Y=UV=| !, I :
uml umk ‘vkxl ‘ vkn
User-specific latent «|tem-specific latent
feature vector feature column vector
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Matrix Factorization

® Optimization Problem

® Given a m x n rating matrix R, to find two matrices
Uc R>™and V € RX”

R~U'V,

where ! < min(m,n) , is the number of factors
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Matrix Factorization

® Models

SVD-like Algorithm
Regularized Matrix Factorization (RMF)
Probabilistic Matrix Factorization (PMF)

Non-negative Matrix Factorization (NMF)

The Chinese University of Hong Kong, CSCI5070 Advanced Topics in Social Computing, Irwin King




SVD-like Algorithm
® Minimizing

1
SIR-UTVIE,

® For collaborative filtering

1~y T2
min o > > Lij(Ri; —U; Vj)

i=1 j=1

where I;;is the indicator function that is equal to | if
user u; rated item vj and equal to O otherwise.
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Regularized Matrix Factorization

® Minimize the loss based on the observed ratings with
regularization terms to avoid over-fitting problem

m n

| A A
min — Z Z Lij(Rij — Uj' V;)? ‘l{leUH% + 72HV||%J

i=1 j=1 /

Regularization terms

where

A1, A2 > 0
® The proollerr? can be solved by simple gradient descent

algorithm.
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Regularized Matrix Factorization

® Algorithm for RMF

® Not convex & local optimal

® Gradient-decent algorithm

® Gradient computation with randomly initialized U and V
OL ~
= /’l’uil o Z (yij _yij)vjl
Ou, G )es
oL -~
=2’v,‘1 - Z (yi_,'_y,'j)uj[
ov, jii: 1S
® Update U and V alternatively
oL
uy ™ =u —7 ou®
Uu;
oL
V§;+l) — vf_;) —r W
1

7 is the step size of gradient decent. '@
[ L)) s\
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Regularized Matrix Factorization

® PMF
® Define a conditional distribution over the observed ratings
as:

Oy J|(

\ / 1=175=1
i=1 m

.....

. g
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Regularized Matrix Factorization

® PMF

® Assume zero-mean spherical Gaussian priors on user and
item feature:
Oy (7|z:

p(Ulo3) =T N (U:[0, 031
=1

p(VIo2) =T N (V;[0,031)
i=1..... m jzl
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Regularized Matrix Factorization

® PMF

® Bayesian inference

O

o

i

.....

).

.....

O

p(U,V|R, 0%, 00, 0v) « p(R|U,V,0%)p(Ulot)p(V|ot)

ﬁﬁ [N (Rv:jlg(UfV}),a}?%)}fﬁ

m n

i=1 j=1
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RMF and PMF

® PMF is the probabilistic interpretation of RMF

® PMF and RMF have the same optimization objective
function
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Non-negative Matrix Factorization

® NMF

® Non-negative constraints on all entries of matrices U and V

(410 ... w,) (<10 ... v,
. \\' - s K // e : Non-negativity
\. / Constraint

\ uml .. \‘\\\\u’%/ \ vd]. tee vm /
(-10)*(-10)=100
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Non-negative Matrix Factorization

® NMF

® Given an observed matrix Y, to find two non-negative
matrices U and V

® Two types of loss functions

® Squared error function

2
> (Ri; = U'Vj)
ij

® Divergence

R;;
D(R|IUTV) =) (Ry;log UTV — R;; + U'Vj)
i]

® Solving by multiplicative updating rules
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Non-negative Matrix Factorization

® Multiplicative updating rules

® For divergence objective function

Zjvjlyzj /(yzj)

U A Uy
a vaI
Zjuj,y,-j /()
Vi <~ Vi
a ual
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